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Transforming 
industries

Connecting virtually everything

Redefined     
computing

Desktop to smartphones

Digitized mobile 
communications

Analog to digital

Leading wireless innovation for more than 35 years
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Foundation
to “G”
leadership
is technology
leadership
Early R&D and

technology inventions

essential to leading

ecosystem forward

Proof-of-concept
Deliver end-to-end prototypes
and impactful demonstrations

Vision
Identify a problem or need; 

establish requirements

Standardization
Drive e2e design with
ecosystem and through
standards process 

Commercialization
Engage with global network

operators to deploy
new features with

standards-compliant
infrastructure and devices

Trials
Collaborate on OTA field trials

that track 3GPP standardization
and drive ecosystem towards

rapid commercialization

Invention
Invent new technologies and

e2e system architecture

~10
years

New Generation 
of Wireless 

Platform
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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
Connected intelligent edge

5G New Radio

(NR) 
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5G will enable $13.1 Trillion in global sales activity in 2035

EnergyIndustrial

Public safety

Manufacturing

Retail

Transportation

Smart cities

Agriculture

Healthcare Entertainment

Driving digital transformation across industries

Source: The 5G Economy, an independent study from IHS Markit,

commissioned by Qualcomm Technologies, Inc., November 2020
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Delivering
on the 5G vision
Where virtually everyone and everything is intelligently connected
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A new kind of
network to drive 
innovation and growth

Significant 
connectivity 
upgrade

Smartphone 
tech extending 
into many 
industries

Consumers want 
5G smartphones
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• Fiber-like data speeds
• Low latency for real-time interactivity
• More consistent performance  
• Massive 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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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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5G NR pioneering advanced 5G NR technologies 

• Live

Enhanced mobile broadbandMission-critical services Massive Internet of Things
Cellular Vehicle-to-Everything (C-V2X)

Ultra Reliable Low Latency Comms (URLLC)

Drone communications Private Networks Deeper coverage Grant-free UL

Efficient signalingNarrow bandwidth

Enhanced power save modes 

Massive MIMOScalable OFDM Mobile mmWave 

Flexible slot-based frameworkSpectrum sharing

Advanced channel codingDual Connectivity



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)

24.25-24.45GHz 

24.75-25.25GHz 

27.5-28.35GHz

700MHz (2x30 MHz) 3.4–3.8GHz 24.5-27.5GHz

3.4–3.8GHz 26GHz

3.4–3.8GHz 26GHz

3.46–3.8GHz 26GHz

3.6–3.8GHz 

3.3–3.6GHz 4.8–5GHz 24.75-27.5GHz 40.5-43.5GHz

3.42–

3.7GHz 

26.5-

28.9GHz

4.5–4.9GHz 27-29.5GHz

3.4–3.7GHz 39GHz

3.6–4.1GHz

64-71GHz

37-37.6GHz 

37.6-40GHz 

47.2-48.2GHz

5.9–6.4GHz 

5.9–7.1GHz 

600MHz (2x35MHz)

26.5-27.5GHz

27.5-28.35GHz 64-71GHz

2.5/2.6GHz 

(B41/n41)

37-37.6GHz

37.6-40GHz

24.25-29.5GHz

26.5-27.5GHz

3.7-

3.98GHz

3.475-3.65 GHz

700MHz (2x30 MHz)

700MHz (2x30 MHz)

700MHz (2x30 MHz)

700MHz (2x30 MHz)

5GHz4GHz3GHz<1GHz 24-30GHz 37-50GHz 64-71GHz >95GHz6GHz

2.5/2.6GHz 

(B41/n41)700MHz

>95GHz

600MHz (2x40 MHz)

700MHz (2x30 MHz) 3.3–3.67GHz 24.25-27.5GHz

3.4–

3.42GHz 

3.7-

4.0GHz 700/800MHz 37GHz2.3-2.39GHz

25.7-

26.5GHz

28.9-

29.5GHz

57-64GHz

3.1-3.45GHz

3.45-3.55GHz

3.55-3.7GHz

57-64GHz

57-66GHz

57-66GHz

57-66GHz

57-66GHz

57-66GHz

57-64GHz

57-66GHz

57-66GHz

4.94-

4.99GHz

900MHz 

(2x3MHz)

3.65-4.0GHz 5.9–7.1GHz 

5.9–6.4GHz 

5.9–6.4GHz 

5.9–6.4GHz 

5.9–6.4GHz 

5.9–6.4GHz 

5.9–6.4GHz 

5.9–7.1GHz 

700/800MHz 2.3 GHz

2GHz (n1)

4.72–

4.82GHz 

Note for Japan:All cellular bands are available for 5G; 5.9-6.4 GHz is in the final stage of regulatory process for the update expected in August 2022 
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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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Embarking on the 5G evolution to fulfill the 5G vision

2018 20202019 20222021 20252023 2024 2026 2027+

Drop 1 Drop 2 Drop 3

5G Advanced
2nd wave of 5G innovations

Rel-18

Rel-19

Rel-20+ evolution

A unified platform 

for innovations

Rel-16

Rel-17

New verticals, deployments, 
use cases, spectrum

Rel-15
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Scalable OFDM 
numerology

Address diverse services,
spectrum, deployments

Self-contained
slot structure
Low latency, URLLC,
forward compatibility

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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November 2015

Qualcomm Technologies’

5G Analyst Day

5G NR standard 
aligned with our 
early 5G design
A testament to the impact of our 

early 5G R&D and fundamental 

contributions to 3GPP
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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 numerology—examples 

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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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 — network

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 — Examples

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
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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 Turbo—particularly 

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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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
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We are overcoming the mobile mmWave challenge

Proving the skeptics wrong about mmWave can never be used for mobile

1 LOS: Line of sight, NLOS: Non-line-of-sight

Limited coverage and too costly

Significant path loss means coverage limited to just a 

few hundred feet, thus requiring too many small cells

Significant coverage with co-siting

Analog beamforming w/ narrow beam width to overcome path 

loss. Comprehensive system simulations reusing existing sites.

Works only line-of-sight (LOS)1

Blockage from hand, body, walls, foliage, rain etc. 

severely limits signal propagation

Operating in LOS and NLOS1

Pioneered advanced beamforming, beam tracking leveraging 

path diversity and reflections.

Only viable for fixed use

As proven commercial mmWave deployments are for 

wireless backhauls and satellites

Supporting robust mobility

Robustness and handoff with adaptive beam steering and 

switching to overcome blockage from hand, head, body, foliage.

Requiring large formfactor

mmWave is intrinsically more power hungry due to wider 

bandwidth with thermal challenges in small formfactor

Commercializing smartphone

Announced modem, RF, and antenna products to meet 

formfactor and thermal constraints, plus device innovations.
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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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Spectrum aggregation essential to 5G NR deployments

Building on solid LTE CA and 
Dual Connectivity foundation

Supplemental DL

FDD/TDD CA

LAA CA

Dual Connectivity 

LTE/5G NR NSA

Supplemental UL

Supplemental DL

FDD/TDD CA

NR LAA CA

Dual Connectivity 

5G NR Rel-15+

LTE Rel-10+

Dual Connectivity across LTE and NR

Fully leveraging LTE investments and coverage, including NSA 

operation for early 5G NR deployments

CA across spectrum bands

E.g., tight CA between 5G NR mmWave and sub-6 GHz to 

address mmWave coverage gaps

CA across FDD and TDD bands

Sub-1 GHz and mid/high band aggregation; supplemental uplink 

for better coverage, supplemental downlink for capacity

CA across spectrum types

E.g., Licensed and unlicensed with 5G NR Licensed Assisted 

Access (LAA) — approved Rel-15 Study Item

Carrier Aggregation (CA) and Dual 

Connectivity enable deployments with 

tightly and loosely coordinated cells
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5G NR FDD/TDD CA to support mid-band deployments
Low-band FDD can help increase 5G NR TDD UL data rate/range1

DL
5G NR mmWave

e.g., TDD 28 GHz
UL DL UL

5G NR mid-band
e.g., TDD 3-5 GHz

DL UL

Low-band
e.g., FDD 700 MHz

DL

UL

Non-Standalone (NSA)
Low-band LTE or NR UL can help increase UL data rate/range 

NR DL UL
LTE UL

LTE DL

LTE Anchor NR TDD, e.g. 3.5 GHz 

NR UL

e.g. <1 GHz

NR DL

Time

F
re

q
u

e
n

c
y Standalone (SA)

NR low-band can carry NR uplink control and data for edge cell users

NR DL UL

NR TDD, e.g. 3.5 GHz 

NR UL

e.g. <1 GHz

NR DL
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Fast-to-launch  | VoLTE & CS voice NFV and SDN | VoNR & fallback to VoLTE

Non-Standalone (NSA) 
stepping stone to new core

Standalone (SA) for 
new core benefits

5G sub-6GHz

Data and control 
over 5G NR link

Carrier Aggregation

New 5G Next 
Gen Core

5G mmWaveNR4G Radio 
Network

5G mmWave 
and/or sub-6GHz

Data only
over 5G NR link

Data + control
over 4G LTE link

Dual connectivity

4G Evolved 
Packet Core
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5G next Gen Core (NGC) also part of 3GPP Rel-15

Increased flexibility through NFV and SDN — essential to 5G NR expansion

NFV: Network Functions Virtualization; SDN: Software Defined Networking

Better cost/energy 
efficiency

Optimized 
performance

Flexible biz models 
and deployments

Dynamic creation
of services

Configurable end-to-end
connectivity per vertical

Modular, specialized network
functions per service

Flexible subscription models

Dynamic control and user planes
with more functionality at the edge

5G

Mobile broadband

Internet of Things

Mission-critical control
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Dynamic Spectrum Sharing (DSS) in 3GPP Release 15

For supporting 5G NR in lower FDD bands for NSA and SA deployments

1 Cell Specific Reference Signal

Time

F
re

q
u

e
n

c
y

100ms 100ms

LTE

Time/frequency division multiplexing

5G NR

100ms

Legacy LTE device 5G NR device

LTE RAN 5G NR RAN

▪ LTE controlled sharing — 5G NR to avoid resources used by LTE (e.g., LTE CRS1)

▪ No impact to legacy LTE devices — DSS support only required for 5G NR devices

▪ System efficiency depends on LTE/5G NR traffic volume and device penetration

DSS & carrier aggregation are 

key enablers for SA migration

Efficient use of spectrum with 

low sharing overhead

Supports 5G NR in LTE bands 

today with “soft refarming”



Follow us on:

For more information, visit us at:

qualcomm.com & qualcomm.com/blog

Thank you
Nothing in these materials is an offer to sell any of the components

or devices referenced herein.

©2018-2022 Qualcomm Technologies, Inc. and/or its affiliated

companies. All Rights Reserved.

Qualcomm is a trademark or registered trademark of Qualcomm

Incorporated. Other products and brand names may be trademarks

or registered trademarks of their respective owners.

References in this presentation to “Qualcomm” may mean Qualcomm Incorporated,

Qualcomm Technologies, Inc., and/or other subsidiaries or business units within

the Qualcomm corporate structure, as applicable. Qualcomm Incorporated

includes our licensing business, QTL, and the vast majority of our patent portfolio.

Qualcomm Technologies, Inc., a subsidiary of Qualcomm Incorporated, operates,

along with its subsidiaries, substantially all of our engineering, research and

development functions, and substantially all of our products and services businesses,

including our QCT semiconductor business.


