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Q&A

Please fill the session-related questions into the 

Q&A sheet in your registration kit and hand over the 

sheet to our promoters
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• 5G requirements and use cases

• Key 5G physical layer features

• Physical layer simulation with 5G Toolbox

Introduction to 5G Physical Layer
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5G Use Cases and Requirements

▪ eMBB (enhanced Mobile Broadband)

– High data rates

▪ mMTC (massive Machine Type Communications)

– Large number of connections

▪ URLLC (Ultra-Reliable and Low Latency 

Communications)

– Low latency

sensor

network

actuator
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5G vs LTE: Main Physical Layer Differences

LTE 5G

Use cases Mobile broadband access (MTC later) More use cases: eMBB, mMTC, URLLC

Latency ~10 ms <1 ms

Band FR1 (< 6 GHz) FR1 (<6 GHz), FR2 (23-53 GHz)

Bandwidth Up to 20 MHz
Up to 100 MHz below 6 GHz

Up to 400 MHz above 6 GHz

Subcarrier spacing Fixed Variable

Freq allocation UEs need to decode the whole BW Use of bandwidth parts

“Always-on” 

signals
Cell specific RS, PSS,SSS, PBCH

Reduced always-on signals, the only 

one is the SS block
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• Waveforms

• Resource elements and blocks

• Frame structure

• Variable subcarrier spacing

• Bandwidth parts

5G Waveforms, Frame Structure and Numerology
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Waveforms

▪ OFDM with cyclic prefix: CP-OFDM

▪ Increased spectral efficiency with respect to LTE, i.e. no 90% bandwidth 

occupancy limitation

▪ Need to control spectral leakage:

– F-OFDM

– Windowing

– WOLA
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Resource Elements and Resource Blocks

Resource block: 12 subcarriers 

(frequency domain only, no time duration (*))

Resource element: smallest physical resource
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(*) unlike LTE: 1 RB = 12-by-7
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Frame Structure

▪ 10ms frames

▪ 10 subframes per frame

▪ Variable number of slots per subframe

▪ 14 OFDM symbols per slot (normal CP)

▪ Variable number of OFDM symbols per subframe (different from LTE)

frame: 10 ms
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Variable Subcarrier Spacing

Slot configuration 0

Subcarrier spacing (kHz) 15 30 60 120 240

Symbol duration (no CP) (μs) 66.7 33.3 16.6 8.33 4.17

Nominal max BW (MHz) 49.5 99 198 396 397.4

Min scheduling interval (ms) 1 0.5 0.25 0.125 0.0625

• Subcarrier spacing can be a power-of-two multiple of 15kHz

• Waveforms can contain a mix of subcarrier spacings 

• This flexibility is required to support different services (eMBB, mMTC, URLLC) and to 

meet short latency requirements

• Increased subcarrier spacing can also help operation in mmWave frequencies
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Slots and OFDM Symbols (Normal CP)

Subcarrier spacing (kHz) Symbols/slot Slots/frame Slots/subframe

15 14 10 1

30 14 20 2

60 14 40 4

120 14 80 8

240 14 160 16

15 kHz

30 kHz

60 kHz

slot: 1 ms

slot: 0.5 ms

slot: 0.25 ms

subframe



12

Bandwidth Parts (BWP)

▪ Carrier bandwidth divided into BWPs

▪ A BWP is characterized by

– Subcarrier spacing

– Cyclic prefix

▪ Addresses the following issues:

– Some devices may not be able to receive 

the full BW

– Bandwidth adaptation: reduce energy 

consumption when only narrow bandwidth is required

BWP

30 kHz SCS, 

normal CP

BWP

15 kHz SCS, 

normal CP
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Bandwidth Parts (BWP)

▪ A UE can be configured with up to 4 bandwidth parts

▪ Only one bandwidth part is active at a time

▪ UE is not expected to receive data outside of active bandwidth part 
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NR Processing Subsystems

▪ LPDC & polar coding

▪ CRC, segmentation, rate matching

▪ Scrambling, modulation, precoding

NR Downlink and Uplink 

Channels and Physical Signals

▪ Synchronization & broadcast signals

▪ DL-SCH & PDSCH channels

▪ DCI & PDCCH channels

▪ UCI, PUSCH, and PUCCH channels

MIMO Propagation channels

▪ TDL & CDL channel models

5G Toolbox – PHY Layer Functions

Downlink

Uplink
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5G Toolbox applications & use-cases

End-to-end link-level simulation

▪ Transmitter, channel model, and receiver 

▪ Analyze bit error rate (BER), and throughput

Waveform generation and analysis

▪ Parameterizable waveforms with New Radio 

(NR) subcarrier spacings and frame 

numerologies

Golden reference design verification

▪ Customizable and editable algorithms as golden 

reference for implementation
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5G waveform generation

Power levels have been modified to improve visualization

• 5G Toolbox supports downlink & uplink waveform generation

• Generated waveforms feature:

• mixed numerology

• multiple bandwidth parts

• multiple PDSCHs / PUSCHs

• multiple PDCCHs / PUCCHs

• fully parameterizable SS bursts

• multiple CORESETS and 

search spaces
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5G NR Downlink Carrier Waveform Generation 
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Key Reference Application Examples 

▪ NR Synchronization Procedures

▪ Downlink:

– NR PDSCH BLER and 

Throughput Simulation

– NR Downlink Waveform Generation

▪ Uplink:

– NR PUSCH BLER and

Throughput Simulation

– NR Uplink Waveform Generation
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5G Toolbox has open customizable algorithms

▪ All functions are open, 

editable, customizable 

MATLAB code

▪ C/C++ code generation:

Supported with MATLAB Coder
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Over-the-Air Testing with SDR and RF Instruments

Zynq SDR

RF Signal Generator Spectrum Analyzer

Ettus USRP SDR

RTL-SDR Pluto SDR

Demo Station: 

Design and Prototype Wireless Systems
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▪ Learn more about RF and antenna arrays

Call to Action
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5G Customer Successes

Qualcomm (UK)

Convida (USA)

Customer Value

➢ Efficient IP development

➢ Small teams can do more 

and work faster

➢ Use MATLAB code and 

Simulink models throughout 

the development process 

➢ Unify R&D, test, and 

hardware development

Huawei (China)

Nokia (Finland)

Available on the 5G Technology web page 

https://www.mathworks.com/solutions/wireless-communications/5g.html
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How to learn more

▪ Go to 5G Toolbox product page

www.mathworks.com/products/5g

5G Development with MATLAB (ebook)

▪ Watch Videos & Webinars

5G: Model, Simulate, Design, and Test 5G Systems with MATLAB

Waveform Generation and Testing with SDR and RF instruments 

http://www.mathworks.com/products/5g
https://www.mathworks.com/campaigns/products/offer/5g-technology-ebook.html
https://in.mathworks.com/videos/5g-model-simulate-design-and-test-5g-systems-with-matlab-1538401305240.html
http://in.mathworks.com/videos/waveform-generation-and-testing-with-software-defined-radios-sdr-and-rf-instruments-100661.html
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Email: tkhan@mathworks.in

LinkedIn: https://www.linkedin.com/in/tabrez-khan-8756615a/

mailto:tkhan@mathworks.in
https://www.linkedin.com/in/tabrez-khan-8756615a/


25

Thank You


