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Scalability to address diverse service and devices 

Based on target requirements for the envisioned 5G use cases

Massive 
Internet of 

Things Mission-
critical 
control

Enhanced 

mobile broadband

Deep coverage
To reach challenging locations

Ultra-low energy
10+ years of battery life

Ultra-low complexity
10s of bits per second

Ultra-high density
1 million nodes per Km2

Extreme capacity
10 Tbps per Km2

Extreme data rates
Multi-Gbps peak rates; 

100+ Mbps user experienced rates

Deep awareness
Discovery and optimization

Extreme user mobility
Or no mobility at all

Ultra-low latency
As low as 1 millisecond

Ultra-high reliability
<1 out of 100 million packets lost

Strong security
e.g. Health / government / financial trusted
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Low bands below 1 GHz: longer range for e.g. mobile broadband and massive IoT
e.g. 600 MHz, 700 MHz, 850/900 MHz

Mid bands 1 GHz to 6 GHz: wider bandwidths for e.g. eMBB and mission-critical
e.g. 3.4-3.8 GHz, 3.8-4.2 GHz, 4.4-4.9 GHz

High bands above 24 GHz (mmWave): extreme bandwidths
e.g. 24.25-27.5 GHz, 27.5-29.5, 31.8–33.4, 37-40, 40.5–43.5, 64-71 GHz

Getting the most out of every bit of diverse spectrum

Licensed Spectrum
Exclusive use

Shared Spectrum
New shared spectrum paradigms

Unlicensed Spectrum
Shared use



4

Adaptable to diverse deployments and topologies

Macro

Small cell

Integrated access and 

backhaul

Device-to-device

Multi-hop 

topologies
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A flexible framework with forward compatibility
Efficiently multiplex envisioned and future 5G services on the same frequency

1 Blank resources may still be utilized, but are designed in a way to not limit future feature introductions; 2 Nominal 5G access to be designed such that it is capable to sustain puncturing from mission-critical  transmission or 

bursty interference

Integrated framework
That can support diverse deployment 

scenarios and network topologies

Scalable transmission time interval (TTI)
For diverse latency requirements—capable of 

latencies an order of magnitude lower than LTE

Mission-critical transmissions
May occur at any time; design such that 

other traffic can sustain puncturing2

Forward compatibility
With support for                       

‘blank’ resources1

Blank subcarriers

Scalable TT I MBB

D2D

Multicast

Self-contained integrated subframe
UL/DL scheduling info, data and 

acknowledgement in the same sub-frame

Dynamic uplink/downlink
Faster switching for more flexible 

capacity based on traffic conditions

DL ULDL UL UL
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A new era of 

Multi-Gbps
data rate

Low 
latency

Lower cost 
per bit

Immersive experiences
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A new era of 

Multi-Gbps
data rate

Low 
latency

Lower cost 
per bit

Immersive experiences



9

Driving technology innovations to mobilize mmWave
Working with operators on trials & early deployments starting late 2017/early 20181

1 For limited regional fixed wireless deployments, e.g. Korea and US (VZ 5GTF and KT 5G-SIG) operating at 28 and 39 GHz; also will be utilized for mobile wireless access trials to drive 5G NR standardization 

Qualcomm® Technologies’ 

first 5G modem 
802.11ad 60 GHz chipset 

commercial for mobile devices
5G mmWave prototype 

system and trial platform

1.79 cm

0.71 
cm

Qualcomm® 802.11ad
60 GHz technology with

a 32-antenna array

End-to-end system operating at 
28 GHz demonstrating NLOS 
operation and robust mobility

28 GHz support, 4G/5G Multi-
mode with dual connectivity, up to 

5 Gbps download speed

Qualcomm
®

Snapdragon™

X50

Snapdragon™ is a trademark of Qualcomm Technologies, Inc. X50 sampling expected 2H 2017 Commercial devices expected in 1H 2018
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Up to 5 Gbps download speed

Sampling expected 2H 2017
Commercial devices expected in 1H 2018

Support for 28 GHz mmWave spectrum initially
Designed to support Verizon 5GTF and KT 5G-SIG specifications

Adaptive beamforming and beam tracking
Extends range and mobility to non-line-of-sight (NLOS) scenarios

Multi-mode 4G/5G with dual connectivity
When paired with a Snapdragon processor with integrated Gigabit LTE 
modem

Qualcomm Technologies’ First 5G Modem
Designed for multi-mode 4G/5G mobile broadband

Support for up to 8x100 MHz carrier aggregation 
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Massive MIMO is a key enabler for higher spectrum bands
Allows reuse of existing sites and same transmit power at e.g. 4 GHz

Source: Qualcomm Technologies, Inc. simulations; Macro-cell with 1.7km inter-site distance, 10 users per cell, 46 dBm Tx power at base station, 20MHz@2GHz and 80MHz@4GHz BW TDD, 2.4x Massive MIMO

• 1.7 km inter-site distance

• 46 dBm transmit power

Macro site 1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

10-1 100 101 102 103

C
D

F 3.4x 4.1x

3.9x2.7x Significant gain in cell 

edge user throughput

10 users per cell
2x4 MIMO, 20 MHz @ 2 GHz

2x4 MIMO, 80 MHz @ 4 GHz

24x4 MIMO, 80 MHz @ 4 GHz

Significant capacity gain: 

Average cell throughput = 

808 Mbps in 80 MHz
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Enabling

Massive IoT

Power 
efficient

Low 
complexity

Long
range
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Enabling

Massive IoT

Power 
efficient

Low 
complexity

Long
range
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We are evolving LTE for the Internet of Things 
Paving the path to Narrowband 5G for massive IoT

Mobile Video security Wearables Object tracking

Energy managementConnected car Connected healthcare City infrastructure Smart buildings

Environment monitoringUtility metering

Today New narrowband IoT technologies (3GPP Release 13+)

LTE Cat-4 and above
>10 Mbps

n x 20 MHz

LTE Cat-1
Up to 10 Mbps

20 MHz 

LTE Cat-M1 (eMTC)
Variable rate up to 1 Mbps

1.4 MHz narrowband

Cat-NB1 (NB-IoT) 
10s of kbps

200 kHz narrowband

Scaling up in performance and mobility

Scaling down in complexity and power
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We are continuing to evolve NB-IoT beyond Release 13
The foundation to Narrowband 5G

Broadcast
Allowing more efficient OTA firmware 

update for large number of devices, 

e.g. sensors, meters

Positioning
Providing location services for

use cases such as mobile asset 

tracking and emergency call

Mobility
Enabling devices to monitor

and report channel conditions

for inter-cell handovers

VoLTE
Adding voice and options to 

support lower latency services

Learn more at: www.qualcomm.com/lte-iot

http://www.qualcomm.com/lte-iot
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Scales down LTE to address the broadest 

range of IoT use cases

Optimizes to lowest cost/power for delay-tolerant, 

low-throughput IoT use cases; evolving with new 

features such as VoLTE and positioning support

3GPP 5G NR further enhances massive IoT with 

new capabilities such as RSMA1 & multi-hop mesh

5G NR will bring new capabilities for the massive IoT
NB-IoT continuing to evolve beyond Release 13—foundation of Narrowband 5G

1 Resource Spread Multiple Access
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A mission-critical world
Technology enabling 

High
reliability

Ultra-low
latency

High
availability
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A mission-critical world
Technology enabling 

High
reliability

Ultra-low
latency

High
availability
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5G NR will enable new mission-critical control services
A platform for tomorrow’s more autonomous world

Industrial 
automation

Robotics

Aviation

Autonomous 
vehicles

Energy/ 
Smart grid

Medical
Strong e2e security
Security enhancements to air interface, core 
network, & service layer across verticals

1

1ms e2e latency
Faster, more flexible frame structure; also new 
non-orthogonal uplink access

Ultra-high availability
Simultaneous links to both 5G and LTE for 
failure tolerance and extreme mobility

Ultra-high reliability 
Ultra-reliable transmissions that can be time 
multiplexed with nominal traffic through puncturing

1 Also exploring alternative roots of trust beyond the SIM card
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We are accelerating the path to 5G NR 

Best-in-class 5G 
prototype systems 

and testbeds

5G standards, 
technology and 

research leadership

Impactful trials and 
early deployments with 

network operators

Modem and RFFE 
leadership to solve 

5G complexity

Such as advanced channel 
coding, self-contained 
subframe, mobilizing 

mmWave, …

Roadmap to 5G significantly 
more complex and faster 

moving—builds upon our rich 
history of industry firsts

Test, demonstrate and verify  
our innovative 5G designs to 

contribute to and drive 
standardization

Over-the-air interoperability 
testing leveraging prototype 

systems and our leading 
global network experience

Qualcomm Snapdragon is a product of Qualcomm Technologies, Inc. 
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5G NR R16 launches

R17+ 5G evolutionR16 5G Work Items

Accelerating 5G NR, the global standard for 5G

Note: Estimated commercial dates. X50 Sampling expected 2H 2017 Commercial devices expected in 1H 2018

1 The latest plenary meeting of the 3GPP Technical Specifications Groups (TSG#72) has agreed on a detailed workplan for Release-15; 2 Forward compatibility with R16 and beyond

5G study items

R15 5G Work Items

3GPP 5G NR

R14 Study Item

2016 20212017 2019 2020 20222018

5G NR R15 launches2Accelerating 5G NR1 with 

trials & early deployments

Gigabit LTE & LTE IoT deployments
Continue to evolve LTE in parallel to 

become a critical part of the 5G Platform

X50 
Samples

X50 
Products

Verizon 5GTF 

KT 5G-SIG
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