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Agenda

- The 5G Landscape
= Designing 5G Systems
— Generating waveforms
— Designing baseband algorithms
— Propagation channels and interference
— Antennas and antenna arrays
— Beamforming
— RF impairments

= Summary
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5G Vision and Use Cases

Not just mobile phones To do all of this, 5G will require:

— New physical layer architecture

— New radio (RF) architecture

— New network architecture

— New design and testing approaches
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Standardization Efforts
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Addressing Wireless Engineering Challenges

Baseband DSP development

Standard compliance « DSP challenges due to large bandwidths Antenna array design and evaluation
« Generate all * Is my implementation correct? - Element coupling

physical channels » How can | evaluate link performance with my - Edge effe_cts

and signals algorithm? * Imperfections

Generate
baseband . Baseband

waveform ) precoding

Baseband

combining

-
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Explore beamforming trade-offs
» Baseband, analog or hybrid

Investigate the impact of RF impairments

beamforming? Chanr!el and Interf.erence . Frequ_ency_ glependency
« Simulate capabilities and limitations - heluels B SiEr e * Non-linearities
- 3D propagation channel « Mismatches and coupling

» Analog/Digital/RF components trade-off
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Testimony

“‘We need a multidomain platform for simulation, rapid prototyping, and
iterative verification from the behavior model to testbed prototyping to the
iIndustrial product.

MATLAB and Simulink are helping us to achieve these goals.”

- Kevin Law, director of algorithm architecture and design, Huawei -

Can you tell us more about how MATLAB and Simulink are helping you?

These two platforms play an important role in our innovation areas like 5G, optical communication, and
wireless terminals. The tools give us top-down Model-Based Design, a product ecosystem that covers mul-

tiple domains, and code generation and iterative verification.

https://www.mathworks.com/content/dam/mathworks/tag-team/Objects/h/80861v00 Huawei OA.pdf



https://www.mathworks.com/content/dam/mathworks/tag-team/Objects/h/80861v00_Huawei_QA.pdf
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Standard-Compliant Waveforms

Ngr

Standard compliance
» Generate all physical channels and signals
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= Full custom and off-the-shelf waveforms
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Standard-Compliant Waveforms
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Baseband DSP Development
Baseband DSP development
« DSP challenges due to large bandwidths / W “
* |s my implementation correct?
 How can | evaluate link performance with my
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Baseband DSP Development
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Systema!lic Bits Paritr Bits ] Additional Iiarity Bits

- LDPC code for user data channels

— Flexible for all block sizes

— Memoryless Block Coding
- Polar codes for control channels

— Capacity achieving as opposed to just capacity approaching.

— CRC-aided Successive Cancellation List Decoding (CA-SCL)

— Downlink and uplink control information (DCI/UCI) and PBCH
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Channel and Interference

Channel and Interference

« Multiple UEs/Stations
« 3D propagation channel

= Interference
— Multiple standards: LTE/WLAN
— Multi-cell / Multiple UEs

= Propagation channels
~ LTE
~ 5G
— Custom

LTE

WLAN

Ngr
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Channel and Interference

it View Insert

File Tools Desktop Window  Help
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L Channel - Doppler = 300 Hz Signal BW =72 MHz
o

+ 5G channel models TR 38.901: 0.5 - 100 GHz @ d M
= Control of: B

— Delay profile: TDL and CDL profiles: A, B, C, D, E or custom
— Channel delay spread

— Doppler shift

— MIMO correlation
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Antenna Array Design and Evaluation

Antenna array design and evaluation
» Element coupling

» Edge effects

* Imperfections

= Design custom elements

— Predefined or custom
shape

— Polarization support
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) Antenna Designer - elevation
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Antenna Array Design and Evaluation

= Advanced algorithms and imperfection mitigation
— For ULA, URA, conformal arrays
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Direction of Arrival

DOA Spatial Spectra
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Explore Beamforming Trade-Offs

Explore beamforming trade-offs

» Baseband, analog or hybrid beamforming? /u'w;

» Simulate capabilities and limitations
» Analog/Digital/RF components trade-off

= Generate steering vectors
= Place null in direction of interferer

Generate tx & rx
steering weights
for desired angle

Szwerw

|IEEE 802,11ad Link, MCS 7

llllll Comatwishiza
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Generate Apply Ax4
802.11ad 7—> X MIMO
packet 1 weights 4 channel

Apply
rX
weights

A 4

=

Demodulate
& decode
packet
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Explore Beamforming Trade-Offs

= Hybrid beamforming
— Phase resolution
— DAC/ADC resolution L T
— Trade-off performance, power dissipation,
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Investigate the Impact of RF Impairments

Investigate the impact of RF impairments
* Frequency dependency

* Non-linearities

» Mismatches and coupling
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Investigate the Impact of RF Impairments

= Non-linear amplifier with memory
= S-Parameters

O dictorti S
= Intermodulation distortion B g o
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Products of Interest

LTE System Toolbox

WLAN System Toolbox
Antenna Toolbox

Phased Array System Toolbox

RF Blockset

Communications System Toolbox




Addressing Wireless Engineering Challenges
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Resources — Links in PDF Document

= MATLAB and Simulink for 5G Technology Development
= Download the 5G Library
= Introduction to 5G Library (4:54 video)

« Evaluating 5G Waveforms Over 3D Propagation Channels with the 5G
Library (white paper)

- Wireless Suite (US only): package set of 10 wireless products

= Hybrid Beamforming for Massive MIMO Phased Array Systems (white
paper)

« LTE System Toolbox

« WLAN System Toolbox

21


https://www.mathworks.com/discovery/5g-wireless-technology.html
https://www.mathworks.com/matlabcentral/fileexchange/61585-5g-library-for-lte-system-toolbox
https://www.mathworks.com/videos/5g-library-1489690311309.html
https://www.mathworks.com/content/dam/mathworks/tag-team/Objects/w/93107v00_Wireless_App_Note_MW_5G_Library.pdf
https://www.mathworks.com/solutions/wireless-communications/wireless-communications-suite.html
http://www.mathworks.com/campaigns/products/offer/hybrid-beamforming-white-paper.html?s_tid=srchtitle
http://www.mathworks.com/lte
http://www.mathworks.com/wlan

Thank You!
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