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Creating a rock solid
5G design

Smashing
through barriers

Delivering technology
on a global scale





Immersive experiences
A new era of

Multi-Gbps
data rate

Low 
latency

Lower cost 
per bit



JAMES

Afterparty @ the Space Club!

PHOEBE

Love this song!

THE PROCESSORS

Why Wait

We start by asking questions

We must challenge what

we see today

So we can invent the 

tech that shapes tomorrow 

CHORUS

Purchase



Achieving fast, responsive, 
pervasive connectivity
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Achieving fast, responsive, 
pervasive connectivity



A key enabler for higher
spectrum bands

Azimuth beamforming

Elevation 

beamforming

Exploit 3D 

beamforming 

utilizing a 2D

antenna array

Evolving towards Massive MIMO—path to 5GRelease 13

Advanced antenna
techniques



A mission-critical world
Technology enabling 

High
reliability

Ultra-low 
latency

High 
availability
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Sensor fusion
compute

Computer
vision

Smart traffic signal

Speed limit 30

Parking space available
near destination

Vehicle-
to-cyclist

Vehicle-
to-vehicle

Charging station
300 feet aheadPedestrian entering

crosswalk



Construction ahead

Distance: 120 feet

ALERT

Heavy rainfall

Next 11 miles

POOR VISIBILITY

Moderate flooding

Distance: 200 feet

ROAD CONDITION

LANE DIVIDER

VEHICLE LEFT LANE



Mission-critical transmission
may occur at any time and cannot

wait for scheduling

One TTI

Efficient mission-
critical multiplexing 
with other services

1
st

transmission
2

nd

transmission



Massive IoT
Enabling

Power
efficient

Low 
complexity

Long
range



REFRIGERATOR

AMBIENT LIGHT

TRAFFIC

AIR QUALITY INDEX

ROAD CONDITION

ENERGY EFFICIENCY

Massive IoT
Enabling

Power
efficient

Low 
complexity

Long
range

STREETLIGHT

TRASH BIN

SCHEDULED PICKUP



EXCAVATOR 3
Autonomous

DUMP TRUCK 7
Manned

DUMP TRUCK 9
Manned

EXCAVATOR 6
Autonomous

ARTICULATED DUMPER 1
Autonomous
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High bandwidth 

Greater complexity

Low bandwidth

Deep coverage

High efficiency

Supporting vast scale with

Efficient IoT
communication



Enabling massive numbers of

Low-complexity 
devices



Downlink with 
direct access

Grant free 
uplink Peer-to-peer

Challenging 
location

Enabling massive numbers of

Low-complexity 
devices



MulteFire

technology

Wi-Fi

4G LTE

High bands
above 24GHz 
(mmWave)

Mid bands
1GHz to 6GHz 

Low bands
below 1GHz

Flexible framework for efficiently 
multiplexing diverse services

One 
integrated 
system



Flexible framework for efficiently 
multiplexing diverse services

A scalable 
OFDM-based 5G 
New Radio (NR)

Integrated 
framework

Scalable transmission
time interval (TTI)

Mission-critical 
transmissions

Forward 
compatibility

Scalable 
numerology

Self-contained
integrated subframe

Dynamic uplink/
downlink

DL ULDL

Scalable TTI

Blank subcarriers

WAN

Blank subframes

D2D

Multicast



Ctrl (Tx) Data (Tx)
Guard
period

ACK
(Rx)

Additional headers

Unlicensed 
spectrum

D2D, mesh 
and relay

Massive MIMO

Adaptive UL/DL

Self-contained, 
integrated TDD 
subframe design





LTE 2G/3G
Handover combinations 

(hypothetical examples)

GERAN CDMA 1x UMTS TD-SCDMA LTE TDD LTE FDDEV-DO
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Flexible framework for efficiently 
multiplexing diverse services

Modem and RFFE 
leadership critical





significant modem and 
RFFE complexity 
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