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“Safe Harbor” Statement
NOTE: In this presentation we have made forward-looking statements. These statements are based on our estimates and 

assumptions and are subject to risks and uncertainties. Forward-looking statements include the information concerning our 

possible or assumed future results of operations. Forward-looking statements also include those preceded or followed by the 

words “anticipates,” “believes,” “estimates,” “hopes” or similar expressions. For those statements, we claim the protection of the 

safe harbor for forward-looking statements contained in the Private Securities Litigation Reform Act of 1995, as applicable. The

following important factors, along with those discussed in our filings with the Securities and Exchange Commission (the “SEC”), 

could affect future results and could cause those results to differ materially from those expressed in the forward-looking 

statements: adverse conditions in the U.S. and international economies; the effects of competition in the markets in which we

operate; material changes in technology or technology substitution; disruption of our key suppliers’ provisioning of products or

services; changes in the regulatory environment in which we operate, including any increase in restrictions on our ability to operate 

our networks; breaches of network or information technology security, natural disasters, terrorist attacks or acts of war or 

significant litigation and any resulting financial impact not covered by insurance; our high level of indebtedness; an adverse change 

in the ratings afforded our debt securities by nationally accredited ratings organizations or adverse conditions in the credit markets 

affecting the cost, including interest rates, and/or availability of further financing; material adverse changes in labor matters, 

including labor negotiations, and any resulting financial and/or operational impact; significant increases in benefit plan costs or 

lower investment returns on plan assets; changes in tax laws or treaties, or in their interpretation; changes in accounting 

assumptions that regulatory agencies, including the SEC, may require or that result from changes in the accounting rules or their 

application, which could result in an impact on earnings; and the inability to implement our business strategies.

As required by SEC rules, we have provided a reconciliation of the non-GAAP financial measures included in this presentation to the most directly 

comparable GAAP measures in materials on our website at www.verizon.com/about/investors.
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Key  expectations of 5G.

Peak data rate is  spectrum dependent

For low power IoT devices in ~ 1 GHz band

Peak Data 
Rate*

(1-20 Gbps)

Latency

(1-10 ms)

Connection 
Density
(10k – 1m 

devices/km2)

Battery Life#

(10 yrs)

*
#

Additional 5G enhancements: 
Network density, Area traffic capacity, 

Network reliability/availability, Position 

accuracy,  Security, Energy efficiency
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Leading the world’s largest 5G Pre-commercial pilots.
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Additional 5G

Locations:
The Alley in NYC

Putting 5G to Work

https://www.youtube.com/watch?v=pewt6lioOfA
https://www.youtube.com/watch?v=pewt6lioOfA
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Network architecture for the future.

Intelligent 

Edge

Low Latency 

Services

Dense Wireless
Integrated Fiber-Wireless

Small Cell Densification

Cloudification

SDN

Intelligent Caching

Connected Infrastructure
Deep Fiber

3.5GHz

License Assisted Access (LAA)

https://youtu.be/_lp32sowyUA
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5G enables new opportunities & markets . . .
Autonomous Vehicles Drones

Mobility

Wi-Fi Phone

VoLTE

Mobile

Broadband

Low LatencyTODAY

Massive 

Connectivity

Ultra-fast 

Video

Fixed 

Wireless

Underserved 

Home Broadband

Virtual Reality

Augmented Reality

Immersive Video

Smart Cities

Mission Critical IoT

4G LTE 

Advanced

FTTP

Verizon 5G rapidly extending beyond Fixed Wireless
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. . . and a broad set of new use cases.

Today

Bandwidth

Future

Bandwidth • Latency • Connectivity

Value Measure 

Latency

<1 Mbps 1 Mbps 10 Mbps 100 Mbps >1 Gbps

1000 ms

100 ms

10 ms

1 ms

Bandwidth

Drones

High Bandwidth 

Home

Smart 
Cities

VR

AR

Autonomous
Vehicles

Telemedicine

Automated
Industry

Gaming

VoLTE

High Frequency
Trading

Ultra-fast Video

Mass IoT

Mobile
Broadband

Wi-Fi Phone

Mission
Critical IoT

Assisted 
Driving
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4G Evolved Packet System
Architecture 

• All Physical Network Function based deployment

• Mostly hierarchical network architecture

• Real-time and non-real time services

• Very large scale network

• Complex redundancy schemes

• EDGE - Enhanced Data rates for GSM Evolution

• GERAN - GSM EDGE Radio Access Network 

• GSM - Global System for Mobile communications

• GPRS - General Packet Radio Service

• GTP – GPRS Tunneling Protocol

• HSS – Home Subscriber Server

• MME – Mobility Management Entity

• PCRF - Policy and Charging Rules Function

• PDN – Packet Data Network

• SGSN - Serving GPRS Support Node

• UE – User Equipment

• UTRAN - Universal Terrestrial Radio Access Network

• Point-to-point, point-to-multipoint network 

• Interfaces: 

• RAN to Core: GTP

• Core: DIAMETER, SIP for IMS

• Network element redundancy schemes

• Transport network failover schemes
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1. Virtualization of physical network functions

2. Hardware (HW) & Software (SW) Decoupling

3. Network Function (NF) vendors not responsible for HW reliability & 
availability

4. Efficient Automation Expected for NF scalability

5. No change on Network Reliability and Availability expectations

9

Transition – Multiple Things in Motion…

Culture Shift to Virtualization
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5G System Architecture

SMF

UPF

N4

Nsmf

N2N1

N3

AMF

UDM

AUSF

CHF PCF

gNB

Namf Nausf

NudmNpcfNchfNnrf

Data 

Network
N6

UDR

FE

Nudr

BSF

EIR

Neir

WLAN AP

N3IWF

N3

LMF

NWDAF

• AF – Application Function

• AMF – Access and Mobility Management Function 

• AUSF - Authentication Server Function 

• BSF- Binding Support Function 

• CHF- Charging Function 

• gNB - Next Gen NodeB

• LMF- Location Management Function 

• N3IWF- Non-3GPP InterWorking Function 

• NEF - Network Exposure Function 

• NRF - Network Repository Function 

• NSSF - Network Slice Selection Function 

• NWDAF- Network Data Analytics Function 

• PCF - Policy Control Function 

• SMF - Session Management Function 

• SMSF- Short Message Service (SMS) Function 

• UDM - Unified Data Management 

• UPF - User Plan Function 

• UDR - Unified Data Repository 

• UDSF - Unstructured Data Storage Function 

• EIR- 5G Equipment Identity Register

AFSMSFNEF

UDSF

• Virtualization of all new NFs

• Control and User Plane separation, RAN as well

• Stateless NFs to remove scaling bottlenecks

• Interfaces: 

• RAN to Core: GTP

• Core: HTTP/2 Service Based Interfaces

• Service Based Architecture Principle – any-to-any 

service connectivity 

• Network Slicing - day 1 fundamental 5G functionality 

with countless deployment options 

• IP flow based QoS framework: mapping multiple QoS

flows to radio bearers

Nbsf

Nnef Nnwdaf Nsmsf Nausf

Nudsf Nlmff

NRF
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Interoperability Options

EPC

LTE eNB gNB

S1-C S1-U

EPC

LTE eNB gNB

S1-C S1-US1-U

Option 3 –MCG Split Bearer Option 3a –SCG Bearer

S1-C S1-U S1-U

LTE eNB gNB

Option 3x –SCG Split Bearer

EPC

Option 7x –SCG Split BearerOption 7a –SCG BearerOption 7 –MCG Split Bearer

N2 N3 N3

eLTE eNB gNB

5GC

Xn

N2 N3

eLTE eNB gNB

5GC

N2 N3 N3

eLTE eNB gNB

5GC

X2

Xn

X2
X2

Xn

NGC

gNB

NG-UNG-C

Option 2 – Fixed Wireless Option

NGC

eLTE eNB

NG-UNG-C

Option 5

Option 4a –SCG BearerOption 4 –MCG Split Bearer

N2 N3 N3

eLTE eNBgNB

5GC

Xn

N2 N3

gNB eLTE eNB

5GC

Xn

Non-StandAlone (NSA) StandAlone (SA)
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User Plane Radio Protocol Architecture

Network side protocol termination options for MCG, SCG and split bearers 

in MR-DC with 5GC (NGEN-DC, NE-DC).
Network side protocol termination options for MCG, SCG

and split bearers in MR-DC with EPC (EN-DC).

Very Flexible…. Many possibilities…. Added complexity

# of options/choices made on network, requires 5G User Equipment support – UE complexity
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Non-roaming architecture for interworking between 5GC via 
non-3GPP access and EPC/E-UTRAN
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Multiple EPCė5GC Roaming Options

× Challenges: 

ü Complex features/functionality like Network Slicing, QoS enhancements, etc. 

difficult to support on 4G

ü Some 5G services have to potentially go through adjustment on 4G

Local Breakout Home Routed
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5G Radio Access Network – Overall Architecture
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1. Continue with NFV culture shift - 5G independent, but 5G network shall be virtual

2. Service Based Architecture

Á New for Wireless Telco:

o Pro: foundation based on familiar HTTP

o Con: Network Operations and Maintenance teams may struggle to maintain network stability, especially 
initially

Á SBA reliability and availability unknown for Telco Mobile network environment – contain message storms

3. Similar to R8 for 4G, R15 is the first 5G release with significant changes – fear of unknown

4. R15 specifications (as of 05/2018) still being finalize

Á NSA option 3 specs – Dec 2017, ASN.1 Mar 2018

Á SA option 2 specs – June 2018, ASN.1 Sep 2018

TBD on the robustness, reliability of all the RAN and Core Network control plane mobility procedures

5. Many deployment approaches – choice shall take 5Gė4G interoperability into account

6. New Network Slicing concept:

Á Significantly flexible – many network slice options, each with varying network slice reliability degree

16

Challenges
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1. Senior management commitment, emphasis on culture shift to virtualization

Á Through education, convey that network RAS must be achieved on virtual networks

Á Methodically execute physical to virtual transition, illustrating flexibility and operational ease of running 

a VNF based network

2. Cautious, calculated (baby) steps during 5G network deployment

Á Careful design of each network slices

Á Identify services and associated network RAS expectations

3. Thorough study of RAN and Core 5G System specifications to identify gaps

Á Take 3GPP contributions to address

4. Ensure NF software architecture is designed to account for certain NFVI failure rate

Á Custom HW for 5G not an option

5. Service providers collaborate on 3GPP R16 to prioritize and emphasize 5G study and specs on RAS

17

Potential Solutions

Focus on Execution
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