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= a

a o 3 A Yo Ly ] [y A [ ¥ o [ v 3
ﬂ%ﬂTﬂ%ﬁﬂWVﬁﬂa@u1ﬂiU%1ﬂﬂ?iﬂi%%ﬂiﬂﬁ%@Uu FJIUAUAAUAINUD ﬂﬁiibﬁ?%iUI%¢ﬂ%ﬂUﬂ?i

1 ¥ a

yihlU Wy Adumuddmsy Wi lefinuSinamnuidmivdsdoya wmadansldaauvaisgiu
Aty Pagliszuuannsanssarensdadeyasenluanadundnlutanarfiinisivdidoya
USinaunn (Peak traffic) ilvnsasdoyadululdsniitu savisnislauaduamuidu il
annsadsteyaldlulmnaiigdulunafivinty damsldaulusuuudandnludagturesssuy
4G fnaneFULUU WU LAA uay LWA d1wsusguu 56 Aanunsavilaluguuuudendu laewsisendn

5G-New Radio Shared Spectrum

2. mMTC
idesannunsgiuvesszuy 46 Lildgnatranifiesessumsldauvesgunsaldmauann 16 lu
Jestuunsgiures ITU fuusliszuy 56 dosannsnsesiunnieusovesgunsalldlusesiu ndndu
wioartamsilawns Sssidudesdinadiadunianisioyaiionfudu
2.1. Cloud Computing
wmadaifianuddgundmiunissesiugunsaiflaziduidendeduszuude Cloud
Computing NMsldugunsal loT vsUszndndudesdnisuszaianatoya agunsal loT U4
gunsal ldfiawansolunisuszsananadsnadlsd msdsdeyaiieluuszananavudumeiidn
39071 Cloud Computing 3samnsaidundudntielsznanateyadiuiumn Adaangunsal

loT waniile

3. URLLC
duiileaarnaiia Cloud Computing ‘Tfﬂ‘d?HiﬁigU‘Uﬁ’lﬂﬂiﬂUigll’JaB\Ia‘ﬂj@iﬂa Lﬁaqﬂﬂizﬁ loT
Uaenalififdsuszananane ag1slsfiniu n1slden Cloud Computing fignseunseil fasiinisds
YoyarumBumoiidaludmireyszinana Jednlngjazidumireyszananaves Cloud Service
Provider msdsdayauuuiionadswalfinenud1d lnedmiussuu 56 fnmsfuumnasgiunnumis
yosmsdstoyalusedulsitiu 1 5ad3undt (1 ms) Fahunn (Feudusedu 10 ms ¥e9szuy 46) Msldau
LUV URLLC Fafunisldanuiifinnnumingi wu msldeuvessasudliaudu Ssdndudeddinaiadu
\fislifisann Cloud Computing
3.1. Fog computing
windla Fog Computing (M3e158n8nT 031 Mobile Edge Computing) vuniséemniae
Uszananaanfniiinnsuszananaiiogiu Cloud Service Provider snidunislantheUszananal

Y
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uluusnalndidesivaunsal 1oT sinee vililddesdstoyanlaaingunsal loT waililusses
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mmg'mwaamsﬁams 5G

99ANTTENINUTEINA taln ITU, 3GPP wag IEEE Lavin1sAnuuasimuaunsgIuvedssuy 5G
13, wii 5] 3luidoedu Tngamzannaninsauunauseninalseina (TU) lﬁﬁ’méjﬁﬂa;uﬁwm Working
Party 5D tflevnsAnwniswauimalulad IMT for 2020 and beyond lafinagiduludumnsgiunia
waila, Arudeanislidanuveuslan wiondumuaRNzauiunsTd numaluladt shuludauun
nnsiiugua Inednanisfnwesnuilusenululssnusiie Wi duiderien wasuuiliy nns
Wawwmalulad IMT niepdunnudfiuwldussidenuildsessu 56 lnsrmuuansounaisiiuey

Amuamasguianaliuduasanielud we. 2562 swandeausingdsgud 8n

Organization

>6GHz Technical performance
ITU-R feasibility requirements and Proposals and evaluation
study assessment criteria

Decision and
specifications

3GPP

requirements Solution evaiuation ang speciticatio

AN pe and
Al SLOPEC anl

IEEE 802.11ax and WiGIg2.0 802.11ax and WIGig3.0

2015 2016 2017 2018 2019 2020
U7 80 UARBINASHILYBIMILIENUANY dmSunisieans 5G (un: GSA)

1. 4§ IMT-2020
IMT-2020 gnimuiiaiduinaeiunnsgiudmsumalulad 56 (2, w1 6 89 7] Ineunsgu IMT-
2020 §IAAMUAINNITALUAIUA 9 LENTVWIINUINTFIY IMT-Advanced (1nsgrudmsu 4G) lulosdu

ITU-R ladsramnnudesnislaauszu 56 Tl 3 auvan o aall
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Enhanced Mobile Broadband (eMBB)

Miaale

+¥%,
s - Edge area 100 Mbps.

: speed
Low /‘ High

- Peak speed 20 Gbps.

N

(10T

Ultra-Reliable Low-Latency Communication (URLLC) Massive Machine-Type Communication (mMTC)
-1 ms Latency - 1 million device connections/km®
- 10” Error-rate, Ultra reliability - High energy efficiency

JUN 9n madsaamusieen1sldausEuY 56 angldaru (wn ITU-R)

Forivuasiig q 189 IMT-2020 lfunandeasunisussyu Mobile world congress 9a9Tuil 26
nuAuS - 1 funeu 2561 Milesunsialaun Useineay Tngldfideasuin uszneunisiianunsa
MBUAUDIAINABINITHITIU 5G 'ﬁmmmjm (eMBB, mMTC wag URLLC) waza1u1saliusnisniy
Formuadwioludly JneFenldindudlviuinislaseiie 56 s

a =a 1 a A a =a 1 a a

e dnsnisandlvaniazdulnanggaegi 20 AnglnseIunil uay 10 AnglnsioTuni

U

AUAIAU

¢ gnsinsanilnanuazdulnansigadniunisldauaswuanIntingoudg 9 100

a =

WNEUMRDIUN Ay 50 WNTUNMADIUNT AUAPU
) & Y} A o v A a a a |
® Fns1N1sALManwazsUlnanNyinlin15aeasUs1AINNANNRANANAAD 30 WNTUnGe

AU WaE 15 WnEUAGBIUIN MIUAIRU

9

< 4{' Q{' Ao 9] v a o Y]
L ﬂ')qllLi']fﬂﬁl’ﬂa@quqaﬂWHQﬂﬂiﬁquIW?]@ 500 ﬂIaLﬂJ@im@%"ﬂNﬂ I@Ua'ui’]iﬂﬁENTUﬂ'ﬁ

?%amsuumlﬂmmﬁaqa

o arumilusziusingt 1 fadiund

° ﬁ’]iﬂiﬂL%@Mﬁaqﬂﬂiﬂﬁmajﬁaﬂﬂ’h 1,000,000 1309 Melusadl 1 ss1enlalwns

o aunsndsiudeyaldiinnitszuy 46 dufu 100 whdenilmuendsy (@woina/
gunsaliledis/gunsal loT)

e dnsnsdadeyaaeansieiui 1 a1s1awns Wiy 10 wnzdaseduni
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2. 11As§1U 3GPP
aaﬁﬂi‘ﬁ'LG(’TW;J']Lﬁ'amemmgwmqL‘vmﬁﬂ [2, %141 9 84111 10] (Standards Development
Organizations: SDOs) Tidulunuderiiviunves ITU Ae 3 Generation Partnership Project %38 3GPP

Fudunssaunguanamnssulnsauuauiivsznouluiig 6 niisnuldun duiAugnaIminIsuingwas

a a0

AU (ARIB), anusiNoN1900ngnaIMNITUINTANWIANENSTBLUSAT (ATIS), AUIANLIASTIUATT

<

9
doansdu (CCSA), antunnsgiulnsanunauglsy ETS), annsmaluladinsauuiaunma (TTA) uaz
augnssunmamaluladinsavuiandu (TT0) lnsaundnosdnssia 6 miasaiu vmdhiisansuluns
fvuauariuseRnATTUTEaz s amadafunealuladseuulnsdwiiadoud dengusoazidun

ManAllA TSG (Technical Specification Groups) HlA59a31913804AUSENOU 4 NGY bakA

e ngulAsa1a18e1n1A TSG-RAN (Radio Access Networks) 38 RAN fintinii invun
Hefdunsdndddaseng waznsidousolasaieuuusig 9

® NguAMUUTNTUATTZUY TGS-SA (Service & Systems Aspects) 1138 SA fininfifmua
Youlwanstdau wagliusnisssuusing 9 uagldem

o nqulassevdnuazanitiuatenia TSG-CT (Core Network & Terminals) #38 CN & CT
finiii szysanesfuiteidndsaanduatenia saudsmnuannsalunisidifsannd
Yaneneneldaniniindensng o vesanidiatenis

e nqulAsI¥18a188IN1ALUY GSM/EDGE (GSM/EDGE Radio Access Networks) #38
GERAN finthillumsfivuaseagiBoansidndaing Whdulumuderiivuaves RF Layer

FudmageuTIvavideayn 9 vesanigiuwazaniuaienivedlasaiigagainie
U990u 3GPP lousgnmiAuinsgiumanaiianiuaduna1ud (Radio Frequency Requirement)

dw5Uszuu 56 sanuldiu tnswlssendu wesgriumamaiindmsuaniiigiu (Base station) uaz

wnsgumamatiadmiuiaesgniie (User Equipment)
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ﬂ’ﬁﬁﬂ‘iﬂ’]&l']ﬂiﬁ’mﬂ’lﬁ%ﬂﬁaUﬁﬂ’lﬁﬁ’m 5G AUUINIZIUEING

(3 1 4 1

99ANTIEWINNUTEINA LaWA ETSI (European Telecommunication Standards Institute) Jueedng

a o ¥

fAvimid fmuaninsgrusuinseuuialuglsy saufuesdng 3GPP (3" Generation Partnership
Project) Gaduasdnsndniifduddnlunisiamnunsgumanaiaiifeadasiunsdearslasee
Insdwiflefie l9davinunnsgiunisageuamasnndes (Conformance test) MasuAdUAMAINY
(Radio frequency) dm3uannilgiu 56 (56 Base station) Ingusgmialdidusnsgrumanaiaduadu
Arwiddmiuaniigiu 56 leun snasgm ETSI TS 38.141 %ammgmaﬁuﬁ mamqmﬁqmsmaauﬁqmﬂﬁq
Transmitter (Tx) kazn1ATU Receiver (Rx) vasanilgiu 56

1PTFINITATA ETSI TS 38.141 Wuanassiuiiseusuiuegraunsvarslussduaina uazidy
1A5§IUBTIMadTinaY nany, 168’531451’%%1/11&Lwﬂﬁﬂ%uﬁwﬁwwium%ﬁwqﬂmmﬂmamﬁgm 5G
(5G Base station) Inanasguatuil Uszneudedefnuaniamaiadmiunismeadeuauaenadas

(Conformance testing) ¥@4an1Hg U 5G 19 2 du oA
® ETSITS 38.141-1: N1SNAABUAINNEDAAR BINI1UN19@188 211 (Conducted conformance
testing)

® ETSITS 38.141-2: NS¥IAG0UAINADAARDIIUNIINA (Radiated conformance testing)

1. tesmuailasiuiifieadasiummageuaniig 56
1.1, ¥amnudldauves 56
1AS5IU ETSI TS 138 104 (3GPP TS 38.104 Release 16) la fmunyaamnudldeuues 56 lag
wiadu 2 Y SneazBoademaned 1n

ANS99 1N LAY 9ANNDITNUDY 5G

AMSIVUAY29AUE YrepNuindanAdas
FR1 410 MHz — 7125 MHz
FR2 24250 MHz - 52600 MHz

1.2. damuuavaaddmagaudmiuannigiu 56
U1 9§1U ETSI TS 138 104 V16.7.0 (3GPP TS 38.104 version 16.7.0 Release 16) WUUILLANUDY
anntignu 56 oanlu 3 Uszam sudainuavedgnd B mngeu Ao 9aa BN vngeunIeaesiai
(Conducted testing) kagN15NAdpUNI9@INA (Radiated testing) TnefisneaziBondail
121, aonigiu Ussiam 1-C BS type 1-0)
anilgu 56 Usean 1-C 13n819839n15naaeuNIuneangdiaii (Conducted testing)
Tnevhnsideusioiflonaaeufitesieaesina (antenna port) vesanniigiu 56 (neaziBendagy

#1 10, port A) Tunsalnaniguiinsweusiogunsainieuen Wi wseswens (Amplifier), fanses
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deyaunau (Filter) 38 Combiner ivnnsiweudelaseilainiigne 198singganauiays aanga1ne

(iwazlﬁamﬁ’qgﬂﬁ 100, port B)

Towards
External External antenna connector
’ PA device e =
= N P PN i BT
cabinet nuter
(if any) (if any)
Port A Port B

JUN 10N waneqneeBansnagdeuanigiu 56 Useam 1-C (Mun: [8])

1.2.2. anigu Yssm 1-0 uag 2-0 (BS type 1-O and BS type 2-O)
annfignu 56 Useian 1-0 wag 2-0 1909198415 NAFRUNIUN1981N1A (Radiated
testing) TmEJ‘VTWmswmaauamé’nwmmam%mmﬁt:hu'vmmmﬂ (Over The Air, OTA) s

MYRINAvRIANEIY (eavidendsgunl 11n)
Radiated interface boundary

————————— —— ——— ———————— —— — — —

___________ e
f = = .
o | 4 ] N
I || I :
I | [
| || I :
I | [ I
| || I :
|| || ' I I :
- (1 Rase 1) o b1 ¢
I | Transceiver unit array | IDistributionI | Rrenna I : :
| (TRXUA) | | Network : I (Erauy : |
| : 1toP Il RDN | ) L
L 8 || N
I || I :
| | [ I
| || I :
I | [ I
I || I :
| | (I H
! | 4 N
| b ———_—— ——— 3 IR ] R ——— | ;

antigIu 5G Usenm 1-0 Ao 3aeamud FR1
antigiu 56 Uswnn 20 fis Yaapud FR2

Radiated interface boundary duwusriuauusseglna

JUM 11n uanyasBansvageuanignu 56 Ussnan 1-0 wag 2-O (71un: [8])

1.23. @iy Usen 1-H (BS type 1-H)

anilgn 5G Uselam 1-H 900 98aMsvaceu 2 90 A9 A998 TVIAABUNTUNINENY
#1151 (Conducted testing) Waz9nE19BINTMAGBUNIUNIDINA (Radiated testing) Faviane
Tinsmnaeuiss e mMALazinunsaesith nensvadouandnuNEUeIAAUANA

{UNN901NE (OTA) D198 9 UUDARUANIITNARDUNIUNIOINA (BS type 1-O and BS type 2-
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0) @UNINAEUNTUNNENEAUNTAYINASITauR BN S NA@RUTNIYaIR® TAB (Transceiver Array

Boundary connector) (:ngagidennaguin 12n)

Transceiver array boundary Radiated interface boundary

_____________ RS SR aaticy I
T l : | ! -i [
: | G I ' b
L ; N H

| ' = T
| : | | :

: | o | (L

| | : | Radio || :
| Transceiverunitarray #25} ! IDiﬁribUDOﬂ: | Azrer:na : :
| (TRXUA) | i | | Network | | (AA;! P
| 1toM I : y | RDN | P
' [ : ' [ [ |
| ! : [ | | !
[ ; (N ! P

| | . ' :
| : ! ! TR

: I #K i ! ! P
L T | | :

S — - ﬂ} : PR RS : :

Composite antenna

Transceiver array boundary connector (TAB)

JUN 120 waneqnBansnageuanigiu 56 Ussam 1-H (7iun: [8))

1.3. Usznvesannilgiu 5G
amilgiu 56 uuseenidu 3 Ussaw Iun annilguussinvaseusquituiiluudinnnia (Wide area
base station), amﬁgmﬂismmmamquﬁuﬁmmmﬂma (Medium range base station) wazan 1§ IUUTELAN
AsUARILaNET (Local area base station) lunsalfianigiudiulssinn 10 way 2-0 aunsouisUssian
Imaﬁmimmﬂiwsmqﬁﬁqmiuagmuﬁuﬁu (Minimum distance along the ground) s¥1319@011g14 (BS)

Ugunsal (UE) waglunsdifanignududszian 1-C uey 1-H anansaudsUssavvasaanigiu lnefiansan

MNAAGYFLREA (Minimum coupling loss) sevinsaniignu (BS) fiugunsal (UE) lnedieazidendsil

T8N 20 Ussamvesaniigu uwnusseznsnaniussnunuRussiweaanigiu 8S) fugunsal (UE)

PBDIMAFRY Uszinnvasaniigiu WNAVDILAE SEETYIANER
Tussunuituiu
Uszm 1-0 wag 2-0 Wide area Macro cell 35 L1919
Medium range Micro cell 5ms
Local area Pico cell 2 bUNg

TN 30 Ussamvesanilgnu uwnuAnagedesiansevinannigu (8S) fugunsal (UE)

PDDMAFRY Usznnvesaniigiu VAVBALAR whmqugt,?mﬁflqm
Usenn 1-C way 1-H Wide area Macro cell 70 dB
Medium range Micro cell 53 dB
Local area Pico cell 45 dB
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2. MIMuuaBeAUsznauYaIMMAdaUdAnItig 56
2.1. 83AUIZNBUNTVIAFBUNINENEAN
MVAEEURUN AR (Conducted testing) iunisnaaeu Tnevhnisiouseiniasiiotn
\ifutewioanEeNA (antenna port) YeaiAiesds 56 vielunsalfiiiesds 56 fimadeusiogunsalneuen
$2uf2y 1 LA esuene (Amplifier), fansesdayayind (Filter) v Combiner TWvinn1sid eusewnd asiloTad

PONBWNEgANDULT NFaaNEeIMA (LazidunfsgUN 130)

|30 56 \rRaEny finses s
(Amplifier) Seyayu (Filter) ’l
Vo B q =
I
I
I
T | | ,
YW DF LD INA I 1 e i e
(Antenna port) | I Ji
1 | B
I I

’ P 1BINEAANBUBNRB UA1EEINA

JUT 130 WansesAUsvNauveInsnadeuanIiigny 56 nanesiith

Ly

Tunsalflaonilgiu 5G dYewieaee1na (antenna port) IMUIUMANEYDY MNMMENERATAEUEY
1971 Aase el (power per port) YBILAZ B9E Y AMAIEWIT 9 AU NINAOUAILNTANAGOUT T DIR D
aneenevedlademiladeiniieme

2.2. 2IAUTNDOUMIVAFBUNNNDINIA

MSNAABUNIUNI8INA (Radiated testing) 1unsnageu tagvinnisiaaduudiwmanlvdng
] = = & aa A ¥ a = o
deinuagoInAvesanigiu 56 Fuduismmaaeuiiaiiounislidauaiannian anunsavinlalaenis
WenseagainiasuiniunIediodn uwazvinisiarduwimanlyihfdwiuaiseinirvesaaniigiu 56

Hun1senia Inglvidesrusenaudidtydmiunmeaeunagui 14n

AN8871N1ASU 5G
R T TE PPN | , _25...

| \3siladn 5G

f A=
| er—
= =
} Foao 1

, PTEC Mobile lab.
= 6 a
Eﬂ“l/l 140 LLﬁﬂ\‘]@\‘]ﬂ‘Ui%ﬂE]U‘UENﬂ'ﬁVl@ﬁEJ“Uﬁﬂ']ug']u 5G N
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3. damuuamawetindwiuaaligau 5G
WM ETSI TS 38.141-2 V16.7.0 (2021-04) Aip 11055 1UANLADAARRININNALAYEADIT
31U 5G dmTumanaaeusun1aeInNIA (Over The Ar, OTA) lamuuaauaenasasmnamallndmiuanidl

51U 5G (5G base station transmitter) wWuu Single carrier lnafisngazidantonmunasissialuil

MINN 40 uanadefvuanisnatdadmsuanifigiu 56 (56 base station transmitter) AuNATEIU TS

38.141-2 V16.7.0 (2021-04) wuu Single carrier [9]

Faninun #dan1svagau
6.2 Radiated transmit power
6.3 OTA base station output power
6.4.2 OTA RE power control dynamic range
6.4.3 OTA total power dynamic range
6.5.1 OTA transmitter OFF power
6.5.2 OTA transmitter transient period
6.6.2 OTA frequency error
6.6.3 OTA modulation quality
6.6.4 OTA time alignment error
6.7.2 OTA occupied bandwidth
6.7.3 OTA Adjacent Channel Leakage Power Ratio (ACLR)
6.7.4 OTA operating band unwanted emission
6.7.5.2 General OTA transmitter spurious emission requirement
6.75.3 Protection of the BS receiver of own or different BS
6.7.5.4 Additional spurious emission requirements
6.7.55 Co-location requirements
6.8 OTA transmitter intermodulation
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WInsgIuNIMadavannligu 56 luuszmdlng

Tuuszinalng drineau nany. liUsen1ALInIgIuLInIgIUNAmATAYeLATRNIANUIALLAY

gunsaldmiuATeringAuuIANANgIU (Nany. un. 1037 - 2563) [4, i1 1 At 5] iesyydnuy

NIUNATATUA 1 AINTULAT BITNYANUIANAINITINTANUIAULAG BUTEINA International Mobile

Telecommunications (IMT) @slginalulad IMT-2020 (sguu 5G) Usziania3aadingauuiAuaanigiu

(Base Station) Inefununlila3oadngAuwIANAnIIFINTEUU IMT-2020 (5G base station) Aa<HIUN1T

a v a a . . YR &
VAFOUAUNINTFIUEMATIATIUAAUAI1AA (Radio frequency requirement) fasialuil

1.

WA5§1U 3GPP

1.1.
1.2.

1.3.

1.4.

1.5.

1.6.

3GPP TS 38.104: NR; Base Station (BS) radio transmission and reception

3GPP TS 38.141-1: NR; Base Station (BS) conformance testing Part 1: Conducted
conformance testing

3GPP TS 38.141-2: NR; Base Station (BS) conformance testing Part 2: Radiated conformance
testing

3GPP TS 37.141 V15.5.0 ¥iseluinin: Digital cellular telecommunications system (Phase 2+)
(GSM); Universal Mobile Telecommunications System (UMTS); LTE; E-UTRA, UTRA and
GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing

3GPP TS 37.145-1 V15.2.0 #58111n131: Universal Mobile Telecommunications System
(UMTS); LTE; Active Antenna System (AAS) Base Station (BS) conformance testing; Part 1:
conducted conformance testing

3GPP TS 37.145-2 V15.2.0 %n581#1n72'1: Universal Mobile Telecommunications System
(UMTS); LTE; Active Antenna System (AAS) Base Station (BS) conformance testing; Part 2:

radiated conformance testing

AINIZIUY ETSI

2.1.
2.2.

2.3.

2.4,

ETSI TS 138 104: NR; Base Station (BS) radio transmission and reception

ETSI TS 138 141-1: NR; Base Station (BS) conformance testing Part 1: Conducted
conformance testing

ETSI TS 138 141-2: NR; Base Station (BS) conformance testing Part 2: Radiated conformance
testing

ETSI TS 137 141 V15.5.0 %3 8lnu'n7'1: Digital cellular telecommunications system (Phase
2+) (GSM); Universal Mobile Telecommunications System (UMTS); LTE; E-UTRA, UTRA and
GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing
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2.5. ETSI TS 137 145-1 V15.2.0 15 81913 n2'1: Universal Mobile Telecommunications System
(UMTS); LTE; Active Antenna System (AAS) Base Station (BS) conformance testing; Part 1:
conducted conformance testing

2.6. ETSI TS 137 145-2 V15.2.0 15 814y n2'1: Universal Mobile Telecommunications System
(UMTS); LTE; Active Antenna System (AAS) Base Station (BS) conformance testing; Part 2:

radiated conformance testing

dineu name. idsenie wnuauiingianisinsauuaupdeuiaina (International Mobile
Telecommunication — IMT) [5] \1 gUA UG 1UAIINA @1NAATNUINTFIUYDS the 3™ Generation

Partnership Project (3GPP) dielduluussindlnessil

@iy | Uszma nawe, Goe wuaowiing | warwiimaszma navy. dhuaTufianany

# fenmimsmnnauaiouitsne Fos wunrudinghams The 3ed Generation

Trsnuurundouiiana Partnership Project
(3GPP)

@ | Useme neme. (Fos wammibingfianm Band 28
Insrvunauirdaudiainagtunnd UL 703 - 748 MHz UL 703-748 MHz
vlom - d/nidd ~ gom WNzIBIng DL 758 - 803 MHz DL 758-803 MHz
sl « doweu wevio

b, | UsEnia nany, 1383 ukurIuiing Band 5
Aanrslnseuurauiadoufiaina UL 824 - 839 MHz UL 824-849 MHz
drurll gox- gmct/abe - G DL 869 - 884 MHz DL 869-894 Mz
wnziBsed aciuil o nIngIR bdbe

o | Ysenim nave. 3o uwunuling Band 8
Aanrslnsanuipuinfoudiaina UL 895 - 915 MHz UL 880-915 MHz
G1UAUT deit - cod/ddo - ebo DL 940 - 960 MHz DL 925-960 MHz
wnedsed ariul ab furey beds

& | Usenin nany. 13as usunrmdiing Band 3
ﬁvmﬂmnumnumﬂnu%‘mn Rl UL 1710 - 1785 MHz UL 1710-1785 MHz
AT ereo - andd/adod - eddo DL 1805 - 1880 MHz DL 1805-1880 MHz
wneiBad ATTul oe AN e

& | viznia navy, Foe unumrauiing Band 1
fantslnspuuipruipdouiiains UL 1920 - 1980 MHz UL 1920-1980 MHz
drunrmiling sciwo - seto / loseo - DL 2110 - 2170 MHz DL 2110-2170 MHz
lpasio wnziBind unzd1undmding Band 34
oo - okt NTBInd aauil UL/OL 2010 — 2025 MHz * UL/DL 2010-2025 MHz *
b BNAL bddd

o | Usznie name. Bes uwunawuling Band 41
fonisinsauuirnuindouiiaina |  UL/DL 2500 - 2690 MHz UL/DL 2496-2690 MHz
grummid beoo - boeo Wnudind
2 e Suney bols

o | UsEnin nany. 303 unuaImiiing Band 258
Asnrsinsauuirnuiadoudlaina UL/DL 24,25 - 27 GHz UL/DL 24,25-27.50 GHz
gwnnll ba.we - oo Anzidind
aviult o SUnAN bdve

wineme * 11anuiing UL/DL 2010 - 2025 MHz ddna nave. esxlilimstussunasgiundndinsrsny
uszqunInilugrunrniiined n'iammhummﬁ’iwqﬂlﬂﬂé’lﬁtﬂmﬂmiw uazsxvinsRIRasuuIBL NI Y
dleidluinslassineuds
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NSNAFBUNITTUNIUARUAIUDNNANISWRIUILAZNAFBULIANT TN TUNUN Sandbox

dinau nanv. Ideygalildaduanuinisdeans 56 uazaduainuiduuenivieainaay
AYud 56 LU Unlicensed 0T, Intelligent Transport Systems (ITS) 3o IEEE 802.16 (WiMAX) vJusi
gl lunisiau wasnnaeuuinnssuneluiuil Sandbox Fudunisldnduauisauiu (shared use)
Tnglilésuansnsduasesnissuniu waemnnsldnuaduanuinasssnieluiiudl Sandbox delviAn

a a v

MssUNIUsERUTULIIensIFupduawAvedldsudaassnduninud 7ldsuavsnisdunseanis
sumuluvinalavnamis ldsveygalildnunduamiuineass szdessziunisldndunuii
nelmAnmssumuluuinaiulaeiudl Uszneutu adunnuinaaesiildsuounmiv ilumalulagms
deenssenaummisitunseinia dallemansliianssunuiuedunnudliluuinunii uazshns
Jeariuldenn

[y

~ dy A o < d' o 1 a = <
N8TaNUNMAUALALTUNISRNIZ[7] AUTEAALAEEIUNIIY NENY. WU ARUAILD 5G WU

Y

g9Audnin1svesygInnaaedldauluiug Sandbox unfiga 8nvidtutagiu Tulsenelnedalall
TUABUNITNAFBUNITIUNIUAGUAIUD 5G fewmnil dudnaaayu PTEC Jalayaiuiioninisdne
= N [ o o & aal N N

UINTFIUNINAAOUAAUAIND 5G LWudARy Ingoaniuutuna I5N15MAFaUNITIUNIUAGLAIINDTDY
AAUALD 5G H1UN19e1nTA (Over the air) Tuanmuwindeniduiiuiiilalas (Open area) Faaiiouriu
nsldanueduaudluaaiunisalaswnnign Wedesiunisiinnissuniuniuanudagluiuniiu
guatdunisiame (Regulatory Sandbox) lusumunisldvunduanudvesdlasudnassnduanudilasu
avsnisAuaseIn1ssuNIL (§Iiusnisinsdwiilene) Negluusnununlndifes

INNANIIANYT WINTFIUNINAFBUANTTNEIY 56 [8], [9] Usenauiulseaun1sainIsnaaauns

dll z-:{lr-ﬂ' 6 o a L3 = Y a LY 4

SUNMUAAUANLATNIAUENAGOU PTEC nnsnadeuagiiy Audnaaau PTEC Jslanansaniitenisnaaey
N135UNIUARUANNAKIUNINBINIATDIAAUAND 5G UazAduaNDBY 9 NinsveaunInnaaadlda

Tuiun Sandbox leeissuissadurdanisnaasulesasaluil

1. masdeeananiaauyawuulalensetn (Equivalent Isotropically Radiated Power : e.ir.p.)

o w 1

nMsnegeuinddesnanaauyauuulelensedn (eirp.) iunimaaeuiienAiidsdseen

91N1AgagAYeINsITauAf uANENAREY gUAUTadnAnveeiasdeggn (ed.rp.) Nn19d1dneu

nany. sy ldauneluiun Sandbox MeieURUMAIEIgIEn (e.ir.p.) UBITEULLASDIES

Y 9

2. LAUAIUDATEUATEY (Occupied bandwidth)
NNSNAABULAUAINND ASOUATEY (Occupied bandwidth) 1Jun1snage UL 9UIAILAUAIIND
Y] M a a YN M . Ad Ty A v =
ATOUATOY VULLIAMLENUAAUAINANARDY WuAUT9ALE (Bandwidth) Aislsanlitiieldanu e

Jo3iUNISLANNITTUNIUARUAINNANARDILTLAUAINNDATOUATDININAINANAI LD
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3. nsunsuUanuasuvaan3asds (Transmitter Spurious Emissions)
nsnadeunIsuNsLUanUaouean3osds (Transmitter Spurious Emissions) tun1svagauLiie

mepauAULUaNUaBNinINATodEe Yaiznanlduniuaud Ineeuiulndninauuinsgiu

©

Recommendation ITU-R SM.329-12 (09/2012) : Unwanted emission in the spurious domain [10] 4\

JoafuNSNANITTUNIUAAUAINULINARDIANAINNNS NS kUanUaaulUsunIuAduAMUR NS ANidat o

lpfunsAuases

4. NTIFWMAIVAIHYYIUABN1TIUNIU (Signal to Interference plus Noise Ratio)
NSNAADUSNTIEIUMA ISR IUADN15IUNIU (SINR) lHUNINAGEUMATORTIE@IUAIE1UDS

o d' = U e A av v o i A a 19 d' =
s (AduANdlnsdnsiliafeNlasun1sAuATeY) Fan13IUNIUNIAIINNTTIEMUAUAUTVIAGDY
Wunsnegeuiuiundsainitnismegeuimidedu q wduada wWweliinanudulaiiuuindu 1l

o v a a " Y a o a P =] a & Ay a

Yauzdldnunauauavaae azlinaliinnissunmuaduaudinsdwidofsluusnanundieaes

nsnageuiidell Wunsdunmnssuniuderauanudinsdnifliofsluusnaiiundiades se
N13NA1IUT AIBRTIEIUMEIVIFYYIUFDNITTUNIUY (SINR) Tuvazildiuaduaudneass wazlugis

d' 1 v d' d' 4! a '3 U a ¥ a
Alulaltaunauanuineasy B39z luiinusinisanausnads
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NsNAFaUNMITUNIUARUANNDMETUIBIUUANS

gudnaaey PTEC lefinnsanshidonsmaaeunissuniuaduanuiiinannsnaassldeanily
Wuil Sandbox lagldesnwuuiduduneunismageun1ssunIuad unuMIe1n A (Over the air) Tu
anmwandouduiuilidalds (Open area) Fuaffousunsldauaiunruiluaniunisaiadanniian
Tnesznaudemanagousioun wsesnidu 4 shieneasy Ao Mdsdsoanamaauyanuulelensaln
(e.ir.p.), LAUAIINAATOUATOI (Occupied bandwidth), nsunsulanUasuvoans odds (Transmitter
Spurious Emissions) kazdnI181UnIa4999d Yy 1ausion135unau (SINR) 1Ag¥IINISLUINISNAABUNT
sumuaduarsiieendy 2 dunnaluladnisldnuaiuaud Ao nsneaeunssuniuaduaiud

5G LAYNISVNAAOUAITTUNIUATUANLADU 9 Nuenuiloain 56 lnelineazidennsaaausne Ul

1. MSMAFBUNITFUNIUARUADINA 5G
dedunmstiostunissuniuaduaiudfiinainnismaaedddauaiuaud 56 Tufiuil Sandbox
iy Audvaaey PTEC Idaanuuuiadanisnaaey Tasutssandu 5 wadenismaaeu fio Mdsdsean
Eﬂﬂ’]ﬂﬁll%lﬁLLUUlaI‘?Wﬁ@ﬂﬂ (e.ir.p.), LOUAIUDASOUATEY (Occupied bandwidth), n1siwsudanyao
Y09A3 381 (Transmitter Spurious Emissions) wazdns1adufdvesdayaamenissuniu (SINR) Tng
$rdsnudninasinseygalildadueufifiomstaniuasnaevuinnssuluiuiisifuguaidums
N (Regulatory Sandbox) $3UUTENTNAGRY kaTNNIINITEOUTUAIINADAARBININLINTFIY ETSI
TS 38.141-2 V16.7.0 (2021-08) Faduanasguimadineu navs. e ydnumemamaiadusiidmiy
1A% 89T NE ANUIANANITFIU 56 WATHINTFIU Recommendation ITU-R SM.329-12 (09/2012) :
Unwanted emission in the spurious domain @ st us1asgiui iiui seusulusedvaina laedl

swazdeanadeuluiiteniee aewelill
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1.1. Masdseananaaugawuulalensatn (e.ir.p.) w3a Radiated transmit power

{ o w

Tunsaif Wun Sandbox lasusugaliinnisnaassrduaud 56 lnelinsidnaiige

deeonomaauyawuulelansedn (eirp.) 13 gudnageu PTEC agldardinanililduinagingg

gousuAuaanadad el lulumundninaminisoyyins veswnsdtineu nany. wazlunsdl

#ud Sandbox Wlagnidneiiasdieanamaauyawuulelanseln (eirp.) 17 gudnazgeou

PTEC 2¢1935n1510d9U LazknagiN1s8ausuAINNEnAAa0IRNNTIanIMUA 6.2 Radiated transmit

power Y8R ETSI TS 38.141-2 V16.7.0 (2021-04) \Junaeiniseansuainudenndes ng

ffegrveran snaaeuimaaeingluiosuiRn1s vesaudnagaey PTEC Aegufl 16n

ARUAIUDES

Spectrum I ‘?]
Ref Level -40.00 dB&m & RBW 100 kHz
Att 0dB  SWT 5ms » VBW 300 kHz Mode Auto Sweep
SGL
ff® 17k view :
Mi1[1] -61.38 dBm
769.80000 MHz
-20 gBm
<30 dBm
1-40.000 dBm
-50 dém
0 dBm
-80 dBm
<90 dBm
-100 d8m
CF 780.0 MHz 5001 pts Span 20.4 MHz
hannel Power
Bandwidth 10,00 MHz Power -15.,65 dBm Tx Total -15.65 dBm
AAUAIND | WUIUAUYRY | NdedesanaInIAduya YaAfin NANINAEU

uuulelansetn (e.ir.p.)

4G LTE B28 |  wwiwnus

-15.65 dBm 33.00 dBm WY

JUT 160 wanansIneiieeg19nan15InA1 Radiated transmit power
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1.2. LAUAIUAATAUATEY (Occupied bandwidth) %38 OTA occupied bandwidth
i Sandbox lasuaygaliiinisneasseduainud laelin1sseyraeanudnlasy
sy lildanulidnau widenafldnuaduanuiveass dndunsldnuiissasenuiway

A11AT Bandwidth Anal) WU fl9A1 Bandwidth 84n15t99uAaY 5G 137 10 MHz wWaldauass

=

AAUAMUDNEDRNNALIROUAIINAATEUATEY (Occupied bandwidth) M1tfaen3A1 Bandwidth

Y (%
QQJ"LYJQJOJ s

7A9ld e gudneaeu PTEC zldr1 Bandwidth veansssanisldaundu 56 1Wunaueinis
805 UAINADAARBIVBINIIVAADY Insdidiag1swaianisnadauinaasinieluioaujufinise

Yosaudnagey PTEC faguil 170

e o
Spectrum I A

Ref Lewel -10.00 dBm & RBW 100 kHz
Att 1B @ SWT 1ms & YBW 300 kHz Mode auto FFT
@ 1Pk Max

Mi1[1] 27.90 dBm
FT9.6530 MHz

=20 dém Occ Bw 8.972503618 MHz

M1
o
!

30 dam | *! .l.f'|:[ ,"dlu' UIFIIJHI'IIIILLJ'L Jrlyr | .quIIIJﬂIL;'n ..lI I'{'hhf'.ﬁf'um “HI,

=40 dam }

50 dBm :

60 dime—{—= S ey

e

-F0 dBm

-20 dém

-20 d&m

-100 dBem

CF Y800 MHz 691 pts Span 20.0 MHz

ARINA HANISNAEIU

=3

AAUAIND BUILNUVDY LOUAIIUNATIUATDY

AAUAMUAEY | (Occupied bandwidth)

4G LTE B28 LLuﬁLLﬂu(;lgﬂ 8.972 MHz 10 MHz NI

dl L 1 2 1 dl
gﬂw 170 BWEAAINTINAIDYNNANTITIAALOUAINUDATDUATD
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1.3. m3unsuUanUaouvaaadosds (Transmitter Spurious Emissions)

Tagunfuda oinTesds (Transmitter) ¥ivuadnsnduanudldan indosdaiuazadng
adunuinlanyUasusenuifiesiane wagaduaudutandasuil windargeaunnifull five
AoliAnnssunIuserdumiduls audvaaey PTEC axldinusinisseniuniuaenadosmn
119135714 Recommendation ITU-R SM.329-12 (09/2012) : Unwanted emission in the spurious
domain daufiseniuluseiuaina Tnefishedrsessanmameaeuiinaassngluries foAnis

Yosaudnagey PTEC faguil 180

Spectrum I u\n
Ref Level -40,00 dém @« RBW 1 MHz
b At 0dd SWT 47 ms & VBW 3 MH2 Mode Auto Swesp
pA
® 1Rm Max@2ZEm Clrw
Spur-sanbox, f, M5[1] 99.61 dBém
< 11.7552 GHz
e Mi[1] 44.71 dBm
P o 2.3520 GHz
-70 dBm -
Y
| et o=y K .
-90 dam u"“fi"’@i — S -
“W"\vﬁ;‘(“’,@’:’_ | MS
-100 dBém wa 7
P e e
-110 dém
-120 dem
~130 dBém
CF 6.875 GHz 691 pts Span 11.75 GHz
Marker
 Type | Ref | Tre | X-value | Y-value |  Function | Function Result |
M1 1 2.352 GHz | ~34.71 dém |
M2 1 4.698 GHz | -76.08 dBm |
M3/ 1 7.045 GHz | ~91.34 dBém
M4 | 1 9.392 GHz -91.06 dém
MS 1 11.7552 GHz -90.61 dBm
a a a A o w
AAUAITUA AU UanUasy UVAIINA NANIINAEIBU
a a
AUN AITULLINUDIAAU
4698.00 MHz -76.09 dBm -30.00 dBm WU
4G LTE B28 7045.00 MHz -91.34 dBm -30.00 dBm WU
9392.00 MHz -91.06 dBm -30.00 dBm ALY

21' U 1 U U 1 d{l 1
UM 180 LARINTINAIDYNHNANITINAINITUNTLUANUADNVDIATDIEN
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1.4. 3n51dUMAIVDITYYIUABNITIUNIU (SINR)

v

o '

NINAABUIATIEIUAIAWOITYYIUABNITTUNIU (SINR) L UunISIRd@UMIAI RS IEIU
Mdwosdyn i (pauasdlnsdwiflofofldfunisdunses) demssunuiiAnainnsldau
pAuATIAVAaDs TnevhmsTaSsudisuan SINR Tuszwinedl Snsldaurduruiivaass (56 ON)
wazdrananfiliinisldaueduanuineass (56 OFF) lnsnisnagousaded (Junsdans
nansznuiiinannisldnuaiunnuinaass dedwasendunuivdn (udlnsdnisledoly
Usnaituiithaden) Tngfiansand SINR dslunsnaaeuiarldiinasinnseensusheda

Ausvnany PTEC sonuuudunaunsnaaeulagldiaiosiio Nemo Outdoor Drive test
system (wazduadaguil 19n) vmsiawTeuidieud SINR Tussninsiinsmassdddaundu 56

(56 ON) uarlalldsnundu 56 (56 OFF) TneilfnetnwesHanisnaasudssui 200

) ALY (IURYY [ SN 8
1] [ml" A
PCTEL iq"u HBflex Nemo drive test Nemo handy test

gﬂ‘ﬁ 190 Nemo Outdoor Drive test system

LTL Serwng POst doomation 1 Qualcomm "= ATE Sevvng SCef infatmation - | Quastonme
Lo . L T T tau » T
VO T . . - e $ 50 2000 St n
Lnte Gragtt  LT1 Sarving Call Messasarrerts T U Gt - LTE Aggtacaton Througtyat Downing
o LR ) ] va "D
[ |, E-UITRAN conme RE8 oo #» | S 1, AGDIIDM rosghg.. *
od b ot a1 a0 L) " e - O 0 @ ow | A vt 30 (Mgt~ D
- MH‘_._‘MR‘
g - : | L 1)
. = . e " S
- ! Y | E-UTRAN cormer RESE (e " *
il owv » T
9 1w
. | RSRP (prell) v
A2 ey ¢ O » e -
. 1. POGCH Prougngnt
3 | OO bt gt~ o8 hyyr
|, RSRP (et
RN gy - x i
LTE Pachs Lok Adaptaten irdommantion O - 1, Qualcomn
Wape  Pwow fone  Mosawesd MOSE  Moosesen | Mcs ) ) AERG (peal)
O 11 | > . -
o 3
S 3 |
o 1 r
T ] 1. RSAG (it 1, &5 SHR
o L x
em . . ot " ot g
o .
rue
o
s 1. RS SHK
om 4 R - G e
v ' '
o ' "
o ' )
o ' ' o
U ' o
"o ' “
v “ :
o " ™
"o

JUT 200 uansiagananisinen SINR
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2. MINAFBUNMTTUNIUARUAMNAUBNWIeaIn 56

dfnan nave. Ifeygalidinmsneasddnuaduauiuenmieain 56 Tuiluil Sandbox &
Usznaudemaluladnisldnduauivatenalsuszunn 1wu Unlicensed 10T, Intelligent Transport
Systems (ITS) %3@ IEEE 802.16 (WiMAX) tJudiu augnageu PTEC lasenuuuiidenisvageu tnawus
aandu 5 Wden1snngou Ae Masdseenanieauyawuulelanseln (eirp), LAUANAATOUATEY
(Occupied bandwidth), n1sungulanUasuvesaesas (Transmitter Spurious Emissions) wazdnsau
Masvesdyaaman1ssuniu (SINR) Tngldinaeinisgensumnuaenndes 819893INMENNMIINITOUY R
Iﬁ%ﬁﬁummﬁLﬁamiﬂ’mmLLaw@aauui’mﬂssﬂuﬁuﬁﬁﬁuaLLaLfJumiLaww (Regulatory Sandbox)
Lagu1nI§1U Recommendation ITU-R SM.329-12 (09/2012) : Unwanted emission in the spurious

domain lngfls1eazidennisnaaausine bl

2.1. idedsaananiaauyaiuulelansaln (e.ir.p.)

Tunsdifl #iufl Sandbox #¥usugalihmanasesduauivenuieain 56 laefinng
Srfadridsdseanameaauyauuulelenseln (eirp) ¥ gusnagou PTEC axldidsndnildu
inasinseeuiuauaenndes wazlunsddliligndiind1mdsdeeneniaaugauuy
LelansoUn (eirp.) 13 audnaaeu PTEC agldi8Mmvaaeu wazinaein1seausuauaennned
mudsznAInIgIUmamadaLeg esingauuauiAsdes duinasinissensuauaenndos

Ingdlfegnsvamanisnaaeuiivaasnisluiesdjuinise vesgudnaaey PTEC fsgud 21n

l‘?-lu-v-l 1900 cHire » RBW 100 &by m

- fll OGE  SWT LD.0 us & VBW 3005K  Mode Auto FF T

.:‘;q VW

1 H

] B

Cf'fﬁ}_u 12 MHz wnlpu Span 1.0 MHz

Markor

Type | Ret | Trc] . Eundtion ket ___|

“r ‘,';: .'f«
AAUAND WUIUNUYRY | MasdeaanaIniAguya INANA NANISNAFAU
pauaudde | wuulalensatn (e.ir.p.)
Unlicensed loT LN 12.62 dBm 30.00 dBm WU

JUN 210 uansnandegraanisinmmasdseanainisauyawuulelenseln (eirp.
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22 wauAINAATIUATES (Occupied bandwidth)

& A Yo v o N N a | aay vou
fuil Sandbox lisusugnlivinnisneassnduaaud Tnedinisszyrennudnlasu

sy lildanulidnau widenafldnuaduanuiveass dndunsldnuiissasenuiway

i ]

AnuA1 Bandwidth fissls 1y fadn Bandwidth veenside1uady Unlicensed loT 137 1 MHz

Weltnuasinauanudidseoninazduauauiasauates (Occupied bandwidth) AdeeninAn

1

Bandwidth aslY deluAudnagey PTEC agldan Bandwidth vesn1sasrn1sidauaduy

Unlicensed 10T tuLnaaini158au3uALa0nnaIuaIn1snagay 1asilfl10819u99Nan1snagaou

nnapsngluieslUAinis  vesaudvaaeu PTEC faguil 22n

et Lovel -10.00 <l » RBW 100 sk
= Al O SWT LD0 uy » VBW 300k Mode Autn FET
TOF

@154 View

; e T 00 A1
30 CBR— B 59

CF 9232012 MH2

Markor

Type | Ret | Trc | *-valug L Y-value 1__Function |
Ml 1 Mz 22 n B down

01 pts

Span 1.0 MH2

(GEUEILULTET, S—

AAUAIUD BUILNUVDY LOUAIIUNATIUATDY IANA NaN1SNAFaU

AAUAUAEY | (Occupied bandwidth)

Unlicensed IoT | Wuawnuss 0.224 MHz 1 MHz

q‘ ) ' Y] a
gﬂ‘m 220 LAAINIINAIDYINENANITINATLAUAIUNATIUATDY
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2.3 nsuwswlanUaauvaua3asds (Transmitter Spurious Emissions)

Taguniuds eiadosds (Transmitter) vhanuaianduauildan ndosdsduazaig
pAuATIALUANUAswdIeaNINFBIAND uazAdunudulanyasuil mindiaaanniiuly fiag
AoliAnnssunIuserdumiduls audvaaey PTEC axldinusinisseniuniuaenadosmn
119135714 Recommendation ITU-R SM.329-12 (09/2012) : Unwanted emission in the spurious

domain aduieensuluseivaina lnefifegavemansvageufinaassneluiesujifnis,

YosaudnAgey PTEC faguil 23n

Spechrum I "n:v?;
Ral Laval ~<0.00 dim » RBW 1M1z
bo ALt OdE SWT S5mz » VBW I MHI  Mode Auta Sweep
PA TDF
@ 10m Mac@2im Clw
TERLE (S '.(4 mMaf1) 52.91 diim
Line NPTC-1023-TX
20 des M1l
~FEr-dien YT |
B | [EPI (yr| IRpV F e o e e A AN
b Lo T R O AT
RO e s V(R 1
70 d&
80 dBan
90 dBmy
100 d&m
Start 1.0 GH2 0491 pts Slop 6.0 GHz
Markar
Type | Ref | Trc | X-volue | ¥-value |  Function | Function Result |
M1 1 1.8502 Q2 -33.36 dém
M2 1 2.7662 G 42,43 dim
M3 1 3.5724 Gz -52.92 dam
a a a a o w
AAUAITUA AuanUandaay UVAIINA NaN1INAsEiay
a:i' o
A0 AIMULLINVDIAAU
1850.20 MHz -33.36 dBm -30.00 dBm WU
Unlicensed loT 2769.20 MHz -42.43 dBm -30.00 dBm WU
3572.40 MHz -52.93 dBm -30.00 dBm WU

JUT 230 wanansindiegeran1sinAnsunsiUanuasuveuniad
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2.4 9NFIHIUNIAIVDIFYYIUABNITIUNIU (SINR)

v

[ '

NINAABUSATIAIUAIA DT QY IR BN155UNIU (SINR) 1 unsvadeunAIsnIIdIu
fdavesdynn (PAumudlnsdwidlefofilasunisdunses) denissunuiiAnainnsldau
AAuALAVAaes TnevmsTaSoudioua SINR Tusswined Snsldanuniuniuivaass (ON)
Lazganaildiinnsldnunduninuinaaes (OFF) Tnensvaaeusndet Wunsdanananseny
ARnannsldnundunnuinaass dedsmasienaunnuivan (mudlnsdwidedeluusnuiud
Fadee) Tnefiansane SINR dslunisnaaeuiorlliinaminiseeususnds

Ausvnany PTEC sonuuudunaunsnaaeulagldiaiosiio Nemo Outdoor Drive test
system (s18aziendsguil 19n) vimsiarTeuiiioudn SINR lusgnindnismeasdldaundu

(ON) uazlilldeundunaaes (OFF) lneilfieg19vasHanITAaeuAsIU~ 200
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AANUIN ¥
nausin1sAadanuiiniuguadunisianig
(Regulatory Sandbox)

AMMSUNAFIUNITTUNIUATUAIUD
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TnssmsviesufuRnisiedeuiidmiunsinaeunissunuaduaua- aghmsdaidenituiirafu
guaidunsiamz (Regulatory Sandbox) ilevnsnageunssuMUAALANLD Lardmiseaunans
nagounsIUNUAduAsRsudunainmMsTaLaznaaeuuinnsy edaeulvinisdnine
name. uswiusi 3 Wil (neaouiiufios 4 e nelussezioan 1 9)

drine nanv. weunitoyasiedenuiimiuquaiunisianiz (Regulatory Sandbox) uax
toyamudfilssueygalldnudmiumaiauuasnaaeuuianssu [7] Tnefinoazidenfinsed 19

o

A151991 19 waEAITIETaNUNNINUALALTUNISANIE

Y

Gyl sefeiuiitifugua AAUAINAT HuiimAugua
Junsianz i5uaugyn
1. PANTUUNINGSY 703-803 MHz Tudunsfing
920-925 MHz AIUTIVNT U
33-38GHz | MIndlydvesgIaInsal
5.850-5.925 GHz UMINAY
24.3-26.8 GHz LwAUNUTY
27.0-29.5 GHz ATUNNUAIUAT
57-76 GHz
81-86 GHz
2. URMINGRUNUATANERS 24.3-26.8 GHz %gu 4 Y2381A1T 23 Aty
26.5-29.5 GHz | AFATINAIEASAIINIUILAY
2400-2500 MHz | %u 5 ¥8991A15 26 A
FENS AT
UNDFIIIV
Jaminvays
3. URMINGSYEVAIUATUNS 703-803 MHz Nufivos
920-925 MHz | U INYIEEENUATUATUNS
2300-2310 MHz MUAADNIE
2370-2400 MHz | gwnamalig Janinasvan
3.1-3.3 GHz
3.4-4.2 GHz
5.85-6.6625 GHz
9.5-9.8 GHz
10.95-12.75 GHz
13.75-14.10 GHz
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2 A1UINAEINTUNIINTIAIN Weaden | ldnaaisinieing 2,375,079.00
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Tselou wsu. N133ndedininaniaAsy U 2560
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| e
c

LATBINBIRILATIEAIUE ® Real-time Spectrum analyzer

W3 8u option N1577 5G ® Frequency 9 kHz - 50 GHz

NI T YA ® 5G NR, Bandwidth 120 MHz
® | TEFDD, TDD

® Interference analyzer

® Channel scanner

® |ndoor Outdoor mapping/ GPS
® EMF measurement

® Pre-amplifier/ Tracking generator

® Nemo Outdoor Drive test system
® Frequency 10 MHz — 6 GHz
® 0G, 3G, 4G analyze

® Drive test software

® Mobile Handy test
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2 |@1we1n16 d1M3UNTS ® Frequency 4.5 GHz — 50 GHz
ATIvTANIAALIY AnRSlu o  Gain 14 dBi
saluuieuay
U 1 pig ® Frequency 30 MHz — 6 GHz
® Triaxial Isotropic Antenna
3 | yamednynIm 31Uy 1

U

® Frequency DC - 50 GHz/ 2.4 mm
® Frequency DC - 26.5 GHz/ SMA

® Torque wrench 2.4mm/ SMA/ N
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NANNTHBUIB U HTY sy

Frequency
Range [GHz]
0.010- 2659
2659 - 5308
5.308 - 7.957
7.957 - 10.606
10.606 - 13.255
13,265 - 15.904
15904 - 18,653
18.563 - 21.202
21.202 - 23,851
23,851 - 26.500

02
04
06
08 -

-1
12
14
-16

IL min 21
(98]

0.435
0626
0.7
+0.903
-1.018
1127
-1.23%0
<1324
.41
-1512

ILmin §12
{o8]

0433
0621
0.767
£.901
-1.014
1124
-1.230
-1.320
1416
.51

Remarks: VK: 10784548 Temp. 23°C

8§21 (IL Fwd) PASS

RL max S11
98]

28278
-33313
~30.165
30574
-27 965
26756
-20.227
27601
24 522
22 456

1.8 b

Specific Test Report

RL max S22

02|
04
06|
08|

-1
a2
A4}
18

-1.8

ey

10

15

GHz

4

Type SF128E/21PC35/11PC35/1000
Sales no. 10784548

Serial no SN 58975201 26E

PA no.. 2589662

Cabie length 1m

Test Wﬁ' im

Connector SF_21_PC35.43

Connector 2 SF_11_PC3543

Cabie SUCOFLEX_126_E

Meas System  E53848 MY43040044 A.07.50.67
Time 122118 P

Date 6282021

Inspected Fathiian 5174;

Start Freq 0.01000 GHz

Stop Freq 26.50000 GMz

Meas Points 801

Source Power: .5 4B8m

Cal Kit Port!: NAGO1-B0004 26 5GHz

Cal Kit Port2: NAG91-50004 28 5GHz

S11 (RL Fwd) PASS

§22 (RL Rev) PASS

info@hubersuhner.com

www. hubersuhner.com

Mol Ba0L2165
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Customer ¢ Electrical and Electronic Products Testing Center (PTEC)
141 Thailand Science Park, Innovation Cluster 2 Tower D,
Phahonyothin Rd., Khlong Nueng, Khlong Luang, Pathum Thani
12120, Thailand

Description of Equipment @ FicldFox Handbeld Microwave Analyzer

Model Number ¢ N9952B

Manufacturer : Keysight Technologies

Senal Number : MY61131025

Control Number I

Receipt Date t 28-Sep-21

Calibration Date ¢ 13-0ct-21

Work Order Number ¢ E3U211289

Certificate No. ¢ E3U211289

Page Number : lof 10

We certify that the above mentioned measuring instrument was calibrated in accordance with our
quality control system as the ISO/IEC 17025 : 2017 and all the standard equipments used for
calibration were tracesble to the Intemational of System Units (SI Units) maintained at the
National Institute of Metrology (NIMT), Thailand and/or other associated foreign national

standards.
Issued Date : 140121
Calibrated by : Mr. Nawachon Songpukdee

Checked by ¢ Mr, Yanyong Pithong
Approved by D/
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Environment Conditions
Amdient Tempersture 2 w M2 <«
Ambient Relative Humidity 575 w S8 N
Calibention Place Pormanent Caliteation Lsbormory
Standard Equipment Used
Equip No.  Eguipment Name Maker / Model Senial No. Cert. Ne Due Due
SE-06245 Rubidium Froguency Standard Samsa EL / FSR-101 440141 BN 06 Mar-22
SE990%) Microwsve Frequency Couster MPr /53828 TE26A00N8 ESU2Ies) 02-May-22
SE99100 RF Power Meter HP / EPME4ZA GHEITIN0348 1106580432541 T7-Dec-J
SE- 14306 Power Sennon: 3002, 18002, N Keynght / ES412A MYSS09001) 134468802400 ) 1 -May-24
SE-#9112 Power Scnsoc: S00), 100kHe4 2GH2 N HP /83524 USIT N mes? 17-Dec-21
SE-06241 Powsr Scasor: 5000, SOMH2-50GH2, 2 4mm Agilent / BAETA A2 L4190 1154 1B Mard
SE07264 Teomination | S8(), 26 SGHz, 3 Smm Agilent / 92D S0936 ESU200514 01-Jen-22
SE1208 S-Puramneter Nerwork Analyaer Agilest | E72288 MY4004322 EXL210 W22
SE- 12316 Calibration Kit, S0GHz, 2 4mm Agilent / RSIS6D 3101 AND 38 1-100980) §840- 1 12
SE-2ME8 3. Smm Calibration Kit, 5002, 26 SGHz Agtient / £5052D MYZIZS0199 11 M0S068 7601 01 Now-21
SE-20445 Power Splitser: S0GHz, S002, 2 4mm NP/ 11667C oz E3U210087 1 22
SEI2 Fivod Aticnuntor Set SO0, 40GH2, 3 Seen Wiltron / 4IKC.S 2109 By 1e85p 22
SEAS183 Synthesiied Swocpor HP/ $3640A IWAMTIZ  E3U2I0QN 10Feb-22
Uncertainty of Measuroment

The uncertanty of moassremont cvituation has boon carmied out by using the mathodelogy = e “Exprosson of Uncoresry sad Confidence
in Measurement (M3003)", These uncortainties we besed oo & sanderd uncentainty maitipied by & coverage facnr, k=2 comesponds 10 &
covernge probability of approximately 95%

Traceabiliny

This certificase s wacenble 10 the Intornations Systesn of Uit { ST Unit ) malsrssned =

= The United Statex Naval Obsenvatory (USNO) via the GPS Satellite and Natiomsl Inititote of Mctrology (NIMT), Thailand for time snd
froquency sandasde

- National Institute of Mctrology (NIMT), Thailend for ac voltage standands (0.22mV 1o 1100V, 10Ms 10 HOMM2)

«  National Metrology Institute of Malaysia (NMIM), Malaysis throegh Keysight Technologies (Malaysia) for RF Power Standard, Type
N, S0}, («30 to +20) dBm, (100 kHz 1042 Giz)

- Natioas! Metrology Instisate of Malaysis (NMIM), Malaysss through Keysight Technologies (Msiaysia) for RF Power Sandard. Type
N, 5060, (<70 to +20) dBrm, 10 MMz 40 18 GH2.

= Nauticaal Mctrology Institute of Malaysia (NMIM), Malnsis Svough Koywght Tochnolopes (Malaysia) for RF Power Stasdand,
24mm, SOLL, (-30 10 +20) dBm, 50 MHz 10 50 GHe

- National Instituse of Standards sod Tochnology (NIST), USA, trough Keysight Techaologion (USA) for Refiection snd Transesission
Coetficient (Magnitude sad PMhase), vis Calitwation Kit, Type N, S062, DC 1o 18 Gie

«  National Institute of Standards and Technobogy (NIST), USA, through Keysight Techaologies (USA) for Refiaction snd Tranemission
Cocficient (Magnitude sad Mlssc), via Calibeation Kit, 2 doun, 00, DC 10 50 GM:

Calibration Methed

The Unit Usder Calibration (LUC) bas boen calibwsted in scomrdance with the indouse mathads of the bborsory s e caldmstion work
instrsction no, E-TMF-G-0001-GE, E-COM-G-0001-GE, E-TMF-M-0001-GE, and E-COM-M-0001-GE, and vonifiod s wicance with the

technical specification of FieldFox Mandhcid Analyrers. Keysight Technolagios. modd N9XXA Seriex
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Calibration Results

The following results were the measurement results applied on the calibrated item and found securate as show on date and place of calibration
only, The results in *As Found" column are the measurement recorded before any adjustment or repair. The results in "As Left™ are the
equipment reading taken after the necessary repairs and adjustments. In cose the equipment does not be adjusted or repaired, the column of
“As Left” would be reported wording “Same".

tion of Use Ingpecti Good

v —_—

Appearanco and F

Cable and Antenna Analyzer and Vector Network Analyzer

Test Conditions;
1) The UUC was performed open, short and load measurement by using CalKit of laboratory, the measurement samplings was set to 401

points,
2) CATMODE, NA MODE

RF Test Port Output Frequency
UUC Setting Standard Reading UUC Eror Tok [0 y
Tevel Froquenc As Found As Lot s Found s Len (%) () Nighia
Tgh h'M"n:!"_m Tame 0 00007 Tamne [ ™ 000000058 Pars
100 Mz 599999 Same 0.00001 Same 000019 0.000005% Pavs
Miiz 390 50997 Same 0.00003 Same 0.00005 00000058 Pass
T GHzx 0.9999992 Same 00000008 Samo 00000019 0.000000058 [
4 GHz 3 000990% Same 0.0000002 Samc 0.0000076 0.00000005% Pavs
0.5 Gl 6 AP0 ] Sume 0.0000003 Same 0.0000124 0,000000058 Pasx
9 GHz 3.0000006 Same 0,0000004 Same 0.0000171 0000000059 Ta
12.4 GHz 12 399999 Same 0.000001 Same 0.000024 0.00000058 Tass
1% GHz 17999999 Same 0.000001 Samc 0.000034 0.0000003% Pass
20 GHz 19999999 Same 0.000001 Same 0.00003% 0.0000005% Pass
363 Gz 36499999 | Same 0000001 | Same 0.000050_| _ 0.00000058_| _ Fams
28 GHz 37.999999 Same 0000001 Same 0.000053 0 00000038 Fass
32 GHz 31.999998 Same 0.000002 Same 0.000061 0.00000058 Pass
18 Gz 37999998 Same 0.000002 Saine 0.000072 0.0000005% Pass
90 GHz | 30009998 Same 0,000002 Same 0,000076 0.0000003K Pass
Units of Standard Reading, UUC Error, Tolerarce and Uncertainty are the same units of UUC Setting.
Output Power Accuracy
UUC Setting Standard Reading DUC Ervor s @ |u Py
F Nom. Power As Found As Left As Focni As Left ;_7 v
'Gﬁ!w'ﬂ. o:m' » "5 dBm 3.4 dBm Same 1.6 dB Same Wa 015 dB wa
0,01 GHz -1 dBm 1.3 dBm Same 23 a8 Same Wa 0.084 dB wa
0.05 GHz 5 dBm 53 dim Same 0.5 dB Samc Wa 0.083 4B wa
0.1 Ghz 5 dBm 5.9 dBm Same 09 dB Same WA 0087 dB s
0.5 GHz S dBm 5.7 dBin Same 0.7 dB Same Wa 0.080 4B wa
1 GHz 5 dBm 5.5 dBm Same 05 a8 Same wa 0.080 dB )
4 Gz 5 dim 63 dBin Samnc 1348 Sare Wa 0.18 4B wa
6.5 Gliz 7 dBm 10,0 dBm Same -30 dB Same na 0,10 d8 na
9 GHz, 7 dBm 9.2 dBim Same 22 dB Same wa 010 4B )
124 GHz 7 dBm 5.1 dBm Samc 1.1 dB Same Wi 0.12 JB wa
18 GHz 7 dBm 7.5 dBm Same 0.5 dB Same n'a 0.16 4B na
20 GHz $ dBm 6.9 dBm Same -19 dB Samc wa 017 dB wa
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Output Power Accuracy (Cont.)
UUC Setting Standard Reading UUC Envor Tok ® e inty ( ol
Frequenc Nown. Power As Tound As Lal As Tound As Lah y(®) e
—RTah] TGHz | Sdbe | SO dbm | Same 0040 Tame e 010 ab wa
28 Gz 4 dbm 36 dbm | Same -6 dny Same wa 037 dB wa
32 Gz 4 4Bm A2 dBm | Same 02 dn Same Wa 054 4B wa
38 GHx 2 dBm 34 dBm Sume BENTD Sarmo wa 0.24 dB wa
40 GHz 2 dBm 28 dBm Sume D8 a8 Sanw wa 0.7 dB na
44 GHx -3 dBin -24 dBm Same .6 di Same wa 0.22 4B wa
50 Gz 9 dBin B8 dbm | Same 03 dB Same wa 004 4B wa
Return Loss Measurement with Calibration Kit of Laboratory*
¢ UUC Reading LUC Esvor . .
Test Frequency | Standand Value s Found AsLon s Found o Loh Ti (#) | ity (4) Judgment
50 MHe | 6asodn | : Same 201 ab Same “300 48 0.70 a8 Tans
100 Mz | 62.24 db 54.40 ab) Saine 216 db) Same 300 aB 00048 | Pam
500 MHz | 66.43 db 5646 di) Same 0.03 dib Saime 300 4B 0.10 4B Fars
T GHr 7121 db 5088 dB Same 136 dB Same 300 4B 0.10 a8 Pam
AGH: | s813dn 5631 dB Same TN Same 100 4B 010 gB Pass
a3l | sav6dn S4X1 an Same 013 dB Same 100 4B 021 aB Pass
U Gitr 49,7708 50.72 dB Same 0.05 dB Samo ¥.00 dBb 021 4b Pavs
124 GHz | 480608 | 47.40 dB Same 047 dB_ Same %00 dB 021 B Pavs
18 Gllz_|_45.244B 4534 dB Same 0.06 dB Same V.00 dB 021 dB Py
30 Gz LINERTD 44,42 4B Same 0.27 4B Same %.00 B 021 o8 Pan
2365 Ghiz | 427508 T1.69 4B Same "1.06 9B Same 10,00 a8 021 aB Pass
VSWR Measurement with Calibration Kit of Laboratory*
Tost Frequency | Standard Value MF::f e MFMU:CE"“MW Tolerance (4) | Uncenainty (+) |  Judgment
50 MHz T.001 T.001 Same 0.000 Tame Wa D024 Wa
T00 MMz 1,002 T.001 Same 0001 Same Wa 0,024 wa
300 Mz 1,001 T.001 Same 0.000 Same Wa 0.024 wa
1 Gliz 001 T.001 Same 0.000 Same Wa 0024 wa
A Gz 1.002 1003 Same 0.001 Samne wa 0.024 wa
6.5 GHz T.004 T.004 Same 0.000 Samo wa 0.049 wa
9 Ghiz T.007 T.006 Same ~0.001 Same W 0.049 wa
124 Ghz 1.008 1,008 Samc 0.000 Same ) 0.049 wa
18 GHz 1.011 1011 Samc 0.000 Same wa 0.049 na
20 GHz 1012 T.012 Same 0,000 Same wa 0.049 wa
6.5 GHz 015 T.017 Same 0.002 Same Wa 0.049 wa
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Cable Loss Measurement with Clllbuﬂ& Kit of Laboratory*
UUC Rending UUC Evor .
Test Frequency | Standard Value e Found Ao Loh s Foond A Loh T () Uncertalnty (¢) | Judgment
T T I XS Tame (IKRTD Tame wa 030 a8 s
4,966 4B 491% 4B Saine 0.04% 4B Saine wa 020 4B n'a
™10.07 aB 1021 db Same 012 db Same Wa 0.20 db Wa
20,03 g8 20 3_’(!8 Saine 002 dB Same wa 0.20 d_-l_l n'a
100 MHz |__-2.088 4B 2678 diy Same 0010 4 Same e 0.20 dB wa
EEXERT 4027 di Same 0.051 a8 Same WA 020 48 wa
1009 4l 10,21 diy Same 012 dn Sarc W 0.0 dBi wa
220,06 dB 20,07 dB Same 0,01 db Same W 030 di wa
500 Mz |_2.100 4B 2701 di Same 001 9B Same wa 030 B wa
4,97 dB 4 984 4B Sarme 0017 diy Same na 020 48 n'a
210,10 diy 1022 dB Same 002 0B Same Wa 020 dby Wa
-30.08 aB 30,10 4B Sume 002 an Same W 020 4B Wa
I GHz 2715 dB 2717 dB Some -0,002 4B Same wa 020 dB Wa
[T4.087 an 088 4B Same 0,002 4B Same wa 030 4B Wa
<1012 dB 1023 4B Same .11 d8 Same wa 0.20 4B wa
-20.10 dB 20,13 4B Same 2002 4B Samo wa 0.20 dB wa
TGHr |_-2746 dB 2781 4 Same 0033 db Same Wa 030 4B wa
313748 3167 by Same 0030 4 Same wa 030 4B Wa
10,16 4B -10.28 4B Samc 0.12 4B Same wa 0.20 dB na
2012 dB 20,17 db Same 008 dB Same v 0,20 dB Wa
65 GHz | _-2.792 dB 2547 B Samne 20.055 B Same W 02048 W
20016 dB 3360 dB Same 5344 dn Same o 0.0 dB wa
210,23 dB 1034 dn Same 011 dB Samne wa 0.20 9B wa
20,16 dB 2022 dB Sameo 0,06 JB Same Wi 0.20 dB wa
DGz | -2.754 b 2,001 4B Same 2,147 dB Same Wa 0.0 dBb wa
5387 ap 405 dB Same 20108 4B Same Wi 0.20 4B wa
10,22 4B 1035 dB Same 0.0 4B Saine wa 020 43 wa
2009 4B 2020 dB Same .11 4B Same wa 020 B na
124 GHz | _-2.837 db 2657 dB Same 20150 dB Same Wa 0.20 4B wa
3,504 JB 75,746 dB Samc 0152 dB Samo Wa 0.20 dB wa
~10.34 4B ~10.56 dB Same 2022 4 Same Wa 0.30 dB wa
2004 4B 2023 dB Same 019 d8 Same wa 020 dB Wa
18 Gilz | -2.930 4B 2922 dB Same 0028 dB Samec s 020 dB wa
5026 dB) -5.965 4B Same 0039 dB Same W 0.20 d8 wa
-10.55 dB -10.78_aB Same -0.23 dil Same Wa 0.20 dB wa
-20.06 dB 720,12 4B Same ~0.06 4B Same o 0.20 4B e
70 GHz |_-2.941 dB 2,000 dB Same 0.032 dB Same wa 0.20 4B wa
5,972 4B 3,940 a8 Same 0.032 dB Same wa 0.20 aB )
~10.74 dB -10.95 dB Same 021 dB Same wa 0.20 4B _ na
20,08 dB 20,16 dB Same 008 dB Same na 0.20 4B e
265 GHz |_-3.031 dB 2953 4B Same 0078 a8 Same wa 0.20 dB wa
6,197 0B 5.174 dB Same 0.023 4B Same wa 020 4B wa
“12.64 dB ~12.98 dB Same 2034 db Same a 020 dB wa
20.15 4B ~19.97 dB Same 0.18 dB Same wa 020 dB na
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Spectrum Analyzer Function

Displayed Average Nolse Level*

Test UUC Setting UUC Reading Tol U y Judg)
Frequency Span RBW Inpat At VBw As Found As Left (s) ()
T ThHz TTix 0 b T0 10 1502 db Tame 70 ab 20 ab Tass

100 MHz T T 0dB T0Hz_| -T468dB_|  Same 20 gB 20 dn Pass

500 Miiz T kiiz (0 0 db 10 1 1510 dB Same 20 dB 2.0 B Pass
1GHz Tk 1z X0 101 471 dB_ | Same 20 4B 20 db Pass
TGHz T kilz (0 0db 10 1ix 1465 dB Same 310 4 30 db Past
7Gx Tkiz (0 0dB 10 1z 1442 b Samme 20 b 20 dB Fary
O GHz T kHiz 1 He 0db 10 Hx 1430 4B Same 2.0 diy 2.0 B Pass
12 Giiz TkHz THz o dn 10 iz 1432 g Same 20 db 20 dib Pass
18 Gz ki THx 0dn 1001z 4154 | Same 20 d8 3040 Pass
20 Gz T WHz 11z 0dn 10 iz 1397 4B Same 20 db 20 di Fas
27 Gz T kilz 1 1ix 048 10 iz BEIERTH Same 20 diy 30 dB Tars
78 Ohz Tz T 1 0dB 10 Hz 1308 0B Same 30 dB 30 db Pan
32 Gilix 1 T iz [T 10 iz 143.2 diy Samc 20 dB 20 db Pass
38 Glir (1 Tz 0dB 10 i 1418 db) Same 20 dB 30 db Pass
90 OHz T kHx T 1 0 dB 10 My, 1372 ab Samo 20 dB 20 db Tass
4Gtz TkHz THz 0db_ 10 Tz T3S a8 | Same 20 a8 20 a8 Pass
30 Gz Tk T Hz 0dB 0 Hz 1269 dB Same 20 dB 20 db Pass

Frequency Readout Accuracy
Test Level; 10 dBm, Log Scale: 10 dB

Test UUC Setting UUC Reading UUC Ervor Tol U ity | Judpment
Frequenc n RBW As Found As Lelt As Found As Left (4) )
%_me _Ia iz 10 Kz 0000000 | Same D.000000 | Same 0. 5 Pass
T MHz 10 iz 50000000 Same .000000 Same 0,003000 | 0.00000058 Fas
10 Mtz | 100 kilz 50000000 Same 0.000000 Samc 0,029000 | _0.0000005% Fas
100 MHz T MHz | $0.000000 Same 0000000 | Same D.286000 | 0.0000005% Pass
100 Mitz | 100 kiz 10 kHz 100.00000 Same 0,00000 Same 0.00200 0.0000058 Fass
TMHz| 10 kHz | 10000000 | Same 000000 | Same 000400 | 00000058 | Pass
10 MHz]| 100 kHz 100,00000 Same 0.00000 Same 0.02900 00000038 Fass
100 MHz: T MHz | 100.00000 Same 0.00000 | Same 0.28600 0.0000058 Fasy
500 MHz | 100 kHz 10 kHz | 50000000 |  Same 000000 _|  Same 000300 | 00000058 | Pass
TMHz| 10 kHz | 50000000 | Same 000000 | Same 000400 | 0.0000058 | Pass
10 MHz | 100 kiz 300,00000 Samc 0.00000 Same 0.03000 0,0000058 Pass
100 MHz T MHz | S00.00000 | Same 000000 | Same 028600 | 00000058 | Paws
T GHz |___100 kHz 10 kHz 1,0000000 Sameo 0.0000000 Samc 0.0020000 | 0.000000058 Pass
T MHz 10 kHz 1,0000000 Same 0.0000000 Same 0.0030000 | 0.00000005% Pass
10 MHz | 100 kilz 1.0000000 Samne 0.0000000 Same 0.0250000 | 0.000000058 Pass
100 MHz T MHz| __ 1.0000000 Same 0.0000000 Samc 0,2860000 | 0.0000000SK Pass
4 GHz | 100 kHz 10 kHz | 4,0000000 Samc 0.0000000 Samo 0,0020000 | 0,000000058 Pass
1 Mz 10 kHz | 4.0000000 Same 0.0000000 Samo 0,0030000 | 0,000000058 Pass
10 Miz| 100 kHz | 40000000 |  Same 00000000 | Samw 00290000 | 0.000000058 | Pass
100 Mz T MHz| _ 4.0000000 Samc 0,0000000 | Same 0,2860000 | 0,00000005% Pass
6.5 GHz | 100 kHz 10 kHz | 6.5000000 Same 0,0000000 | Same 0.0020000 | 0,00000005 Pass
T MHz 10 kHz | 65000000 | Same 0,0000000 | Same 00030000 | 0000000058 Pass
10 MHz| 100 kHz | 65000000 | Samc 0.0000000_|  Same 0.0290000_| 0.000000058 | Pass
100 MHz T MHz| 65000000 Samo 0,0000000 Samc 02860000 | 0.000000058 Pass
O GHz |___100 kHz 10 kHz | 90000000 Same 0,0000000 Samc 0.0020000 | 0.000000059 Pass
| MHz, 10 kHz 5.0000000 Same 0.0000000 Sane 0.0030000 | 0.000000059 Pass
T0 MHz| 100 kiiz | 9.0000000 Samc 0.0000000 Samec 0.0290000 | 0.000000059 Pass
100 MHz T MHz| _ 9.0000000 Samc 0.0000000 Same 0.2860000 | 0.000000059 Fass

Units of UUC Reading, UUC Error, Tolerarce and Uncertainty are the same units of Standard Value.
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Frequency Readout Accuracy
Test Level <10 dBm, Log Scale: 10dB  (Cont.)
Test Setting UUC Reading UUC Enor Tolerance Uncertainty | Judgment
Froquenc S ROW As Found As Lelt As Found As Lofl B 0
%_ﬁm TO Wiz | 12400000 | Same D000000 | Same 0. _B'%!l v
T MHz 10 kHz | 12400000 Same 0.000000 Samc 0003000 | 0.0000005% Faws
TO MHz | 100 kile | 12400000 | Same 0.000000_ | Same 0.029000 | 00DD000SS | Pass
100 MHy T MHz | 12400000 | Same 0,000000 | Same 0286000 | 000000038 Pars
T% GHe | 100 khz 10 kHz | 18000000 | Same 0,000000 | Same D.002000 | 000000058 Pass
T MHz 10 kHz T8.000000 | Same 0,000000 Same 0.003000 | 000000058 Pass
T0 Mz | 100 kHz | 18000000 | Same 0.000000 | Same 0.020000 | 0000000 | Pass
100 Mit T MHz| _ 15,000000 | Same T.O00000 | Same 0.286000 | 0 Pars
20 Gtz | 100 ki T0 ki_|__20,000000 0.000000 | Same 0.002000_| 00000D0SE | Pass
1 MHz 10 kiiz 20, 000000 Same 0.000000 Same D.003000 |0 000000SK Pass
TOMHz | 100 kilz_| 20000000 | Same GO00000_| Same 0.020000 | 0000000 | Pass
100 MHz TMHz| 20000000 | Same 0000000 | Same 0286000 |0 0000003 Pas
26.5 Gz 100 kiz 10 kiz 26500000 Sume 0.000000 Same 0.002000 | 000000058 Pass
MHz| 10wy | 26300000 | Same 0.000000 | Same 0.003000 | © Fans
10 MHz | 100 kiiz 26.500000 Same 0.000000 Same 0,020000 | 0.0000005% Faws
100 MHz TMHz] 26500000 Same 0.000000 Same 0286000 | 0.0000005% Pave
[ 3% G |__T00 ki TORH: | 2R000000 | Same 0.000000 | Same 0.002000_| 00000008 | Paws
T MHz 10 kHz | 28000000 | Same 0.000000 | Same 0.003000 | 000000058 | Pass
T0 MHz| 100 kHz | 35000000 | Same 0.000000_|— Samo 0.029000 | D0ODOODSS | Pass
100 Mz T MHz| 28000000 | Same D.000000_|  Same 0286000 | 0000000SE | Pass
T2 GHz | 100 iz T0 kHz | 32.000000 | Same 0.000000 | Same B002000 | 0 00000058 Fass
T Mtz 10 kHz | 32.000000 | Same T.000000 | Same 0003000 | 0.0000005% Tavs
T0 MHz| 100 kilz | 32000000 |  Same D000000_|  Same 0.029000_| 0000000SK | Tass
100 MHz T MHz | 32 000000 Same 0.000000 Same 0.286000 | 000000058 Pass
70 Gile |__100 khiz T0 kHx | 35000000 | Same 0000000 | Some 0.002000 | 0.000000SK | Pass
I MHz 10 kHz 38.M_@!) Same 0 000000 Same ME)OW 0. Pass
10 MHz| 100 itz | 38.000000 Same 0.000000 Same 0.020000 | 0.00000058 Fans
100 Mz TMHz| 38000000 | Same 0000000 | Same 0286000 _| 0.0000005% | Pawm
0 GHz |___100 kHz 10 kHz | 40000000 | Same 0.000000_ | Same 0.002000 | 0.0000005% Pass
T MHz 10 kHz | 40000000 | Same 0000000 | Same 0003000 | 0.0000005% Pass
T0 MHz| 100 kiz | 40000000 | Same 0.000000 | Same 0029000 _| 000000038 Pass
100 MHz T MHz| 40000000 | Same 0.000000 | Same 0286000 | 0.00000058 Pavs

Units of UUC Ruding.TJ-UC Ervor, Tolerarce and Uncertainty arc the same units of Standard Value.
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Frequency Span Accurucy
Test Level: <10 dBm, Log Scale: | B
est UUC RBW | UUC Span UUC Reading DUC Envor Tolerance | Uncertainty | Judgment
Frequen As Found As Left As Found As Left (£) éﬂ
T T TWRHz | 2000 Wiz | Same D000 kHz | Same 101 We | 00080 Wiz | Pow
T ke 3 Wy 5000 kiz | Same 0,000 kHx | Swme 0333 Vx| 00030 kHe Pans
1 ks 10 kHz T0.00 Ktz | Same 000 ¥tz | Same 035 Wile 0012 kiz Fam
1 iy 30 Wi 30,00 kHz | Same 0.00 kMz | Same 0.7 kHz 0.013 kHx Pam
3 iz 30 kHz S0.00 kHz | Same 000 kiz | Same T.00 kit 0.012 kMz Pass
10 kiiz 100 kile 100.0 kHz_ | Same 0.0 kHz | Same 3.5 ki, 012 ki Fars
30 kHz 200 Wiie 2000 kHe | Same 00 ke | Seme 10.1 kHz 012 kHx Pars
T00 kHz_| 300 WHz | 3000 kilz | Same 0.0 kHe | Samo 333 Wi 012 kilx | Pams
100 kHy T MHz | 1.000 MHz | Same 0000 MHe | Same 0,035 MHz| 00012 MHz ]| Pam
300 ki 2 MHy | 2.000 MHz | Same 0.000 MHz | Same 0100 MHz | 00012 MHz ]| Paws
T MHz SMHz | 5000 MHz | Same 0,000 MHz | Same 0333 MHz| 00012 MHz | Pam
T Mt 10 MHz | 1000 MHz | Same 0.00 MHx | Same 035 Mbz| D012 MHz|_ Paws
| MHz 20 MHz 30.00 Mz Same 0.00 MHz Same 0.37 MHz 0012 MHz Pass
TMHz| S0 MHz| 5000 MHz|__Same 000 MHz | Same 045 MHz | 0012 MHz | Taws
TMHz| 100 MHz | 1000 MHz | Same 0.0 MHz | Same 0.6 MHz 002 MHz | Pass
T MHz| 200 MHz | 2000 MHz | Same 0.0 MHz | Same 15 MHz 012 MHz | Pass
T MHz| 00 MHz| 5000 MHz | _ Same 00 MHz| _Same 22 MHz 012 MHz | Pass
S Mz T GHe 1000 Gz | Same 0,000 Gz | Same 0.004 GHz | 0.0012 GHx | Pams
S Mz TGHz | 2000 GHz | Same 0.000 Gtz | Same 0007 GHz | 00012 Gitx | Faws
Resolution Bandwidth (RBW) Accuracy
Test Level: -10 dBm, Log Scale: | dB N
Test UUC Readi UUC Error Tolerance Uncertainty | Judgment
Frequenc: ULIC Sy | UCORDW As Found :i Left As Found As Left (%) (%)
L TO00 1z 013 He_| Same T30 | Same SO e OT8 bz | Paw
1 kHz 300 iz 3025 Hz Samc 13 He Same 150 Hz 018 Hz Pass
2 kHy T kHz 1008 kHz | Same 0.008 kHz | Same 0.050 ktiz | 00012 Kz | Pass
5 iz 3 kHz 012 kiz | Same 0012 kHz | Same 0150 kHr | 0.0012 kiz | Pass
20 kiz 10 kHz 10.05 kHz | Same 008 kile | Same 0.50 ki 0012 iz | Pass
S0 kHz 30 kHz 3012 kHz |  Same 012 kHe | Same 1.50 kHz 0.012 kHz Pass
200 kHz T00 kHz 1000 kHz | Same 00 kHz | Same 50 ki 012 kHz | Pass
500 kHz 300 kHz 3025 kHz | Same 28 Wiz | Same 150 WHz 012 kHe | Pass
2 MHz TMHz | 1.005 MHz ] Same 0.005 MHz | Same 0050 MHz | 0.0012 MHz | Pass
3 Mz I MHz| 3050 MHz | _Same 0.050 MHz | Same 0,150 MHz | 00012 MHz | Pass
Input Attenuator Accuracy
Test Lovel: -10 dBm, Log Scale: 1 dB, RBW: 1 kHz . .
Test uue uuc Standard Reading UUC Error Tolerance Uncertainty | Judgment
Frequency Spen Attenuator As Found As Left As Found As Left () ()
50 Mz T0 Witz 3 dB 399 db Same 001 dB Samc ) 01548 | wa
10 8 Ref Same Ref. Same n'a - -
15 dB 15.02 dB Same 2002 dB Samc s 0.15 aB wa
20 4B 20,03 dB Same 2003 dB Same wa 015 da wa
25 4B 25.04 dB Saimc 2004 dB Same wa 015 dB wa
30 4B 30,04 9B Samne 2004 dB Samnc wa 0,15 a8 wa
35 dB 35.05 dB Samnc 20.05 dB Same wa 0,15 dB wa
30 dB 30,06 dB Same -0.06 dB Samnc wa 015 dB wa
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Resolution Bandwidth Switching Uncertainty®
Test Level: <10 dBm, Log Scale: | dB

Test Standard Reading UUC Error Nominal | Uncertainty | Judgment
_Fnﬁny UUC Span | UUC RBW As Found As Lefl As Found As Left Value ()
T 0 W TWle | 1013 a8 | Same e, Tame Rel - =
20 kHr Thilz | 1013 4B Same 0,00 diy Same 000 ab 010 aiy Wa
kil T0kHe | 1013 g8 _ | Same D00 gi_ | Same .00 4B 010 4By wa
100 kil 30 Kby | 10.13 4B Same 0,00 diy Samo 0.00 4B 010 4B Wa
kHz 100 kHx |__-10.13 dB Same 0,00 an Same 0.00 diy 010 db wa
2 MHz| 300 kbx | 1013 dB Samne 0,00 aB Same 0.00 dib 010 dn o
3 Milz TMHz| 1013 d8 | Same D00 dB_|  Some 0.00 dn 010 i W
20 MHz [ Mbz| 1013 dB | Same 000D | Same 0.00 4B 010 dn )
30 MHz T MHz| 1013 dBs Sane 0.00 dby Same 0,00 4y 010 dn Wa
Amplitude Measurement Accuracy
RBW: 300 He, Log Scale: 10 dB
Test uuC'S Standard UUC Reading UUC Eror Tolerance Uncertainty | Judgment
__FWL P ) vialue AsFound | AsLehl | AsFound | As Lokt (& ‘,"
T 20k | 000 dbm | D01 dbm | Same 0.01 dB Same 0.50 dB dB Pass
.99 dBm | 9.95 dBm | Same 0.04 b Samne 0.50 4B 024 B Pass
19,99 dBm | -19.95 dBm | Same 0.04 b Ssme 030 4B 0.4 db Pass
+29.99 dBm -29.96 dBm Same 0,03 dB Saine 0.50 4B 0.24 4B Pass
4001 dBm | 4003 dbm | Same 001 dB_|_ Same 030 4B 024 dB Pav
30.02 dBm | -50.08 dBm | Same 0,06 dB Some 0.50 dB 024 dB Pans
G006 dBm | 6010 dBm | Same 000 dB Same 0.50 d8 024 dB Pass

Amplitude Frequency Response Measurement Accuracy
RBW: 300 Hz, Log Scale: 10 dB
Test Standard UUC Reading UUC Error Tolerance Uncertainty | Judgment

Frequenc UUC Spen Value As Found As Left As Found As Left () ] ()

= 58 MHz] 20 kHz 9 dBm | 006 abwm | Same 003 dB_ | Same T00ds | 013aB Pass

100 MHz | 20 kHz | -10.01 dBm 599 (B | Same 0.02 dB Sanc 1.00 4B 0.15 dB Pass

MHz| 20KkHz | -10.02 dBm | -10,00 dBm | Same 0,02 dB Same 100 dB 0.15 dB Pass

T Mz | 20 kiix 5,99 dBm 9.93 dBm | Same 0,06 dB Same 100 4B 0.15 4B Pass

A MHz| 20kHz | -10.00 dBm 990 dBm | Same 0.10 dB Samc 1.00 4B 0.15 dB Fass

6.5 MHz | 20WHz | -1000 dBm | 100 dBm | Same 0,10 dB Same 100 dB 021 db Pass

O MHz| 20kHz | 1001 dBm | -10.12 dBm | Same 2.1 dB Same 1.00 4B 0.24 dB Pass

124 MHz| _30KHz__| -10.00 dBm | -10.17 dBm | Same .17 dB Same 1.00 dB 0.24 a8 Pass

18 MHz | 20 kHz 999 dbin | -10.24 dBm | Same 2025 dB Saine 1,00 a 0.24 dB Fass

20 MHz | 20kHz | -10.00 dBm | -10.18 dBm | _ Same 0.18 dB Samc 1.10 dB 0.28 dB Fass

765 MHz|  20kHz | -10.01 dBm | -10.22 dBin | Ssme 2021 4B Same 110 d8 0.32 a8 Pass

28 MHz | 20KkHz | -10.00 dBm | -10.27 dBm | Some 2027 dB Same 1.20 dB 0.32 a8 Fass

32 MHz | 20kHz__| -10.06 dBm 993 dBm | Same 0.13 dB Same 1.20 4B 0.38 a8 Pass

38 MHz| 20kHz__| 1002 dBm | -10.06 dBm | _Same 0.04 48 Samc 200 dB 042 aB Fass

40 MHz | 20kHz | -10.02 dBm | -10.08 dBm | _ Same -0.06 dB Seme 2.00 dB 043 dB Pass
Notes:

1) Tolerances or specifications report in table above are based on technical specification of FieldFox Handheld Analyzers, Keysight
Technologics, model N99XXA Series,

2) Statements of conformity (Judgment) are based on the decision rule described in the last page in this centificate.

3) The function with * indicates that it is not sccredited by ANAB.




= d A& o oa ¢ a4 v . @
nan1saeuisulnsasiiotadiasnziaud wisu option N33 5G "—

NA Caltechnologies Co., Ltd.
TWVIOT Moo 11, Klonguoeng, Khmghesng, Pathumihani 12020 THAILAND
Tol. +663292100.5 Fan, +603-52021 1L 520-2400

Pemadd sales-caiimacal voth Webaie! winw nacal soth

Calibration Report

Certificate No:  E3U211289 Page: 100f10

Statements of Conformity

The standard decinion rule employed for the statements of conformity to cach calibration result in this certificate is applied by using ILAC-
Gi8:03/2009; Guidelines on the Reporting of Compliance with Specification as following Fig, and statements when the measurement
uncertainty is token into sccount.

i

Upper Limit I
Uncertainty L X
Lower Limit
Judgment Pass Pass# Fail# Fail

* Pass = The measurement result plus the expanded uncertainty with a 95% coverage probability were within the specification limit,
Then conformity with the specification is stated.

The measurement result was within the specification limit, but a portion of the expanded uncertsinty with a 95% coverage
probability was overlapped the specification limit, It is not possible to state conformity using the 95% coverage probubility
for the expanded uncertainty although the measurement result was below the limit.

The measurement result was out of the specification limit, but a portion of the expanded uncertainty with a 95% coverage
probability was in the specification. It is not possible 1o state non-conformity using the 95% coverage probability for the
expanded uncertainty although the measurement result was out of the limit.

The measurement result plus the expanded uncertainty with a 95% coverage probability were outside the specification limit
Then non-conformity with the specification is stated.

¢ Passt

«  Fail#

«  Fail

The measurement results and the statements of conformity with specification only relate to the item calibrated.

When functional verification tests and other inspection without measurement uncermainty are performed, the reported results do not affect
these statements of conformity,

~ofo-
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Schwerzetische Eidgenossenschalt Federal institits of Metrology METAS NaNISEaUIgUaI8DINA

Confédération suisse

Confederazione Svizzera
Confederaziun svizra

Certificate of calibration No. 218-02803

Object Broadband horn antenna
Erafant SAV-4525031429-2F-U5
S/N 13079-01

Order Antenna calibration (free field antenna factor)

Applicant Electrical and electronic products testing center(PTEC)
111 Thailand Science Park (TSP), Phahonyothin Road,
Khlong Nueng, Khlong Luang,
Pathum Thani 12120
Thailand

Represented by iRC Technologies Limited
719, 4th KPN Tower, Rama 9 Rd.,
10310 Bangkok

Traceability The reported measurement values are traceable to national
standards and thus to internationally supported realisations of
the Sl units.

Date of calibration 27.10. to 28.10.2021
Marking Calibration label METAS 10.2021

3003 Bern-Wabern, 5 November 2021

For the Measurements Kai-Uwe Lauterbach
Approved by Dr Frédéric Pythoud, Head of Laboratory
Laboratory EMC

Mutual recognition

This certificate is consistent with Calibration and Measurement Capabilities (CMCs) that are included in Appendix C of
the Mutual Recognition Arrangement (MRA) drawn up by the International Committee for Weights and Measures. Un-
der the MRA, all participating institutes recognize the validity of each other's calibration certificates and measurement
reports for the quantities, ranges and measurement uncertainties specified in Appendix C (for details see
waww.bipm.org).

This document ig enly valid and reviewables in ils electrorec form.
Please cbserve the information given on hilp/waa metss chiscerl

METAS 16
Lindenweg 50, 3003 Bern-"WWabem, Schweiz, Tel. «41 58 3687 01 11, www.melas.ch
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Certificate of calibration No. 218-02803

Extent of the calibration

Calibration of the free field antenna factor in the frequency range from 4 GHz to 18 GHz in fre-

quency steps of 10 MHz.

Measurement procedure

The measurement was performed in an anechoic chamber according to a modified version of the
“Standard Antenna Method" (CISPR 16-1-6). To determine the antenna factor, different reference

antennas have been used.

Measurement conditions

Environmental conditions

Temperature:
Relative humidity:

(23.0+2.0)°C
(45 £ 10) %

Measurement apparatus
Device Manufacturer Type Inventory
_Anechoic chamber Emitec AG Hybride 4665
Vector Network Analysor Rohde&Schwarz ZVM 10 MHz-20 5349
GHz
Type-N Calibration Kit, Agilent 85032F 5344
_Option 500 : : L
Laser distance meter Leica Geosystems AG DISTO classic 5299
Connector Gage Kit MAURY Gage Kit N 6422
Reference antenna Schwarzbeck BBHA 9120 D 5615
Reference antenna Schwarzbeck STLP 9148 5616
Reference antenna Flann 18240-20 6848
6849
Mast Schaffner /f METAS CAM 6330A gg; g

26
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Measurement results

Antenna factor (free field)
Frequency | Antenna Frequency | Antenna | |Freguency | Antenna Frequency | Antenna
Factor Factor Factor Factor
(GHz) | (dB{1/m)) (GHz) | (dB{1/m)) (GHz) | (dB{1/m)) (GHz) [ (dB({1/m})
4.000 40.62 7.600 38.55 11.200 38.05 14.800 42.79
4.100 39.59 7.700 38.60 11.300 38.14 14.900 4276
4.200 38.34 7.800 38.61 11.400 39.28 15.000 42 69
4.300 37.37 7.900 38.54 11.500 38.49 15.100 42 67
4.400 37.08 B.000 38.66 11.600 39.64 15.200 42 50
4 500 36.72 B8.100 38.73 11.700 39.78 15.300 42 58
4 600 36.72 B.200 38.84 11.800 39.85 15.400 42 42
4.700 36.84 B.300 38.85 11.900 39.93 15.500 42 46
4. 800 36.84 B.400 38.92 12.000 40.01 15.600 42 36
4.900 36.53 B.500 38.84 12.100 40.09 15.700 42 36
5.000 36.55 B.600 39.04 12.200 40.24 15.800 42.29
5.100 36.22 B.700 38.97 12.300 40.38 15.900 4229
5.200 36.39 B.B00 39.17 12.400 40.40 16.000 4225
5.300 36.64 B.900 39.04 12.500 40.35 16.100 4226
5.400 36.88 8.000 39.35 12.600 40.36 16.200 4214
5.500 36.94 8.100 39.33 12.700 40.41 16.300 42 24
5.600 37.09 8.200 39.20 12.800 40.53 16.400 421
5.700 37.04 8.300 39.37 12.900 40.59 16.500 42 28
5.800 37.09 8.400 39.39 13.000 40.65 16.600 42 25
5.900 37.53 8.500 39.31 13.100 40.68 16.700 42 34
6.000 37.70 8.600 39.19 13.200 40.83 16.800 42 35
6.100 37.71 8.700 39.19 13.300 40.99 16.900 42 36
6.200 37.95 8.800 39.21 13.400 41.16 17.000 42 36
6.300 37.92 8.800 39.07 13.500 41.29 17.100 42 34
6.400 38.08 10.000 39.15 13.600 41.44 17.200 4235
6.500 38.09 10.100 39.14 13.700 41.63 17.300 4233
6.600 38.33 10.200 39.00 13.800 41.84 17.400 42.29
6.700 38.18 10.300 38.86 13.900 42.00 17.500 42 26
6.800 38.40 10.400 38.78 14.000 42.15 17.600 4219
6.900 38.49 10.500 A8.67 14.100 42.29 17.700 4219
7.000 38.46 10.600 38.45 14.200 42.49 17.800 4218
7.100 38.48 10.700 38.35 14.300 4261 17.900 4210
7.200 38.44 10.800 38.46 14.400 42.78 18.000 4211
7.300 38.57 10.900 38.57 14.500 42.71
7.400 368.44 11.000 38.74 14.600 42.81
7.500 38.55 11.100 38.95 14.700 42.75

Remark: The complete dataset is available in electronic format.
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Antenna Factor
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Reflection coefficient

To determine the measurement uncertainty of field strength measurements with this antenna, the
reflection coefficient (S11) is needed. It is shown in the following figure:

s11
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Certificate of calibration No. 218-02803

Uncertainty of measurement

The reported uncertainty of measurement is stated as the combined standard uncertainty multi-
plied by a coverage factor k = 2. The measured value (y) and the associated expanded uncertain-
ty (U) represent the interval (y + U) which contains the value of the measured quantity with a
probability of approximately 95%. The uncertainty was estimated following the guidelines of the
ISO (GUM:1985).

The measurement uncertainty contains contributions originating from the measurement standard,
from the calibration method, from the environmental conditions and from the object being cali-
brated. The long-term characteristic of the object being calibrated is not included.

Frequency range Uncertaint{kanzt)enna factor
4 GHzt04.13 GHz 1.2dB
4.13 GHz to 4.26 GHz 1.0dB
426 GHz o0 10 GHz 0.85 dB
10 GHz to 16 GHz 1.2dB
16 GHz to 18 GHz 1.4 dB

56
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Application note
Antenna factor

The equation for the determination of the electrical field strength can be written as:
E(aquvim) = AFasa/m) + M{asuv))

E Electrical field strength
AF Antenna factor

M Measurement reading at the receiver (Spectrum analyser)

Conversion between absolute values and values in dB

Absolute In dB
Electric Field B (anouvim) 120
Strength Eyym = 10 - 20 : E(dB(HV;’m)) =20- loglﬂ(E(V/'H)) +120
AF(apiss
Antenna Factor AFiyym) = 104% AF (403 ymyy = 20 - 10go(AFy /)

Reflection coefficient

The equation for the determination of the mismatch between the antenna and the receiver (more
specifically the cable) can be written as:

_ ITaAntennal * ITkeceiver!

UMismatch = ‘/—
2

Upgismatch Standard uncertainty (k=1, U distribution) of the mismatch in absolute units. For the
conversion to dB the following equation can be applied:

20
UMismatch(dB) = mumsmlch

r The reflection coefficient can be transformed from logarithmic to absolute using the
following equation:
Tap

Fabsolute = 1020

A-21




HaN15AAYY YSulgeviesdfjuanisnagauindioui

Augnaaoy PTEC vinn1sWauIiesUjufnisnageutndaui (Mobile Lab) titaldliuinig

M3I980UN1TIUNIUAG UANE Wil e TR ILaznadeuuinnssului uil dduguaidunisianie

(Regulatory Sandbox) TagvinnnssauUassasudisiounyusyasd u TR Transformer Il MAXI 2.4 15

anusaldanuduiesujiinisedoun sessunisinasngiueiasedio®n awnsaldnuliifnisveaey

dmsununegauninauy (Field test) ladzain 590157 wazaaesdl wioufnasgunsalusznouns

[ [

NAADUAMTUNUNAZDUAAAUINTNEAY el

1.

ieRnssengenniAwuuEanals (Telescopic mast) I¥nudmsuindsengenadmsuins
Y0 mmaaﬂ%’u%mmEJ’nGszLmLﬁavﬁmamaaﬂuazﬁummqwﬁq6] Isaus 3
AT 7 LIRS

FEUUAIUANNITVYULET 360 83A1 (Azimuth angle controller) TdaudmsumiuAuNIIuyu
Y944@1 Telescopic mast mmaamumﬁﬁmwaqﬁwmwmﬁﬁaqmimaa‘ulé’mw5358
Frnushevosann Tlfansouenuesurainvesdugnaiideinshumlnetu
wwmummsU%’UﬁﬂmwaamammﬂiuumLLﬂum3QLLa3LLuaLLﬂuuau (Antenna
polarization controller) Tfsudv§uniuaumsUSUiiamsesageIne arunsaiUae
wuaunuesatee 1Al i ubuaunud e (Vertical polarization) n3 et unuiwnuueu
(Horizontal polarization) I lnedsaun1uresadn Lﬁ'aisuuuumu (Polarization) ¥4
Fyanadfisenimaseuldiedu Mikaunsowsnuezuainvesdygaiidosmsdumls
ety

[

sTUUAUMLAE Sy iraYeadiysyiad (Directional finder) THauilon1sfumuas sy fiamng
vosdnyayas Alirnauiugiiigs annsaldnuiswuuinsniglusaluuisual vnistuse
T saanuidmunefiefunurasfinnvesdyyia wazanunsaldnuuuuasmede oy
Aumdaa lunsditllannsadsaluuiewaudituils

VUG SEUUAUMIMALIEYTiAn19vasdayagas (Directional finder) 1uagsinaiann
lasansnsinszauanunsswasaumimaniiiunsanaandgiuingyursuwazanidds
Insfessuuiinea AlddunsaduayusuUssauainneyu anvsa. Jamdsainaiiiu
Tassnsdananudanasa @alassnng) audnaaeu PTEC Iihasfasialdsunouunldaude
gon LioliumageunaauiiUsyAB gty
$%UU Drive test system Lussuunisianmunimvasmsdeansvedlasaielnsdwi (Quality
of Service) IHlun1smArdnsdumdmesnduaudngn (Cellular) don1ssuniuitinan

1% 4 a P a Y
N15MdUATUAINANAREY (Sandbox) HTBUTHIIUTEAUAINNTULTIVBINITIUNIY
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WaeufjiRn1smagauinfauil (Mobile Lab)

[
Y

o Gnnslfzyinauiiulidanduwuuans dwsutslfuRanunelusosud

=

o fsyuulwihnssuaadunieluse aunsaanelnlituesesiioln THndaauanwaanedunasinosi

Wewsaiuwunmesviinnaiguszadn (Deep Cycle)

Woufjuinisnagauindaun (Mobile Lab)

[
Y

® fnfuan Telescopic mast aNSEAAINNENIVBUALAGEA 7 LAT (INTEAUNUAL)

® TEUUMUANNITNLNVBLEAT Telescopic mast @1113ansuLaTle 0-360 947 Base W aAUN

NANIVOINEITY Y IUNABINTNAZDU

® SyUUAIUANNITUTUTIANIAaANE91INA USTUa8e N 1AlA UL LI UAILAZLLILNULDU LTlDTEY

WUILNUTDIVOIA Y QY IUTNABDINTNAEDU
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FTUUAUNILELITUTIANIIVRFYeu1ad (Direction finder)

Directional finder l¥a1utiion1sAumuazseyiAn1avasdya1unfen1snnuuiugiigs a1u1se
Tourstuudnasniglusaluvisuay vinstusaludanuid vunoiioAuniunasiniee
”ig U LLazmmsﬂsﬁmuLLwazww&Jﬁa WatiuAumdy g Tunsavliamisathsaluvisuay

v

LU

ﬁEE 2

Drive test system ss‘uuﬂﬂii’ﬂé’mﬂdfauﬁﬂé’waaﬁmwqm@iamssumu (SINR)

;’".-0—. _-;--—- a -
—— _,_..M
s

® Drive test system tJuszuun1sinnunInven1sd eansveslasarielnsdwit 19lunisnien

=

dnsaumaesdyI (AduANudlnsdnidefenlasun1sAunset) don13IUNIUNAAIINMT

lFunauALanAaed (Sandbox) HBUsEIIUTEAUATUTULIIVDINITIUNIUY
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AUNSaU lUNTIYUSNSNARUNITIUNIUATUAIUDLIND
nsWaILaznagauuinnssy Tunuiinuguaunis

1AN1e (Regulatory Sandbox)
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AUNAFDU PTEC 193nviana1stunauad s un1sna@aunIssuniuaauaudn1aauulunud

Y

miuauatdunisiamy (Regulatory Sandbox) naaeur1UN1eeInE (Over the air) Tuan mwinaonindu

Y

¥ '
=] a

Nuidalda (Open area) lngldiosuUAn1smaasuuuuindoudl (Mobile lab) dv§un1sAdunis
VGGLY

AousuiiuliENMmMessUNsTUMUARUANL ALY 0 @auiiaie quinaaey PTEC 16
yaansarumiesluduaning Tasvhnssassiiudl Sandbox Tu neluesdaduadurualngjues PTEC
(10m Semi-Anechoic chamber) uaznnaosldsaluursuatyinnisvedeunnonalsduneudmiunis

o w

nageuNsTUNIUAduALinraudluiunffuawaldunsianig (Regulatory Sandbox) fieenuuuli

Y

5G Base station

(Sandbox)

WS R -

Tt
= ),L.(-v-.mlu""l-‘ .13»15"?‘_““

il
“w:p»‘.sn-,--_

)‘..l‘ AD Gl B T o e - em—
P~ oy B i e e e
b Fpriv ,

a«

sULARSIUY Sandbox §188¢ [BN1IMINERUNSTHUININAGEUNISTUNIUATUAUDNIAAUY
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Keysight Technologies: N MYB1131025
481% {_100R] Thu, 11 Nov 2021 2:14:22 PM
o e ° N7 Elevation: 0.000 Meters Mo GPS Device
Ref 30.00 dBm #atten 0 dB CHP

Center 800,0000 MHz Span 10.00000 MHz
#Res BW 1.000 MHz Swp 35.00 ms (401 pts)

Channel Power Radio Standard: None

Keysight Technologies: NS952E, SN: MY61131025
4753% § Thu, 11 Nov 2021 12:10:33 PM

Elevation: 0.000 Meters  No GPS Device

PR = NS PO pa—

#aten 0 dB oBW

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

Center 800.0000 MHz Span 10.00000 MHz
#Res BW 100.0 kHz Swp 9.000 ms (401 pts)

Occupied Bandwidth Radio Standard: None

gmmmmaLLaumm?{maumm (Occupied bandwidth : OBW)
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IKeysight Technologies: N9952B, SN: MY611310
4735% ] Thu, 11 Nov 202

Elevation: 0.000 Meters  No GPS Device

U - SN R

#aten 0 dB

10.0
de/
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