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Abstract

In order to strengthen the supply of 5G spectrum in Taiwan, the plan
continues to analyze the international spectrum regulation trend, grasp the
regulations and supporting measures of advanced countries in dynamic
spectrum allocation that can help achieve a new mechanism of flexible
spectrum management, and take into account our national conditions. We
conduct in-depth research on industrial technology and socio-economic
aspects, and support competent authorities in completing the preparation
of the dynamic spectrum sharing mechanism as an available tool for
flexible spectrum supervision to further improve the efficiency of spectrum
use.

In view of the fact that reference to international standards can bring
a wide range of benefits to us in terms of science, technology, economy
and society, this plan continues Taiwan’s long-term role as a close follower
in the development of international mobile communications, while
referring to the development experience of the US CBRS hierarchical
sharing mechanism.  Actively promote mobile operators, spectrum
sharing database service providers, and shared frequency equipment
suppliers, research and develop specific solutions for effective use of
spectrum resources in this frequency band, and develop and guide key
technologies and service platforms into the service verification stage in a
practical way, and establish a demonstration application field of dynamic
smart spectrum management. In the future, it will further integrate the
already-established shared frequency access equipment supply chain,
which will not only help promote the implementation of a flexible shared
frequency management mechanism, but also be able to grasp the spectrum
requirements and equipment of the 5G generation in a timely manner.

In addition, in terms of governance, this plan promotes the discussion
of flexible spectrum management mechanisms. Through multi-
stakeholder discussions and participation mechanisms, multiple positions
and perspectives are incorporated into the policy formulation process. At
the same time, based on industry demand, through domestic industry-
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university-research cross-domain cooperation, the actual measurement and
verification of dynamic spectrum sharing access applications under the
flexible spectrum management mechanism was carried out, and systematic
and quantitative experimental data were provided to support this.
Quantitative indicators with more influential system performance will be
able to achieve feedback and enhance the effectiveness of supervision
practice.
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! The FCC’s 5G FAST Plan, availale at https://www.fcc.gov/document/fccs-5g-fast-plan

2 Bidding in auction of 28 GHz upper microwave flexible use service licenses concludes , available at
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4 FCC’S next 5G spectrum auction is underway, available at https://www.fcc.gov/document/fccs-next-

5g-spectrum-auction-underway
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3o B & - BREMSWRERFCC 2 g2 - B K
REBAE S 1 B F AN R (T RE L5 (SAS) ) e
THRE SR Y > DA A FRBE P * 52 {0 F o CBRS &0

=Rk 2o x;y 2 kA JRB3 B (Priority Access Licensees, PAL )
13



* o2 s 1% - A3F ¥ BB~ (General Authorized Access, GAA) #* = o

CBRS #7 3% 4 & 4o B #7

3550 3600 3650 3700

Tier 1
Incumbents

DoD, Navy
FSS Rx-Only

GWPZ

Tier 2

Priority Access Licenses

Tier 3

General Authorized Access

W 1: %R CBRSH#EFRZ &It ® i

F# %k : SCTE »

ISBE and NCTA

FCC #-CBRSH#EE ch# 3 * = & 5 Mg > ek 1o

2 1: 3R CBRSHERZ%F &% £

3550-3650 MHz
3 £

LA A
#-3550-3650 MHz #7 f S fie (LB 2R * cha T <
> # 7% (Radiolocation Service, RLS) fri 6 bz

£ R 7 E &R 7+ (Aeronautical Radio Navigation

Service, ARNS) » & i¥ 5 2 & ¥ 7% (primary basis ) -

Bowmo o~ 4L $\fr1§‘—§$\l S Y e e d B # 5 DoD
B KR B Y 0T o

14



3600-3650 MHz | #-3600-3650 MHz #f £~ S fie & 2L B8 2R i@ * g ¥
B 7 #_{#FE ¥ 7% (Fixed Satellite Service, FSS) » i i%
5 A& 3% (primarybasis) o FSS T {7 4apk chdhfie
o W IER A I R B R FIRE
7% B4 % 437 (electromagnetic compatibility
analysis) o FCC ¢ 24 35 B33 7 i & ¥ 53 FSS
oo xhig % 3600-3650 MHz #f £ crg 5 o

3650-3700 MHz | #-3650-3700 MHz #f £~ ¥ fe L 2L B8 2R 1€ * e 6 &
HE Fx HEHE ¥ 7% (Wireless Broadband Services ) o pt 47 ¥
TR 4R LR h R RN 0 LB E AR
AR RIP o BUIFRE FaiT AR R A
>t 54 (contention-based ) e %0 ¥ % ,Eﬁ 2 & 95
MHz 5 25 X EIRP "33 o (7 d e 355 A2k 7
BV TR vfiRAR A s R

FTARE D ABRER

= ¥ E 3.7-4.2 GHz #g Bsi 4 g #

FRET AREOGHL Y FHFAEL S FiRET TR N WA
FHARd > mmidm@iE L | € (Federal Communications Commission,
FCC) p 2017 # & ¢ TR 4o % 530 & AR P AFEAR 2 # #
sed o F A3 2017 & 80 3 pFF BB 3.7-24 GHz 4 BB 1 *

( Expanding Flexible Use in Mid-Band Spectrum Between 3.7 and 24

15



GHz) | z #3ig i@ £° (Notice of Inquiry, NOI) - 3% NOI 4%t 3.7-4.2
GHz ~ 5.925-6.425 GHz fr 6.425-7.125 GHz % = ¥ 4F 54 3% » % &
ERHIDE IR GBS R 2 3R R o
AELRRALEFCC* 2018 # 6 * 21 p % # % E 3.7-4.2 GHz
#g BB Rt (Expanding Flexible Use of the 3.7 t0 4.2 GHz Band ) 2z
7 £ 2202 4 =3 £ (Order and Notice of Proposed Rule Making,
Orderand NPRM) z_ 4= 3<% %6, 23 % B £ 3 4@ #-3.7-4.2 GHz 47
Fozo— 3R 2P L I o BTN MR PRARR Y o St P
HoFCCH 2 TGy T3 5 & TR %5
S IS LAt Rag bRl o
Bt 2017 = 58 3.7-24GHz » #g BB gt NOI ew i
i FCC $#»h P i * R T AL ET Sy s = F o F
FCC *+ 2018 # # & 3.7-4.2 GHz #7 B384 & * 2_ Order and NPRM %
REOFFZHIMEY A F e R FERHEREE- ST Y

LA %G F DR ¥ > FCCF Z R 9% Fh ~ AUR

5> FCC (2017), FCC Opens Inquiry Into New Opportunities in Mid-Band Spectrum, available at
https://www.fcc.gov/document/fcc-opens-inquiry-new-opportunities-mid-band-spectrum

6 FCC (2018), Expanding Flexible Use of the 3.7 to 4.2 GHz Band Order and Notice of Proposed Rule
Making, available at https://docs.fcc.gov/public/attachments/DOC-351868A1.pdf
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https://www.fcc.gov/document/fcc-opens-inquiry-new-opportunities-mid-band-spectrum
https://docs.fcc.gov/public/attachments/DOC-351868A1.pdf

7% (Fixed Service) &2 {mdii 2z @ * » U E A RFPEZ 7V a EH
S5 UIRERA I G- A A e N

7 2018 & ¥ 2 3.7-4.2 GHz #g £ 3814 & * 2_ Orderand NPRM # >
FCCH#E B4 KT A 5 - 0 et 2o

%2 3R FCCH#HR 37-42CHZ LML 2 £ B4 %

B®AL #X
TF R | FERFE LT T
ﬁiﬁﬁ‘%‘ﬁg;% ki

4 E BIEAIES ALY LK 5

aFRE A Y I k2 (International Bureau Filing System,
IBFS) if FREP b 5 sh Tkl Brpld
@iﬁ%ﬁﬁﬁﬁﬂﬁﬁ

UFFTY S p b2 BV
FH TG %ﬁ‘%m TR MPEARFPR  FI AP M L P IE AT
R E 5 | WEE TR I3T7-42CGHZ AT 2304 & 230 - BB A
it ¥ s+ B (market-based ) 44 ~ 4p & R F & H s x> &
FRA2ZHTR -

hek R R L AH O A TT AR o RIS B

_7\?1% o
4r% FCC j&- T #¥-3.7-4.2 GHz AF FL 3 e sl i¢ % > 2 J¢ i
LYt S BL O pF S LT pTR 0 ¢ FEAE 2 R s B2

YR M ARM BRI E - e i

FH AR A BT

-
~



FCC »+ 2018 & 7 * 12 p 3% % 3.7-4.2 GHz #g B8 g # 2
Orderand NPRM ¥ & i 73 & » #30/Ep 7 % 13 P # 7B E 3.7-4.2
GHz #7 & 38 4 & * 2. Order and NPRM > #E x84 = %4 1 3.7-4.2
GHz #f g i3+ & & 2 54 (terrestrial wireless broadband ) # * » p =

AR 2 R é‘; ¥ 3 T T hE F e ¥ 2% 53 (Fixed Service, FS ) »

)—

R ARR M SATHATY RS R g 0 s M THES B

LB

{4

L

-

Jreh

R R R N
FCC A2yl g~ Z a3 6 3o B TG AR PRTY Gt 12
Y o R PR B ok amip > ik FCC § ok - B Edfan
@AY > I 2018 # 10 % 17 p 2w o W R SR o e
AR N I

W7 % 13 p 4B 3.7-42 GHz #g B384 i * 2= Order and NPRM
¢ > 444 Order» FCC & £33 FSS # & #pfr ?;i&«j—‘%‘ﬁ#ﬁ#ﬁ B o
T m T A @ 3 NPRM» FCC » T\ac?‘)f IR B R G
MR AL & 3% o
Gy E 3.7-42 GHz 4 sl ™ 2 Order ¥ » 3 M ™G ¥ ¥ #

EH P o aF (Tt mﬁ‘;ﬂ. e FE Aok 3o



23 3FFCCH=EF FEFFFARRAKLE R

FR s

et v 55 78 (callsign ) » 40 % 20 B @ 4 7o p| 2 IBFS
R B A

FRE R B AT

BT F fr Rk SAE T Sk o

I

kL3
=X -
L

A}

PRGN Il ob SN ) g < (transponder) -
A H g #g F o

PGkt 2018 #F 4% 19 pEu A > TH R

ﬁﬁ%‘ﬂg o
wh %K R IEAE s LA P R o NZ TP E LR
& o

ViR e AdnH s CREEH X F P
1B R R A A G hCRE R o

PRAR 3 Fihg vl BioR ¢ 4 o

FHipiE B {oé £ (Telemetry Tracking and Command,
TT&C) A dhen? SHEFIHEE > 12 TT&C it
et e GG foks T8 iX ¥ o

FA KR ABHER

V5B 3.7-42GHz 4 BB B * 22 NPRM ¢ » FCC i‘u’ﬁ P 2%AE
RS BAER Y DA AR R FE R A E TR P

et ERfpM L L B9 1Rz BRI ¢ B EET 4
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R kIR S BRI LB G R U RIS R IR

PRA% = P o

(-) T i * FankiL

FCC ¢ & R A HTF 2 b £ LK P 5 6 % 3
ey 2 F 3 0 FCC R 2 niP 3L @ 45 ¢

O ARG EH G HER FE 0 Gl R LT AT

4 IBFS ¥ #f BATF M %G L% 9

)

® FCCE EREFMFAME 245 >3 (fullband, fullarc) sz

Lk

Ko R Coh e G osk AR AR B R TR R

)

J

(full geostationary arc) # - & * EBARE ?

(Z) EAFATET B G

FCCH M3 3 3 fpeni®tix R E AT ¥ © & fr A 2R &

LR e
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Ju

(=)

AT E T AT BT G R BB R R 0 bl
FSS 4 AT 5 FE-4-H e & 2Rl o ip s 6 & %
13 BAE E 9

ek P AN Mehirit o LERE Y BAILD A
(Transition Facilitator ) » &l4ed % 1o B £ K f12 cng 53
R R F I ATA FeAE 7

B bt PR 2 RIFEIEHR Y G S ?

BE R PRIET R

FCC 44k * o BIRFHfrdtiFngs » FRAM A L > 7 45

EF BB A0S 27 & (Part27) s ot e » L
KR LR RS TR

L3 ERRAD B ERH DR FT T

|~

FE MR ) S P o dogt T LR 56 frd @ kg
BARP TR T O A
R B D R R P T R PR RS

?

-
Ny
AN

pe

et & 0 BRI PAAFT DITE D
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® it mfEk A M (performance benchmarks) - 125 % &
FIIRBFELEPEE D7 R REAGLE 2R B
5 e ] i eE &fe (7 85 JRAE  FCC 8.7 LiZdi * 2 i bk
AR D

® FEPNFEIRBEF LB PRPEARA > s AL
T8V N T e enet I 4E ¢ (out-of-band ) e

B4 0 1R X RN R ?

I

32 K FCC 4%t 25GHz #f & e ¥t ¥ F #F PR 7% (Educational
Broadband Service, EBS) » &3k { A73F 7 4 PRt X5 # o L3¢ 2018 &
5% 10 p = % (i 44| T3€ £ ) (Notice of Proposed Rulemaking, NPRM)
TEEER R LA -

EBS % # Bk 7 2 k% T 4L H PR+ (Instructional Television

Fixed Service, ITFS) -

x\’\

FV RS ”ﬁ —‘F‘{ 1 2.5GHz #f B e 114MHz 43
¥ 38 (70 2 4 80MHz 4 fie %4 %747 A 4% P43 Broadband Radio Service,
BRS) 3% ¥ $4 PR PRI 4 ] 5 L /2 35 # 2 sk R 7% % (35-mile radius

circular Geographic Service Area, GSA) » it 3% 34 BB PRA% 4+ 17 % /|
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4+ GSA o o Pt JRFZ I st 25GHZ 4 L 5 7 BaE » BG X R (FHIR
FRend BARE o

po1995 & f& > A WERL KT TR Y G L TR
P e X K- LB R 25GHZ AR E AR B R AL 0 KRS F R
PLE 2 B E G R o 35 FCC 5Lt 25GHZ BB e 2 WK -
LR T AR Y RT PHHEF P 00% 0 AT B ECK IR
g A B o

FCC # thit 3k EBS25GHz 4 i * EIL S b7 A TL L » s b
FEREFG F AL AP RF AT > a1t EBS
25GHZ #F Fodk - B 5 e pE e & FIE PRAR o

FCCApzt gt a2 3xE Bl 5 »xid * 4B b R K v 1B
DF CRRIRENEBFPELSTG P EEEF AR * 2 25GHZ HEE %"ﬁb
vE R o

FCC # 4R EBS 25GHZ #f S dn e i 48 123K o » 8ok 4

% 4: 2R FCC ¥ 25GHz 486 £ E’Lfi%‘;#ﬂl 7

2 Y rE

Bt * R | FIRG EBSH T EE G KRBT R B

F 2.5GHz REAFF FApped gl a2 ] gy
2.5GHz # £ -
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Pk 25GHZ 4 | B oc- B2 2 g S BEY U v o TR MR
-E)‘ *El_""\" %éfﬁﬂla|1@’j—#§5'EﬁGSA7%%d] E*i /)S}“%\
PR R KT BT Y G517 25GHz #F £ -

¥ B 25GHz 4 | 4~ BRS/EBS #4 e @ 53 2011 # > $edd 4% 5 27
it R e1¢ * 3 PR 0 F]t B~ i 1o BRS/EBS 47 B 4%

T
L YN

4 25GHZ 48 | FCC # ¥ i LT § L ¥ eh= 2 R £ 25GHz 4
B BoupmEdEnag o gt ki blhoit ¥
FE S LR ) T RS P LE R R
EE O HEHe L F B aME AR 0 E A K
LA ~£arsi£ppg {@ﬁ,ﬁ_@?% #-ﬁ:ﬁ@’%i

55
)

ﬁﬂt ﬁi*.fm%

TR KR ARG

2019 # 7 ¢ » FCCi B3 AR T ¥ %7 #¥ 12 25GHz 4

£ (2496-2690MHz ) s g FHB (T E < B 0 » J&d o d 0 AR 2
AE34p § 1 L 3 5G PRAE o FCC 4P~ + # 38 % { #7 EBS 4 1 47)
T FREAR LR o AR ap o B A TIRAMIRE T v (Rural
Tribal Window) | #-p 2020 # 2 » 3 p4=Z & 8% 3 p ik »iEf7
A FeREY 38 B FCC B iwifdpd kA fflé

R -

7 FCC Transforms 2.5 GHz Band for 5G Services, available at https://www.fcc.gov/document/fcc-

transforms-25-ghz-band-5g-services-0
8 2.5 GHz Rural Tribal Window, available at https://www.fcc.gov/25-ghz-rural-tribal-window
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https://www.fcc.gov/25-ghz-rural-tribal-window

MAMXEF T2 ER FTiho A PARKARM I ® * (76 3 $pv

g;

AR E FEFEE REREE - AR RATIES
FHPF Ko d TONMAAFEHUMPITIATE R U F 0 2
oo m R @3 E 25 (The Office of Communications, Ofcom) %
LA E RV U IR R > A FEF MARTR Y o

4

|
T
dh

Ofcom %+ 2015 & 7 7 31 p #1043 % 3 2% 4 ( Aframework
forspectrumsharing) xig < 2%, £ 4t A hdudApH £ 5 2 Lok B iF

# o R NFRFEHE - Ofcomdp &) > d SMHEZF P Fe4F F 3 40 > Ofcom

& R AR E A g i 1 o REF O Hlweng B { F gk
LEAGEF R ENR . PR ERT SRS £ Ofcom #73

S EE § TR B Y G R RATOMH R P

L ATNg doo @ 3R HH D R AR BN OR BT B LG 2 AT

FAR VA RS TR X EARIRAEATEF & 2 H o
° Ofcom (2015), A framework for spectrum sharing, available at

https://www.ofcom.org.uk/consultations-and-statements/category-2/spectrum-sharing-framework
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Ofcom 3P » v — i * ¥R 47 df Rt B L7 i

SHEHE R SN E T R XA A RFE R ZRAE N E - B
BoFREFEAL 2B FLENFLI TR EINRE ¢ 3

TR HAFF R A AT R S AV RARAE S 3 h1 B A
LRSS QAR TR N Tt S
Bots P ES B A7 A BT FER L R n s BT A 6
Plhcd ERER s B IR R S o S EF] - R P e o

— a3 1

B2 37 a8 afRgite o Ofcom & 91 > Bildet 3 374

F_k

M ’J{F-I—IEIE FFREICEE ) A~ L -/%% BT AT b AR
For g R S E RS SR R

mELEREFTE R
%’mwm%u%ﬂgiﬁﬁgrﬁ%\ﬁf L AE 3R P

ISP FTMEP EMIE A FNL AT

A
,H»
(Ej

EFEFR T o gt vh FRE PR TR RS 3 R F

GOCEMTH L Rl B AL 0 F A LR E L SN T

I AL ﬁ—:ﬁggs‘gﬂ?r S AR TR KRR -%.% = K%J%gﬁ
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PR~ ¢ w2 BASIHT RT N oA v iaE  F RS

J

SRS T ER T SRR LB RS LT

—\
n

bre Fsaleh o 0 Ofcom & a4 3 o if - ARk 3 K 2 1)

FoRTRIMHFLZTAE T o0 B E R TRE K

FEIRBLEEFA TR A HFEEHY EO SRR I RE
TR SR E R 2 Ko

BT R S g 6 1 Ofcom fu 5w &k ik A

TEA ORI TS - K’J{:':*Em/i‘i’igﬂb s K FrenE s
FREERG &*F T o d R F IR Mg st - Ofcom

Ny

PR REFAMEER Y R T 2 ERG 2 AR Y o R
Padfa kR TN R E SN AESH N EZ g 8- H ik
3.

Ofcom 4 ¥ fadedp = 5 2 Rt g > ¢ Rfp i o R g LR
WE%E 232016 £ 4 7 14 p g+ BP0 (statement) - FES T Ak
A R 3 2 37 i o BB - 4 0 Ofcom | pF E B #- 3.8GHz-
4.2GHz 1% 5 A3 & 3 B AR A~ OIS AIRTIR Y 23558 0 MR fF

I ZAF B AR L 3 PV N G TR o

10 Ofcom (2016), 3.8 GHz to 4.2 GHz band: Opportunities for Innovation, available at

https://www.ofcom.org.uk/consultations-and-statements/category-2/opportunities-for-spectrum-

sharing-innovation
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Ofcomip - #Fz# = 3 %4y = BRZ - - LARR* i o

\

5% I%?ﬁb’?%&_ 'g;g,,n‘zﬁghwjégﬁﬁg;#g&@#fylﬁ ;- &
T U E F AR AR A7 R H LI hE 1R > 0z
B & s nfzis % o Ofcom A A= P 7 v 5 15 40 M 4
(stakeholders) #7h “» GR 4L > B4c B2 ~ 2 3 2 R E AFE @ *
3 Ofcom » 4f o — B A7en5 32 > 4ok 5% A i 300 AR R

AAREC R F 4F M G o0 Ofcom i 3bixig > 24 ¢ 0 B *
Pho@ FF R EL L EFIAFER S FEH X A AP A LE
FEEFE AR BAECRWERERARRE o B HE 3T A
Fid s g oo Ofcomsg A R fade B2 v sl ¢
TR R D R TP E T U] o BfS A URAE S
T s> o o0 Ofcom %;‘I}a;}izﬁm Al LAV ETELA S &
B oA S R R FTAREGHGE > R AR R T A s HRET
SREPBF R EF R H2 WA BRI AR

THEmG R LR R e E o
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oy UEHBITHA L F AT E S 3 48

Ofcom # ¥ £ A = 5 P2 ;4

» {7 W HHE LA R
B g o F]piat 2018 & 12 7 18 P F 5 AIRTIE B4 € R 2

£11,

i3t 2019 2 37 12 p

o

% 3.8GHz-42GHZ L engZTe K 3 g s5sa ~ 2 5 ¢ > Ofcom
SEFRNMVHEP D LG ZHANRG R > ¢ BFTFEL IR
( Fixed Satellite Services ) ~ # #:g £+ (Fixed Links) % = & FAg o &

(UKBroadband) - &4~ 47H @ * M > B2 fFm: & H g Has

R FRTH S PR TG 3925MHz-
A4009MHz s> B AE 3 @ * 357 o Ofcom 47 3 113 £ 3 12 % B 37
FoRBEIRIUEARBRY ZSN I Y- ROET PR
Walomia 2 HEH AL S AH R BPEHT Y PoauERiE TR

TR T A A F S R R uaE R

O™

Erme S
(industrial Internet of Things, industrial 0T )

EFE~Fin %F?%'f“"%

%}f / ‘é" ‘./\ ::‘_é—— ?ﬁ. —\E' ‘H:FP%#

€A LB B 4p % 2V AraE R e > I 700 MHz 4+ 3.6-3.8 GHz {7

EEPMAE £ G g

11

Ofcom (2018), Enabling

opportunities for innovation, available

https://www.ofcom.org.uk/ data/assets/pdf file/0022/130747/Enabling-opportunities-for
innovation.pdf

at
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W B R

BIFEE 0 Aok 5T A o

e SRR &R R R B H 7 R Ofcom #%

J

=

% 5: W Ofcom $ 6GHz 1 TR £ F2 %

&

f%-}{p;&’i’r A H

= 1+ =

o
(licensed ) #g 3§ * = A @ * i
BB A F AR R S AR

5= .
Ao fs

=

=2

#

B AEECF 35 3.8-4.2 GHz ~ 1800
MHz > 122 2300 MHz % £ 3 4
B At » v e Ofcom % )
- BHE DY Foodg B PR Y
Eirap i r =y o 50 F IR
* vz B E AR e
B » Ofcom & 3% #- 1800 MHz % =%
ISR ES S DE VS IET

72 (selfmanaged) = 5 Ofcom

B
E

72 (Ofcom managed) -

SiEE G REEE NG
BEPFH L RP (Mobile
Trading Regulation) #7;& & e7{7
L

p & 3 800 MHz ~ 900 MHz -
1400 MHz~ 1800 MHz~ 1900 MHz ~
2100 MHz ~ 2.3 GHz ~ 2.6 GHz » 12
5 34GHz#E

TR kR ABRER

Ofcom #£ 3% 3.8-4.2 GHz ~ 1800 MHz » 2 2 2300 MHz % = &

HEF L S EP 0 M ERT
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(-) 3.8-4.2GHz# £

Poan gt ] Gk oG x> BT EEF TAAR o B R4 (UK
Broadband ) =% 7_& s # P~ (Fixed Wireless Access » FWA) & * #t
g% > Eoenfie B §.d Ofcom i 2L 3 L JR3% (first come, first served )
R B R 7 AR o

Ofcom = % 2018/19 e+ & 3+ % **(Annual Plan 2018/19) @ 45 ) »
Hig ?’)I} GRS P hE R R RN R 0P
B LA A E e A R T Rk LIS IR

AF 2 3.4-3.8 GHz #F £ 4p 4% - 3.4-3.8 GHz 4 £ ¢ FE 25 B
chi B SGHEE > 5C HAFREL ¢ SRR A HE TR CERTS Y
BV ERERPLFRABS > - BE RS 1 F R 56 R LN -
Bonfdihs 38 o R SF S WG AR L SR @ R AT
HEHP o Ofcom3n s > A & 3§ B FWARE > 77 B &
7] 3.8-42 GHz #g £ » 5 * » 7 1 hip i ik T M A T R PR

R PR o

12 Ofcom (2018), Annual Plan 2018/19, available at

https://www.ofcom.org.uk/ data/assets/pdf file/0017/112427/Final-Annual-Plan-2018-19.pdf
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() 1800 MHz #f £

1800 MHz % %tﬁﬁ}i{:}% 1781.7-1785 MHz ¥ 1876.7-1880 MHz
SRR 0 P R S ER AR R R 3 B S NRE 12 B
# 47 2 25~ ( Concurrent Spectrum Access, CSA) PREEH

Ofcom &4 © £ 7 4 BRI E BB E I L B Lt =813,
AR L 2G fr 4G FhREL 0 TR AT U TR > Hag w b
FE v FIoMEIpR F R MR T AR E = 2 N E R

PR CEAF A RIS AR RRDERILEFR
(=) 2300 MHz #7 £

2300 MHz £ 3 47 Ex {a‘g 2390-2400 MHz #g £ » B F# 2% ( Ministry
of Defence, MOD ) @ $RE&EANZZAFECP » A L 45 4G 78 i -

H g 1800MHz £ 3AEE AR » Gf % 5033 ~ © F e MR &

|l

* ]’E_? i J\ o
Ofcom 5 #* " k- BHRIGLEPR LT 2 o * = JF o

Ofcom ¥ -t T3 Bhefrig * 4B » & BILPR HY 5> Ofcom #4345 H

F OO Sl BRI GEPEAPN BT Y S ohF R

13 Ofcom (2017), Update on the DECT guard band policy, available at
https://www.ofcom.org.uk/ data/assets/pdf file/0018/103617/Update-on-the-DECT-guard-band-

policy.pdf
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oo ¥TARELR chH @ F B, &

iren PR

R REE

g .

Ofcom & k4% * = A BRI

\al,llﬁi].}%-\

% 6 ® R Ofcom ¥ 2.3GHz #g & ik i¢ * #

Hhgcas

'ﬁm

4

_—

B Ryp Far S

RLE R G AN LS
i E AR A - R TR
UG B AR AR R R S o

AT 0 e R AT AR
e g o AR T A Y SR A H 7 5 KRB A

B &R R R R iR B e IR

®ig o Aok 6w o

WL [ EF A

v R R
i
R (AR
&)

e ) _;Q

PR
SR

PR T

HEG LR OF S Sl 4o
> Ofcom 2 3% ik 5% 1 A b ePfiim & 324
LSRR RS SLE -5 Ea

A

TR i

* B 5 g
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(2) EHET A0S AnHBE

BAR T R € AE E R T > Ofcom 22385 * A = A h
FRF* o riAF e Ofcom B I RRIEAZND X o 7 % B * 20t 3
FEHE P FHBEELEBRBICY P B FRBERE G R

X EEAG S e EEIA T AT

% 7 ® R Ofcom # & 3L 2 g HF

g P

3.8-42 GHz 4r & 10 MHz 80 #4
2300 MHz #7 &
1800 MHz #i & | & 2x3.3 MHz 80 # 42

FR &R ABFER
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1
14 Ofcom (2018), Enabling 5G in the UK, available at

https://www.ofcom.org.uk/ data/assets/pdf file/0022/111883/enabling-5g-uk.pdf
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15 Ofcom (2019), Supporting the expanding role of wireless innovation in UK industry, available at

https://www.ofcom.org.uk/ data/assets/pdf file/0020/135362/supporting-role-wireless-
innovation-uk-industry.pdf
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16 LSA Implementation, available at https://www.cept.org/ecc/topics/Isa-implementation
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17 ANACOM (2019), Launch of applied research and development study in the area of engineering, for
the analysis of scenarios and alternative models of spectrum management, involving Licensed Shared
Access (LSA) concepts, available at https://www.anacom.pt/render.jsp?contentld=1408123
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® 2300MHz #g £~ (2390-2400MHz )
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3650MHz #F F =Rl R LA & L WEFINGE LA E B F TG
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18 FCC(2015), FCC Releases Rules for Innovative Spectrum Sharing in 3.5 GHz Band, FCC 15-47, available
at https://www.fcc.gov/document/fcc-releases-rules-innovative-spectrum-sharing-35-ghz-band
1% https://apps.fcc.gov/edocs public/attachmatch/FCC-16-55A1.pdf
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SAS Test Hicotion Approved CBSO Testing
st Spec

PX| Root of Trust
Certificate Authority
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AL Database PK (w Approved CPI Training Program

Certified CBSD
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Results:
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10 WinnForum Standards and Supporting Ecosystem Development
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A FZ B ERF ok SASJRIEL T - K LR E(sensor)

PR 4 FG BB R KT iy (Environmental Sensing Capability, ESC) -

ESC ki sifgiplk p %5 * 2 i3 i 5 (the presence of a signal ) >

\%3:

B2 5L% SAS o BT K B_SAS e = epk > H 28 SAS i (7%
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T $a2 > 0 F L PAL - GAA * = chig * o CBRS#FE S £ 1 4

e B

FCC Databases SAS 2 j

« SAS-SAS Interface

Incumbent Detection
(ESC)

as s e a» o .I « == « +SAS-Userinterface
[ Domain Proxy ]

Informing Incumbent

Element Management System
(EMS) (optional)

W8: R CBRSHFLAZIFHEF AT R

Tk kR SCTE ~ ISBE 2 NCTA

® FCC 7# & (FCCDatabase) ¢ FCC g1 > # § # CBRS %

#g PRF%3% % (CBRS Broadband Service Devices, CBSD) ~ =
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3% 2o PAL * 2 chF i Er o FSS & o 2E Ty 4;‘—%7&;;'5,
£ FCCP > e R g ~ TMHME kL frd2
LA FHSS o dpgt 2 & (truenorth) shE AR = 4 fe
ik o SAS #-22 FCC FAI R B {7 5 » M ERH 3 12 F 3
i CBSD fr# 3 * = crp b 33 o
195 FCC 2.1 >SAS % 18 7 «nix 7% 5 7 T SAS A £8 &2 e j>
i# ¥ SAS o SAS FiEFH & Jf i i FCC 3u o
SAS-SAS /i & (SAS-SAS Interface) #-§ . SAS z_ fF el
B0 g T AR IR R B SRR o R EF
9 CBSD ¥ wc € #% B 3| ¥ - B SAS» F|pt 3 & SAS 2 fF e
3 o
#% i ESC > SAS # 11 i@ CBSD & i¥ . DoD # 5 * = 'giT o
4ed i3 7 F G ESCo % ] RN AERT T BT
80 o 2 % # % (ExclusionZone) » CBSD # /u3iF . % en
EEEFEPNEFEFo4o%k SAS#* - B J B ESC £ % ¥
e 5 3L (ProtectionZones) o § ESCid £ 25 %5 *

SEE O F O pipdt R R P 2 CBSD i f7iF T o
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J
&

ik —‘ﬁ 73 & 2L (Informing Incumbent) ¥ E 4% & SAS {v

FF kA2 F I FRfre 7 5 AR PR FINEF 2
B g e FE P o
® g3 12 (DomainProxy) & 7 % SAS f,% %v » 1 IREE %

B CBSD £ SAS z fFerid i o SAS @[ 7 K-t B 4%
#3% CBSD » 113 »zd- e CBSD #- & bookkeeping # it
FopRi% o
~ g2 & 5 (Element Management System ) &7 iE ciE 5 o
By EF v i SAS RFRFP AT > FEEL ol B

CBSD -

FCC e fg§ 5 moruidy » & %4 %5 FSSHEhI|Hp > 1
PR PR L AEAYFE > TG 2 ¥ R E G S 90 & (part
90) HP| &+ ¥ i T ¥ j&1¥ CBRS itk F > g Fih o BRp]
BB rrE 2w 0 3650 2 3700 MHz #g £ ¢ chn 50 MHZz 384 » #-7 ¢ B
4-38% CBRS o 3 FREFH LR ;ﬂ ¥ 4 2015 & 4 * 17 p

v o 3 FCC i@ * # e % kb (Universal Licensing System, ULS ) # 1

ke

ik o 4 JeAFCC # %2 2 CBRS #EATRRAIHA I - %] %
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HEYHS o v orsg v 3650-3700 MHz 45 £ > & § A 2.5 3550-
3700 MHz #g = » 2 % 3T;T%;§ faATEN% 96 & (part96) CBRS LAY -

g% 96 & (part 96) ek s P > — & CBSD x| k p #f 2
BB L (SAS) ends £ 0 B2 B i enmi 2Rk siig & F 3 > CBSD
7 300 F)pF A i 0 @ﬁi%]’i"fﬁ%ﬁ%f'lﬁ’— BAEF N egHEH F T o F
195 % 96 &3t A L% > PAL fr GAA * # % f 32 CBSD @45
i E g PAL G R P G B e B R 0 E R B
TREE AP RN ISR FARE AEF S 248 10 MHZ A E
3597 {#4g:635> 2 (Root Mean Square, RMS) -80dBm # & ¢ T K,ért
2L EBDHPAL ¥ 2 e R g eee ] > T-H @i % SAS o

2018 # 5 7 »FCC A" #rends it i%3 % ( Dynamic Protection Zone,
DPA) » @ #ypFic 3 # ft 2 % (staticexclusionzone) e 24 - /% A~ %
BEAA L 5B DPA> & B DPA##— B A 5 B ESCie 7 4
R FIB 2R eEds 5L 0 BB DPA #w B 3 fp 2 & eniRE IR o &

#8 DPA X 1% SAS 3t ¢ 4o #1on !
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WO: EMFCCHI2& L LR (DPA)

T kiR © SCTE ~ ISBE 2 NCTA

P f0 35 #0025 H# Y 1T R4 H (Licensed
Spectrum) > H F Fo P A7 2 BT E LRI EF (K )

oo #r @A R SRR EE G 3 00 R THER D B B

HiF 5 CBRS# = £ 3 el g 2P FCC + < *f M2t st g M ¢
EEF R P BTG kPR A pt o PAL fh AR
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EE L F]pt FCC #-% 1 LTE . p i v (democratizes) * T f

N

HERE 0 M P kR EH (Multiple System Operator, MSO) 5 1 37
BRI EFF e L CBRS et F ¢ E =R o

£ Gap LTE $RIRAEE LA 20 12955 £ 4030 LTE &
MPRT EIEL Bt N E F R DEE IR blded FE0 %
i B MR (7 8RR o SRR PO IRIE A ReNITIE > i IRIE

HEPF T U TAoT BTk

CBRS Network Operator

CBRS Network O perator .
\‘l‘ X l" ationsh "l
Business Agreement
»
Service Provider 1 Service Provider 2 Service Provider
b
b nber-S s
Serv Agr 1 )
| 4

B 10: % @ CBRS i H2 $8 % &4

Tk kR SCTE ~ ISBE 2 NCTA
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® CBRS it 4 &7 (CBRS Network Operator, CNO) : § #

B b 32k F 0% CBRS/LTE st gt 5 fit * LTE
e o ¥ CBREPRYEF L ET & A% G
T EEPEGEY % o CBRS RRYEH M2 2 IRGBKRER

( Participating Service Providers ) = > & f ¥ 73/ (2 > @ %82

Pare

PRIFHRERF LR & g3 ERET

® (T JRixk 7 (Mobile Service Provider) & ¥ =h* = 4% is

o

FERTE Tk Sk B BRERM G (FRIRIAR Y
FHRERAY 243z SIME > BE Y P BiEL S RE
PAEEE B IRIE o 4ok TR B 4 ¥ 18 CBRS #£5~
Feg o PIH L ¥ CNO 14 ¢ o

O i S EIRIME BF D A BB Bl

BOPRFE > B 2T U E - BAK - BAF o

RS
.
/

A= ZHAE_FCC 2 o mmuip FRZ]Z‘E T * TE|FT= é]

"

R R LR Y R O - R S 18 Qe O 4

mr

PP
W Bl ¥ R BHHTEE b A2 B8 CBRS (B frin ¥ o 5
AR R s - A A ORA AR AT R

Kpskm | 7 fp'g‘rﬁ;}p?; P T E R FRIBHTOYER o
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B A48 0 MSO ¥ 12 j€ 5740 CBRS £ 3 #4507 B ¥
3GPP LTE s it £ M g engr i ded % - @ 4 B L 54D
O SFER LAY E -

CBRS - BER it * 0 Hi5i LTE ;2L & A i ¥ f

Bl v #3890 2 G Wi-Fi oop L4550 R A5 LTE

PR APRAE S 0 £ F L & GAME o T CBRS 3 % PO AR
GABRT A G 7 0T Ak @ enk 40 FCC ¢

1524 MSO 45 & 4p M ¥ 73> U * H Lk HFC et 1 &2 ¢+ & * CBRS
A2 -
-~ Ha_m sk (Fixed Wireless Access, FWA)

iR B LR IRIE R 2L £ 21395 2016 & 1 7 FCC2016 +
T AF & B 4 2 (2016 Broadband Progress Report) » FCC B = & TR
Irehk AR LT U R 25 Mb/s» b @i & 3Mb/s 0 4ot 3 3,400 F
A EERAMIRGE 0 b FRMA 10 % HY EREHAC A

12300 F A miE @ BHIRAE J ERBEHA T 39% ¥ ot E R

T\

Riz 3 o Fern 160 g A » m2 8 % FHARPRIE > $ 305 2 A v e 4l
% T RCE » A el e B Rl 2 o

BE R o 995 & R A AE P (wireless broadband access, WBA )
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2017 & 7 * =42 (WBA July 2017 report) - >3k 8 B & ¥ 48 «h K
K 175 B A N ARG BB R -

¥ PP S g B A e 0 B R R TIE RAR
TEREY - F- BIEP 2014 A= aug it E WA £ (Connect
America Fund, CAF) » £ { +ch 3 T L5 WAL ¥ - i
(CAF-11) > %3 p & Z 21675 3% ~ > 28 6 & o

"$% 2018 £ 5 - =& * CBRS #fz# GAA 7 * *- L5 3>
I LTE #/is:7 CBRS & 5 CAF-Il PR3 4% 75 #& & 54 % 3 K
v OFEIE e

FHRONEA AT kR T RTE A aa

B. o VDSL2 fv G.Fast s » @ (F4F = 5 M A i o 2 3F

AN
e

o HL G A R R kg 0 T Gl R

B e mEiRT > L EEPRFTwE FEFAFEF LM

by

£
MR TLME T e N AF B B RAS ¥ T dopes
FE RS AT nT o o 5 AT F DOCSIS 31 TR
Gigabit chif & > fe 3 & gk * 3% g L4t 2 AR BTG M
T % DOCSIS3.1 # & jplerhs Ay 2% 3 o F]pt LTE & M B vk &
R - AL P EER O R R T Y B EPRME R

Zl'\‘:’l/”f"' ?\: °
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%18 §4 L B & (Carrier Aggregation, CA)~ 5 * =& % » 5 i (Multi-
User Multiple-Input Multiple-Output, MU-MIMO ) - 1 2 LTE % %
B om 4% 14 (Virtualization of LTE core network ) % #:jiv> LTE-A fr LTE-
APro el is ¢ EEIREL o % LTE chgidpide e { B 5k * fri#}
PEAE 3 cr Wi-Fi fr 10T » %7 £lid - 8¢ 247 ¢nLTE 4 & % 5> LTE
© R LB kG S RTERL T FHE AR

CBRSH#FE T A B H M ® By ® o 4o 917 o

W 11: CBRSH#EE M ABEY R ?

Tk kR SCTE ~ ISBE 2 NCTA
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=~ I ¥ b B R

"% FCC % CBRS #f& @ I LTE ¢hp 21 > depts 547
LTE B> * M4 £ 10T B* 27 5 - S b pREF YT
feg AL ¥ 45 Fh 10T 7 > 24> CBRS 1 ¥ [oT it 84 &
075 > Bl AR PR Y &% LTERAN $it > 4ot 7 #4145 20

1 ¥RAEEFREL o CBRS I % 10T R4 Bl #7 o

Capacity o - Reliability and low latency
\0‘./ S
Coverage Cellular based security

Superior range, bott
; L0

- Both SIM and non-SIM crodentiols
locally routed traffic

¢ privacy

Seamless mobility 1 T 1 ./ Future proof
e LA s i
Interoperability

Dilty between supohers

W 12 : CBRS#f £ 1 ¥4 B g @

oL kiR SCTE ~ ISBE 2 NCTA

A G I E WI-Fi o 0% B3 S K o Sl 3

FoRm it - B FHAEARNERAZTPN BEETHZS RO T L
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2l

PR % - % (Tierl) £ 5 LTE ™ 1256 CBRS
[LTE eh£ T 4738 > @ 7 & B & % B % o 2 o 2 WI-Fi 32581 # >

£ EF E T E 8 LTE PRI o 82 WI-Fi $g i eh 54 o gz f5 o0

LTE it il 81 (P Renfdsk ff V8 (£ £ e Ul

¥
by
5\
(i
a‘\
£
S
¥
T
5%

Aenfadk g+ X % - 32 ( Customer Relationship
Management, CRM) fri £ 1 B ; & £ &£ 1 £ 27 7 1 g 55 b
Bt = L% g LTE it o & LTE R & 1+ 8 (71 £ 00T b *

MSO# ¥ M5B 5 & X4l > 2 chd v LTE 2> % k43 370y

¥4z > o CBRS #73 LTE 8 & bl4c™ Bl#7T ©
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Enterprise In-Building
Wireless

Heavy Industry | loT

W 13 : CBRS# £ #F LTE $pechy?

T kiR © SCTE ~ ISBE 2 NCTA
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MNO1 ¥ e MNO 3

W 14 : CBRSHEE ¢ 2 3 SR

T kiR © SCTE ~ ISBE 2 NCTA

70 R R

%)
rl
e

MSO %2 7 20 #4< EHFTREELER T H (Hybrid
Fiber/Coax » HFC) » = # 2 H % = gaf P35 1 DOCSIS3.0 £4F -
MSO v A% B E e HFC » #u] E g a8k » Bk e & 553
‘b CBRS / LTE /] fm®e e » 11 i — # 4v % MSO {7 35 B~ e §% >

4o B #ToE o
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B 15 : CBRS#E £ 2t % ¢ (7 he 2 Bcriy *

T kiR © SCTE ~ ISBE 2 NCTA

41 % HFC v % & 8.4% i 3 ¢} CBRS/LTE {7 #+ & £ MSO
# LTE 55 > 238 & MVNO § 1573 B4 EH - 552 5 R it ioie
% 1 CBRS /| fm¥ it e LTE JRAFT 14 f 1 i B £ 1 18 > 22§
T Wi-Fi et g a0 R RT IR N &Rk o d M E R G
MTAREF & A 77 5k PR PN B 0 TR B L Wi
Fi eng <~ 2 % - MSO # | * LTE 3.5 GHz #f & = Wi-Fi 2.4/
5 GHz A £ » JEBZp b en® » FH g > TR e L # (host) {7

RS E ST S STS I
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MVNO ##keh@fli 4 > § X RPN Miie 1 45 78
$ 5B e g o d 2t MYNO % (76 ¥ £ (B3 4 R 5 n
R LR SR S RS R RERS A T

G REE AT R TRRRLAFET AR R SRR

)

TR RS S R S A
¥ E* 2R BI MSO h LTE | ¥ it > g Pfiteh MVNO
o KA bR S A AR BB ¢ eh LTE $B > L3 A%
K G AR R SR R MYNO g ® ek

FAREF BT B EH 20 B {51 MVNO i 4 - CBRS MVNO

CBRS roamingfee S

No external cost MSO
@ 00000000000000000800000000000 Subsaiber

MNO MSO
Homork MVNO rent $ caamwrk MNO subscriber roaming traffic ($)

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

A
: No external cost for traffic captured on owned network MNO
Al I e
Subscriber
—  Money flow Moble operator (MNO) entities in Blue
........ » Datatraffic flow Cable operator (IMSQ) entties in Rec

B 16 : CBRS #F£.% MVNO ks # £ = i

Tk kR SCTE ~ ISBE 2 NCTA
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2 v ABLEN AR

0 A LRyl or 0 T30 80-90%: (7§ i ¢

WeEsd 2 agp o
Hapang 2 3o o 2R J RTARZ AREY FF (Multiple

System Operator, MSO) P # 3% BHEEH frF R T AT HIRIE 4 &

.4 (Data-Over-Cable Service Interface Specifications, DOCSIS ) %47

PRANAIMASEL TR BFEMOLT oL ¥ %5 E 85% &% kT

# 5% 10GbpsDL 4 2Gbps UL 1% i# i g o 4odk & {1 % 4o

PR G LR 0 MSO T R Y - AT 0 oA b enng o F

£ MSO 7 1B ir iz fog ) Rkt m s LTE 3k 5 ki

EARWLTE e > RS L HETIZ -

Gl4cded MSO et 1,000 e A% = > 6 7 5L

DOCSIS #3548 &5 & CBRS / LTE == (eNB) & it » st B4

o g L 1,000 8 LTE o ez o spfbd poa ke 407

A ¥ %z N CBRS [ Al &M T Ak 3 ) CBRS | fm¥e # 4

e E P B RS

MAFE T F o ipR P N TR R E

TR OgeR 80-90 %rniT 53 55 0 H AR 10 %eniT i sS4 2 ek ehiT e

*orrgEde s gL R] £ TR R R T i E F (Mobile virtual

network operator, MVNQO ) sl » 4o B 917 o
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Inside-Out Mobile Access P

W17:d pathenfi b is K

T kiR © SCTE ~ ISBE 2 NCTA

. 2,
= N ,J\{

i

MSO 7 B CBRS & * % bls¥tfist -1 2 # 5 MSO 2 2

She

741
Betp B ek 11 9757 o

# 11 : CBRSHER LR * 26| T hEBNN B EB ¢

#F X6l IS

H R AR B MSO 4t kot AT HeEH 4 Sin |+
B (FWA) | # 80 %% R #defrf ¥ » 2 A3 FWA o

CBRS ¥ 1uad v MT Wk 5 B+ s

KR RP - 0 QR g H%™ Y Ak

5G FWA &35 ¥ T cFif i o

1 ¥ loT BEHEBAEE ST 2 F > 1 % 10T bl4c® | +

S AR AR I RECZERARAT AN

BT R SEEE RN SELTE £}
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QoS ic 4 ehpgiro 1 E 10T 2 f 4 525 MSO #%

B2 eh1 £ 10T i 1 F RS i

RN TEI SR
FF LTE® [MSO: ¥ 4]& + 41 £ B 2 Fehfj LTE ++
B & ¥ m SRR o
® A MSO % Aset i CBRSHTHE i 2 £ SILTE  ++
B ARFPRRA? 2 Ao
HE LG E | 7 LRGBS CBRS /|t 0 ¥ 3T g h (T |+t
BLing b iF | FikE o
o P
AR PE AL MSOBE F ARM S € % b o o+
{7 B F B

7o kR ¢ SCTE ~ ISBE 2 NCTA

Fw g TH R E

#2018 % - £ %+ CBRS A #{£% » & FCC 3.3 CBRS % # =
FHIEE L X P 5 - BA S B SAS annE o HP 3 RG EEpE
SAS BRI o I B F FILE o f pt 2 % » B4 o Category B CBSD
gk B0 F R L ¥E % L R 7 (Certified Professional Installer> CPI ) »
o BRI 2019 - FEeMPT 0 5 - BEEZE L EIR

PATp 2019 £ 57 1 pRAF oy 2 FEE A ABREER
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¥ e 5 = e @ &% PKI (PKI Root of Trust Certificate Authorities )i&
g wu# 0 4o Digicert ~ Insta Defsec = Kyrio o

CBRS#fhp ¥ ¥ 2w EF 2w > FCC & £ SAS ¥ @/ &~
AULENTIAST L EDF R RIFE 2 BHFEF Lotz Ta
47 ¥ % 2= (Initial Commercial Deployment, ICD) | #4134 72 % > B
AR FEFEL SHFFER 30 X i 4o

2019 # 9 # 16 p FCC & # 5 R.SAS ¥ @[ #-F 438 7 ICD*
# # 32 Amdocs - CommScope -~ Federated Wireless, Inc. (Amdocs) ~
Google 2 Sony - # ¢t > CommScope - Federated Wireless 2 Google %
=S RFHRNZERELR ~® (ESC) © i i FCC v » 5 FCC 3+
HMAESCIiEFE 0 BR BIRED AP o

2019 &# 9 » 27 p > FCC # 1 PAL #{ R 4p % A1 ¥ % > ¥ 43
32020 # 6% 259 BB ivE o

& 2019 & &% % F I SAS JRir2 26 § A4 > #75 CBRS
I (FioHEST GAA b 0 B TFE 2% 2020 # it (7 e0 PAL U 4 ¢

= Gk o

20 https://docs.fcc.gov/public/attachments/DA-19-915A1.pdf (14218 HHH : 2019 4 11 H 8 H)
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fr¥ ARASGCYHERFLEHFLIRFRBRE

RSB B PR A P KRR TR AER S & &

ZRTET R RALE AR 2 2 PRI 2 3
O E @RS R E R e Y SR EERIR TR
DR AR PR

WS FARAAHT PRI LS ko 2R AR ETR
AEIRFF NS AR T R oL LY FLEAE LT REHRT S
PREARHAE R R EFE R R BT OER T I

pLoh s ZHPBATH R RV 0 TR T B U B B AR S A

AEE ER{E
TERGHERFL I PHFRREIAE 2L WERELS

# P~ (Licensed Shared Access, LSA) & % & » X & A F 4 PR 5>
(Citizen Broadband Radio Service, CBRS) - * R F =R 7 £ | €
(Federal Communications Commission, FCC) *+ 2015 # id i o> % & &
BARPRARAR M B IZARR] R RRF NG E L RE Y B L

(Fixed satellite service, FSS)i¢ * %] 3550-3700MHz #7 5 # ] » i &
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CBRS e # gk o afrERfed| 2> w »FCC- WEA T EFTAE
7@ & (National Telecommunications and Information Administration
NTIA) ~ B [# R g2 & F fe

2 % WinnForum (Wireless Innovation Forum)

CBRS Alliance %*» & % » ¥ 374p B#

P ~ SRR R R o B

T

: H M iE s BRI 2 A

Lo Tt AT G R

ARG TS F ORI e A
d RS ERAETBRED > i fee R | R %
S

R B LS

AR Y F iG] -

AALR T & SRR B A
A 738 7 PRI:S% 7 (Proof of Service » POS) » 144~ ) Fe s R PE 4 o
¥ f:r ltJ_'_o

d AR T R EE RS 8
WAl B R S% Am AR LI S e I3 By
FERBE PR E RS2 D B

LR N JRAESE 0 % SAS HILT SN E TR i

o0 Ay BFR e W ARA R ¢ A & AF R CommScope ~ Fedrated
Wirless 2 Google - i&

/

WYL E RS LR ORF R ST 1R
SAS FiE [ 2 BTN~ BAFEE S FRIER B AT

TA AT Aok 12 7
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certified) - I;
g
Domain

Proxy:
Nokia .

Ericsson =
ETRRL IR =S|

CommScope CBSD 3
Google £ i¥) 4 FA
ICDF %2 PR © &£ (OnGo
FCC certified) -
¥ 3 @ CPl (certified  Ericsson
professional installer) # 3"
Domain
¥ Facebook & ¥ & FB 3% | =
Proxy:
# & 3.5 GHz CBRS & # _
Nokia .
&£ # Ruckus (CBSD #li | ,
Ericsson #=
7 Wi AR
Fedrated ESC JE ¥ FCC 23 CBSD: Y
Wireless ICD# %% #pl42 e ma & 2 (OnGo
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Google ESC < #® FCC % (¢ | CBSD: B 43
CommScope & i) Py i)
ICD % % % thipldp 4 © #% = | Domain
FCC Proxy:
¥ % i CPI 323 Nokia
ST I TR Ericsson =
2 i 4 (%0 $2.25) CIRTIRAIE =S
=K

FHKR D A BFER

-~ HHET
2 108 # 77 2P AR g F 2S5 - LR E ER R
50580 ~ W~ AR RI- A Y ARSG ¥ - R
#-4L4] 3500MHz #7 £ 2 28000MHz #f £ » & fp 106 & & % & # 31 2
1800MHz #f £ » — Ay B v i N add et ¢ M7
B B ¥£7% ) £73495 P 27# 3500MHz #7 £ (3300-3570MHz) -
A5G B wE T HRETFHONRE > Rl @i f g"ff
1153 ¢ AT 5L (ST-2) Bk e (730 BT > 7™ S RERR bl 23
FTRFESAPERFEILEER A DAL AT RTAR A E A

Sl B 0 AL K iR By ¥ £ gk B (Band Psss

2 TR N ERERAE 0 https://gazette.nat.gov.tw/egFront/detail.do?metaid=108306
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Filter, BPF) > 12 1% % 3 3.61-4.2GHz #f & # Bl «hirk 57 &
A0MHz £ g F (Guardband ) ~ + 38 (R REHE ~ 3 B30 F R iE 2T

7 &% 7] 3.5GHz #f f~ (3.3-3.57GHz) 2. 5G L b 5cn+ 4§ o

ki

B AFE T A+ 3570-3590 MHz ~ £ 20 MHZz 4F % ¢
o s B 10 MHz chR[3R 4 - 7 E 838 2 CBSD iRJ3# 13 st
PRI nde R 0 L g B ¥ @ ek BPF 2 FSS Rt B EARIR
FEHLS EE A RARR B R HED ViFELE CHERA L T o4
TR e

Spectrum

------- >
¥ 7]
Shifted
al

=f-2 satelite on Ivtefnet P T P ——

—

IETTS ISEI S crianincd Dandwidth: I3z
oontral frequenoy as indicated in
metps e iy ng st comyST 2o

W 18 : F SH4E 3 :E T
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Sy HAEER TG i F]ET@?F:I e
w¥ W CBRSH#f &2 Rgev PESC 4 & * v 1f jplja & 454837 B i

TEITE > T4 SASH 7 PAL/IGAA * = g R { £ 7% - 7R

=

FELHE R AT RSB RS EE Y ESCe

i

s AEApERAE ELRE

Ehlthi* LTE TDD HirenfA st B4t L H 4] > %3 3§
RAPIHCA A DF # 5T FRH R HREF E Neht FE 5 gt T 4p
T o T 0 3 3 & PAL 22 PAL - PAL #2 GAA » & GAA ¥ GAA 2
HRAEE (TR bR R AR e 0 R (7 uplink 2T {5 downlink
W e o H-R R Bt G fokiE T S E 3] CBRS 2k ALt B X v en
TR MeE-

%y 3GPP TS 36.133, Section 7.4 7 B A xbdp e T &/ 2 P >
G E L RFAA R AFELRL LG EHBE R TIPS
oV ER - WIRIAEE B2 B AR Tk * B ¥ £ -CBSDs &
ERERRAHTRY pEOTDD £ FF % 1+ {7 uplink 22 = downlink

AR T RIAEZ R R F ORI K E o
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% W CBRS 7 Bt 7 uplink &2 ™ {7 downlink st =3k 2 4%

4o 13 #1o7

% 13 : 3GPP SSF Configuration 7

UL:DL ratio Subframe Number

UL-DL
Configuration

4:4 D/ S/u/ub/D|S U/UD
2:6 D/S/uUuD|D D S U|D|D

|

N

T %R FCC

2z~ SAS % f i B ALY

CommScope SAS *ri¢ * Bl 7 = # W 3 4 & (U.S. Geological
Survey » USGS) #t# 7 NLCD (National Land Cover Database ) #
U oUSGS #-2 34 5 2 agd] > H P FAESAS £ N5 B w
B 5 21-24 5 5w G

® 21 = EgaEicy & (Developed, Open Space)

® 22 Btz B %H (Developed, Low Intensity)

® 23 ¢ B R %FH (Developed, Medium Intensity)

22 CBRS Alliance (2019), CBRS Coexistence Technical Specifications, available at
https://www.cbrsalliance.org/wp-content/uploads/2019/03/CBRSA-TS-2001-V2.0.0 Published-
March-11-2019.pdf (Ff& %8 HEH : 20194 7 H 24 H)
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® 24 = p

=

% % A % (Developed, High Intensity)

MLCD Land Cover Classification Legend

I 11 Open Water

[ 112 Perennial lce/ Snow

[ 121 Developed, Open Space

[7] 22 Developed, Low Intensity
I 23 Developed, Medium Intensity
I 24 Developed, High Intensity
[[7131 Barren Land (Rock/Sand/Clay)
[ 41 Deciduous Forest

I 42 Evergreen Forest

[ 143 Mixed Forest

I 51 Dwarf Scrub®

77752 Shrub/Scrub

|71 Grassland/Herbaceous

| |72 Sedge/Herbaceous®

I |73 Lichens*

] 74 Moss*

|81 Pasture/Hay

I 82 Cultivated Crops

|90 Woody Wetlands

[ 95 Emergent Herbaceous Wetlands

* Alaska only

B 19 : % B NLCD 2 # 314 %7

P& 4l ¥ NLCD R4 cnl| 7 o A B Ff 5 f2ih0t - B30
® %2 CommScope 7 SAS BIFj kit d M F ¥ L7y 2 5

—\

S0 MBI p FIRE 2 Rl ¢ o $% 40 TLUD (Taiwan Land Use
Database) B 3 > " 4F 28> ;4 2 A 1 83 ~ i SAS #1% NLCD
B 7 34 £ %=~ SAS- 3 CommScope SAS B[} 5% 2 £ F # & SAS

B2 g &
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dOB AT T A 325 100 £ § - PRSP % ~ POS F %
i%‘ié%l?]?]? o W2 Bl vt TLUD eh# i BBt &) 5
1/5000 > *+ -] 5% 2500 m x 2500 m > Aa:E#H %ty TLUD » BB =~ %
PlRa®ric » Z AR VE L NLCD $£5¢ - i?éﬂi;f]% SAS
¥ % SAS S B F 2 40 CBSD Propagation Model 1?;‘%%?] »iE(%

% CBSD % R) -

TLCD Modify
(A L #H4) ‘

Yes

B 20 : SAS #7 % TLCD W 7 & & 4&
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TABTEUR S B PR AT TR 1098 20 S 4
AR T

1. CommScope 7235 SAS ¥ 4p % A 1 4k 2 4 BT ©

2. Y #TLUDMF2%

3. TLUD M7 #&# & TLCD $25%:6 %

4. SHET e~ SAS2 B

W 21:SAS®=» 4 AR F L 8 e

58 LSIFRERER

% W CBRS ApR Hirge? » L&A fAMH#HE I FTHE

(SAS) 2 £ 347 %% # (CBSD) = /i £4°7% » 4 w5 CBSD £ SAS
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B @A 13 CBSDs i#%:iF % & N2 %+4] (Domain Proxy) £ SAS

G AT B

A sAasty,
SR E 1 N\
#F’==
\’[I \\
Domaln /\\ \
! Proxy \\ :
' \
I

,f | CBSD |
{ CBSDS } %
\\ (%= ’i&), 4 \\\s.._—’,

-~ —

W 22: % R CBRSEEM#HE § THE A BRI

TR &k P FCCo » MH R

AREREAS S ZIFE o P ACE o
- > J wuﬁﬁ- }%:I' (l‘:’:"f%bﬁg;»)
WREHRFHRETES U RERL S e 0 &yp SAS & CBSD

-~

2_ 4w A % (Signaling Protocols and Procedures for Citizens

Broadband Radio Service (CBRS): Spectrum Access System (SAS) -
92



Citizens Broadband Radio Service Device (CBSD) Interface Technical

Specification WINNF-TS-0016 Version V1.2.3 ,31 October 2018) :& {7
PRA®Z B o
Y3 MF PR AHER BT
® SAS ik Tt mtieFiy (108 £ 10 7 &) -
® CBRSPOS#sk¥#Y @thit iv® (108 # 117 Aw) -
® DomainProxy s ki % 245 % SASHEF (109 & 27 K)o

@ AaEuwgirc 2 pATt fReain (109 & 37 K)o

- b BB R IR (%2 PR
FEFRHRES G SAS AT EEUMHP LB FELE R T
Aol Sgr R FURE O OTERP TG ia“é—‘ﬁfé& 2HE R &

% p] PoOS 2 SAS &2 CBSD 2. # * [4:T75 o

A

B H O REBEEH

Atd g R O E A8l POS (7 R EHE) F
Bt o T oEE SAS kB I AP g * % B~ JR7%, CBSD 21
AR A TR HEA S AR E O REAF AN A

A RAE o B g @ iFIRARAE ¥ & WinnForum 2 FCCRZF 7 -
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- PR R i E ~ o @ 7 Spectrum Access Systesm(SAS) ik

PR L ARk E 2 SAS B * PR B W T E SR IR T

& o Indoor CBSD > 4 CBSD Fif 2 i-& 3 CBRS g Al A=
(# 4% CBSD =% % ~ P32 SAS kst B LB %FRE) o

F 2 PP A & enZE R H < Domain Proxy 2 H fie Jy LTE A=k > 4

FhduEFEELF CBRS s LTE pM X & » &2 SAS 7%

BOFELER - F A p BT GPS 5w 4R S AR~ % CBSD>

-

SAS § % i& (T 23 Domain Proxy &2 & CBSDi&* » % ~if % 3§

R T gpE g FiIrnd L FRTR o

CommScope SAS

www (/ (cloud hosted in US)

Sl  CommScope SAS
WINNF: SAS to CBSD interface client (local)

Ericsson Suite  CBRS DomainProxy

: ‘,\‘
7¢® BN (‘A Gemtek indoor
= i Gemtek EPC (.L»_; enterprise small cell
q - 3570™3590MHz
Ericsson Network i
W SIM
@ Manager \// \ ol

Ericsson EPC RF B— R \)_)g
Ericsson eNB | measurement e CPE-2

W RER & \ S—_
\/Q- W SIM

APT Network
CPE-1

W 23 JRIZHBRBPFEREKXE
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S TR (R%&RE)

-~ CBSD % #f ~ (it EF

(L SAS IR E X

PRI

SUel fe & EhSAS i T

5 ENUES NN

N i

4 SAS Rip kg Rt
itz gk p BT GPS 1
SLw AR SRR

3.1 3550-3570MHz

3550-3570MHz

11 connectivity with  SAS share spectrum scenario demo
LR
R e S| Rkt F LA FobF200 )
%E

TR KR L A WL

Fow & PIRRIE P

B PRE N SEE S BRI

SAS £ CBSD 2z §F Bl&%# o ¥4

SAS &2 &3 CBSD {7 & 2 F P57 o PIRIE P 4ok 15 #7771 o



% 15: SAS g7 CBSD #4235 p (108 &)

Category Test ID Description

Communication | TC_SEC 01 Successful SAS-CBSD Mutual

Security Authentication

Restart Scenarios | TC_REST 01 Successful CBSD  Operation
After CBSD Restart

CBSD TC _REG_01 Successful CBSD Registration

Registration

CBSD TC _REG_02 Successful CBSD Registration

Registration with Group Membership
Information

CBSD TC REG 03 Incomplete CBSD Registration

Registration

CBSD TC REG_04 Successful CBSD Registration

Registration with CPI Assistance

CBSD TC REG 05 Unsuccessful CBSD

Registration Registration- Blacklisted CBSD

CBSD TC_REG_06 Successful CBSD Registration

Registration using CPI signed Data

CBSD Spectrum | TC_SPEC 01 Successful  GAA  Spectrum

Inquiry Inquiry

CBSD Spectrum | TC_SPEC 02 Successful ~ PAL  Spectrum

Inquiry Inquiry

CBSD Spectrum | TC_SPEC 03 Successful GAL+PAL Spectrum

Inquiry

Inquiry

96




Deregistration

CBSD Spectrum | TC_SPEC 04 Successful ~ PAL  Spectrum

Inquiry Inquiry without a license

CBSD Spectrum | TC_SPEC 05 Successful ~ Spectrum  Inquiry

Inquiry with a Measurement Report

CBSD Grant TC_GRAN_01 | Successful GAA Grant Request

CBSD Grant TC_GRAN_02 | Successful GAA Grant Request
with Measurement Report

CBSD Grant TC_GRAN 03 | Successful PAL Grant Request

CBSD Heartbeat | TC_HB 01 Successful Heartbeat

CBSD Heartbeat | TC_HB 02 Successful Heartbeat with Grant
Renewal

CBSD Heartbeat | TC_HB 03 Successful Heartbeat  with
Measurement Report

CBSD Heartbeat | TC HB 04 SAS Heartbeat Interval Change

CBSD Heartbeat | TC_HB 05 CBSD Grant Suspended

CBSD Heartbeat | TC_HB 06 CBSD Grant Unsuspended

CBSD Heartbeat | TC_HB_07 CBSD Grant Terminated

CBSD Grant | TC_RELIN_01 | Successful Grant Relinquishment

Relinquishment

CBSD TC_DEREG_01 | Successful CBSD Deregistration

TR &R D A RFER

-5 %P #3t SAS &2 Domain Proxy 2 CBSDs 2. & 5 & % §F i

R INEEE £ S TN
97
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% 16 : SAS & DP ~ CBSD = s Bl3#Ep 7 (109 &)

SAS core functions to resolve
various sources of interference
between and among CBRS users

and/or incumbent users:

RIFER B WP
°

User Self-Registration Process
with the SAS; being able to
add, edit and remove CBSD
registrations and set / update
CBSD channels and evaluate
how these changes affect
neighboring devices and the
aggregate spectrum
environment

SAS-CBSD Communications
for registration, channel grant,
and channel release.
Professional Installation to
ensure the SAS can accurately
locate devices in compliance
with Part 96

SAS Utilization of
Commission  Databases to
access, read, and use data
directly from TTC/NCC
database during the trials,
pending database availability
Incumbent Protection
Implementation to address the

interference protection criteria
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of FSS earth station sites ; If
there is no FSS incumbents
within the trial area, explain
how to and demonstrate by
using simulating the presence

of incumbent types

SAS operation

Ddevice initial registration in
band: certify license type,
frequency, power and other
variable attributes & request to
start heartbeats

PAL protection from GAA:
show the entry of PAL
enforces the GAA grant in that
channel to be revoked, and the
device forced to request a new
grant in a different frequency
(ex. terrain-based model)

FSS site protection: A node
will be rejected when the
interference  threshold s

reached.

Others

SAS performance indicators
verification
CBSD must comply with SAS

commands within 60 seconds

FoR IR A BRI
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$IF HFXIFXRTLRIAKE

>
>

)
47

N

TN

o
3
b
e

HHEF PoS FHT LRI EEE X -RERBAE TR
IOT Z#L:8 (7 SAS # v fhmsd - = ~ R0 BRI > BRI &
BT RN ERET T R D MEETR R R Y b
G EREP A RETFRE T 0SAS A2z BITE LR
&%+ 1A (Incumbent Access) ~ PAL (Priority Access)%2 GAA (General
Authorized Access)™ # -k s ML 3 BB F o AR Y
2 iEiF .

#E % £ % (Spectrumsharing) 2 CBRSH#E£ A * e 4> @ SAS
G SE g2 CBRS M & & e o SAS [k SLik 3w 2 4 & oy

E AL PR s e pE R TR R i * en% % - CommScope SAS

A

&

hie R E R FCCSASinz? L 0 ff 4 2 (N & Abd B
% & CommScope SAS &4 % o
CBSD 214 #-i8 * BN | (H0)2] 4 =k % Bt ~ #43 (Gemtek) &

& 0 A% 5 WLTGFC105 » FCC ID MXF-WLTGFC105 -

3 CommScope (2019), FCC Approves CommScope CBRS Spectrum Access System for Initial Commercial

Deployment, available at https://www.commscope.com/NewsCenter/PressReleases/FCC-Approves-

CommScope-CBRS-Spectrum-Access-System-for-Initial-Commercial-Deployment/
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https://www.commscope.com/NewsCenter/PressReleases/FCC-Approves-CommScope-CBRS-Spectrum-Access-System-for-Initial-Commercial-Deployment/

CommScope SAS #-2& 2% & AWS (Amazon Web Services) Z =4 & PR

F o CBSD R (TE L RFed WAFHRT 20 N FERRE
P18 i B L W (Certificate Authority, CA) #7 it 5 24 &
o M IRE #-d SAS #HtiE A 4 & ik o CBSD 4%z 3] SAS #& i
MR EMNE SR T REMNEZ 2 HE SAS (URL:

https://iot.sascms.net:8443 ) 15 T = = i 4 o

(Z,;)‘ e e

\"’5

W 24 : SAS-CBSD 10T & 4

FoR KR A BRI

e

% = & CommsScope SAS f3/+-2 %

SAS i st & CBRS #FF s £ 3 ¢ 4| chpiw » SAS 1 & e

b

P At INE R R 2 H W SAS ¥ TR 7 TR AT I
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Fo#l g A5 chCBSD # 3% - i WInnForum Standards % 22 # < i+
? g & 7 SAS a3 i (Inter-SAS Communication) & % o 4 B — SAS
g LTRBE Y > SAS ¢ i 4% 7§ I CBSD 2 Domain Proxy % # #& i
WL R ¥ LRI T T BRE R B 4k s(Environmental Sensing
Capability, ESC)4& i # & -

wE R SAS@ B INFRE ¢ 7 FCC TR E ~ B R R

4 % ¥y(Environmental Sensing Capability, ESC)% H @ Ap R TALE & o

RORBE RS GRS BANAIR LG REET LS P
% CBRS i (418 & & 4f el 81>tk Tl 2 FH - o 1 2

#iasa o
430 SRR Y > CBSD NS 4 MK H LA e A
BimE A F A8 - B AT DS 0 Flet SAS & L i 3 A e

EEAfoAgZi 4 o APl Bt 5 HCBSD 7 F A LI o

CommScope SAS 1 & $7 w7 iy & 45 ¢
® Nip LI E ALY ¥ S x4 fei CBSD o
® i CBSD b iuiF iy sf btat 5

® :rp ¥z CBSD thi Afrizk o
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® 5|y JRIFIFE/E K “,f (Enforce Exclusion and
Protection zone), #2 %% 5 CBRS #g £ * = 43t CBSD +
K-

@ mikd- B lAMCERE S FLE G )R SR 2T
i o

® REBFiEAiEar »(PAL)L X H s CBRS * #¢hj 3+
i o

® A T I 7 (GAA) M IGEAE T @ P TR -

*"—“H
S

Sensor
Network Peer SAS
(MEmm™

SAS Domain

T{ (Uuuyy
T ESC Core . Proxg

|
.
¥

SN

2

Small Cell In-building

Fixed Wireless Macro

3
) Access

B 25 : CommScope SAS CBRS } $t7 #

AL kR : CommScope
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TN E P RIET 2 H T
SAS =t 1 PR A% 3 # (micro-services based) g # 28 H ¢
SR F SO RIS B B R T H KT HRTE

- B GRS < Ak S BBl RARZCRHCH < E s ek

g s o CommScope fI* H Ak SLFE N 0 RAE AL S

#2414 B CBSDs ¢ k7w ¥ g if 99.999% o

(=) Z k%% (Cloud-based Deployment)

CommScope SAS & 3+ F ¥ - INF & 5 BFEL ~ FH
AWS g7 * E 5 (Availability Zones, AZs) » 11 . F1 R £ i 7 & X
LA R BT gt b BB u AZ OBt ES B A B (i
- HEB AT M

k p CBSDs~ESC & i * & e R4 o sl § 38T §= % (Elastic
Load Balancers) % aJ2 :

1. FREA4c? B AZP 7 -

2. bk Y PIRER o Pl AR FEIE T FIRE

& 7L -
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amazon amazon amazon

VPC Dual Stack Interface NOC CloudWatch
Route 53
Ii?l
Scalable Load Balancer
& @&
[ — ( —
L :_,H [ .__..Il
SAS Web Servers SAS Web Servers

; 5
("] ¢ _’ll
SAS App Servers SAS App Servers
‘M “R1
AWS RDS SAS DB AWS RDS SAS DB

B 26 : SAS 3 3 Amazon PIRE R FEA T L W

7L kR : CommScope

(=) SAS g% > (SAS Network Security)

SASchim A H A2 PR A il A7 Fihd > i nBEE o
RhE - 3 T r A Rk AR oSAS PIRER FRERT &

$ T REE G §F RS 0 RpRR
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;@1

CBSD Domain Proxy I
SAS DAM Load Balancing
ESC SAS App Servers SAS Database
Peer SAS
NAT
FCCDBa

B 27 : SAS R % 2 4 50

74 kR © CommScope

= ~  SAS ¥ CBSD PR %
(-) SAS £ CBSD B g ifenffl
SAS 22 CBSD FF et &, B33 & 5 1 25p ~ B39 ~ 424~ wptid
éis?J s 2 Bl R F  (Registration, Inquiry, Spectrum Grant,
Heartbeat, Relinquishment and De-Registration Requests) o &1 3 #-

W BT Y E FokF SAS FAALS b s o
(=) wpt f_‘?’;ﬁ%] (Heartbeat Requests)

B #RL & CBSD 4r SAS § M CBSD i-Higig e » &

i AR o SAS A E A * plan L Hris & 4k 32E CBSD @ *
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AR o BRI RAL L (L SAS TR B R TE RS
CBSD ° % CBSD #c® 3 +c ¥ » CBSD « B #4547 5 § 5 o 3] % ) dic

(2) #4185 (Computation of Interference Margin Partition)

g% SAS B i R ES AR G o LA BT ApF R T

5T R R B A R Ao RA 4 5 CPU TR A ¢

=~ SASAiEHiEEi
(=) SAS < fic = (Primary SAS Services)
SAS % e i 5 e dE SAS-t0-SAS T il ~ ¥ ESC ki3

€ CFCCTMREFTHEH 2 @& * Fdandg 4 o
(=) CBSD rRi%#-%(CBSD Services)

CBSD IR+ e & P g2 k p % 3 CBSD K # 2 T it A IZ P PR E
(Domain Proxy)erg f(Zf ~ B34 ~ 3248 ~ B E) -

CBSD PRF* 40 Jf e B 34 (7 P i K e (B 4 e 38 (R 32 P PR
BRAEG L) fox B R Ed (Plhocpr BH) - Tl L5 & 24y

= 2, 4 N/ s
B eI 8 BLtL o
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(2) 4 +53 B (Message Broker) £ ji * PR3 4 (Services)

AEATE - AR NARD BT RN LRAERAT R D
L IRARR T o - ARG - L WA R ekt 0 R B
BFEILILIRFE S BT o Ao BT LIRIF 2 ¥ 537 v g 0

eat! E’g)j‘g'é‘ RO T A B H B R % o
(z) SAS FHE

SAS sxiim B i & FHE : SAS F 4l E (SAS Database) %
NoSQL F # & (NoSQL Database) o = iﬂz " #+ & ISO/IEC 10026-1:1992
ACID (& =+ 1 (Atomicity), — %+ (Consistency), Fs &g+ (Isolation) ,
# 2 1+ (Durability)) 4% o

SAS FHE# i 5t 7 FCC TR EAPM BIp ~ £ 2% T4~ B8

—

o~ 1@ i ¥ 32 (locations) ~ ¢ ",f % £ (exclusion zones) ~ 3 ¥ £

=

(protection areas) ~ H @ =+ 32> ¥ 4p B crlicdy TR o
NOSQL :jt '}3-34 it ;?' 'pq F 'p )u'«*}g 3247%\3 %‘r"’%'“ﬁ’bwﬂ}@
NoSQL & k-4 TR R » 7 e iiahs AP { § ek Sk

o

i:
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.
e

ESC Core

|

| e K

aaaaa

SAS Services

F, 3

Message
Broker

nd 8 e

Services

CBSD / Domain Praxy

—F

\"{ki_n F

EEAS]
DB~

“pg-

B 28 : CommScope SAS i & # it 2 %

7L % R : CommScope

=&
> CBSD

& v 4 CBSD WLTGFC-105 % i FCC SAS

MXF-WLTGFC105) 2. |- 3] Zk#t - WLTGFC-105 2 & #4 i 2 40

17 #453 o

& % L3 CBSD % #

>R 2
PO pB

% 17 & < WLTGFC-105 i & # 3% 2 342

FDD B3 > B7 - TDD B38 B40 B41 B42 B43 B48(CBRS)

3GPP R9
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up to 32 UEs connected

GPS and IEEE1588V2 for timing and frequency sync

2Tx2R MIMO

Remote Management SNMPv2 > TR-069(optional)

Flexible Local Management

CSFB to 3G

Dual Image

S1 and X2 HO

Support Web GUI Management IF

Rx Sensitivity: Compliant to TS-36 - 104 » 36 - 141

POE+ 56V 0 - 55A

Gemtek EMS system for Remote Management

Gemtek Zero Touch SON

% B3 5 R 4 §_23 dBm per connector port(excluding antenna)

SAS feature

TR KR L E R

W 29: &~ WLTGFC-105 ¢ # W

FHR KR L2

i
[
D




= i+ = Compact EPC

&+~ CompactEPC {+ & 3GPPLTERel.9(S1 - S11 - S6a > SGi)*
Diameter RFC-3588 ~ RFC-5516 *&jp; °

i &4 ¢ § MME -~ SGW ~ PGW and HSS (3a%) % i & B8
it ° 14 Cavium Octen-1l Multi-Core 47 %8 -T 4 % £ & - n?;ﬁi%lj, LRI 4
ﬁi%l ~ 1Gbps % #5 d) 1Gpbs o i fadrd 18 #171 o

#% 18 : it ¥ Compact EPC i & ## it 2 %

MME ~ SGW ~ PGW and HSS (Authentication)
S 3GPPLTERel.9(S1 - S11 - S6a: SGi)* Diameter :
RFC-3588 » RFC-5516
AT o Cavium Octen-Il Multi-Core
B F ‘ B 1Gbps/ 5 41 1Gpbs
P, 01 -CSIPS &g ife 7 PSchfe i
- USIM ;&;ﬁi R 42 1% & 42 & (Authentication and
Key Agreement Procedure)
% >34 £ 425 (Mode Command Procedure)
2L APN 2 kit gz 42 A (Default APN and
Bearer Creation Procedure)
- 25 K £]2= 42 A (Dedicated Bearer Creation
Procedure)
- % = APNs £]:=2 42 % (APNSs Creation Procedure)
- S1/X2 *» 3% 42 5 (S1/X2 Handover Procedure)
- &~ B IB B #5384 5 (Paging/ldle Mode
Procedure)

L
|34

#*
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- & 44z F (Detach Procedure)

- ;‘ﬁ“c} Beuih kA2 iz UE IPv4 (UE IPv4
Address Allocation via Default Bearer creation or
DHCP procedure)

- ;‘grj IMSI 248 UE IPv4

- A3 5 500 B A& 5 S1IAP / SCTP =
- Aihﬁa; 5000 B® UENAS i3 £ =@ 4

- £ 5 % 5000 GTP-U #icypiE = 4

- % ﬁ?fiﬁﬁ » /ﬁ%l 41 1 Gpbs

- & CLI 2 XML =~ #4354 e= & EPC

- SMS plz#

-ETWS &3R8

- 1% 1 Gemtek EMS &R 32 {7 SNMP i ¢ 32
-UE 3t

- A EPIRZE hIRHSS BPR B R (T INEE

FHR AR B2

B 30 : &+ * Compact EPC % 1 @

FHR AR B2
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$r i REEBRE

~ v % - A& I SASH & 2 CBSD % & B IOT i 2 0p 2

Wy

A B POS RIS AL E 3 & P AW HRETFE SAS K #
CBSD & B 10T i 42Rl:d o A AFFERRIEL 2 2 R MT A F
(Radio Frequency) % &3 - CBSD % # 23K ~ Bl 85 & > fL 3t
PR IREF F % o BlRE R 5 2019/10/14 % 2019/10/18 -

% 19 : CommScope SAS PoS % & #

LR | P

SAS Deployment Platform | AWS Cloud Base Deplyment
Terrain Data America

Band: US. CBRS Band

SAS version: 1.2

FR &R ABFER

%20+~ CBSDPoS#% % #

HW Model: WLTGFC-105
TDD/FDD TDD
Band: 48

eNB Firmware version: | 2.1.1890.562-wltgfc105-gemtek-tdd-C
TR KRR N BRI
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W1 31: SAS £ CBSD I i lig @ =3 (& % ffBr B

Q) F

FA R D A B

s

=~ BIFPRE L AR BB IRIA IR

B - FPERREIRIES ) #-F vskE SAS % # 2 Domain Proxy
E & R IOT 43¢ Bl - Domain Proxy A— =3 1% 5 4 SAS /i & «% o
#He oo V- AP ¥ CBSDs /i -

Domain Proxy (Domain Coordinator) -3k # 2E2k ~ Blifs B 5

)

LRGP PRIV HRET S 1 TR FFARG P DL R

i@ g TEERT A HRFAET TRRGKE R Y ’L'Fi/n E R EE
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%
<

—

(7 ¢ 3(eNodeB 3 % it LM R BB EAPILE KA T

£ ) -

CBRS =k B33 2 ¥ 5f~ B 5R s— ) = 2 2019
£ 107 15p #2di@¢g ¥ FawpF R s 3570~3700MHz >

+ 130 MHz -

% https://www.ncc.gov.tw/chinese/files/service file/0 1177 190422 1.pdf
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https://www.ncc.gov.tw/chinese/files/service_file/0_1177_190422_1.pdf

NIRRT TSR S T

1 e F IR R

PR R R FT 2019/10/30 | 10/15 i% ¥ 3> 10/30 @ i@ B F
LEEPA

Tk ERFT 2019/11/30 | #FB~@ T 4 X FT 0 407 PHE
KAET

FEEZ K B BT 2020/01/23 | 1/23 # = A%k & & v

EH X EEREL 2020/02/27 | 2/27 = %= == CBSD % Domain
Proxy % %

T4 %% 2020/03/02 | 3/2 % ¥ T 4 % 5%

PR E R Y AR 2020/03/16 | 3/16 % ¢ Bk E 0 @ ¢ AR

AR B TR

TR &R ABFER
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E R S

- & PP 4

¥ - FFE R SR L BRipld A CBSD £ :% 3 CommScope SAS i

w

B0 R FRE R RISRE PSR P B SAS &2 CBSD FF /i b

2
a7

AR
fl

BETIA ARG LERREEFEFE 5
® :i:=x > (Communication Security)

® /2 ¥ x> % (Cold Reboot Scenarios)

® CBSD :x# 3+ (CBSD Registration Request)
® CBSD #f 3% % 39 (CBSD Spectrum Inquiry)

® CBSD #14# (CBSD Grant)

® CBSD <@ @ﬁi%] (CBSD Heartbeat)

® CBSD #i#*x# (CBSD Grant Relinquishment)

® CBSD ;x4 (CBSD Deregistration)

25 £:H8 WinnForum, Signaling Protocols and Procedures for Citizens Broadband Radio Service (CBRS):
Spectrum Access System (SAS) - Citizens Broadband Radio Service Device (CBSD) Interface Technical
Specification, Document WINNF-TS-0016, Version V1.2.4
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SAS CBsD

SAS-C SAS-CBSD
HTTP HTTP
TLS TLS
TCP TCP
P P

W] 33 : SAS-CBSD # & itk B #

FR kR - Wireless Innovation Forum

oW RRIRB S AR T SR T
Wireshark 5 it {7 ipl3# 5z & SAS 22 CBSD & iz £ FAlena & i

F1E o B * CBSD + & denlog files 1728 10T B3RS % o
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TR &R D A BRI

W 35- SmallCell § 2% % % X W

FoR IR A BRI
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- SAS x s

2 2k % AWS (Amazon Web Services) Z :% 2. SAS ®JR B crut §
2 4p W S ek 74 CommScope £ R R B 1 AZEF f F oo AFFEL R F
% W BT - CBSD # 3 URL i=xt 12 https = 3% 4% SAS -

0 Rt P CBSD 30 #cE e & 0 A AR LR IR
(Heartbeat Interval) % @@?JE'J #p pF R (Transmit Expire Time) 4c# 220

# 22 : CommScope SAS PoS % #

SAS Parameter Name SAS Value
SAS URL https:// iot.sascms.net:8443

Heartbeat Interval 120s

Transmit Expire Time | 240s

TR &R D ARG EE

W 36:SAS $&&XZzF @

7k %k © CommScope
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e wew
- .

e

W 37:RIFESAS#* AR+ WF

AL kR : CommScope

- -~ CBSD#% %

CBSD % %% 23k » i WInnForum =k d (s il £ % %
(Certified Professional Installed, CPI)* ;X % - CPl %~ d CBSD % i*
IAREF X KR B FRE X KR o ¥ SAS Ml Rk T T S (
Fe B CBSD e 2 4 1 ﬁg?J > i CBSD e 2 R 2% )

4 23 : CBSD PoS %#

Parameter Name CBSD Value

SAS URL https:// iot.sascms.net:8443
CBSD userld gtkUser01
CBSD fccld gtkChsd01

121



CBSD

cbsdSerialNumber

gtkCbsdSn01

CBSD airlInterface

E_UTRA

CBSD measCapability

RECEIVED_POWER_WITHOUT_GRANT

TR kR ABIFER

CBRS Configuration

CERS Efusbis

SAS; Savad

SAT Sarver parl
SAS Version

SAS Hoatl

Lisaed ot sl
OB AT By
CA Bumibe Cartifaune

(34T

St

¥ 38 :

TR &R ABFER

Enabied v
o STy e
E543

w2

0 SO Rl
Enabisd v
Enabisd v

SITEE | w8 Upinad

| AivEE | s Upicad |

AITEE | SRWEAEE Upbiad

Duraicied *

RAITEE | w0 Upinad

CBSD CBRS F#l#% %-1
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@i
[t
et
o aram Otanal]
UTRA
CENED. POWE
cpitgrdtraCita Cptonal)

FriLaBatersl s Cetonal)

@ 39 : CBSD CBRS it -2

FoR KR A BRI

& SAS g2 CBSD 383k %% & {4 » CBSD % & % 4} SAS i 4p
=+ SASE =

o’}l-':'l’ft\z';%—’%

CommsScope SAS # EehZ =38 i m 5 A

=

SRR R 1S 0k ALihiE e-mail B Ei ey 2 (At F CBSD 4%
IEEIOEE TS LT EREE £ R LR N

¥ i SAS He ITHEFIPN o
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x4

O Commicope SAS

C A TER| oLsaxkmanet/#/rogivte oken »a0 1 10463 -84 7 - 4824972409 36 M0 8

carl@acts-corp.com

Lower case character v
Upper case character v
One namber v
One spocial Character X
i ey Minimum 10 characters X
Strengthc

0919931604

¥ Chack this baos 1 yous agr o to Teorms and Conditions

_I

WMA40:SASE=*B¥-EE 1 &

FA R D A B

Plesse anter your two factor code =

40714

MAL:SASE*#B5-EF > Mo (FBHARHE)

FA KR A B ER
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%= a0 PIEIE P
- W= > (Communication Security)

TC_SEC_01 SAS-CBSD #p @ 7@ = # (Successful SAS-CBSD
Mutual Authentication)

B %% A3 B 0% %% SAS fr CBSD 2 B eh TLS ¢ 7% =
i

CBSD SAS

Client Hellg

E—Server Hello, Certificate, Server Key, Cert Request—

L Certificate, Client Key—————

f—ChangeCipher, Handshake Dong————

W 42 : SAS-CBSD 48 3 @ = # 3 4 infe

7ok kR © CommScope

TC _SEC 02 # * CRL #t4f CBSD (Unsuccessful Authentication,
expired certificate)

B /" CRL(Certificate Revocation List):u3% » % CBSD =%t

B iR T > s SAS TLS ¢ #2488 (Rl E Kz
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CRL PRI* % » 2 pFFf 4 3% CRL JRi+Eeh CA BT A £

)

CBSD SAS CBSD root CA
k————5As gets CRL file———3

Client Hello

k—=server Hello, Certificate, Server Key, Cert Request—

——-v—=Certificate (revoked by CA), Client Key————

e Alert, Certificate Error

W 43 : SAS-CBSD TLS ¢ 3#4E58 3 4Linde

74 kR © CommScope

TC SEC 03 ¥ & 2 # 2% pr @ 3w 1® ¥ (Unsuccessful
Authentication, expired certificate)

B { CBSD s ™ » % SASTLS ¢ :#4E%
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Client Hello

k—=Server Hello, Certificate, Server Key, Cert Request—

———————Certificate, Client Key———————

————————flert expired certificat

W 44 : SAS-CBSD ¥ A Z%# 4 px_REFEP A Lo

—

AL kR : CommScope

TC SEC 04 ¥ » =% #% 4% pr @ CA &« “ (Unsuccessful
Authentication, unknown CA)
B APRGEP N E A CBSD##Ed 72 X 5 ZanCASE 3w I RT >
%% SASTLS ¢ :2ie %

CBSD SAS

Client Hello

k—>server Hello, Certificate, Server Key, Cert Request—

Certificate, Client Key

r Alert unknown CA
W] 45 : SAS-CBSD & A B @ 4 fc_CA 4 fvit §inde

AL kR : CommScope
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224 A0 X 2RIERER

Test ID Description

TC_SEC_01 SAS-CBSD #p 7 1 & #
TC_SEC_02 i * CRL #c4t CBSD

TC_SEC_03 bR P ARG
TC_SEC_04 B2 B 4 p CA 4 4o

TR KR D AW ER

= ~ A £ % (Cold Reboot Scenarios)
TC_COLD_REBOOTST_01CBSD : 4 & fxip|3#tc » CBSD = # &
7 (Successful CBSD Operation After CBSD Cold Reboot Test)
B %% CBSD /4 £/t CBSD £ 2 ¢ tkfp v ¥3&=

CBSD SAS
HB request

< HB response(success)
1

CBSD Cold_reboot

'
Relinquishment request —————}

& Relinquishment response

Registration request

&———————— Registration response

B 46 : SAS-CBSD # £ kit L v 4%

F R %R © CommScope
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Test ID Description

TC_Cold Reboot _01 | /4 & fxiplz# ¢ » CBSD = 74 i& {7 Reboot -

TR kR ARIRER

\
/

= CBSD :x# 3K (Registration Request) #p i |5
TC REG_01 CBSD :x# = 7 ( Successful CBSD Registration)
B %z CBSD # 1/ = 53
CBSD SAS

Registration reques f=————————

f——————PRegistration response———————————

W 47 : SAS-CBSD i 3 4 i 4%

7ok kR © CommScope

M AR REG cnplsg A A P Haxp o L AR AR A8
14 P Eh SAS P ERXETHAG R o kB E R - CPI pAE4

2 4 CPl &% #icdf -
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TC_REG 02 ™ 4% ¢ R = # 3= # CBSD (Successful CBSD
Registration with Group Membership information)

B %% CBSD ‘ﬁ]’gﬁgﬁn\? DN

TC_REG_03 CBSD :x# 7 = # (Incomplete CBSD Registration)

B grie SAS kw3 R e

TC_REG_04 %“gzi CPl %84 » CBSD = # zx# (Successful CBSD
with CPI Assistance)

B %EL 5 CPl{2et e CBSD &7 7 1= 74 31

TC REG 05 CBSD :x# % pz: 2 &z H (Unsuccessful CBSD
Registration- Blacklisted CBSD)
W R hiid Y > R LHERY F AT g4 CBSD
CBSD SAS

Registration reguesp=———————————

f——————————————Rogistration respanse

———————————Registration request————————4

fe—————fegistration response

W 48 : SAS-CBSD #xf 4 pc_ 2 L H W 4542

7o % kR CommScope
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TC_REG_06 # * CPl & % #cdy > = #3:x# CBSD (Successful
CBSD using CPI Signed Data)

B %23 CPlEnetenCBSD A% 7 14 = 74 3o

% 26 : CBSD 3P 3 RiplA R K4

Test ID Description

TC_REG_01 CBSD :rp = #
TC_REG_02 MAL ¢ B & :xp CBSD
TC_REG_03 CBSD i # %

TC_REG_04 J5d CPl 424 » CBSD = 54 31
TC_REG_05 CBSD :xp #pc: 2 % ¥
TC_REG_06 % CPl § &% » & #:xp CBSD

TR KR L A WL

» ~  CBSD #3439 (Spectrum Inquiry) #p B iB]58
CBSD #4329 ¢ 5 CBSD GAA - PAL ~ PAL+GAA - PAL (&
&) iRl gL 5 CBSD % o

CBSD SAS

Spectrum inguiry reguest—————3

rispectru T ML 8 O 5

W 49 : SAS-CBSD ### 439 & ¢ 3 & /A48

F# %k : CommScope
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TC SPEC 01 = # %33 GAA #g 3z (Successful GAA Spectrum

Inquiry)
B m:uCBSD # a3 7 GAA#EH 439

TC SPEC 02 = %34 PAL #f 3 (Successful PAL Spectrum

Inquiry)
B 7 CBSD ¥ = # 3 7 PAL#E 439

TC SPEC 03 = # %39 GAA+PAL ¥ (Successful GAA + PAL
Spectrum Inquiry)
B i CBSD # 2= 3 7 PAL+ GAA AR 4 39

TC SPEC 04 vz ™ &5 i&(7 PAL 483 % 34 (Successful
PAL Spectrum Inquiry without a license)
B 7 CBSD ¥ = ## 7 PAL#E 3 4 35

TC_SPEC_05 il i#gip| & 48 & = 7 % ;948 +# (Successful Spectrum

Inquiry with a Measurement Report)

B m:uCBSD P arzaMidhzg ¢ BRIEFS
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% 27 : SAS-CBSD IOT #g 3 % 34 iP5

Test ID Description

TC_SPEC 01 = 7 439 GAA ¥

TC _SPEC 02 & ¥ %34 PAL 47 3

TC_SPEC_03 4 %39 GAA + PAL 47 3%

TC _SPEC 04 hEFTHET M PALAESH S 9
TC_SPEC 05 HER B4R 2 X B A

FAL KR BT

i~ CBSD #:+ (CBSD Grants)
CBSD #24 ¢ 7 CBSDGAA - GAA z p|#4 % - PAL % -

CBsD SAS

[ G TN PR QU b e

e T 111 I LRy

W 50 : SAS-CBSD = # ¥4 ¢ #3 4indfe

7KL %k © CommScope

TC _GRAN 01 == ¥ 3 GAA #148 (Successful GAA Grant Request)

B 7En CBSD v 14 & 54 34 7 GAA #2434
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TC_GRAN_02 = =¥ 3¢ 7 RI2 482 1 GAA 4%1g (Successful
GAA Grant Request with Measurement Report)

B %% CBSD £ F 7 uasfii7e 2 R E4RE 5 GAA REF

TC_GRAN_03 = # & PAL 4% & (Successful PAL Grant
Request)
W 723 CBSD # = 74 44 {7 PAL #4 3&

% 281 CBSD #1778 £ & 4

Test ID Description

TC_GRAN_01 7 ¥ 3 GAA $E
TC_GRAN_03 & 5 ¢ PAL ,&;%g;;g—

TR A BEE

+ ~ CBSD ~ p* zé;ﬁi%] +F (Heartbeat Request) #p i iB| 78
TC HB 01 = # @@l < g2t 4, (Successful Heartbeat)

B 5% CBSD fr SAS 2.3 7 12 & 54 2 .5 pt g,

TC_HB 02 3541 { A7~ # @~ prit & (Successful

Heartbeat with Grant Renewal)
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B 7o CBSD 7 04 = #4587 424 {47

CBsSD SAS

|————————HB request (grantRensw=trug}—————————::

——HB response sUCCess)

W] 51 : SAS-CBSD = # i& {734 { #7230 4 Az

7L kR : CommScope

TC_HB_03 g+ R fE % it (Heartbeat Interval Change)

W 53 CBSD & F & SAS 3 T e B 3 i g &

CBSD SAS
g HE request:
é — [f————HB response [heartBeatinterval=X¥)
)
fa
F
3
‘fl' HE
£ HEB request:
- . [———HE response (heartBeatinterval=Y)
[
[}
&
&
F HE request
-
g
n
-

W 52 : SAS-CBSD « g IR # 1 1 L ik 2

7o % kR CommScope

TC_HB_04 CBSD #:## #7iz (CBSD Grant Suspended)
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B %% CBSD £.F 7 & k f SAS - feeay g iy ik

CBSD SAS

ESC event
HB request

HB response (Suspended_Grant)j————

CBSD stops transmission
Request

Response

] 53 : SAS-CBSD w it 34 ¥ 183 & imfe

74 kR © CommScope

TC_HB_05 CBSD #:1# A #7i% (CBSD Grant Unsuspended)

W S CBSD 4% 7 111345 SAS &~ 3248
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CBSD SAS

ESC event
HE request

fe——H B response (Suspended_Grant)

CBSD stops transmission

HE request {Granted)

————HB response [Suspended_Grant)

ESC event frees spectrum

HE request {Granted}
—————————HB response (Success)

CBSD stars transmission

HB request (Authorized})

e H B response (Success)

] 54 : SAS-CBSD & p_#24 & ¥ ia it 4 inde

7L kR : CommScope

TC _HB 06 CBSD #:f# % it (CBSD Grant terminated)

B %% CBSD 4.3 ¥ 111345 SAS 3 RASL 34 4 1t
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CBsD SAS

=T TATR M)
fe——————Girant response |SLUCCess —

HE request (Granted)
fe—Hfl response (Grant suCCess pr——
[————————HB request {Authorized)—— 3
f—————————HE response [Grant sugcess p——

Grant state change
M request (Autharized ———

B response (Terminated)}————————

W] 55 : SAS-CBSD « ¥ SAS 3 AR 3 &k 7 LinAe

—

7L kR : CommScope

% 29 : CBSD @ﬁﬁ%‘-‘]"\#ﬂ MRIER%Z

Test ID Description

TC _HB 01 R ST A
TC_HB_02 ERLE SR O E SR (U
TC_HB_ 03 < e Y PR
TC_HB_04 CBSD #:4# # 1%
TC_HB_05 CBSD #:4# 4 ¥ iz
TC_HB_06 CBSD #: 4§ % 1+
EEN

(-) CBSD #4#*<# (CBSD Grant Relinquishment)

TC RELIN_01 = # 3z 3 #248 (Successful Grant Relinquishment)

B :uCBSD v 12 = # i #2148
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CesD SAS

Relinquishment reque st—————

o [ G [P LS FIFTIE AT PR M1 5 o e

B 56 : SAS-CBSD #2443 3 4 indfe

—

7k %k © CommScope

(=) CBSD x4 (CBSD Deregistration)
TC_DEREG_01 =t # x4 CBSD (Successful CBSD Deregistration)
Sy CBSD &_F v 14 = 74 24

CBsD SAS

DER requeast:

f——DER response [Successj——

W 57 : SAS-CBSD x4 4 i 42

7ok kR © CommScope

%30 HupEREL

Description
TC_RELIN_01 CBSD #24&3x 3
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TC_DEREG_01 = 7 x4 CBSD
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FoF RARIEEMALIRPALEREFL

o8 PlEEERL

AEBRRPIEEFNFTHRENGT AR P A% E SAS G &
CBSD % #% FF 10T 1t 3% 2 ApRf # s ¥ MBEJE F> 2 W % & 7T
(Radio Frequency) % &5 o

Fd W AFHT AL S FERR > AR TREEEREHE
(Certificate Authority, CA) 71t 5% ¥4 183 > & 72 BRI 3N IR 4 »aeh

BB oo Tdag > I3 2. TC_SEC 02 & 2 i& (75 p] -

Description Test

Result
WaE
TC SEC 01 SAS-CBSD #p 7 338 = # PASS
TC_SEC 02 i * CRL %c4 CBSD N/A
TC_SEC 03 BN BN S P BB PASS
TC_SEC_04 B Bevt 4 o CA 4 o PASS
S ER R
TC_ColdReboot_01 | CBSD 4 £ fxip|3# (s » CBSD = 7 | PASS

@7

CBSD i -
TC REG_ 01 CBSD zzp =5 PASS
TC_REG 02 B4 ¢ B 3P CBSD PASS
TC_REG_03 CBSD iif # % #F PASS
TC_REG_04 j5d CPlaet » CBSD & #43xp | PASS
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TC_REG_05 CBSD zxp 4 pr: 2 2 H PASS

TC_REG_06 % CPl § ##3k» &#zp |PASS
CBSD

CBSD #7 2% 4 34

TC_SPEC 01 2 7 %39 GAA 47 3% PASS

TC_SPEC 02 2 5 %34 PAL 47 2 PASS

TC_SPEC 03 2 5 %34 GAA + PAL #7 3# PASS

TC_SPEC 04 AT T A PAL #53 | PASS
43

TC_SPEC 05 WAER EARL S A PASS

CBSD #4#

TC_GRAN 01 £ 350 - GAA i PASS

TC_GRAN_02 F Y e 7 RIEARE 91 GAA # | PASS
&

TC_GRAN_03 % 3 e PAL #5248 PASS

CBSD - g* it

TC_HB_01 SRCl D oI I AR PASS

TC_HB_02 FERE AT S @ oL PASS

TC _HB_03 e R PASS

TC_HB_04 CBSD #: 4 ¥ i2 PASS

TC_HB_05 CBSD #: 4  #i PASS

TC_HB_06 CBSD #2484 1t PASS

CBSD 2 ## *< 3

TC_RELIN_01 CBSD #:1#< 3 PASS

CBSD x4

TC_DEREG_01 % 5 x4 CBSD PASS
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A

§ - &  CBSD % %#k

Parameter Name CBSD Value

SAS URL https:// iot.sascms.net:8443

CBSD userld gtkUser01

CBSD fccld gtkChsd01

CBSD gtkChsdSn01

cbsdSerialNumber

CBSD airlInterface E UTRA

CBSD measCapability | RECEIVED POWER_WITHOUT _GRANT
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TC_SEC 01

PIIE Fy i SAS-CBSD #p 3 38 = #
p % p3 Lo > B SAS fv CBSD 2 B e TLS € 3% = 52
A g ] Wireshark, CBSD Device log
RRE AR CBSD i i 4 i 3:1p jJ & kfad> TLS € 5441t o
SAS {r CBSD #z33 TLS § 35 2 &5 o
PlERE R Tue, 15 Oct 2019 02:46:16 GMT
s
Parameter Name CBSD Value
userld gtkUser01
fceld gtkChsd01
chsdSerialNumber gtkChsdSn01
cbsdCategory A
airInterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WITHOUT _
GRANT
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CBRS Paramerter List

Test Result : Pass

M 3Sicins ]
Fe - - ” - . v

An » e 5 a L8 an

()0 < e ]

Change Cipher Spec, Lncryptes K

CBSD # i#3ip 34

POST /v1.2/registration HTTP/1.
HOST: iot.sascms.net

Content-type: application/json
Content-length: 662

Date: Tue, 15 Oct 2019 ©4:53:13 GMT

I
1
"registrationRequest™: [
{
“userld”: "gtkUser@l”,
“fccld": “"gtkCbsdol™,
“cbsdSerialNumber®: "gtkCbsdSnol"™,
"cbsdCategory™: “A",
“"airlnterface”: {
“radioTechnology”: "E_UTRA"
}s
"installationParam™: {
"latitude™: 38.380000,
"longitude™: -110.720000,
“"height": 9,
“heightType”: “AMSL",
"indoorDeployment”™: true,
“antennaGain™: 6

1
"measCapability”: [
"RECEIVED_POWER_WITHOUT_GRANT™
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HTTP/1.1 200 OK

Date: Tue, 15 Oct 2019 04:53:15 GMT

Server: Apache/2.4.35 (Unix) OpenSSL/1.1.0f
Content-Type: application/json;charset=UTF-8

Content-Length: 171

“registrationResponse”: [

{

"cbsdId”: "gtkCbsd0Ol/gtkCbsdSnO1"™,
“"measReportConfig”:[
“"RECEIVED_POWER_WITHOUT_GRANT™
1,
"response”:{
“responseCode”:0,
"responseMessage™: “success”
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TC_SEC_02

18 F5 it i * CRL #t4) CBSD
B 7% CRL 32> & CBSD ek B i enfiin ™ » %7 SASTLS

TR

A g N/A
PR E AR SAS j¥_CBSD CA #  CRL = i*

CBSD if 4 i 31 i} & % fichs TLS § 3A 4 1

Pl P R N/A

=

PLRIGE G A A o

e CRL ®PREF & Se2pl3E > p o plidé * CommScope 42 & (% INSTA = 2
FE2LEHE

- INSTA % % - % WInnForum 3% & 2 #:1## ¥ = (approved Certificate
Authority )# & PKI 3 iz $2(Root of Trust) PR 7%

o AIPEEFFE, INSTA & k2= = CRL (Certificate revocation list){s+#4], &&= & i+

F AR, F A RIEE A

Test Result : N/A
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TC_SEC_03

iR e it bR B A T REED
B i CBSD st p «hfi ™ » Sk SASTLS ¢ #4048
A1 R Wireshark
PR E AR CBSD i i 4 i# 318 Jf & kfeds TLS § 35441t o
SAS i£5% TLS € 3% -
PR PE R Tue, 15 Oct 2019 02:37:29 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WI
THOUT_GRANT

CBRS Paramerter List

Test Result : PASS
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M T B pemp

Mo l8t Vew G Caphuw Acahoe Vatwber  Telaphony

Weren Yook el
AR 0 “RB I« BFTLISE]RAAD
N oo R ——
Zoes Cnton vl Longh i Se———
- n e VLT TITTITet nelle
2 5.0 0. 01.32.07 9206805 TsSvl2 1514 Server Helle
W) ST 00213297 192.368,1.% Tesv1.2 1266 Cartificatn [1CF sagment of & reassentled FOU)
W) 8.7 100.21.32.37 192.308.1. % TSVl 2 1292 Cartificetn Raquast, Sarver Hello Cone
W7 &6, 010004 192.168.1,0% Wi i 1534 Cortificots
g 85018105 192.168.1,35 wra.nn TSvi2 A58 Cllent Koy Tuchange, Cortificete Verlfy, Onange Cipher Soec, Encrypted Me.
LAz 152068, 035 LSl bs) 2 : -

PIRE
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TC_SEC_04

iR IE fa i b B % pr CA A 5w
pen *plED eng_ B CBSD #4#d 2 X 13 izeh CA s en
fimT > %% SASTLS ¢ :#4E %
AT E Wireshark
PR E AR CBSD i i 4 i# 318 Jf & kfads TLS § 35441t o
SAS 4% TLS ¢ 3% -
RIFREER Tue, 15 Oct 2019 02:59:26 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChsd01
cbhsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWE
R_WITHOUT_GRANT

CBRS Paramerter List

Test Result : PASS
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B - towms— «
[ ™ L 7.21,32.17 192,168,1,9% 5. 1534 Sarver tells
97 0995027 W7.2:02.7 192.368.1.9% 4.2 1006 Cortificate (1CP ragment of & resssesbled POU]
9 5.955049 Y207 192.368.1.5% o2 1292 Cortificate Eaguest, Server Mello Dose
102 .9 192,168,105 wLnan TSl 2963 Cortificate
100 £.979186 192.168.1.05 W72, 11.32.87 Tisvt .2 $4) Cllent Koy Exchange, Cortificate Verdly, Crange Cipher Soue, Frirypted M.
Z z i ibron CA)

PIREw L : 44 CA
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NP - Sl

TC_ColdReboot_01

BIIE Fy i CBSD 4 £ fxipl3#ts » CBSD = # & {3
e %7 CBSD /4 & fxfs CBSD #.F 7 k4 & ¥ 38 (7
N g CBSD Device log, CommScopes SAS Portal
Pl AT %4 & fx CBSD » CBSD %3 # 334l 7 22 SAS enh i 2edk » T & 37
27 8 SAS gl b
RIFREER Thu, 17 Oct 2019 08:35:09 GMT
==
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbhsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WITHOU

T_GRANT

CBRS Paramerter List
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Test Result : Pass

CBSD % i3 4t

“"registrationRequest™: [
{

"userId”: "gtkUserol",

"fccld": "gtkCbsdol",

"cbsdSerialNumber™: "gtkCbsdSn@1",

“cbsdCategory™: "A",

“"airlnterface": {
“radioTechnology”: "E_UTRA"

}s

“"installationParam™: {
“latitude": 38.380000,
"longitude”: -110.720000,
“"height": 9,
“"heightType": "AMSL",
"indoorDeployment™: true,
“"antennaGain™: 6

}s

"measCapability”: [
“"RECEIVED_POWER_WITHOUT_GRANT"
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CBSD 4z 3] 7 CommScope SAS &iip w

"registrationResponse”:[

I
L

"cbsdId”: "gtkCbsd@l/gtkCbsdSnB1",
"measReportConfig”:[
"RECEIVED POWER_WITHOUT GRANT™

1,

"response”:{
"responselode™:8,

"responseMessage™: "success”

GTK CBSD 31 #+. CommScope SAS ¥

* A s o2l 9

CONMMSOOPE  spectrum Acoms Systom

CBSD % i 7% 5 | £ 4F 2 3% 439 35 &
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"spectrumIlnguiryRequest™: [

I
L

"cbsdId”: "gtkCbsd®l\/gtkCbsd5n@l”,
"inquiredSpectrum”: [

1
"lowFrequency”: 3650000000,
"highFrequency”: 3660008800
1
I,
"measReport™: {

"rcvdPowerMeasReports™: [
r
L
"measFrequency™: 3558008008,
"measBandwidth": 10800080,

"measRcvdPower™: -79.289999

"measFrequency™: 3560000008,
"measBandwidth": 10000080,
"measRcvdPower™: -78.899993

"measkFrequency™: 3570008068,
"measBandwidth": 18808800,
"measRcvdPower”: -77.988603

"measkFrequency™: 3530008008,
"measBandwidth": 18808800,
"measRcvdPower”: -77.078600

"measFrequency”: 3598008608,
"measBandwidth”: 100008000,
"measRcvdPower”: -76.1c80084

CBSD 4z ] 7 CommScope SAS # * #f & i 3% 4 34 v i
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"spectrumInquiryResponse”:|[

{

“"cbsdId":"gtkCbsd@1/gtkCbsdSno1",
“availableChannel™:[
{

“frequencyRange" : {
"lowFrequency™ : 3650000000,
"highFrequency” : 3660000000

}s

“channelType™:"GAA™,

“ruleApplied”:"FCC_PART_96",

"maxEirp”:20.0

1,

“"response”:{
“"responseCode”:0,
“"responseMessage™: "success”
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CBSD # # ik

“grantRequest”: [

{

"cbsdId": "gtkCbsd@l\/gtkCbsdSn@1",
“operationParam”: {
"maxEirp™: 19,
"operationFrequencyRange"”: {
“lowFrequency”: 3650000000,
“"highFrequency”: 3660000000

}
Is

“measReport”: {
"rcvdPowerMeasReports”: [
{
"measFrequency”: 3550000000,
“"measBandwidth”: 10000000,
“"measRcvdPower”: -79.209999

“"measFrequency”: 3560000000,
"measBandwidth": 10000000,
"measRcvdPower"”: -78.099998

"measFrequency”: 3570000000,
"measBandwidth"”: 10000000,
"measRcvdPower™: -77.980003

"measFrequency”: 3580000000,
“measBandwidth": 10000000,
"measRcvdPower"”: -77.070000
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CBSD fc |32+

“grantResponse”: |

{

"cbsdId": "gtkCbsd@1l/gtkCbsdSnol™,
"grantId”:"3650-3660-35",
"grantExpireTime™:"2019-11-16T08:35:56Z",
"heartbeatInterval™:120,
“channelType™:"GAA",
“response”:{

"responseCode™:0,

"responseMessage”: "success”

CBSD # i} p 3

“heartbeatRequest™: [

{
"cbsdId": "gtkCbsd@l\/gtkCbsdSn@l",

“grantId”: "3650-3660-35",
"operationState”: "GRANTED"

CBSD%i?Luy@ﬁﬁk
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“heartbeatResponse”: [

{

"cbsdId": "gtkCbsdO1/gtkCbsdSn01™,
“grantld”:"3650-3660-35",
“"transmitExpirelime”:"2019-10-17708:39:592",
“"grantExpireTime”:"2019-11-16708:35:56Z",
"heartbeatInterval™:120,
"response”:{

“responseCode™:0,

“"responseMessage”: "success”

CBSD j& {7 CommScope SAS &4 g

CBSD € Argcds » X {83 ¥ 3 s ffosdd &
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"relinquishmentRequest™: [
{
“"cbsdId”: "gtkCbsd@l\/gtkCbsdSn01™,
“grantId”: "3650-3660-35"

"relinquishmentResponse”:|[

{

“cbsdId":"gtkCbsd0l/gtkCbsdSn@1",
"grantId"”:"3650-3660-35",
“response”:{
“responseCode":0,
“responseMessage™: "success”

[

“"cbsdId”: “"gtkCbsd@1l\/gtkCbsdSn@1™

I
L

1
J

CBSD =*t CommScope SAS *# jj %
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CBSD = = & fzx B 4534 7 CBRS

“registrationRequest™: |
{

“"userld”: "gtkUser0l",

“fccld": "gtkCbsdOl™,

"cbsdSerialNumber™: “"gtkCbsdSn@l”,

“cbsdCategory™: “A",

"airlnterface”: {
"radioTechnology”: "E_UTRA"™

}s

“installationParam”: {
“latitude™: 38.380000,
"longitude™: -110.720000,
“height": 9,
“heightType™: "AMSL",
"indoorDeployment™: true,
"antennaGain®: 6

b

“measCapability™: [
“"RECEIVED POWER WITHOUT GRANT"™

]

"registrationResponse”: |
r

1

"cbsdId”: "gtkCbsd@1/gtkCbsdSno1"™,
“measReportConfig”:[
“RECEIVED_POWER_WITHOUT_GRANT™
1,
“response”:{
"responseCode™:0,
“responseMessage”: "success”

162



"spectrumInquiryRequest™: [
{
"cbsdId”: "gtkCbsd@l\/gtkCbsdSn01™,
"inquiredSpectrum™: |
{
"lowFrequency”: 3650000000,
"highFrequency"”: 3660000000
}
1,
“measReport”: {
“rcvdPowerMeasReports™: |
{
“"measFrequency”: 3550000000,
"measBandwidth™: 10000000,
“measRcvdPower™: -79.209999

“"measFrequency”: 3560000000,
“"measBandwidth™: 10000000,
“"measRcvdPower™: -78.099998

"measFrequency”: 3570000000,
"measBandwidth™: 10000000,
"measRcvdPower™: -77.980003

"spectrumInquiryResponse™: |
{
“cbsdId”: “gtkCbsd@1/gtkCbsdSn01",
"availableChannel™:[
{

“fregquencyRange" : {
"lowFrequency™ : 3650000000,
"highFrequency": 3660000000

}s

"channelType™: "GAA™,

"ruleApplied”:"FCC_PART 96",

“maxEirp":20.0

}

1,
“response”:{
“responseCode™: 9,
"responseMessage”: "success”
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“grantRequest”: [

{

"cbsdId": "gtkCbsd@l\/gtkCbsdSn@1",
"operationParam”: {
"maxEirp™: 19,
“operationFrequencyRange”: {
"lowFrequency”: 3650000000,
"highFrequency"”: 3660000000

}
Js

“measReport™: {
"rcvdPowerMeasReports™: [
{
“"measFrequency”: 3550000000,
"measBandwidth": 10000000,
"measRcvdPower™: -79.209999

"measFrequency”: 3560000000,
"measBandwidth": 10000000,
"measRcvdPower": -78.099998

"measFrequency”: 3570000000,
"measBandwidth”: 10000000,
“"measRcvdPower™: -77.980003

"measFrequency”: 3580000000,
“"measBandwidth"”: 10000000,
"measRcvdPower": -77.070000
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"heartbeatRequest™: [

I
L

"cbsdId”: "gtkCbsd@l‘/gtkCbsd5n@l",
"grantId”: "3658-3668-35",
"operationState™: "GRANTED"

“heartbeatResponse”: |
{

"cbsdId”: "gtkCbsd@1/gtkCbsdSnol™,
“grantld”:"3650-3660-35",
“transmitExpireTime":"2019-10-17708:45:262",
“grantExpireTime":"2019-11-16708:41:242",
"heartbeatInterval™:120,
"response”:{

"responseCode”:0,

“responseMessage"”: "success”
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'

~ CBSD ixf #-$4p b |2

TC_REG_01
PIIE B i CBSD zxp = #
pen % CBSD ¥ 12 = 74z
N g CBSD Device log
P B A2 1.CBSD % SAS % i#3rd 3k » B¢ ¢ 42474 & Ffoif i S
EALEL R IF S S ) R
2.SAS w & CBSD # 4 -
PR PR Tue, 15 Oct 2019 03:10:51 GMT
==
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD # #3110 34 » # 45971 & § thic REG % & fk

"registrationRequest™: [
{
"userld”: "gtkUser@l”™,
"fccld™: "gtkCbsdél™,
"cbsdSerialNumber”: "gtkCbsd5n@l™
"cbsdCategory™: "A",
"airInterface”: {
"radioTechnology™: "E_UTRA™
} »
"installationParam™: {
"latitude”: 38.380000,

"longitude™: -118.7208008,
"height™: 9,
"heightType”: "AMSL",
"indoorDeployment™: true,
"antennaGain": 6

1
I
"measCapability™: [

"RECEIVED POWER_WITHOUT _GRANT™

]

CBSD 4z 3|7 # F w JEie =0 frw B L == ad3ip v i
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"registrationResponse™:|

I

L
"cbsdId”:"gtkCbsd@l/gtkCbsd5n@1",
"measReportConfig™: [

"RECEIVED POWER_WITHOUT GRANT™
I,
"response” :{

"responseCode”:8,

wo,on

"responseMessage”: "success”
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TC _REG 02

AR R W48 ¢ B & #4310 CBSD
e P CBSD M4 ¢ A 23 7 04 = 21
A i A CBSD Device log
RIFF B AL 1.CBSD w SAS i zrp 3> H P &g irf & Ffoif it &
M E ¥ iE GroupParam ¥t % 0 F F A S5 G 2k o
2.SAS w i CBSD & -
Pl Tue, 15 Oct 2019 03:27:17 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT_GRAN
groupingParam
groupType INTERFERENCE_COORDINATION
groupld gtkUser01

CBRS Paramerter List

Test Result : Pass
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CBSD # i zid gide» @ 35975 & F fr REG i & $odfcrt 2 7 3E chB M 4 %

“registrationReques
{
"userld 4
“fccld™: "gtkCbs
“cbsdSerialNu
“"cbsdCategory
"airinter
“"radioTechnology™: “E_UTRA™
i

“installationParam™

“latitude”:
"longitude™:

“heightType™: “ANSL™,
“indoorDeployment
“antennaGain®: 6

b

"measCapabilit {

"RECEIVED ER_WITHOUT _GRANT™
upingParam™: [

~groupTyp " INTERFERENCE _COORDINATION",
“groupld”: Userdl™

CBSD fc 3|7 # % % ottt =0 fow B 4 =% 5 dnrp T

H

“registrationResponse”: [
{
“cbsdId": "gtkCbsd@1/gtkCbsdSnO1",
"measReportConfig”:|[
"RECEIVED_POWER _WITHOUT_ GRANT™
1,

"response”:{
“responseCode™:0,
"responseMessage”:
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TC_REG_03

B IE fy it CBSD ;xf % = &
p e FE3 SAS #gikn] 41 3 fefrp
A1 B CBSD Device log
B3R R AR 1. CBSD % SAS # #:if s » L H ¢ ¥ @iz wifi* Sk
2. SAS % J& CBSD 3+
PR PR Thu, 17 Oct 2019 01:21:17 GMT
# i
Parameter Name CBSD Value

userld gtkUser01

fccld gtkChsd01

cbhsdSerialNumber gtkChsdSn01

cbsdCategory A

airinterface

radioTechnology E UTRA
measCapability RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass

CBSD r» SAS 4 i#3if gk » e B ¥ 2 i i

\\\?{r

#
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"registrationRequest™: [

1
"userId”: "gtkUserel”™,
"fccId”: “"gtkCbsdel™,
"cbsdSerialNumber™: "gtkCbsd5n@l™,
"cbsdCategory™: "A™,
"airInterface": {
"radioTechnology™: “E_UTRA™

} »

"measCapability™: [
"RECEIVED POWER_WITHOUT GRANT™

]

CBSD fc 3|7 # % % bt =200 frw B3 4 =A% % anrp w i

"registrationResponse™:[

I
L

"response”:{
"responseCode™: 2008,
"responseMessage”: "pending”,
"responseData™: [

"installationParam™,
"indoorDeployment™
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TC_REG_04

BT 4 i JE9 CPlaet » CBSD = 5t 3ip
peh S L F CPlass e CBSD 2% 7 11 & 7 3xp
VA A CBSD Device log, CommScope SAS portal
PR E AR 1. CBSD w SAS #izp R eH 2y @i
5
2. SAS ¥k CBSD 34 -
Pl Fri, 18 Oct 2019 09:28:34 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
chsdCategory A

airinterface

radioTechnology E UTRA

measCapability RECEIVED_POWER_WITHOUT_GR/
NT

CBRS Paramerter List

Test Result : Pass
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CommScope SAS # CBSD =7 CPI #icdz

Ireitall Certifsathon Time

EIRP Capabilty

Hariponial Aooaracy ‘Weertazal Accuracy

CBSD # SAS # i#3rp g » k3 ¢ 2§ 3 i & Sk

"registrationRequest™: [
I
L
"userld”: "gtkUser8l™,
"fccld”: "gtkCbsd@l™,
"cbsdSerialNumber”: "gtkCbsdSn@l"™,

"cbsdCategory™: "A",

"airlnterface™: {

"radioTechnology™: "E_UTRA"

1

I»

"measCapability™: [
"RECEIVED POWER WITHOUT GRANT™

]

Cregted Time

Artenra Beamwadth
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CBSD 4c3] 7 # § w e 4¥i= 0 fow Mol & = 5 e P

"registrationResponse™:[
I
L
"cbsdId": "gtkCbsd®l/gtkCbsdSnB1™ ,
"measReportConfig”:[

"RECEIVED_POWER_WITHOUT_GRANT™
1,

"response”:{
"responseCode™: 0,
"responseMessage”: "success”
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TC_REG_05

B E 4y it CBSD zxp £ pz: 2 2 H
e PR i ARy o R LH R H AT g4 CBSD iy
A
A1 E CBSD Device log
PR E AR 1. CBSD & SAS # #3if s B¢ o 45975 & F Jrif
EXS SIS S
2.SAS ¥ & CBSD # 4 -
3.SAS 2 zH:xp CBSD
4. CBSD v SAS # i 4p e e9if 3K » @ 45 CBSD et
FooFHoiE R Sl T F ATy SHIDF T
5. SAS = J& CBSD # 4
PR PR Wed, 16 Oct 2019 02:49:18 GMT
=
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E_UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
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measCapability

RECEIVED_POWER_WITH

OUT_GRANT

CBRS Paramerter List

Test Result : Pass

#H 2 1,2 4R TC_REG_01.

SAS 2 zH::xp CBSD

Details of CBSD Site

CBSD D

Tl LigtkChedSnil

FCCID

gtiChad]

CHBSD Category

Saltware Version

Rl Techrobogy

E_UTRA

Updated Time

2015-10-15TOF3T-5 1200 +0000

Measuramient Capability

RECEIVED_POWER_WITHOUT_GRAM

Source SA5

CBED SerialMumber

gthiChsdSr

ienckor

w1

Hardwire Viriion

Mardgement Group

Growp ID

Lhser 1D

gtklzaril

Call 5ign

Pl

Firenbvane Viersion

Crepted Time

20190917 TO R4 %034 150000

Group Type

NTERFEREMCE_COORIHMATION

Blacklisted

Arue

Status

UMREGISTERED

CBSD # SAS # i 4p I criid 3%

» & 35 CBSD eh#§ & § foif i

\\\Xr
J
lg

o

~t
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“registrationRequest™: [

{
"userId”: "gtkUser@l"™,
“"fccld”: “"gtkCbsdal™,
"cbsdS%erialNumber”: "gtkCbsdSn@l"™,
"cbsdCategory”: "A",
"airInterface": {

“radioTechnology™: "E_UTRA™

},

"installationParam™: {
“latitude”: 38.380000,
“longitude”: -119.720008,
"height™: 9,

"heightType™: "AMSL™,
“indoorDeployment™: true,
“antennaGain™: &

},

"measCapability™: [
“"RECEIVED_POWER_WITHOUT_GRANT™

1

"registrationResponse™:[

I
L

"response”:{
"responseCode™:101,
"responseMessage”:"blacklisted”
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TC_REG 06

PIIE Fa i % CPl & &¥#c¥; > = #:p CBSD
peh 723 CPl 224 CBSD &_F 7 1 = 7 31p
A L NN CBSD Device log, CommScope SAS portal
P AT 1. CatBCBSD # * CPl ¥ ¢ #icdy 5-#ics SAS 2 iX31p
2. SAS FJk CBSD 3+
Pl Fri, 18 Oct 2019 02:42:47 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory B
airlnterface
radioTechnology E UTRA

cpiSignatureData

protectedHeader

eyJhbGciOiJSUzIINilsINnR5cCI61kpXV

encodedCpiSignedData Ref picture

digitalSignature

Ref picture

measCapability

RECEIVED_POWER_WITHOUT
_GRANT

CBRS Paramerter List

Test Result : Pass

CatBCBSD i * CPl % &#cih 8w SAS # i35 -4
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"registrationRequest

POMER_WE THOUT

"cbsdId"”: "gtkCbsd@l/gtkCbsd5n81",
"measReportConfig”:[
"RECEIVED POWER W
I,

“response”:{

THOUT GRANT™
"responselode™:8,

"responseMessage”:"success”

CommScope SAS # CBSD =1 CPI

A

»

b
=
f\:m

Radio Techeciogy

Maragement Group
Updated Time Ceoup 10

Measuremert Capatdity

Created Timw

PALID

Blachisted

Ceoup Type

intall Cortihcation Time

Stata
(<1} CP1 Namw
Anterna Azvmuth Anterna Dearwich
Acterea Downtit Anterna Gan
18P Capabidty Megrt
Indoce Deployment

Arvterea Mossel

Lastude

Meight Type

Longrtude
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w ~  CBSD #3% %39 4p MR8
TC_SPEC 01
iR e it > 7 439 GAA MR
poen FE3s CBSD 7 = # 34 7 GAAAEH# 4 39
A1 E CBSD Device log
BB AR 1. CBSD & * fzif ¥ 3 P E® CBSD ID 2 2HEF
(3550-3700 MHz ) + SAS % i¥ 47 3% % 3§ 3 %
2.SAS W LT * HHEE
PR PR Tue, 15 Oct 2019 04:54:02 GMT
==
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airinterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

uT_

RECEIVED_POWER_WITHO
GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD i¢
LRI

0000, "RMighF re
0000008, "hi
161 DO

® fir I W CBSDID 2 2474 (3550-3700 MHZ)  SAS % i

bsdId”: "gtkCbsd@1\/gtkCbsdSndl”,
“inquiredSpectrum™: |
{
“lowF requency’

"highFreguenc

]l

"measReport™: {

"rcvdPowerMeasReports
!
|

"measFrequency”: 3550000000,
"measBandwidth™: 10000000,
"measRcvdPower™: -78.379997

"meastre .
"measBandwidth™: 10000000,
"measRcvdPower”™: 77.379997

measFrequency
“measBandwidth™:
"measRcvdPower

-~
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TC_SPEC_02

R 4 i 7 %33 PAL A 3¥

B eh FE: CBSD v 17 = % 34 {7 PAL 47 3 % 39

A1 B CBSD Device log

iRI3RE AL 1. CBSD # * fzid # ¥ j& ¥ ¢ CBSD ID e/t PAL 1 5

FF 0 v SAS H A B o
2.SAS v ¥ * Mg o

Pl Thu, 17 Oct 2019 03:44:55 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChsd01
cbsdSerialNumber gtkChsdSn01
chsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 46.400000
longitude -105.820000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD i# * fzip 3¢ &7 o CBSD ID o/ >t PAL e 5 g5 [f] » = SAS ¥ 47
# B

“spectrumInquiryRequest™: |
{
"cbsdId”: "gtkCbsdol\/gtkCbsdSno1"™,
“inquiredSpectrum”: |[
{
“lowkFrequency”: 3550000000,

“highFrequency”: 3570000000
3
J

1,

"measReport™: {
“rcvdPowerMeasReports™: |

“"measkrequency”™: 3550000000,
“measBandwidth™: 10000000,
"measRcvdPower™: -79.209999

"measFrequency”: 3560000008,
"measBandwidth™: 10000000,
"measRcvdPower™: -78.099998

"measkFrequency”: 3570000000,
"measBandwidth™: 10000000,
"measRcvdPower™: -77.980003

SAS ¥ 5 * S iE
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“spectrumInquiryResponse”: [
{
“cbsdId": "gtkCbsd@1/gtkCbsdSn@1",
"availableChannel™: [
{

"frequencyRange" : {
"lowFrequency™ : 3550000000,
"highFrequency" : 3570000000

s

“channelType™: “PAL",

"ruleApplied”:"FCC_PART 96",

"maxEirp"”:20.0

}

1,

"response”:{
“responseCode”:0,
"responseMessage”: "success”
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TC_SPEC 03

ARE s + 7 433 GAA + PAL #p3#
p e F2: CBSD v 12 = # {7 PAL + GAA 3 4 39
A L NN CBSD Device log
P AT 1. CBSD # * fzif # 3¢ v £ CBSD ID fe 24 £
(3550-3700 MHz ) # SAS 4 47 3# 4 34 3K
2. SASI WS BF AR
Pl Thu, 17 Oct 2019 02:05:50 GMT
==
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChbsd01
cbhsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 46.400000
longitude -105.820000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT
_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD i * fzip # 3¢ j& ¥ <H CBSD ID fr 2 #f £ (3550-3700 MHz ) = SAS # i
A B

spectrumInquiryRequest™: [
T
1

“chsdId”: "gtkCbsd@l\/gtkCbsdSnal”,
"inguiredSpectrum”: [

I
L

"lowFrequency™: 3558000000,
"highFrequency”: 3788888000

I,
“measReport™: {
“rcvdPowerMeasReports™: [

I
L

"measFreguency”: 3558000000,
"measBandwidth”: 1e0888e8,
"measRcvdPower™: -79.289999

"measFrequency 3560000000 ,
"measBandwidth leecooed,
“measRcvdPower™: -78.899993

“measFreguency 3570000000,
"measBandwidth”: 1e0880e8,
"measRcvdPower”: -77.9800803

SAS 1w fpd B A
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TC_SPEC_04

BT da i LEFVHET 2HiETPALAEH A
A eh FE3 CBSD v 4 = 7 #4 (7 PAL #7 3% 4 39
A1 B CBSD Device log
Pl AT 1. CBSD i * fzid ¥ 3 ¥ £ e CBSD ID {v PAL #f
F 4o 0w SAS B EMTH &9 5K
2.SAS v ¥ * il i
Pl Thu, 17 Oct 2019 01:29:29 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChsd01
cbsdSerialNumber gtkChsdSn01
chsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 46.400000
longitude -105.820000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT
_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD i * fizif # 3¢ j& {75 CBSD ID {o PAL 47 5 §= [f] » = SAS % X473 4 33

=&
L)

“spectrumInquiryRequest™: [
{
“"cbsdId™: "gtkCbsdol\/gtkCbsdSn@1"™,
"inquiredSpectrum™: |
'3
1
"lowFrequency”™: 3550000000,
"highFrequency”™: 3650000000

1,
“measReport™: {
"rcvdPowerMeasReports™: |

{

“measFrequency”: 3550000000,
"measBandwidth™: 10000000,
"measRcvdPower™: -79.209999

"measFrequency™: 3560000000,
“"measBandwidth™: 10000000,
“measRcvdPower™: -78.099998

"measFrequency”: 3570000000,
“measBandwidth™: 10000000,
"measRcvdPower™: -77.980003
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TC_SPEC_05

RIE 4 i BRI AR > A
B oeh FEsu CBSD ¥ 2w 2 43 539 ¢ FERIEAF 2
AR LA CBSD Device log
PR E AR 1.CBSD # SAS # ¥ - & >4+ (3550-3700 MHz)
HEH AR R - PRIERE
2.SAS W LT * R
Pl Tue, 15 Oct 2019 04:54:02 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChsd01
cbsdSerialNumber gtkChsdSn01
chsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT _
GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD  SAS % i - i 24 F (3550-3700 MHz) s524f

- Rl EIR L

“spectruslnquiry

{
{

“cbsdld": "gtkCbsd1\/gtkCbsdSnd1",

“inquiredSpectrum”
{
~lowF requen

“hight re "2 376

"measBandwidth

“measRcevdPower

"measFrequenc
“measBandwidth

“measRcvdPower

“measFroquency
Bandwidth

Power

weasRovdPowe

“measFrequency
“measBandwidth
“measRcvdPowe

“measFrequency
measBandwidth
“measRcvdPower

“measFrequency
“measBandwidth
“measRcvdPowe

“measFrequency
“measBandwidth
“"measRcvdPor

“measFrequency
“measBandwidth
"measRcvdPowe

“measFrequency
“measBandwidth
“measRcvdPower

“measFrequency":
“measBandwidth”:
“measRcvdPower

Frequency
“measBandwidth
"measRcvdPower

“measFrequency
measBandwidth
“measRcvdPowe

sFrequency”

"measFrequency”:
"measBandwidth
"measRcvdPower™:

3550000000,

OO0

008,

1570000000,
10000000,
77.379997

P009,
74.379997

000000:
10000000,
74.379997

3620000000,

10060000,
74.379997

3640000000,
10000000,
74.379997

3650000000,
10800000,
72.349998

3660000008,
10060000,
75.379997

3670000000,
10000000,
75.489998

3680000
10000000,
76.489998

1690000000 ,
10000000,
78.379997

#

4

H

g
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SAS ¥ &+

Ve

DR

» i

on

700NN

15 BONNONN

510000000, "hi
620000000, “h g

DO,

540000000, "hig

$590000000 ) ,

00000 |,
00N |,
20080000

NN

L ghF re

650006000,

(LN |

SONNNRY

BOONN)

LOONNN

KOV

channe

550D )

} PR0ONN0

96

Cha
axf iry

X0,

3 ONNNNN hig

{ “1owf requency

1 owk requen

70000000,

S SO0
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7~ CBSD#4#
TC_GRAN_01
iR IE fa i > 7Y 5 GAA i
pen FEe CBSD # 4 2 7 44 7 GAA 43K
A1 E CBSD Device log
BB AR 1. 245 WINNF-TS-0016 (8.5.1) CBSD #-#% i 33+ i% 3] SAS( E5a
Ao 2 f IR 4F2 ) CBSD jEd # #4243 £(CBSD ID, # i¥ 54k,
SRS FEES T
2. SAS w ik
Pl Tue, 15 Oct 2019 09:37:21 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHO
UT_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD #-4% it 3 4% 1% 5| SAS

“grantRequest”™:
f
i

“cbsdld”: "gtkCbsdol\/gtkChbsdSr
-II‘) "

sFrequency™: 3560000000,
"measBandwidth™: 1€
“seasRcvdPower™: -78

“measFrequency™: 3570000000,
“measBanduidth™: 0000,
RevdPower™: -77.9580003

“grantResponse”
!

!

“cbsdld™:
“grantld”: : 5
“grantExpireTine”:"2019-11-14709:37:222",
“heartbeatInterval™:60,
“channelType™:"GAA™,
“response”:{

"responseCode”™:0,

“responseMessage
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TC_GRAN_02

iRIIE fa b * Y e 7RI AR L G GAA B
B e S CBSD 2.3 7 S ## (7 ¢ 7 Rl R 472 1 GAA #4835 K
A1 B CBSD Device log
PR E AR 1.CBSD % SAS # & iz f (v ¢ ZRIZ4HL)
2.SAS w 3SR
Pl Tue, 15 Oct 2019 09:37:21 GMT
==
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChbsd01
cbhsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT _
GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD w SAS # #32fEa-f (H&¥ & 2 RIEHRE)

"grantRequest™: [

{

“cbsdId”: "gtkCbsd@l\/gtkCbsdSnel”™,
“operationParam™: {
"maxEirp”: 19,
“operationFrequencyRange”™: {
"lowFrequency 3550000000 ,
“highFrequency”: 3560000000

}

))

“measReport™: {
“rcvdPowerMeasReports™: |

{

"measFrequency”: 3550000000,
"measBandwidth™: 10000000,
"measRcvdPower™: -79.209999

“measFrequency”: 3560000000,
"measBandwidth™: 10000000,
“measRcvdPower™: -78.0899998

"measFrequency™: 3570000000,
"measBandwidth™: 10000000,
"measRcvdPower™: -77.980003

SAS ¥ 3 i &

“grantResponse”™: [
{
“cbsdId”: "gtkCbsd@1/gtkCbsdSn@1",
“grantld”:"3550-3560-8",
“grantExpireTime™:"2019-11-14709:37:222",
“heartbeatInterval”™:60,
“channelType™:"GAA™,

“response”:{
“responseCode”:0,
"responseMessage”: "success”
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TC_GRAN_03

BT 45 i & 7 eh PAL $4E2-&
pen FEe CBSD 7 14 & 2% 44 17 PAL 24 5+
AN i RN CBSD Device log, CommScope SAS portal
RIFFEAZ 1. CBSD w SAS #Efgg® (& g RIEH
%) A3 PAL A e
2. SAS w G
Pl Thu, 17 Oct 2019 02:06:19 GMT
Remarks
Parameter Name CBSD Value
userld gtkUser01
fccld gtkCbsd01
cbsdSerialNumber gtkCbsdSn01
cbsdCategory A
airlnterface
radioTechnology E_UTRA
installationParam
latitude 46.400000
longitude -105.820000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT
_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD = SAS # #4igs-f (& 23 RIEHE ) > 439 PALI o 5

“grantRequest™: [
f

1
“cbsdId™: "gtkCbsd@l\/gtkCbsdSno1l",

“operationParam”: {
"maxEirp”: 19,
“operationfFrequencyRange™: {
"lowFrequency”: 3550000000,
“highFrequency™: 3570000000
) !
J

}l

"measReport™: {
"rcvdPowerMeasReports™: [
{
"measFrequency”: 3550000000,
"measBandwidth”: 10000000,
“measRcvdPower™: -79.209999

“measFrequency”: 3560000000,
“measBandwidth 10000000,
“"measRcvdPower™: -78.099998

“measFrequency”: 3570000000,
"measBandwidth"”: 10000000,
"measRcvdPower™: -77.980003

SAS w M tiE it

“grantResponse™: [
{
“cbsdId™: "gtkCbsd0l/gtkCbsdSnOl1"™,
“grantld” 550-3570-35",
“grantExpireTime™:"2019-11-16702:06:192",
“heartbeatInterval™:120,

“channelType™:"PAL",
“response”:{
“responseCode”:0

"responseMessage™: “success”

CBSD # CommScope SAS ¢ i¢ * PAL #f
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. CBSD w pti# ﬁiﬁ?—.ﬁ#ﬁl PRI

TC_HB 01
R e i REALE T
pen %% CBSD fr SAS £.2 7 11 & 7 2 3w i 4
A1 E CBSD Device log
BlE B AR 1. CBSD#:## 3 — B4 ID e &J‘-‘éﬁ-:ﬁ
2. SASw =0 (=)
Pl Tue, 15 Oct 2019 09:37:26 GMT
=
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E_UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true

200




antennaGain 6

measCapability RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass

CBSD = i# * CBSD ID zxp # #24#= gtkCbsd01/gtkCbsdSn01, Grant ID= 3550-3650-8
CBSD %ﬂpuw@%ﬁ_

"heartbeatRequest™: [

I
L

"cbsdId”: "gtkCbsdel\/gtkCbsdSnal™,
"grantId”: "3558-35668-3",

"operationState™: "GRANTED"

CBSD e 5w Bt v Ji

“"heartbeatResponse”: |
{
“cbsdId”: "gtkCbsd@l/gtkCbsdSno1",
"grantId”:"3550-3560-8",
“"transmitExpireTime":"2019-10-15709:41:272",
"grantExpireTime™:"2019-11-14709:37:2272",
"heartbeatInterval™:60,

"response”:{
“responseCode”:0,
"responseMessage™: "success”
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TC_HB_02

RIE s it BERAELATH B oL

e Feen CBSD # 1= w4 B {7 048 { AT

A1 B CBSD Device log

R B AT 1. CBSD#:i# 4 - B4 ID e pri&

2. SAS Wi “=HTa L
3. CBSD #i# 7 - B#iE ID s prap R 248 { A7 58
—aﬂr ;*% “True”

4, SAS w i “H 7L

Pl Thu, 17 Oct 2019 06:52:27 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POW
ER_WITHOUT_GRAN
T

CBRS Paramerter List
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Test Result : Pass

CBSD i i 2~¥ CBSD ID #:1#= gtkCbsd01/gtkCbsdSn01, grantld = 3650-3660-35
CBSD # i wpprii R R LATHHK E 5 “True”

"heartbeatRequest™: [

1
"cbsdId": "gtkCbsd@l\/gtkCbsd5n@l"™,
"grantId”: "3650-3660-35",
"grantRenew™: true,
"operationState™: “AUTHORIZED™

CBSD e Bl ® fis

"heartbeatResponse™: |

"cbsdId”: "gtkCbsd@l/gtkCbsdSno1",
“"grantld”:"3650-3660-35",
“transmitExpireTime":"2019-10-17706:56:282",
“grantExpireTime™:"2019-11-16706:52:282",
"heartbeatInterval™:120,
"response”:{

“responseCode™:0,

"responseMessage”: "success"”,

“responseData”: |

“channel renewed”

]
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TC_HB_03

iRI9E 4 i g R T
pen P78 CBSD &7 fx SAS 4p T fF p 3 i o &
A1 B CBSD Device log
RITFIE AT 1. CBSD#ix# 3 - B#AE ID e pei K
2. SASifFwE - HY & B IR S
3. SAS B Igic i Mg
4. CBSD fw gt B IRt E N 3 & v prap &
5. CBSD fateins Bt IRt B P i phap R o
Pl Thu, 17 Oct 2019 00:56:41 GMT
Remarks
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airinterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD & * CBSD ID :i# i 3 f#= gtkCbsd01/gtkCbsdSn01, grantld = 3620-3630-8
CBSD % i w B3t

"heartbeatRequest™: [

r

L
"cbsdId™: "gtkCbsd@l)/gtkCbsdSn@l™,
"grantld”: "3628-3630-3",

"pperationState”: "AUTHORIZED™

CBSD fc¥| < Bt ¥ fis

“heartbeatResponse”: [
{
“cbsdId"”: "gtkCbsd01/gtkCbsdSn01",
“"grantld”:"3620-3630-8",
"transmitExpireTime™:"2019-10-17701:00:112",
"grantExpireTime™:"2019-11-16700:52:272",
"heartbeatInterval”:60,

"response”: {
“responseCode”:0,
“"responseMessage”:"success™

SAS s B IR

CBSD # i w i
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"heartbeatRequest™: [

T

L
"cbsdId”: "gtkCbsd@l\/gtkCbsd5n@l™,
"grantId”: "3620-3630-8",
"operationState™: "AUTHORIZED™

CBSD fc ¥]« B ¥ 1 v = 120

"heartbeatResponse”: [

“cbsdId"”: "gtkCbsd@1/gtkCbsdSn0O1",
“grantId”:"3620-3630-8",
“"transmitExpireTime":"2019-10-17701:00:427",
“"grantExpireTime"”:"2019-11-16T00:52:277",
"heartbeatInterval®™:120,

“response”:{
“responseCode”:0,
“responseMessage”: "success”
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TC_HB_04

iRIIE fa b CBSD g 47 i%
ph 3 CBSD 2% 7 AL k i SAS 3Fsipm i 45 1%
A1 B CBSD Device log
PR E AR 1. SAS ##RF * R
2. CBSD#:&# 3 - B#AE ID e pei K
3. SAS w i Bk FRET L
4. CBSD iz i@ éi%l CBSD stops transmission.
5. CBSD##mT™H? - g
0  WYERFHR
0 kP HIMF SAS ik
PR PR Thu, 17 Oct 2019 00:49:09 GMT
Remarks
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

208




Test Result : Pass

CBSD i¢ # CBSD ID i# # 4= gtkCbsd01/gtkCbhsdSn01, grantld = 3620-3630-8

"heartbeatRequest™: [

{

“cbsdId": "gtkCbsd@l\/gtkCbsdSnel",
“grantld”: "3620-3630-8",
"operationState™: "AUTHORIZED"

CBSD fz3|wptw & > = prmEe =501

"heartbeatResponse”: |
{

“cbsdId":"gtkCbsd@1/gtkCbsdSn@l™,
“grantld”:"3620-3630-8",
"transmitExpireTime":"2019-10-17700:49:09Z",
"grantExpireTime"™:"2019-11-16709:08:53Z",
"heartbeatInterval”:60,
“response”: {

“responseCode”:501,
"responseMessage”:"success”,
“responseData”: [

“channel suspended™
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TC_HB_05

BT Fy it CBSD #: 1 & #j i%
pen H:7e CBSD H_F # 345 SAS ;7?“1\3& VI
A1 B CBSD Device log
PR A 1. CBSD @i i
2. SAS #|% G ik
3. CBSD # &4 § Tk ke &gk
4. SAS w B 7 4
5. CBSD # x4 3 Tk jk e 245K
6. CBSD R 4@ ﬁ%l
Pl Thu, 17 Oct 2019 00:49:19 GMT
=
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD & * CBSD ID :t# i 3 f#= gtkCbsd01/gtkCbsdSn01, grantld = 3620-3630-8
CBSD‘%ﬂhuH@%*>

"heartbeatRequest™: [

I
L

"cbsdId™: "gtkCbsd@l\/gtkCbsd5n@l™,
"grantId”: "3620-36308-8",

"pperationState”: "AUTHORIZED™

CBSD e 3| Bt w Jls » o e B =501

“heartbeatResponse”: [
{

"cbsdId”: "gtkCbsd@1/gtkCbsdSn01",
“grantld”:"3620-3630-8",
"transmitExpireTime™:"2019-10-17700:49:092",
“grantExpireTime":"2019-11-16700:08:532",
“heartbeatInterval™:60,
"response”:{

"responseCode”:501,

“responseMessage”: "success”,

"responseData”:[
“channel suspended”

SAS #i% 1 ik

CBSD £ =t # 1w gk
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"heartbeatRequest™: [

I
L

"cbsdId”: "gtkCbsd@l\/gtkCbsdSn@l",
"grantId”: "3628-3630-3",
"operationState™: "GRANTED™

“"cbsdId”:"gtkCbsd0l/gtkCbsdSno1"™,
“grantld”:"3620-3630-8",
“transmitExpireTime"”:"2019-10-17700:53:422",
"grantExpireTime™:"2019-11-16700:08:537",
“"heartbeatInterval™: 60,
“"response”:{

“"responseCode”:0,

“"responseMessage”: "success”

CBSD i 4 % B 4 4 (1% i =54 # (authorized) chs 3 o

"heartbeatRequest™: [

')
L

“cbsdId™: "gtkCbsd@l\/gtkCbsd5n@l”,
"grantld”: "3628-3630-8",

"pperationState™: "AUTHORIZED™

212




"heartbeatResponse™: [

{

"cbsdId":"gtkCbsd@1/gtkCbsdSn@1",
“grantId"”:"3620-3630-8",
“transmitExpireTime":"2019-10-17700:54:0072",
“grantExpireTime”:"2019-11-16700:08:532",
"heartbeatInterval™:60,

“response”:{
"responseCode™:0,
"responseMessage”: "success”
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TC_HB_06

B IE Fy i CBSD #2484 it
ph S 7 CBSD 4.7 ¥ r1 4345 SAS 3 FAgm i & o
A1 B CBSD Device log
iR 3# B A 1. CBSD # i =3+
2. SAS w 4L E S L
3. CBSD # i##24# ID s plegdif &
4. SAS w e 7 4
5. SAS tigg v E &
6. CBSD #4248 ID s pg- R 4
7. SAS w iR VHTEL L
Pl Thu, 17 Oct 2019 14:38:48 GMT
==
Parameter Name CBSD Value
userld gtkUser01
fecld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airinterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List
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Test Result : Pass

CBSD ¢ * CBSD ID 3L i #% f£= gtkCbsd01/gtkChsdSn01, grantld = 3650-3660-35
CBSD %ﬁ:ﬁﬂcgwy%%::

"heartbeatRequest™: [

T
L

"chsdId”: "gtkCbsd@l)/gtkCbsdS5n@l”,

"grantId™: "3650-3660-35",
"operationState™: "AUTHORIZED™

“"heartbeatResponse”: [
{
"cbsdId": "gtkCbsdol/gtkCbsdSne1",
“grantld”:"3650-3660-35",
“"transmitExpireTime™:"2019-10-17T14:42:1672",
“grantExpireTime™:"2019-11-16709:12:302",
“"heartbeatInterval™:120,

"response”:{
"responseCode”:9,
"responseMessage”:"success”

SAS gy ¥ > T g oprgR
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"heartbeatRequest": [

{

"cbsdId”: "gtkCbsd@l\/gtkCbsdSn@l",
"grantld”: "3650-3660-35",

“operationState”: "AUTHORIZED"

CBSD jz 3| w prw i > W B %H5.=500 (= %3k 27 )

“heartbeatResponse™: [
{
"cbsdId”: "gtkCbsd@1/gtkCbsdSn@l™,
"grantId”:"3650-3660-35",
“"transmitExpireTime™”:"2019-10-177T14:38:482",
"grantExpireTime”:"2019-11-16709:12:302",
"heartbeatInterval®:120,
“"operationParam”:{
“maxEirp”:-99999.0,
“operationFrequencyRange”: {
“lowFrequency™: 3650000000,
“highFrequency"” : 3660000000

}

b

“response”:{
“responseCode™ :500,
"responseMessage”: "success"”
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. H is - CBSD #: 4 *x 3

TC_RELIN_01
P78 fy i Successful Grant Relinquishment
pen The purpose of the test is to verify that the CBSD can perform a
successful grant relinquishment
A1 B CBSD Device log
PR AR 1. CBSD sends a Relinquishment request to the SAS for received
Grant
2. SAS responds with successful relinquishment.
Pl Tue, 15 Oct 2019 09:37:40 GMT
=
Parameter Name CBSD Value
userld gtkUser01
feeld gtkChbsd01
cbsdSerialNumber gtkChsdSn01
cbsdCategory A
airinterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6
measCapability RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter List

Test Result : Pass
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CBSD i¢ # CBSD ID i# # #24#= gtkCbsd01/gtkCbsdSn01, grantld = 3550-3650-8

CBSD % i# % 3 3+

"relinquishmentRequest™: [

{
L

“cbsdId™: "gtkCbsdOl\/gtkCbsdSnOl1",

“grantId”: “3550-3560-8"

CBSD fc ]%c 3 1w fiy

"relinquishmentResponse™: [
{
"cbsdId"”: "gtkCbsd@1/gtkCbsdSn01",
“grantld”:"3550-3560-8",

“response”:{

"responseCode™:0,
"responseMessage”:"success”
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~  H i -CBSD x4

TC_DEREG_01
P ik = 74 214 CBSD
e ve CBSD #_F 7 = 7 gl
A1 E CBSD Device log
PR AR 1. CBSD # #4373 %
2. SASw sl A (2#)
Pl Tue, 15 Oct 2019 03:11:17 GMT
==
Parameter Name CBSD Value
userld gtkUser01
fccld gtkCbsd01
cbhsdSerialNumber gtkChsdSn01
cbsdCategory A
airlnterface
radioTechnology E UTRA
installationParam
latitude 38.380000
longitude -110.720000
height 9
heightType AMSL
indoorDeployment true
antennaGain 6

measCapability

RECEIVED_POWER_WITHOUT_GRANT

CBRS Paramerter

List

Test Result : Pass
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CBSD i # CBSD ID 3x# # 4= gtkCbsd01/gtkCbsdSn01
CBSD # i srdf 3

"deregistrationResponse”:|[

{

“cbsdId": "gtkCbsd@1l/gtkCbsdSn@1",
“response”:{
“responseCode”:0,
“responseMessage”:"success”
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FCCID : MXF-WLTGFC105
Equipment : LTE Small Cell Base Station (CBRS CBSD)
Model No. : WLTGFC-105; E1012
(For marketing difference)
Brand Name . Gemtek ; Accelleran
(For marketing difference)
Applicant : Gemtek Technology Co., Ltd.
Address . No. 15-1 Zhonghua Road, Hsinchu Industrial
Park, Hukou, Hsinchu, Taiwan, 30352.
Standard . 47 CFR FCC Part 96
Type : ] End User Device
X] category A CBSD
[ ] Category B CBSD
Received Date : Oct. 22, 2018
Tested Date : Nov. 01 ~ Nov. 28, 2018

We, International Certification Corp., would like to declare that the tested sample has been
evaluated and in compliance with the requirement of the above standards. The test results
contained in this report refer exclusively to the product. It may be duplicated completely for
legal use with the approval of the applicant. It shall not be reproduced except in full without
the written approval of our laboratory.

Reviewed by: Approved by: Ry
SN2,
o (. (g, b (ED
S e
A [\7 W C W /Q(/] ’{,/’//;\‘\\y}‘ Testing Laboratory
AIong ChelU/ Assistant Manager Gary Chang / Manag Pl R
Report No.: FG802201 Page : 10f 45
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Summary of Test Results
FCC Rules Test Items Measured Result
2.1046 / 96.41(b) '\E"I%XI'Dm“m RF Power Output Power[dBm/10MHz]: 29105 Pass
96.41(b) Maximum Power Spectral Density Meet the requirement of limit Pass
96.41(9g) Peak to Average Ratio Meet the requirement of limit Pass
2.1053/96.41(e) |Radiated Spurious Emission Meet the requirement of limit Pass
2.1051/96.41(e) |Conducted Spurious Emission Meet the requirement of limit Pass
2.1051/96.41(e) |Band Edge Meet the requirement of limit Pass
2.1049 Emission Bandwidth Meet the requirement of limit Pass
2.1055/96.41(e) |Frequency Stability Meet the requirement of limit Pass
96.41(f) Reception Limits Meet the requirement of limit Pass

Declaration of Conformity:

The test results with all measurement uncertainty excluded are presented in accordance with the regulation
limits or requirements declared by manufacturers.

Comments and Explanations:

The declared values of gain for EUT presented in the report are provided by the manufacturer, and the
manufacturer takes all the responsibilities for the accuracy of the gain.

Report No.: FG802201 Page : 4 of 45
Report Version: Rev. 01
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1 General Description

1.1 Information

1.1.1 Specification of the Equipment under Test (EUT)

Operating Band

Band 48

Channel Bandwidth: 10MHz: 3555.0 MHz ~ 3695.0 MHz
Channel Bandwidth: 20MHz: 3560.0 MHz ~ 3690.0 MHz

Modulation Type

QPSK, 16QAM (Uplink)
QPSK, 16QAM, 64QAM (Downlink)

Duplex Mode TDD

UE Category Cat. 5
Release 11

TX/RX function 2TX [ 2RX

1.1.2 Antenna Details

Type

Connector Gain (dBi)

Remark

omni

N type 6

1.1.3 EUT Operational Condition

Supply Voltage

56Vdc from PoE

Operational Climatic

X Tnom (20°C) X Tmax (50°C)

I  Tmin (-40°C)

1.1.4 Accessories

Accessories
No. Equipment Description
Brand: PHIHONG
Model: POE29U-1AT
1 PoE I/P: 100-240Vac, 0.8 Max, 50-60Hz
O/P: 56Vdc, 0.536A
Power cord: 1.8m non-shielded without core
2 RJ45(Blue) 1.5m shielded without core
3 GPS antenna 1.5m shielded without core
Brand: King
4 Core Model: KCF-130

Report No.: FG802201
Report Version: Rev. 01

Page : 50f 45
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1.1.5 Maximum EIRP and Emission Designator

Channel Bandwidth

Maximum EIRP

(MH2) Modulation (W/10MHz) Emission Designator
10 QPSK 0.802 8M95G7D
10 16QAM 0.706 8M97WT7D
10 64QAM 0.804 8M97DOW
20 QPSK 0.782 17M9G7D
20 16QAM 0.711 17MOW7D
20 64QAM 0.776 17M9DOW
CINEIRG, el Modulation AER T SR Emission Designator
(MHz) (W/20MHz)
20 QPSK 1.563 17M9G7D
20 16QAM 1.422 17MOW7D
20 64QAM 1.552 17M9D9OW

1.1.6 Operating Channel List

Channel Bandwidth (MHz) Channel Frequency (MHz)
10 55290 3555.0
10 55990 3625.0
10 56690 3695.0
20 55340 3560.0
20 55990 3625.0
20 56640 3690.0
Report No.: FG802201 Page : 6 of 45

Report Version: Rev. 01




|International
Certification
Corp.

1.2 Local Support Equipment List

Support Equipment List
No. Equipment Brand Model FCC ID Remarks
1 Notebook DELL Inspiron 3000 DoC

1.3 Test Setup Chart

Test Setup Diagram

Kept in control area

MNotebook

ground cable

[] R.J45 connector

PoE EUT

No. Signal cable / Length (m)
1 |RJ45, 1m shielded with one core.
2 |RJ45, 1.5m shielded. (Provided by applicant.)
3 |RJ45, 10m shielded.
4 |RF cable, 1.5m shielded.

Report No.: FG802201 Page : 7 of 45

Report Version: Rev. 01
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1.4 The Equipment List

Test Item Radiated Emission
Test Site 966 chamberl / (03CHO01-WS)

Instrument Manufacturer Model No. Serial No. Calibration Date Calibration Until

Spectrum Analyzer R&S FSV40 101498 Dec. 04, 2017 Dec. 03, 2018
Receiver R&S ESR3 101657 Jan. 05, 2018 Jan. 04, 2019

Bilog Antenna SCHWARZBECK VULB9168 VULB9168-522 Jul. 18, 2018 Jul. 17, 2019
HOE”G'?f;g””a SCHWARZBECK BBHA 9120 D BBHA 9120 D 1096 Dec. 20, 2017 Dec. 19, 2018
Holrg(?_ng”a SCHWARZBECK BBHA 9170 BBHA 9170517 Nov. 15, 2018 Nov. 14, 2019
Loop Antenna R&S HFH2-Z2 100330 Nov. 09, 2018 Nov. 08, 2019
Loop Antenna Cable KOAX KABEL 101354-BW 101354-BW Dec. 07, 2017 Dec. 06, 2018

Preamplifier EMC EMC02325 980225 Jul. 20, 2018 Jul. 19, 2019

Preamplifier Agilent 83017A MY39501308 Oct. 04, 2018 Oct. 03, 2019

Preamplifier EMC EMC184045B 980192 Aug. 09, 2018 Aug. 08, 2019

RF Cable HUBER+SUHNER SUCOFLEX104 MY16140/4 May 09, 2018 May 08, 2019

RF Cable HUBER+SUHNER SUCOFLEX104 MY16019/4 Dec. 07, 2017 Dec. 06, 2018

RF Cable HUBER+SUHNER SUCOFLEX104 MY16139/4 Dec. 07, 2017 Dec. 06, 2018
LF cable 1M EMC EMCC&_D;E%%NM'N 16052 Dec. 07, 2017 Dec. 06, 2018
LF cable 3M Woken CFD400NL-LW CFD400NL-001 Dec. 07, 2017 Dec. 06, 2018
LF cable 10M Woken CFD400NL-LW CFD400NL-002 Dec. 07, 2017 Dec. 06, 2018
Measurement

Software AUDIX e3 6.120210g NA NA

Note: Calibration Interval of instruments listed above is one year.

Test Item RF Conducted

Test Site (THO1-WS)

Instrument Manufacturer Model No. Serial No. Calibration Date Calibration Until
Spectrum Analyzer R&S FSV40 101063 Apr. 16, 2018 Apr. 15, 2019
Spectrum Analyzer Keysight N9010A MY54510374 Jun. 21, 2018 Jun. 20, 2019
MXG-B RF Vector Agilent N5182B MY53050081 Apr. 16, 2018 Apr. 15, 2019
Signal Generator
Signal Generator R&S SMB100A 177785 Jul. 18, 2018 Jul. 17, 2019
TEMPEHUMIDITY GIANT FORCE GCT-225-40-SP-SD MAF1212-002 Aug. 10, 2018 Aug. 09, 2019

CHAMBER

Power Meter Anritsu ML2495A 1241002 Oct. 09, 2018 Oct. 08, 2019

Power Sensor Anritsu MA2411B 1207366 Oct. 09, 2018 Oct. 08, 2019

AC POWER

SOURCE APC AFC-500W F312060012 Dec. 01, 2017 Nov. 30, 2018
Measurement
Software Sporton Sporton_1 1.3.30 NA NA
Note: Calibration Interval of instruments listed above is one year.
Report No.: FG802201 Page : 8 of 45
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1.5 Test Standards

According to the specification of EUT, the EUT must comply with following standards.

47 CFR FCC Part 96

ANSI C63.4-2014

ANSI C63.26-2015

FCC KDB 971168 D01 Power Meas License Digital Systems v03r01
FCC KDB 412172 D01 Determining ERP and EIRP v01r01

1.6 Deviation from Test Standard and Measurement Procedure

None

1.7 Measurement Uncertainty

ISO/IEC 17025 requires that an estimate of the measurement uncertainties associated with the emissions test
results be included in the report. The measurement uncertainties given below are based on a 95% confidence
level (based on a coverage factor (k=2).

Measurement Uncertainty

Parameters Uncertainty
Bandwidth +34.033 Hz
Conducted power +0.607 dB
Frequency error +34.033 Hz
Conducted emission +2.771 dB
Radiated emission < 1GHz +3.66 dB
Radiated emission > 1GHz +5.63 dB
Temperature +4.7°C
Report No.: FG802201 Page : 9 of 45

Report Version: Rev. 01
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2 Test Configuration

2.1 Testing Condition and Location Information

Test Item Test Site Ambient Condition Tested By
RF Conducted THO1-WS 20-24°C | 66-69% Aska Huang
Radiated Emissions 03CHO01-WS 23°C /1 67% Akun Chung
» FCC Designation No.: Tw2732
» FCC site registration No.: 181692

» IC site registration No.: 10807A-1

2.2 The Worst Test Modes and Channel Details

Test item Channel Bandwidth Modulation Test channel (MHz)

Equivalent Isotropically Radiated 10MHz QPSK / 16QAM / 64QAM| 3555.0/ 3625.0 / 3695.0
Power 20MHz QPSK / 16QAM/ 64QAM | 3560.0 / 3625.0 / 3690.0
Maximum Power Spectral Densit 10MHz QPSK / 16QAM / 64QAM| 3555.0/ 3625.0 / 3695.0
P y 20MHz QPSK / 16QAM/ 64QAM | 3560.0 / 3625.0 / 3690.0

. . 10MHz 64QAM 3625.0

Radiated Emissions < 1GHz 20MHz 64QAM 3625.0
. o 10MHz 64QAM 3555.0 / 3625.0 / 3695.0
Radiated Emissions > 1GHz 20MHz 640AM 3560.0 / 3625.0 / 3690.0
Conducted Emissions 10MHz QPSK / 16QAM / 64QAM| 3555.0/ 3625.0 / 3695.0
20MHz QPSK / 16QAM/ 64QAM | 3560.0 / 3625.0 / 3690.0
Band Edae 10MHz QPSK / 16QAM/ 64QAM| 3555.0/ 3625.0 / 3695.0
9 20MHz QPSK / 16QAM / 64QAM | 3560.0 / 3625.0 / 3690.0
Emission Bandwidth 10MHz QPSK / 16QAM / 64QAM | 3555.0/ 3625.0 / 3695.0
20MHz QPSK / 16QAM / 64QAM | 3560.0 / 3625.0 / 3690.0
Peak to Average Ratio 10MHz QPSK / 16QAM / 64QAM| 3555.0/ 3625.0 / 3695.0
9 20MHz QPSK / 16QAM / 64QAM| 3560.0 / 3625.0 / 3690.0

N 10MHz . 3625.0

Frequency Stability >0MHz Un-modulation 3625.0
o 10MHz QPSK 3555.0 / 3625.0 / 3695.0
Reception Limits 20MHz QPSK 3560.0 / 3625.0 / 3690.0

Report No.: FG802201
Report Version: Rev. 01

Page : 10 of 45
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3 Test Results
3.1 Output Power

3.1.1 Limit of Output Power

Device “?C‘j"éim/“lg‘MEJ;)P Maximum PSD (dBm/MHz)
End User Device 23 n/a
Category ACBSD 30 20
Category B CBSD 47 37

3.1.2 Test Procedures

1. Connect the transmitter to the spectrum analyzer via coaxial cable (i.e., conducted measurement) while
ensuring proper impedance matching.

Tune the analyzer to the nominal center frequency of the emission bandwidth.
Set the span to twice the nominal EBW (span = 2 x EBW).

Set the resolution bandwidth (RBW) to 1 MHz.

Set the video bandwidth (VBW) to 3 MHz

Select the average power (RMS) display detector.

Set the number of measurement points to = 1001.

Use auto-coupled sweep time.

Perform the measurement over an interval of time when the transmission is continuous and at its
maximum power level.

10 Utilize trace averaging over 100 traces in the power averaging.

11 Find the maximum trace amplitude (peak search) and record.

12 Using channel power function to integrate output power

13 Adjust the recorded level by applying appropriate correction factors for the measurement set-up.

14 Determine the EIRP / Power density by adding the effective antenna gain to the adjusted power level.

3.1.3 Test Setup

ar | =

Report No.: FG802201 Page : 11 of 45
Report Version: Rev. 01
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3.1.4 Test Result of EIRP

CB: 10MHz | Frequency Col;?il:clted Coﬁ?iﬁczted Cor;rgttjilted Directional BanEcIil\?v'iDdth E.LR.P ELII::”P

Modulation (MHz) A;/j\:va:re AF\,/Oe\l;Vage AF\)/g‘:vegre (C;egg Correction fgrjﬁ;) (dBm/

(dBm/10MHZ) | (dBM/10MHz) | (dBm/10MHz) ey L0y
QPSK 3555.0 20.05 20 23.04 6 0 29.04 30
QPSK 3625.0 19.88 19.72 22.81 6 0 28.81 30
QPSK 3695.0 19.79 20.03 22.92 6 0 28.92 30
16QAM 3555.0 19.46 19.29 22.39 6 0 28.39 30
16QAM 3625.0 19.46 19.21 22.35 6 0 28.35 30
16QAM 3695.0 19.57 19.38 22.49 6 0 28.49 30
64QAM 3555.0 20.07 19.99 23.04 6 0 29.04 30
64QAM 3625.0 20.11 19.97 23.05 6 0 29.05 30
64QAM 3695.0 19.84 19.96 22.91 6 0 28.91 30

Test Plot

Ref 30.00 dBm

Center 3.625 GHz
H#Res BW 1 MHz

Channel Power

SENSE:INT]

[07:59:14 PMNov 12, 2018

[
Center Freq: 3.625000000 GHz

~— Trig: Free Run
#Atten: 30 dB

[
# FGain:Low

20.11 dBm /10 MHz

Avg|Hold: 111

#VBW 3 MHz

Radio Std: None

Radio Device: BTS

Frequency

Center Freq
3.625000000 GHz

Span 20 MHz
#Sweep 10 s

Power Spectral Density

-49.89 dBm /Hz

STATUS

CF Step

Report No.: FG802201
Report Version: Rev. 01
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c:oiﬂﬁclted e ke s S ELR.P BRI
Modaation Fr?mezr;cy A;/;rNa:re CX;J%:{%E" nggsaggd Dlr%:%ﬁnal o fgazi) (blErzant/
(dBm/20MHz) | (dBm/20MHz) | (dBm/20MHz) ey L0y
QPSK 3560.0 22.62 22.92 25.78 6 -3.01 28.77 30
QPSK 3625.0 22.91 22.94 25.94 6 -3.01 28.93 30
QPSK 3690.0 22.85 22.64 25.76 6 -3.01 28.75 30
16QAM 3560.0 22.24 22.23 25.25 6 -3.01 28.24 30
16QAM 3625.0 22.17 22.42 25.31 6 -3.01 28.30 30
16QAM 3690.0 22.57 22.46 25.53 6 -3.01 28.52 30
64QAM 3560.0 22.81 22.75 25.79 6 -3.01 28.78 30
64QAM 3625.0 22.8 22.89 25.86 6 -3.01 28.85 30
64QAM 3690.0 22.92 22.87 25.91 6 -3.01 28.90 30
Port 1 Port 2 Total
el Ehe Power Power Power (dBi) (dBm/20MHz) (54)
(dBm/20MHz) | (dBm/20MHz) | (dBm/20MHz)
QPSK 3560.0 22.62 22.92 25.78 6 31.78 1.507
QPSK 3625.0 22.91 22.94 25.94 6 31.94 1.563
QPSK 3690.0 22.85 22.64 25.76 6 31.76 1.500
16QAM 3560.0 22.24 22.23 25.25 6 31.25 1.334
16QAM 3625.0 22.17 22.42 25.31 6 31.31 1.352
16QAM 3690.0 22.57 22.46 25.53 6 31.53 1.422
64QAM 3560.0 22.81 22.75 25.79 6 31.79 1.510
64QAM 3625.0 22.8 22.89 25.86 6 31.86 1.535
64QAM 3690.0 22.92 22.87 25.91 6 31.91 1.552
Test Plot

[ Keysight Spectrum Analyz: el Power

=R

Frequency

SENSEINT|
Center Freq: 3.625000000 GHz
5o Trig: FreeRun Avg|Hold:>111
#|FGain:Low #Atten: 30 dB

[05:35:30 PMNov 12, 2018
Radio Std: Nene

Radio Device: BTS

Ref 30.00 dBm

Center 3.625 GHz
#Res BW 1 MHz

#VBW 3 MHz

Channel Power

22.94 dBm /20 MHz

Power Spectral Density

-50.07 dBm /Hz

MsG STATUS

Report No.: FG802201
Report Version: Rev. 01
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3.1.5 Test Result of PSD

L EIRP Power o
CB: 10MHz Frequency Conducted Max Antenna Densit Limit
Modulation (MHz) Power Density Gain (dBi) (dBm/MIEIIZ) (dBm/MHz)
(dBm/MHz)
QPSK 3555.0 13.88 6 19.88 20.00
QPSK 3625.0 13.76 6 19.76 20.00
QPSK 3695.0 13.82 6 19.82 20.00
16QAM 3555.0 13.79 6 19.79 20.00
16QAM 3625.0 13.71 6 19.71 20.00
16QAM 3695.0 13.89 6 19.89 20.00
64QAM 3555.0 13.86 6 19.86 20.00
64QAM 3625.0 13.73 6 19.73 20.00
64QAM 3695.0 13.77 6 19.77 20.00
Test Plot
Band 48_LTE_10MHz_(16QAM)_2TX PSD
3695MHz
[lch Freq 1 | por1 [~ ]
3.695GHz 10- Port2 [
Span L J
20MHz g
RBW 0-
1MHz 50
VBW
3MHz e
Sweep Time 15-
10s
Detector Type =
RMS -25
’ -30-
7335.6_8‘5(3 ' 26886 3696 26926 364G 35966 36966 376 37026 ' 3.?[556‘
RE RE Start D Port 2 ‘
- - (@Bm/MHz) | (dBm/MHz)  (dBm/MHz)
50 0 13.89 1082

Report No.: FG802201
Report Version: Rev. 01
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Detector Type

RMS

30~

-35- | | ! ' | ' | ' ! ! ! | | ' ! !
367G 3.6725G 3.675G 3.6775G 368G 3.6825G 3.685G 3.6875G 369G 3.6925G 3.695G 3.6975G 37G 3.7025G 3.705G 3.7075G 371G

100 0

RB RB Start FD

(dBrm/MHz)
1383

Port1

(dBrm/MHz)

10.85

Port 2
(dBm/MHz)
10.79

Certification
Corp.
Total
CB: 20MHz Frequency Conducted Max Antenna EIgEnPs(i)twer Limit
Modulation (MHz) Power Density Gain (dBi) (dBm/MI}Ilz) (dBm/MHz)
(dBm/MHz)
QPSK 3560.0 13.73 6 19.73 20.00
QPSK 3625.0 13.74 6 19.74 20.00
QPSK 3690.0 13.83 6 19.83 20.00
16QAM 3560.0 13.65 6 19.65 20.00
16QAM 3625.0 13.73 6 19.73 20.00
16QAM 3690.0 13.67 6 19.67 20.00
64QAM 3560.0 13.76 6 19.76 20.00
64QAM 3625.0 13.74 6 19.74 20.00
64QAM 3690.0 13.68 6 19.68 20.00
Test Plot
Band 48_LTE_20MHz_(QPSK)_2TX PSD
3690MHz
("ch Freq 17 5 | rora [~ ]
SaF;gaGHz 10- | Por2 W‘
10MHz g
RBW 0-
1MHz =
VBW
3MHz =
Sweep Time 15

Report No.: FG802201
Report Version: Rev. 01
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3.2 Radiated Emissions

3.2.1 Limit of Radiated Emissions

Frequency range

Limit (dBm/MHz)

Within 0-10 MHz above the Assigned Channel

Within 0-10 MHz below the assigned Channel 13
Greater than 10 MHz above the Assigned Channel 25
Greater than 10 MHz below the Assigned Channel

Power of any Emission below 3530 MHz -40

Power of any Emission above 3720 MHz

3.2.2 Test Procedures

1.

Measurement is made at a semi-anechoic chamber that incorporates a turntable allowing a EUT
rotation of 360°. A continuously-rotating, remotely-controlled turntable is installed at the test site to
support the EUT and facilitate determination of the direction of maximum radiation for each EUT
emission frequency. For emissions testing at or below 1 GHz, the table height is 80 cm above the
reference ground plane. For emission measurements above 1 GHz, the table height is 1.5 m.

Measurement is made with the antenna positioned in both the horizontal and vertical planes of
polarization. The measurement antenna is varied in height (1m ~ 4m) above the reference ground plane
to obtain the maximum signal strength. Distance between EUT and antenna is 3 m.

This investigation is performed with the EUT rotated 360°, the antenna height scanned between 1 m and
4 m, and the antenna rotated to repeat the measurements for both the horizontal and vertical antenna
polarizations.

After finding the max radiated emission, substitution method will be used for getting effective radiated
power. EUT will be removed and substitution antenna will be placed at same position. Signal generator
will output CW signal to substitution antenna through a RF cable. Rotate turntable and move antenna to
find maximum radiated emission. Adjust output power of signal generator to let the maximum radiated
emission is same as step 3. Record the output power level.

E.l.R.P = output power of step 4 + gain of substitution antenna — cable loss of RF cable. ERP can be
calculated by below formula:

Report No.: FG802201 Page : 16 of 45
Report Version: Rev. 01
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3.2.3 Test Setup

Radiated Emissions below 1 GHz

Semi Anechoic Chamber

VVVVVVVVVVVVVVVVVVVVVVVVVVVV

Radio Absorbing Material

vV
S
<
=~
% ; i | ‘ [
=
>

Antenna ‘

1-4m
Variahl

———

=
o
El

E

Spectrum Analyzer

I
il

AN
AAAAAKAKAAAAAAA

Ground Plane

Radiated Emissions above 1 GHz

Semi Anechoic Chamber

VVVVVVVVVVVVVVVVVVVVVVVVVVVVV

Radio Absorbing Material
=

S 3
S 3
S
§ } 3m Y v;r:a':§
” EUT - E:j[] / S
§ Antenna 2:
2 WY - =
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3.2.4 Test Result of Radiated Emissions below 1GHz

Mode LTE Band 48, 64QAM, CB: 10MHz, Channel: 55990
Frequency Antenna E.LR.P Limit Margin S.A Reading S.(iu/;ﬁ\éver CoFr;(e:;:(t)iron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
69.77 H -52.46 -40.00 -12.46 -52.68 -46.92 -5.54
89.17 H -62.02 -40.00 -22.02 -49.05 -62.14 0.12
102.75 H -61.62 -40.00 -21.62 -50.11 -61.65 0.03
187.14 H -65.50 -40.00 -25.50 -54.85 -68.09 2.59
349.13 H -63.56 -40.00 -23.56 -60.10 -67.76 4.20
450.01 H -58.05 -40.00 -18.05 -62.24 -61.82 3.77
45.52 \Y -54.99 -40.00 -14.99 -52.68 -43.31 -11.68
61.04 \Y -52.18 -40.00 -12.18 -49.05 -43.68 -8.50
76.56 \Y -53.02 -40.00 -13.02 -50.11 -49.79 -3.23
102.75 \Y -55.77 -40.00 -15.77 -54.85 -55.80 0.03
210.42 \Y -58.83 -40.00 -18.83 -60.10 -62.88 4.05
450.01 \Y -59.09 -40.00 -19.09 -62.24 -62.86 3.77
NOTE: EIRP = S.G power value + correction factor
Mode LTE Band 48, 64QAM, CB: 20MHz, Channel: 55990
Frequency Antenna E..LR.P Limit Margin S.A Reading S.(\B/:I’E;ver CoFr;((e:(t:ct)iron

(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
69.77 H -53.22 -40.00 -13.22 -51.38 -47.68 -5.54
90.14 H -61.71 -40.00 -21.71 -59.53 -62.03 0.32
102.75 H -62.89 -40.00 -22.89 -61.01 -62.92 0.03
182.29 H -65.83 -40.00 -25.83 -63.80 -67.88 2.05
349.13 H -63.87 -40.00 -23.87 -65.06 -68.07 4.20
450.01 H -58.60 -40.00 -18.60 -61.65 -62.37 3.77
61.04 \% -51.95 -40.00 -11.95 -48.82 -43.45 -8.50
76.56 \ -52.90 -40.00 -12.90 -49.99 -49.67 -3.23
89.17 \% -55.50 -40.00 -15.50 -53.64 -55.62 0.12
208.48 \ -57.62 -40.00 -17.62 -58.85 -61.67 4.05
450.01 \% -57.56 -40.00 -17.56 -60.71 -61.33 3.77
502.39 \Y -61.10 -40.00 -21.10 -65.22 -64.98 3.88

NOTE: EIRP = S.G power value + correction factor
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3.2.5 Test Result of Radiated Emissions above 1GHz

Mode LTE Band 48, 64QAM, CB: 10MHz, Channel: 55290
Frequency Antenna E.LR.P Limit Margin S.A Reading S.?/;I’ﬁ\éver CoFr;((a:f[:(tJiron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
7110.00 H -56.42 -40.00 -16.42 -74.92 -60.27 3.85
10665.00 H -53.12 -40.00 -13.12 -75.26 -53.92 0.80
14220.00 H -51.22 -40.00 -11.22 -75.53 -51.35 0.13
7110.00 \Y -55.43 -40.00 -15.43 -75.13 -59.28 3.85
10665.00 \ -53.20 -40.00 -13.20 -74.69 -54.00 0.80
14220.00 \% -49.14 -40.00 -9.14 -74.41 -49.27 0.13
Mode LTE Band 48, 64QAM, CB: 10MHz, Channel: 55990
Frequency Anten_na E.LR.P Limit Margin S.A Reading S'c\;/;ﬂ;ver CoFr;(e;f[:ct)iron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
7250.00 H -56.65 -40.00 -16.65 -75.48 -60.29 3.64
10875.00 H -53.12 -40.00 -13.12 -75.28 -53.78 0.66
14500.00 H -51.09 -40.00 -11.09 -74.69 -50.84 -0.25
7250.00 \ -55.17 -40.00 -15.17 -75.28 -58.81 3.64
10875.00 \ -53.40 -40.00 -13.40 -75.33 -54.06 0.66
14500.00 \ -49.19 -40.00 -9.19 -74.59 -48.94 -0.25
Mode LTE Band 48, 64QAM, CB: 10MHz, Channel: 56690
Frequency Antenna E..LR.P Limit Margin S.A Reading S.(\B/;s;ver CoFr;if[:ct)iron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
7390.00 H -55.83 -40.00 -15.83 -75.46 -59.22 3.39
11085.00 H -52.98 -40.00 -12.98 -75.31 -53.62 0.64
14780.00 H -51.07 -40.00 -11.07 -75.40 -51.42 0.35
7390.00 \% -55.74 -40.00 -15.74 -75.73 -59.13 3.39
11085.00 \% -53.17 -40.00 -13.17 -75.64 -53.81 0.64
14780.00 \ -48.66 -40.00 -8.66 -75.42 -49.01 0.35

NOTE: EIRP = S.G power value + correction factor
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Mode LTE Band 48, 64QAM, CB: 20MHz, Channel: 55340
Frequency Antenna E.LR.P Limit Margin S.A Reading S.?/;I’ﬁ\éver CoFr;((a:f[:(tJiron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
7120.00 H -56.91 -40.00 -16.91 -75.41 -60.75 3.84
10680.00 H -52.96 -40.00 -12.96 -75.11 -53.75 0.79
14240.00 H -50.32 -40.00 -10.32 -74.58 -50.42 0.10
7120.00 \ -55.61 -40.00 -15.61 -75.36 -59.45 3.84
10680.00 \Y -53.53 -40.00 -13.53 -75.05 -54.32 0.79
14240.00 \% -49.41 -40.00 -9.41 -74.69 -49.51 0.10
Mode LTE Band 48, 64QAM, CB: 20MHz, Channel: 55990
Frequency Anten_na E.LR.P Limit Margin S.A Reading S.C\;/;a;ver CoFr;((e:f[:ct)iron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
7250.00 H -56.67 -40.00 -16.67 -75.50 -60.31 3.64
10875.00 H -53.03 -40.00 -13.03 -75.19 -53.69 0.66
14500.00 H -50.85 -40.00 -10.85 -74.45 -50.60 -0.25
7250.00 \Y -55.05 -40.00 -15.05 -75.16 -58.69 3.64
10875.00 \ -53.01 -40.00 -13.01 -74.94 -53.67 0.66
14500.00 \ -49.13 -40.00 -9.13 -74.53 -48.88 -0.25
Mode LTE Band 48, 64QAM, CB: 20MHz, Channel: 56640
Frequency Antenna E.LR.P Limit Margin S.A Reading S.(\B/;a;ver CoFr;((e:f[:ct)iron
(MHz) Polarity (dBm) (dBm) (dB) (dBm) (dBm) (dB)
7380.00 H -55.85 -40.00 -15.85 -75.42 -59.26 3.41
11070.00 H -52.76 -40.00 -12.76 -75.06 -53.39 0.63
14760.00 H -50.42 -40.00 -10.42 -74.70 -50.73 0.31
7380.00 \ -55.08 -40.00 -15.08 -75.08 -58.49 3.41
11070.00 \ -52.84 -40.00 -12.84 -75.26 -53.47 0.63
14760.00 \% -48.11 -40.00 -8.11 -14.77 -48.42 0.31

NOTE: EIRP = S.G power value + correction factor
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3.3 Conducted Emissions & Band Edge
3.3.1 Limit of Conducted Emissions & Band Edge

Frequency range

Limit (dBm/MHz)

Within 0-10 MHz above the Assigned Channel

Power of any Emission above 3720 MHz

Within 0-10 MHz below the assigned Channel 13
Greater than 10 MHz above the Assigned Channel 25
Greater than 10 MHz below the Assigned Channel

Power of any Emission below 3530 MHz -40

3.3.2 Test Procedures
Emission below 3530 MHz / Emission above 3720 MHz

1. Lowest, middle and highest operating channels are tested for this item.

Scan frequency range is from 30 MHz ~ 37 GHz.

2
3. Set RBW = 1MHz, VBW = 3MHz, detector = RMS, sweep time = auto.
4

Record the max trace value and capture the test plot of each sub frequency band.

3530 MHz ~ (F - BW/2) / (Fc+ BW/2) ~ 3720 MHz

1. Lowest /middel / highest operating channels are tested for this item.

2. The center frequency of spectrum analyzer will be set to Lowest /middel / highest operating channels.
3. Set RBW =100 kHz, VBW = 300 kHz, detector = RMS, sweep time = auto.
4. Using channel power function to measure test result and record the max trace value and capture the

test plot.

3.3.3 Test Setup

EUT |

Spectrum
Analyzer
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3.3.4 Test Result of Conducted Emissions & Band Edge

Summary
Mode Resultf RB ST;'rt F-Start | F-Stop | RBW | Detector | Freq Level Limit | Margin Port | Remark
(Hz) (Hz) (Hz) (Hz) (dBm) | (dBm) (dB)
Band 48 - - - - - -
Band Pass| 100 | 0 | 4G | 37G | 1M | RMS |36307G| 4476 | 43 | 176 | 1
48 | TE_20MHz_(64QAM)_2TX
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Band 48_LTE_10MHz_(QPSK)_2TX CSE-TX
3555MHz
1 = Limit [
» Partd [
-25- Part2 |
30- -
35~
o |
45—
o Mrnw
ih [t g
50
85, | . ' | 3 ' ' ' . 3 ' ' | . I ' ' v
WM 26 46 66 BG 106 126 WG 166 18G 206 226 MG %G 286G 306G 326 UG 376
B RBStert | F-Start{Hs) | F-Stop(Hz) | RBW(Hz) VEW(Hz] Detector | FreqiHz) LevelidBm) Limit(dBm) Margin(dB) Port Remark
00 £ 3536 MM RMS3SHSG 500 4300 00 1
00 1536 1546 00k N0k RMS ISHSG 4728 800 198 1 BPIM
50 0 31346 31549G. 100k 300k RMS 3154856 3542 1600 1912 1 BPIM
00 1496 3556 00k N0k RMS (355G 360 1600 20 1
00 3566 35616 100k N0k RMS 35600016 3639 1600 2: 1
00 116 1576 100k N0k RMS | ISEISG 1398 1600 198 1 BPIM
00 3576 1126 00k A0k RMS  3SHSG M52 B0 165 1 BRIM
00 3726 6 MM RMS 37926 M2 40 1nx 1
00 6 76 WM M RMS  BMIG 458  B 29 1
00 Y 1536 MM RMS3SNS6 Bz M wa 2
00 3536 1546 00k 0k RMS  35WSG 4702 B3 w2 BRIM
00 1346 339G 100k N0k RMS 35056 M98 1600 188 2 BPIM
00 35096 355 00k A0k RMS 355 B4 160 nx 2
00 1346 161G 100k N0k RMS 15600036 3664 1600 08 2
EID %16 3576 00k A0k RMS  3S6ISG B85 165 N5 2 BRIM
00 1576 1126 00k 0k RMS  ISWSG 33 B3 163 2 BPIM
00 3726 15 MM RMS 376G 12 30 nu - 2
00 % 776 WM M RMS %86 54 4300 214 z
Band 48_LTE_10MHz_(QPSK)_2TX CSE-TX
3625MHz
1 57 Limnit
204 Portl |
-25-| Pat2 |
30- -
35~
|
-45- M
b 4G 66 86 106 16 46 166 186 206 26 246 26 M6 NG 6 H6 ;6
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
00 £ 3536 MM RMs 3506 w8 3m 959 1
00 1536 3516 100k N0k RMS JGSSG 4374 800 154 1 BPIM
50 0 3616 31519G 100k 300k RMS 151856 -37.36 1600 2136 1 BPIM
00 96 3626 00k N0k RMS 386 674 1600 271 1
00 3536 383G 100k N0k RMS 3536 3692 1600 »m 1
00 6 MG 100k 0k RMS 36ASG B3I 1600 2% 1 BPIM
00 1646 1126 00k 0k RMS  I6MSG 4390 B0 1550 1 BRIM
00 3726 6 M 3M RMS I7M0G 5344 300 04 1
00 6 76 MM RMS BMIG  Me B0 19 1
00 Y 353 MM RMS 35026 s B 018 2
0 0 3536 156 100k 300k RMS 350956 -43.51 800 1551 2 BPIM
00 1616 369G 100k N0k RMS 385G 3515 1600 915 2 B IM
00 606 1526 00k N0k RMS 3G 3667 1600 05 2
00 1536 353G 100k N0k RMS 3536 3686 16500 nes 2
00 6 MG 100k N0k RMS 3GNSG M 1600 w2 BPIM
00 1646 1126 00k 0k RMS 35456 435l B3 1551 2 BPIM
00 3726 ] M M RMS  ITSHG 5300 | 3 00 2
00 % 776 WM M RMS  BaaIG 4507 B0 217 z
Band 48_LTE_10MHz_(QPSK)_2TX CSE-TX
3695MHz
1 57 Limnit
204 Portl |
25 Pat2 |
30- -
a5
-
45— o
50—
55
&0-
-85, | \ . | . ' . . . . ' ' l . I ' ! '
WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
00 £ 3536 MM RMS 3SHSG sz 4300 252 1
00 1536 1586 100k N0k RMS I6WSG 13 B0 1613 1 BPIM
00 1696 359G 100k N0k RMS 35856 4055 1600 uss 1 BPIM
00 1696 3696 00k 0k RMS 36899996 311 160 an 1
00 376 MG 100k N0k RMS 376 691 1600 291 1
00 06 376 00k 0k RMS  370ISG 37Ad 1600 a4 1 BRIM
00 3716 1726 100k N0k RMS 37056 4361 2800 1561 1 BPIM
00 3726 6 WM M RMS 3RMG ST 40 857 1
00 % 776 MM RMS (356 4518 0 218 1
00 £ 3536 WM M RMs3SESG w3 40 un 2
00 5% 1586 100k N0k RMS | J6SG 4388 800 158 2 BPIM
0 o 3686 35689G. 100k 00k RMS 3568856 4031 1600 2431 2 BPIM
00 1696 160G 00k N0k RMS 38G 1600 ax 2
00 76 MG 100k N0k RMS 376 %39 16500 ne 2
00 ERTTEY T 100k 0k RMS |IISG A0 1600 28 2 BPIM
00 a6 1126 00k 0k RMS 375G 4344 B3 154 2 BPIM
00 276 3 MM RMS 372NG SLID M 810 2
00 [ 76 MM RMS BEG  He Bl 134 Z
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Band 48_LTE_10MHz_(16QAM)_2TX CSE-TX
3555MHz
1 = Limit [
» Partd [
-25- Part2 |
30+ .
35—
o |
45
o M‘\WWW
o , WWAW
50
WM 26 46 66 BG 106 126 WG 166 18G 206 226 MG %G 286G 306G 326 UG 376
B RBStert | F-Start{Hs) | F-Stop(Hz) | RBW(Hz) VEW(Hz] Detector | FreqiHz) LevelidBm) Limit(dBm) Margin(dB) Port Remark
00 £ 3536 WM M RMS ISHSG 2 200 w82 1
00 1536 1546 100k N0k RMS | 35MSG 480 800 2010 1 BPIM
50 0 31346 31549G. 100k 300k RMS 3154856 3782 1600 2182 1 BPIM
00 1496 3556 100k N0k RMS (355G B2 600 n® 1
00 3566 35616 100k N0k RMS 35600016 3768 1600 ne 1
00 116 1576 00k N0k RMS 3S6ISG B2z 1600 21 1 BPIM
00 3576 1126 00k 0k RMS  3SHSG 66 B0 1686 1 BRIM
00 176 3 MM RMS 378G 30 43 1n» 1
00 6 76 WM am Ras 316 4559 4200 259 1
00 Y 1536 MM RMSISNSG 45 s 2
0 0 3536 136 100k 300k RMS 353956 -48.13 800 2043 2 BPIM
00 1346 339G 100k N0k RMS 35856 3808 1600 2w 2 BPIM
00 35096 355 0ok 0k RMS 355 ®10 160 an 2
00 1346 161G 100k N0k RMS  IS60N0IG 3834 1600 2u 2
EID %16 3576 00k M0k RMS  3S6ISG -84 165 um 2 BRIM
00 1576 1126 00k 0k RMS  ISWSG A0 B3 680 2 BPIM
00 3726 15 M M RMS 3738IG 5408 4300 e 2
00 % 776 WM M RMS BakG  4537 40 23 z
Band 48_LTE_10MHz_(16QAM)_2TX CSE-TX
3625MHz
1 57 Limnit
-20- Portl |
-25-] Pat2 |
30+ .
35—
= |
45
ol M
- ORI
50
-85+, | \ . | . ' . . . ) ' ' l 1} I : ' ()
WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
00 £ 3536 WM M RMs 3506 S 200 03 1
00 1536 3516 100k N0k RMS JGSSG M8 800 163 1 BPIM
50 0 3616 31519G 100k 300k RMS 151856 3827 1600 221 1 BPIM
00 96 3626 00k N0k RMS 3BG 0 600 am 1
0 0 3636 631G 100k 300k RMS 356300016 -3714 16.00 2114 1
00 6 MG 00k N0k RMS |3GASG AT | 1600 28 1 BPIM
00 1646 1126 00k 0k RMS  36MSG  -MsZ B0 1652 1 BRIM
00 176 3 MM RMS IT4l6G 557 4 05 1
00 6 76 WM M RMS MG 45T 4200 25 1
00 Y 353 MM RMS 35026 586 1086 2
0 0 3536 156 100k 300k RMS 350956 431 800 1631 2 BPIM
00 1616 369G 100k N0k RMS  ISG 3750 1600 A% 2 B IM
00 606 1526 00k N0k RMS 366 e ] A% 2
00 1536 363G 100k N0k RMS 3636 3167 16500 ne 2
00 6 MG 100k 0k RMS 3GNSG WS 1600 25 2 BPIM
00 1646 1126 00k 0k RMS  I6MSG 38 B3 63 2 BPIM
00 3726 3 M M RMS  ITENG 533 £5m w2
00 % 776 WM M RMS HANG 4538 400 238 z
Band 48_LTE_10MHz_(16QAM)_2TX CSE-TX
3695MHz
1 57 Limnit
-20- Portl |
-25-| Pat2 |
30+ .
a5
T —
45—
-50- M
=] - M
- /r’
-85, | \ . | . ' . . . ) ' ' l 1} I : ' ()
WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
00 £ 3536 MM RMS ISHSG 8t 200 u8 1
00 1536 1586 00k N0k RMS J6WSG M6 800 6% 1 BPIM
00 1696 359G 100k N0k RMS  3S0SG 4032 1600 us 1 BPIM
00 1696 3696 00k 0k RMS 369G A8 160 ne 1
00 376 MG 100k N0k RMS 3000026 773 1600 273 1
00 06 376 00k A0k RMS  370ISG B9 1600 2m 1 BRIM
00 3716 1726 100k N0k RMS | ITISG 06 -800 1605 1 BPIM
00 3726 6 WM M RMS 37886 5241 4200 941 1
00 % 776 MM RMS %06 4524 0 e 1
00 £ 3536 WM M RMS35HSG 5600 200 BN 2
00 5% 1586 00k N0k RMS J6WSG M3 B0 1633 2 BPIM
0 o 3686 35689G. 100k 00k RMS 3568856 4103 1600 2503 2 BPIM
00 1696 160G 100k 0k RMS 36906 T8 1600 2n 2
00 76 MG 100k N0k RMS 37000076 3743 16500 na 2
00 ERTTEY T 100k N0k RMS 3ISG W31 1600 an 2 BPIM
00 a6 1126 00k 0k RMS 37056 4392 B3 158 2 BPIM
00 3726 3 M M RMS 37536 5194 £5m 534 2
00 [ 76 MM RMS A6 58 B > Z
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Band 48_LTE_10MHz_(64QAM)_2TX CSE-TX
3555MHz
10 e Limtt [/
= Pott [77
-25- Part2 |
30- -
35~
- |
45—
ol W@M
-5 "VWMMWMMW
50~
85, | . ' | 3 ' ' ' . 3 ' ' | 1} ' ' ' v
WM 26 46 66 BG 106 126 WG 166 18G 206 226 MG %G 286G 306G 326 UG 376
B RE Start | F-Start(Hz) | F-Stop(Hz) | RBW(Hz) VBW(Hz) Detector | FreqiHs)  Level(dBm) Limit(dBm) MarginidB) Port Remark
0 |0 M 3536 MM RMS 356 5283 -2 9 1
0|0 3536 154G W0k N0k RMS 35¥SG 4 M 8@ 1 B IM
50 0 31346 31549G. 100k 300k RMS 3154856 -35.28 1600 1928 1 BPIM
0|0 5096 155G 100k N0k RMS 3599996 3648 1600 A48 1
0 0 31566 13561G 100k 300k RMS 35600016 -36.73 16.00 073 1
0 |0 %G 3576 100k N0k RMS 35156 3617 60 A0 1 B IM
0 |0 3576 3726 00k N0k RMS 3556 -MAS Bn 645 1 B IM
0 |0 3726 6 MM RMS 7M. M2 M u2 1
0|0 G 376 M M RMS 603G 544 30 2M 1
0 |0 M 31536 MM RMS  3SNSG 297 B 997 2
0 0 3536 136 100k 300k RMS 353956 4704 28.00 19.04 2 BPIM
0|0 3546 366 100k N0k RMS 3556 B0 -16m0 B2 2 B IM
0|0 3596 3556 100k N0k RMS 35498996 3638 1600 am 2
0 |0 3566 316 100k N0k RMS  3S00IG 697 1600 251 2
0|0 316 357G 100k X0k RMS 356156 3649 1600 aw 2 B IM
0 |0 3576 3726 00k X0k RMS  3STSG -3l 20 163 2 B IM
0 |0 3726 ] MM RMS 37SMG 05 4300 s 2
0 |0 G 376 1M M RMS %086 4548 4300 248 z
Band 48_LTE_10MHz_(64QAM)_2TX CSE-TX
3625MHz
1 57 Limnit
-20- Portl |
-25-| Pat2 |
30- -
35~
-
45—
50~
Wﬂ“ww
WM 2/ 4G 66 BG 106 16 146 166 186 26 26 26 A6 A6 N6 36 e 6
RE  RBStat | F-Startbi) | F-Stop(i) | RBW(M:) VEW(H:) Detector Freqi)  LevelidBm) Limit(dbm) Marginidh) Pot  Remark
0 |0 M 3536 M M RMS 36 338 43 03 1
0|0 3536 3816 00k N0k RMS 366G 414 800 6 1 B IM
50 0 3616 31519G 100k 300k RMS 151856 -37.70 16.00 2170 1 BPIM
0|0 A6 366 00k N0k RMS 3826 s 6M As 1
0 |0 3636 3836 100k N0k RMS 36300026 3748 6m 28 1
0 |0 G MG 100k N0k RMS 363156 8% 60 -2s2 1 B IM
0 |0 3546 3726 00k N0k RMS  36M56 M8 Bm 63 1 B IM
0 |0 a6 6 MM RMS  3SEG s5L 4 0s1 1
0|0 G 376 1M M RMS 680G 563 -3 263 1
0 |0 M 31536 MM RMS 36 73 0 075 2
0 0 3536 156 100k 300k RMS 350956 4381 800 1581 2 BPIM
0|0 3516 159 100k N0k RMS 361856 3637 1600 07 2 BRIM
0 |0 A6 366 100k N0k RMS 36199996 T 1600 an 2
0 |0 3636 3836 100k N0k RMS 363G 784 1600 as 2
0 |0 NG MG 100k X0k RMS 363156 A0 160D a8 2 B IM
0|0 3546 3726 100k X0k RMS  36M56  -M0E 20 608 2 B IM
0 |0 376 ] MM RMS  3MSG S 4 wH 2
0 |0 G 376 M M RMS 408G 539 4300 29 z
Band 48_LTE_10MHz_(64QAM)_2TX CSE-TX
3695MHz
1 57 Limnit
-20- Portl |
-25-] Pat2 |
30- -
8-
" —
45~ o
- M
55
TWMW
a0~
WM 2/ 4G 66 BG 106 16 146 166 186 26 26 26 A6 A6 N6 36 e 6
RE  RBStat | F-Startbi) | F-Stop(i) | RBW(M:) VEW(H:) Detector Freqi)  LevelidBm) Limit(dbm) Marginidh) Pot  Remark
0 |0 M 3536 M M RMS 3556 558 4300 1258 1
0|0 3536 185G 00k N0k RMS 365G 4381 800 581 1 B IM
0|0 3695 188G 100k N0k RMS 365G 4062 60 242 1 B IM
0 |0 3696 389G 00k 0k RMS 36899995 3113 6w an 1
0|0 376 ITMG 100k N0k RMS 370006 A0 6M 200 1
0 |0 6 376 00k X0k RMS 320156 375t 6m  ast 1 B IM
0|0 G 176 00k N0k RMS 371056 4366 80 1588 1 BPIM
0 |0 3726 6 M M RMS  3J2MG 5156 -3m 856 1
0 |0 % 176 MM RMS  %9MG 4542 B 24 1
0 |0 M 3536 MM RMS 3556 S22 4300 2 2
0 |0 3536 385G 100k N0k RMS  36WSG 4377 800 577 2 B IM
0 o 3686 35689G. 100k 00k RMS 3.68856 4037 16.00 2431 2 BPIM
0 |0 496 189G 100k N0k RMS 36996 3753 160D 453 2
0 |0 376 3G 100k N0k RMS 376 3677 1600 an 2
0 |0 ER TS T 100k X0k RMS 370156 3873 1600 21 2 B IM
0|0 716 3726 00k X0k RMS 371056 4350 20 155 2 B IM
0 |0 3726 ] M 3M RMS 378G M98 B 798 2
2|0 [ E MM RMS %8G 453 0 39 z
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Band 48_LTE_20MHz_(QPSK)_2TX CSE-TX
3560MHz
5 NS Limit [
20 20 Portl [~/
25+ -25- Part2 |
-0 -30- -
-38. -35-
40 40 |
45 45—
50 ~50-
= B Mg
& -60-
65 i R 5=, | . ' | ) ' . | . v ' ' | . I ' ' v
3816 355G 3575G 351G WM 26 46 66 BG 106 126 WG 166 18G 206 226 MG %G 286G 306G 326 UG 376
B RBStert | F-Start{Hs) | F-Stop(Hz) | RBW(Hz) VEW(Hz] Detector | FreqiHz) LevelidBm) Limit(dBm) Margin(dB) Port Remark
w0 £ 3536 WM M RMs 356 410 200 450 1
0w o 1536 1546 W0k 600k RMS ISMSG 401 800 B 1 BPIM
100 0 31346 31549G. 200k 600k RMS 3154856 “MATE 1600 18.78 1 BPIM
0w o 15496 3556 W0k 600k RMS  IS0909G 3652 1600 252 1
w0 3576 ISTIG 20k 0k RMS 3506 38aZ 1600 212 1
w0 M6 3586 W0k 600k RMS ISTISG 3642 1600 28 1 BPIM
w0 3596 1126 W0k G0k RMS  3SEISG 4188 B0 SET RE BRIM
w0 176 3 MM RMS 37AMG B0 0% 1
W o 6 76 WM M RMS %4556 4ssl 4200 251 1
w0 Y 1536 MM RMS 356 41 B 431 2
100 0 3536 136 200k 600k RMS 353956 -39.57 800 1157 2 BPIM
0w o 1346 339G M0k 60k RMS 35856 M8 1600 828 2 BPIM
w o 35096 3556 W0k G0k RMS 35499986 3633 160 n3 2
w0 13576 ISTIG M0k 60k RMS  ISP00056 3737 1600 FE R
w o N6 3586 W0k G0k RMS  3STISG 308 165 s 2 BRIM
w o 3596 1126 W0k G0k RMS 358G 4185 800 138 2 BPIM
0w o 3726 3 M M RMs 3720286 5361 4300 068 2
w o % 776 MM RMS B 4509 400 219 z
Band 48_LTE_20MHz_(QPSK)_2TX CSE-TX
3625MHz
1 57 Limnit
-
25
30- -
35—
= |
45—
50—
-5 Ml g gt
50
-85, | \ . . ' . . . ) ' ' | 1} I : ' ()
WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
w0 £ 3536 WM M RMs 3536 s 200 945 1
0w o 1536 IMSG M0k 60k RMS  ISMSG 990 -800 1% 1 BPIM
w0 36056 364G 200k 600k RMS 361356 3083 1600 B8 1 BPIM
0w o 646 IBISG M0k 600k RMS  ISMG0G 734 1600 au 1
w0 36356 363G A0k o0k RMS 3630016 -3l 1600 zn 1
w0 166 IMSG M0k 60k RMS  35MSG 779 1600 am 1 BPIM
w0 6056 3026 W0k G0k RMS 364G 4106 B0 B 1 BRIM
w0 3726 3 MM RMS37AMG w1 3 979 1
W o 6 76 MM RMS 616 9T 4200 197 1
w0 Y 353 MM RMS 356 ST B 017 2
100 0 3536 3505G. 200k 600k RMS 350456 -39.12 800 1112 2 BPIM
00 16056 364G M0k G0k RMS  3BIIG 3554 1600 95t 2 B IM
0w o 646 IBISG M0k 60k RMS  I5MG0G 3682 1600 08 2
w o 36356 36%G 20k 60k RMS 35390045 3825 16500 215 2
w0 166 IMSG M0k 60k RMS  35M5G 832 1600 na 2 BPIM
w o 6656 3026 W0k G0k RMS 345G 4116 800 1336 2 BPIM
0w o 3726 3 M M RMS 372286 5247 430 947 2
w o % 776 MM RMS  HABG 4540 400 240 z
Band 48_LTE_20MHz_(QPSK)_2TX CSE-TX
3690MHz
[IELE g
-
25
30- -
a5
o —
45—
= ol b WWM
55 55 RTINSy
60
65 " v L) 85, 0 . . o . I} - ! . i I} 3 I} I} I ) ! ()
384G 367G 376 3G WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
w0 £ 3536 WM M RMs 3amG 5389 200 08 1
0w o 1536 1876 W0k 600k RMS  JGESG 4090 800 2% 1 BPIM
w0 676 IS9G M0k 60k RMS 357856 3654 1600 25 1 BPIM
w0 66 3686 W0k 600k RMS 36799986 3107 160 am 1
0w o 376 IMIG M0k 60k RMS 3000036 3604 1600 M 1
w0 06 376 W0k G0k RMS  370ISG 3265 1600 1685 1 BRIM
w0 3716 1726 W0k 600k RMS |37WSG A0 800 990 1 BPIM
w0 3726 6 WM M RMS  37AmG 4102 4200 403 1
w0 % 776 MM RMS %6036 4548 300 248 1
w0 £ 3536 WM M RMS 3aBG 0T 200 nm; 2
0w o 5% 18576 W0k 600k RMS JGESG 028 800 128 2 BPIM
100 o 3616 315679G 200k 600k RMS 31567856 3686 1600 2086 2 BPIM
0w o 16 1686 W0k 600k RMS | JGTONIG TTAT 1600 a4 2
w o 76 MG 20k 0k RMS 376 350 16500 ne 2
w0 ERTTEY T W0k G0k RMS | IISG 19 1600 9% 2 BPIM
w o a6 1126 W0k G0k RMS 37056 349 800 e 2 BPIM
0w o 3726 3 M M RMS TG 4619 4300 19 2
w0 [ 7% MM RMS 359G 56 Bl 226 Z
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Band 48_LTE_20MHz_(16QAM)_2TX CSE-TX
3560MHz
10 e Limtt [/
= Fort1 [/
-25- Part2 |
20 -
s
-
45
=5 M
e bt P i
/WWM«.«M‘ ’
25 46 65 86 106 1G 14G 166 186 206 26 4G 266 286 NG 26 UG W6
FE RE Stert | F-Start{Hz) | F-Stop(He) | RBW(Hz) VEW(Hz) Detector | FreqiHz)  LevelidBm) | Limit(dEm) Margin{dB) Por Remark
0 |0 M 355 M 3M RMS 353G 4908 430 608 1
0 |0 3536 IMG M0k 60k RMS  3SWSG 4057 -BM 251 1 B IM
100 0 31346 3.548G 200k 600k RMS 3.54856 -3489 16.00 1889 1 BPIM
0 |0 396 355G A0k 60k RMS  ISWG 3697 l6m 08 1
0 |0 3576 35716 20k 60k RMS  35M0035 780 o 20 1
0 |0 ISNG 3%G A0k 60k RMS  ISTISG 687 -6 08T 1 B IM
0 |0 3585 376G A0k 60k RMS 35856 4203 B0 140 1 B IM
0 |0 MG 46 MM RMS 36 97 B ST 1
0 |0 G 376 1M M RMS A6 5A6 430 26 1
0 |0 M 13 M M RMS 353G 4891 -Bm 5al 2
100 0 3536 3G 200k 600k RMS 353956 4049 28.00 1249 2 BPIM
0w |0 3546 166 20k 60k RMS  ISMS6 M0 l6M -8R0 2 B IM
0 |0 3596 35 A0k 60k RMS 355 699 o NS 2
0 |0 3576 ISTIG M0k 60k RMS  ISTOOIG 376 -6 2% 2
0 |0 3576 338G A0k &0k RMS 357156 70 e 210 2 B IM
0w |0 3585 376G A0k 60k RMS 35856 4217 BN 4N 2 B IM
0 |0 MG 46 MM RMS 3726 a4 M M 2
0 |0 G 376 MM RMS 306 2 -Bm 2n z
Band 48_LTE_20MHz_(16QAM)_2TX CSE-TX
3625MHz
1[5 Limit
Portl |
Pat2 |
4G 66 66 106 16 4G 166 16 206 26 26 %6 A6 M6 36 s 6
RE  RBStat | F-Startbi) | F-Stop(i) | RBW(M:) VEW(H:) Detector Freqi)  LevelidBm) Limit(dbm) Marginidh) Pot  Remark
0 |0 M 355 M 3 RMS 3536 5382 3w 08 1
0 |0 3536 INSG N0k 60k RMS  J6MSG 4096 B0 286 1 B IM
0 |0 3605 3646 20k 60k RMS 36156 762 e 2k 1 B IM
0 |0 364G 36156 20k 60k RMS  J6LO9TG 794 16 2iss 1
0 |0 36356 363G A0k 60k RMS 365G s e 235 1
0 |0 363G 365G 200k 60k RMS 366 71 6M AT 1 B IM
0 |0 36856 370G A0k 60k RMS 3646 4238 B0 143 1 B IM
0 |0 MG 46 MM RMS 37286 -S4 0 0B 1
0 |0 G 376 1M M RMS A6 535 4 23 1
0 |0 M 13 M M RMS 353G S5 BM s 2
100 0 3536 3.605G 200k 600k RMS 360456 4002 28.00 1202 2 BPIM
0w |0 36056 364G M0k 60k RMS 361G 65 l6m N5 2 BRIM
0 |0 364G 36156 20K 60k RMS  J6LOWG Al 6M  2a 2
0 |0 36356 363G A0k 60k RMS 360016 sz o 250 2
0 |0 363G 3656 20k 60k RMS 366 53 lem A 2 B IM
0 |0 36856 370G A0k 60k RMS 3646 4219 B 419 2 B IM
0 |0 MG 46 MM RMS  3INSG 5260 B0 989 2
0 |0 G 376 1M M RMS  %0%G 58 -Bm 28 z
Band 48_LTE_20MHz_(16QAM)_2TX CSE-TX
3690MHz
15 BEEE - Limit
0 -2~ Portl [~
25 -25-| Pat2 |
-0 -30- -
35 35~
40 40~ |
45 45~
50 50~ )
= =1 St
60
-, GooEt T R T T T T T T T A T oo
3646 36756 336 336 b 4G 66 86 106 16 46 166 186 206 26 246 26 M6 NG 6 H6 ;6
RE  RBStat | F-Startbi) | F-Stop(i) | RBW(M:) VEW(H:) Detector Freqi)  LevelidBm) Limit(dbm) Marginidh) Pot  Remark
0 |0 M 355 M 3M RMS  3ABG S Bm n® 1
0 |0 3536 167G M0k 60k RMS 365G 4253 B0 145 1 B IM
0 |0 3876 166 20k 60k RMS  J6TSG 983 -l6m 2383 1 B IM
0 |0 36796 388G 20k 60k RMS 3679976 844 lom) 224 1
0 |0 376 ITMG A0k 60k RMS  ITN0MG 24 l6M -2 1
0 |0 3016 371G 20k 60k RMS 370156 552 e 95 1 B IM
0 |0 G IMG M0k 60k RMS  37WSG 73 BM 73 1 BPIM
0 |0 646 M M RMS 3326 784 0 48 1
0 |0 % 176 MM RMS %8026 455 M 2% 1
0 |0 M 355 M M RMS  3ABG S5 W a5 2
0 |0 3536 167G 20k 60k RMS 366G 4157 -BM 1351 2 B IM
0 |0 3576 359G A0k 60k RMS 36756 892 o 281 2 B IM
0 |0 369G 388G 20k 60k RMS  J6TISTG BAE -6 2288 2
0 |0 376 3G A0k 60k RMS 3700036 769 o 2B 2
0 |0 3G 376G 0k 60k RMS  ITISG 3 lem 238 2 B IM
0 |0 716 376G A0k 60k RMS 37156 4100 -BM BN 2 B IM
0 |0 MG 46 MM RMS 326 e M 4a 2
w0 [ E MM RMS  BanG 4532 BM B z
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Band 48_LTE_20MHz_(64QAM)_2TX CSE-TX
3560MHz
1 = Limit [
» Partd [
-25- Part2 |
30+ .
35—
o |
45 A
50—
= i
i R 85, | . ' | 3 ' ' ' . v ' ' | . I ' ' v
355G 3575G 351G WM 26 46 66 BG 106 126 WG 166 18G 206 226 MG %G 286G 306G 326 UG 376
B RBStert | F-Start{Hs) | F-Stop(Hz) | RBW(Hz) VEW(Hz] Detector | FreqiHz) LevelidBm) Limit(dBm) Margin(dB) Port Remark
100 0 30M 1536 ™M EL RMS 353G 4759 -43.00 455 1
0w o 1536 1546 W0k 600k RMS | 35MSG 998 800 1% 1 BPIM
100 0 31346 31549G. 200k 600k RMS 3154856 470 1600 18.70 1 BPIM
0w o 15496 3556 W0k GO0k RMS 355G 604 1600 a1
w0 3576 357G 20k 0k RMS 35700016 3749 1600 24 1
w0 M6 3586 W0k 600k RMS | ISTISG 3640 1600 208 1 BPIM
w0 3596 1126 W0k G0k RMS 358056 4181 B0 Ba 1 BRIM
w0 176 3 MM RMS37AG B0 43 109 1
W o 6 76 WM M RMS G 4508 4200 208 1
w0 Y 1536 MM RMS (356G 4696 00 296 2
100 0 3536 136 200k 600k RMS 353956 -39.37 800 1137 2 BPIM
0w o 1346 339G M0k 60k RMS 35856 M6 1600 1816 2 BPIM
w o 35096 3556 W0k G0k RMS 355 3562 160 98 2
w0 13576 ISTIG M0k 60k RMS 157G 7B 60 ax 2
w o N6 3586 W0k G0k RMS 35756 nal 165 an 2 BRIM
w o 3596 1126 W0k G0k RMS  3SHSG 4200 B3 ux 2 BPIM
0w o 3726 3 M M RMS 37216 5364 4300 08 2
w o % 776 WM M RMS %86 4507 4300 217 z
Band 48_LTE_20MHz_(64QAM)_2TX CSE-TX
3625MHz
1 57 Limnit
-20- Portl [~
25 Pat2 |
30+ .
35—
o |
45
50—
MM«‘M#‘”“WW
= LT —
50
-85, | \ . | . ' . . . ) ' ' l 1} I : ' ()
WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
w0 £ 3536 WM RMs 3536 a8 200 9.8 1
0w o 1536 ISSG M0k 60k RMS  ISMSG 979 800 n® 1 BPIM
w0 36056 364G 0k 600k RMS 361356 3l 1600 251 1 BPIM
0w o 364G 3EISG M0k G0k RMS 36156 3646 1600 24 1
w0 36356 36%G 20k 60k RMS 36350016 3749 1600 24 1
w0 366G MG N0k G0k RMS 363G ;3 -16M an 1 BPIM
w0 6056 3026 W0k G0k RMS 364G 4006 B0 26 1 BRIM
w0 3726 3 MM RMSITG w7 957 1
W o 6 76 WM M RMS  HIG 4546 4200 246 1
w0 Y 353 MM RMS 356 B -l wm 2
100 0 3536 3505G. 200k 600k RMS 350456 3896 800 10.86 2 BPIM
00 16056 364G M0k G0k RMS 3536 3534 1600 931 2 B IM
0w o 164G IBISG M0k 60k RMS  ISMG9G 3589 1600 989 2
w o 36356 36%G 20k 60k RMS 335G 912 16500 as 2
w0 166 G560k 60k RMS  35M5G 9785 1600 a8 2 BPIM
w o 6656 3026 W0k G0k RMS 364556 4100 B3 BN 2 BPIM
0w o 3726 3 M M RS ITG 5241 4300 941 2
w o % 776 WM M RMS %66 4506 4300 206 z
Band 48_LTE_20MHz_(64QAM)_2TX CSE-TX
3690MHz
15 BEEE - Limit
X -20- Portl |
25 -25-| Pat2 |
-0 -30- -
as 35
40 40~ |
45 45— "
50 -50- ] Ty g AN
55 ~55-
60
B " v L) -85, | . ' | . ' . | . . ' ' | . \ ' | Vs
384G 367G 376 3G WM 26 46 66 86 106 136 G 166 16 206 26 4G M6 M6 NG 326 M6 36
RE  RBStat F-SteniHz) | F-Stop(Ha) | REW(H:) VEW(H:) Detector freqir) LeveldBm) Limit(dBm) Margn(dB) Pet  Remark
w0 £ 3536 MM RMS 3ABG 596 200 0% 1
0w o 1536 1876 W0k 600k RMS  JGESG 413 800 153 1 BPIM
w0 676 369G M0k 60k RMS 357856 3748 1600 218 1 BPIM
w0 66 3686 W0k G0k RMS 368G 306 160 B3 1
0w o 376 IMIG M0k 60k RMS 3700026 3596 1600 19% 1
w0 06 376 W0k G0k RMS  370ISG 3310 1600 710 1 BRIM
w0 3716 1726 W0k 600k RMS | 37W0SG Bl 800 04 1 BPIM
w0 3726 6 WM M RMs 36 4200 433 1
w0 % 776 MM RMS%AIG M7 176 1
w0 £ 3536 WM M RMS A5G 02 200 o 2
0w o 5% 18576 W0k 600k RMS  JGESG 40T 800 126 2 BPIM
100 o 3616 315679G 200k 600k RMS 31567856 3717 1600 217 2 BPIM
0w o 16 1686 W0k 600k RMS | JGT99NIG -T7AD 1600 a4 2
w o 76 MG 20k 0k RMS 37000006 3125 16500 axs 2
w0 ERTTEY T W0k GO0k RMS IISG 3643 1600 01 2 BPIM
w o a6 1126 W0k G0k RMS 37056 a4 B3 un 2 BPIM
w0 3726 15 M M RMS TG 4653 4300 153 2
w0 [ 7% MM RMS BG4S B 258 Z
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3.4 Emission Bandwidth

3.4.1 Test Procedures

1. Set resolution bandwidth (RBW) = 100 kHz, Video bandwidth = 300 kHz for CB: 10MHz.
Set resolution bandwidth (RBW) = 200 kHz, Video bandwidth = 1 MHz for CB: 20MHz.

Detector = Peak, Trace mode = max hold.
3.  Sweep = auto couple, Allow the trace to stabilize.

Measure the maximum width of the emission that is constrained by the frequencies associated with the
two outermost amplitude points (upper and lower) that are attenuated by 26dB relative to the maximum
level measured in the fundamental emission.

5. Measure the occupied bandwidth.

3.4.2 Test Setup

an | ==
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3.4.3 Test Result of Occupied Bandwidth

Summary

Mode Max-N dB Max-OBW ITU-Code Min-N dB Min-OBW

(Hz) (Hz) (Hz) (Hz)
Band 48 - -

Band 9.763M 8.951M 8MI5G7D 9.65M 8.929M
48 LTE_10MHz Nss1,(QPSK) 2TX : : : :

Band 9.713M 8.974M 8MO7TW7D 9.575M 8.945M
48 LTE_10MHz Nss1,(16QAM)_2TX ' : : :

Band 9.813M 8.973M SMI7DIW 9.65M 8.944M
48 LTE 10MHz Nss1,(640AM)_2TX : : : :

Band 19.375M 17.888M 17M9GTD 19.1M 17.837M
48 LTE 20MHz Nss1,(QPSK) 2TX : : : :

Band 19.35M 17.884M 17MIW7D 18.9M 17.855M
48 LTE_20MHz Nss1,(16QAM)_2TX : : : :

Band 19.5M 17.911M 17MIDIW 18.975M 17.864M

48_LTE_20MHz_Nss1,(64QAM)_2TX

Max-N dB = Maximum26dB downbandwidth; Max-OBW = Maximum99% occupied bandwidth;
Min-N dB = Minimum26dB downbandwidth; Min-OBW = Minimum99% occupied bandwidth;
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Mode Result RB RB Start Limit P1-NdB | P1-OBW | P2-NdB | P2-OBW
(Hz) (Hz) (Hz) (Hz)
LTE_10MHz_Nss1,(QPSK)_2TX - - -
3555MHz Pass 50 M Inf 9.713M 8.929M 9.688M 8.944M
3625MHz Pass 50 M Inf 9.763M 8.951M 9.688M 8.949M
3695MHz Pass 50 M Inf 9.763M 8.95M 9.65M 8.948M
LTE_10MHz_Nss1,(16QAM)_2TX - - -
3555MHz Pass 50 M Inf 9.663M 8.945M 9.575M 8.95M
3625MHz Pass 50 M Inf 9.65M 8.965M 9.65M 8.955M
3695MHz Pass 50 M Inf 9.7M 8.968M 9.713M 8.974M
LTE_10MHz_Nss1,(64QAM)_2TX - - -
3555MHz Pass 50 M Inf 9.763M 8.944M 9.813M 8.962M
3625MHz Pass 50 M Inf 9.738M 8.961M 9.775M 8.956M
3695MHz Pass 50 M Inf 9.675M 8.973M 9.65M 8.947TM
LTE_20MHz_Nss1,(QPSK)_2TX - - -
3560MHz Pass 100 M Inf 19.175M | 17.879M | 19.375M | 17.857M
3625MHz Pass 100 M Inf 19.175M | 17.874M 19.1M 17.837TM
3690MHz Pass 100 M Inf 19.15M 17.878M 19.3M 17.888M
LTE_20MHz_Nss1,(16QAM)_2TX - - -
3560MHz Pass 100 M Inf 18.9M 17.884M | 19.175M | 17.859M
3625MHz Pass 100 M Inf 18.925M 17.86M 19.35M 17.855M
3690MHz Pass 100 M Inf 18.9M 17.879M | 19.025M | 17.858M
LTE_20MHz_Nss1,(64QAM)_2TX - - -
3560MHz Pass 100 M Inf 19.325M | 17.864M 19.5M 17.891M
3625MHz Pass 100 M Inf 19.275M | 17.871M | 19.325M | 17.911M
3690MHz Pass 100 M Inf 19.3M 17.868M | 18.975M | 17.888M

Port X-N dB = Port X26dB down bandwidth;

Port X-OBW = Port X99% occupied bandwidth;
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Band 48_LTE_10MHz_(QPSK)_2TX EBW
3555MHz
Ch Fre = :
3‘555;Hz 10+ W, EA R
Span 54
25MHz 04
RBW -5
100kHz -10-|
VBW 15
300kHz -20-|
Sweep Time -25-]
24ms 30—
Detector Type .35
Peak 40—

‘ Vs . . . . ‘ . . . .
Portl W 35425G 3545G 3.5475G 355G 3.5525G 3.5575G 356G 35625G 35656 3.5675G
Port2 [~ | ¢ .

i RB RB Start 26dB(Hz) FI-26dB(Hz) Fh-26dB(Hz) OBW({Hz) FI-OBW(Hz) Fh-OBW{Hz) Limit{Hz)  Port
50 M 9.7153M 3.55015G 3.550534G  3.559462G  Inf 1
50 M 9.688M 3.5501136 3.55053G 3.559474G  Inf 2

Band 48_LTE_10MHz_(QPSK)_2TX

EBW

3625MHz
[cn Freq [ BN B
feson || - it Wi
Span 5
25MHz 07
RBW 54
100kHz 10
VBW 15
300kHz -20-
Sweep Time -25-
24ms -30-
Detector Type .35
c S| a5 I I I I I I I I |
Port1 W 36125G 36156 36175G 362G 362256 36275G 363G 36325G 36356 3.6375G
Port2 [~ | ¢ S
. RB RB Start 26dB(Hz) Fl-26dB(Hz) Fh-26dB(Hz) OBW(Hz) FI-OBW(Hz) | Fh-OBW(Hz) Limit(Hz)  Port
50 M 9.763M 3.62015G 3620521G 3.629473G  Inf 1
50 M 9.688M 3.620113G 3.620528G  3.629477G  Inf 2

Band 48_LTE_10MHz_(QPSK)_2TX EBW
3695MHz
[ Ch Freq [
3695GHz 419
Span 54
25MHz 04
RBW -5
100kHz -10+
VBW -154
300kHz -20
Sweep Time -25-]
24ms -30-]
Detector Type .35
Peak 40
: w -457I ] 1 1 1 I ] 1 ] 1
Port1 W 36825G 3685G 3.6875G 369G 3.6925G 36975G 376 37025G 3705G 3.7075G
Port2 [~ | ¢ -
" | RE RB Start 26dB(Hz) Fl-26dB(Hz) Fh-26dB{Hz) OBW(Hz) FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz)  Port
50 M 9.763M 3.69015G 3.69053G 3.69948G Inf 1
50 M 9.65M 3.6902G 36905336 3.699481G  Inf 2
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Band 48_LTE_10MHz_(16QAM)_2TX

EBW

3555MHz
[ Ch Freq B
3.5556GHz 4
Span 54
25MHz 04
RBW -3
100kHz -10
VBW -154
300kHz -20
Sweep Time -25-]
24ms 30—
Detector Type .35
Peak A0 R ol

: Y| s , , , , ‘ ‘ , , , ,
Portl W 35425G 3545G 3.5475G 355G 3.5525G 3.555G 3.5575G 356G 35625G 35656 3.5675G
Port2 [~ | ¢ <

" | RB RB Start 26dB(Hz) FI-26dB(Hz) Fh-26dB{Hz) OBW(Hz)  FI-OBW{Hz) Fh-OBW(Hz) LimitHz)  Port
50 M 9.663M 3.550138G | 3.5598G £.945M 3.550531G | 3.559476G  Inf 1
50 M 9.575M 3.550238G | 35508136 8.95M 3.550528G | 3.550478G  Inf 2
Band 48_LTE_10MHz_(16QAM)_2TX EBW
3625MHz

[ Ch Freq [

3625GHz
Span

25MHz

RBW

100kHz

VBW

300kHz
Sweep Time
24ms
Detector Type
Peak "

; | a5 I I I I ‘ ‘ I I I :
Port1 W 36125G 36156 36175G 362G 3.6225G 3625G 36215G 363G 36325G 3635G 3.6375G
Port2 [~ | ¢ S

" | RB RB Start 26dB(Hz) FI-26dB(Hz) Fh-26dB{Hz) OBW(Hz)  FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz)  Port
50 M 9.65M 36202256 | 3629875G | 8.965M 3620514G | 3.629479G  Inf 1
50 M 9.65M 3.6202G 3629856 8.955M 3.620528G  3.629483G  Inf 2
Band 48_LTE_10MHz_(16QAM)_2TX EBW
3695MHz
[ Ch Freq [
3695GHz 419
Span 54
25MHz 04
RBW -5
100kHz -10+
VBW -154
300kHz -20
Sweep Time -25-]
24ms -30-]
Detector Type .35
Peak 40—

: | s I I I I ‘ ‘ I I I .
Port1 W 36825G 3685G 3.6875G 369G 3.6925G 3.695G 36975G 376 37025G 3705G 3.7075G
Port2 [~ | ¢ -

" | RE RB Start 26dB(Hz) Fl-26dB(Hz) Fh-26dB(Hz) OBW(Hz)  FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz) Pert
50 M 9.7M 36901385  3699833G | 8.068M 36905275 | 3.699495G  Inf 1
50 M 9.713M 3.690163G | 3699875G | 8.974M 3.690518G  3.699492G  Inf 2
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Band 48_LTE_10MHz_(64QAM)_2TX

EBW

3555MHz
[ Ch Freq B
3.5556GHz 4
Span 54
25MHz 04
RBW -5
100kHz -10-|
VBW 15
300kHz -20-|
Sweep Time -25-]
24ms 30—
Detector Type .35
Peak 40—

: Y| s , , , , ‘ ‘ , , , ,
Portl W 35425G 3545G 3.5475G 355G 3.5525G 3.555G 3.5575G 356G 35625G 35656 3.5675G
Port2 [~ | ¢ .

“| [re RBStart | 26dB(Hz) | FI-26dB{Hz) Fh-26dB(Hz] OBW(Hz) | FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz) | Port
50 M 9.763M 3.550113G  3.559875G  &.944M 3.550532G  3.559475G  Inf 1
50 M 9.313M 3.550138G  3.55995G 8.962M 3.550515G  3.559476G  Inf 2

Band 48_LTE_10MHz_(64QAM)_2TX

EBW

3625MHz
[ Ch Freq [
3625GHz 5
Span 5
25MHz 04
RBW 54
100kHz -10+
VBW -154
300kHz -20
Sweep Time -25-
24ms -30-
Detector Type .35
Peak 40—

; Y| a5 I I I I ‘ ‘ I I I ,
Port1 W 36125G 36156 36175G 362G 3.6225G 3625G 36215G 363G 36325G 3635G 3.6375G
Port2 [~ | ¢ S

" | RB RB Start 26dB(Hz) FI-26dB(Hz) Fh-26dB{Hz) OBW(Hz)  FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz)  Port
50 M 9.738M 36201256 | 3629863G | 8.961M 3620516G | 3.629477G  Inf 1
50 M 9.775M 3.620088G | 3629863G  8.956M 3.620521G  3.629478G  Inf 2
Band 48_LTE_10MHz_(64QAM)_2TX EBW
3695MHz

( Ch Freq [ OBY-h
3.695GHz

Span

25MHz

RBW

100kHz

VBW

300kHz

Sweep Time

24ms

Detector Type

Peak ’

: | a5 I I I I ‘ ‘ I I I .
Port1 W 36825G 3685G 3.6875G 369G 3.6925G 3.695G 36975G 376 37025G 3705G 3.7075G
Port2 [~ | ¢ -

" | RE RB Start 26dB(Hz) Fl-26dB(Hz) Fh-26dB(Hz) OBW(Hz)  FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz) Pert
50 M 9.675M 3690156  3.699825G | 8.973M 3.690522G | 3.699495G  Inf 1
50 M 9.65M 3.690163G  3699813G  8.94TM 3.69053G 3.699477G  Inf 2
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Band 48_LTE_20MHz_(QPSK)_2TX
3560MHz

EBW

Ch Freq

3.566GHz

Span

50MHz

RBW

200kHz

VBW

1MHz

Sweep Time

12ms

Detector Type

Peak

2 ' 1 !
Portl | 3535G 354G 35456 3.55G

Port2 [~ | ¢

1
3.555G

| ! ! ! I
3.565G 351G 35756 358G 3.5856

100 M 18.175M 3.55035G
100 M 19.375M 3.55025G

RB RBStart  26dB(Hz)  FI-26dB{Hz)| Fh-26dB{Hz) OBW(Hz)

FI-OBW{Hz) | Fh-OBW{Hz) Limit(Hz) | Port
35510686 3.568947G | Inf 1
35510866 3.568043G | Inf 2

Band 48_LTE_20MHz_(QPSK)_2TX

EBW

3625MHz
[ Ch Freq (R
3625GHz =
Span 10+
50MHz 37
RBW 0-
200kHz -5
VBW -10+
1MHz 154
Sweep Time -20-
1.2ms 254
Detector Type .30
Peak 35
[ Port1 W 3.66 3.6656 3.6‘16 3.6]‘56 3.6‘36 3.6_;'56 3.6‘46 3.6-:!56 3.6‘56
Port2 [~ | ¢ S
" | RB RB Start 26dB(Hz) FI-26dB(Hz) Fh-26dB{Hz) OBW(Hz)  FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz)  Port
100 M 19.175M 3.615325G 36160886 | 3.633961G  Inf 1
100 M 19.1M 3.6153G 3.616083G | 3.633919G  Inf 2

Band 48_LTE_20MHz_(QPSK)_2TX
3690MHz

EBW

Ch Freq

369GHz

Span

S50MHz

RBW

200kHz

VBW

1MHz

Sweep Time
12ms
Detector Type
Peak

Port2 [~/ ¢

: -40- ' ' ' '
Portl |/ 3.665G 367G 3675G 368G 36856

| ! 1
3.695G 371G 3.705G 371G 37156

RE RE Start 26dB(Hz) Fl-26dB(Hz) Fh-26dB{Hz) OBW(Hz)
100 M 13.15M 3.680375G 36995256
100 M 19.3M 3.680425G 36997256

FI-OBW(Hz) | Fh-OBW(Hz) Limit(Hz)  Port
3.68107G 3.698248G  Inf 1
3.681052G  3.60894G Inf 2
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1MHz

Sweep Time

1.2ms

Detector Type
Peak

S| -0
Portl [ 366

Port2 [~ |r

' ' ' '
36056 361G 36156 362G

i
36256

Band 48_LTE_20MHz_(16QAM)_2TX EBW
3560MHz
[ Ch Freqg [ 15 EIEYE-T 1
3.56GHz 10+ i
Span 5] H
50MHz - :
REW = E
200kHz . i
VBW s E
1MHz :
Sweep Time 20 E
1.2ms -25- é
Detector Type -30- E
Peak -35 , E
. S -a0- :
Portl W 3.5;56 3.5:15 3.5‘;56 3.5‘55 3.55‘56 3.5‘66 3.56‘56 3.5‘75 3.5}56 3.5‘85 S.SéBG
Port2 [~ | ¢ .
§ RB RB Start 26dB({Hz) FI-26dB(Hz) Fh-26dB{Hz) OBW(Hz) FI-OBW(Hz) | Fh-OBW{Hz) Limit(Hz)  Port
100 M 18.9M 3.5004G 3.5693G 17.884M 3.551061G  3.568945G  Inf 1
100 M 19.175M 3.550475G  3.568656G 17.853M 3.551049G  3.568908G  Inf 2
Band 48_LTE_20MHz_(16QAM)_2TX EBW
3625MHz
[ Ch Freq [
3625GHz
Span
S50MHz
RBW
200kHz
VBW

i ' ' ' '
3636 3635G 364G 36456 365G

RB RB Start
100 M
100 M

26dB(Hz)
18.925M
19.35M

3.615475G
3.6153G

36344G
3634656

Fl-26dB(Hz) Fh-26dB(Hz) OBW(Hz)

17.86M
17.855M

FI-OBW(Hz) | Fh-OBW(Hz) Limit(Hz)  Port
36160756 3.633935G  Inf 1
3616038G  3.633892G  Inf 2

Band 48_LTE_20MHz_(16QAM)_2TX
3690MHz

EBW

Ch Freq

369GHz

Span

S50MHz

RBW

200kHz

VBW

1MHz

Sweep Time
12ms
Detector Type
Peak

[ ' ' '
3675G 368G 36856

'
367G

S Ty
Portl [/ 36656

|
369G

|
3.695G

376 3.705G 371G
Part2 [~ | S
: RB RB Start 26dBi{Hz) FI-26dB{Hz)  Fh-26dB{Hz) OBW(Hz) FI-OBW(Hz) Fh-OBW({Hz) Limit(Hz) | Port
100 M 18.9M 3.680475G  3.699375G  17.879M 3.681051G  3.69893G Inf 1
100 M 19.025M 3.680525G | 3.69955G 17.858M 3.681056G | 3.698914G Inf 2
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Band 48_LTE_20MHz_(64QAM)_2TX EBW
3560MHz
[ Ch Freq 1M
[3s66Hz | 10+
RBW 54
VBW

1MHz 157

Sweep Time

12ms -254

Detector Type -30-
Peak -35-
v 40 ' | ' | | | ' ' ' '
Portl | 3535G 354G 3545G 355G 3.555G 3.56G 3.565G 351G 3.575G 358G 35856
Pot2 [/ | Y
" | RB RB Start 26dB(Hz) Fl-26dB(Hz) Fh-26dB{Hz) OBW(Hz) FI-OBW(Hz) Fh-OBW(Hz) Limit(Hz)  Port
100 M 19.325M 3.550225G | 3.56955G 17.864M 3.551063G | 3.568927G  Inf 1
100 M 19.5M 3.550275G | 3.569775G | 17.391M 3.551067G | 3.568959G  Inf 2
Band 48_LTE_20MHz_(64QAM)_2TX EBW
3625MHz
Ch Freq
3625GHz
Span
50MHz
RBW
200kHz
VBW

1MHz

Sweep Time

1.2ms

Detector Type

Peak

B 1 1 1 : 1 I I 1 1 1 1
Portl [~/ 366 36056 3616 36156 3626 36256 3636 36356 3646 36456 3656
Port2 [ ¢ Y
“| [rs RBStat | 26dB(Hz | FI-26dB(Hz) | Fh-26dB(Hz) OBW(Hz) | FI-OBW(Hz) | Fh-OBW(Hz) Limit(Hz) | Port

100 M 18.275M 3.6153G 36345756 17.87TIM 3616057G  3.633928G  Inf 1
100 M 19.325M 3.615375G 363476 17911 3.616015G  3.633926G  Inf 2

Band 48_LTE_20MHz_(64QAM)_2TX EBW
3690MHz

Ch Freq

369GHz

Span

S50MHz

RBW

200kHz

VBW

1MHz

Sweep Time
12ms
Detector Type
Peak

Portl [~ Teiss a6 aese e e ase sse  aje s s 376
Port2 [~ | ¢ -
‘| 78 RBStat | 26dB(Hz | FI-26dB(Hz) Fh-26dB(Hz) OBW(Hz) | FI-OBW(Hz) | Fh-OBW(Hz) LimittHz) | Port
100 M 103M 36801256 | 36994256 | 1786BM 3681066 | 3.698928G  Inf 1
100 M 18075M 3680456 36994256  17883M 3681066 3608948G  Inf 2
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3.5 Peak to Average Ratio

3.5.1 Limit of Peak to Average Ratio

Peak-to-average ratio (PAR) of the transmission may not exceed 13 dB

3.5.2 Test Procedures

1. Enable CCDF function of spectrum analyzer and set RBW=10MHz.

2. Set the number of counts to a value that stabilizes the measured CCDF curve.

3. Record the maximum PAPR level associated with a probability of 0.1%.

3.5.3 Test Setup

an =
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3.5.4 Test Result of Peak to Average Ratio

Channel 0 imi
Baagl\_/'vzi;jth Modulation Fre(&“Hez';cy Antenna ((){113/)0 L((Ijrgl)t
CB:10MHz QPSK 3555.0 Eg:: ; 2;2;‘ 13
CB:10MHz QPSK 3625.0 Eg:: ; 2:2; 13
CB:10MHz QPSK 3695.0 Eg:ﬁ ; 2;;‘; iﬁ
CB:10MHz 16QAM 3555.0 Eg:ﬁ ; 2;;2 iﬁ
CB:10MHz 16QAM 3625.0 Eg:: ; 2;;2 iﬁ
CB:10MHz 16QAM 3695.0 ﬁg:: ; 232(1, iﬁ
CB:10MHz 64QAM 3555.0 ﬁgﬁ ; 2321 13
CB:10MHz 64QAM 3625.0 igﬁ ; g:g;‘ S
CB:10MHz 64QAM 3695.0 ﬁgﬁ ; g:ﬁ 13

Worst plot

s Keysight Spectrum Analyzer - Power Stat CCDF

| SENSE:INT|

[ 04:58:39 PMNov 15,2018

7
[
Ce Center Freq: 3.555000000 GHz
ww Trig: Free Run
#FGain:Low #Atten: 30 dB

Average Power 100 o5 Saussian

19.32 dBm
36.28 % at 0dB \

10.0 % 3.63 dB
1.0% 6.79 dB
0.1% 8.78 dB
0.01% 10.12dB
0.001% 11.17dB
0.0001 % 11.56 dB

Peak 11.57 dB
30.89 dBm

0.0001 % 0dB

Info BW 20.000 MHz

Counts:10.0 M/10.0 Mpt

(o[ & s

Frequency

Center Freq
3555000000 GHz

CF Step

20.000000 MHz

IMSG STATUS

Man
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Channel 9 imi
Ba(n |\2l\_/|vzl;jth Modulation Fr?&lf_g; & An;grrltna (()613/)() Izzjrgl)t
CB:20MHz QPSK 3560.0 Eg:: ; 2:22 13
CB:20MHz QPSK 3625.0 Eg:: ; 2:2; 13
CB:20MHz QPSK 3690.0 EEE ; 2:2? ig
CB:20MHz 16QAM 3560.0 Eg:: ; §j§§ iﬁ
CB:20MHz 16QAM 3625.0 Eg:: ; 2;32 iﬁ
CB:20MHz 16QAM 3690.0 Eg:: ; 2;28 iﬁ
CB:20MHz 64QAM 3560.0 ﬁg:: ; g:i; 13
CB:20MHz 64QAM 3625.0 igﬁ ; §j§§ S
CB:20MHz 64QAM 3690.0 ﬁgﬁ ; géé 13

Worst plot

s Keysight Spectrum Analyzer - Power Stat CCDF

| SENSE:INT]

[05:41:45 PMNov 12,2018

7
[
Ce Center Freq: 3.560000000 GHz

5 Trig: Free Run

L )
AFGain:Low | #Atten: 30 dB

Average Power Gaussian

100 %
22.66 dBm
36.41 % at 0dB

3.63dB

10.0 %
1.0% 6.74 dB
0.1% 8.55dB

0.01 % 9.85dB
0.001 % 10.86 dB
0.0001 % 11.54 dB
Peak 12.12dB

34.78 dBm

0.0001 % 0dB

Info BW 20.000 MHz

Counts:9.00 M/10.0 Mpt

Frequency

Center Freq

35660000000 GHz

STATUS
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3.6

Frequency Stability

3.6.1 Limit of Frequency Stability

The frequency stability shall be sufficient to ensure that the fundamental emissions stay within the
authorized bands of operation

3.6.2 Test Procedures

1.

2
3.
4

EUT was placed at temperature chamber and connected to an external power supply.

Temperature and voltage condition shall be tested to confirm frequency stability.

Temperature range is from -40 ~ 50 °C and voltage range is from lowest to highest working voltage.
Tem Link up EUT and simulator. Confirm frequency drift value of simulator and record it.

3.6.3 Test Setup

Temperature & Humidity
Chamber

EUT

Report No.: FG802201 Page : 41 of 45
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3.6.4 Test Result of Frequency Stability

Channel Bandwidth: 10MHz

Frequency: 3625 MHz Frequency Drift (ppm)
Temperature (°C) Frequency Error (ppm) Limit (ppm)

T20°CVmax -0.3 25
T20°CVmin -04 2.5
T50°CVnom -0.6 2.5
T40°CVnom -0.6 2.5
T30°CVnom -0.6 2.5
T20°CVnom -04 2.5
T10°CVnom -0.3 2.5
TO°CVnom -0.1 2.5
T-10°CVnom 0.2 2.5
T-20°CVnom 0.2 2.5
T-30°CVnom 0.3 2.5
T-40°CVnom 0.5 2.5

Vnom [V]: 110 Vmax [V]: 126.5 Vmin [V]: 93.5

Tnom ['C]: 20 Tmax ['C]: 50 Tmin ['C]: -40

Channel Bandwidth: 20MHz

Frequency: 3625 MHz Frequency Drift (ppm)
Temperature (°C) Frequency Error (ppm) Limit (ppm)

T20°CVmax -0.3 2.5
T20°CVmin -0.4 2.5
T50°CVnom -0.6 2.5
T40°CVnom -0.6 2.5
T30°CVnom -0.6 2.5
T20°CVnom -0.4 2.5
T10°CVnom -0.3 2.5
TO°CVnom -0.1 2.5
T-10°CVnom 0.2 2.5
T-20°CVnom 0.2 2.5
T-30°CVnom 0.3 2.5
T-40°CVnom 0.5 2.5

Vnom [V]: 110 Vmax [V]: 126.5 Vmin [V]: 93.5

Tnom ['C]: 20 Tmax ['C]: 50 Tmin ['C]: -40
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3.7 Reception Limits

3.7.1 Description of Reception Limits

Priority Access Licensees must accept adjacent channel and in-band blocking interference (emissions from
other authorized Priority Access or GAA CBSDs transmitting between 3550 and 3700 MHz) up to a power
spectral density level not to exceed —40dBm in any direction with greater than 99% probability when
integrated over a 10 megahertz reference bandwidth.

3.7.2 Test Procedures

1. Generate the wanted signal and adjust the input level to specified power level.
2. Select low, middle and high channels for each modulation.

3. For adjacent channel interference, set up the interfering signals at the adjacent channel frequency and
adjust the interfering signal level to -40dBm at receiver antenna ports.

4. Forin-band blocking interference, set up the interfering signal in the frequency range from 3550MHz to
3700MHz and adjust the interfering signal level to -40dBm at receiver antenna ports.

5. Measure and check the throughput of the EUT greater than 99% probability.

3.7.3 Test Setup

MXG
"Signal Generator | (
for the wanted BS Under
signal RX Test
ps -
HYBRID ——+— RX1
VSG b
ZSignaI Generator

for the interfering | RX1
signal ) \ J
e — —

[ TERMINATION

S
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3.7.4 Test Result of Reception Limits
Port 1 Port 1 Port 2 Port 2
Interference| wanted | Adjacent Reliss wanted | Adjacent RO 2
i In-Band - In-Band _—
Power signal | Channel . signal [ Channel . Limit
Mode .. | blocking .| blocking
Level power |selectivity Thouahpul POWer selectivity Thouahpu (%)
(dBm) Level |Thoughput (o/g)l PU Level [Thoughput (0/'-;] P
(dBm) | (%) ° (dBm) | (%) °
CB:lOMHZ’35§5MHZ -40 -87.5 100 100 -87.5 100 100 99
RB offset=0
CB:10MHz,3555MHz
RB offset=25 -40 -87.5 100 100 -87.5 100 100 99
CB:10MHz,3625MHz
RB offset=0 -40 -87.5 100 100 -87.5 100 100 99
CB:10MHz,3625MHz
RB offset=25 -40 -87.5 100 100 -87.5 100 100 99
CB:10MHz,3695MHz
RB offset=0 -40 -87.5 100 100 -87.5 100 100 99
CB:10MHz,3695MHz
RB offset=25 -40 -87.5 100 100 -87.5 100 100 99
Port 1 Port 1 Port 2 Port 2
Interference| wanted | Adjacent s & wanted | Adjacent Ol 2
; In-Band - In-Band .
Mode Power signal Chan_ngl blocking signal Channgl blocking Limit
Level power |selectivity Thouahpul POWer selectivity Thouahpu (%)
(dBm) Level [Thoughput (o/g); P Level |Thoughput (O/Q)J P
(@Bm) | (%) ) (@Bm) | (%) ’
CB:ZOMHZ'%?OMHZ -40 -84.5 100 100 -84.5 100 100 99
RB offset=0
CB:20MHz,3560MHz
RB offset=25 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3560MHz
RB offset=50 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3560MHz
RB offset=75 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3625MHz
RB offset=0 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3625MHz
RB offset=25 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3625MHz
RB offset=50 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3625MHz
RB offset=75 -40 -84.5 100 100 -84.5 100 100 99
CB:ZOMHZ’SG?OMHZ -40 -84.5 100 100 -84.5 100 100 99
RB offset=0
CB:20MHz,3690MHz
RB offset=25 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3690MHz
RB offset=50 -40 -84.5 100 100 -84.5 100 100 99
CB:20MHz,3690MHz
RB offset=75 -40 -84.5 100 100 -84.5 100 100 99
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4 Test laboratory information

Established in 2012, ICC provides foremost EMC & RF Testing and advisory consultation services by our
skilled engineers and technicians. Our services employ a wide variety of advanced edge test equipment and
one of the widest certification extents in the business.

International Certification Corp (EMC and Wireless Communication Laboratory), it is our definitive objective is
to institute long term, trust-based associations with our clients. The expectation we set up with our clients is
based on outstanding service, practical expertise and devotion to a certified value structure. Our passion is to
grant our clients with best EMC / RF services by oriented knowledgeable and accommodating staff.

Our Test sites are located at Linkou District and Kwei Shan District. Location map can be found on our
website http://www.icertifi.com.tw.

Linkou Kwei Shan Kwei Shan Site Il

Tel: 886-2-2601-1640 Tel: 886-3-271-8666 Tel: 886-3-271-8640

No. 30-2, Ding Fwu Tsuen, Lin No. 3-1, Lane 6, Wen San 3rd St.,  No. 14-1, Lane 19, Wen San 3rd
Kou District, New Taipei City, Kwei Shan District, Tao Yuan City  St., Kwei Shan District, Tao Yuan
Taiwan, R.O.C. 333, Taiwan, R.O.C. City 333, Taiwan, R.O.C..

If you have any suggestion, please feel free to contact us as below information
Tel: 886-3-271-8666

Fax: 886-3-318-0155
Email: ICC_Service@icertifi.com.tw
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What is 5G?
https://www.cnbc.com/1b9cbdle-9d58-4f78-a5bf-12a65e85472f

Synch and Balance https://www.cnbc.com/8921e745-5f81-44e8-bb60-
641241f75e5e

Korea

1. K1. 5G Live VR entertainment technology demonstration (Korea, 2019 Jan ...
2. 5G live in Korea
https://www.ericsson.com/en/networks/cases/5g-live-in-korea

USA
1. U.S. establishes $20.4 billion fund to bring 5G to rural America

https://www.usatoday.com/story/tech/2019/04/12/what-5-g-trump-makes-push-
answers-your-questions/3445554002/

2. 5G Phones: Every Known Phone and Release Date
https://www.tomsguide.com/us/5g-phones-list,news-29292.html
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Source: Alam 2018
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3GPP #ARzFHPRE

3GPP Frequency Range 1 (450MHz-6 GHz): New operating bands are at 3.3-4.2 GHz, 4.4-5 GHz

Sub 1GHz § 1-6 GHz
450 MHz 1GHz 6 GHz 7.425 GHz
600 1.3-1.35 2.5GHz 3.1-3.55 |3.7-4.2 GHz 4.9 GHz 6 GHz
MHz MHz l (EBS) GHz l (C Band) (Public Safety) l
1.675-1.68 MHz 3.5 GHz (CBRS) 5.9 GHz (DSRC)

EBS: Educational Broadband Service CBRS: Citizens BroadbandRadio Service DSRC:Dedicated Short-Range Communications (DSRC)Vehicle-to-Vehicle

M (To be) Auctioned [l Shared M (To be) Unlicensed [JUnder Study M Core Satellite

3GPP Frequency Range 2 (24-86 GHz): New operating bands are at 24.25-27.5, 26.5-29.5 GHz, 37-40 GHz

24 86 95
GHz l FCC Sictrum Frontiers Proceedings (24-86 GHz) Gz GHz
24 28 32 Lower | 39 42 47 50 64-71  71-76 81-86 Above
GHz GHz GHz 37 GHz [ GHz | GHz GHz| GHz GHz GHz GHz 95 GHz
v
26 GHz Upper 37 GHz ~ 40-42 GHz = 48.2-50.2 GHz FCC Spectrum Horizons Proceedings

Source: Michael Kratsios , “Emerging technologies and their expected impact on non-federal spectrum demand,” May
2019. 23

# IF 56/ ) o7 i@ 4R 3 45 B

* eMBB&* « URLLCAR;*

Table 6. Spectrum Ranges for 5G eMBB Applications Table 7. Spectrum Ranges for 5G URLLC Applications
Application Type Suitable Spectral Range Application Type Suitable Spectral Range

Ultra-high data rates >24 GHz Short range >24 GHz
High data rates 3-6GHz Medium-long range <6 GHz
High mobility All ranges Ground or obstacle penetration <1.5GHz
Ultra-low latency 3-6 GHz, >24 GHz Source: Adapted from (5G Americas 2017b)
Low latency 3-6GHz
Ultra-high reliability links <6 GHz

Source: Adapted from (5G Americas 2017h)

° HIMTCI,% » Table 8. Spectrum Ranges for 56 mMTC Applications
Application Type Suitable Spectral Range
Cluttered environments Allranges
Operation near fast-moving obstacles Mostly <6GHz
Mesh networking >24 GHz

Source: Adapted from (5G Americas 2017h)
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. Prioritize licensed spectrum for 5G, especially mid-band spectrum (and
do not favor unlicensed spectrum too heavily);

d Give more priority to unlicensed spectrum;

. Prioritize sharing;

. Facilitate sharing via data and automation;

. Share, but test first to protect incumbents;

. Perform compatibility studies to protect incumbents;

. Support flexible use;

. Recognize the special needs of public safety and critical infrastructure;

. Balance the needs of all industries (e.g., aerospace, satellite,
stratospheric based communications, broadcasters);

. Consider licensing of small geographic areas;

. Increase commercial access to Federal spectrum;

. Enable bi-directional sharing (Federal use of commercial spectrum).

SAAFELAPR?

25

WiFi i34 3R B TR R

— IMT-202( — 802.11 IMT-Advanced

50% CAGR
2017-2022

M Cellular Traffic from Mobile Devices
160 | mOffload Traffic from Mobile Devices

Exabytes
per Month 80

60

40

g1
;-

2017 2018 2019 2020 2021 2022

Source: Cisco 2019a

oA i S R | Figure 18. Global Mobile Data Traffic Offload to Wi-Fi
Figure 17. Wi-Fi (802.11) Capabilities vs. IMT-Advanced and IMT-2020

Source: Michael Kratsios , “Emerging technologies and their expected impact on non-federal spectrum demand,” May
2019.
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PWV\"V"‘((P‘(’S‘IP’W\.N(W( rier (PCC), RAC connection and data
v Serving Cell(35¢ ot
Source: Wannstrom 2013

Licensed
Cellular
Bands

Rvsavy Research
Source: Rysavy Research 2017

Source: Michael Kratsios , “Emerging technologies and their expected impact on non-federal spectrum demand,” May 2019.
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% B b i 7 SASE # R £ (MHz) :
SAS#: i FR.3¢3. 5GHz
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e .

502 - 608 [3550-3700(4940-4990(5250-5725|5850-5925( 37000 -
38600

TV WHITE CBRS 4.9 GHZ U-NII 2 U-NII 4 37 GHZ
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81000 -
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CBRS 42

* Note: Because the FCC has not yet scheduled the Priority Access License
(PAL) auction, all CBRS operations will be in the General Authorized
Access (GAA)  (winn Forum 07/17/2019)

2017 2018 2019
[ 1o ] 20 | 30 | 4a |
B42 Trial Devices ]

Device [E%E Trial Devices (QC X16 & GG
=z Commer-ial Quality Devices (QC X20 & GCT)
. B48 Capable smartphone

Ecosystem

CTIA & TMO Petitions & Comments

NPRM — PAL Petitions
3rd Report & Order

PAL Petitions PAL Auction

Device F ertification
CBSDF ertification
SAS FCC Certification
ESC FCC Certification & Launch | gan Operation

PAL Operation

3.5 GHz CBRS Update | Commercial in confidence | © Ericsson AB 2017 | 2017-08-25 | Page 9 presentedby | Todd Gore

31

Ofcom = B X FRAMFE

Table 1: Summary assessment of potential new services by band

1800 MHz shared 2300 MHz shared

Uses 3.8-4.2 GHz

spectrum spectrum
Private network v ¥ (narrowband) v
Mobile coverage (rural) X v certain locations

Mobile coverage

(indoor)

Fixed Wireless Access v x %

Source: Ofcom, Enabling opportunities for innovation
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Ofcom CFI of 3.8 GHz to 4.2 GHz

> %- BR* "THEFL 34=% (Spectrum Sharing
Framework) 73 £ |
> BEFEFH LT

> ARG FHURBE FATFLIRFR T M S
# & 71 E (Interactive data online interactive tool)

> FF BT F LFE PRI Ofcom® & B
(FCFS)

> LARZRTEFRT R
- ATEAZ R T PHE A
- HF R FETAIRTE T
P TS T2
> geographic licenses

> regulatory tools muliti-tiered
authorization

33

# R0fcom 3. 8GHz-4. 2GHz A AT &

Tier 1 . 4
F AL kiR ¢ loT Statement, Ofcom, 06//2016 ) )
Tier 2 and Tier 3
“
- % # Ti =
> = ﬁi %ﬁ 'ﬁg -f#_ ier 3 :

- Tier 1 / Existing License Classes ’f

- Tier 2 / New Geographic License
Layer (#7¢lier 1 & jper e R
¢ Tier 2 +8%)

- Tier 3 / Opportunistic Access Layer

S

Fiasd Saislita Service
LT

Flasdd Linkn Fired Links.
= T
T R

34



ez 2 7/23 B pGRRHE - B TIE

Ofcom—* T ¥BH = RABA|FT
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Performance requirements

ce

Deployment requirements Business models

A® Indoor nsity of network Choice of
T e spectrum

3@ Localised ; Technology

Data and network security
requirements

Ej' Security om P
o148 L
i

P TEERE .0

Self-deployed

MNO Hybrid private
solution network

Publick D Privatek
networ . networ
& LR Gy

° @

Third party

[+

Third party provider
(deploying private
network)

35

Ofcomi®h: 5~ B ~ R iz
EE

Technology Business model

Mobile
network
technologies

Local area
network

technologies

Low-power
wide area
network
technologies

What it delivers

Spectrum

Public and private
including slicing

High speed and high capacity.

Very high speed and capacity,
E2E security.

Mobile bands and bands currently
under consultation to enable local
shared access (1.8 GHz, 2.3 GHz
and 3.8 — 4.2 GHz).

[hrEETT Public and private

Wide range of off-the-shelf
solutions.

2.4 GHzand 5 GHz

5 GHz licence-exempt bands and
others

Extremely high speed and
capacity, but over a short range

57 — 71 GHz licence-exempt band.

Public network

Public and private

Good coverage with very low
transmission power.

868 MHz licence-exempt band.

Public and private

Good coverage

Mobile bands
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718483 € & (Refarming) i& #2

High bands
24 - 40 GHz

new5G

Mid bands
3.5-6 GHz

Mid bands
1-2.6 GHz

Low Bands
new 4G —— < 1GHz
2017 2018 2019 2020 2021 2022

WS WA W3¢ W26

Source: Adapted from (Ericsson 2018).
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' User \\

A Device /(_)

s
N Device _ //

I/ User -\\I
\____ Device __,/

CBSD£SAS = B (2

CBSDs to SAS

For PALs Only
_PAL/GAA € —>
(BSD1 Proxy/
Network
Manager FCC
CBSD 2 € Z
Databases
(Commercial
(BSD 3 [ Users/Licenses)
- SAS1
(BsD4 2
PAL/GAA A
L 4
ESC
(Federal
SAS2 Incumbent
Use)
GAA/PAL
=S
Manager

[ oo S5
CBSD 4 &

— Register with SAS with Required and Optional Information (See Next Slide)

— Obtain and Follow Operational Parameters/Settings from SAS

— Reports any Configuration/Location Changes or Interference Issues to SAS

— May Report Sensing Information, if Supported, to the SAS

SAS to CBSDs

— Registers and Authorize CBSDs for Operation in the band

— Determines Available Channels at each geolocation

| E—

— Calculates Aggregate signal/interference from CBSDs operating in the band and make
necessary actions/reactions to protect Incumbents/PALs from Interference from other user

41
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Maximum | Maximum

Conducted Operations i
CBSD ONEHEE Conducted CBSD Operations in perationsin

Power
(dBm/10

3650-3700

Categor
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PSD Installations 3550-3650 MHz
(dBm/MHz)

- Indoor Everywhere
Category A 24 30 14 - Outdoor max Qutside DoD
6bm HAAT Protection Zone Everywhere
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(Non-gRu:aI) H 0 H Outdoor onl Outside DoD o D[?D
Professionaly Protection Zone Protection
Cat ] installation ATEITE Bt fore
L 30 17 20 approval

(Rural)
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Exclusion Zones: Why are they needed?

* To manage interference from
CBSDs (PALs/GAAs) to radar

[ 2o

" ((Al)

+ 9 Yorkiown {13}

On-Tuned LTE Interference On-Tuned LTE Interference Newport'News
I/N=-6d o7
ool

3

H N i
amp! t(‘

Latitude

o L@t (el
1skie Jfizabeth City [2

Kill Devil Hil's
3%

A Plymouth {64}, . Nags Head

\ \ o {64

+ 3 — N——

a 765 76 755 5 745 74
On-Tuned LTE Interference On-Tuned LTE Interference Longitude
I/N=-3dB I/N=0dB

Source: NTIA TR 14-507, “EMC Measurements for
Spectrum Sharing Between LTE Signals and Radar 45

Receivers,” July 2014.

Exclusion Zones: How were they computed?

* Computed offline, a priori based on
projected CBSD deployments and ;
potential incumbent scenarios

* Define maximum tolerable interference
of incumbent radar receiver

375

* Model aggregate CBSD interference into
the radar receiver as a function of
location

— _ Norfolfo

“rankin (( }) Chesppeake
* Based on Monte Carlo trials of static sl A O ok
CBSD deployments A&k
* Progressively exclude CBSD deployment
areas until interference threshold is O
reached with a statistical confidence a ws 755

Longitude

Latitude
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Exclusion Zones: How were they computed?

1. Position radar receiver 10 km
offshore

2. Randomly deploy CBSDs and UEs
on land in proportion to
population density

Random variables:

* Location

* Antenna heights

¢ Building attenuation
¢ Clutter loss

Exclusion zone distances (example):
min (blue), mean (yellow), 95t prentl

3. Calculate aggregate interference
(I46¢) at incumbent radar receiver
at each main-beam azimuth angle
a. Exclude CBSDs/UEs inland until

Iyge < Imax
b.  Record exclusion distance per

azimuth

4. Repeat steps 2—3 10,000 times

Source: NTIA TR 15-517, “3.5 GHz Exclusion Zone Analyses and
Methodology,” Mar. 2016.

The 95 percentile distances were used to establish the coastal exclusion zones.
47

ESC and Protection Zones

* 2C.FR.§96.3

“Environmental Sensing Capability (ESC). A system that detects and
communicates the presence of a signal from an Incumbent User to an
SAS to facilitate shared spectrum access”

“Protection zone. A geographic area wherein CBSDs may operate only
with the permission of an approved SAS and ESC.”
e 2C.F.R.§96.15(a)(3)

“...Exclusion Zones shall be maintained and enforced until one or more
ESCs are approved and used by at least one SAS.... Thereafter, Exclusion
Zones shall be converted to Protection Zones.”

J CBSD Operation in 3550 MHz — 3650 MHz
Category
30 dBm/10 Out§|de Exclusion Zgnes pre-I?ISC deployment
Category A MHz Subject to SAS/ESC in Protection Zones post-

ESC deployment

Category B 47 dBm/10 Subject to SAS/ESC in Protection Zones post-

MHz ESC deployment 18
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Protection Zones

* Allow for more dynamic spectral
reuse
— ESC notifies SAS of incumbent
activity
— SAS suspends or reassigns
spectrum grants of CBSDs in
the relevant PZ(s)

* Current proposals to WINNF SSC
— Pre-defined PZs common to all
SASs

— Pre-defined PZs combined with
dynamic management of Cat B
CBSDs by SAS

C(‘(\:{lk‘

* Operational security concern:
maintaining incumbent location

. o ESCsensor
uncertainty

PZ; Protection Zone i
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INCUMBENT PROTECTION

+ CBRS protect incumbents (aggregate interference & protection

threshold).
* Shipborne radars  Grandfathered Wireless Broadband
» Ground-based radars Licensee (GWBL)
(GBR) « Commercial Fixed Satellite Service (FSS)
* Federal Radio Location  * Environmental Sensing Capability (ESC)
(FRL)
* Challenges:

» Multi-SAS operation can cause calculation
ambiguity and protection decision variability.

+ Ubiquitous standardized propagation models
yield efficiency and consistency.

 Protecting PALs and incumbents (FSS, ESC,

GWBL) affected by CBRS devices registered at

various SASs.

federated wirele?s'
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GENERAL PRINCIPLE

*  SAS Database
—  DEM maps.
— LCLU maps.

—  Incumbent
maps.

—  Climate zone
maps.

- Surface
Refractivity
maps

- CBSD
Locations.

* Interference

Computations

*  Sensors
* Channel grant

~
federated wirzless’
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BB AR AL X B R

5\‘ (Source:Pogorel Spectrum5.0: Re-Thinking Spectrum Awards for Optimal 5GDeployment Gérard, HAL Id:hal-
01892202 https://hal.archives-ouvertes.fr/hal-01892202, Submitted on100ct2018)

MONETESING THE
STATE'S INTANGIBLE
ASSETS

DiGITAL
DEVELOPMENT

COMPETITION
ISSUES

INNOVA-
10N

OTHER
OBJECTIVES

|

2001 to 2010

w
Im

Fees fixed ex ante

Room for a 4" entrant
with conditions
favouring its expected
arrival

14 technical and economic
eriteria, indluding : network
quality, service offering and
corresponding price,
rollout speed.

2010
3G

sealed-bid
auction

[
. 1§
MVNO access

criteria

2011 2012
4G

GHz FDD 800 MHz
sealed-bid sealed-bid
auction auction

Coverage:

¥ Nationwide

«  Priority rollout
20ne

¥ Departmental

area

MVNO access
criteria

MVNO access
criteria

T
Minimum data | Minimum data
rate registered | rate registered
in the licences | in the licences

B
w

Multi round auction

Coverage:

¥ Same as 800 MHz

v on-board coverage
of everyday trains

Multi band spectrum
caps

)

Coverage
obligations
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Dr. Yi Hsuan is a wireless specialist in Google with 20 years of experience
in the industry of cellular communications. As a member of Google
Access, he is currently working on system requirements, protocol
standardization, and certification testing in the Wireless Innovation

Forum and the CBRS Alliance to enable US CBRS band spectrum sharing.

Yi was previously a technical manager and a principal engineer in Intel,
leading Intel’s 3GPP RAN4 team to participate the standardization and
product realization for LTE Rel 10, 11, and 12. Prior to 3GPP, he was also
an active contributor and a leader in IEEE 802.16m and WiMAX modem
development in Intel. Before joining Intel, he worked on algorithm
designs and system engineering of high capacity modem chips for UMTS

base stations as well as other wireless products in Lucent Technologies.

Yi grew up in Taiwan and obtained his B.S. degree from National Chiao
Tung University in Taiwan. He received his M.S. and Ph.D. degrees from

the University of Michigan, both in Electrical Engineering.
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Overview and Current Status of the
CBRS Ecosystem

August 20, 2019
Dr. Yi Hsuan

Google Wireless Services
yhsuan@google.com
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Why Spectrum Sharing Google

* To meet explosive demands for wireless bandwidth

— Use more spectrum, but
* Spectrum is scarce resource
* Long process to create and get licensed spectrum
* Unlicensed spectrum lacks tools to handle interference
— Improve spectrum efficiency
* Reuse spectrum (densify infrastructures)
* Improve interference management/mitigation/cancellation techniques

* Spectrum sharing tackles both fronts of the issue with a
different perspective
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Which One |s Better?

User A

User B

User C —g_

User D, E, F, ...
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Key Factors of Successful Spectrum Sharing Go gle

* Rules of sharing
— Regulation

* Government initiatives; rule setting

— Technologies
* Contention based (LBT based technologies)
* Centralized control (TV white space, CBRS)

* Usability of the spectrum

— Frequency and bandwidth

— Availability at interested locations
* Industry support

— Standardization; product development; service deployment
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A Brief History of CBRS Google

* Much of the thinking/action in US has been driven by
President’s Council of Advisors on Science and Technology
(PCAST) Report, July 2012

* PCAST led to FCC Action to Create “Innovation Band” in
Federal Spectrum at 3.55 GHz, used by Naval Radars

* FCC has acted to establish this band and most details i uw;{;,"',",';'_:,;"iil’,"‘\_rru

— FCCReport and Order, April 21, 2015 =
— FCC Second Report and Order, May 2, 2016

* Wireless Innovation Forum formed the Spectrum Sharing

Committee as a standard body for CBRS (~¥80 members) @

* CBRS Alliance was formed to enable ecosystem toward
making LTE-based CBRS solution available (~ 137 members)
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Key Components of CBRS Spectrum Sharing Google

* 3 tiers of users to enable flexible use
1. Incumbents (federal users, FSS earth stations, wireless broadband service)
2. Secondary Protected Access (PAL)
3. General Access (GAA) /no protection (similar to Unlicensed, with registration)
* Manage Spectrum and protect tier 1&2 users through Spectrum Access
System (SAS) database
* Technology neutral
* Protection without exclusivity. Use it or share it.

* Flexible, short-term licenses
* Two categories of basestation (CBSD) under SAS control
— Category A CBSD: 30 dBm/MHz EIRP, indoor, outdoor low height
— Category B CBSD: 47 dBm/MHz EIRP, requiring professional installation 6
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Three-Tier Access in U.S. 3550-3700 MHz Band Go gle

Tier 2 & 3 initial and

ongoing authorization to e — .
transmit must be granted Incumbents -(Tler 1) (protected
Grandfathered from Tiers 2 & 3)
by a Spectrum Access FSS Rx-Only Earth Stations

Svstem [SAS) Wireless Broadband Service
(3650-3700 MHz)

. . Tier 2 (protected
Priority Access License from Tier 3)

Primary
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CBRS Band (TDD) Overview Google

Incumbent Federal Radiolocation
(Occasional activity, primarily in coastal areas)

Incumbent FSS Rx-Only Earth Stations

Priority Access License Incumbent Wireless
(Up to 7 10-MHz channels) Broadband Service

3GPP LTE Band 48
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Federal Incumbent Dynamic Protection Areas

Google
(DPA) in 3550-3650 MHz g
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FCC Protection Criteria Go gle

* Tier 1 protection
— Federal: Dynamic protection areas monitored by environment
sensing capability (ESC) networks
— FSS: less than -129 dBm/MHz co-channel interference and -60
dBm total interference
— Wireless Broadband Services: less than -80 dBm/10MHz
interference in the protection zones
* Tier 2 protection

— Co-channel interference strength in any PAL protection area
(PPA) may not exceed -80 dBm in 10 MHz
10
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WinnForum Spectrum Sharing
Committee

Google

* Develop specifications on CBRS requirements, protocols,
and test cases required to enable the ecosystem

) ) ; e ] WIRELESS
http://www.wirelessinnovation.org/specifications

INNOVATION

* WG1: Operational and Functional Requirements

. . FODR U M
* WG2: Security Requirements Py P———

* WG3: Protocol Specifications
* WG4: Testing and Certification
* WG5: Operation

11
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CBRS Alliance Organization Go gle

* Mission
— Drive technology developments necessary to fulfill the mission, including o
. afsas LLIANC
multi-operator LTE capabilities

— Establish a product certification program for LTE equipment in the US 3.5 Abrs

GHz band ensuring multi-vendor interoperability
* Marketing WG
* Business WG
* Technical WG

— Coexistence TG (GAA coexistence)

— Network Service TG (neutral host)
— Radio TG (Band 48, to be completed in 3GPP)

* Test and Certification WG (OnGo branding)

12
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Major CBRS Use Cases Google

* Traditional MNOs
— Offload band
— Macro/Small cell deployment

* Fixed Wireless Operators

Old players

New players

13
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CBRS Architecture Go gle

FCC Databases

— +  SAS-SAS Interface

Acronyms:
) Incurmbent Detection ESC: EnV|r?r1mentaI Sensing
Informing Incumbent (£50) Capability

CBSD: Citizens Broadband Radio
Service Device

SAS: Spectrum Access System

« 1+ SAS-User Interface

Element Management System
(EMS) [optional)

14
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Key Interference Protection Algorithms Go gle

* DPA move list calculation (DPA protection)

— All CBSDs in a DPA neighborhood is sorted by the amount of interference to
a DPA protection point

— A DPA “move-list” includes CBSDs with the highest interference, such that
remaining CBSDs don’t exceed the interference protection level.

— When ESC detects a radar, CBSDs in a move-list loses their grants.
* |terative Allocation Process (FSS, GWPZ, PPA, ESC protection)

— All CBSDs in a neighborhood of a protected entity entitles the same amount
of interference budget

— Unused interference budget in each iteration is equally divided among
CBSDs in the next iteration

15
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Milestones of CBRS (1) Google

* July 2012, PCAST report

* April 2015, FCC Report and Order

* May 2016, FCC second Report and Order

* May 2016, WinnForum published CBRS operation requirements
* December 2016, WinnForum published SAS-CBSD interface spec
* October 2017, WinnForum published SAS-SAS interface spec

* January 2018, WinnForum published SAS and CBSD test and
certification spec

16
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Milestones of CBRS (2) Google

* July 2018, 6 labs approved for CBSD testing

* QOctober 2018, first set of CBSDs certified by FCC
— 29 CBSDs certified today
— 28 end user devices certified today
— More to come

* February 2019, 3 ESC certified
* July 2019, SAS lab testing completed
* July 2019, ESC network deployment plans approved by FCC

17
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What’s next Go gle

* Government is reviewing SAS lab test reports

* Initial Commercial Deployment (ICD) will start soon and may last
about two months. It’s a field trial supervised by FCC and serves as
the final stage of SAS certification.

* Some time by the end of 2019, SAS should be certified and CBRS
band will be commercially available in US !!!

18
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Google

SAS Certification and
5G/LTE Coexistence

August 20, 2019

Dr. Yi Hsuan
Google Wireless Services
yhsuan@google.com
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FCC Certifications of CBRS Components Google

e Why certification?

— Standardized SAS and CBSD functions and interface need to be verified to
ensure consistent protection of incumbents and PAL across different SAS
administrators and CBSD vendors.

— FCC certifications include

* SAS certification, including SAS-SAS interface, SAS-CBSD interface, and core SAS
functions and operations (e.g., IAP, moving list calculation)

* CBSD certification, including SAS-CBSD interface, CBSD operation, and CBSD RF
performance.

* ESC certification, including ESC performance and network deployment

* SAS certification has become a huge effort that has taken nearly
two years (still not done yet)
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Key SAS Functions Google

SAS Core Functions: m Peer SAS

* Exclusion Zone Enforcement
* Propagation Model and Antenna Gain

o ( sascasn >
SAS-CBSD
* PAL Protection Area Creation

« |AP (PAL, GWPZ, FSS protection)
* DPA Protection
. . External Databases
* Quiet Zone Protection el

WinnForum)
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SAS Certification Test System Go« gle

Test Harness

Test
Configuration

* Reference
- : l & Models

under test CBSD
Emulator

Test Exceptions,

Interface Warning.s,
Pass/Fail
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Test Categories Google

SAS-CBSD Protocol Tests | SAS-SAS Protocol Tests

CBSD Registration procedure  Full Activity Dump Propagation Model and Federal Government
Message Antenna gain Database

CBSD Spectrum inquiry SAS-SAS Security PPA Creation WINNF Database

procedure Validation

CBSD Grant procedure ESC Protection

CBSD Heartbeat procedure FSS Protection

CBSD Measurement report GWPZ Protection

CBSD Grant Relinquishment PPA Protection

procedure

CBSD Deregistration Federal Incumbent

procedure Protection

SAS-CBSD Security validation Border Protection

Multi-Constraint Protection
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Test System Development and Execution Google

* The SAS test harness is developed by WinnForum members.

* The SAS test harness codes are stored in Github:
— https://github.com/Wireless-Innovation-Forum/Spectrum-Access-System

* Default test configurations are provided by WinnForum members as
a “Study Guide”.

* Many tests are configurable so that different test scenarios can be
easily created.

* The test system is executed by Institute for Telecommunication
Sciences (ITS), an organization under Department of Commerce.
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SAS Testing in Tranches Google
Test Block Description Total Number of Tests
Tranche 0 | WF default configurations 168
ITS configuration files available to the 152 Protocol
Tranche 1 | Collaborating SAS Administrators before the 77 Functional
start of SAS certification testing
Tranche 2 Second blgck of tests with ITS-designed 186 Protc:'ucol
configuration files 205 Functional
Tranche 3 Third bloc_k of tests with ITS-designed 92 Protc_bcol
configuration files 90 Functional

* Tranche 1 and 2 test configurations are known to SAS administrators. SAS
administrators are given remediation periods to update the SAS UUT based on
test results. The test harness may also need to be updated.

* Tranche 3 test configurations are unknown to SAS administrators and there is
no remediation period.
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CBSD Laydown Methods Google

* Toy Chessboard Laydown

— uses a small number of CBSDs (almost always 10) which all significantly
differ from each other in terms of their interference contribution. This gives
the SAS’s internal optimization algorithm extremely clear choices.

* Similar Chessboard Laydown

— 10 CBSDs that are all extremely similar to each other in terms of their
interference contribution.

* Hand-Selected Chessboard Laydown

NTIA Laydown Scenario Chessbhoard

— a programmatic distribution that uses an algorithm to distribute the CBSDs
over an area.
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Large Scale Tests Go gle

* The first large-scale configuration included a laydown of 59,797 CBSDS on one
channel in the New York DPA neighborhood. The test checked if the SAS UUT
managed the CBSD authorizations when the DPA was activated.

* The second large-scale configuration tested if the SAS UUT protected multiple
different types and numbers of incumbent protected entities from interference
when managing authorizations of approximately 22,000 CBSDS on one channel
in San Diego DPA neighborhood. The SAS UUT managed half of the CBSDs. This
test also included four peers and multiple DPA activations.

* The third large-scale configuration tested if the SAS UUT managed 14,060
CBSDs on one channel in the Norfolk DPA neighborhood, to ensure new
protected entities were protected. The SAS UUT managed 9,381 of the CBSDs.
This test also included a peer and multiple DPA activations.
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5G and LTE in the CBRS Band Google

* Thereis little sub 6 GHz spectrum available for 5G in US.
* CBRS becomes an important sub 6 GHz band for 5G (n48).

* WinnForum has adopted “5G” as a valid air interface in the SAS-
CBSD protocol.

* 5G and LTE needs to coexist in the CBRS band. CBRS Alliance has
been developing requirements for 5G and LTE to coexist.

* The problem: Overlapping networks with different TDD
configurations (e.g., CBSD1 transmits UL while CBSD2 transmits DL)
can create cross-network interference, severely degrading
throughput of both networks due to harmful interference.

10
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Current Solution in CBRS Alliance Google

* All LTE and NR CBSDs need to be frame synchronized.

* SAS determines a set of potentially interfering LTE CBSDs (i.e. with
overlapping coverage area).

* AIl LTE CBSDs in a set shall use the same TDD Configuration (Config
1 or 2) and the same Special Subframe Configuration (SSF) 7.

* NR TDD frame structures are much more flexible. CBRS Alliance has
identified NR TDD configurations to match LTE TDD configuration 1
or 2 and SSF 7.

11
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Impact of Mandating TDD Configuration Go gle
0 1 2 2 4 5 6
a = 1 UL -32% B UL+88% | UL+36% | UL+100% | UL+275% | UL-19%
=] E DL +58% DL-27% | DL-16% | DL-29% | DL-38% | DL+23%
— =3
oo
E = 2 UL-64% "\ UL-47% B UL-27% UL+7% | UL+100% | UL-57%
S DL+117%/| DL+37% DL+11% DL -4% DL-15% | DL +68%

* Concerns have been raised that mandating certain TDD
configuration(s) can impact potential business use case.

* |s it possible to allow more flexible use of TDD configuration in
shared spectrum?

* CBRS Alliance is performing analysis on this issue.

12
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WhmForum Standards”

Release 1 of the Baseline Standard Specifications

Specifications - documents designed to provide a WinnForum supported
definition of a specific architectural element or interface within a software
defined radio, cognitive radio or dynamic spectrum access system.

Public comment on these specifications can be provided by submitting
change requests through the Forum's public issues management portal.

WINNF-TS-0061 WG4 SAS Test and Certification Specification

Version 1.5.0
29 April 2019 (V. 1.4.1, deprecated 29April 2019)

(V_1.4.0, deprecated 21 December 2018)
(V_1.3.0, deprecated 12 December 2018)
(V_1.2.0, deprecated 22 August 2018)
(V_1.1.0, deprecated 11 June 2018)
(V_1.0.0, deprecated 29 January 2018)

WINNF-TS-0112 CBRS Operational and Functional Requirements

Version 1.8.0
26 June 2019 (V_1.7.0 deprecated 26 June 2019)

(V_1.6.0 deprecated 7 May 2019)
(V_1.5.0 deprecated 30 Oct 2018)
(V_1.4.1 deprecated 9 May 2018)
(V_1.4.0 deprecated 16 January 2018)
(V_1.3.0 deprecated 15 January 2018)
(V_1.2.0 deprecated 28 September 2017)
(V_1.1.0 deprecated 17 July 2017)
(V_1.0.0 deprecated, 12 May 2016)



https://winnf.memberclicks.net/index.php?option=com_mc&view=mc&mcid=form_176912
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0061.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0061-V1.4.1%20-%20WG4%20SAS%20Test%20and%20Certification%20Spec.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0061-V1.4.0%20-%20WG4%20SAS%20Test%20and%20Certification%20Spec.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0061-V1.3.0%20-%20WG4%20SAS%20Test%20and%20Certification%20Spec.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0061-V1.2.0%20-%20WG4%20SAS%20Test%20and%20Certification%20Spec.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0061-V1.1.0%20-%20WG4%20SAS%20Test%20and%20Certification%20Spec.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0061-V1.0.0%20-%20WG4%20SAS%20Test%20and%20Certification%20Specification.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0112.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.7.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.6.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://workspace.winnforum.org/higherlogic/ws/public/download/7354/WINNF-TS-0112-V1.6.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.5.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://workspace.winnforum.org/higherlogic/ws/public/download/7354/WINNF-TS-0112-V1.6.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://workspace.winnforum.org/higherlogic/ws/public/download/7354/WINNF-TS-0112-V1.6.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.4.1%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.4.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.3.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.2.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.1.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0112-V1.0.0%20CBRS%20Operational%20and%20Functional%20Requirements.pdf
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WINNF-TS-0022
Version 1.3.1
21 May 2019

CBRS PKI Certificate Policy

(V_1.3.0, deprecated 21 May 2019)

(V_1.2.0, deprecated 16 May 2019)

(V_1.1.2, deprecated 6 February 2019)

(V_1.1.1, deprecated 7 February 2018)

(V_1.1.0, deprecated 5 February 2018)

(V_1.0.0, deprecated 11 December)

(also named WINNF-17-S-0022-V 1.0.0, 24 April 2017)

WINNF-TS-0122
Version 1.0.1
19 December 2017

CBRS CBSD Test Specification

(V_1.0.0, deprecated 19 December 2017)

WINNE-TS-0016
Version 1.2.4
27 June 2019

SAS to CBSD Technical Specification

(V.1.2.3, deprecated 27 June 2019)

(V.1.2.2, deprecated 31 October 2018)

(V. 1.2.1, deprecated 1 October 2018)

(V. 1.2.0, deprecated 3 January 2018 )

(V. 1.1.0, deprecated 13 December 2017, also named WINNF-
16-S-0016-Vv2.0.0, 22 December 2016)

(V_1.0.0, deprecated 22 December 2016, also named WINNF-
16-S-0016-V1.0.0)

WINNF-TS-0247
Version 1.2.1
12 July 2019

CPI Accreditation Standard

(V_1.2.0, 7 May 2019, deprecated 12 July 2019)
(V.1.1.1, 8 February 2019, deprecated 7 May 2019)
(V_1.1.0, 22 January 2019, deprecated 8 February 2019)
(V_1.0.0, 20 Oct 2017, deprecated 22 Jan 2019)

WINNF-TS-0096
Version 1.3.1
8 February 2019

SAS-SAS Protocol Technical Specification

(V_1.3.0, deprecated 8 February 2019)
(V. 1.2.0, deprecated 24 April 2018)
(V. 1.1.0, deprecated 20 October 2017, also named WINNF-16-S-

0096-V1.0.0)



https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0022.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0022%20v1.3.0%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0022%20v1.2.0%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0022%20v1.1.2%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0022%20v1.1.1%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0022%20v1.1.0%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0022%20v1.0.0%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-17-S-0022%20v1.0.0%20CBRS%20PKI%20Certificate%20Policy.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0122.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0122-V1.0.0%20CBRS%20CBSD%20Test%20Specification.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0016.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0016-V1.2.3%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0016-V1.2.2%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0016-V1.2.1%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0016-V1.2.0%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0016-V1.1.0%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0016-V2.0.0%20SAS%20to%20CBSD%20Technical%20Specification%20.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0016-V2.0.0%20SAS%20to%20CBSD%20Technical%20Specification%20.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0016-V1.0.0%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0016-V1.0.0%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0016-V1.0.0%20SAS%20to%20CBSD%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0247.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0247-V1.2.0%20CPI%20Accreditation%20Standard.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0247-V1.1.1%20CPI%20Accreditation%20Standard.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0247-V1.1.0%20CPI%20Accreditation%20Standard.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0247-V1.0.0%20CPI%20Accreditation%20Standard.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0096.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0096-V1.3.0%20SAS-SAS%20Protocol%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0096-V1.2.0%20SAS-SAS%20Protocol%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0096-V1.1.0%20SAS-SAS%20Protocol%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0096-V1.0.0%20SAS-SAS%20Protocol%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0096-V1.0.0%20SAS-SAS%20Protocol%20Technical%20Specification.pdf
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WINNFE-TS-0245 Operations for Citizens Broadband Radio Service (CBRS):

Version 1.0.0
26 July 2017 Priority Access License (PAL) Database Technical Specification

(also named WInnF-16-S-0245-V 1.0.0, 3 April 2017)
WINNFE-TS-0071 CBRS Operational Security Technical Specification

Version 1.0.0 (also named WINNF-15-S-0071-V 1.0.0, 21 June 2016)

26 July 2017

WINNF-TS-0065 CBRS Communications Security Technical Specification
Version 1.1.1 (also named WINNF-15-S-0065-V 2.0.0, 24 April 2017)

6 February 2019
(V. 1.1.0 deprecated 6 February 2019)

(V. 1.0.0 deprecated 26 July 2017, also named WINNF-15-S-
0065-v1.0.0)

Source: https://cbrs.wirelessinnovation.org/release-1-standards-specifications



https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0245.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-16-S-0245-V1.0.0%20PAL%20Database%20.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0071.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-15-S-0071-V1.0.0%20CBRS%20Operational%20Security.pdf
https://winnf.memberclicks.net/assets/CBRS/WINNF-TS-0065.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-15-S-0065-V2.0.0%20CBRS%20Communications%20Security%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0065-V1.1.0%20CBRS%20Communications%20Security%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-TS-0065-V1.0.0%20CBRS%20Communications%20Security%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-15-S-0065-V1.0.0%20CBRS%20Communications%20Security%20Technical%20Specification.pdf
https://winnf.memberclicks.net/assets/work_products/Specifications/WINNF-15-S-0065-V1.0.0%20CBRS%20Communications%20Security%20Technical%20Specification.pdf
https://cbrs.wirelessinnovation.org/release-1-standards-specifications
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Key Published Specs

Setting the Standard for Seamless Interoperability

The CBRS Alliance has published key networking and coexistence specs,
which are available for download at the buttons below. The networking and
coexistence specifications are the critical foundation the industry needs to
ensure seamless interoperability between OnGo certified devices when
operating in the 3.5 GHz band.

Release Independent Specifications

IDENTIFICATION DATE OF
SPECIFICATION TITLE VERSION

NUMBER PUBLICATION

CBRS Alliance |ldentifier

Management: Database CBRSA-TR-0102 V1.0.0 March 11, 2019
and User Interface Design

CBRS Alliance ldentifier

. . . January 21,
Administration Guidelines CBRSA-TR-0101 V1.0.0 2019
for Shared HNI
CBRS ldentifier Guidelines November 27,
CBRSA-TR-0100 V1.0.0
for Shared HNI 2018

See CBRS Alliance and ATIS Shared HNI Informative Webinar



https://www.cbrsalliance.org/wp-content/uploads/2019/03/CBRSA-TR-0102_v1.0.0_Published-March-11-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/03/CBRSA-TR-0102_v1.0.0_Published-March-11-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/03/CBRSA-TR-0102_v1.0.0_Published-March-11-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/01/CBRSA-TR-0101-V1.0.0_Published-January-212019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/01/CBRSA-TR-0101-V1.0.0_Published-January-212019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/01/CBRSA-TR-0101-V1.0.0_Published-January-212019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2018/12/CBRSA-TR-0100-V1.0.0_Published-November-272c-2018-1.pdf
https://www.cbrsalliance.org/wp-content/uploads/2018/12/CBRSA-TR-0100-V1.0.0_Published-November-272c-2018-1.pdf
https://www.cbrsalliance.org/resource/cbrs-shared-hni-webinar/
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CBRS Alliance Release 2 Specifications

Network Services Specifications

IDENTIFICATION DATE OF
SPECIFICATION TITLE VERSION
NUMBER PUBLICATION

CBRS Network Service
Requirements Technical |CBRSA-TS-1001 V2.0.0

December 11,

. 2018
Specification
Network Services Stage 2
and 3 Technical CBRSA-TS-1002 V2.0.0 April 5, 2019

Specifications

Extended Subscriber
Authentication Technical CBRSA-TS-1003 V2.0.0 April 5, 2019

Specification

Coexistence Specifications

IDENTIFICATION DATE OF
SPECIFICATION TITLE VERSION
NUMBER PUBLICATION

CBRS Coexistence
Technical Specification

CBRSA-TS-2001 V2.0.0 March 11, 2019



https://www.cbrsalliance.org/wp-content/uploads/2018/12/CBRSA-TS-1001-V2.0.0_Published-December-112c-2018.pdf
https://www.cbrsalliance.org/wp-content/uploads/2018/12/CBRSA-TS-1001-V2.0.0_Published-December-112c-2018.pdf
https://www.cbrsalliance.org/wp-content/uploads/2018/12/CBRSA-TS-1001-V2.0.0_Published-December-112c-2018.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/04/CBRSA-TS-1002-V2.0.0_Published-April-5-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/04/CBRSA-TS-1002-V2.0.0_Published-April-5-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/04/CBRSA-TS-1002-V2.0.0_Published-April-5-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/04/CBRSA-TS-1003-V2.0.0_Published-April-5-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/04/CBRSA-TS-1003-V2.0.0_Published-April-5-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/04/CBRSA-TS-1003-V2.0.0_Published-April-5-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/03/CBRSA-TS-2001-V2.0.0_Published-March-11-2019.pdf
https://www.cbrsalliance.org/wp-content/uploads/2019/03/CBRSA-TS-2001-V2.0.0_Published-March-11-2019.pdf
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CBRS Alliance Release 1 Specifications

Network Services Specifications

SPECIFICATION TITLE

CBRS Network Service
Requirements Technical

Specification

Network Services Stage 2

IDENTIFICATION
NUMBER

CBRSA-TS-1001

and 3 Technical
Specifications

CBRSA-TS-1002

VERSION

V1.0.0

V1.0.0

DATE OF
PUBLICATION

February 1, 2018

February 1, 2018

See Release 1 Specification Training Webinar

Coexistence Specifications

SPECIFICATION TITLE

CBRS Coexistence
Technical Specification

IDENTIFICATION
NUMBER

CBRSA-TS-2001

VERSION

V1.0.0

Source: https://www.cbrsalliance.org/specifications/

DATE OF
PUBLICATION

February 1, 2018

™


https://www.cbrsalliance.org/cbrsa-ts-1001-v1-0-0/
https://www.cbrsalliance.org/cbrsa-ts-1001-v1-0-0/
https://www.cbrsalliance.org/cbrsa-ts-1001-v1-0-0/
https://www.cbrsalliance.org/cbrsa-ts-1002-v1-0-0/
https://www.cbrsalliance.org/cbrsa-ts-1002-v1-0-0/
https://www.cbrsalliance.org/cbrsa-ts-1002-v1-0-0/
https://www.cbrsalliance.org/resource/webinar-cbrs-alliance-technical-specifications-for-networking-coexistence/
https://www.cbrsalliance.org/cbrsa-ts-1001-v1-0-0/
https://www.cbrsalliance.org/cbrsa-ts-1001-v1-0-0/
https://www.cbrsalliance.org/specifications/
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| TAKING YOU FORWARD
B Taiwan Power Company relay comm

B Police Telecommunication Office, National Police Agency
B Taipei MRT BanChiao-NanKang/DanShui,NanShiChiao line
B Submarine landing stations

SaveCom International Inc.
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U.S. Military Radar, mostly coastal areas
Fixed satellite stations
Wireless ISPs

General Authorized Access (GAA) users: at least 80 MHz bandwidth

3550 3600 3650 3700

Frequency (MHz)

Blue: Tier 1, Purple: Transition to Tier 2/3, Orange: Tier 2, Green: Tier 3
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* CommScope
~ L ETEEAE KRG H — R o comsearch

* & F T 4> ) Comsearch® FCC& 36, 4% 47 TV whitespace & #i )k $A AL ¥ F 1 %
* CBRS SAS % %1% #9 £ B 75 # 2F ITS (Institute for Telecommunication Sciences)# 4% 3% 3 ] 3%,

© EX
— B9 SRR 1S TSR K, AR 2R & TR AstE
48 L 4948 B 2% 4 (LTE/5G small cell, CBRS CBSD, CPE)% %
¢ CBRS CBSDi# % CBRS OnGo Interoperability Testing Event in Louisville, CO. August, 2018
* 2 RER
— FE AR SR B
— BLA 4R 4 55 A CBRSH, 56, 2 LTEAR Bl 2

SR SR AT

3300 3350 3400 3450 3500 3550 3600 3650 3700 3800 3900 4000
| | | | | o |
TW|N 5G license(270MHz)
3300 B5/0;
‘ CBRY Band48
3550 3700

Non-US Band42({Gemitek)

APT/TT}( triar band ‘

3570 3610

ST-2 BPF Type-2/3 Gyardband 40MHz

ST-2 BPF Type-2/3 Stopband ST-2BPF Type-2Passband S
3300 3570 3610 3710
-h0dB
,Sh ifted ST-2 Internet assumption:
-70d4 channel bandwidth: 25MHz
ST-2 satellite on Intefnet central frequency as indicated in

35775 zeg3s https://www.lyngsat.com/ST-2.html)
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CommScope
~ SAS (cloud
hosted in US)

Ericsson Su

ricsson
Network
Manager
Ericsson .
EPC Erics

On Taiwan location(APT
CommbScope
WIKNF: SAS to CBSD m\ten‘a ce SAS
\ client(local)
______ | i Gemtek EPC N\ T
: E emre \ Gemtek Suit:p_
i ! \ |
i E Gemtek i
| E ((T)) indoor i
| 3570~3590MHz enterprise |
| ! small cell !
| @ N\\ :
! I I
! I - |
| ‘ g ;‘ SIM
| RF }}N
son eNB i measurement CPE-2 i
|
i

* SASH S H)fiE

PeerSAS  UserInterface (BSD/ Domain Proxy

s ro—
e
: WE‘J_SEW Broker
Y e ARl
" % 000 K7 —
ESCLoe [=
| & -
WL € _ =
s (_@ ——— CBSD Services
Services
O
SAS Services :f:.;
T
F B
SAS NoSQL
D8~ 0B~

Amazon Cloud based

Determine the available frequencies at a
given geographic location and assign them
to CBSDs;

Determine the maximum permissible
radiated transmission power level for
CBSDs;

Register and authenticate the identity and
location of CBSDs;

Enforce Exclusion and Protection Zones;

Ensure that incumbent users of the CBRS
band are protected from CBSD
interference consistent with the rules;

Protect Priority Access licensees from
harmful interference from other CBRS
users;

Facilitate coordination among GAA users
to promote a stable spectral environment;

12
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Ericsson CBRS

F 3

¥~

Interne

t/
Intrane
Gemtek EPC t

CommScope
SAS server

Gemtek LTE B42/B43 Small
Cell as CBSD

B

IDUCPEas EUD

.
Intemgiicnal
Centification
Comp

Certificats Number: INFE02201

This is fo eerify that the following products have been tested by us with the isted
standards and found in confarmity with the procedurcs given in ANSI C63.4-2014 and
all tests are performed according to FCC Part 18 and Canada Standard ICES-003
Issuc G Rules.

This Certificate appliss to the tested sample below mentioned only and shall not
inply an assessment of e whole production. It is only valid in Gonnection with e
test report number: FDRDZ201.

Applicant : Gemtek Technology Co.. Lid.
Product Name : LTE Small Cell Base Station {CBRS CBSD|
Model No. © WLTGFC-105 : E1012
‘markeing difference}
Brand Name. + Gemtek ; Accelleran
[For markséing difforsnes.
Applicd Standards : FCC Part 15, Subpari B, Class B

ICES-003 Iacus &
ANSI C53.4:2014

ADNVITdWOD 40 31VvII4ILd3D

Ko Chan./ Ascictant Manager
January 08, 2015
R The PO oot asdan b on
e e v i i s R o3
o
Internationa Certificatian Carp.

AGIESS 0. 51, LOTe € Wen i 31 ST NN ShOn DSTICE, 50 U Y 533, T, 0.
T 90718665, Far BES3SLEAISS

Ericsson Baseband 5216

=i

G

Ericsson Radio 2208

C o

Ericsson EPC

]

i

.
%

R

# cbrsalliance.org/certificatior

Ericsson DomainProxy

ENM

Domain SAS

Coordinator

https / JSON

(00

CBSD

RAN MOM|| ™
info

[

SPECIFICATIONS BLOG ABOUTUS CONTACTUS MEMBER LOGIN

CERTIFICATION ~ NEWS

Radio 2208 B48 / KRC 161

Ericsson
MmN

EVENTS

USE
CASES
r

RESOURCES Son

CBSD4DP | October 12, 2018
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R N N+ £
%91 & 5 % S| &S0 3RCBRS ExX ik, AmEDRKEL RSS2 E 2ZDonainProxy
MERE fie 4 i 47 P 2 Commscope SASE ¥ |Comnmscope SASHK &M H K F TR, EXHECBSDR £
¥, UFHPAEHERE |ZAHBUCPSERDIREEAZLE
B 3580-3590MHz 3570-3580MHz
- C = 2 CRCD B 42 & 42 Downa i nPrevy i 25 30 A 3
— j{‘( X #41% fComscope SASSE 2 T;K(ouuns(,upc SAS$ F X CBSDA& 2 .45 DomainProxy it 47 45 43|
i - BRI TR
A E XA o4 D RKEL NS
ESE:S s EXHEEANA L EX] Ericssonfki & @ ¥ + F 452
- 20205F6A308 A7, TARFEMARIREHE ST2 fiy 240
REFAHEAN SAS A4AM2 A &M ¥EA( a45.ExCBSD
- RiEak 14 BB RA, B | K2 EDomainProxy) -
EHRAAAYERETELT |- 109 FI0A3083T, TRBHFRERR » ERE>EHRP
FEGEEER LS BB« MARRIRE B3 SAS A &EME(4S CBSD)iEfamss »

- 20194F10 A JEAT 56 A B X AL
s2Commscope SAS#: 4R34

W E - RN AR F - AR T IR BE
PAT RS T AT A MR SR RA R R 3 RCBRS £ 52
WEMRS(AENFRN - RS FRBE MR - A8
).

F—PE BRI BS B R

o EX Ao

Commscope SAS

SAS Deployment Platform AWS Cloud Base Deplyment
Terrain Data America

Band: US. CBRS Band

SAS version: 1.2

Ex CBSD:

HW Model: WLTGFC-105

TDD/FDD TDD

Band: 48

eNBFirmware version: 2.1.1890.562-wltgfc 105-gemtek-tdd-C

AL

s

e JA]2X #7 :2019/10/14 £ 2019/10/18
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B o %MK #F
Gemtek Compact EPC
Gemtek Citizens Broadband Radio Service Devices (CBSD)
Ericsson Domain Proxy/EPC
Ericsson Baseband System
Ericsson Radio System for Citizens Broadband Radio Service Devices (CBSD)
CommScope | Spectrum Access System (SAS)

W | w | [

o AR K 482
o AR EA F4): FA 31 2020% — %

) ¢ 5] ¥
~ —
TC SEC 01 Successful SAS-CBSD Mutual Authentication L ('EIJ ﬂih B é{J
TC_SEC_02 CBSD Revocation using a CRL
TC SEC 03 U ful Authenticati d certificat —_ A 27X SiEd ’f’ - o3
. SEC | nsuccessful Authentication, expired certificate n%uﬁ_ SAS }Jll—\ CBS D 9 {;L“r I /{_ E B
TC_SEC_04 Unsuccessful Authentication, unknown CA
TC_Cold Remoot_01 |Successful CBSD Operation After CBSD Restart . ﬂ:— L ~
TC REG 01 Successful CBSD Registration % E
TC_REG_02 Successful CBSD Registration with Group Membership Infarmation
TC REG_03 Incomplete CBSD Registration = k): ~ G ~ > _}_:!_:_‘
TC_REG_04 Successful CBSD Registration with CPl Assistance - Z% i[‘ SAS "g 1% %‘d— %ﬁ_ BE .‘E&‘ %ﬁ— GH
TC REG 05 Unsuccessful CBSD Registration- Blacklisted CBSD

i Soresssti L CREDN Ben atraban s n C8 o coes Dats

TC_SPEC 01 Successful GAA Spectrum Inguiry CBS D)\ ﬂ-g] _Z_ {l\ }.& *%T; f% f;é. %

TC SPEC 02 Successful PAL Spectrum Inquiry
TC SPEC D3 Successful GAL+PAL Spectrum Inquiry ° ji*"\ gi 1,;'; - ﬂ
TC _SPEC 04 Successful PAL Spectrum Inquiry without a license E )
TC_SPEC 05 Successful Spectrum Inguiry with a Measurement Report
Successful GAA Grant Request
Successful GAA Grant Request with Measurement Report SAS Parameter Name SAS Value
X K Successful PAL Grant Request SAS URL https:// iot.sascms.net:8443
T¢ hB 01 [Soccessil Reartbeat Heartbeat Interval 120s
TC_HB 02 Successful Heartbeat with Grant R I B B "
TC_HB_04 SAS Heartbeat Interval Change Transmit Expire Time 240s
TC_HB_05 CBSD Grant Suspended
TC_HB_06 CBSD Grant Unsuspended
TC_HB_07 CBSD Grant Terminated

TC_RELIN_D1 Successful Grant Refinguishment — )__% d& ,ﬂ;& é;? ﬁé‘ _’;ﬁ -?:él] Fxﬁ & —?— /‘]‘{
TC_DEREG_01 Successful CBSD Deregistration
e SPEC: Spectrum Inquiry4a i@ 24
. GRAN: Channel Grant#3 & #% T

18
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CBSD ID Source SAS User ID
gtkChzd01/gtkChsdSn01 gtkUser(l
) SAS Parameter Name SAS Value
FCCID CBSD SerialNumber Call Sign
SAS URL hitps:// iot sascms net 8443
etkChbsdd £tkChsdSn01
Heartbeat Interval 120s
[cssocmem } Vendor Model Transmit Expire Time 240s
Software Version Hardware Version FirmWare Version
Radio Technology Management Group Created Time
E_UTRA 2019-10-17T01:21:17.908+0000
Updated Time Group ID Group Type
2019-10-18T07:30:36.2 30+ D000
Measurement Capability Blacklisted Status
RECEIVED_POWER WITHOUT_GRAN false UNREGISTERED
PALID CPIID CPl Name " e "
2 2EE R EE X3 2w =
10987654321AC Gemtekcpl . *‘T "l{ SAS = 3‘%'}" i T 5}%’, Eh “ﬁ T'chl ﬁ AT
r
Install Certification Time Antenna Azimuth Antenna Beamwridth 5{ ﬂ CBS D%SAS ‘l
2019-10-15T15:36:592 o0 S0
Antenna Downtilt Antenna Gain Antenna Model
0 8
EIRP Capabhility Height Height Type
1303.6898193359375 AMEL
Indoor Deployment Latitude Longitude
false 3a.38 -110.72
Horizontal Accuracy Vertical Accuracy

CPI: CBRS Certificated Professional Installer 19

R ABESRRLER

Test ID Status
Lt tatu: e All passed, except
v — TC_SEC_02: N/A
TC_SEC_03 PASS —
TC_SEC_04 PASS o KR IE BERIFCBSDAY A iﬁ?}i AR h 8 e dk
e o Bl3K{E A CommScopedt & 6497+ B INSTAL 5] 45 4T
TC_REG_02 PASS z &
Ig—sig—gj Eﬁ:: - % — % WInnForum approved Certificate Authority
TC REG 05 PASS to provide PKI Root of Trust services
TC_REG_06 PASS o fr AR PR, INSTA™) & 2 31 CR(Certificate
TC_SPEC_01 PASS a ~ e N
oo o~ revocation list)#% )], /8 3539 47k & 24, [ sk A 98]
TC_SPEC_03 PASS EEW N
TC_SPEC_04 PASS _ s
TC_SPEC_05 PASS v?j‘— #){L %T}% ‘ﬁ;‘ 'ﬁa % £ = * k % ;B\{g
TC_GRAN_01 PASS 23 25
TC GRAN 02 PASS CB ng I 3 = SRR A 4] F] 45 FFSASE
TC_GRAN_03 PASS

! _ ‘ 2% ag
T e o1 PASS EBMBFEL %‘ BULR AT E R A
TC_HB_04 PASS
TC_HB 05 PASS /IE -k_ ;}j';
TC_HB_06 PASS
TC_HB 07 PASS
TC_RELIN_01 PASS
TC_DEREG_01 PASS 20
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All kinds of ICDs
The below list of diverse CBRS ICDs help highlight why it's time to get
CB RS I C D u p ate excited about operations in the band:

* CommScope said Athonet will bujld a 200 clometer 3.5GHz
LTE network for a large wind a.ncl which will use
the network for functions including cmplo\ e communications. video
surveillance. industrial control and monitoring. thermal imaging. asset

& tracking and remote control of drones for inspections and other
eCommScope SASB &+ A J& Fanctions

. Fedcnted said TMA Wireless built a 3.5GHz network using devices

from Cradlepoint to cover 600 acres and 33.000 parking spaces near
i the ' New Jersey. The network will allow
“'ﬂ managers to remotely update 30 digital signs in order to direct parking
for events at the nearby Metlife Stadium.
Federated said Boingo built a private wireless CBRS network with

- 100 C BS D un d er con t ro | cquipilnem from C'OI;.unScope-O\\ned Ruckus at Dallas Love Field

airport in order to support communications among employees. The
_ t f H t f network also can potentially be used in acenario. where
no repor S ot Interrerence or the airport would manage it in order to provide commercial LTE
mobile services directly to air travelers. However, the CBRS industry is
t h |f t H still working out the details for such neutral host networks. since
d ny o) er maltunction commercial wireless network operators such as Verizon and AT&T
would first have to sign off on those kinds of roaming agreements for
them to work.
Federated said the is working with Crown Castle,
Cradlepoint. Vapor IO and others to build a private LTE network with
edge computing functions for things like communications. license plate
recognition and drone surveillance.
CommScope said it will be doing a bit of dogfooding by building a
CBRS network in its own manufacturing facility in Euless. Texas. for

video cameras to remotely monitor its equipment.
CommScope said telecom operator Windstream is looking to gxpand ifs

existing(fixed wireless offerings|with operations in the 3.5GHz band.

ohilet4gHiefits-time-to-get-excited-about-35ghz-chra/a/d-id/7 54083 7print=yes 213

Light Reading - Its Time to Get Excited About 3.5GHz CBRS
Federated added that cable operator Mideo is planning to do the same
thing.
« Federated said it's working with Wave Wireless. Ruckus and InfoMark
to build a private LTE network for some ofa offices for
services including secure business communications. automated entry
and energy management. 21

CBRS vs. wifi/INTERNET

¢ 2.4GHz/100MHz BW, 5.8GHz/150MHz BW &) %, B3 48 % : crowded,
out of control

¢ Private wireless: secure, locally controllable networks on clean

spectrum for mission-critical or demanding use cases.
— 50Mbps+throughput per 10MHz channel
W, BT s, MEES G R/ AR T E R E R/ RERE BT,
W, BUE b, B
c HEENITEFEMR.
. T HEA B, 6Y & SR8
- H
I R, i
New business model of Neutral Host, Managed core as a service, etc.
. Concept of Innovation Band
BB E
e REEREE, .

22
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* Mobile Network Operators(MNO)
— AT&T, Verizon Wireless, ....T-Mobile/Sprint
e Multi-System Operators(MSO) — Cable TV

— Charter, ...Comcast, Cox, Altice,...etc.

H 148 B #7 B £ 51

A5 31 55t 55 ) Blgtith 2 [E=rEm
Facebook EEFCCIR3ZIET Bl Menlo Park, Calif., headquarter SIS IR S RS
Boingo 23-Jul-18 Dallas Love Field Airport (DAL) |}%ﬁ¥ﬁ%ﬂ$ﬁﬁ§§,§¢‘@%¥§2!&%%@W%W%ﬁjﬁ@ﬂﬁﬁ‘
5 s Dakota, North Dakota, Minnesota, S = 2
Midco DEFCCI2% F = Bk Kansas, Wisconsin Eﬁﬁﬁlﬁl@ﬁi?ﬁﬂﬁﬁ, T+ E
Landmark Dividend 2019FE8HHKEERE Dallas A R 2 15 34 e 90N ERBERSBHLAS008 A SEEMEHES
Event Presence 10-Jan-19 Santa Clara Convention Center (& E RS R A
iR FCCiR i CBRSB ATNE F3H£62dBm/10MHz, 1% 5]
IAT&T 5/16/2019 ategory C CBSD
[Mediacom e o
ICommunications, BT P s, L FREERS L
I commercial mobile sendce offering for smartphones
lcox e Tt Pyt A 5;eﬁr)\(ﬂtzzlew'ireless offering to extend the reach of wired Intemet
I private wireless network
e Al
FxteNet Systems EEFCCEZRFABE EE100015%5 | fixed wireless senices
| Private LTE
IAmerican Tower " ; n—F =TT
oo 11-Dec-18 ISM %3, Phoenix. R E TR TR AR
IAltice USA HFETE Bethpage, Jonesboro, Deer Park, ﬁf”jm|§l§%ﬁjm
Mile High Networks ICD SRR E M i (e i 4 | ARRES, Fst e
IConnectivity Wireless and -
UMA Wireles ICD ZHREMNEERES PoB
[Connectivity Wireless ICD ] AREHES PoB
IAmazon ZOIQE?IE%HWHEE Amazon B9# Lab126 facility high performance, scalable and secure industrial loT senices
B
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A
a\ Cbrs WHY OnGo? CERTIFICATION NEWS EVENTS USE CASES » RESOURCES JOIN Us

VENDOR DEVICE DEVICE  MODEL Fcc D AUTHORIZATION
NAME NAME TYPE NUMBER DATE
. Mobile A2223,

Apple Inc. iPhone 11 BCG-E3309A September 11, 2019

Phone A2222, A1
(" . Mobile
Apple Inc. iPhone 11 Ph A2215 BCG-E3307A September 10, 2019

one
iPhone 11 Pro/Pro Max for Taiwan

Mobil
e e iPhone 11 phoo n'ee A2218 BCG-E3308A September 10, 2019
o

Mobile A2220, A2219,
Apgle Inc. iPhone 11 BCG-E3306A September 10, 2019

Phone A2161
[ | e Mobile b
Apple Inc. iPhone 11 Phone A2221 BCG-E3304A September 10, 2019 iPhone 11 for Taiwan

Ecosystemreadiness
25

regulation update

¢ 7*10MHz PAL auction on June 25, 2020.
— 150MHz could be available earlier for GAA once ICD completion
and accepted by FCC.

— Part of FCC 5G fast plan - mid band
. Others, including 200MHz in 2.5GHz, 3.7~4.2 GHz C-band, in total up to
844MHz

— County based PALs license instead of census tracts.
— 10 years license terms with expectancy of license renewal, from
previously 3 years
e Technology neutral
— Re-oriented towards 5G technology likely.

26
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* TR G ST2 15 2 RIIE FHIE AN SAS 4 4
* 7R L35 F 535 5 DOMAIN PROXY ~ CBSD A SAS % #u3% 5 % &
(EIJ aih
o SEMFAAR kM M SAEIER - AR F 0 BEERATER
72 58 T HE ’f«Ti F AR P13 AR 77 %~ CBSD Load data & & &1
ijFi
— % & 7 CBRSH) At 1 B3R I AESAS B CBSD g 3% 1 1
. Propagation Model and Antenna Gain Calculation Testing
U Co-existance
. Aggregate Interference Protection

PPA Creation/PPA Protection
FSS Protection

P ERBEMAME SIETEE R - SRR R SRR -
aY -
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3550 3600 3650 3700

Tier 1 (Incumbents)

* Primarily in coastal
areas, some inland

* Wireless ISPs to
transitionto Tier 2/3

US Military Radars (on-g borne)

Priority Access License (PAL)

General Authorized Access (GAA)

Tier 2 (PAL)

Tier 3 (GAA)
* At least 80MHz of
commercial use

Use Case from https://www.cbrsalliance.org/
IN-BUILDING PUBLIC SPACES INDUSTRIAL loT
Education Entertainment Manufacturing
Military Government Mining
Hospitality Retail Oil & Gas
Healthcare Power & Utilities
Multi-family Residential Transportation
Office Space

Gemtek LTE Small Cell System

Residential
Small Cell

* Up to seven 10MHz channel:
* 3-year term by census tract

Maximum EIRP Maximum PSD
Device (dBm/10 megahertz) (dBm/MHz)
End User Device 23 n/a
Category A CBSD 30 20
Category B CBSD* 47 37

* Category B CBSDs will only be authorized for use after an ESC is
approved and commercially deployed consistent with [Ref2, 96.15
and 96.67].

SAchrs

( Board Members
= o
\QLIALCOMM NOKIA federated Google (intel) Teuckus "fm CfIO coMMsccPE’

Environmental Sensing Capability

Full, Adopter and Advisor Members -1 \
: \
attimed en p Bz B A AT @ ASMEY Namoner GATN |

1BLINGI BLUECRASS

(srafier 7o A
©atat Avicent /Fala,_ saltom
Charter "c',';éu'cohcre‘“ Combe o EPemere COX. CCE2Y D DEKRA lorel
Fronfler FUITSU Genmtek s g tere ipfocces: JMA duni=)
e P Vgede Miavewin_GMaokh (eien mobititie () we
wnsighe? (eeTeL ., 2. Q QG oqucell gy Quortus® radisys redline

samsuns (SBAD) mecows SEICOM SGS SONY Seeges ¢

.
i “ablelobs  Bycasa systems
f— sesmass boingo Coblelsbs fucasas

LLEITLEL]

Sprint.

yniverse . ol W techi o P gy
( S - -Mobile: TEW [tacgles e o Telrad 7 {50745 75 US Cellular verizon’ |
\_verticalt Vegpe .20 vivint. 7 Zed» zinwave ZTE /
X ve wesTaLL

N =2 — .

Wireless Broadband Anywhere

-

Indoor :
Enterprise/Pico
Small Cell

Light HSS SON  Management Server
forLab  Server* (ACS*/EMS)
“*’means under development.
Gemtek / -

Compact EPC

Leased Line or Internet

Outdoor:
Pico Small Cell

SeGW: canuse SW BasedIPSec Server
or 3" party product.

Gemfek

Wireless Broadband Anywhere
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X-Cell — All-In-One Box System

e Gemtek X-Cell 1s embedded with the Gemtek Compact EPC and Light HSS function.
B X-Cell : Meaning eXtending the Small Cell capability to a small all-in-one box communication system.
B Suit for FWA application
B No HO Function.

u 'S
Router

(i
LIFLEETEET)
0000000000 C7)

Switch

All-In-One
Small Cell System
|

Application Server,
ex: Video Stream -~

Embedded ' FTP Server
Compact EPC/Light HSS Features

Gemfek

Wireless Broadband Anywhere

SAS-CBRD Interface Pr

SAS-CBRD Interface Protocol CBRS End to End SyStl;m

FCC Databases

s =« SAS-SASInterface

ni Ingum tecti
Informing ncuhens Dehsokan BATCBSD Spectrum Inquiry Procedure’ 0,7 prorocol stack Management

Incumbent (ESC)
pass 19 plug-fest! System

----- + = SAS-CBSD Interface

CBSD Registration State Diagram
Domaln Proxy Acronyms: Req Faiture
ESC: Environmental Sensing
Capability
CBSD: Citizens BroadbandRadio
Element Management poiiraeyiid J L
SAS: SpectiumAccess System
Systom (EMS] (optional) Req Success. Compact
Notes:
* A SASmaynotnesdto support EPC
€880 allinterfaces.
o + Each CBSD domain may Doregistration
optional
(optional) capability (includingpossibly an .
== ESC). CBSD Grant State Diagram
PO sl eell
S or sion
Req Failure time not extended (CB S D'A)

oDU

UE ; r ,__,
(EUD/ s ﬁ
. . 3

CBSD-A)
Gemiek

Wireless Broadband Anywhere

Citizens Broadband Radio Service Device (CBSD): The
CBSD is a radio device that communicates in the CBRS band.
It obtains

Grants from the SAS via the SAS-CBSD mterface.

Spectrum Access System (SAS): A system that authorizes
and manages use of spectrum for the Citizens Broadband
Radio Service.
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(at CableLabs « Louisville, CO. Monday, August 27, 2018 Friday, August 31, 2018) : \CSFE <

WlhinForm

Test Plan Summary Participants

SAS Administrators CBSDs Domain Proxy/CBSDs
fres _Joeserpion | awicoiy _[yees GemTek Baicells

1] OnGo Certification Interoperability Test Event — Test 0: Validate certificate exchange and set up of TLS (SCS1) CBSD & DP CommScope Arris BliNQ
1 CBSD Authentication + Registration + Spectrum Grant + Heartbeat with and without CPI Data CBSD Federated Juni AirSpan
2 DP Authentication + Registration + Spectrum Grant + Heartbeat with and without CPI Data op Sony Fujitsu Ericsson
31 Successful Deregistration and is for the CBSD testing cBSD Google Sercomm Telrad
32 Domain Proxy Successful Deregistration and is for Domain Proxy testing o CEEISER
41 Heartbeat responseCode=500 (TERMINATED_GRANT) for CBSD CBSD Test CDmp'Et\'Oﬂ Matrix — Anonymized
a2 Heartbeat responseCode=500 (TERMINATED_GRANT) for Domain Proxy DP
51 Heartbeat responseCode=501 (SUSPENDED_GRANT) in First Heartbeat Response CBSD & DP
5.2 Heartbeat responseCode=501 (SUSPENDED_GRANT) in Subsequent Heartbeat Response €BSD & DP et
6.1 Registration Response contains measReportConfig CBSD E::ﬁ:
6.2 Domain Proxy Registration Response contains measReportConfig DP €8s0/DP C
63 Grant Response contains measReportConfig cBSD ::::::
6.4 Heartbeat Response contains measReportConfig CBSD €sp/oP F
65 Domain Proxy Heartbeat Response contains measReportConfig op zz:’g s
7 Multiple CBSD or DP Authentication + Registration + Spectrum Grant + Heartbeat CBSD & DP I casofop
8 CBSD in Heartbeat state loses connectivity with SAS and Heartbeat Timer expires CBSD &DP G

- cBsD/oP L

COMPLETE NOT TESTED

Gemiek

Wireless Broadband Anywhere

CBRS OnGo Interoperability Testing Event Participants

(at CableLabs ¢ Louisville, CO. Monday, August 27, 2018 Friday, August 31, 2018)

i ALLIANCE : ..
Monday Tuesday Wednesday Thursday Friday =
SAS Vendors CBSD Vendors Morning Setup  Session | Open / \C rs %
e AmDocs . AirSpan Aftemoon  Setup 1 3 5| Teardown o .
e CommScope e Acelleran Amdocs CommScope Federated Wireless Sony  Google
e Federated Wireless «  Amis (Ruckus)
¢ Google *  BaiCells
* Sony *  BLINQ
*  Ericsson
*  Fujitsu
DP Vendors J
5 *  GemTek
* A Juni Global
. " unt l0Da.
o Bl Test# [TestID S Resul
. Sercomm est est ummary esult i .
*+  BLINQ —_— 0[WINNF.FT.C.SCS 1 PASS Grant Termination
. *  TelRad s |
s [Ehcason a 1|WINNF FT.C HBT 1 PASS
2[WINNF FT.D.HBT 2 PASS
¢ TelRad 3.1|WINNF.FT.C DRG 1 PASS "
DP Only NA | Grant Suspend m 15
4 1|WINNF FT C HBT 4 PASS Heartbeat message
DP Only NA
EUD Vendors 5.1|WINNF_FT.C.HBT 6 PASS "
. 5 2| WINNF.FT.CHBT.6 7255] < GrantSuspendin
AirSpan Only support subsequence Heartbeat
«  BaiCells 6.1|WINNF FT.C MES 1 RECEIVED POWE_WITHOUT GRANT |PASS . fHESSa0E
y ot support A &
. CASA Sap— ot support A
' | ot support A ~  RECEIVED_POWER_WITH_GRANT
¢ Sercomm o- Sappar
. ot support A
*  GemTek (by CableLabs) DP Only A -
N . PASS
« 2[EBRS 14T 008 = Gemitek

Wireless Broadband Anywhere
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FCC Test Report
FCCID : MXF-WLTGFC105
Equipment : LTE Small Cell Base Station (CBRS CBSD)
Model No. : WLTGFC-105; E1012
(For marketing difference)
Brand Name : Gemtek ; Accelleran
(For marketing difference)
Applicant : Gemtek Technology Co., Ltd.
Address : No. 15-1 Zhonghua Road, Hsinchu Industrial
Park, Hukou, Hsinchu, Taiwan, 30352.
Standard : 47 CFRFCC Part 96
Type : [ End User Device

X Category A CBSD
[J Category B CBSD

: Oct. 22,2018
: Nov. 01 ~ Nov. 28, 2018

Received Date
Tested Date

We, intemaional Certification Corp, woukd ke 0 dectare that the tested sample has been
evaluated and in rEsuIs
contained in this report refer
legal use with the appmvalolmeapplmm. it shall not be repnmeed except in muwmm
the written approval of our laboratory.

Approved by:

mF)

Testhgatotery
m

* WLTGG-122 LTE Cat 12 B48 HE Outdoor CPE
WINNF-TS-0122 Test Report

[APPLICANT

Gemtek Technology Co., Ltd.

[EQUIPMENT

WLTGG-122 LTE Cat 12 B48 HE Outdoor CPE

|BRAND NAME

Gemtek

MODEL NAME

WLTGG-122-HGA_48

FCCID

MXF-WLTGG12248H

REFERENCE

WINNF-TS-0122 Version V1.0.1

TEST DATE(S)

Sep. 11, 2019 ~ Oct. 08, 2019

- Support TDD-LTEMode Band 42_43_48 *

- Support 3GPP Release 12 compliant

- Supportup to UE LTE Category 12 PHY Rate **

- Support 4x4 MIMO with 40MHz CA

- Support DL 2566QAMwith DL 2x2 MIMO only

- Support UL 2Tx (CDD/UL_MIMO/ UL CA)

- Physical 2Tx & 4Rxin RF frontend

- GPS for location (optional HW & SW ; not in default package )
- Support 1.8V and 3V SIM and USIM card for LTE Mode

- Supports Dynamic Host Configuration Protocol

- Built-in web server forweb-based configuration

- Password protected access and configuration

- Supports IEEE 802.3, IEEE 802.3u, IEEE 802.3ab (10/100/1000
Mbps )

- Support Power over Ethernet of Outdoor WAN port {802.3 at}
- Supports VPN pass-through

- Support IP67 Environmental Proof

Gemfek

Wireless Broadband An
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Gemtek 5G end to end system plan

Compact SG Small Cell E2E System Architecture

-------- (S N— SDN U | | o
network % GPS
Stage 1: Intel IA64
based gNB with T&

[EEE1588v2 | 5G Core
Edge Master | Network
|

SDN
Switch
with GTPU | MEC

/' IEEE1588v2
Fl ¥ %

1

| =
based gNBwith / I Router
RU / 1

Stage 3: All-In-
One SOC based
gNB

Gemiek
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(l What is CBRS

0 CBRS Architecture
Agenda . CBRS Background
. CBRS Spectrum in U.S.

. CBRS Use Cases
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CBRS Introduction 2

What is CBRS
Incumbent System ﬁ u

Licensed / Priority Access @ SAS

General Authorized Access i i ﬂ

@ CBRS is the Citizens Broadband Radio Service, which is a new shared-spectrum scheme is being introduced in the U.S. at 3.5 GHz

@ [t promises to unblock the logjam by opening up new spectrum for almost anyone to use with standard LTE on future
mainstream smartphones.

® CBRS user’s spectrum operators are managed by a Spectrum Access System (SAS) and Environmental Sensing Capability (ESC)

CBRS Introduction 2
What is CBRS

Existing users (e.g. US Naval Radar, DoD
Incumbent System |:> personnel) get permanent priority as well as

site-specific protection for registered sites.
Licensed / Priority Access @

Organizations can pay a fee to request up to
four PALs in a limited geographic area for
three years.

4

General Authorized Access GAA use and coexistence issues will be

determined by SAS providers for spectrum
allocation.

: The rest of the spectrum will be open to
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CBRS Introduction Peer SAS

CBRS Architecture

Operator Domain

FCC Database

SAS ESC Core

Domain Proxy

SAS-CBRS Interface

@ NMS
— [~

A

Macro CBSD Small Cell

Domain Proxy

NMS I IAAA‘
(opt.) :

In- building  CBSD  Fixed Wireless

LA

1

Sensor Network

/ | \ Access
EUD EUD EUD
Types of CBRS Devices (CBSDs)
\ ALLIANCE
-\ 5
3.5GHz CBRS Band
3550 - 3700 MHz
Device Type Max. EIRP Limitations
(dBm/10 MHz)
Category A 30 . Ouldoor‘antenna height limited .tu 6m HAAT ] )
. If operation exceeds antenna height or max Cat A powers, it's subject to Cat B
CBSD (1w) limitations
Category B 47 . Can only be authorized for use after an ESC is approved and commercially
deployed
CBSD (50 W) . Limited to outdoor operation
. Must be professionally installed
End User 33 . Can opgrate only if they can positively receive and decode an authorization signal
transmitted by a CBSD
Device (EUD) (200 mw) *  Subject to Cat A/B classification if it operates at power higher than specified for

EUD




X pra S 3 ST i : . "301001‘
EEABE MBI _ R

TELECOM TECHNOLOGY CENTER A A0 1 0010 1

%0, o

CBRS Introduction ?
CBRS Background
The Commission established a new * Forincumbent licensees, Grandfathered
Citizens Broadband Radio Service for registered sites are afforded protection until April
shared wireless broadband use of the 17, 2020. After the transition, available to all
3550-3700 MHz band (3.5 GHz Band) eligible 3.5 GHz Band users, to operate on a GAA

= FCC open the 3650-3700 MHz = The WTB configured a cloud based
band for terrestrial wireless platform to facilitate the collection of that
broadband operations information which was launched for a four

month window ending August 7, 2017.

CBRS Introduction "
FCC Certification of CBRS Equipments
COMMSCOPE
Gemtek
COMMSCOPE federated _
AN
ERICSSON _Alrspan
3- ’
GO gle amdocs NOKIA
Go gle SEICOM
_ - T Ruckus
| federated T QUCELL
TMILEIE22 ) SONY

ESC Provider SAS Provider CBSD Provider
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CBRS Introduction Gt’

CBRS Spectrum in U.S.

| CBRS Region |
(3550 3700 MHz)

Radar (3100 3500 MHz) Radar (3500 - 3700 MHZ)
Radio Location Fixed Satellite Serwce

Maritime Radio Navigation Earth Exploration Satellite Lo Ama\eur
= D | Fixed Radlo Location _
ALLIANCE ; ; .
( A : .
2.900 GHz 3,000 GHz 3100 GHz 3200 GHz TS Gl S O.‘&

This 150 MHz block can be mapped to 3GPP defined LTE band B48, B43, B42 and B22. ‘

3 300 GHz 1400 GHz

3550 MH 3600 MH 3650 VIH 3700 MH

Incumbent Federal Radiolocation (occasional activity, primarily in coastal areas)
Incumbent FSS Rx-only Earth Stations

Incumbent Wireless
Priority Access Licence - PAL (up to 7 10-MHz channels) Broadband Service

General Authorized Access - GAA (at least 80 MHz, subject to incumbent activity)
3GPP LTE Band 48

Source: Google

CBRS Introduction Gt’

In-building with CBRS ;.4

enterprise

S » Avoid to interference with Macro site

» Simple and easy-to-deploy, manage, and use.

» Three models to deploy for enterprises.

EPC located in Data Center

Source: Westell

In-building wireless infrastructure with CBRS
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CBRS Introduction

Architecture for CBRS Private Network

Customer premlses

SAS
1 Provider(s)
' RAN Controller
UE with

d \EMS iewer
private network app. : \ ,
| Public IPSec s1
. Internet Gateway Gateway
! Customer

ﬂ Network

Private Network Operator

Management
Network

Backhaul
Public/Private

SAS traffic

Call, data, signalling
Management traffic
All of above

Wastl] Offartng

Source: Westell

[T

Architecture for a CBRS private network

CBRS Introduction

Gtﬂ

Use Cases
In-Building Public Space Industrial loT
@ Education @ Entertainment 4 Manufacturing
& Military & Government 4 Mining
@ Hospitality # Retail & Oil & Gas

@ Healthcare

4 Multi-family Residential
# Office Space

& Power & Utilities

@ Transportation

.@\

MANUFACTURING
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CBRS Introduction

Use Cases

Video Cameras

©
.

Public Safety

Voice and video calls

Digital sighage without cabling

The trial actually started on Sept. 30, and will last until Oct. 15 WIiFi

© O © G

CBRS Introduction 2

Summary

€ CBRSintroduces a new way to manage spectrum that is
dynamically tied to those who need it and are ready to use it.

4 CBRS expands and deepens the role of wireless in the
enterprise: it enables a pervasive connectivity fabric that
permeates multiple processes, applications and services, and
that is necessary to support increasingly dynamic environments
in all verticals.

@ CBRS creates a bigger, more active role for the enterprise in
shaping wireless. No longer just a user of wireless infrastructure,
with private and neutral host networks, the enterprise has the
opportunity to become a major stakeholder in the wireless
ecosystem.
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Former CSA
licensees’
deployments

Former CSA
licensees’
deployments

+ 1800 MHz Mobile band +
New users New wsers

(individual per- (individual per-
location licences) location licences)

1800 MHz
Mobile band

1780 MHz 1785 MHz... ...1875 MHz 1880 MHz

MOD use

New users (individual
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QF‘com

making communications work
for everyone

Local Access licence

application form -

Guidance for completing this form

Who should use this form

You may use this form to apply only for a Local Access
licence in the United Kingdom. For applications for
access to frequencies in the Channel Islands and llse of
Man please contact the appropriate local competition
authority.

What is Local Access licensing?

This enables new users a way to access already licensed
mobile spectrum in locations where this would not
adversely impact the incumbent licensee’s planned use
of the spectrum. New users must respect the rights of
the existing user and not interfere with or constrain
their operations.

Licences are for a defined period

Conditions

Under the Wireless Telegraphy Act 2006, you must
have a licence issued by Ofcom before you establish

or use any Wireless Telegraphy equipment. Licences,

if granted, are issued on a time-limited basis with no
guarantee of access after the licence period has ended.

Communication preference

Where possible, we send correspondence to licensees
electronically. This is quicker for you and cheaper

for us. By providing your email address, we assume

that you wish to receive correspondence and
notifications relating to Wireless Telegraphy Act licences
electronically and not on paper. If you do not wish to
receive documents electronically, please indicate this by
ticking the relevant box on the application form.

OfWw588

Completing this form

When completing this application either electronically
or on paper please refer to the notes. If you are
applying by paper, please complete in dark ink in BLOCK
CAPITALS.

Please provide as much relevant information as
possible. If you do not provide a telephone number
and email address, it may delay the processing of this
form. If you need to supply further information or
clarification, please provide in the section ‘Additional
information’ at the back of this form.

General information

The Office of Communications (Ofcom) is responsible
for regulating the use of the civil radio spectrum in the
United Kingdom. Regulation is necessary to ensure
optimal use of the limited radio spectrum.

The regulations governing radio are, in general, derived
from the International Telecommunication Union (ITU)
Radio Regulations, relevant EU Directives and the
Wireless Telegraphy Act 2006.

Wireless Telegraphy Act

Under the terms of the Wireless Telegraphy Act 2006, it
is an offence to install or use radio apparatus, unless:

e you do so in accordance with a licence issued by
Ofcom; or
e the apparatus is specifically exempt from licensing.

Responsibility for obtaining and paying for a licence
rests with the user of the system, not with the supplier
of the equipment. Submitting a licence application form
does not permit you to install or use any equipment —
you must wait until we have issued the licence to you.

Ofcom may refuse to grant or may revoke a licence to a
person where evidence provided to Ofcom by the police
indicates that the applicant is involved (or has been
involved) in organised crime or other criminal activity.




Radio Equipment Directive (RED)

Please note that equipment will need to be compliant
with the Radio Equipment Directive (2014/53/EU).

Frequencies

The spectrum that can be authorised to use under this
licence has already been assigned to an operator. For
this reason, coordination with existing users will be
required before we are able to assess whether to grant
a licence.

We will therefore need to contact existing incumbent
spectrum users in order to carry out our assessment
of whether a licence can be granted. For guidance, a
range of information and tools about current use of
spectrum and licensees is available on the Spectrum
Information page of our website:
https://www.ofcom.org.uk/spectrum/information.

Applications also may need to be coordinated

with other official bodies including the Ministry of
Defence and Civil Aviation Authority, who will conduct
assessments on the risk of harmful interference to
existing services.

Payment

We will only request payment of a licence fee of £950
when we have assessed that it is possible to grant a
licence. Payments must include all bank charges. If
Ofcom does not receive full payment, it will return any
partial payments received.

How we use your data

We require this information in order to carry out our
licensing duties under the Wireless Telegraphy Act
2006.

Please see Ofcom’s General Privacy Statement for
further information about how Ofcom handles your
personal information and your corresponding rights:
www.ofcom.org.uk/about-ofcom/foi-dp/general-
privacy-statement

For help contact:
Ofcom

Innovation & Trial Licensing
Riverside House

2a Southwark Bridge Road
LONDON

SE1 9HA

E-mail: innovation.licensing@ofcom.org.uk

Website: www.ofcom.org.uk
Telephone: 020 7981 3157 or 020 7981 3857

The remainder of these guidance notes provide
guidance on customer details in Section A.

Question A.1 — Existing customers

If you already hold an Ofcom radio licence, you should
write your customer reference number in the box provided.
Your customer reference number will be quoted in licence
documentation or correspondence that we have previously
sent to you.

Question A.2 — New customers

A Wireless Telegraphy Act licence can only be issued to a
legal entity. You should tick one of the options provided. For
a partnership, please give the full name of one partner and
supply a list of all other partners. The main partner is also
required to sign the declaration in Section E.

Question A.3 — Licensee name and address

If you are applying on behalf of a Limited Company, a Public
Limited Company or a Registered Charity, the registered
address of the organisation must be used.

Question A.4 — Licence contact name and address

This is the preferred contact to receive licensing
documentation and correspondence.



https://www.ofcom.org.uk/spectrum/information
http://www.ofcom.org.uk/about-ofcom/foi-dp/general-privacy-statement
http://www.ofcom.org.uk/about-ofcom/foi-dp/general-privacy-statement
mailto:innovation.licensing%40ofcom.org.uk?subject=
http://www.ofcom.org.uk

A. Applicant details

A.l

A.2

Customer reference number:

If you are an existing licensee, please provide your customer reference number and go to question A.4.
If not, please complete all sections.

Who is the licence to be issued to?
A licence can only be issued to a legal entity. Ofcom recognises the following types of entity.
Please tick the relevant box:

Individual or sole trader NHS Scotland Government
Incorporated association Non-UK company/PLC Unincorporated association
Limited company/PLC Non-UK government/ University/educational

administration

Local government Community interest

NHS England and Wales Partnership Royal charter
NHS Northern Ireland Public body Religious body
Crown Registered charity

If individual or sole trader, please provide full name:

If a partnership, please provide the full name of one partner (who must also sign the declaration of this form
and supply a list of all the full names of all the other partners in the declaration):

If a limited company, public limited company (PLC) or incorporated association please provide:
Company hame Company registration number

If a registered charity please provide:
Charity name Charity registration number

Does the registered charity have as as its objective, the safety of human life in an emergency?
Yes

No

If any other legal entity please provide:
Name Registration number (where applicable)




A.3 Licensee name and address

e Companies should use the registered address from Companies House
e Registered charities should use the address from the Charity Commission

For all other Licensees, please use your main business address

Name

Trading name

Address Telephone

Mobile

Fax

Postcode Email
Country

Please indicate your communication preference:
Email
Letter

A.4 Licence contact details (where different from above)

Licensing documentation and correspondence will be sent to this address.

Name
Address Telephone
Mobile
Fax
Postcode Email
Country

Please indicate your communication preference:
Email
Letter

A.5 Contact details for payments or account queries:
NB: This is the person who will receive invoices and reminders when payments are due.

¢ Do not include payment with this form, as you will be invoiced later

Tick if details are the same as those in question B.4 (Licence contact details)

Name
Address Telephone
Mobile
Fax
Postcode Email
Country

Please indicate your communication preference:
Email
Letter



http://www.companieshouse.gov.uk
http://www.gov.uk/government/organisations/charity-commission


A.6 Contact name and address for site and technical enquiries (where different from above)

Tick if details are the same as those in question B.4 (Licence contact details)

Name
Address Telephone
Mobile
Fax
Postcode Email
Country

Please indicate your communication preference:
Email

Letter

B. Project overview

If necessary, add any additional details in the space at the back of this form under ‘Additional information’
or as supplementary information attached with your application

B.1a Provide a description of the request, including any relevant technical information

B.1b When discussing with incumbent users, provide a description of the request, including any
relevant technical information details (if different from B.1a):




B.2 If this application is in support of an incumbent operator, then provide the contact
details of the sponsor:

Name
Address Telephone
Mobile
Fax
Postcode Email
Country

Please indicate your communication preference:
Email

Letter

B.3 Provide the requested licence period:

Start date (DDMMYYYY)

End date (DDMMYYYY)

Applications for licence periods over three years requirement incumbent operator agreement.
Any applications without this will be rejected.

B.4 Provide details of how the transmitter will be operated:

Details of timings
Duration of transmissions

Days per week in operation




C. Station details (required for each transmitting station)

C.1 Site location and address of transmitting station
GB National Grid Reference e.g. TQ 300 800)

Address

Postcode

Country

C.2 Frequency details:
Frequency of operation Bandwidth Class of emission

For guidance, refer to information sheet OfW84 providing guidance on ‘class of emission’.

Applying only for the frequencies required will help reduce turnaround as unduly large requests may
lengthen the processing time of this application.

C.3 Antenna details:
Antenna type

Polarisation

C.4 Antenna gain:
dBd

or
dBi

C.5 Provide the antenna height above ground level:

metres

C.6 Provide the ground height above mean sea level:

metres

C.7 Confirm if the antenna is directional:
Yes
No
For a fixed antenna beam provide the direction of maximum radiation:
a. Horizontal 3dB beam width in degrees
b. Vertical 3dB beam width in degrees
c. Azimuth in degrees East of True North

d. Elevation in degrees from the horizontal

(state whether above or below horizontal)



https://www.ofcom.org.uk/__data/assets/pdf_file/0032/88484/OfW84-Guide-to-class-of-emissions.pdf

C8

c.9

Indicate the proposed peak power: (choose one of the following possibilities to input the data)

Effective Radiated Power (ERP) dBW
or

Effective Isotopically Radiated Power (EIRP) dBW

Note that ERP (in a given direction) is the product of the power supplied to the antenna and its gain relative to a half wavelength
dipole. The maximum ERP is that in the direction of maximum radiation and is expressed in watts. The power supplied to the
antenna is expressed in the form of peak to peak envelope power (PX or pX). The peak envelope power is defined as the average
power supplied to the antenna transmission line by a transmitter during one radio frequency cycle at the crest of the modulation
envelope taken under normal operation conditions.

EIRP (in a given direction) is the product of the power supplied to the antenna gain in a given direction relative to an isotropic
antenna (absolute or isotropic gain).

Ofcom will ultimately decide on the permitted ERP or EIRP as appropriate.

Indicate the peak RF power supplied to the antenna or load:
dBW

C.10 If applicable, indicate the mean radiated power for pulsed transmissions:

(choose one of the following possibilities to input the data)

Effective Radiated Power (ERP) dBW
or

Effective Isotopically Radiated Power (EIRP) dBW

The relevant measured bandwidth
The pulse duration

The pulse repetition rate

C.11 Indicate whether the transmission is planned to occur outdoors:

Yes

No

C.12 Explain why, in your opinion, the requested frequencies are not in use at

the requested location:




C.13 It is advisable to consider the potential interference risk of your application to other users of
the radio spectrum.

In the event where there are concerns due to the risk of interference, it would be helpful to
know what compromises you could agree to undertake in your operation to reduce this risk.

Provide any details that may increase the likelihood of a licence being granted, or could help
ensure a more efficient co-ordination process:




D. Declaration

By signing this form, | confirm that | have read and understood all the notes. Any information
provided is correct and complete to the best of my knowledge.
| understand and accept that:

¢ The body (if any) | represent will be responsible for compliance with the licence and has the control and
supervision of the station;

e Itis an offence to knowingly make a false statement in support of this application and may lead to the
licence being refused or revoked under the Wireless Telegraphy Act;

e Ofcom may share my information to publish a register of licences under the Wireless Telegraphy Act;

e Ofcom will not give anyone my information except where it has permission or is permitted to do so by law.

Full name

Position in organisation

Signature of applicant

Date of application (DDMMYYYY)
For self and partners (tick if applicable)

e Partnerships must be applied for by one partner signing ‘for self and partners’. A director or authorised
person must sign for public limited companies, limited companies and other legal entities;

e |If the number of partners exceeds the space, then for each additional partner please provide the name and

signature.

Partner 1 name Partner 3 name
Partner 1 signature Partner 3 signature
Partner 2 name Partner 4 name
Partner 2 signature Partner 4 signature

Where to send this form

Please do not include payment with this form, as you will be invoiced at a later date.

Ensure that you enclose all relevant certification and attachments with your application and email
innovation.licensing@ofcom.org.uk or send to:

Ofcom If you need assistance, then please email

Innovation Licences innovation.licensing@ofcom.org.uk.

Riverside House

2a Southwark Bridge Road

LONDON

SE1 9HA There is also information available on our website
at: https://www.ofcom.org.uk/manage-your-
licence/radiocommunication-licences/non-
operational-licences

Alternatively you can phone us on 020 7981 3157 or
020 7981 3857.
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