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Release
Link budget
Battery life

Spectrum

Data rate

Silicon

Protocol

Certification
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Now
~162dB

>10 years
un & lightly-license

bands e.g. 868, 915 bands e.g. 169, 433,

MHz
< 100 bps

Multi-vendor
SIGFOX

SIGFOX

Now
~157dB

>10 years
un & lightly-license

470, 868, 915 MHz
<10 kbps

Semtech (2™ vendor
announced)

Semtech (2™ vendor
announced)

LoRa Alliance
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H2 2016 H2 2016 H2 2016
~164dB ~156dB ~164dB
>10 years >10 years >10 years
GSM & LTE Licensed LTE Licensed GSM Licensed
bands bands bands
10’s kbps 100’s kbps 10’s kbps
Multi-vendor Multi-vendor TBC
3GPP Multi-vendor 3GPP Multi- 3GPP Multi-
vendor vendor
GCF/PTCRB (TBC) GCF/PTCRB GCF/PTCRE

TBC



KEYSIGHT

TECHNOLOGIES

M= + TR ?

ZigBee™ Alliance

Wireless Control That Simply Works

it
i
i
1]
1]
1]

L
L.

T ARIR iR
73 5 AR IR AN = dm o TAE

- So Easy,

Right?

Al RE BRI HBIR: BN
BRI A&

AN EEMNSAHEEENET R FHEWN
EINBEX IR, DR MTLABYEERE
. MIRKPBEEMEEEER. BWLH)
W PR AT A LA R D B R I R AR
HREERFRR, enjoy~

(6. LIRSS ZigBee |

ZigBeeiR#RAEIL AIIEEE 802.15.4, TFMER
B =1 868MHz-868.6MHz . 902MHz-
928MHz#12.4GHz-2.4835GHz, HF&E—
TMRRHFEENEM, 16MSE, HAX
MEEARME. REIENTHABITR,

= RER SR Z 53 51 9 20kbps, 40kbps
KBz 250kbps,. {8REFrHZigBeeinZE %
Wi-Fisk & B ARSI 2R, X2
Fe8%, HEE, MTHIEE, ZigBeelh
PCREFR, LURMIPHIYFOELRE
HEE MR T EERFRHIN A,

7. Tk FIEEE(E: LoRa

LoRa¥;EFLong RangeiX{~8iF, 2—#h
KEFBEMNEERA, LoRaFEAETFLME



S SRR R HY X SR FE AR

WA RR B BE L B 5F 7

&iE
il i . 1. EECERSMNECIES, RN, BN,
e — ~ e 2 EROBEEESRIREKRETE, R, BRI,
e = 3. EHRRUHEEBESBESSMASTIER, F1LERERIFTEA, BEE, AT,
B FSK.GFSKOOKLoRa TM RE L3 4. HERNTIERENTW, 2SR EEREE, RENEHITERETE, TR,
WL E §420 dbm 5. FEEMIBEHEEEHFEASN, BEEE LIRS, TERE/N, [BiiE50EE.,
ekl e < e T 6. IERIZETER SR AR E .
ot ol R <120 mA @+20 dbm
\_TE L IDLE 1ipg |SIEEP(D 2ua) J sETEAT
(EREE 0-300KHz ) AR IE R
BRI Skm/ LoRaf8
\_ FHPE S0E;48 Y,
IERE 40485 T
TR E 40485 T
ShRZR T 17x17mm

KEYSIGHT

TECHNOLOGIES



EPRMELAIERDH

 ASHREET TR
Vel

RATHESSE
BAEHBR

FEamIlFE, REEH
Bt ik B K HA T AR ?

FEmBER M ERE
miHE

KEYSIGHT

EEEEEEEEEEEE

N —

BN~

W=

T IRRE XS R 7= dn 5| N RUFT ) =2 ?

R A2 )MVE S RYIE1RE

TOEARRAN & BT ST R B A5 IEFRFNIEE TR ?
ZHHAHEIE S 2EIER, HHIREWNM?

AR R, BIIAREMIER TR SIELAC?
FLARRIRIRA G & W IR AT EFRRIBIE?

TEARRAEMAN T IR fF, R & BTN R R B R RTBKRE ?
mEFmIMNEZR, REREEIEITNEZREE (FIIEERE) ?

. AERERAEBVATIERIT, Kim~mivIiFEiBn?

=EABEHCRRI L SHFEZ S, NIRRT mBITIFEER?

B RSER e
B fFECE/FCC/CCCEA G X Xt 5 5 & 15 B R 5k ?
o =R =L N PAS- e Sl

Optional Title of the Presentation

10



MIEER (IOT) SLIG =2 ik 5 R

SEPR T & 9K

KEYSIGHT

TECHNOLOGIES



1 IRRETZIEFEMBRE? BAUNNIAERE
AR R

CXA N9000B Signal Analyzer

F [
—1is - | e | K

e [ | = e

- "
ﬁﬁﬁﬁﬁﬁ

e F A A
(FHESERRRZ5T0)

BT AR ERINEL R
EAL RIS TIRBEINRASL i, AMASGES

B FMAIMEZ 5, ®UALUE A SIS (TR R B (S
ST T

R @ AT
EHEIE (S SSREM SR B ___mail
g BT IR 7 (B REEMRARHE LT

KEYSIGHT

TECHNOLOGIES



N9000B CXA{S S &Lk

T gE:

v 9 kHz — 26.5 GHzS 5
v =163 dBm JEEME

v +0.5dBIEERE

v’ 25 MHz5 #is 5

HEE:

v Z iz ER AR E

v EHEBSE S TAES 9
v IBERIR

EHEHREM:
v =S EENI%64CPU
v 8GBAI7/160GB&E# (AIREIEAF1#:S)

v 10.6 RTEBERF . . —
Master the essentials of signal characterization

KEYSIGiHE

TECHNOLOGIES




FEELoRa(ES (Adld)

KEYSIGHT Input RF Ingat Z: 50 03 Atten; 34 dB PNCr Fast Avg Type: Log-Power
Cosmed baons . OAT Preamg: O Caate: O41 Trig: Wide
Freq Ref int (5}  Source Off IF Gain Low
=i Track: Of

1 Spectrum

LoRaFE A : S T i

- #KSE A Chirp FMig

- AIFEITR9¥ SREFSF: 7,8,9,10,11,12
- SF#SE, REEHNS

- A[FRITHTEE: 125kHz, 250kHz, 500kHz

- duMRER433 MHz, £H%E

Center 433000000 MHz Video BW 8.0 MHz
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KEYSIGHT [nput RF Input Z: 50 O Alten: & dB PNO: Best Close  Avg Type: Log-Power 1 '_:
oupling: AC Corrections: Off Preamp: Off Gate: Off {Trig: Free Run
L:) Align: Auto Freq Ref Int (S) Source: Off IF Gain: Low
Sig Track: O
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AMkr1 8.30 kHz SHESVP

1 Spectrum

Scale/Div 10 dB Ref Level -50.00 dBm 18.85 dB
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Short Range Comms 1
Modulation Analysis

11Q Meas Time (1Q)
-Q
1.

v
Scale/Div 10.00 dB Ref Value 0.00 dBm

Res BW: 6.382 kHz Info BW: 10 MHz

Spectrum Analyzer

1Q Analyzer (Basic)
W-CDMA with HSPA+
GSM/EDGE /EDGE Evo
Phase Noise

Noise Figure

Analog Demod
Bluetooth

LTE FDD & LTE-AFDD
LTE TDD & LTE-ATDD
WLAN

SCPI Language Compatibility
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Channel Power
Occupied BW

ACP

SEM

Spurious Emissions

Transmit On|Off Power

Modulation Analysis

Conformance EVM
Power Stat CCDF
Monitor Spectrum

1Q Waveform

¥ | TX Power -20.73 dBm

0.61 %ms 1.48 %pk

13 %ms 5.25 %pk
0.43 %ms -1.31 %pk
1.69 °rms 4.26 °pk
0.29 ppm

-0.40 ppm

-67.81dB

0.00°

0.00 dB

0.99909

Pt i Y9000 K2

Meas Summary
RB Slot Meas

Subcarrier Meas
MIMO Summary

Cross Carriers Summary

e
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e Rt e
CClko: Dok, 10C.

Rot 15 dim

Conter 1 GFiz
Fos BW 36193 Hz
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1 Graph

Scale/Div 15.0 dB Ref Value -30.00 dBm
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et O
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1 Graph Al

enter 868.00000 MHz Video E gcaie/Div 15.0 dB

i{Res BW 30,00 Hz

2 Metrics

Y P \w.r-'lww\ \.fm

Center 868.00000 MHz
#Res BW 30.00 Hz

2 Metrics

TSR] A !
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HINERT? ?

B % LA 2zt 2

XAINER, BRXRYT? HBAMEEA

Ref Value -30.00 dBm

1 Graph

i | \ ' ' Scale/Div 15.0 dB Ref Value -30.00 dBm

T

W b an
~ Fal
\ 1

ik \A Iy it i J_ V""*“v" 1

Video BW 300.00 Hz Flj"‘-n .
LA &S e

[PUPSRRTIS | NP oLy S WY LY ST, 4 W h""”’ rl

Video BW 300.00 Hz Span 50 kHz|

Sweep FFT|

Center 868.00000 MHz
#Res BW 30.00 Hz

2 Metrics v

otal Channel Power -75.01 dBm/ 25.0 kHz

Total Power Spectral Density -119.0 dBm/Hz
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1 Graph

§cﬁ_lg_IDiv 10.0 dB
Class3 Tolerance Class5  Tolerance ’
(dBm) (dB) (dBm) (dB)
23 +2 20 +2

- WEVUER/INAFITIZR -40 dBm

o AT ERENIE? ol
« AgefsEFHMax holdjiiMarker 120) I ] | | | |
o INY =3 2R ter 900 MH Video BW 100.00 kHz* Span 1 MH

I:Z\ETQE C h a n2 el POWQ M':'EIJJ__'{_\ . R 22 ;Fw 10.DUUzkHz e ’ Sweep 11.9 msp(i’:gﬂ-‘i pts
- EENENREFREEABurstif&ZEL
EIAR R, X BEERREIN R
%gﬁ’\_] ﬁ'ﬁ% Total Channel Power -39.56 dBm / 200 kHz Component Carrier Carrier Power
Total Power Spectral Density -92.57 dBm/Hz CcCo -39.56 dBm / 200 kHz
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1 Graph
Scale/Div 10.0 dB Ref Value 25.00 dBm

#R#EFCC Part 15.247(b)(3); LoRaf& 544t
hRARERBIT 30dBm. ;T =7 fid H ThEEN
R A, HFelESRAwE. |

P LORaZECth FM1|:|"5" lttzzﬁgﬁﬁ1§ [Res BW 16.000 kHz 2 4 .. Sweep'l'm9773r';s (1001 pts)

G S B Ih MR TN B
s o e O 3 24 dBm

* N900OOB CXA$z{&Burst PowerIjgg,
AT LRSS LoRafy i 4 Th

&R EERAIETY (RMS) | Eee————>—=
ﬁ mE+M$ﬂm$,rﬁﬁ$M% [ EE= ey
S EsHIhE L e y @

Res BW 3.0000 MHz Sweep 25.000 ms (375001 pts)

Abs Amplitude Threshold -11.65 dBm
Rel Amplitucle Threshold -30.00 dB

(Above Threshold Level) 18.271 dBm

Current Data
Above Threshold Pts 356245 1 8 2 7 I B
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ZRRFAMAAS: RREEBEFINE, AEEES00 R RIES?

Expected Packet Count: | 100 | [] nfinte

Wiewing Formatt | Hexade cimal e

T — L A | BETIRNE: AR RS S TR, EEHA?

WHMATIEIN: REAHE. . . - WEEITSZW. . .
CXG N5166CGREE=iR

e Bigrim Clansiaien sm [+ {+] re
¥

.....

REFESIR, RETLUBRHLE.L
SHESRUSHERFINEK, XA UG i
ATEARRZWHNESHTIRER Z D

Selected Waveforn: UFM1:CC1120TEST.LFN
Arb Sample Clock: 80.000000kHz
Filter; Off

Trigger Tupe
e — g ! I (Cont inuous ,»
L upe: Lontinuous (Free Aun) [ Sleritus N/B Frae Run)

OUrtE: (WA
Power Search Reference: RMS
ALGN: DFf
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BRENENEFANES

Cellular communications

Wireless connectivity

" ﬁ” @:l\i_t ﬁlé,ﬁ]‘:ﬂ: H/‘J %%15% N7600C W-CDMA/HSPA+ N7606C Bluetooth®
ok : e N7601C* cdma2000®/1xEV-DO N7607C DFS Radar Profiles
» QPR ASTRRANIRIEENI N7602C* | GSM/EDGE/Evo N7610C | 1oT: WISUN, ZigBee, z-
FLSL A = Wave, and LoRa
° ﬁ%{% Vl_ -j-éEE—';Fﬁ*,—F,E N7612C TD-SCDMA/HSPA : -
N7615C Mobile WiIMAX
7]]] I;{'f ﬁIJL }_‘_#mﬂ 1ﬁ H_J_ ‘j N7624C* LTE/LTE-AFDD
. =1 |8 " WLAN 802.11
N7625C LTE/LTE-ATDD LT a/b/gl/j/p/n/ac/ah/affax
N7626C Vax Video, audio and radio test
- N7630C | 5GTF (Pre-5G) N7611C* | Broadcast Radio
i N7631C 5G NR (New Radio) \7eaac- | Digital Video
General purpose (W/DOCSIS3.1)
N7608C Custom modulation N7640C Land Mobile Radio
N7614C Power amplifier test Detection and positioning
N7621B Multitone distortion N7609c+ | Clobal Navigation
Satellite Systems
N7622C IQ Waveform —
Download Toolkit N7620B Pulse building
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* Support both Real-Time and ARB mode
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v HBENLESERETEEON, AIUEIRNEEE
(8A-80nA, Z928LUAEENZ)

v 31K200KHz (Sus)KiER, FEtRpKTERNE

v Data LoggerFiEiCRIY, 1000/ iELEURICR

v 1AS85ARTHIUEIIIER Y, BERSINSEE A

Data Logger »  Duration/Period BN S . 5Nt 1 B
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Product development cycle

Initial Design Lab Production  Production
investigation ~ breadboard  prototype  prototype unit

iabIS Yes
Mo

SR AR T 2
R TEMIFHR MR

)

REDES STIGN : ™ Production

B T an B & STRE A 3 AT EMISEIE = AT
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N9000B CXAIZ1TN6141C EMINE 2 B &4

SRR . 9 kHz — 3, 7.5, 13.6, 26.5 GHz
DANL: -163 dBm
BERE: = 05dB

= AM/FM {5 5%

» FFECISPRISEMITHERTE, KK
» £HAICISPRIE{ELZ:

= FERJICISPR Band Presets

= TR AKHIFRICINEE(markers)

» HFERENFERE
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Meas Setup

I . input 7 50 0 FME Sl CISPR 7 E
Scan Table " g AL Comecbons: On Tng: I ree [tun I - SCAN
. SR _— N I e Freg Ref. Inl{S) ? :
Range 1 ge 3 Range 4 lange 5 e [NEES oW SEARCH |
0.000000 MHz Azl /B ! | SEARC Ref Value 106.99 dBuVim | MEASURE
MEASURH
an Sequence |
RBW  [200Hz (Re)Measure Neters
Dwell 4 s d ; Start Sequenc A ¥ 1B h [ Stan S I
Time 4 iU Signal List . ; = ] | N -=eqUeNce B cinnal List
Scan Table i S
= I l ( st [
Detectors :<
y Start 30.0 MHz Video BW 1.2 MHz op 1.000 GHz] W™ 8 o S Mezo
: : e Freq 515.0 MHz j Stancand

Meas Preset Res BW 120 kHz Dwell Time 10.0 ms {60.002 kHz) Res BW 120 kHz —

Neg Amptd EAvgAmptd PeaklLiA Negllih A Listen
-17.459 dByVim | 34 -60.459 dB .52

9.178 dB 9 Advanced
-10.845 dB E

Global

445 dBp\im
S dB

-« ETHRERTR: SNEL(CE, RE), IEEERTIE, + INRESTEHECISPR-16-1 ZK
o . EHEMIERIOEE, B
-/IJ: y £ '_'FE,RBW = H z Nh =R
e Rt B R4000 135 (R MBS
. BEHUMRETE . RIEHIRETIEE

KEYSIGHT

TECHNOLOGIES



4 EEHENTBENK

KEYSIGHT |Input RF Input Z: 50 O #Atten: 0 dB
|Coupling: AC Corrections: Off Preamp: Off
[:J Align: Auto Freq Ref Int(5)  Source: Off

1 Spectrum

PNO: Best Wide ;Avg Type: Log-Power 234
Gate: Off Trig: Free Run
|IF Gain: High

Sig Track: Off

Scale/Div 10 dB Ref Level -40.00 dBm -96.43 dBm

5 Marker Table
Mode Trace Scale

-91.68 dBm

-96.43 dBm_

KEYSIGHT
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Stop 900.00 MHz
Sweep 603 ms (1001 pts)

Function Width Function Value

N9000B CXAH Z-Bi4E 81—
g2 Thee, PIREIZIN
gE A] LAEE @AY

I e e CE/FCC/CCCHEMTEE K

NOOOOBRYSMIL /3 #TThEE, HEENEIRE 5 N
R Pt s R e =T AT

TkiERE E2fa, AKEAHES, BET
DLRIHINREL, BIEmEMREEE, H
BEHERENITERENR. 7] RUBE SEtsNE
DLECRR RS, & MNIRIK 2SR T3 7R eidt

6 Peak Table v 1 Spectrum

Freq
(GHz) dBm
0.431 16.25]
0.866 -8.41)| 6.00 -
1.296 -33.50
0.273 -39.12 | -4.00
3.038 -41.38

Scale/Div 10 dB Ref Level 16.00 dBm

T
2
3
4
o
6
7
8
9




IER (I0T) SEWEBFBRAR

l a.9kHz — 3/6GHzHY T1EsnZ, BE=BRIFTEH

| loTHY T{ESMES
| b. X #¥signal StudioX 4, BILA%E K
o , T B AR OTAR I

c. ATBHI+19%-144dBmINEMH, ATASERE
Lﬂ i
b. M £ 1% % 7 B AR /MR E/ & 53/ F A [E AR o

T R B iR
a 3 8nA - BA HUE TS (L AOFERBLTRTY

E,] EE./)ILI%%% Analog
¢. 7534200 KSals. 28bitHRRAFER, 1HHH \
= Bk ERTR | |

d. KRB ELL I R TER - B TR FE B 4T

N67058B+ 503 (9k-3GHz)+ 503 (3GHz) +

AETHRIRFINZRFNSHIE NI .

_seri R M R B T4 4
056(analysis software) + 653 (ARB 60MHz) + N6141EMOE(EMI)+ b' A Serlesﬁdﬁiﬁg" ﬂui—jﬂﬁiujﬁgﬁﬁﬁj\mo
N6781A (S/M unit) 250 (50 pack waveform) N9311X-100+ & NEAl EMI')‘IJELSE#’ Acss N9§11?(-1OO 13
N9054EMOE Rk, FTEREIEREMITIFRZ MK
N1g 16.6k USD 30.4k USD 36k USD 83k USD
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H,

1. FATTLERZE S ER BRI
2, FRRBISIEERYIE)E

3. FRIRZSIHLIEH B E Yo

4. PRI R B RY o) 3R

5. FRRZ R EMTEHE)E

6. FRRITNFEMIXAIOLILAYE)RE
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