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NB-IoT 7l 2

Signal Structure

« UL and DL bandwidth of 180KHz
- Frequency error is specified to be +0.1 PPM
- OFDMA with 12 x 15KHz or 48 x 3.75KHz sub-carriers

- Uplink

Narrowband Physical Uplink Shared Channel, NPUSCH (BPSK, QPSK)

Narrowband Physical Random Access Channel, NPRACH

Narrowband demodulation reference signal, NDRS

. Downlink

Narrowband Physical Downlink Shared Channel, NPDSCH (QPSK)
EVM > 17.5%

Narrowband Physical Broadcast Channel, NPBCH (QPSK)
Narrowband Physical Downlink Control Channel, NPDCCH (QPSK)

Narrowband reference signal, NRS (sub-frame 0, 4, and 9), SISO or
MIMO 2x2 with TAE < 65ns

Narrowband synchronization signal (NPSS and NSSS) including Cell

ID

WwWw.Viavisolutions.com

VIAVI

Modes of Operation

Stand-Alone Guard-band In-band
6dB_|_M ___ 6dB e
i i i i i
200KHz LTE LTE
NB-IOT Uplink (UL) operating band Downlink (DL) operating Duplex
Operating BS receive band Mode
Band UE transmit BS transmit
UE receive
Fur jow = FuL nigh Forjow = FDL_high
1 1920 MHz - 1980 MHz 2110 MHz - 2170 MHz HD-FDD
3 1710 MHz - 1785 MHz 1805 MHz - 1880 MHz HD-FDD
5 824 MHz - 849 MHz 869 MHz - 894MHz HD-FDD
8 880 MHz - 915 MHZ 925 MHz - 960 MHz HD-FDD
12 699 MHz - 716 MHz 729 MHz - 746 MHz HD-FDD
13 777 MHz - 787 MHz 746 MHz - 756 MHz HD-FDD
17 704 MHz - 716 MHZ T34 MHz - 746 MHzZ HD-FDD
19 830 MHz - 845 MHz 875 MHz - 890 MHz HD-FDD
20 832 MHz - 862 MHz 791 MHz - 821 MHz HD-FDD
26 814 MHz — 849 MHz 899 MHz - 894 MHz HD-FDD
28 703 MHz — 748 MHz 796 MHz - 803 MHz HD-FDD

Source: 3GPP 36.802, 36.104, 36.211
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180KHz from 12 x 15KHz
N B-IOT ?‘ _xL Subcarri%ﬁ (OFDMA downlink)

Standalone
|
[ \
I Gf»*ll I/ UMTS/LTE \ LTE 180KHz PRB
(Physical Resource Block)
200k 200k 200k
I I ' I | I 1 0 [
} )|R ‘: . / | 4 \ } d i 0 I‘ } ‘
( ) —' o ‘~ " “s
|"— -~~| |—’ ~~| |—’ -
Typical 5MHz LTE Cat M NB-IoT
5MHz with 25 x 180KHz 1.4MHz with 6 x 180KHz 200KHz from 1 x 180KHz
LTE cat-M NB-IoT In-band
(In band) With LTE
)
|"—l ~~~|
Central control NB-IoT LTE NB-IoT in 200KHz GSM NB-IoT in 200KHz GSM
6 PRB guard band (Standalone _ guard)

\. I .\\. I WwWw.Viavisolutions.com © 2017 Viavi Solutions Inc. 4
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- In-Band 7| 7j2|0{°| HjX| &1

= BW 10MHz (50 PRBs) ¢ [j

ol S

Direct Current (DC) Subcarrier 180 KHz
18 |19 | 20 | 21 | 22 | 23 | 24 || 25 | 26 | 27 | 28 | 29 | 30 | 31
|< 0 900 KHz ”
97.5 KHz
= LTE BWO| [[}2 NB-IoT &%t &

LTE

Bandwidth

VIAVI

2,12

2,7,17, 22

4,9, 14, 19,
30, 35, 40, 45

2,7, 12,17, 22,

27, 32,42, 47,

52, 57, 62, 67,
72

4,9, 14, 19, 24,

29, 34, 39, 44,

55, 60, 65, 70,

75, 80, 85, 90,
95

WwWw.Viavisolutions.com
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Even numbered frame (10ms)

Odd numbered frame (10ms)

A

v

[]
—
gﬁ Is Is Is Is Is Is Is JIs Is Is Is I Is Is I
ST o] o988 .8 unlol| 8ol lonloZl 84808 .89 0vnlol| 88,8
Ix| |29 | 50|90 (20|30 (88|80 |50 |80 |28 |82 | 52|30 (20 30|28 |8S|%52|%82|g¢
22| |6g |68 |68 |vd |6l |62 |58 |68 |6l | w2 |vg |6l |6l |68 |6l |6z |68 |63 |54 |54
a2 z a a o a a a a Z a a a a a a a a
- - =z =z =z Pz - =z =z = = =z p- = 3 Pz
N
+—>
Subframe
(1ms)
NRS
LTE-RS
14 OFDM symbols 14 OFDM symbols
< A ms) > < (1 ms) >
- NPSS (Narrowband Primary Synchronization Signal): . .
N N
- = =
7| = B¢ 3
) ) . =8 To
« NSSS (Narrowband Secondary Synchronization Signal): &3 g3

=2 A 0t0| C|(PCI, Physical Cell Identity)

VIAVI
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NB-IoT = 7| 14 Gorr s 36.141 vie20) I_te

™

Maximum Output Power:
- Standalone NB-IoT: + 3dB O|L}j
- In-Band NB-IoT: + 3.5dB O] L}
- HLC|Y=: 200KHz O LY
- NB-IoT RB power dynamic range (In-band or Guard band): 6 dB O| 4!
. ZO}2 8|8 HXL: £0.05 ppmoO] L

Note 1

Fosse -0.015 0B + XadB,
MHz

Max(6.5d8m - 60 - [
—-12.508m)
Note 2

Max(3.5aBm — 160 - Totser —-0.065 |dB + XdB,
MHz

-12.50d8m)
- NPDSCH EVM(QPSK): 17.5% 0|35} Note 3
. ACLR: —12.5d5m—15.(um—o.21sjd5
MHz
- Standalone NB-IoT: 40 dB (ACLR1) / 50 dB (ACLR2)
Channel bandwidth of NB-IoT: BW,nne [kHZ] MH|A SA FaOl=0f A2 SAl = ZE Y= ACLR limit
200 300 kHz Square (180 kHz) 40 dB
500 kHz Square (180 kHz) 50 dB

- Time alignment error (NRS): 65 ns O|L}{
- Operating band unwanted emission:

Frequency offset of measurement Frequency offset of measurement filter centre

Minimum requirement ~ Measurement bandwidth

filter -3dB point, Af

frequency, f_offset

0 MHz < Af < 0.05 MHz 0.015 MHz < f_offset < 0.065 MHz Note 1 30 kHz
0.05 MHz < Af < 0.15 MHz 0.065 MHz < f_offset < 0.165 MHz Note 2 30 kHz
0.15 MHz < Af < 0.2 MHz 0.165 MHz < f_offset < 0.215 MHz -12.5 dBm 30 kHz
0.2 MHz < Af < 1 MHz 0.215 MHz < f_offset < 1.015 MHz Note 3 30 kHz
14 82 (Note 6) 1.015 MHz < f offset < 1.5 MHz -24.5 dBm 30 kHz
1 MHz < Af < min(Af,,,. 10 MHz) 1.5 MHz < f_offset < min(f_offset,,,, 10.5 MHz) -11.5 dBm 1 MHz
10 MHz < Af < Af 10.5 MHz < f_offset < f_offset, ., -15 dBm 1 MHz
\. I .\\. I www.viavisolutions.com © 2017 Viavi Solutions Inc. 7
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NB-loT 7|& 72 (RYMEIATS X&)

800MHz C{SIT} 1.8GHz CH0fl O|EEAIR NB-IoT 7|2 7| OF Al (O X463 22
= 2A= ™8 7|X|=F0f ciet #40 |D1 I 2 A& In-Band, Guard- Band': LTE 7|& 7|30
St Stand alone(ME7|X|=)0f| & ES HE LICL

s SKT, LGU+ : 800MHz Al
s KT 1800MHz ALE

= OIHCfY 7o 2 Qlot ZA Y 47d
- LTE X|& =m= ZA = E-| 10 MHz: 225 KHz 20 MHz:245 KHz 0|Z
= OHH|L} &

T (A9 Fuke HOE X 0.4/KHz) W 03}
HXR £(X" FIH4 x 5 X 108) O[LY
- ®Q ZFOj4 CfSE: 200 KHz 0|3}
« ORI =AM &
= CF +300 KHz (40dBc)

s CF +500 KHz (50dBc)
n [H 0] 9' |=||-A|. LTE Channel Band

+0.215 ~ 0.265 MHz @ 30 KHz: -14dBm 0|3}
= +0.265 ~ 0.365 MHz @ 30 KHz: -14dBm 0|}
= +0.365 ~ 0.415 MHz @ 30 KHz: -14dBm 0|}
° +0.415 ~ 1.215 MHz @ 30 KHz: [-14-15x(Af-0.415)] dBm 0|3}
= +1.215~ 1.7 MHz @ 30 KHz: -26dBm 0|3}

+1.7 ~10.7 MHz @ 1 MHz: -13dBm 0|3}

PP

,\,—\

A
A 4

Transmission Band o

»

A

"——

= 30 MHz ~ 1GHz @ 100 KHz: -13 dBm 0|3}
> 1 GHz ~ 12.75 GHz @ 1 MHz: -13 dBm 0|3}
> 879 MHz ~ 849 MHz @ 100 KHz: -76 dBm 0|3} ‘

= 898 MHz ~ 900 MHz @ 100 KHz: -32 dBm 0| &} T Mz o0 ez

\. I .\\. I WwWw.Viavisolutions.com © 2017 Viavi Solutions Inc. 8
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In Band
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NB-IoT (In-Band)

Analyzer

~
Bandwidth NB-IoT (In Band)7} Ql= LTE Bandwidth= A&
10MHz
NB-IoT PRB Index Otz NB-IoT & EE A XS0 PRB HZ E ¥ TL|C} Otz HE= 3GPP EEO
) ‘oIt = NB-loT 2| ¥ A 2|0 ¢/X| YL|C
9 LTE system 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz
bandwidth
LTE PRB indices | 2, 12 2, 7,17, 4,9, 14,19, 2,7,12,17, 22, 4,9, 14,19, 24, 29, 34,
for NB-loT syn- 22 30, 35, 40, 45 | 27, 32, 42, 47, 39, 44, 55, 60, 65, 70, 75,
chronization 52,57,62,67, 72 | 80, 85, 90, 95
Subframe No
= g subframe A7, O| Of+= Measure Type 0| subframe {2+ =M} =l LT}
0
Measure Type N
£ Z1HE Subframe EE&= Frame2 2 A78g 5= QS L|LCL
Frame Subframe
i i \_ J

LTE

VIAVI

WwWw.Viavisolutions.com
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=38 3t
Measure Type: Frame

« Frame

Test Fi:375.060)

Mode: NB-IoT In Band NB-IoT Modulation Analysis Marker xHLé-] hé I_Q Dlagram éxo-l
Center Frequency: 889.000 000 MHz Preamp: off Freq Reference: GPS Marker View
Channel: 2600 FWD Attenuation: 20dB [A] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB [On]  Trigger: Internal
On off .
[ Marker View Chanel
Channel Summary Frame Power: 32.82 dBm Channel
Egéeitﬂ"‘;ﬂ“’:e celliD: 175 NPDSCH Marker
72 Channel EVM (%) Power (dBm) Modulation Type 0 n Off N PS S
:\IB'IDT Mode NPSS 0.82 25.81 7-Chu
n band
‘NBIoT PREIndex NSSS 322 28.56 Z-Chu
19 NPBCH 0.71 26.43 QPSK
Measure Type 0.82 26.43 —_—
Frame NRSO 0.83 28.36 QPSK
NRS1 QPSK
L-Q Diagram NPDSCH
Modulation Format: QPSK
" Frequency Error: 1.82Hz
0,002 ppm —_—
1Q Origin Offset: -66.16
EVM RMS: 0.82% (0.83%)
EVM Peak: 2.63%(2.63%) e
Even numbered frame (10ms) Odd numbered frame (10ms)
o
£3 5 5| 3| 3 5 3|3 5 5| 3| 3 5| 5| 3| 3
S T o o
— = = = (%)) = ~ 7 = —r = = = (%)) = ~ 7 = =
33| |28150| 20|20 20| 28 20| 50| 20| 240l 281 £0| 20| 20| x0| 23] 20| x0| 20 20
-g% U)% oA |l oA | oA oA | o=z | oA | oA | oA | » UJ% v |l oA |l oA |l |l o=z oA oA | oA | ©A
7} o o o o o o o o o o o o o o o
A P4 P P4 P4 P4 P4 =z P4 P P4 b4 P4 P4 P P4
A
—

\. I .\\. I WwWw.Viavisolutions.com © 2017 Viavi Solutions Inc. 11
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Measure Type: Subframe

 Subframe: #0 (NPBCH)

- Subframe: #1/2/3/4/6/7/8 (NPDSCH/RS)

Tesy PAV5:075.060)

NB-IoT Medulation Analysis

Mode: NB-IoT In Band Marker Mode: NB-IoT In Band NB-IoT Modulation Analysis Marker
Eﬁmer Flrequency: gg?)omr-&gm MHz :;teampl{ %Tda[m _T_rgq Re;erence: IGPIS | Marker View Eﬁnler Flrequency: gggoog%gm MHz ::leampt:l ggde[A] _Frrgq Re;erence: IGFt'S : Marker View
annel: enuation: rigger Source: nterna annel: tenuation: rigger Source: nterna
Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB [On]  Trigger: Internal
On oft I On off
Channel Summary Subframe # 0 Subframe Power: 35.85dBm Channel Channel Summary Subframe #: 1 Subframe Power: 36.09 dBm Channel
Detect Mode Detect Mode
CellID: 175 CelllD: 175
FDD 10 MH; NPBCH FDD 10 MH. NPDSCH
7; Channel EVM (%) Power (dBm) Modulation Type 7; Channel EVM (%) Power (dBm) Modulation Type
NB-IoT Mode NB-IoT Mode
In band NPS5 Z-Chu In band NPS5 Z-Chu
NE-loT PRE Index Nsss ZChu NE-IoT PRE Index NSS5 Zchu
19 3,29 26.27 19 NPBCH QPSK
Measure Type NPDSCH QPSK [re— Measure Type 0.90 26.35 —
Subframe NRSO QPSK Subframe NRSO 0.83 28.30 QPSK
MRS1 QPsK NRS1 QPSK
1-Q Diagram NPBCH —— 1.Q Diagram NPDSCH ——
Modulation Fermat: QPSK Modulation Format: QPSK
" r Frequency Error: 0.90Hz " Frequency Error: 1.33Hz
0.001 ppm 0.001 ppm
1Q Origin Offset: -43.19 1Q Origin Offset: -60.11
- EVM RMS: 3.29% (3.29%) EVM RMS: 0.90% (1.11%)
EVM Peak: 10.67 % ( 10.67 % ) e — EVM Peak: 4.06 % (4.06% ) e
Even numbered frame (10ms) Odd numbered frame (10ms)
< ] .
< > >
o 11
O —
= N e Is I3 I8 I3 e Is Is I3 I3 Is I3 e IS I3
ET(l_oz1_ 8| .8|.,8 (.8} ,0l1.2|.8]|,28 Sl 8] 8.8, 02l 8], 8,8
X £OQ 8 0 | 0 | 0 | O 8 3% #O [ #0 | 50O O 9 | #Q | &0 fx #O | 0 | 0| 0O
Q w o L o L ) L ) L N L L ) L L N N L ) L o L N L L ) L N L ) L )
-g% |w% 0w | va |va | v B va | va | oA O|lvwa | va | oA o A | va |va | sA
7} o o o o o o o o o o o o o o o
A z z z z z z z z z z z z z z z
o |
-
I I | — I I I I I | I I I
n n . . - .
- www.viavisolutions.com © 2017 Viavi Solutions Inc. 12
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Measure Type: Subframe

- Subframe: #5 (NPSS)

5:075.060)

- Subframe: #9 (NSSS)

Test FW(9.075.060) o}

Mode: NB-IoT In Band NB-IoT Modulation Analysis Marker Mode: NB-IoT In Band NB-IoT Modulation Analysis Marker
Center Frequency: 889.000 000 MHz Preamp: off Freq Reference: GPS Marker View Center Frequency: 1.840000000GHz  Preamp: off Freq Reference: Internal Marker View
Channel: 2600 FWD Attenuation: 20dB [A] Trigger Source: Internal Channel: 1550 FWD Attenuation: 20dB [M] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB[On] Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal
I Oon off on off
Channel Summary Subframe #:5  Subframe Power: 35.62 dBm Channel Channel Summary Subframe # 9  Subframe Power: 37.62 dBm Channel
Detect Mode Detect Mode
CellID: 175 CellID: 38
FDD 10 MH; NPSS FDD 20 MH; NSSS
7; Channel EVM (%) Power (dBm) Modulation Type 7; Channel EVM (%) Power (dBm) Modulation Type
NB-IoT Mode NB-IoT Mode
In band 0.78 25.66 In band NPSS Z-Chu
NB-IoT PRB Index N5SS ZChu NB-IoT PRB Index RS phs
19 NPBCH QPSK a4 NPBCH QPSK
‘MeasureType NPDSCH QPSK — ‘MeasureType NPDSCH QPsK —
Subframe NRSO QPSK Subframe NRSO QPSK
NRS1 QPSK MRS1 QPsK
1.Q Diagram NPSS — 1-Q Diagram NSSS ——
Modulation Format:  Z-Chu Medulation Fermat: ~ Z-Chu
Frequency Error: 0.66 Hz == Frequency Error: 0.81Hz
0.001 ppm 0.000 ppm
1Q Origin Offset: -63.39 : I 1Q Origin Offset: -80.35
} ;
EVM RMS: 0.78%(3.52% ) EVM RMS: 0.65% (0.65% )
EVM Peak: 2.10%(17.19% ) [r— =] EVM Peak: 2.07%(2.07%) e —
Even numbered frame (10ms) Odd numbered frame (10ms)
< ] .
< > >
0
O —
= N e Is I3 I8 I3 e Is Is I3 I3 Is I3 e IS I3
ST o SN S Oy Oy - B N ol _SH S S S of N N .8 .5
SZ| |8 k2|t |t |t it ia|ia|calidil | ta|ia|ta|ialilita|ta|ia | ta
a
23 ne |l | v | v | s o na |vg |valo w2l |log | v |va | vafo=zjvoa |va | va | sA
7 =z o o o o o o o =z o [ o o o o o o
A z z z z z z z z z z z z z z z
A
-

ViAVI
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NB-IoT(In-Band) A{H|A PRB %t7|

- LTE-FDD Demodulation0f|A] DATA Channel

(In-Band #19)

jo

(In-Band #44)

1

W ANTO B ANT1

On

-20.00 dB

Antenna Port [A]
PDSCH Precoding

PDSCH Threshold

1-Q Diagram of Current Block

Cyclic Prefix
Normal
Cell 1D [A]
175

Resource Bloc!

Subframe #:0 RB#19

RB Power:
Modulation Format:
1Q Origin Offset:
EVM RMS:

EVM Peak:

29.64 dBm

9

1

W ANTO B ANT1

Antenna Port [A]

PDSCH Precoding
Off

-20.00 dB

PDSCH Threshold

-50.0

1-Q Diagram of Current Block

Cyclic Prefix
Normal

Cell 1D [A]
38

esource Blocl

Subframe #:0 RB#44

RB Power:
Modulation Format:
1Q Origin Offset:
EVM RMS:

EVM Peak:

30.53dBm

256 QAM

50,76 dB
6.99 % (66.21% )

20.26 % (159.39% )
@ Symbol #12,5C #530

Mode: LTE - FDD Data Channel Marker Mode: LTE - FDD Data Channel Save/Load
Center Frequency: 889.000 000 MHz Preamp: Off Freq Reference: GPS Marker View Center Frequency: 1.840000000GHz  Preamp: Off Freq Reference: Internal Save
Channel: 600 FWD Attenuation: 30dB [M] Trigger Source: Internal Channel: 1550 FWD Attenuation: 20dB [A] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB[On] Trigger: Internal
On off
Resource Block Power Subframe #: 0 Marker: RB#19 | RB Number Resource Block Power Subframe #: 0 Marker: RB#44 | Load
Detect Mode Scale Unit: dBm Detect Mode Scale Unit: dBm
FDD 10 MHz T T T [ _—T T T T 1 112 FDD 20 MHz
PHICH Ng 40,0 I } } — | | I | | PHICH Ng 30.0 I
— i
16 20.0 - 16 10.0
MBMS 0.0 0 MBMS 100
off off T
A 0 _ caim 2 s ————
-40.0
0 k A 0 R lock 99

Save Type

Binary XML

VIAV

WwWw.Viavisolutions.com
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Guard Band
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NB-IoT (Guard-Band)

A%
oAl
H»
>

VIAVI

Signal
Analyzer
~
Bandwidth :
NB-IoT (In Band)7} Q= LTE BandwidthE 47
NB-IoT Center NB-IoT(Guard Band)2| Center FrequencyE A7 grL|LC}. Center Frequency
Frequency I I
1.000000000GHz 6dB_| M ___
S
Subframe No
= g subframe A7, O| Of+= Measure Type 0| subframe {2+ =M} =l LT}
0
Measure Type N
£ Z1HE Subframe EE&= Frame2 2 A78g 5= QS L|LCL
Frame Subframe
\\ J

WwWw.Viavisolutions.com
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=

[

3ttH

- Spectrum Emission Mask

LTE-FDD 41} #2

VIAVI

SR Sy
Mode: NB-IoT Guard Band Spectrum Emission Mask Measure
Center Frequency: 889.000 000 MHz Preamp: off Freq Reference: Internal ram .
gnaﬁne::; dq; divigi ?u‘enu;tg;: . g?ggggl[o ] 1rig[éers°urce: :nEerna: spect E-UTRA bands <1GHz, Category BOf| &} & |-= Channel Bandwidth 5, 10, 15, 20 MHz
anne| ndard: n al xternal set: A n rigger: nterna Ol . E - 7:‘
T pass Ol LTE Signalo CH$t SEM 4
Scale Unit: dBm NB-loT (Guard Band)_ | gPecum Z1}Z offset (RBW
T mission Mas| U 5 ol XMHEE{o| =1}
Mode 00 — filter ©| -3dB point | Channel BW/2 ';hf:'td"' 12 T2 | o0 9 [ rew
Detector 30.0 - $E1)
RMS 20.0 © - ~
Rew@R 100 COElES 0 MHz < Af < 5 MHz 0.05 MHz < f_offset < 5.05 MHz _71(1?;;'“ 100 kHz
7 0.0
i 00 5 MHz < Af < 10 MHz_|_5.05 MHz < f offset < 10.05 MHz_| -14 dBm_| 100 kHz
100 kHz igm P S T P W 10 MHz < Af < Af ., 10.05 MHz < f offset < f offset,.,, | -16 dBm | 100 kHz
40.0
Average: 1 0 Center: 889.000 000 MHz Frequency Span: 50.000 000 MHz E-UTRA bands >1GHz, Category BOf| &l & &|-= Channel Bandwidth 5, 10, 15, 20 MHz
! QI LTE Signaloj| CHSt SEM 72
?;';Ad:;dth Reference Power: 45.81 dBm
Eney
Frequency Offset Range Measurlemem Lower Peak Upper Peak TuI‘T offset (RBW ol XMHEE|{o] =1}
quency € Bandwidth PP filter 2| -3dB point Channel BW/2 I_f-fxl MEE{o| ot 23 34 RBW
0.05 MHz - 5.05 MHz 100 kHz -1370dBm P -22.08d8m P H ) offst
5.05 MHz - 10.05 MHz 100 kHz -23.19dBm P -25.06dBm P T
10.05 MHz - 20.00 MHz 100 kHz -2499dBm P -23.82dBm P  [ET— - ~
0 MHz < Af < 5 MHz 0.05 MHz < f offset < 5.05 MHz _7:::‘2'“31“1 100 kHz
5 MHz < Af < 10 MHz 5.05 MHz < f offset < 10.05 MHz -14 dBm 100 kHz
10 MHz < Af < Af ., 10.05 MHz < f offset < f offset_., -16 dBm 1 MHz

WwWw.Viavisolutions.com
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=74 3
Measure Type: Frame

« Frame

Test FW(9.075.060) % an,
Mode: NB-IoT Guard Band NB-IoT Modulation Analysis Measure Setup L e . *I-l
Center Frequency: 889,000 000 MHz Preamp: Off Freq Reference: GPS Bandwidth o xIII 2 2 I-Q Dlagram =]
Channel: 2600 FWD Attenuation: 20dB [A] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal
I 10 MHz
Channel Summary Frame Power: 32.82 dBm Subframe No Marker Vlew Chanel
E;tneitn“’h‘q“:: CellID: 175 : Marker
J Channel EVM (%) Power (dBm) Modulation Type
:E’m Mode NPSS 0.82 25.81 ZChu On Off NPSS
uard band
NB-IoT CF MNSSS 3.22 28.56 Z-Chu
884.402500 MHz NPBCH 0.71 26.43 QPSK
MeasuraType 0.82 26.43 —_—
Frame NRSO 0.83 28.36 QPSK
- NRST QPSK
ST NPDSCH NB-IoT Center
Modulation Format: QPSK sy
Frequency Error: 1.82Hz AR
0.002 ppm Measure Type
1Q Origin Offset: -66.16
EVM RMS: 0.82%(0.83%) Frame Subframe
EVM Peak: 2.63%(2.63%) [r—
Even numbered frame (10ms) Odd numbered frame (10ms)
0
S
) T T T T T = T T T = = T = T =
EI o35 2 coo vo v N coo I\O coo (o2} o35 2 coo vo wn N noo ,\O ooo mo
— o = = = = = —r o = = = = = =
SS||E2lEg|ta |t | ta|t8|ta |t |ta|E8|ia|ta|ta|ta|ia|tl s |ta|ta|ia
-g% U)% oA |l oA | oA oA | o=z | oA | oA | oA | » UJ% v |l oA |l oA |l |l o=z oA oA | oA | ©A
7} o o o o o o o o o o o o o o o
A P4 P P4 P4 P4 P4 =z P4 P P4 b4 P4 P4 P P4
A
—

\. I .\\. I WwWw.Viavisolutions.com © 2017 Viavi Solutions Inc. 18
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Measure Type: Subframe

 Subframe: #0 (NPBCH)

- Subframe: #1/2/3/4/6/7/8 (NPDSCH/RS)

Mode: NB-IoT Guard Band NB-IoT Modulation Analysis Measure Setup Mode: NB-IoT Guard Band NB-IoT Modulation Analysis Measure Setup
Center Frequency: 889.000 000 MHz Preamp: off Freq Reference: GPS Bandwi o Center Frequency: 889.000 000 MHz Preamp: off Freq Reference: GPS Ba i o
Channel: 2600 FWD Attenuation: 20dB[A] Trigger Source: Internal Channel: 2600 PWD Aftenuation: 20dB[A] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB [On]  Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB[On] Trigger: Internal
10 MHz 10 MHz
Channel Summary Subframe #: 0  Subframe Power: 35.85dBm Subframe Mo Channel Summary Subframe #: 1 Subframe Power: 36.09 dBm Subframe Mo
FD;‘;%":;’:E cellIp: 175 0 FD;‘;%":;’:E celllp: 175 5
72 Channel EVM (%) Power (dBm) Modulation Type 72 Channel EVM (%) Power (dBm) Modulation Type
Goardband. Ness zChy Goardband. Ness zChu
NEIoTCF NSSS Z-Chu NEIoTCF NSSS Z-Chu
884,402500 MHz 3.29 26.27 884,402500 MHz NPBCH QPSK
Measure Type NPDSCH QPSK [re— Measure Type 0.90 26.35 —
Subframe NRSO QPSK Subframe NRSO 0.83 28.30 QPSK
NRS1 QPSK NRS1 QPSK
i ——— ; ———
LoDz NPECH NB-loT Center LO{Diazram NPDSCH NB-loT Center
F F
Modulation Format: QPSK requency Modulation Format: QPSK requency
. - Frequency Error: 0.90Hz e (1132 " Frequency Error: 1.33Hz e (1132
0.001ppm Measure Type 0.001 ppm Measure Type
1Q Origin Offset: -43.19 1Q Origin Offset: -60.11
i EVM RMS: 3.29%(3.29%) Frame Subframe EVM RMS: 0.90 % (1.11%) Frame Subframe
EVM Peak: 10.67 % ( 10.67 % ) e — EVM Peak: 4.06 % (4.06 % ) e —
Even numbered frame (10ms) Odd numbered frame (10ms)
< ] .
<% > >
o 11
O —
= N e Is I3 I8 I3 e Is Is I3 I3 Is I3 e IS I3
ET(l_oz1_ 8| .8|.,8 (.8} ,0l1.2|.8]|,28 Sl 8] 8.8, 02l 8], 8,8
SoltEi8fig|ia|ia |t t8lig | fa|ia glig|lig|iglig|ig|ig|iag|ia
-g% |u>ﬂ- 0w | va |va | v B va | va | oA O|lvwa | va | oA o A | va |va | sA
7} z o o o o o o o o o o o o o o o
A z z z z z z z z z 4 z z z z z
o |
-
I I | — I I I I I | I I I
n n . . - .
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i

Measure Type: Subframe

- Subframe: #5 (NPSS)

- Subframe: #9 (NSSS)

Test FW(9.075.060) L ] Test FW(9.075.060) [iee)
ModeiNBIo TG uard[Eand HEZoTiModulatoniinalysis MeasureSetup) Mode: NB-IoT Guard Band NB-IoT Modulation Analysis Measure Setup
Center Frequency:  889.000 000 MHz Preamp: off Freq Reference: GPS Bandwi o m 3 m .
Channel: 2600 FWD Attenuation:  20dB [A] Trigger Source: Internal g:;e;:;equency. gggﬂmgm i :trteeanmugt.iam 20dBA] -l;:::gg,e ;irjpcc::' [Gn‘:irn l Bandwidth C
Channel Standard: Band Global External Offset: 41.00dB [On]  Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal
I 10 MHz I 10 MHz
Channel Summary Subframe #:5  Subframe Power: 35.62 dBm Subframe No T e Subframe#:9  Subframe Power: 36.06 dBm Subframe No
FDSBE?D":A":: Cell ID: 175 g FDS‘DE:J"LI":E Cell ID: 175 g
R Tveer— Channel EVM (%) Power(dBm) | Modulation Type oo MRE Channel EVM (%) Power(dBm) | Modulation Type
0.78 25.66 MB-IoT Mode g
Guard band Guard band NPSS Z-Chu
NSSS 2-Chu uardban
NB-IoT CF NBIOT CE 0.72 28.70
884.402500 MHz NPBCH QPsK 884.402500 MHz NPBCH QPSK
‘Weasure Type NPDSCH QPSK — Vemre e NPDSCH QPsK ]
Subframe NRSO QPSK Subframe NRSO QPSK
NRS1 QPSK NRS1 QPSK
. =
1-Q Diagram NPSS NB-IoT Center 1-Q Diagram NSSS NBIoT Center
. Frequency
Modulation Format:  Z-Chu e o Modulation Format:  Z-Chu LEgiency
402500 1z
Frequency Error: 0.66 Hz ] Ll . Frequency Error: 0.78 Hz 884.402500 MHz
0.001 ppm Measure Type - 0.001 ppm Measure Type
1Q Origin Offset: -63.39 " 1Q Origin Offset: 64.10
EVM RMS: 0.78%(3.52%) s ST ! . EVM RMS: 0.72%(0.72%) Frame  Subframe
. " " — |
EVM Peak: 2.10% (17.19%) _ EVM Peak: 2.05%(2.05%) —
Even numbered frame (10ms) Odd numbered frame (10ms)
< ] |-
<% Ll | >
(2
L.
Q Is I8 Is Is Is Is I8 Is Is Is Is Is Is I8 Is
‘= N
ST o SN S Oy Oy - B N ol _SH S S S of N N .8 .5
SZ| |8 k2|t |t |t it ia|ia|calidil | ta|ia|ta|ialilita|ta|ia | ta
0
-g% na | vg | v |[va |G o va | o | ool o v | oa |va | va |[dalonz lvog |6 | v | va
7 z a a a a a a a z [ a a [ a a a a
A z z z z z z z z z z z z z z =z
(aV]
—
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Standalone
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NB-IoT (Standalone)

L5 2
Signal NB-IoT Standalone
Analyzer - ‘ »

RF Analysis

Channel Power, Occupied BW, Spectrum Emission Mask, ACLR, Spurious Emissions

MOdUI.atlon Subframe EE= FrameS MM &H
Analysis

Measure Subframe No
Setup 4 =X &t subframe M7, 0| |5 Measure Type 0| subframe [T+ BB} =l L|CH,
0

Measure Type
=X ZANLE Subframe EE= FrameQ 2 MX T 4~ QIS L|C}
Frame Subframe
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- Channel Power

Spectral Density:

-14.37 dBm / Hz

PAR:

2.87dB

Mode: NB-IoT Standalone Channel Power RF Analysis
Center Frequency: 884.402 500 MHz Preamp: Off Freq Reference: Internal Channel Power
Channel: 2554 FWD Attenuation: 20dB[M] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB [On]  Trigger: Internal
0 ied BW
Scale Unit: dBm M1 — ceupi
Mode
Sweep 40.0
Detector 30.0
RMS 20.0 s Spectrum
0.0 [ Emission Mask
RBW [A] 10. | h
3kHz 0.0 "I \
VBW [A] -10.0 | { —
3kHz -20.0 M’ L
Sweep Time -30.0 . et "~m| "
141.41 ms -40.0 A
" -50.0 -
Average: 5 Center: 884.402 500 MHz Frequency Span: 1.000 000 MHz || Spurious
5 Emissions
Channel Power: 38.64 dBm / 200 kHz

Mode: NB-IoT Standalone ACLR RF Analysis
Center Frequency: 884.402 500 MHz Preamp: Off Freq Reference: Internal Channel Power
Channel: 2554 FWD Attenuation: 20dB[M] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB [On]  Trigger: Internal
| pass
0 ied BW
Scale Unit: dBm M1 — ceupi
Mode 0
Sweep 40.0
30.0 M,
Detector .
RMS 200 / A i
0.0 ,( ‘. Emission Mask
RBW [A] 10. ! \
30 kHz 0.0 I
-10.0
b 20.0 f ] AR
Iz -20. ph
: B R P g ko
Sweep Time - L)l L VL by
19.40 ms -40.0
" -50.0 -
Average: 5 Center: 884.402 500 MHz Frequency Span: 1.500 000 MHz | Spurious
5 Emissions
Reference Power: 38.51 dBm
Frequency Integration Lower Upper
Offset Bandwidth dBc dBm dBc dBm
300.00 kHz 180.00 kHz 56.02 -17.50 P 56.25 -17.74 P
500.00 kHz 180.00 kHz 60.72 -22.21 P 6033 -21.81 P

VIAVI

- Occupied BW
1
Mode: NB-IoT Standalone Occupied BW RF Analysis
Center Frequency: 884.402 500 MHz Preamp: off Freq Reference: Internal Channel Power
Channel: 2554 FWD Attenuation: 20dB[M] Trigger Source: Internal
Channel Standard: Band Global External Offse. 41.00dB [On]  Trigger: Internal
PASS
Occupied BW
Scale Unit: dBm M1: ~ P
Mode
Sweep 40.0
Detector 0.0 e 5
RMS 200 P ey pgqrum
0.0 [ Emission Mask

RBW [A] 10 b
3kHz 0.0 ] \

-10.0
VBW [A] / | ACLR
3kHz -20.0 f \A
Sweep Time -30.0 YT ““’“\M
141.41 ms -40.0 iy V¥, 4

" -50.0 S
Average: 5 Center: 884.402 500 MHz Frequency Span: 1.000 000 MHz | Spurious
5 Emissi
Occupied Bandwidth: 181.64 kHz

Integrated Power:

Occupied Power:

38.69 dBm / 1.00 MHz

38.64 dBm (99.00 % of Integrated Power)

Spectru

Emission Mask

1201

Mode: NB-IoT Standalone

1

Spectrum Emission Mask

RF Analysis

Center Frequency: 884.402 500 MHz Preamp: off Freq Reference: Internal Channel Power
Channel: 2554 FWD Attenuation: 20dB[M] Trigger Source: Internal
Channel Standard: Band Global External Offse. 41.00dB [On]  Trigger: Internal
PASS
o] ied BW
Scale Unit: dBm M1 — ccupie
Mode 0 M
Sweep 40.0 | ”
Detector 0.0
RMS 200 :
0.0 Emission Mask
RBW [A] 10.
30kHz 0.0
-10.0
VBW [A] ACLR
30 kHz -20.0 o
" 300 Pyl i b oL
Sweep Time . W
23.32ms -40.0
. -50.0 s
Average: 5 Center: 884.402 500 MHz Frequency Span: 21,200 000 MHz | Spurious
5 Emicsi
Reference Power: 37.96 dBm
Frequency Offset Range Measurement Lower Peak Upper Peak
Bandwidth
215.000 kHz - 265.000 kHz 30 kHz -22.83dBm P -23.93dBm P
265.000 kHz - 365.000 kHz 30 kHz -23.46dBm P -25.93dBm P
365.000 kHz - 415.000 kHz 30 kHz -28.41dBm P -27.43dBm P
415.000 kHz - 1.215 MHz 30 kHz -28.78dBm P -26.63dBm P
1.215 MHz - 1.700 MHz 30 kHz -30.81dBm P -30.74dBm P
1.700 MHz - 10.600 MHz 1 MHz -16.45dBm P -16.20dBm P

WwWw.Viavisolutions.com
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=74 3
Measure Type: Frame

« Frame

Test FW(9.075.060) . oy
Mode: NB-IoT Standalone NB-IoT Modulation Analysis Marker
Center Fi 884,402 500 MH; P H off Freq Refi 3 Ints | i .
ciﬁfn'elf““““"“’ 2554 FWD : Atr‘le:nnaglion: 20dB [A] T;iegqgereseor::c(;: 12:::2; Marker View xH"é" % I-Q Dlagram éxo'i
Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal
I On oft
. Channel .
e T . :;har::liummary Frame Power: 36.30 dBm Marker VIeW Chane|
ell ID: 4
% Channel EVM (%) Power (dBm) Modulation Type MEDSEH M arker
easure Type NPSS 275 26.39 7-Chu
[
ame NSSS 3.9z 26.26 Z-Chu 0 n Off N PSS
NPBCH 2.58 26.66 QPSK
NRSO 3.78 25.62 QPSK
MNRS1 — — QPSK
I-Q Diagram NPDSCH —
Modulation Format: QPSK
% ] Frequency Error: -4.15Hz
-0.005 ppm
1Q Origin Offset: -48.09
. - EVM RMS: 3.05%(3.05%)
= - EVM Peak: 771%(7.71%) r—
Even numbered frame (10ms) Odd numbered frame (10ms)
0
o
£F 5| 5| B| 3 5| B 3 5| 8| B 3 5| 5 _&| 3
ST T T
— = = = (%)) = ~ 7 = —r = = = (%)) = ~ 7 = =
HIE EREREREE EREREE BEREREREREE R
-g% U)% oA |l oA | oA oA | o=z | oA | oA | oA | » UJ% v |l oA |l oA |l |l o=z oA oA | oA | ©A
7} o o o o o o o o o o o o o o o
A P4 P P4 P4 P4 P4 =z P4 P P4 b4 P4 P4 P P4
A
—
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Measure Type: Subframe

 Subframe: #0 (NPBCH)

Test FW(9.075.060) o}

- Subframe: #1/2/3/4/6/7/8 (NPDSCH/RS)

Mode: MB-IoT Standalone NB-IoT Modulation Analysis Marker Mode: MB-IoT Standalone NB-IoT Modulation Analysis Measure Setup
Center Frequency: 884,402 500 MHz Preamp: off Freq Reference: Internal Marker View Center Frequency: 884,402 500 MHz Preamp: off Freq Reference: Internal
Channel: 2554 FWD Attenuation: 20dB[A] Trigger Source: Internal Channel: 2554 FWD Attenuation: 20dB [A] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB[On]  Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB[On] Trigger: Internal
On oft I
Channel Summary Subframe # 0 Subframe Power: 42.80 dBm Channel Channel Summary Subframe #:3  Subframe Power: 43.80 dBm Subframe Mo
EIE'I;TIM‘“'E cell D: 456 NPBCH ;E'I;TIM‘“'E cell D: 456 5
orndalone Channel EVM (%) Fower (d8m) | Modulation Type orndalone Channel EVM (%) Power(dBm) | Modulation Type
Measure Type NPSS ZChu Measure Type NPSS 7Chu
Subframe Subframe
NSSS 2-Chu NSSS Z-Chu
2.97 26.64 NPBCH QPSK
NPDSCH QPSK — 275 26.71 —
NRSO QPSK NRSO 0.95 25.67 QPSK
MRS1 QPsK NRS1 QPSK
1-Q Diagram NPBCH —— 1.Q Diagram NPDSCH —
Modulation Fermat: QPSK Modulation Format: QPSK
= 3 Frequency Error: -5.01 Hz ‘* 7 Frequency Error: -3.03Hz
-0.006 ppm -0.003 ppm Measure Type
1Q Origin Offset: -47.56 1Q Origin Offset: 6.63
. EVM RMS: 2.97%(2.97%) EVM RMS: 2.75%(2.75% ) Frame Subframe
1 & T,
EVM Peak: 6.86 % ( 6.86 % ) e — * EVM Peak: 6.70 % ( 6.70 % ) [r—
Even numbered frame (10ms) Odd numbered frame (10ms)
< > >
o 11
O —
= N e Is I3 I8 I3 e Is Is I3 I3 Is I3 e IS I3
Ex|loz1_8|.8(1.8/.9),0nlod|. 8,8 Sl 8] 8.8, 02l 8], 8,8
SoltEi8fig|ia|ia |t t8lig | fa|ia glig|lig|iglig|ig|ig|iag|ia
-g% |u>0- 0w | va |va | v B va | va | oA O|lvwa | va | oA o A | va |va | sA
7} z o o o o o o o o o o o o o o o
A z z z z z z z z z 4 z z z z z
o |
-
I I | — I I I I I | I I I
n n . . - .
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Measure Type: Subframe

- Subframe: #5 (NPSS)

- Subframe: #9 (NSSS)

Mode: NB-IoT Standalone NB-IoT Medulation Analysis Marker Mode: NB-IoT Standalone NB-IoT Modulation Analysis Marker
Center Frequency: 884.402 500 MHz Preamp: off Freq Reference: Internal Marker View Center Frequency: 884.402 500 MHz Preamp: Off Freq Reference: Internal Marker View
Channel: 2554 FWD Attenuation: 20dB[A] Trigger Source: Internal Channel: 2554 FWD Aftenuation: 20dB [A] Trigger Source: Internal
Channel Standard: Band Global External Offset: 41.00dB[On] Trigger: Internal Channel Standard: Band Global External Offset: 41.00dB[On] Trigger: Internal
On Oft I On oft
Channel Summary Subframe #:5  Subframe Power: 43.47 dBm Channel Channel Summary Subframe #:9  Subframe Power: 31.80 dBm Channel
NB-IoT Mode MNB-IoT Mode
Cell ID: 466 CellID: 466
NPSS MNSSS
standalone Channel EVM (%) Power(dBm) | Modulation Type Standalone Channel EVM (%) Power (dBm) | Modulation Type
Measure Type Measure Type NPSS — — ZChu
Subframe Subframe
NSSS — — Z-Chu
NPBCH — — QPsK NPBCH — — QPSK
NPDSCH — — QPSK — NPDSCH — — QPSK —
NRS0 — — QPSK NRSO — — QPSK
MRS1 — — QPSK NRS1 — — QPSK
1-Q Diagram NPSS — 1-Q Diagram NSS5 —
Modulation Format: ~ Z-Chu Modulation Format:  7-Chu
= Frequency Error: -3.10 Hz 4 Frequency Error: -0.80 Hz
0,004 ppm D —) 0,001 ppm ———
1Q Origin Offset: -49.08 - 1Q Origin Offset: -42.33
EVM RMS: 2.61%(2.61%) . i EVM RMS: 3.82%(3.82%)
. v EVM Peak: 4.97% (4.97 %) [r— B EVM Peak: 11.46 % (11.46 % ) e
Even numbered frame (10ms) Odd numbered frame (10ms)
< > -
0
O —
= N e Is I3 I8 I3 e Is Is I3 I3 Is I3 e IS I3
ST o SN S Oy Oy - B N ol _SH S S S of N N .8 .5
SZ| |8 k2|t |t |t it ia|ia|calidil | ta|ia|ta|ialilita|ta|ia | ta
a
-g% ne |l oQ |[va | |oa |6 oo | Koo |l o ne | og | va | v | ooz o |6a | 6a | ©a
7 z o a a o a o a z a a o o a a a a
A z z z z z z z z z 4 z z z z z
A
-
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CellAdvisor product site:

http://celladvisor.updatemyunit.net/
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