NB-IoT Modulation Analysis (IoT Modulation analysis)
89600 VSA Software
Option 89601BHTC (Replacing 89601B/BN/BK-BHT and BHC)

•

See through the complexity of 3GPP NB-IoT signals with a comprehensive
set of tools for demodulation and vector signal analysis

•

Analyze downlink and uplink signals and derive signal quality: Overall
EVM, EVM across symbols and subcarriers, constellations, IQ error plots
and more

Use the color coding and marker coupling features to identify and isolate
specific signal and channel effects and impairments
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3GPP NB-IoT Air Interface
Although NB-IoT is incompatible with existing 3GPP devices, it inherits
many LTE characteristics, such as the physical layer foundation and the
higher layer architecture.
The only duplex mode that has been standardized is Frequency Division
Duplex (FDD); therefore, uplink and downlink use different frequencies.
To reduce device complexity and cost, three major design decisions have been
made. First, NB-IoT follows a half-duplex design so there is no need for
expensive duplexer filters to isolate the transmit and receive chains; you can
use a switch instead. Second, spatial multiplexing MIMO is not supported, and
therefore UE is only required to implement one receiver chain. Finally, and very
importantly, the channel bandwidth is only 180 kHz, which reduces the overall
platform cost.

Try Before You Buy!
Download the 89600
VSA software and use
it free for 30 days. Visit
www.keysight.com/find/89
600_trial

Table 1. NB-IoT Key Parameters
Parameter

Description

Duplex mode

FDD half-duplex type B

MIMO

Spatial multiplexing MIMO not supported; Tx diversity with up to 2 Tx antenna
ports supported (single Rx chain)

Bandwidth

180 kHz (1PRB)

Multiple access

Downlink: OFDMA
Uplink: SC-OFDMA

Modulation
schemes

Downlink: QPSK
Uplink Single-tone: π/4-QPSK, π/2-BPSK
Uplink Multi tone: QPSK

Coverage

164 dB (+20 dB GPRS)

Data Rate

Up to 25 kbps in DL, up to 64 kbps in UL (multi-tone UE)

Latency

< 10 seconds

Low power

eDRX, power saving mode
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Deployment Modes
Three different deployment modes have been defined for NB-IoT to enable deployment in any available
spectrum greater than 180 kHz. The three modes are shown in Figure 1.

Figure 1: NB-IoT Deployment Modes
Stand-alone enables deployment in spectrum of its own, for example, in spectrum refarmed from GSM.
Guard-band enables deployment within the guard band of an LTE carrier with guaranteed co-existence.
In-band enables deployment within an LTE carrier. This is the optimal approach for LTE operators, as it
has the most efficient spectrum utilization and is a lower cost approach to support NB-IoT in existing
LTE carriers. In this case, the NB-IoT carrier is embedded in the LTE signal by replacing one of the
available LTE Physical Resource Blocks (PRB) without causing any disruption in the LTE operation.

NB-IoT Modulation Analysis
The 89600 VSA software’s Option 89601BHTC provides comprehensive analysis capabilities in the
frequency, time, and modulation domains for signals based on 3GPP specification (www.3gpp.org)
The software provides frequency-, time-, and modulation-domain analysis results in a single
measurement. By configuring result traces of spectrum, acquisition time, and NB-IoT specific
modulation quality traces and tables, engineers can identify overall signal characteristics and
troubleshoot intermittent error peaks or repeated synchronization failures.
For automated testing, .NET API and SCPI remote interfaces are available to accelerate design, which
enables quicker transition to the design verification and manufacturing phases.
NB-IoT is among over 75 signal standards and modulation types supported by the 89600 VSA software.
The software is a comprehensive set of tools for demodulation and vector signal analysis. These tools
enable you to explore virtually every facet of a signal and optimize even the most advanced designs. As
you assess your design tradeoffs, the 89600 VSA helps you cut through the complexity.
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Analysis and Troubleshooting
Perform NB-IoT transmitter measurements
Option 89601BHTC supports NB-IoT modulation analysis measurements according to 3GPP TS36
specification. Supported features include:
•

All deployment modes: standalone, guard-band and in-band (same or different PCI)

•

Downlink (DL) and Uplink (UL) channels and signals with corresponding modulation format
o

o

DL channels and signals: NPSS, NSSS, NRS, NPRS, NPBCH, NPDSCH, NPDCCH
UL channels and signals: NPUSCH, NPUSCH-DMRS, NPRACH

•

Auto detection of NPDSCH and NPUSCH allocations

•

Decoding for NPBCH, NPDSCH and NPUSCH

•

DL N-TM signal auto configuration and auto detection

•

DL MIMO configuration: 1, 2 transmit antennas for Tx diversity using single input channel

Figure 2: With the 89600 VSA software and Option 89601BHTC, you can analyze NB-IoT
downlink and uplink signals with different deployment modes and derive signal quality
parameters for each.
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Easy setup with complete parameter control
For successful demodulation and troubleshooting, use a standard preset for automatic demodulation or
configure your VSA using the easy to follow graphical user interface (GUI) and adjust a range of signal
parameters, which are aligned with 3GPP specification.
Dynamic Help allows you to access the help text and learn about the NB-IoT format and features
available for Option 89601BHTC. Detaching the Dynamic Help window and moving it to the side of the
screen, as shown in Figure 3, enables easier viewing as it follows your menu choices. You can even
lock it to stay fixed on important Help data topics.

Figure 3: Setup is easy with complete parameter control. Dynamic Help provides useful information to
explain measurements and other important NB-IoT and 89600 VSA software operations.
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Understand the structure and quality of NB-IoT signal
Use the powerful demodulation and analysis tools to understand the structure and quality of the
transmitted NB-IoT signal. A user has complete flexibility to choose the trace format and number of
simultaneous traces. Figure 4 shows an example of an in-band downlink NB-IoT signal that is deployed
within a 10 MHz LTE carrier. Each of the seven traces show an orthogonal view of the signal, and many
more views are possible depending on the purpose of the analysis.

Descriptions of some of the digital demodulation traces
•

Trace A (top left) shows a composite IQ constellation of the demodulated signal containing QPSK
allocated to NPDSCH, NRS, NPDCCH, NPBCH and Zadoff-chu sequence for NPSS and NSSS.

•

Trace B (top right), shows a color-coded view of the transmitted signal structure. This twodimensional grid with frequency (subcarriers) on the vertical axis and time (symbols) on the
horizontal axis shows the transmitted signal in this example NPBCH followed by NPDCCH,
NPDSCH, NPSS, NPDSCH and NSSS.

•

Trace C (center), shows frame summary table, which is the key to the color coding and the
modulation format used by each channel/signal. This table lists all the transmitted physical signals
and channels. For each entry, there is an assigned color, and four measurement results are
displayed: EVM, channel power, modulation format and number of allocated RB.

•

Trace D (top middle) is the error summary providing quality statistics for the composite signal
including EVM, frequency error, symbol clock error, IQ impairments plus more.

•

Traces E (bottom center) and F (bottom right) show EVM as a function of subcarrier and OFDM
symbols respectively.

Figure 4: Example analysis of an in-band NB-IoT downlink signal
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In-depth analysis and troubleshooting with coupling measurements across domains
Use the multiple color-coded traces along with marker coupling across different measurements, traces
and domains for ease of troubleshooting. Coupled markers allow the user to understand the identity
and characteristics of a symbol simultaneously in time, frequency, power and error.
Figure 5 shows an example showing simultaneous multiple color-coded traces and a complete marker
table. With markers coupled, a peak search in either the error vector time (Trace D) or error vector
spectrum trace (Trace E) indicates the largest error during the measurement interval. The exact
symbol associated with this error can now be understood in terms of time domain OFDM symbol index,
frequency domain subcarrier number, physical channel type, modulation format and IQ magnitude and
phase values.

Figure 5: Example of using coupled markers across multiple color-coded traces in different
measurement domains.
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Software Features
Core supported features
Features

Description

Standard

3GPP TS 36 series (www.3gpp.org)

Signal structure
Signal direction

Downlink and Uplink

Deployment modes

Stand-alone, guard-band, in-band (same PCI and different PCI)

Channel bandwidth

200 kHz. For in-band mode, LTE bandwidth of 3, 5, 10, 15, 20 MHz

Subcarrier spacing

15 kHz

DL multi-antenna
transmission

Transmit diversity with up to 2 antenna ports (using single input
channel)

Physical signals and channels
Uplink

NPUSCH, NPUSCH-DMRS, NPRACH

Downlink

NPSS, NSSS, NPRS, NRS, NPBCH, NPDCCH, NPDSCH

Channel decoding
Downlink

Channel decoding of NPBCH and NPDSCH channels. Measurement
results include de-scrambled, de-ratematched, or decoded data

Uplink

Channel decoding of NPUSCH channel. Measurement results include
de-scrambled, de-ratematched, or decoded data

Measurement parameters
Demodulation
configuration

Cell ID auto detection; N-TM signal auto detection (for DL); Autodetection of NPDSCH or NPUSCH allocation or manual configuration

Analysis region

Result length and measurement interval in slots and symbols.
Note: Multiple slots, multiple symbols, or a combination of slots and
symbols can be used as a measurement interval

Analysis boundary

The time alignment boundary of the analysis region can be 2 frames,
frame, half frame, subframe, or slot

Sync Type

NPSS or NRS

Equalizer and tracking
Equalizer training

Off, RS, or RS + Data

EVM minimization

Off, 3GPP, Tracking

Tracking

Pilot tracking is done in amplitude, frequency & phase, timing
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Additional setup parameters
Symbol time adjustment

% of FFT size, max of EVM window start/end, min of EVM window
start/end, EVM window start, EVM window end, EVM window center

Multicarrier filter

Additional filtering to reject adjacent carriers

Mirror frequency
spectrum

Flips entire frequency spectrum around carrier frequency

Report EVM in dB

Reports the EVM result in dB

Power boost normalize

Results shown on IQ traces will be normalized so that each physical
channel/signal’s average power is 0 dB

Supported measurements
Pre-demodulation measurements (Downlink and Uplink)
CCDF

Displays the complementary cumulative distribution function (CCDF) for
the selected input change

CDF

Cumulative density function for the data in the measurement interval

Correlation

Correction curve used to correct for the frequency response of the input
hardware and input digital filtering

Instantaneous spectrum

Non-averaged frequency spectrum of the pre-demodulated time trace
data for the current measurement

PDF

Probability density function (PDF), a normalized histogram of the Time
data

Raw main time

Raw time data read from the input hardware or playback file for the
selected channel, prior to correction or resampling

Search time

Time record data after resampling and time adjustment, used to search
for the pulse (or burst)

Spectrum

Frequency spectrum of the pre-demodulated time trace data

Time

Time data of the signal that is to be demodulated
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Demodulation – non-tabular results (Downlink and Uplink)
Common tracking error

Shows the corrections calculated by EVM minimization

Detected allocations
time

Color-coded display showing a two-dimensional grid with frequency on
the vertical axis and time on the horizontal axis. Each point on the grid
represents a single resource element (1 subcarrier x 1 symbol).

Error vector spectrum

EVM as a function of subcarrier in the frequency domain

Error vector time

EVM as a function of OFDM symbol in the time domain

Equalizer channel
frequency response

Shows the channel frequency response calculated from the reference
signal (NRS) using the time data in the Search Time trace

Equalizer channel
frequency response
differential

Shows the channel response's rate of change with respect to frequency

Equalizer impulse
response

Shows the channel equalization impulse response, which is the timedomain version of the channel equalization frequency response

Instantaneous equalizer
channel frequency
response

Shows the channel frequency response of the current measurement
sweep. It is a non-averaged version of equalizer channel frequency
response

Instantaneous equalizer
channel frequency
response differential

Shows the channel frequency response derivative for the current
measurement sweep. It is a non-averaged version of equalizer channel
frequency response differential

IQ measured

IQ constellation of the demodulated signal. Displays the measured IQ
values of the subcarriers from the output of the FFT (frequency domain)

IQ measured time

Shows the same information as IQ measured when the data is shown in
the “Const” or “I-Q” trace format

IQ reference

Shows the reference IQ values of the subcarriers from the output of the
FFT (frequency domain)

IQ reference time

Displays the same information as IQ reference when the data is
displayed in the “Const” or “I-Q” trace format

RMS error vector
spectrum

Root Mean Square (RMS) average EVM for each subcarrier

RMS error vector time

Root Mean Square (RMS) average EVM for each symbol

Demodulation – non-tabular results (uplink only)
In-band emissions
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Demodulation – tabular results (downlink and uplink)
Decoded symbol table

Contains the decoded bits from NPBCH, NPDSCH and NPUSCH

Error summary

Table providing signal quality metrics of the demodulated signal within
the measurement interval. Metrics include EVM, channel power, RS Tx
power, OFDM symbol Tx power, RS Rx power, RSSI, RSRQ, frequency
error, common tracking error, symbol clock error, time offset, IQ offset,
IQ gain imbalance, IQ quadrature error, IQ timing skew, Cell ID, Cell ID
group/sector, N-TM signal

Frame summary

Table showing EVM, power (dB), modulation format, and number of
RBs for each channel present within the measurement interval, colorcoded by channel type

Symbol table

Numerical values of demodulated data, color-coded by channel/signal
type

Demodulation – tabular results (uplink only)
UL decode info

Contains the decoded information from NPUSCH

Demodulation – tabular results (downlink only)
DL decode info

Contains the decoded information from NPBCH and NPDSCH

MIMO (downlink only)
Channel tracking error

Shows the common tracking error data for all antenna paths

Equalizer channel
frequency response

Displays the channel frequency response for all antenna ports

Equalizer channel
frequency response
differential

Displays the slope of the channel frequency response for all antenna
ports

Equalizer impulse
response

Displays the equalizer impulse response for all antenna ports

Info table

Shows information about the NRS antenna port transmissions detected
by the demodulator
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Ordering Information
Software licensing and configuration

Flexible Licensing Types and Configuration

Upgrade your
Existing Software

•

Perpetual: License can be used in perpetuity.

•

Time-based: License is time limited to a defined period, such as 12-months.

•

Node-locked: Allows you to use the license on one specified
instrument/computer.

•

Transportable: Allows you to use the license on one instrument/computer at a
time. This license may be transferred to another instrument/computer using
Keysight’s online tool.

•

Floating: Allows you to access the license on networked instruments/computers
from a server, one at a time. For concurrent access, multiple licenses may be
purchased.

•

USB portable: Allows you to move the license from one instrument/computer to
another by end-user only with certified USB dongle, purchased separately.

•

Software support subscription: Allows the license holder access to Keysight
technical support and all software upgrades

All 89600 VSA software
options can be added
after initial purchase
and are license-key
enabled. Some require
the latest software
version with update
subscription service. To
learn more and
upgrade your software,
visit:
www.keysight.com/find/
89600_upgrades.

Basic vector signal analysis and hardware connectivity (89601200C) (required)
IoT Modulation Analysis (89601BHTC)
Software License Type
Node-locked perpetual

Software License
R-Y5A-001-A

Support Subscription
R-Y6A-001-z2

Node-locked time-based

R-Y4A-001-z1

Included

Transportable perpetual

R-Y5A-004-D

R-Y6A-004-z2

Transportable time-based

R-Y4A-004- z1

Included

Floating perpetual (single site)

R-Y5A-002-B

R-Y6A-002- z2

Floating time-based (single site)

R-Y4A-002- z1

Included

Floating perpetual (regional)

R-Y5A-006-F

R-Y6A-006- z2

Floating time-based (regional)

R-Y4A-006- z1

Included

Floating perpetual (worldwide)

R-Y5A-010-J

R-Y6A-010- z2

Floating time-based (worldwide)

R-Y4A-010- z1

Included

USB portable perpetual

R-Y5A-005-E

R-Y6A-005-z2

USB portable time-based

R-Y4A-005- z1

Included

1.
2.

z means different time-bas ed lic ens e duration. F f or six months, L f or 12 months, X f or 24 months, and Y f or
36 months. All time-bas ed lic ens es have included the s upport subscription s ame as the time-bas e duration.
z means different s upport s ubscription duration. L f or 12 months (as def ault), X f or 24 months, Y f or 36
months, and Z f or 60-months. Support s ubscription must be purc has ed f or all perpetual lic ens es with 12months as the def ault. All s oftware upgrades and Keys ightCare support are provided f or s oftware lic ens es
with valid s upport s ubscription.

Find us at www.keysight.com

Page 12

Hardware Configuration
The 89600 VSA software supports more than 45 Keysight hardware platforms including signal
analyzers, one-box-testers, and oscilloscopes. For a complete list of currently supported
hardware, please visit: www.keysight.com/find/89600_hardware

Keep your 89600 VSA up-to-date
With rapidly evolving standards and continuous advancements in signal analysis, the 89600 VSA
software with valid 89601200C and 89601BHTC KeysightCare support subscription can offers
you the advantage of immediate access to the latest features and enhancements available for the
89600 VSA software. Refer the VSA Configuration Guide (5990-6386EN) for more details.

Upgrade your 89600 VSA software up to date (89601B to 89601C)
Keysight now launches the new 89600 VSA software as 89601C after September 2019 as
version 2019 update 1.0, the existing 89601B customers can continue to use the new 89601C
software with valid 89601B licenses or can visit the Keysight software upgrade webpage to fill in
their current 89601B software license information and get a quote for upgrading from 89601B
licenses to 89601C licenses.
https://upgrade.software.keysight.com/software_upgrade_form.html

Additional Resources
Literature
•

89600 VSA Software, Brochure, 5990-6553EN

•

89600 VSA Software, Configuration Guide, 5990-6386EN

•

89600 VSA Software Basic Vector Signal Analysis and Hardware Connectivity Option
89601200C, Technical Overview , 5990-4210EN

•

89600 VSA Software LTE/LTE-Advanced FDD/TDD modulation analysis Option 89601BHGC
and 89601BHHC, Technical Overview, 5990-4232EN

•

89600 VSA Software RFID Modulation Analysis (IoT Modulation Analysis) Option
89601BHTC, Technical Overview, 5990-4223EN

Web
www.keysight.com/find/89600vsa
www.keysight.com/find/vsa_trial
www.keysight.com/find/IoT

Learn more at: www.keysight.com
For more information on Keysight Technologies’ products, applications or services,
please contact your local Keysight office. The complete list is available at:
www.keysight.com/find/contactus
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