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Fifth Generation: 5G
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Mobile has made a leap every ~10 years

Mobile broadband and 
emerging expansion

Mobile voice 
communication

Focus shifts
to mobile data

Efficient voice to 
reach billions

A unified future-proof 
platform

1990s
Digital voice
D-AMPS, GSM,

IS-95 (CDMA)

2000s
Wireless Internet

CDMA2000/EV-DO

WCDMA/HSPA+,

1980s
Analog voice

AMPS, NMT,

TACS 

2010s
Mobile broadband

LTE, LTE Advanced,

Gigabit LTE

2020s
Wireless Edge

5G New Radio

(NR) 

62

5G massive IoT

Private networks

5G NR C-V2X, 
smart transportation

Industrial IoT 
with eURLLC

Sub-6 GHz evolution, 
new use case

Shared / 
unlicensed spectrum 

mmWave evolution, 
indoor, enterprises

New device classes 
like boundless XR

5G broadcast Future verticals, 
services, devices

Fixed wireless
access

Smartphones

Laptops

Our technology inventions drove

the 5G foundation

Automotive

New device classes 
like tethered XR

Rel.15
eMBB expansion

Driving the 5G
expansion

Rel.16-17

3

Delivering
on the 5G vision
Where virtually everyone and everything is intelligently connected



5G Technologies

A. Opinto 16th Dec. 2020 3 / 10

1313

Scalable OFDM 
numerology
Low latency, URLLC,
forward compatibility

Self-contained
slot structure

Address diverse services,
spectrum, deployments

Multi-Edge LDPC and   
CRC-Aided Polar

Support large data blocks,
reliable control channel

Reciprocity-based
MU-MIMO

Large # of antennas to increase 
coverage/capacity

Beamforming
and beam-tracking

For extreme capacity
and throughput

Our technology inventions drove 5G Rel-15 specifications

Early R&D investments Fundamental contributions to 3GPPCutting-edge prototypes

Flexible slot-based
framework

Scalable OFDM-based
air interface

Advanced 
channel coding

Massive 
MIMO

Mobile
mmWave
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Scalable OFDM-based 5G NR air interface

3GPP Rel-15 specifications aligned with Qualcomm 
Research whitepaper published Nov 2015 [link]

Qualcomm Research is a division of Qualcomm Technologies, Inc.

1. Such as Weighted Overlap Add (WOLA) utilized in LTE systems today. 2. DFT-Spread (DFT-S) OFDM. 3. Such as non-orthogonal Resource Spread Multiple Access (RSMA) 

2n scaling of sub-

carrier spacing 

to efficiently support 

wider bandwidths

Windowing1 can 

effectively minimize 

in-band and out-of-

band emissions

Single-carrier2

OFDM utilized for 

efficient uplink 

transmissions

Can co-exist 

with optimized 

waveforms and 

multiple access 

for IoT UL3

Time

Frequency

Frequency 
localization

Lower power 
consumption

Asynchronous 
multiple access

Scalable 
numerology 



Massive MIMO

27

Faster, more uniform data 
rates throughout cell

5G NR massive 
MIMO increases 
coverage & 
capacity

Assumptions: carrier frequency 4GHz; 200m ISD, 200MHz total bandwidth; 

base station: 256 antenna elements (x-pol), 48dBm Tx power; UE: 4 Tx/Rx 

antenna elements, 23dBm max. Tx power; full buffer traffic model, 80% indoor 

and 20% outdoor UEs.

3.8x

2.9x

4x4 MIMO

5G NR 

Massive 

MIMO

5G NR 

Massive 

MIMO

4x4 MIMO

52 Mbps

195 Mbps

27 Mbps

79 Mbps

Median Burst Rate Cell-edge Burst Rate

M. Martalò, A. Opinto, M. Maso, M. Debbah and R. Raheli, “Low-Complexity Channel Estimation in OFDM MU-MIMO Next
Generation Cellular Networks”, 2018 IEEE 29th Annual International Symposium on Personal, Indoor and Mobile Radio
Communications (PIMRC), Sep. 2018.
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mmWave for Communications

T, S. Rappaport, S. Suni, R. Mayzus, H. Zha, Y. Azar, K. Wang, G. N. Wong, J. K. Schulz, M. Samimi and F. Gutierrez,
Millimeter Wave Mobile Communications for 5G Cellular: It Will Work!, IEEE Access, pp. 335 — 349, 2013.
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New frontier of mobile broadband — mobilizing mmWave

Sub-6 GHz
(e.g., 3.5 GHz)

6 GHz 24 GHz 100 GHz

Much more capacity
With dense spatial reuse

Multi-Gbps data rates
With large bandwidths (100s of MHz)

Vast amount of bandwidth that is ~25x more than what’s being used for 3G/4G today

Millimeter wave (mmWave)
(e.g., 24.25-27.5 GHz, 27.5-29.5 GHz)

Lower latency
Bringing new opportunities

3535

Mobilizing mmWave with 5G NR technologies
Deploying a dense mmWave network with spatial reuse — ~150 – 200m ISD

Supporting 

seamless mobility

Delivering robust 

NLOS connectivity

Complementing 

macro area coverage

Tight integration with 

sub-6 macro network 

(LTE or 5G NR)

Directional antennas with 

adaptable 3D beamforming 

and beam tracking

Fast beam steering and switching 

within and across access points

Multipath signal 

propagation with 

reflections

Device antenna diversity 

and dual connectivity
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Active Noise Cancellation

Active Noise Cancellation (ANC) idea

Mitigate undesired noise by emitting another noise of equal amplitude but opposite
phase;

Residual noise reduced by the superposition principle.
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n

disturbance
signal

d[n]

anti-noise
signal y′[n]

error
signal

e[n]

Ingredients

Monitoring microphone;

Loudspeaker for anti-noise emission;

Digital Signal Processor (DSP).



ANC Applications

Home & Entertainment;

Industry;

Transportation;

Automotive.

A. Opinto 16th Dec. 2020 7 / 10



ANC in Automotive

FeedForward ANC System

FeedBack ANC System

Virtual Error Microphone ANC System

Hybrid ANC System
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Simplified ANC Example
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Adaptive	FilterAdaptive	Filter

Sound	Pressure	Level	(SPL)Sound	Pressure	Level	(SPL)

ListeningListening

In

Num
Out

num(z)

1

[error]

[error]

[error]

[input]

[input]

disturbance	noise

error	signal

StepSize

weight

ANC
Algorithm

Out1

Disturbance	Noise

In1 ANC	OFF

ANC	OFF

In1 ANC	ON

ANC	ON

In1

In2

Out1

Out2

Slow	AdaptionSlow	Adaption

Fast	AdaptionFast	Adaption

d[n]: Noise to be canceled

y′[n]: Anti-noise y′[n] =
L−1∑
i=0

d[n− i]w[i]

e[n]: Residual error e[n] = d[n]− y′[n]
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Conclusions

Main Thesis Activities

Channel estimation in 5G massive MIMO systems;

Design of communication systems in mmWave;

Non-Orthogonal Multiple Access (NOMA) for distributed wireless networks;

Audio signal processing algorithms for automotive applications.
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