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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) 
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Delivering
on the 5G vision
Where virtually everyone and everything is intelligently connected
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Diverse services Diverse deployments 

Mid-bands
1 GHz to 6 GHz 

High-bands
Above 24 GHz (mmWave)

Low-bands
Below 1 GHz

Massive Internet

of Things

Diverse spectrum 

5G NR is a unified, more capable air interface

Mission-critical

services

Enhanced mobile

broadband

5G
NR

Licensed/shared/unlicensed

Based on ITU vision for IMT-2020 compared to IMT-advanced; URLLC: Ultra Reliable Low Latency Communications; IAB: Integrated Access & Backhaul

10x
Connection 
density

3x
Spectrum
efficiency

10x
Decrease in
end-to-end latency

10x
Experienced 
throughput

100x
Traffic
capacity

100x
Network 
efficiency
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Monthly global mobile data traffic in 2024

~131B Gigabytes

In 2024, ~75% of mobile data traffic from 
multi-media creation & consumption

In 2024, 25% of mobile data traffic will be 
carried by 5G networks ð1.3x more than 
4G/3G/2G traffic today

5G will address the insatiable 
demand for mobile broadband

Over 60x growth in mobile data traffic 
from 2013 to 2024

Source: Ericsson Mobility Report June 2019
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ÅFiber-like data speeds
ÅLow latency for real-time interactivity
ÅMore consistent performance  
ÅMassive capacity for unlimited data

5G is essential for next 
generation mobile experiences

Augmented
reality

Connected cloud
computing

Connected
vehicle

Immersive 
experiences

High-speed                     
mobility

Rich user-generated
content

Mobilizing media
and entertainment

Congested                          
environments
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Efficient use of 
energy and utilities 

Digitized logistics
and retail

Private networks for logistics, 
enterprises, industrial,é

Sustainable smart cities
and infrastructure

Precision 
agriculture 

Reliable access
to remote healthcare 

Safer, autonomous 
transportation

Enabler to the factory 
of the future

$13.2 Trillion
Powering the digital economy

In goods and services by 2035
*

5G will expand the mobile
ecosystem to new industries

* The 5G Economy, an independent study from IHS Markit, Penn Schoen Berland  and Berkeley Research Group, commissioned by Qualcomm



Rel-15 commercialization Rel-16 commercialization Rel-17 commercialization

Delivering on 
the 5G vision

Continue expansion to new verticals, 
deployments, use cases, spectrum

Rel-161

Rel-18+ evolution

Rel-171

Future-proof 
platform

LTE essential part 
of the 5G platform

2018 20202019 20222021 2023+

Rel-15

Driving the 5G expansion

1. 3GPP start date indicates approval of study package (study item->work item->specifications), previous release continues beyond start of next release with functional freezes and ASN.1  

2020 eMBB expansion

ÅBeyond smartphone (PC, FWA, é)

ÅNew markets/regions

ÅNationwide coverage & SA migration

Longer term expansion

ÅIndustrial IoT, enterprise, automotive network

ÅPrivate networks

ÅUnlicensed spectrum

2019 eMBB

ÅGlobal smartphone 

launches

ÅFixed wireless access

NR
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North America

South Korea

United Kingdom

Spain

Germany

China

Australia

United Arab Emirates

Saudi Arabia

Kuwait

Italy

Finland

Switzerland
Romania

Qatar

Russia (soon)

Japan (soon)

Sub-6 + mmWave 

Sub-6

Comparison of Year 1 
announcements

4 Operators launched

3 OEMs launched

40+ Operators launching

40+ OEMs launching

Ireland

Bahrain

Philippines

South Africa

Monaco
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Askey

Inseego

Compal

Fibocom

Qualcomm Snapdragon is a product of Qualcomm Technologies, Inc. and/or its subsidiaries

LG 
V50 ThinQ

5G

Nubia
Mini 5G

Samsung
Galaxy 
S10 5G

Lenovo 
Z6 Pro 5G

Motorola 
moto z4/z3

+ 5G moto mod

OnePlus
7 Pro 5G

OPPO
Reno 5G

5G devices launched 
or in development

230+

Samsung 
Galaxy Fold

Xiaomi
Mi MIX 5G

Vivo
iQOO

5G Edition

ZTE
Axon 10 Pro

5G

Samsung 
A90 5G

Samsung 
Galaxy 

Note10+ 5G

Vivo
NEX 3 5G

Netgear

Nokia

Sierra

Wireless

SIMcom

Telit

Longsung

Quectel

WNC

ZTE

HTC

Netcomm

5G 
modules

Hotspots 
and CPEs

5G smartphones

Xiaomi
Mi 9 Pro 5G

Xiaomi
Mi MIX Alpha
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Our LTE advancements are essential to 5G 
Providing ubiquitous coverage and essential services that complement 5G NR

LTE IoT, private LTE network,
C-V2X are enabling new
mobile use cases today

Gigabit LTE is here now
and delivers a virtually seamless 

5G mobile experience

LTE Advanced Pro leadership
is essential to success

in the 5G Era

New 5G NR Sub-6 GHz,
and LTE coverage 

New 5G NR mmWave

Drone 
communications

Ubiquitous LTE

Gigabit LTE, VoLTE

nx1 Gigabit 5G

nx10 Gigabit 5G

Automotive 
(C-V2X)

Public safety /
Emergency 
services

Existing LTE 
deployments

Private LTE 
networks

LTE IoT

Gigabit LTE

Digital broadcast

VoLTE
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5G NR 
design and 
technologies
3GPP Release-15
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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 

https://www.qualcomm.com/documents/5g-research-waveform-and-multiple-access-techniques
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Scalable 5G NR OFDM numerologyðexamples 

Efficiently address 5G diverse spectrum, deployments and services 
Scaling reduces FFT processing complexity for wider bandwidths with reusable hardware

Outdoor macro coverage
e.g., FDD 700 MHz

Indoor wideband
e.g., unlicensed 6 GHz

mmWave
e.g., TDD 28 GHz

Outdoor macro and small cell
e.g., TDD 3-5 GHz

Sub-Carrier spacing, e.g. 15 kHz

Carrier bandwidth, e.g. 1, 5,10 and 20 MHz

Carrier bandwidth, e.g. 160MHz

Carrier bandwidth, e.g. 400MHz

Carrier bandwidth, e.g. 100 MHz

Sub-Carrier spacing, e.g. 30 kHz

Sub-Carrier spacing, e.g. 60 kHz

Sub-Carrier spacing, e.g. 120 kHz

2
n

scaling of Sub-Carrier 

Spacing (SCS)
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Global snapshot of allocated/targeted 5G spectrum
5G is being designed for diverse spectrum types/bands

Licensed

Unlicensed /shared

Existing band

New 5G band

600MHz (2x35MHz)

3.55-

3.7GHz

24.25-24.45GHz 

24.75-25.25GHz 

27.5-28.35GHz

700MHz (2x30 MHz) 3.4ï3.8GHz 24.5-27.5GHz

3.4ï3.8GHz 26GHz

3.4ï3.8GHz 26GHz

3.46ï3.8GHz 26GHz

3.6ï3.8GHz 

3.3ï3.6GHz 4.8ï5GHz 24.75-27.5GHz 37-42.5GHz

3.42ï

3.7GHz 

26.5-

28.9GHz

4.5ï4.9GHz 27-29.5GHz

3.4ï3.7GHz 39GHz

3.6ï4.1GHz

64-71GHz

37-37.6GHz 

37.6-40GHz 

47.2-48.2GHz

5.9ï6.4GHz 

5.9ï7.1GHz 

600MHz (2x35MHz)
26.5-27.5GHz

27.5-28.35GHz 64-71GHz

2.5/2.6GHz 

(B41/n41)

37-37.6GHz

37.6-40GHz

24.25-27.5GHz

26.5-27.5GHz

3.7-

4.2GHz

3.55-3.7 GHz

700MHz (2x30 MHz)

700MHz (2x30 MHz)

700MHz (2x30 MHz)

700MHz (2x30 MHz)

5GHz4GHz3GHz<1GHz 24-28GHz 37-40GHz 64-71GHz >95GHz

3.45-

3.55GHz

2.5/2.6GHz (B41/n41)

39-43.5GHz26.6-27GHz

700MHz

>95GHz

700MHz 3.3ï3.6GHz 
24.25-27.5GHz 

27.5-29.5GHz 37-43.5GHz

5.9ï7.1GHz 
3.4ï

3.42GHz 

3.7-

4.0GHz 
700/800MHz 37.5-38.7GHz2.3-2.39GHz

25.7-

26.5GHz

28.9-

29.5GHz
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Broadcast

Expanding 5G with the flexible slot-based framework
Efficiently multiplex envisioned and future 5G services on the same frequency

Blank subcarriers

Sidelink

Sidelink (Rel-17+),

e.g., for offloading

Enhanced mobile

broadband (Rel-15+)

5G NR

eMBB

Broadcast

Broadcast/

enTV (Rel-16+)

C-V2X

Cellular V2X ðnetwork

side (Rel-16+)

Dynamic spectrum 

sharing (Rel-15+)

LTE

5G NR eMBB in

LTE spectrum

LTE 5G NR

eMBB

Integrated access & 

backhaul (Rel-16+)

?

Unknown service 

not yet defined

NR-Light

NR-Light

(Rel-17+)

eMTC

NB-IoT

Massive IoT

(Rel-16+)

Wide-area mission-

critical (Rel-15/16+)

eMBB transmission

D
L

 C
tr

l U
L

 C
trl

Self-contained slot structure
Ability to independently decode slots and avoid 

static timing relationships across slots

URLLC
Nominal traffic puncturing
To enable URLCC transmissions

to occur at any time using mini-slots

Scalable slot duration
Efficient multiplexing of diverse 

latency and QoS requirements

Forward compatibility
Transmissions well-confined in freq/time 

to simplify adding new future features
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Scalable 5G NR slot duration for diverse latency/QoS

1. As low as two symbols per mini-slot; 2. Symbols across numerologies align at symbol boundaries and transmissions span an integer # of OFDM symbols 

14 OFDM symbols per slot with

mini-slot (2, 4, or 7 symbols) 

for shorter transmissions1

Supports slot 

aggregation for data-

heavy transmissions

Efficient multiplexing of 

long and short 

transmissions2

0 1 2 11 12 133 4 5 6 7 8 9 10

Slot Mini-Slot

500 µs

Slot

250 µs

Slot

125 µs

Subframe

1ms subframe aligned with LTE

CP-OFDM 

Symbol

15 kHz SCS

30 kHz SCS

60 kHz SCS

120 kHz SCS
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Flexible 5G NR slot structures ðExamples

DL reference signals (DL DMRS) & UL Reference + Sounding (UL DSMR, SRS) not showed for simplicity

Blank slot
Designed in a way not to limit 

future feature introductions

Slot-based scheduling/control interval

TDD Self-Contained
Opportunity for UL/DL scheduling, 

data and ACK/SRS in the same slot

DL Data
DL 

Ctrl

UL 

Ctrl
DL Guard

DL 

Ctrl
UL Data

UL 

Ctrl
GuardUL

Data-centric
More relaxed TDD timing 

configurations + FDD operation

DL 

Ctrl
DL DataDL

UL Data
UL 

Ctrl
UL

Mini-slot
Optimized for shorter data 

transmissions, e.g. URLLC

DL e.g., 2-symbol mini-slotDL

UL e.g., 4-symbol mini-slotUL



20

UL DataGuard

Benefits of the 5G NR TDD self-contained slot
Much faster, more flexible TDD switching and turn-around than 4G LTE

1. Sounding Reference Signal

DL Data

DL 

Ctrl

UL

Ctrl

Guard
DL 

Ctrl

TDD UL

TDD DL

More adaptive UL/DL
Faster TDD switching allows for more 

flexible capacity allocation

S
R

S

A
C

K

Efficient massive MIMO
Optimized TDD channel reciprocity with 

opportunity for SRS1 every slot

Low latency
Faster TDD turn-around, with opportunity for 

UL/DL scheduling, data and ACK in the same slot

Flexibility for additional headers
E.g., channel reservation header for 

unlicensed/shared spectrum
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5G NR TDD self-contained slot structure in action 
Three examples showcasing faster TDD switching for low latency

DL reference signals (DL DMRS) & UL Reference + Sounding (UL DSMR, SRS) not showed for simplicity

Slot 0: 500 µs Slot 1: 500 µs Slot 2: 500 µs Slot 3: 500 µs

1

2

3

Slot 0: 125 µs Slot 1: 125 µs Slot 2: 125 µs Slot 3: 125 µs Slot 4: 125 µs Slot 5: 125 µs Slot 6: 125 µs Slot 7: 125 µs

1. Indoor (sub-6 or mmWave) 2. Outdoor (sub-6 or mmWave) 3. Outdoor mmWave 

DL Ctrl

DL Data

UL Ctrl

UL Data
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5G NR flexible FDD slot structure
Delivering low latency, extended coverage, and forward compatibility 

FDD baseline for continuous transmission and extended coverage

UL Data

UL Ctrl UL

Ctrl

DL 

Ctrl
DL DataFDD full DL Slot

FDD full UL Slot 

FDD partial slot for faster DL/UL turn-around and efficient half-duplex FDD implementation 

FDD partial 
DL Slot

FDD partial 
UL Slot 

DL 

Ctrl
DL Data

UL Data

UL Ctrl UL

Ctrl
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6

4

3

2

1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Code rate (R)

LDPC

Polar

Turbo

0

Advanced ME-LDPC1 channel coding is more 
efficient than LTE Turbo code at higher data rates

Selected as 5G NR eMBB data channel as part of 3GPP Release-15 

1. Multi-Edge Low-Density Parity-Check

High efficiency
Significant gains over LTE Turboðparticularly 

for large block sizes suitable for MBB

Low complexity
Easily parallelizable decoder scales to 

achieve high throughput at low complexity

Low latency
Efficient encoding/decoding enables shorter 

transmission time at high throughput 

Normalized throughput (for given clock rate)

5
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Performance gains of CRC-Aided Polar channel coding 
led to its adoption across many 5G NR control use cases

1. Parity-Check Polar channel coding

Link-level gains of 5G NR CA-Polar design 
Versus PC-Polar1 (lower is better)

Rate = 0.67

Rate = 0.50

Rate = 0.33

5

4

3

2

1

0

R
e

q
u

ir
e

d
 S

N
R

 (
d

B
) 

fo
r 

B
L

E
R

 =
 0

.0
1

32 48 64 80 120

Effective payload size (bits)

PC-Polar

CA-Polar

5G NR CRC-Aided (CA-Polar) design
Efficient construction based on single Cyclic Redundancy 

Check (CRC) for joint detection and decoding

U-domain bit 
mapping

Polar encoder 
(Arikan kernel)

Rate matching 
& channel bit 
interleaving

Control 
payload

To modulation 
mapper

Single CRC 
Concatenation 
as Outer Code
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5G NR optimized design for massive MIMO
Key enabler for using higher spectrum bands, e.g. 4 GHz, with existing LTE sites 

C1. Sounding Reference Signal. 2. Channel State Information Reference Signal; 3. High-Power User Equipment (HPUE) Tx power gains

Optimized design for TDD 
reciprocity procedures
utilizing UL SRS1

Enhanced CSI-RS2

design and reporting 
mechanism   

New features, such as 
distributed MIMO

Advanced, high-spatial 
resolution codebook supporting
up to 256 antennas

Enabled through an advanced 5G NR end-to-end Massive MIMO design (network and device)

Exploit 3D beamforming with 

up to 256 antenna elements Accurate and timely channel 

knowledge essential to 

realizing full benefits

UL SRS 

CSI-RS5G NR co-located with 

existing LTE macro sites

Mitigate UL coverage 

with 5G NR massive 

MIMO + HPUE3
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S
R

S
 +

 P
U

C
C

H

Step 1:
UL SRS1  

Precoding decision  

DL Precoded CSI-RS2

Step 2:
CSI-RS  
UE CQI3 feedback

Step 3: 
Precoding + CQI  
Final scheduling decision

0.5ms TDD slot

DL

A
s
y
n

c
h

ro
n

o
u
s
 

C
S

I-
R

S

S
R

S
 +

 P
U

C
C

H

DL

MIMO rate prediction latency 

reduced from >10 ms in LTE 

to 1 ms in 5G NR 

5G NR optimized design for TDD reciprocity procedures
5G NR slot structure and enhanced Ref Signals enable fast/accurate feedback

*Sub-6 GHz, macro cell numerology, 30 kHz tone spacing; Channel sounding opportunity increases from <= 200 Hz with LTE to 2 kHz with 5G NR. 

1. Sounding Reference Signal. 2. Channel State Information Reference Signal. 3. Channel Quality Indicator

D
L
 C

T
R

L

S
R

S
 +

 P
U

C
C

H
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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
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56 Mbps

8.8x

493 Mbps

102 Mbps

20 Mbps

9.2x 184 Mbps

39 Mbps

Industry-first simulation of 
real world performance 
reveals immense 5G user 
experience gains over 4G

Frankfurt Simulation
5G NR Sub-6 GHz Non-standalone (NSA)

4G device 
in 4G 
network

Cat 20 LTE

Median burst rate Cell-edge burst rate

4G device 
after 5G is 
deployed

5G device 
in 5G 
network

4G device 
in 4G 
network

4G device 
after 5G is 
deployed

5G device 
in 5G 
network

Learn more:
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88 Mbps

3.7x 332 Mbps

102 Mbps

45 Mbps

3.8x
171 Mbps

51 Mbps

Industry-first simulation of 
5G NR Standalone network

Tokyo Simulation
5G NR Sub-6 GHz Standalone (SA)

4G device 
in 4G 
network

Cat 20 LTE4G device 
after 5G is 
deployed

5G device 
in 5G 
network

4G device 
in 4G 
network

4G device 
after 5G is 
deployed

5G device 
in 5G 
network

DL median burst rate DL cell-edge burst rate

UL median burst rate UL cell-edge burst rate

6 Mbps

13.6x

122 Mbps

9 Mbps
0.4 Mbps

42.5x
17 Mbps

1 Mbps

4G device 
in 4G 
network

Cat 20 LTE4G device 
after 5G is 
deployed

5G device 
in 5G 
network

4G device 
in 4G 
network

4G device 
after 5G is 
deployed

5G device 
in 5G 
network


