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Introduction
5G is moving fast. Mobile network operators and network equipment manufacturers 

must effectively overcome the challenges posed by the introduction of new technologies 

to reach commercialization faster than the competition. 

Understanding 5G device and network equipment performance prior to deployment in a 

live production network is vital in order to ensure a timely and smooth roll-out. However, 

a standardized method to acquire and compare performance benchmarking results may 

be missing, which makes it difficult to compare results reliably and to understand how 

performance is developing. Frequent updates to devices and base stations as well as 

the introduction of new models and versions drives the need for a simple, workflow-

connected solution that generates a single performance score for each device or base 

station under test. 

Keysight’s Performance Benchmarking Solution for Lab Networks (PBM) enables 

mobile network operators to automatically benchmark and evaluate the performance 

of 5G devices and base stations in a laboratory environment. It offers an end-to-

end automation framework, from test plan definition and execution to reporting and 

analytics, in a single user interface. The solution will accelerate performance validation 

and allow you to reach first-to-market status with high-quality devices and networks.
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What is Performance Benchmarking Solution for Lab 
Networks?
Keysight’s Performance Benchmarking Solution for Lab Networks (PBM) is an end-

to-end test automation solution that enables mobile network operators (MNOs) and 

network equipment manufacturers (NEMs) to efficiently evaluate and benchmark 

the performance of their 5G devices and base stations (gNodeBs) in a laboratory 

environment. It delivers an integrated lab-based test solution that cost-effectively 

enables users to benchmark device and base station performance, troubleshoot and 

resolve issues, and, ultimately, enhance product and service quality. 

With PBM, mobile network operators can evaluate multiple devices in a single test 

campaign using live base stations in the lab or evaluate a 5G base station (gNodeB) 

using a reference 5G device. The solution offers predefined test cases and customizable 

test scripts to meet specific customer requirements.

With PBM, you will gain objective insight into comparable 5G product features and 

selected KPIs. The solution comes with test automation capabilities that enable high-

volume testing and repeatability – directly improving product quality, achieving efficiency 

and consistency in testing, and minimizing the risk of human error.

Who benefits from using PBM?
• MNO device and base station test labs

• MNO end-to-end network test labs

• NEM base station regression test teams

• NEM managed services teams

• Open Test and Integration Centers (OTICs) validating O-RAN end-to-end 
performance
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Performance Benchmarking Solution for Lab Networks 
Features
The Performance Benchmarking Solution for Lab Networks enables standardized 

lab-based end-to-end automation of 5G device and base station performance 

benchmarking with a predefined set of test cases, customizable scripts, reports, and 

analytics. 

The solution enables automated regression testing to benchmark software builds, 

hardware builds, and competitor devices, and test automation capabilities to reproduce 

test campaigns on a daily basis.

The solution offers:

• Single user interface for test plan execution, analysis, report generation, and access 
to historical records for trending and analytics

• Fully automated end-to-end test environment for benchmarking devices and base 
stations from different vendors

• High-volume testing and repeatability

• Single performance score across multiple test cases and KPIs for objective and 
seamless performance comparison

• Automated benchmarking reports showing the rank, scores, and KPIs from a range 
of devices and base stations reinforcing objective comparisons between the different 
models or versions under test

• Predefined test cases to quickly obtain KPIs for performance benchmarking

• Possibility to expand and adapt test campaigns and advanced scenarios, such 
as mobility, by using the OpenTAP platform to integrate external instruments (e.g. 
attenuators) as part of the solution

• Ability to analyze, benchmark, and regressively test different O-RAN blueprints and 
test conditions with pre-defined test case package defined according to O-RAN 
Alliance TIFG end-to-end test specification
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Software and Hardware Components
The PBM solution includes Keysight’s Nemo 5G Device Analytics SW for test plan 

execution, analysis and reporting, Nemo Outdoor or Nemo Handy for device control and 

diagnostics, and a wide range of test cases to create an automated test environment. 

Figure 1. PBM test setup for device benchmarking
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UE Power Consumption Measurements with Commercial 
Devices
When using a mobile phone, the power consumption and battery drainage experienced 

by end-users affect their willingness to change mobile operators. Today’s customers have 

a vast set of different needs for their mobile networks (e.g. e-gaming, video conferencing, 

and social media) many of which are especially data-heavy and drain device batteries fast.

Measuring mobile phone battery lifetime is crucial for optimizing network configurations 

(such as APN) and minimizing power consumption, which in turn contributes to longer 

battery lifetime and increased customer satisfaction. To ensure optimal performance, 

mobile operators, chipset vendors, and device providers need to measure power 

consumption and battery lifetime. It is also good to know how mobile phone power 

consumption is affected by network software and hardware upgrades.

With insights provided by PBM, the battery lifetime of mobile devices can be increased 

by over 20% compared to the current power consumption of 5G devices. This can be 

achieved by optimizing network parameters, such as discontinuous reception (DRX) and 

inactivity timers. DRX idle mode timers have a big impact on the energy consumption of 

the terminal and on the duration of the battery. 
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Power consumption measurements with PBM

• No disturbance on battery and power consumption characteristics - Measure the 
power consumption performance of commercial 5G Android-based devices without 
cabling or device customization.

• Mimics the end-user behavior - Measure the quality of the 5G network by replicating 
user traffic profiles in a repeatable way, and compare the results between test runs. 

• Easy to use - Install the software directly on the 5G devices using a commercial 
firmware.

• Relevant metrics - Collect device metrics such as APN, battery temperature, charge, 
current, and voltage to calculate power consumption in addition to LTE and 5G SA/
NSA metrics, such as serving technology, cell ID, signal strength, and quality.

• Extensive reporting - Run customized reports and executive summaries, and perform 
troubleshooting based on the information collected.
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GUI Main Features
The versatile graphical user interface of the solution makes performance benchmarking 

intuitive and efficient. The flexible and user-friendly UI allows users with different levels 

of experience to have an easy and smooth access to the powerful benchmarking 

capabilities.

Test Manager

With the powerful Test Manager tool in Nemo 5G Device Analytics, you can design and 

execute end-to-end test campaigns that provide off-the-shelf functionality for many 

scenarios. With the Test Manager, you define the test cases, network settings, and 

the scoring methods. The test reports contain multiple functional KPIs measured over 

various challenging channel conditions to represent overall device performance and field 

readiness.

Figure 2. Test Manager for designing and executing end-to-end test campaigns
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Predefined and custom scoring methods

In addition to test cases, the PBM solution offers predefined scoring methods. The 

test cases and the corresponding scoring methods set an industry-first standard for 

performance benchmarking. In addition to using the predefined scoring methods, you 

can create custom scoring and ranking methods to address specific test scenarios and 

benchmarking needs.

Figure 3. Defining scoring methods in Nemo 5G Device Analytics SW
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Results view with historical progress

The Results view in Nemo 5G Device Analytics provides a convenient way to follow the 

historical progress and trends of device and network scores based on used scoring 

methods. From the view, you can directly start benchmarking the results between the 

different runs and proceed with in-depth troubleshooting. 

Figure 4. Results view in Nemo 5G Device Analytics SW

When tests are run with multiple phones in a live network, the network score shows 

an aggregated score for all devices in the test setup in addition to individual scores for 

each device.
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Figure 5. Benchmarking report from Nemo 5G Device Analytics SW

The Results view provides an automatically generated benchmarking report over each 

executed device for direct access.
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Figure 6. Benchmarking view from Nemo 5G Device Analytics SW

Detailed benchmarking analytics

With the PBM solution, you can objectively benchmark and compare data from DUTs 

and base stations with one tool. The solution offers a comprehensive benchmarking 

view with KPI drilldown capabilities to compare devices and base station software 

builds. With the Time Offset tool, you can overlay measurements from different devices 

tested at different times for easy comparison.
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Test Cases
Performance Benchmarking Solution for Lab Networks offers predefined test cases and 

scoring methods for benchmarking devices and base stations in a lab. The test cases 

automate the benchmarking process, improve quality, and speed up testing. Following 

test case packages will be available:

• Sample test case package

 - Ping latency sample test case

 - Voice call accessibility sample test case

• Data performance test case package

 - 1.1.1 Ping latency

 - 1.1.2 TWAMP latency

 - 1.2.1 FTP throughput DL

 - 1.2.2 FTP throughput UL

 - 1.2.3 FTP accessibility DL

 - 1.2.4 FTP accessibility UL

 - 1.2.5 FTP throughput - simultaneous DL UL

 - 1.3.1 HTTP throughput DL

 - 1.3.2 HTTP throughput UL

 - 1.3.3 HTTP accessibility DL

 - 1.3.4 HTTP accessibility UL

 - 1.3.5 HTTP throughput - simultaneous DL UL

 - 1.4.1 Iperf test TCP DL

 - 1.4.2 Iperf test TCP UL

 - 1.4.3 Iperf test UDP DL

 - 1.4.4 Iperf test UDP UL

 - 1.5.1 Browsing accessibility

 - 1.5.2 Browsing sustainability

 - 1.6.1 LTE-5G NSA-SA UE attach after reboot

 - 1.6.2 Network registration and data accessibility performance

• VoIMS performance test package

 - 2.1.1 Voice call accessibility M2M

 - 2.1.2 Voice call sustainability M2M

 - 2.1.3 Voice call M2M - Simultaneous Data

 - 2.1.4 Voice call M2M matrix - 2x2

 - 2.1.5 Voice call M2M matrix - 4x4
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 - 2.2.1 Voice call accessibility M2M - VQ

 - 2.2.2 Voice call sustainability M2M - VQ

 - 2.2.3 Voice call M2M - Simultaneous Data - VQ

 - 2.2.4 Voice call M2M matrix - 2x2 - VQ

 - 2.2.5 Voice call M2M matrix - 4x4 - VQ

• OTT application test case package

 - 3.1.1 YouTube streaming accessibility

 - 3.1.2 YouTube streaming sustainability

 - 3.1.3 YouTube streaming PEVQ-s Video Quality

 - 3.2.1 WhatsApp call accessibility

 - 3.2.2 WhatsApp call sustainability

• O-RAN TIFG end-to-end test case package

 - 4.1 LTE-5G NSA attach and detach of single UE

 - 4.2 LTE-5G NSA attach and detach of multiple UEs

 - 4.3 5G SA attach and detach of single UE

 - 4.4 Intra-O-DU mobility

 - 4.5 Inter-O-DU mobility

 - 4.6 Inter-O-CU mobility

 - 4.9 Idle mode Intra-O-DU mobility

 - 4.10 Idle mode Inter-O-DU mobility

 - 4.11 Idle mode Inter-O-CU mobility

 - 4.12 5G/4G Inter-RAT Mobility - 5G to LTE handover

 - 4.13 5G/4G Inter-RAT Mobility - LTE to 5G handover

 - 5.2 Downlink peak throughput - TCP/UDP

 - 5.3 Uplink peak throughput - TCP/UDP

 - 6.1.1 Web browsing

 - 6.1.2 File upload – download test

 - 6.2.1 Video streaming – stationary test

 - 6.2.2 Video streaming – Handover between same master eNB but different 
O-RUs - Intra O-DU

 - 6.2.3 Video streaming – Handover between same MeNB but different O-DUs - 
Inter O-DU Intra O-CU

 - 6.2.4 Video streaming – Handover between same MeNB but different O-CUs - 
Inter O-CU

 - 6.2.5 Video Streaming – Handover between different MeNB while staying 
connected to same SgNB
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 - 6.3.1 VoLTE stationary test

 - 6.3.3 Voice service – LTE and NR handover tests

 - 6.4.1 EPS fallback test

 - 6.5.1 Voice over NR test

 - 6.5.2 VoNR – intra-distributed unit (O-DU) handover

 - 6.5.3 VoNR – intra-central unit (O-CU) inter-distributed unit (O-DU) handover

 - 6.5.4 VoNR – inter-central unit (O-CU) handover

 - 6.6.1 ViLTE stationary test

 - 6.6.3 ViLTE – LTE to NR handover test

 - 6.7.1 Video service – EPS fallback testing

 - 6.8.1 Video over NR – stationary testing

 - 6.8.2 Video over NR – intra-distributed unit (DU) handover

 - 6.8.3 Video over NR – intra-central unit (CU) inter-distributed unit (DU) 
handover

 - 6.8.4 Video over NR – intra-central unit (CU) handover

The solution also enables users to define their own test cases with customized 

scoring methods.


