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https://www.t-mobile.com/coverage/4g-lte-5g-networks
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5G EVOLUTION

&y NEXT—LEVEL
. BROADBAND

' Higherspeeds and lower
latency enablinga next-

' : b
. il . r 3 ' generation of services
5G will not Only be an evolution of mobile* "' » ¢ - : g

broadband networks, it will also-enable
new unique network and service
capabilities . ‘

1 \'

Gbps speeds o
CRITICAL

: a4 M/{&SIVE :
Virtual reality and augmented reality : ;_:*—_:ﬁeoWTNWY COMMUNICATION
Industrial automation, eHealth, V2X S Movmg fr Systems requiring

Millions toB I ns: \
of connec_ d
dey :.,-! \

very high reliability

Autonomous vehicles
and/or low latency

‘[* - -Mobile-




_
*# 5G STRATEGY
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INCREASED DATA RATES TECHNOLOGIES
INCREASE IN EFFICIENCY: = Massive MIMO
= ENERGY . = (Cloud - RAN

= FREQUENCY
= SPECTRUM ‘

W

= DEVICE

Network Function Virtualization — NFV
Mobile Edge Computing - MEC
Software Defined Networking — SDN
5G CORE

Network Slicing

Chipset Roadmap
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All Spectrum will be needed for 5G over time

mmW is best suited to
address the eMBB use case

mmW Wide Bandwidth of spectrum

provides vast capacity.
DR L Best suited for short range in

building and urbanized systems
o 1L 10

>
) =
5G Starts with O
+ < 4G LTE evolution for wide
U .
. area coverage, capacity,

Eventually all Mid band voice, and primary

Spectrum is 5G METRO mobility layer for 5G
L b d 600MHz NR can

OW Dan address MBB and

NATIONWIDE Massive loT

Coverage >
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Massive MIMO
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2x2 MIMO 4x4 MIMO 8x8 MASSIVE MIMO 16x16 MASSIVE MIMO 64x64 MASSIVE MIMO

BASE STATION ‘ [ BASE STATION \ D ( BASE STATION 1 ‘ BASE STATION ( BASE STATION
[ [N staet
e Ugoum Og s
® o D coce DD . . MASSIVE
DD e e a0 e

T,
= Large Scale Antenna Systems LA
= Low Cost Power Components : Il
= Reduced Latency 1000

= Simplifies Resource Allocation
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RE— Eore aswoek = C-RAN Architecture Offers:

-"' et '-" = |ncreased Performance
re functions may
be colocated og oge
with Cloud RAN = Enhanced Flexibility
Backhaul Backhaul 'v = Lower Costs

Baseband
Units

S1 Interface

Fronthaul Fronthaul aggregation and transport
RRH RRH BBU

s BBU - _

! Carrier Ethernet
BBU Router backhaul connection MSC

CENTRALIZED RAN (C-RAN) C-RAN with Network BBU ™
Functions Virtualization (NFV)

BBU
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NETWORK FUNCTION
VIRTUALIZATION




= NFV Benefits

Reduce Costs & Consumption
Speed to Market

Sharing Resources

Lower Risks

Service Provider

X86 Server running
virtualization software

=
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Client LAN Virtual WAN
Accelerator

Virtual Router

Network Function Virtualization WAN
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= MEC - Highlights
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Small Cloud Centers at Edge
Traffic Monitoring

Content Caching

Local Data Aggregation

Perform Core Network
Functions
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SOFTWARE
DEFINED

NETWORKING




= SDN Provides:

= Separation of Control +
Forwarding Plan

= Control is Programmable

= Creates Adaptable
Network Hierarchy
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Basic SDN Operation

Control Plane Data Plane

Switching Device MMM  Switching Device
(Data Plane) (Data Plane)

hlill e

SON Controller

Switching Device Switching Device
(Data Plane)  p ! (Data Plane}
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= 5G CORE

HSS Home Subscriber Server
UDM Unified Data Mgmt
PCF  Policy Control Function

S6a N3

~N15

NTT- :

m mm PCRF Policy Control Rules
s1-uE ' RN SMF Session Mgmt Function
w m UPF  User Plan Function
e | B AMF Access and Mobility Mgmt
l—T—, l—T—,
5 = NG  Next Generation - RAN
Lte 56
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How is traffic handled in architecture 1,2,3 ?

Control, Data
& Voice traffic

Option 1
LTE operation (Today)

LTEeNB

Control, Data
Data & Voice traffic

Control &
Voice traffic
(anchor)

Control
— Data
— |MS services
Option 3x Option 2
NSALTE + NR SANR



5G NETWORK
SLICING



= 5G RAN Slicing:

= Flexible creation and
placement of
function instances

= UE can use multiple
network slices at the

same time
= Can treat traffic
differently depending _
on customer () e Qe g e gy oo g_}jzsn;;;i::ggregm e (B 2 B o
requirements
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Chipset Ecosystem in T-Mobile Devices
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SAMSUNG Exynos
Exynos 7880
Exynos [ Exynos
7872 g 9110

sEoUANS

% S E @ @

NB-loT

MDM
9206
Qualcomm

RM ALT RDA
1000 1250 8908

Snoroic @y jox RSB Caltair  @unisoc

GG

Exynos
s111

Exynos

SEQUANS

MEDIATEH

*SDM 710 - formerly called SDM670

5G

Still in Negotiation




Target 5G device with 600 MHzlaunchin 1H ‘19

Legend:
NSA: Non-standalone
SA: Standalone

4Q17 1Q18 2Q18 3Q18 4Q18 1Q19 2Q19
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5@56? Release 15

Layer 1, 2 & 3 NR specification
Option 3X specification

5G Network Launch
NR network deployment A

SA

7AN

Option 2 specification

I —— =y

R.15 NR chipset

RFFE for B71 LTE + n71 NR co-existence
mmW RFFE optimization

155G device

I Rri5 |
I_NR_C_hiEetJ
N _I
! ;{%E |
I ‘ 155G device
__(Eolﬂi | launch on
1H19
| P l Device Validation

JAN

;_A

I
Device in
I 1
production
| form |



loT & 5G



Networks to power the future

of loT are here

Built to meet the demands of
today and into the future:

Efficient high and low bands
Lower costs with more power

Covers all of North America seamlessly

NB-loT

CAT-1

CAT 1 will allow customers :

Up to 10 mbps

Supports VoLTE and
Connected Mobility

2G Supported
until 2020

Narrowband loT will
allow customers :

Deliver products fast
Provide better coverage
Vastly improve battery life

Provide cost savings

5G

A nationwide 5G mobile
network will mean:
Late 2018

CAT M

Lower latency
Increased battery life

CAT M will allow customers : More simultaneous connections

Up to 1 mbps
Supports Connected Mobility




5G
OPPORTUNITIES & @&
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REAL TIME IMMERSIVE
TRANSLATION MEDIA DRONE
@ DELIVERY M
D 2
AUGMENTED 0 SO 2FIED
HIGHWAYS
REALITY SMARTPHONES
o] TABLETS WEARABLES ‘(0,
W

VIRTUAL E O=C  SELF-MANAGING
REALITY ‘. AGRICULTURE

LAPTOPS MOBILE

INDUSTRIAL
AUTOMATION

()
FIXED d IOT SMART
BROADBAND ROUTERS FlXED SENSORS CITIES
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