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W H I T E  P A P E R

Five Strategies to Accelerate 5G 
Device Development
As the industry transitions to 5G New Radio (NR), changes in wireless communications 

standards introduce many new risks in product performance and time to market. 

The new physical layer standards define a flexible air interface to support the many 

different use cases expected in 5G. Devices like smartphones, tablets, laptops, and 

wearables will need to operate in new spectrum and with new technologies. At the 

same time, the pressure to get to market quickly has never been more intense.

Designing and implementing 5G devices in new millimeter-wave (mmWave) 

operating bands (24.25 to 52.6 GHz — also known as frequency range 2 or FR2) 

presents substantial challenges. New technologies and evolving standards increase 

design complexity. Here are five strategies to help you address these challenges 

and get your designs to market faster.
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1. Stay current with 5G standards and emerging technologies

3GPP has taken great pains to ensure that Release 15 is forward-compatible with future 

releases. Release 15, which represents phase 1 of the 5G rollout, focuses on setting 

the foundation for enhanced mobile broadband (eMBB) and ultra-reliable, low latency 

communications (URLLC) use cases. Phase 2 will continue the evolution of 5G NR with 

more optimization and support for new use cases beginning with 5G NR Release 16 in 2020. 

Each release of the 5G standard introduces new capabilities that require new 

technologies. For example, mmWave operating bands in FR2 will require new multi-element 

antenna arrays configured with beam steering to overcome signal propagation issues at 

higher frequencies. New initial access procedures and beam tracking, beam refinement, 

and handover procedures will require new test methods.

As standards evolve, it is critical to regularly update 5G NR test software to ensure that 

it includes capabilities to test with all the latest standards. Regularly updating your test 

software minimizes the risk of parallel development, reduces costly rework, and ensures 

that designs meet evolving 5G NR requirements.

2. Incorporate simulation into your workflow

5G mmWave designs will use new beam steering and beamforming techniques to

overcome signal propagation issues at mmWave frequencies. Emerging beamforming 

techniques like hybrid beamforming offer the advantage of fewer RF chains than

previously used by analog beamforming. However, hybrid beamforming requires 

additional validation.

It is generally faster and more efficient to test new designs through simulation before 

developing hardware. Simulation enables early characterization of performance at the 

component level, circuit level, board level, device level, and even at the system level.

• With the multi-gigabit digital interfaces expected in 5G, design and simulation tools 
that evaluate signal and power integrity will help PC board designers evaluate the 
digital domain and ensure compliant designs.

• S-parameter and X-parameter simulations can help identify design issues in 
components before resources are dedicated to hardware prototypes. Engineers use 
S-parameter simulations to identify issues in linear components like phase shifters 
or attenuators, and large-signal X-parameter simulations to understand issues 
in non-linear designs. Evaluating a design’s performance through simulation can 
identify performance issues such as spurious intermodulation signals that can cause 
interference with nearby antennas.

• System-level simulation provides a way to evaluate, modify, and reevaluate circuit 
and system parameters. For example, changing a circuit design parameter, such as 
the impedance at an antenna’s inputs, enables quick evaluation of a simulated 3D 
antenna beam pattern.
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Understanding how a design will work when connected to the wireless communication 

link helps identify system-level performance issues early in the design cycle. Achieving 

this understanding involves integrating complex algorithms — such as parameters for 

channel models and next-generation gNodeB (gNB) antenna patterns — into the 

simulation model to determine the impact of system-level performance under different 

link scenarios.

Figure 1: 3GPP timeline for 5G NR releases
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Figure 2: System-level tools such as PathWave System Design (SystemVue) Link Level 
Simulation help designers quickly iterate and validate designs before moving to hardware
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Once a design is ready to move to hardware, test engineers can leverage the design 

parameters from the RF design and simulation tools and use them for validating

hardware performance. If issues surface as the design moves through the workflow, test 

engineers can use the simulation data for troubleshooting and root cause analysis.

Design and simulation software enables product designers to optimize their designs and 

ensure device performance. Ultimately, adding simulation into the workflow reduces

development time and identifies issues that could be costly to fix later in the design cycle.

3. Validate designs to work across the 5G wireless ecosystem

5G NR network operators rely on chipsets, components, devices, towers, antenna

arrays, transmission lines, and network software to produce a good quality of service 

(QoS) for the consumer. Wireless chipsets and components are the building blocks of 

devices that need to connect to the network infrastructure and need to support the 

many different levels of services expected in 5G, including:

• higher data rates to support eMBB use cases like UHD streaming

• latency and reliability improvements to support URLLC for mission-critical 
applications like remote, real-time surgery

• power consumption improvements and low data rates to support massive machine-
type communications for the next generation of the Internet of Things

Figure 3: 5G New Radio must work across the wireless ecosystem
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Chipsets need to manage the radio interface and the protocol layers, including 

frequency and channel selection, time-slot coordination, power control, and 

handovers between cells. Identifying design issues early in the development cycle 

ensures that chipsets will perform the required tasks at each layer without any 

degradation in the QoS.

Chipsets and devices need validation on the radio access network (RAN) to ensure 

they can perform under the many different use case scenarios in 5G. Since there is 

no 5G NR infrastructure in place for device testing yet, test engineers will need to 

validate their devices in a lab under controlled environmental conditions. In the lab, 

using sophisticated test equipment, engineers test the device in different network 

scenarios to identify and resolve issues. For example, a network emulator can 

provide protocol messages with specific numerologies and frame structures to test 

the key performance indicators and validate the performance quality of the device 

before commercial deployment. An anechoic chamber with probing and over-the-air 

(OTA) test capabilities facilitates the testing of the radiated signals in a spatial setting.

Device battery performance can be a source of consumer frustration when there is 

excessive power consumption due to poor component design. Therefore, it is vital 

to test the device battery power consumption under various operating conditions 

and use scenarios in a lab environment. Designers using a network emulator that 

simulates real-world network commands can evaluate battery consumption under 

different conditions and can identify issues early in the design phase.

Network emulation tools help identify issues early in the design phase and can validate 

that designs meet expected performance and quality of service once integrated into a 

final product.

4. Test early, test often

Before release into the market, all 5G devices and gNBs must meet a minimum 

level of performance. 3GPP conformance tests define what and how to measure 

for compliance against the core specifications. Early in development, it is especially 

important to verify device performance under different conditions. If a device fails its 

conformance test, it goes back to the design phase, which significantly increases 

development costs and increases the risk of missing the market window.
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Network operators require that devices undergo acceptance tests to determine whether 

they have adequate performance for their wireless networks. Operators will stress test 

the device or user equipment (UE) under many different use case scenarios to ensure it 

meets key performance metrics like high data throughput, reliability, and low latency.

5G devices will access multiple different radio access technologies (RATs), including 

5G NR, 4G LTE, and Wi-Fi. Operators need to evaluate real-world performance and 

handovers between radio networks. This real-world evaluation is known as the inter-RAT 

handover test.

An additional complication of 5G NR are the two frequency ranges — frequency range 1 

(FR1) from 410 MHz to 7.125 GHz and FR2 from 24.25 to 52.6 GHz. In 5G NR, many of 

the FR1 low-frequency tests are similar to 4G LTE tests. However, the use of mmWave 

multi-element antenna arrays integrated into radio frequency integrated circuits (RFICs) 

requires OTA testing to validate beam steering in UEs and gNBs. It is important to 

validate designs using OTA test methods approved by 3GPP. 5G NR conformance 

standards remain incomplete and will be phased in over time. Bringing devices to 

market without thoroughly testing RF performance, demodulation, radio resource 

management (RRM), and protocol signaling can result in a non-compliant product.

Figure 4: The development to deployment workflow requires testing new devices at multiple stages
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It is important to have an end-to-end measurement solution that can test parameters 

early in development and provide testing to ensure successful pre-conformance,

conformance, and device acceptance testing under real-world conditions. The test 

solution must include fading and interference and incorporate 3GPP-approved OTA test 

requirements and methodologies.

To save time and money during the development process, start testing during the

design phase using reliable, accurate test equipment and proven test methodologies.

Identify and resolve issues early to eliminate the need for expensive rework and time-to-

market delays.

5. Learn from the market leaders

Market leaders are working with standards committees and test vendors to develop and 

validate new 5G technologies. Many different test cases are needed to support a broad 

range of capabilities, from very low to very high data rates, low latency, high reliability,

and power-saving scenarios. From evaluating mmWave signal quality to validating

throughput on a RAN, the 5G market leaders in the telecom industry — AT&T, Verizon, 

T-Mobile, China Mobile, NTT DoCoMo, SoftBank, Korea Telecom, Deutsche Telekom, 

Telefónica, KDDI, and Orange — are investing heavily in the commercialization of 5G.

At the core of 5G NR is the modem chipset. For example, Qualcomm’s industry-first 

Snapdragon™ X50 5G modem chipset. Qualcomm needed to optimize its chipset 

performance without commercial networks or proven standards. New features and 

technologies — including new numerologies, beam management, mmWave operating 

bands, larger channel bandwidths, and new multi-channel transmission techniques 

— introduced many new challenges. Partnering with Keysight, Qualcomm was able to 

successfully emulate a 5G network and optimize the chipset performance in a mmWave 

OTA test scenario. As 5G moved toward commercialization, Qualcomm was able to 

provide OEM and operator partners with the confidence that the 5G chipset would 

achieve the high data rates expected on a 5G RAN.

Figure 5: Modern smartphone with highly integrated antennas
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To prepare for deployment of 5G devices, device makers like Samsung had to use 

OTA test methods to test them in a range of mmWave use cases. They collaborated 

with Keysight to enable early 5G development and testing to support interoperability in 

the 5G ecosystem.

Service providers also need to validate 5G NR performance on new RANs. 

Demonstrating line-of-sight (LOS) and non-line-of-sight (NLOS) communication links 

at mmWave frequencies with wider bandwidths is a key challenge. Using a 5G field 

measurement solution, service providers measure and verify mmWave operating 

bands with real-world reflections. They measure penetration loss for indoor and 

outdoor scenarios and take their measurement results back to the lab for further 

analysis and reporting.

You don’t have to face these difficult challenges on your own. Engage with a test partner 

who works with leaders across the wireless ecosystem to benefit from their experience. 

Your test partner can help you select a 5G NR solution with the most current standard 

so that you can accelerate your time to market.

Conclusion
New spectrum and technologies introduced with 5G NR require you to think differently 

about how you design and test devices. New technologies introduce new test

challenges in processing and validating higher frequencies with wider bandwidths,

MIMO and beam steering performance, and new numerologies to support the many

different use cases in 5G NR. Using the five strategies outlined in this white paper, you 

can accelerate your device designs and get your products to market faster

Visit the Keysight 5G NR Resource Center to stay up-to-date on emerging standards, 

techniques, and best practices. Download tutorials, application notes, case studies, 

and more.
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