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How does unlicensed 
spectrum with NR-U 
transform what 
5G can do for you?
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How does unlicensed spectrum feature 

in the upcoming release from 3GPP? 

How can mobile operators boost network 

performance with anchored NR-U?

How are 5G private networks enabled 

with standalone NR-U?

Questions

Dr. Yongbin Wei
Vice President, Engineering

Qualcomm Technologies, Inc.

Dr. Xiaoxia Zhang
Principal Engineer

Qualcomm Technologies, Inc.
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Delivering
on the 5G vision
Where virtually everyone and everything is intelligently connected
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Extend 5G with unlicensed spectrum
Using all spectrum types and bands

Licensed spectrum
Exclusive use
Over 40 bands globally for LTE, remains the industryôs top priority

Shared spectrum
New shared spectrum paradigms
Ex: 3.5 GHz USA, 3.7 GHz Germany

Å Unlock more spectrum globally

Å New markets and verticals 

Å New deployment scenarios

Unlicensed spectrum
Shared use
Ex: 5 GHz / 6 GHz / 60 GHz global
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6 GHz brings new unlicensed bandwidth for Wi-Fi and 5G
United States
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Power

A massive amount of new unlicensed spectrum 

is now available in the U.S. for Wi-Fi 6E and 5G 
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Unlicensed 
Spectrum 
Bands in 
3GPP

First global cellular standard with both license-
assisted and standalone use of unlicensed spectrum

24+ GHz1ï7 GHz<1 GHz

Low-bands (sub-1) Mid-bands (sub-7) High-bands (mmWave)

5.2ï5.3; 5.7-5.8 GHz 59-64GHzChina

5.2ï5.7 GHz 57-71GHzFrance

5.2ï5.7 GHz 57-71GHzItaly

5.9ï7.1GHz 5.2ï5.8 GHz 57-64GHzSouth Korea

5.2ï5.7 GHz 57-66GHzJapan

5.2ï5.8 GHz 57-71GHzCanada

5.9ï6.4GHz 5.2ï5.9 GHz 57-71GHzEuropean Union

5.9ï7.1GHz 5.2ï5.8 GHz 57-71GHzUnited States

5.2ï5.9 GHz 57-71GHzUnited Kingdom

5.2ï5.7 GHz 57-71GHzGermany

5.2ï5.5; 5.7-5.9 GHz India

5.2ï5.8 GHz 57-66GHzAustralia

Available now

Under study / review
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Delivering
on the 5G vision

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

Future-proof 
platform

Rel-17+ long-term expansion
ÅLower complexity NR-Light

ÅBoundless extended reality (XR)

ÅHigher precision positioning andmoreé

Rel-15 eMBB focus
Å5G NR foundation

ÅSmartphones, FWA, PC

ÅExpanding to venues, enterprises

Rel-16 industry expansion
ÅNR-U

ÅMi-Cr services, 

e.g., industrial IoT

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 

Driving 5G technology expansion

ÅMIoT, e.g., in-band 

eMTC/NB-IoT

ÅNR-based C-V2X sidelink

Rel-15

NR
LTE essential part 
of the 5G platform

Rel-15 commercialization Commercialization of Rel-16, 17, and future releases

Rel-18+ evolution

Rel-171

Rel-161

2018 20202019 20222021 2023+
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Vision: High-performance 

cellular in unlicensed spectrum

Standalone 

private NW

Add-on boost

Continuous research, industry first over-the-air LAA, eLAA, MulteFire demos, co-existence with Wi-Fi

Almost a decade of leadership in unlicensed spectrum
From LTE-U/LAA to NR-U

2011 20152014 20192018 20202012 2013 2016 2017 2021

LTE-U

Synchronized NR-U

MulteFire 
Introduce

Introduce

Introduce

NR-U

Introduce

Discuss Alliance Spec

Forum Spec Trials Commercial

WI Trials Rel-13 Commercial

3GPP Study WI Rel-16 Rel-17

Envisioned to

become integral to 

all NR use cases

LAA essential

to Gigabit LTE

1st DEMO

1st DEMO

1st DEMO

1st DEMO

LAA

Study
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* Still under discussion in Rel-16

Rel-16 introduces NR in unlicensed spectrum

Unlicensed spectrum is combined with 

other licensed or shared spectrum as anchor

Only unlicensed spectrum is used

Unlock more 
spectrum globally

New markets 
and verticals

New deployment 
scenarios

Anchored NR-U Standalone NR-U

Unlicensed
NR-U spectrum*

Ò 100 MHz UL BW

Ò 400 MHz DL BW  

Unlicensed
NR-U spectrum*

Licensed or shared 
anchor spectrum

Ò 100 MHz UL BW

Ò 400 MHz DL BW  
FDD

TDD
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Enhance existing networks and enable new 
markets with unlicensed spectrum

Control Plane (CP) routes shown for Anchored NR-U; User Plane (UP) routes depend on network design; 1. 5G Core Network ; 2. Evolved Packet Core

NR-U deployment scenarios

Scenario A
Carrier aggregation

NR with 5G-CN1 and NR-U

5G-CN

CP

CP
NR-U

NR

Anchored NR-U

Scenario B
Dual connectivity 

LTE with EPC2 and NR-U

EPC

CP

CP
NR-U

LTE

Standalone NR-U

Scenario C 
Standalone

NR-U with 5G-CN

5G-CN

NR-U
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In Rel-16 Dual Connectivity is supported with EN-DC

Anchored NR-U to boost mobile network performance

Anchored NR-U
Boosting existing 
deployments

Better user experience 
with higher speeds

Alleviate spectrum 
constraints for 5G

Advance
private networks

Unlicensed spectrum Shared spectrum

Dual connectivity with LTE anchor
Carrier aggregation with 5G NR anchor

Licensed spectrum

Dual connectivity with LTE anchor
Carrier aggregation with 5G NR anchor
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Dense urban hotspots MallsCampuses

Anchored NR-U
Manages congestion and mobility

Delivers a consistent 5G experience 
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Standalone NR-U Makes 5G private networks easy to deploy

Fair coexistence with Wi-Fi 

and LTE-LAA

Simple network deployment 

with virtualized RAN and 

cloud core

From private networks 

initially to neutral hosts 

and mobility offload

Deploy networks and scale 

freely across markets with 

unlicensed spectrum

5G-CN

Standalone

NR-U

NR-U UE
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Container ports Mines Warehouses

Standalone NR-U Benefits a wide range of industrial IoT
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in licensed, shared or unlicensed spectrum

5G private networks
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Coverage, capacity, and, mobility

Outdoor/indoor, high data speeds, seamless 
handovers, public network fallback

Reliability and precise timing

Industrial grade reliability, latency and 
synchronization (eURLLC3 and TSN4)

Interoperability

Global standard, vast ecosystem, 
future proof with rich 5G roadmap

5G private networks brings 
benefits to industrial IoT

Optimized
Tailored performance for local 

applications, e.g., low latency, QoS2

Dedicated
Local network, dedicated resources, 

independently managed

Secure
Cellular grade security, sensitive 

data stays on-premisePublic 
network 
fallback

Private network1

1. Also referred to as non-public network (NPN); 2. Quality of service; 3. Enhanced ultra-reliable low-latency communication; 4 Time sensitive network
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Licensed spectrum assets Existing sales channels

5G private networks: An opportunity for mobile operators
To deploy, manage, or offer as a service, both in licensed and unlicensed spectrum

Expertise in mobile networks

Relevant expertise in deploying, optimizing, 

operating mobile networks

Existing ecosystem relationships

Dedicate a portion for private networks

Spectrum may be under-utilized 

in industrial areas

Reuse mmWave spectrum indoors, 

such as for private enterprise network

Already provide services to many 

industrial and enterprise customers

Multiple business opportunities, from 

deploy to offer private network as a service
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AR-guided repairs

Autonomous
container handling

Site operator 
access

Smart UHD 
surveillance

Freight manifest 
upload

5G
private network

Autonomous 
trucks

Monitoring
sensors

Fall back to 
public network

Enabling smarter logistics at container ports


