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- 3GPP LTE, LTE-MTC
- 3GPP GSM, WCDMA, EC-GPRS

- 3GPP2 Cdma2000
el _ 3GPP NB-IoT
<10 cm <5 km
E B ()
i WPAN wiay  VNAN - WWAN LPWA (¥ ®])
{#\N WFAN ' LPWA (£3¥FH])
-BTF - ZigBee - 1SA100.11a (BLOWPAN) - 802.11a/b/g/n/ac - Wi-SUN (6LoWPAN)
- ANT+ - Z-Wave - WirelessHART - 802.11ah (1km) - ZigBee NAN (6LoWPAN)
- MiWi - Thread (BLOWPAN) - EihE % - 802.11p (V2X) - T2k M-bus
- Enocean -802.11af (2H) -HihEZ

- HfthE %

<100 km

- SIGFOX
- LoRa

- Telensa

- OnRamp
- B EFEYIEH RS
-HithE%
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bt | ZigBee Z-wave EnOcean
¢ Z!gBee Rillance T@wave 6 |
Wi | 868/915/2400 | 868/915 315/868/90
MHz MHz 2 MHz
DiFE | IRIh#E IKThFE ReEREHR
A, Lyl
T LR
i | BPSK/O-QPSK | FSK/GFSK | ASK
% | 20/250 kbps 9.6/40 kbps | 125 kbps
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B% 75 3EMEASK/IFSKIEEHiRX

A PREFEAMAX HoldZ X fataEieshiE, FHi@idDelta
Marker, Channel PowerZEZ iR IhgEME, ThEE, 4
KiRE, WFERE (Deviation)

MFHEMHEINESAFSE, EIRFSKIES, BEL1TEER
X Fgn ik RN E Deviation
S5 NEM, BIESS, FEHEATE

RGr%E Keysight N9320BEZDMAE £

N9320B-DMAi& izt T ASK/FSKHEE

ARREENTH, ATUBTETME, BiERAHES,
HAE—NMXFEFRUNEMRR, BE, AFIRE, ULF
Hll 3T Ek B ASKIAHIIRE

e RiR, E, RINAFREFE
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A PEEFEFAMAX HoldZ )Xt 1miR s, HiBidDelta EIERPZALERNNSvids =2t g o 35116 /315

Marker, Channel PowerZ Z il ThgEM =, ThE, NE

Ix%E, SZE{mE (Deviation) ERAEATE, JLUBERFMEL, BaEELHES,
HE—NMMRFTEPUNEHRE, BE, BHRE, UARE

M TFHEMEMHSHTESE, EHRFSKIES, E4&1 5 SRl & ASKIE IR E

X Fhapn ik E /N 2 Deviation

S5 NEM, RMES S, REBEAE B R, i, BLAXNBRERFET
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LPWAN({EZh#ET 35 [

Technology Link Budget (dB) Range Max Data Rate (kbps)
Ingenu 16810 172 13 km 47
‘ LoRaWAN \ 150 to 168 15 km 0
LTE Cat-M1 106 10 km 1000
I LTE Cat-NB1 \ 164 10 km 200
Sigfox 146-162 50 km 0.3
WAVIoT ~160 2 km 0.1
Wireless M-Bus 130 1 km 2.4
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NB-loT N TS

Carrier 200 kHz
e 12 subcarrier:15 kHz. Total 180 kHz

* 1 NB-loT downlink frame
* 10 sub-frame
* 1 sub-frame = 2 slots
* 1slot=0.5ms

 Modulation: BPSK/QPSK

* Physical signals

 NPSS/SSS (primary and secondary
synchronization channels)

* NRS (cell reference signals)

* Physical channels
 NPBCH (physical broadcast channel)

* NPDSCH (physical downlink shared
channel)

* NPDCCH (physical downlink control
channel)

KEYSIGHT

TECHNOLOGIES

—

1LTE PRB

==

]

I
J

-

1 Radio Frame

12 subcarriers

3 |4

5

6

9 '

subcarriers

slot O

slot 1

0.5

time (ms)

subframes

M (180KHz)



NB-loT_L1T{E5

Resource Unit

ot Sing|e-T0ne (MAN DATORY) ﬂ?\?\ﬁm”ﬂsmﬁ%z(m 1S.|°t=0.'5 dl Nslots Duration
» 1 subcarrier for signal-strength-limited scenarios _— ; 186 222
« Subcarrier spacing: 15 kHz or 3.75 kHz (Data) 6 a_ | 2ms
» Slot: 0.5 ms (15 kHz) or 2 ms (3.75 kHz) o 2| Ams
1 4 2 ms
- Multi-Tone (OPTIONALY): 12 subcariers ==
« 3/6/12 subcarrier for Higher data rates
» Subcarrier spacing: 15 kHz Af = 3.75 KHz Reson TN
e Slot: 0.5 ms < 1 Slot S > Nslots Duration
Format 1 > ms
* Physical signals Dl : =l
- DMRS (Demodulation reference signals) (control) [N |

* Physical channels Total avalarle
! I 48 subcarriers
« NPUSCH (Physical Uplink Shared Channel)
« NPRACH (Physical Random Access Channel)
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e Multi-tone

 Single-tone




UEX% 5T Th =

- MEUER K& ITER

Class 3 Tolerance Class 5 Tolerance
(dBm) (dB) (dBm) (dB)

23 12 20 12

- MEUESR/MNEZETTH -40 dBm

A ERRNE ?
« ANgefEFHMax holdfinMarker
o WA501{E FIChannel Power{SEIh &
« SEFENERHEFEZE(E HBurstft & 3k
ZUNAN A, XA BEERSINEIT

BRI
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1 Graph
_ScaIeIDiv 10.0 dB

I

——

S ! S —

Video BW 100.00 kHz*

enter 900 MHz
Res BW 10.000 kHz

Total Channel Power -39.56 dBm / 200 kHz Component Carrier
Total Power Spectral Density -92.57 dBm/Hz CCo

épan 1 MHz
Sweep 11.9 ms (1001 pts)

Carrier Power

-39.56 dBm / 200 kHz




UES A3 O0BW

* 99 % of the total integrated mean
power of the transmitted spectrum
on the assigned channel at the
transmit antenna connector.

Channel bandwidth

200
BWChannel [kHZ]

Transmission bandwidth 1
configuration Ngg

Transmission bandwidth 12
configuration N;,,. 15kHz

Transmission bandwidth 48
configuration N;y,e 3.75kHz

KEYSIGHT

TECHNOLOGIES

i) PASS

1 Graph
_Scale!Div 10.0 dB

Center 900 MHz
#Res BW 10.000 kHz

2 Metrics

Occupied Bandwidth
195.56 kHz

Transmit Freq Error
x dB Bandwidth

Video BW 100.00 kHz*

Active Carrier(s)
Total Power

-318 Hz % of OBW Power
299.2 kHz x dB

Span 400 kHz
Sweep 4.80 ms (2001 pts)

-46.5 dBm
99.00 %
-26.00 dB




ACLR#H4BE M m

F X2

EE

1 Graph
Scale/Div 10.0 dB

I
UE | BS
GSMACLR UTI?'A‘ACLR : NBACLR NBACLR
ACLR -20 dB -37dB | -40dB -50 dB 2 Metres
Adjacent : Tl PED
St £200 kHz +2.5 MHz | =300 kHz 500 kHz
center freq Offs Freq
I A 200.0kHz
offset | B 2.500 MHz
Adjacent |
channel 180 kHz 3.84 MHz | 180 kHz 180 kHz 1 Graph
meas BW | Scale/Div 10.0 dB
-
’ Rectangul RRC-filter |Rectangul Rectangul
ieasilter ar 0=0.22 : ar ar
I
NB channel o 1, 180KkHz | 180 KHz 180 kHz
meas BW |
NB channel Rectangul Rectangul|Rectangul Rectangul 2 Metrics
meas filter ar ar | ar ar Total Car Pwr

Total PSD

KEYSIGHT
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Offs F

A 300.0kHz
B 500.0 kHz

Ref Value -30.00 dBm

Video BW 100.00 kHz*

-42.99 dBm/180.0 kHz

Lower
ACP Ref Carrier
Integ BW dBc dBm
180.0 kHz -48.23 -91.22

3.840 MHz -35.08 -78.07

-42.99
-42.99

Video BW 100.00 kHz*

-21.11 dBm/180.0 kHz

Lower

Ref Carrier
dBm Car#
-21.11
-21.11

ACP
Integ BW dBc dBm
180.0kHz -66.21 -87.31
180.0 kHz -68.62 -89.72

req

dBm Car# dBc
1 -48.28 -91.27
1 -35.12 -78.10

dBc

ACP

dBm

ACP

dBm
1 -66.31 -87.42
1 -68.63

-89.74

|CC Info: Uplink, 1 CC

Sweep Time 289 ms (1001 pts)

Upper
Ref Carrier

-42.99
-42.99

CC Info: Downlink, 1 CC

Sweep Time 289 ms (1001 pts)

Upper
Ref Carrier

-21.11
-21.11

dBm Car# Filter
1 OFF
1 ON

dBm Car# Filter
1 OFF
1 OFF



UE EVMizZEZCEIEE
(Single-tone)

1 Demod CCO 1Q Meas1 v e
Retf 0
i Average
Parameter - EVM Level
QPSK or BPSK % 17.5
UE Output Power dBm >= -40

Resource Unit 33289 |Start-6 carrier " Stop 5 carrier
TimelLen 112 Sym | Res BW 15 kHz

TimeLen 112 Sym
2 CCO Spectrum1 \ 4 Demod CCO Frame
Summary1

Duration

_Ret-30 dBm _

8 ms

Format 1
(Data)

CH_DMRS

TimelLen 8.000103 ms

KEYSIGHT
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UE EVMiRE O EIEE

(Multi-tone)

1 Demod CCO IQ Meas1 ¥

Unit Average
Parameter EVM Level
QPSK or BPSK % 17.5
UE Output Power dBm >=-40

Resource Unit

Nslots

-3.329
Res BW 15 kHz

Duration 2 CCO Spectrum1 v

Ref-30 dBm_

Format 1

(Data)

KEYSIGHT

TECHNOLOGIES

Res BW 3.61936 kHz

3 Demod CCO Error Vectq

pectrum1

3.3289 |Start-6 carrier
Timelen 14 Sym |Res BW 15 kHz

4 Demod CCO Frame
Summary 1

Spa Hz
TimelLen 1.000072 ms

Y

014627

Si-up 5 carrier
TimelLen 14 Sym




8% & 5T ED H

k % T,HIIJ 'l._t Measurement ' it B

Spectrum Analyzer Channel Power
- N9OOOB CXALSS 43414 S
« N9080C-3FP NB-loT/eMTC:l| & &k 14

KEYSIGHT
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IQ 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

Occupied BW

ACP

SEM

Spurious Emissions
Transmit On|Off Power
Modulation Analysis
Conformance EVM
Power Stat CCDF
Monitor Spectrum

1Q Waveform

Meas Summary

RB Slot Meas
Subcarrier Meas

MIMO Summary

Cross Carriers Summary

User View

Basic 1

Fﬁ 200 kHz (NE-IoT) v
e -

1.4 MHz (6 RB)

3 MHz (15 RB)

5 MHz (25 RB)

10 MHz (50 RB)

15 MHz (75 RB)

20 MHz (100 RB)




UE #IW R 8=

« Reference sensitivity for UE
category NB1

Reference sensitivity [dBm)]

- 108.2

« Sensitivity with repetitions for UE
category NB1

NB-PDSCH
repetitions ' re

Sensitivity [dBm]

6,000 000 000000 s 15.00 @
Lo e

TBD TBD

KEYSIGHT
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» Adjacent Channel Selectivity

* Blocking
* In-band (modulated interferer)

IBB2 test Parameters

EXG
Signal Generator

Combiner/
Coupler

Interferen GSM (GMSK) E-UTRA
Category NB1 signal power ) )
(Puanea ) / dBM 53 dBm 58 dBm
Interferer signal power )
(Pinterterer ) / dBm 2anEm
Interferer bandwidth 200 kHz 5 MHz
Interferer offset from category NB1 channel edge +200 kHz +2.5 MHz

—>
Desired

KEYSIGHT

TECHNOLOGIES

Blocker

Receiver
) Under Test

Blocker

Category NB1 signal power
(Puanies ) / dBM REFSENS + 6 dB
Interferer E-UTRA
Interferer signal power
(PlnterTerer) /dBm AuBw
Interferer bandwidth 5 MHz
From +12.5 MHz to Fo. nign + 15 MHz
Interferer offset range from category NB1 channel edge and
From-12.5 MHz to Fo. 0w - 15 MHZz

* Qut-of-band (CW interferer)

Frequency
Parameter Units
Range 1 ‘ Range 2 Range 3
Puanted dBm REFSENS + 6 dB

Pirterterer (CWY) dBm -44 _20 15

MHz FDLJUW -15to FD\_JDW - 60 FD\_JDW - 60 to FDLJDW -85 FDLJQW -85to1 MHz
Firterrerer range

MHz FDL_hlgh +15to FDL_mgh +‘ 60 FDL_mgh +60to FDL_mgh + 85 FDL_hlgh +85to 12750 MHz
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- N5172B EXGREIESIE

« N7624B NB-IoT Signal Studio®x {4
o ENX B TITHEES E-UTRA MK #& 8! (E-

2200l il=

™), EiT#ESZMERE (FRC)

"6.000 000000000 s 15.00 =

KEYSIGHT
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A
-/

down menu to set Downlink

i Keysight Signal Studio for LTE-LTE-Advanced FDD - Untitleds -|I:l|_>_<_|
File View Control System Tools Help
Dz @1 1F 4
7~ Quick Setups Configuration : NB-loT Downlink
B-Hardware
i - Instrument T Test Model Wizard I
-~ Licenses _ .
B Waveform Setup Downlink ¥ Hint
e Ao ., |B 1.Nanowband Cell Parameters « | [Downlink Carrier -
‘ :c’“l;ponel_“ . arviak Downlink Carrier Configuration MESte e ameti=y Configuration Narrowband
- — Narrowband Cell ID 101 Choice: Anchor Carrier | Non-
----- Channel Setup baration Mods tand-Alone [ Anchor Carrier
Default: Anchor Carnier
Total Number of Antennas 1 Antenna Double-click or use the drop-

111111111
Total Power

¢t -60.79 dBm
50.04 dBm

Downlink Bitmap
Power Definition Type

Carrier Configuration
Narrowband.

IAnchor Carrier: In NB-1oT, a
carrier where the UE assumes
that NPSS/INSSS/INPBCHISIB-

[Read‘f {Connected ’
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55

 PEHICHENK: VSWR, Return
loss ([EI’K#5i%E), #FEENL(DTF)

- Al {EFH EERHZENARY &ML
(X 3k ZFieldFoxF L&Y

- MMMtb ik 2ERIEINI3I22CE I,
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Product development cycle

Initial Design Lak Froduction  Production

investigation

breadboard

REDE STG N s e i

prototype  prototype unit

~ -:"_d.,.:l'-,l_-"""--.-f

EMIFiRR

THAEE
ALt
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N9000B CXAFm 3 2 M3zt

$hZ. 9kHz -3, 7.5, 13.6, 26.5 GHz
DANL: -163 dBm
BERE: = 0.5dB

= AM/FM {5l 5 ##1E

» FTECISPRISEHI TR TR, HKas
» 2HEBICISPRIR{EZ T 3
= ¥ E AYCISPR Band Presets s

= 5 KHEVARICINEE(markers) N9000B CXA=1TNG141C

« S BRI R RE EMIRR & FR

4 5 L] b ':

KEYSIGHT
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N6141C & 1

Meas Setup v

Scan Table SCAN

Range 1 Range 2 Range 3 Range 4 Range 5 SEARCH SCAN

Start Freq | 9.000 kHz 150.000 kHz 30.000000 MHz 300.000000 MHz 300.000000 MHz ME/SURE SEARCH

Pause
Stop Freq | 150.000 kHz 30.000000 MHz 300.000000 MHz 1.000000000 GHz 1.000000000 GHz MEASURE

e Press [Meas Setup] -
RBW 200 Hz o 9Kz 120Kz o |120KHz 120Kz Scan Meters {Scan table} TR0
Dwell 14 10ms 108 s 673 s 6.73 s 673 s SiaitSaduence | List Eﬁ , CXA N900O0 B'%*E :,l:E *El

Time AUTO AUTO AUTO AUTO

AUTO
Step Size | 100 Hz 4.500 kHz 60.000 kHz 60.003 kHz 60.003 kHz I‘ < Scan Table Limits Elﬂ- E,‘] ﬁﬁ-ﬁﬁ;ﬁ g Ej] iﬁﬁ*ﬁ & E,‘]

AUTO AUTO AUTO AUTO AUTO SEnl Sl 2a 3
> Iy,
Points/ < Detectors Meas ,}n\lj 'Lﬂ éﬁ 7;&

RBW |2 Standard

Meas Preset
Tune &

Atten 10dB Listen

Int
Off Advanced
Preamp BliRL

RF Input |Input1 Ir Global

ml s Dec 31, 2009
el | t) - ? 3:51:38 AM

KEYSIGHT

TECHNOLOGIES



N6141Cll = S 1E

STEP 2. mn#; R &l £ 115 EF 8 1IE ¥ &

Recall 8 imi Recall from File

Edit Correction ‘) ('3 ? Close>

[BelectCorrection = ey | mmpw C7a@eDiv100009B  ReflevelsO0OOAB |

Slate riey AP
Correction 1

30.000 MHz 26.000 dB

Screen Config + State Go To Row

1

EN 55015, Cond, Control, Average.csv 119/2017 9:10 AM 680.00 MHz 26.640 dB

Measurement Data

e ‘ Correction

Correction Group

Insert Row Belov

EN 55015, Cond, Control, Quasi-Peak.csv 1/9/2017 9:10 AM 700.00 MHz 24.290dB

EN 55015, Cond, Load, Average.csv 1/9/2017 9:10 AM 750.00 MHz 23.000 dB

EN 55015, Cond, Load, Quasi-Peak.csv 1/9/2017 9:10 AM 800.00 MHz 22.850 dB

EN 55015, Cond, Mains, Average.csv 1/9/2017 9:10 AM 850.00 MHz 23.680 dB

EN 55015, Cond, Mains, Quasi-Peak.csv 1/9/2017 9:10 AM 900.00 MHz 24.270dB

EN 55015, Rad, 30-300MHz (10m).csv 1/9/2017 9:10 AM 950.00 MHz 24.640dB

EN 55015, Rad, 9kHz-30MHz, Loop=2m.csv  1/9/2017 9:10 AM 1.0000 GHz 25.000 dB

Delete Row

FAFRFRFRF) FiFRPFRF

EN 55015, Rad, 9kHz-30MHz, Loop=3m.csv  1/9/2017 9:10 AM

Delete Correctior
D EN 55015, Rad, 9kHz-30MHz, Loop=4m.csv  1/9/2017 9:10 AM

Settings >

File name:  EN 55015, Cond, Load, Quasi-Peak.csv " 1 1 | _
-91.25 MHz 1.12125 GHz

- :ZE;%H > {Limit MBI = 2400 Rakl o 2 DB SR TE R
z - 45

» [Recall] > {Correction} i
%T,Tﬁilxmmr—ixl B

=

KEYSIGHT

TECHNOLOGIES
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STEP 3. A, EXMNUE

1,

s

'+ Meas Setup v ‘—

KEYSIGHT !nput RF Input Z 50 O EMC Std: CISPR  Scan Type: Smaoth 2
T Coupling: AC Corrections: On Trig: Free Run ‘Seq RemeasAll W o

Align: Auto Freq Ref: Int (S) # of Scans: 1/1
NFE: Off

SCAN

SEARCH

1 Spectrum 2 Meters
MEASURE

Scale/Div 10.0 dB Ref Value 106.99 dBpV/m

—— A ~ ]
=k HTJ- 1: A4 782 =15
Scan Sequence i lll& E
(Re)Measure
_ - 1
Start Sequence Signal List A &
I I Scan Table : . IE ll'l$ 1E

Limits

- BRIEEEE ] - EMI

I é . Start 30.0 MHz  VideoBW12MHz ~ Stop1.000GHz 0% K Standard
il riey E
| BE £ AN Res BW 120 kHz Dwell Time 10.0 ms (60.002 kHz) ne B Meas Preset s

.I]: N 7 l E — | Tre Freq Peak Amptd Neg Amptd EAvgAmptd PeakLL1A NegLL1A EAvgLL1A Com| Listen
7 ﬁ E 4 § J % 10b.00 MAZ 47.£24 QBPv/m  -1/.409 ABPVIM  34.£33 ABPvV/M -oU.409 Q0 -o./of B 9.0 :
J J~ A T-l- XAz / ] \ 168.25 MHz 58.436 dBuV/im  33.822 dBpVim  51.041 dBuvim -9.178 dB 9.61 Advanced * ]]:ﬁ 322 ==
| 174.74 MHz 50.262 dByiVim | 32.155 dBUVIm  46.153 dBV/m -10.845 dB 9.79 ; = Nz ) Mz 7 | \
> L 184.27 MHz 56.806 dBpVim | 30.041 dBpVim  49.467 dBuVim | 5 12958 dB| 10.0 Global

20024 MHz 46.149 dBpVim  -11.364 dBuV/m  35.694 dBuV/m | 54364dB -7.306dB 105 m& 1E ﬁl] %
205,69 MHz 44.328 dByVim | -14.445 dBuVim  32.735 dByivim 57.4450dB -10.264dB  10.7 otyp: EF d

216.01 MHz 45.770 dBuV/m |-15.055 dBpuV/Im  34.775 dBpV/m -58.055dB -8.225dB  11.2

KEYSIGHT
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{58 Pl I 3R Skt TR
BRETX

o IT3mMIRNEE R FZ IR EE R A RE
BEizteir, (BTN ERTEX,
TN = RO RS th b PRI K

- 1L1%:
- SHEE, RERXE, BiFHHE

- HIRRGHE: RISERIAS , EES
P4 HIPCB Ttk
- SRR, MBEXE, #inAE
- BRRESTE 5K, BHNER, PCB L
Hottk . B RS 2 s

e E1EN9311X-100iE1AiRLEH

. MEFIFIRS, SAEEE: 30MHz E
3 GHz
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e PIEAN E SISzt 5 5

2t o == SN RWaES
I R 3362XZ45
I‘ T -gl‘\ \ |;:;“:M 5 { / ﬁiﬂéﬁgz%% i s o BREHEE HEEEEEL |
33503 - feRad Signal Studio {4
BenchLink ' _ s

Waveform  N9310A 154001
Builder 1B 1/Q BINTIRE

Pro

ST

[ES oY

N9320B N9322C N9000B CXA

X Z5N =
N FRER4
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Backup
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UESR 3N F 1R ZE |

- B S H IR A S 1 —

[GHZ]
<1 +0.2

Carrier frequency Frequency error [ppm] o L) ”‘

>1 +0.1
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NB-IOT#1eMTC

| NB-loT
i’ 15kHz (single carrier) . " e S
15KHz (x3, X6, x12) 575z (single camiel) eMTC (Narrow bands)
' s 1.08MHz (6RB)

Y,
VA 4

180kHz (12 Subcarriers)

_/ /
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TEEEE ML EER

ERiEE eI ENB-loTHER
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PERE 1745-1765 1840-1860 20
890-900 934-944 10
S
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Europe North America China Korea Japan India
Frequency band B6T-8609MHz S02-928MHz 470- 920- 920- 865-
510MHz 925MHz 925MHz 86TMHZ
Channels 10 64 +8 +8
Channel BW Up 126/250kHz 125/500kHz
Channel BW Dn 125kHz 500kHz g é g g
E E E E
TX Power Up +14dBm +20dBm typ g § 5 §
(+30dBm allowed) E R 'E R
. g i 2
£ £ £ £
TX Power Dn +14dBm +27dB
o ki L L L
SF Up 7-12 7-10 ’g g ‘g ‘E
Datarate 250bps-50kbps  980bps-21.9kpbs z z z E
S % g 5
- -
Link Budget Up 15548 15448 - £ £ =
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| Configuration : MB-laT Dowrlink

T Test Model wizard |

Downlink

IV Hint

E 1. Namrowband Cell Parameters
Diowrlink Carier Configuration M arrowband
Marrowband Cell 1D
(Operation Mode
Starting OFDM Sprbiol
Syztem Bandwidth
Tatal Mumber of Antennas
Antenna Port
Crowrlink Bitmap Length
Dowrlink Bitmap
Power Definition Type
Reference Signal Tranzmit Pawer (RSTF)
OFDM Symbol Transmit Power [OSTF)
Subcarier Spacing
Cuclic Prefix
Mumber of Subcarriers for Resource Block,
Murnber of Symbols far Resource Block

E 2. Marrowband Reference Signals [NRS]
Marrawband Reference Signal Power
Hurmber of MRS Antenna Ports

appil

MRSO Antenna Mapping

Marrawband Primary Synch Signal State
Marrawband Primary Synch Signal Power
Marrowband Secondary Synch Signal State
Marrawband Secondary Synch Signal Power
MPSS/MSSS Transmit Antenna Port

E 4. DL Gap Configuration
DL Gap Threshold
DL Gap Periodicity
DL Gap Duration Coefficient

B3N band Synchionization Signals [NPSS /NSSS)

Anchar Carrier
101
Stand-Alone

0

200 kHz [1REB]
1 &ntenna

0

10 ms
1111211
Tatal Power
-50.79 dBm
-40.04 dBm
15 kHz

Mormal

12

s

0.000 dB
]
Auto

Part 2000

32
B4 Subframes
1/8

MRS Antenna Mapping Configuration
Displays MRS Antenna Mapping
Configuration. Auto means MRS ports
2000-2001 to physical antennas are
autornatically assigned by the software.
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| Number Uplink frequency range / MHz Downlink frequency range
Duplex mode 1 1920 - 1980 2110 - 2170
2 1850 - 1910 1930 - 1990
3 1710 - 1785 1805 - 1880
* For Rellease 13, FDD half duplex g 854 - 849 869 - 804
type-B is chosen as the duplex
mode. 8 880 - 915 925 - 960
UL and DL are separated in 12 699 - 716 729 - 746
freqqency and the .UE either 13 277 _ 787 746 - 756
receives or transmits, however not
Simu|taneous|y_ 17 704 -716 734 - 746
* |n addition, between every switch 18 815-830 860 - 875
from UL to DL or vice versa there s 19 830 - 845 875 - 890
at least one guard subframe (SF) in
between, where the UE has time to 20 832 - 862 791 - 821
switch its transmitter and receiver 26 814 - 849 859 - 894
chain
28 703 - 748 758 - 803
Aol 66 1710 - 1780 2110 - 2200




NB-IOT Frame Structure

1 Radio Frame

ol1 23|45 |67 |8 ]9 :
......... 1 ] — 0 —
subframes
. Downllnk 1LTE PRB slot 0 slot 1
. \12
* 12 subcarrier. 15 kHz. Total 180 kHz
* 1 frame 5
* 10 b-f 12 subcarriers §
b ANe (180KHz) S
. 1 sub-frame = 2 slots i
* 1slot=0.5ms 0 05 1
° Up“nk - time (ms)
e Format 1
* 15 kHz: 1, 3, 6, 12 subcarriers. The _ _
corresponding # of slots is different. Slot Resource Units _ Res°” e U"'s _
duration is different. Nc Nts Dat-on  srgerons BT sc slots Duration y
* 3.75 kHz: 1 subcarrier. 16 slots o1 R - rrven B (Data) 1 16 | 32ms
Y Format 2 (Data) 6 4 2ms ulti-Tone Fo(rl:'::?)tz 1 4 8 ms
I 12 2 1ms
UCI Format 2
e 15kHz or 3.75 kHz (uci) 1 4 2 ms

* 1 subcarrier. 16 slots
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China Academy of Information and Communications Techaology

87 s L 85 ZE® RIARSHE
ﬂ
— kg Yt @msmcom e @ @ oo ERER
FEIEANB-  [ASRATN MEDIATEK i EEEE
IOTE:J:ILFE?:I : . SK ‘telecom E%HM
Hixl ZTEq:H § vodafone  verten = EREE =3

NB-IOTA Al R4 A4
S#mEREinFatRARAAR  MENEREENERIESS

A 0 O

S/ RFES ERER Aisst

N oEREsEETlEs, . MBS RS

= S ERHRRRE , BE s = %ﬁmzﬁmwm

LHELS  SHEX s . EEENMEESKTR | i =, ERESH. HENN

NB-IoT— NB-IoTHH : RS, % R EASIEE

BHEER  SSRGCRIA P SR A=
GrimiTGCF 3 7 SRS SRR ) | <

KEYSIGHT s AT,

TECHNOLOGIES



- BRIERFZEFEBERELTH
% (CCSA) mefs&im=lths
(TAF) 7Ei#{TNB-loT 4Bk 1T
XA ER TE. B EE
EER TS KIE3GPPHIIN AHESE,
X3 T[S BL DY B0 b B E RN BI
ANFZE, MRFEFHARIE. B
S8 um Al th = T AT 9 kHE,
LUBESEETIRLF AR, T
ERXFEFRRRAR. 1EE:
mi_15814%#E:
http://www.jianshu.com/p/e41323b2
914fKiR: BEPRE(ERAMEERB.
B HOIF REE RGN, IE
3R EIE FRR AL .

KEYSIGHT

EEEEEEEEEEEE

B
PERNEEEGEA (5B-1.7) £55 &Ml

IPERNEREGEA (1B-I.T) HORMEEE
K
IPERNEREGRA (1B-ToT) Eshi il

KRN RESEA (B-ToT) BOMEHR
R
RIS B (MB-ToT) BLFIRHM
3%
RIS EA (M-ToT) SR HRA

IPERNEREESEA (IB-T1.T) Z2EAER
IPERPSEETEA (IBB-I.T) EHEHEAK

IDERBEEETEA (1B-1.T) EERE#HE
5K

iﬁﬁﬁﬂ?ﬁﬁ%ﬁ%ﬁﬁlﬁﬁﬂnﬂﬁﬁﬂ%ﬂi%

.4
ekt

EAWEL
ekt
EHHEL

ek tr i

 EEE

ekt S
ekt

e IRIES

BB



Bt . NB-IoTRFZAB UGS AIS R

—. REHEER

800MHz, 900MHz, 1800MHz. 2100MHzMERAINB-IoTRG =R itEEE A51Th

SR NF S ES BT T 20,

—. THESRE

( =) FERRR R IR{E

1EEMEERALT

Tl BABF WEwEE | WES &3
806-821MHz -61dBm 100kHz BHE
825-835MHz -61dBm 100kHz BRE
851-866MHz -57dBm 100kHz aHE
870-880MHz -57dBm 100kHz A géﬁg&gﬁkﬂ
885-915MHz -61dBm 100kHz BE ggﬁg&%@fgl
930-960MHz -57dBm 100kHz BHE ;ﬁ:&%ﬁ;z
1710-1785MHz -49dBm TMHz ARE
1785-1805MHz -52dBm 1MHz BHE ggfg&ig;lﬂ
1805-1880MHz -58dBm 1MHz BHE T;;i?l\?;'acgfg_;z
1920-1980MHz -49dBm TMHz A
2010-2025MHz -52dBm 1MHz aFUE
2110-2170MHz -52dBm 1MHz BHE TEE?N:J;?L%%;Z
2300-2400MHz -52dBm 1MHz BFE
2500-2690MHz -52dBm 1MHz BE
3300-3600MHz -52dBm TMHz BHE

FH%g ™
Figpka o B BE RETE | KESX
800 MHzZERERRY . -
s 885-915MHz | -67dBm/iBiE | 100kHz HRE
1800 MHZzSES 2 y
FINB-l0TZS: 1885-1915MHz -65dBmy/iEiE 1MHz BHE
2100 MHzRER s
HNB-loTZg: | 2170-2200MHz | -65dBm/iBiE 1MHz BYE
=. REASIRE
(—) ERAFEASIRE
b2k e BAHBFE METHE HiER
9kHz-150kHz -36dBm 1kHz BHE
150kHz-30MHz -36dBm 10kHz BHE
30MHz-1GHz -36dBm 100kHz BME
1GHzLAE -30dBm 1MHz BIE
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2 SHfhBERSEIHIE

MEEE BARE RMEwE | Qs &t
806-821MHz -98dBm 100kHz HHE
825-835MHz -98dBm 100kHz B3RS
851-866MHz -57dBm 100kHz RS
AEFATB800MHzER
870-880MHz -57dBm 100kHz HIUE EENB-IoTE%:
ANEFATF800MHz
885-915MHz -98dBm 100kHz BYE SFEANB-lOTES:
TERATI00MHzZER
930-960MHz -57dBm 100kHz B3UE EENB-loTE5:
1710-1785MHz -86dBm 1MHz BHHUE
AEFAT1800MHz
1785-1805MHz -86dBm 1MHz BHUE SFEENB-l0TES:
NERF1800MHz
1805-1880MHz -58dBm 1MHz B3UE SAEENB-loT RS
1920-1980MHz -86dBm 1MHz BYE
2010-2025MHz -86dBm 1MHz BHIUE
y AEAT2100MHz
2110-2170MHz | -52dBm 1MHz TE SHENB-l0TES:
2300-2400MHz -86dBm 1MHz THE
2500-2690MHz -86dBm 1MHz HHE
3300-3600MHz -86dBm 1MHz HE
M, EWHNE=ER
g Bkl HAEY | BHES | TIRESEE | TG
& b K Sl | ThEe IhE [ivs—- SHP
900MHZERER
NB-loTES: 889-915MHz +2dBm 877.5MHz
1800MHz3fi
EENB-IoTE | 1710-1785MHz =5 | 1792.5MHz ;mﬁ'{A
% d E+6dB "f=‘%
- =
2100MHZ& =S
EBNB-loTE | 1920-1980MHz 1912.5MHz
&
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Sequence of OPSK data symbols to be transmitted

QPSK modulating
data symbols

fe - 15kHz Frequency fe - 50 kHz—> Frequency
OFDMA SC-FDMA
Data symbols occupy 15 kHz for Data symbols occupy N x 15 kHz for
one OF DMA symbol pariod 1/N SC-FDMA symbol periods
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L OFDM% & it Bt | +SC-FDMAS 5 A 1okt
66.7ps 66.7ns

OFDMA SC-FDMA
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Downlink EVM
I

_ 4 Demod CCO Error
1 Layer CCO IQ Meas1 v Summary1

100 mfdiv Ref 0

|

L]

|

|

i

|

il : :

|
-3.329 3.3289
Res BW 15 kHz Timelen 42 Sym

2 Layer CCO Error Vector , 5 Demod CCO Frame
Time1 Summary1

_hannal

¢ L H

2 I o SR —
Start 0 sym Stop 41 sym
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