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Network Benchmarking Solution
Nemo Wireless Network Solutions 
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Introduction
Cellular broadband data is driving the growth of the telecommunications market, 

so validating the performance of data applications will remain in the focus of 

mobile network operators.  The challenge in data performance verification  is that 

the maximum throughput, and network features enabling it, can be measured and 

validated only with controlled, active bulk data transfer tests between a device and 

a network. 

Mobile network benchmarking campaigns gather information to characterize the 

Quality of Service (QoS) and Quality of Experience (QoE) of mobile networks. In a 

typical benchmarking workflow, operators:

1. compare QoS and QoE across different mobile networks, own and competitors ,

2. summarize the results as Network Performance Score (NPS) and study details 
as key performance indicators (KPIs), 

3. evaluate conformance to existing legislation commitments  concerning service 
level agreements, and

4. find QoE measurement facts and arguments for marketing campaign needs

Keysight’s Network Benchmarking solution addresses all these steps. The 

solution methodology is the result of more than 20 years of expertise of all 3GPP 

technologies and it has been carefully designed to evaluate and objectively 

compare the performance, network coverage, and service quality of mobile 

networks from the users’ perspective. With the benchmarking capabilities offered 

by Keysight, you will ensure the competitiveness of your wireless networks to 

optimize customer satisfaction and minimize churn.

Benefits
• Improve customer quality 

of experience and service

• Ensure the 
competitiveness of 
your wireless network 
to optimize customer 
satisfaction

• Measure everything in one 
drive using a high number 
of devices

• Save time and money and 
increase sales revenue

• Minimize churn
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Why Is Benchmarking Important?
Wireless network benchmarking is important in order to learn about your competitors’ 

service coverage and experience quality and to ensure the performance and 

competitiveness of your own wireless network , but also to:

• Reduce churn  by improving QoE to keep existing customers

•  Gain reputation as the best network to gain new customers

• Detect network coverage gaps  and locations with issues, for example, with  
5G-LTE interoperability

• Shorten the time-to-market of new technologies, such as 5G NR non-standalone (NSA) 
and standalone (SA), LTE-A 8CC and 9CC, and NB-IoT

• Identify network edge coverage problems and identify weak spots 

• Identify the best performing phone models

• Make sound decisions on where to build coverage and what KPIs to improve

Figure 1. Network benchmarking means comparing experience and service quality between multiple 

network operators
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Typical benchmarking campaigns collect data on the following areas:

• Customer QoE and network QoS -related KPIs

• Service coverage, accessibility, retainability,  and integrity 

• The latest network development  including 5G NR NSA/SA; data, voice and video 
quality; and interoperability between 5G and 4G 

• Call statistics, such as completed call rate, call setup success rate, dropped calls, 
blocked calls, call setup time, and MOS 

• Data  statistics, including DL/UL speed, network latency, and web browsing time 

• OTT application KPIs



Page 4Find us at www.keysight.com 

Keysight’s Network Benchmarking Solution Features
Keysight’s Network Benchmarking solution enables efficient benchmarking 

measurements both indoors and outdoors and from small-scale indoor walk testing to 

large-scale automated drive test campaigns. 

Figure 2. Keysight’s Network Benchmarking solution overview

The solution provides a unique end-to-end information flow from the collection of 

measurement data through to post-processing and analysis. Our cloud-based solution 

ties all together with real-time monitoring and management of the measurement and 

analytics fleet of products. 

Our data collection tools support all data collection formats and all the latest 

technologies, including the most comprehensive 5G NR chipset support in the market. 

All tests are run on the device, in the very same way as consumers are using their 

phones. In addition, system capacity enables conducting all measurements in one drive 

test, which means that everything related to QoE and QoS can be tested in one test 

drive and a high number of phones can be dedicated to measure each available network.

After the data has been collected, Nemo data analytics tools provide you with best-in-

class reports and interactive web-based dashboards to dive into the data and to make 

educated decisions. Data can be visualized with easy-to-use and interactive dashboards 

or in premade network benchmarking report templates.
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Key features
• The most effective solution in the market to measure, optimize, and benchmark all 

wireless networks from customer QoE perspective in one test drive

• Fast comparison of multiple wireless operator networks against each other

• Both indoor and vehicle-installed drive testing

• All tests are run on the device, in the very same way as consumers are using  
their phones

• System capacity enables conducting all measurements in one drive test. For 
example, Nemo Invex II system supports benchmarking measurements with up to 
150 simultaneous phones. 

• The most comprehensive 5G NR chipset support in the market includes Samsung 
Exynos 5100/5123, Qualcomm X50/X55, and HiSilicon Balong 5000-based terminals

• Designed for testing and benchmarking the most commonly used OTT applications, 
VoLTE, VoNR and CSD calls, as well as high data rates enabled by 5G NR NSA, 5G 
NR SA, LTE-A 8CC and 9CC, and beyond

• Support for 5G NR, LTE-A, LTE-M, and 5G NR SA-enabled critical IoT use cases

• Support for all data collection formats and all the latest technologies 

• Smallest log file size in the market enables real-time remote monitoring and control 
of the measurement vehicles from Nemo Cloud

• Interactive dashboards make troubleshooting easy and fast

Figure 3. Nemo Invex II enables network benchmarking with up to 150 simultaneous phones and with 

several network scanners
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Indoor or Outdoor? Voice or Data? We Have the Right 
Data Collection Tools
For each tested network, operators typically have six different voice and data 

testing use cases: CS voice, VoLTE, browsing, streaming, file DL and UL, and OTT 

applications. All these use cases need to be tested both indoors and outdoors 

(urban areas, city centers, and highways) and the environment determines which 

test equipment is used.

The table below describes which Nemo data collection tools and accessories are 

the best fit for each environment and use case.

Use case Indoor Outdoor (urban, city, highway)

CS voice
• Nemo backpack solutions:

 - Lightweight Nemo Walker 
Air with 7 phones

 - Nemo Outdoor Backpack 
with 12 phones and 2 
scanners

• Nemo Autonomous Probe (1 
phone and 4 phones versions)

• Nemo in-car drive test 
benchmarking solutions:

 - Nemo Outdoor with up to 12 
phones

 - Nemo Outdoor Backpack 
with up to 12 phones and 2 
scanners

• Nemo Invex II with up to 150 
phones and scanners

• Nemo Autonomous Probe (1 
phone and 4 phones versions)

• Phone mounting accessories:

 - Full range of Nemo Invex II 
accessories with support for 
all installation needs

 - Nemo Intelligent Device 
Interface to measure with 
phone’s internal antennas

 - Temperature-regulated 
enclosure for 4 phones

 - 8- and 24-phone roof-top box

 - Table and window mounts

VoLTE

Browsing

Streaming

File Transfers (DL/UL)

OTT applications

Table 1. Network benchmarking use cases and Nemo solutions
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Indoor testing

Keysight’s Network Benchmarking solution provides ideal tools for performing indoor 

measurements and benchmarking on multiple technologies with up to 12 smartphones. 

With high-quality lithium-ion batteries, the indoor benchmarking tools can be used as 

standalone systems without an external power source. The tools are lightweight, easy to 

carry and set up, and the operation times are up to 10 hours. 

The Nemo Backpack system allows the simultaneous use of different combinations of 

measurement modes, such as, voice calls, voice quality calls, and data transfers. The 

automated location mapping feature in Nemo Walker Air enables concentrating on the 

actual troubleshooting instead of on manually adding markers on floorplans.

Figure 4. Nemo Walker Air indoor benchmarking system
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Outdoor testing

The Network Benchmarking solution offers a wide variety of tools and accessories 

suitable for outdoor benchmarking campaigns, from urban areas and city centers  

to highways. 

The solution supports a variety of testing options, the widest range of 5G NR KPIs on 

the market, and all the newest technologies including 5G NR (SA and NSA), NB-IoT, 

LTE-M, LTE-A 8CC and 9CC, VoNR, and Dynamic Spectrum Sharing. It collects quality-

of-experience (QoE) metrics for the services and applications your customers are 

actually using. 

The solution supports measurements with up to 150 simultaneous phones which 

means that everything related to QoE and QoS can be tested in one test drive and a 

high number of phones can be dedicated to measure each available network. With 

Nemo Autonomous Probe it is possible to perform automated, unattended large-scale 

benchmarking measurements with up to four phones.

The optional Nemo Active Test Application (NATA), Keysight’s proprietary 

communications interface and application, enables simple and productive deployment 

of Android-based smartphones in data benchmarking by utilizing the smartphones’ 

independent capacity more effectively. With NATA, benchmarking tests can be 

performed with non-rooted devices as well.

With Nemo Intelligent Device Interface (NIDI) you can control the test devices and 

perform specific tasks, such as rebooting, remotely. With NIDI, there is no need to shut 

down the entire test system when there are issues with the devices, but instead, take 

actions on a specific device without impacting the rest of the kit.

Figure 5. Network Benchmarking solution comes with a full range of accessories



Page 9Find us at www.keysight.com 

Post-Processing
After benchmarking data has been collected, the most interesting work begins. 

The data needs to be processed into informative and detailed reports and scores, 

on which decisions on investments can be based.

Keysight offers advanced post-processing and analytics tools that give insight 

on the quality of your network and on competitor networks. The benchmarking 

reports have been developed in close relationship with the world’s leading  

Tier 1 operators.

Nemo post-processing solutions offer:

• Post-processing with the ability to drill-down to issues

• Network Performance Score calculation based on ETSI TR 103 559

• Excel-based reports

• Interactive web-based call and data dashboards

• Multiformat support

• Advanced customization capabilities 

Nemo analytics solutions can be customized  

to visualize the same voice and data KPIs as  

in the latest operator benchmarking reports,  

such as:

• Call success ratio

• Call setup time

• Speech quality (MOS-LQO)

• Web page downloading success ratio

• Average web page session establishment time

• File upload/download success ratio

• Average time to upload/download 3 MB file

• The speed of top 10% / 90% fastest upload/download 

• YouTube video success ratio
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Table 2. Voice and data KPIs in benchmarking reports

DATA (Cities: Drive test)

Web-Page Download (Live/Static)

• Success ratio (%/%)

• Static: Avg session time (s)

• Live: Reaction time (ms)

• Live: Initial DL speed 1st sec (kB/s)

File Download (3 MB)

• Success ratio/Avg session time (%/s)

• 90%/10% faster than (kbit/s)

File Upload (1 MB)

• Success ratio/Avg session time (%/s)

• 90%/10% faster than (kbit/s)

File Download (7 Seconds)

• Success ratio (%)

• Avg throughput (kbit/s)

• 90%/10% faster than (kbit/s)

File Upload (7 Seconds)

• Success ratio (%)

• Avg throughput (kbit/s)

• 90%/10% faster than (kbit/s)

YouTube Videos

• Success ratio/start time (%/s)

• Playouts without interruptions (%)

• Avg video resolution (p)

VOICE (Cities: Drive test)

• Call success ratio (%)

• Call setup time (s)

• Speech quality (MOS-LQO)

VOICE (Cities: Walk test)

• Call success ratio (%)

• Call setup time (s)

• Speech quality (MOS-LQO)

VOICE (Towns: Drive test)

• Call success ratio (%)

• Call setup time (s)

• Speech quality (MOS-LQO)

VOICE (Roads: Drive test)

• Call success ratio (%)

• Call setup time (s)

• Speech quality (MOS-LQO)

VOICE (Train: Walk test)

• Call success ratio (%)

• Call setup time (s)

• Speech quality (MOS-LQO)
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Network performance score

Network Performance Score (NPS) focuses on 

experience quality as perceived by customers 

(QoE). NPS rates the overall QoE of a network 

based on main KPIs from different services 

and summarizes it as a single score. NPS is 

based on existing technology-agnostic KPIs 

as defined by ETSI and ITU-T. By default, NPS 

considers voice (40%) and data (60%) services 

but with Nemo solutions, customers can 

adjust the weights in all aggregation levels, 

according to country-specific characteristics 

and customer usage profiles.

Figure 6. Network Performance Score calculations in Nemo Analyze

The Nemo solution for NPS compares the quality of mobile networks and visualizes 

the quality of experience (QoE) that the end users perceive when running common 

applications inside a phone with real use cases in different environments. The NPS 

score aggregation has been integrated into the Nemo WindCatcher and Nemo Analyze 

products. Details of the NPS score can be easily studied and results visualized by 

clicking different views. 
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Voice testing post-processing

CS voice

Both PESQ and POLQA voice quality algorithms are still commonly used by operators, 

therefore, a side-by-side comparison of these two algorithms is necessary. With Nemo 

solutions, both algorithms can be tested and analyzed simultaneously. 

Figure 7. Audio MOS comparison between operators 

Figure 8. Call setup time comparison between operators

The following voice quality KPIs are collected and calculated:

• PESQ MOS score (ITU-T P862.1, 862.2)

• POLQA MOS score (ITU-T P863) 

• Audio quality signal status a.k.a. mute detection 

• Audio quality speech activity (%) 

• Audio quality mean/max/min delay 

• Audio quality standard deviation 

• Audio SNR 

• Audio insertion/noise gain

• Avg. MOS for each call
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VoLTE

Nemo VoLTE acceptance report has 62 KPIs for

• RF metrics

• Accessibility

• Retainability

• Quality metrics

• LTE IMS Voice AMR WB

• LTE IMS Voice AMR NB

• Wi-Fi IMS Voice AMR WB

• Wi-Fi IMS Voice AMR NB

• LTE IMS video

• Wi-Fi IMS video

In addition to reports, VoLTE benchmarking data, such as audio MOS and RSRQ, can 

be analyzed as plots on a map where it is easy to compare results between phone 

models and operators.

Figure 9. VoLTE benchmarking data plotted on a map
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Data testing post-processing

Browsing

HTTP browser testing offers the possibility to test how data is transferred through the 

HTTP browsing protocol. The HTTP protocol is used in web browsing. In HTTP testing, 

one URL is downloaded through the HTTP protocol and the data transfer is measured. 

The collected KPIs include PPP and RLC layer data throughputs, connection setup time,  

and the download time.

Streaming

Streaming testing offers the possibility to test how data is transferred through the 

streaming protocol. The streaming protocol is used, for example, in video streaming. In 

streaming testing, a video file is downloaded through the streaming protocol and this 

data transfer is measured and analyzed. The collected KPIs include streaming setup 

success rate, data disconnect statistics, buffering, and video resolution.

File transfers (UL/DL)

File transfer testing offers the possibility to test data throughputs. File transfers can be 

tested between the data collection tools and (S)FTP servers. The collected KPIs include 

file upload/download success ratio, average time to download, and transfer speed.

Figure 10. 5G NR and LTE data throughput rates in Nemo Outdoor
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OTT applications

Nemo solutions measure service accessibility, service retainability, and service integrity. 

They use real consumer applications and run them on the test device to measure true 

QoE. This is especially important when testing in a 5G NR network so that tests are 

performed in the actual provided 5G NR slice.

Figure 11. Application performance verification between two operators
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Summary
Keysight’s Network Benchmarking solution supports all data collection formats, all 

form factors, and all the latest technologies. It also supports an impressive set of OTT 

applications and protocols based on the latest ETSI and 3GPP standards. The solution 

is extremely robust and easy to use. 

Nemo is known for being the first to introduce support for the very latest flagship 

terminals and chipsets, providing rapidly evolving support for new models, latest 

features, and technologies.

As the Network Benchmarking solution is extremely reliable and supports simultaneous 

measurements with up to 150 test terminals, customers will save time and money by 

measuring all in one drive test without the need to visit the same location twice.

Keysight’s Network Benchmarking solution has over 400 satisfied customers worldwide.

Figure 12. Nemo Cloud connects all Nemo measurement devices together, provides remote control and 

monitoring, and initiates fully automated generation of network benchmarking reports.
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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

35-40%

75%

80%

OPEX reduction
Measure everything in one drive test. Automated post-

processing and report generation remove the need for 

manual processing and report generation.

Efficiency improvement
Remote monitoring with custom alerts quickly identifies data 

collection issues and allow remote engineers to react to 

alerts and errors in near real-time.

Turnaround time
With end-to-end automation, time from data collection to 

final report generation can be reduced by more than 80%.


