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Wireless standards and their networking environments
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* O WiMAX pode operar na W-LAN (como hotspot), na W-MAN (como
backhaul-interconexao de redes) ou na W-WAN (como backbone).



WIMAX

Worldwide Interoperability for Microwave Access.
Baseada em padrao global, o IEEE 802.16.
Visa solucionar o problema da ultima milha.

Diminui o investimento em infraestrutura de alto custo,
comparada com a telefonia.

Espectro: de 2 a 11 GHz ou de 10 — 66 GHz.

Modulacao dinamica adaptativa (QPSK e QAM), baseada na
qgualidade do enlace.

Topologia: Point-to-Multipoint (PMP) e Mesh.
Alcance: varios quildmetros



O padrao IEEE 802.16

Define a comunicacao sem fio entre a BS (estacdo base) e uma ou
mais SSs (estacdes de assinantes) servindo a usuarios domésticos

ou comerciais.

Estacao base controla transmissdes
Alternativa as tecnologias tradicionais como DSL e cabo:
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Topologias

] o Mesh topology
Point-to-multipoint (PMP)
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Padroes IEEE 802.16

802.16a (2-11 Ghz, sem linha de visao) — WiMAX fixo -
obsoleto

802.16b - obsoleto

802.16¢ - (detailed system profiles) - perfis
802.16d —revisao integrando os padrdes a,b, c
802.16e (Mobile Wireless MAN) — WiMAX movel
802.16f — redes mesh



Visao Geral

SUMMARY OF 802.16 STANDARDS

Completion date

Spectrum
Channel conditions
Bit rate

Modulation
Mobility
Channel bandwidths

Typical cell radius

802.16
Dec 2001

10 to 66 GHz
Line of sight only

32 to 134 Mbps
(28-MHz channelization)

QPSK, 160AM, 640AM
Ficed
20, 25, and 28 MHz

1 to 3 miles

Courtesy of the WiMax Forum

Notes:

QPSK = Quadrature phase shift keying;
QAM = Quadrature amplitude modulation;
OFDM = Orthogonal frequency division multiplexing

ﬂllI.IEa,l’HﬂI.lﬁHE".I’d
802.16a; Jan 2003;
802.16REVd: Q3 2004

<11 GHz
Mon line of sight
75 Mbps max
(20-MHz channelization)
OFDM 256 subcarriers,
QPSKE, 160AM, 640AM
Frced

Selectable between
1.25 and 20 MHz

T to 5 miles (30 miles max
based on tower height, antenna
gain, and power transmit)

802.16e
Q3 2004

<6 GHz
Mon line of sight
15 Mbps max
(5-MHz channelization)
Same as 802.16a

Pedestrian mobility,
regional roaming
Same as 802.16a with
uplink subchannels
1 to 3 miles



O padrao IEEE 802.16e
WIMAX Movel

e O WIiIMAX Movel € uma solucao de banda larga para a convergéncia
das redes fixas e moveis, oferecendo:

— Altas taxas de transmissao;
— Escalabilidade;
— Qualidade de Servico;
— Seguranca;
— Mobilidade.
 Tem como principais caracteristicas técnicas:
— Usa OFDMA
— MIMO (Multiple Input Multiple Output)
— Tamanho de canal escalavel.



Arquitetura do WiMAX

e Camada fisica (PHY).
 Camada de acesso ao meio (MAC).

e A subcamada MAC encontra-se dividida em trés
subcamadas:

— subcamada de Convergéncia de Servicos (CS),
— subcamada de Parte Comum (CPS)
— subcamada de Privacidade (PS).



Camadas

Transformacdo ou mapeamento de dados da
rede externa em SDUs MAC (oferece suporte a
ATM e protocolos baseados em pacotes)

Funcionalidades do nucleo MAC do sistema de
acesso, alocacdo de largura de banda,
estabelecimento e manutencao de conexdo

Autenticacdo, troca de chaves seguras e
criptografia

Diversas especificacbes, cada uma delas
apropriada a uma dada faixa de frequéncia




Sistemas de Telefonia Celular



Sistemas de Telefonia Celular

Comunicacao sem fio a longas distancias

Oferece uma conexao sem fio a PSTN (Public Switched Telephone
Network — Rede Telefénica Publica Comutada)

Permite mobilidade continua dos usuarios

Acomodam um grande numero de usuarios em uma grande area
geografica e dentro de um espectro de frequéncia limitado

Alta capacidade é alcancada limitando-se a cobertura dos
transmissores a sub-regioes geograficas: células

Cada célula é servida por uma estacdo radio base (ERB), composta
por: transmissor, receptor e unidade de controle



Sistemas de Telefonia Celular

e A cada célula sao atribuidas faixas de frequéncia

— Reuso de frequéncias — uso da mesma frequéncia (canal) na
cobertura de diferentes areas

e (Células sao organizadas de forma que todas as antenas
vizinhas sejam equidistantes (padrao hexagonal)

— Interferéncia co-canal — interferéncia entre células que usam a
mesma frequéncia (limites toleraveis)




Organizacao das Células

i .

Modelo de Projeto de grade Layout real
propagacao celular
teorico




Telefonia celular - Conceitos

— Por que nao usar uma grande torre de radio e uma grande
area de servico?

— Numero de usuarios simultaneos seria bastante limitado

— Relacionado ao numero de canais disponiveis

— Terminal movel teria um grande requisito de poténcia de transmissao

— Conceito de telefonia celular — pequenas células com reuso
de frequéncia

— Vantagens : Baixa poténcia de transmissao dos dispositivos

— Aumento da capacidade do sistema com reuso de frequéncias

— Desvantagens: Custo das células

— Handoff (ou handover) entre as células deve ser suportado

— Necessario rastrear o usuario movel para rotear mensagens e
chamadas



Reuso de Frequéncias
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Cluster — conjunto de células em que nao ha reutilizacao de frequéncias

Estruturas mais empregadas (antenas omnidirecionais — células
hexagonais)



Processo de Chamada Celular
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Handoff

(e) Ongoing call () Handoft

Funcao que permite manter a continuidade de uma conversacao
guando o usuario passa de uma célula para outra

O handoff pode causar uma (pequena) interrupgcao na comunicacao



Evolucao da Telefonia Movel



Evolucao da Telefonia Movel

Mobile 1G Mobile 2G Mobile 3G Mobile 4G LTE
AMPS, NMT, TACS D-AMPS, GSM/GPRS, CDMAZ2000/EV-DO, LTE, LTE Advanced
cdmaOne WCDMA/HSPA+ TD-SCDMA o

® — ﬁ

300+ Mbps?

Analog Voice Faster and Better

| . )
9| = (e Ulles
ﬂ ’ Richer Content Maore
- | (Video) Connections

<0.5 Mbps'

Digital Voice + Simple Data




Mobile 1G established the foundation of mobile
(1 (2 (3

Licensed Spectrum Frequency Reuse Mobile Network
Cleared spectrum for exclusive use Reusing frequencies without interference Coordinated network for seamless
by mobile technologies through geographical separation access and seamless mobility

PSTHM
(landline)

Operator-deployed base stations Neighboring cells operate on different Integrated, transparent backhaul
provide access for subscribers frequencies to avoid interference network provides seamless access




Limited Capacity

Analog transmissions are inefficient at

using limited spectrum

Frequency Division Multiple Access (FDMA)
Large frequency gap reguired between users 1o avoid interference

Limited Scalability

Analog devices are large/heavy, power

inefficient, and high cost

.‘ .............................................................................................. F.
B

* | 20 ] 0 || s [ | 2o [ |2 [ ] 20 || 2 || 2 | "
kHz kHz kHz kHz kHz kHz kHz kHz

[ ]
Support for only 1 user (analog phone call) per channe




Mobi

Initial 2G technologies (D-AMPS, GSM) based on TDMA

More Voice Capacity
Digital transmissions enable compressed voice and
multiplexing multiple users per channel
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B S SRR L | Voice ncocer | | EE—
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LIncompressed Voice Signal P
G4 kb per second

=1 user per radio channel

A B C
» »
30 kHz Time

Time Division Multiple Access (TDMA)

Allows multiple users per radio channel with each user talking one at a time

e 2G digital wireless technologies enabled more users

Scalable Technology

Digital components cost/weight far less plus deliver
more secure signal

-

[ | |
S
Hl.—\—l‘ {pocket-sized)



Different Mobile 2G TDMA techniques were standardized

Only one user per radio channel

Mobile 16 (Analog) A e
AMPS, NMT TACS T 1 Time
30
kHz

Mobile 2G (Digital)

D-AMPS

A A
Standardized as |15-54 by TIA in 1992 - |.| > —_ —-—-—.

Mainly in Morth America 30
Mo longer utilized

Mobile 2G (Digital)

GSM Eight users per radio channel
LY

Standardized by ETSI in 1990 (phase 1) "IAI" — A D o K - G
200 Time

Initiated in Europe
Still widely used today (>4B connections WWT)
Simple data services with GPRS




TDMA still required large frequency gaps to reduce interference

Also required potentially
unreliable “hard” handoffs
Switch channels between adjacent
cells — potential for dropped calls

Channel 1 Channel2 Channel3 Channel 4 Channel 5 Channel6  Channel 7 Channel 8

Frequency Gap
(not used in green celD



CDMA utilizes all the available spectrum to support more users
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@ 2, ©

Near-Far Power Challenge Cell-Edge Challenge Multipath Fading Challenge
Users close to the tower overpower Interference caused by users in close Interference caused by the reception of
the uplink signal minimizing capacity proximity, on the same frequency, and the same signal over multiple paths
on the shared channel communicating with different towers resulting in poor signal-to-noise ratio
Solution: Solution: Solution:
Continuous control of transmit Users simultaneously communicate Advanced (“rake”) receivers combine
power based on signal strength with multiple towers at cell edge energy of multiple signal paths
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User A M‘ NW\] U"
Up to 1,000,000 X i .
User B Hgﬁ;g + Soft (vs. Hard) Handoffs P
. . " ) ) Signal Stren .
Without Power Control With Power Control Additional benefit of simultaneous I iut Heﬁei,,egr Noise
Signal Power at Tower Signal Power at Tower -

connections — more reliable handoffs



CDMA established the foundation for 3G technologies
Mobile 3G evolved into two competing standards both based on CDMA

e .

I.'f. ﬁﬂﬂ' GENERATION “\1..
"AGPRPZ2"
IS-95 (cdmaOne) ‘ CDMA2000 ‘ EV-DO (Evolution-Data Optimized)
Initial CDMA standard Uses 125 MHz carrier: Optimized data channel for CODMA2000
from Qualcomm easy migration from cdmaONE providing mobile broadband services
May 1995 \ July 2000 (Revision A) October 2000 (Release 0) y
- e "y -
-._....‘.-‘- “\-‘
"--..,____F_- ‘*\‘ .
I.-"f .-.""-a..* \\‘ %
WCDMA (U MTS) — HSPA H gh Speed Packet Access)
_ Evolution Uses 5 MHz carrier: Optimized data channel for WCDMA
leverages GSM core network providing mobile broadband services

June 2004 (Relsase B)

=== == |nfluenced June 2001 (Release 99) x@

I\ {II
. A GLOBEAL INITIATIYE v




EV-DO optimized 3G for data enabling mobile broadband

Data Enabled
Simple Data Services

Mobile 2G
<05 Mbps'

VUV

BB

o2

Text Emai

®m =

“. Capable of

efficiently
supporting small
data files

Data Optimized
Mobile Broadband

CDMA2000/EV-DO
147 Mbps?®
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Voice Services

CDMAZ2000
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EV-DO
Data optimized channel with
support for larger package sizes



EV-DO inventions are the foundation to mobile broadband

1 ©

Data Optimized Channel Adaptive Modulation
Splits channel into time intervals Uses higher order modulation to
enabling a single user to get all the get more bps per Hz for users with
resources at once good signal quality

Enables richer content Increases peak data rates

Data
Optimized ﬁ
@"

Lower Data Rates

Cell Edge

©

Opportunistic Scheduling

Optimizes channel by scheduling
users at the time instances when
users have good radio signal
conditions (with fairness)

Increases overall capacity

& *

Time

- User & - User B

Powear
Resourcas




Mobi

e 3G evolved to HSPA+ and EV-DO Rev. B

Delivering higher data rates, more capacity, and enhanced mobile broadband experiences

Higher Order Modulation (HOM)

Introduces 64-QAM enabling 50% more
bits per second per Hz (bps/Hz)

m

m

1M

Enabling packing 50% more
data into packages

Carrier Aggregation

Aggregating spectrum enabling increased
user and peak data rates

J Aggregated

Data Pipe

:| Carrier #3 J

E’@\—][_] : - 1

U’@w_lf_l - — _H

Aggregate channels for higher data rates



3G technologies optimized mobile for data

— Mobile Broadband Timeline!

EV-DO and HSPA Benefits o E N

. . 14.4 Mbps = Qualcomm introduces EV-DO
= Delivered achievable throughput >2 Mbps 63+ Mbps o "=

* Reduced operator cost for data services First EV-DO commercial launch

JIGPP release 6 with HZPA is published based

* Continuous evolution for enhanced services

on WCDMA technology
L 1 Q12007
31 Mbps - EWV-DO passes 50 million connections
14.7 Mbps
L} Q108
Rev. B HSPA passes 50 million connections
FsFA " B June 2008
=0.5 Mbps
3 Rev. A First HSPA+ (21 Mbps) commercial launch
Mobile 2G Mobile 3G Mobile 3G .} September 2010
GSM / GPRS CDMAZ000 / EV-DO WCDMA / HSPA First DC-HSPA+ (42 Mbps) commercial launch
Peak Data Rate |, 3G technologies continue to evolve

(Mbps) Surpassed 2B connections in 20132



Mobile 4G LTE is evolving to provide more data capacity

Delivering faster and better mobile broadband experiences

CDMAZO00/EV-DO,
WCDMA/HSFA+, TD-5CDMA

Mobile 4G LTE
Mobile 3G LTE, LTE Advanced

Faster and Better Mobile Broadband
More Data Capacity

Mobile 2G
D-AMPS, GEM/GPRS,
cdmaOne
Mobile 1G
AMPS, NMT, TACS Maobile for the Masses

More Voice Capacity

Foundation of Mobile

1010110100111000 |288

—
Seamless Mobility .

1980s 1990s

Mobile Broadband
Data Optimized

I'.'l.RTHI:Fli HIP
FEOSD0T

et

2000s




Mobile 4G LTE delivers more data capacity

Download, browse, stream, and game faster than ever with faster and better connectivity

: - : Aggregated

Up to 100 MHz
Connect
F == Wider Channels More Antennas Carrier Aggregation
= er Flexible support for Advanced MIMO techniques to Aggregate up to 100 MHz for
channels up to 20 MHz create spatially separated paths; higher data rates — 2 carrier (2C)
enabled with OFDMA 2x2 MIMO mainstream commercial; 3C announced’
[+ee ]
[a:a ]
[aes ]
Connect —
. & | &)
Real-time
Simplified Core Network Low Latencies
All IP network with flattened Optimized response times for
architecture resulting in less both user and control plane

equipment per transmission Improves user experience



Mobile 4G LTE is the first global standard for mobile broadband

LTEFDD&LTETDD
Global LTE network launches Two modes, common standard, same ecosystem
2 7 9 1 0 1 Spectrum 1 Uplink (UL)
Launches Countries Spectrum 2 Downlink (DL)
Frequency Division Duplex (FDD) Time
) Faired spectrum enables
Large device ecosystem better coverage
1,563 100 .
Devices Vendors
Time

Time Division Duplex (TDD)
Unpaired spectrum enables asymmetrical
DL/UL for more DL capacity



Mobile 3G and 4G LTE continue to evolve

Delivering a faster and better mobile broadband experiences

4G LTE has evolved to LTE Advanced
Providing more data capacity and expanding into new frontiers

Re-11 Re-12 & Beyond

LTE A_}!vanced

3G networks have continued to evolve and improve—so much so some call it 4G
Providing a consistent broadband experience outside LTE coverage

%, Relo Rel-10 Ret-11 Rel-12 & Beyond

HSPA+ HSPA+ Advanced

Rev A % Musticarier "x_ Phase | Phase I

EV-DO ) EV-DORev.B DO Advanced

Voo Efficiency '-., MM Efficiency

CDMA2000 1X ) 1X Advanced




e 3G/4G technologies are evolving for more data capacity
- Shannon’s Law A ,.,/-\?
SNR) 1Lt

Mobi

HSPA+

C~ W -n-log,(1
Signal Quality

HSFPA
Capacity Spectrum  Antennas
7 N
/{ I'I \
R
More More Interference
Spectrum Antennas Mitigation
£ : i -{?Z:::. — G

Advanced receivers and antenna
techniques, eg, LTE FelCIC/IC,
HSPA+ advanced device receiver

Advanced multiple antenna
technigues to create spatially
separated data paths, eg, & way
receive diversity, 4x4 MIMO

Making the best use of all spectrum

types with more licensed spectrum

as the top priority, eg., ASA, ~3.5
GHz, unlicensed spectrum




Arquitetura LTE
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Arquitetura LTE-advanced




Camada de protocolos

[
MME | sS-GW
Non-Access _ |
Stratum |
(NAS) NAS |
i
___________ L _._F._._. |
eNB
RRC
PDCP
Access
Stratum RLC
(AS)
MAC
PHY
[
Control User
Plane I Plane






Futuro

 LTE

* Convergéncia

* 5G
— 100 bilhdes de dispositivos
— +10 Gbps

— Novas tecnologias de acesso de radio e evolucao da atuais
— A partir de 20207?



5G — Requisitos de servicos e cenarios

5G HyperService Cube
Mobility:  Okm/h ~ 500km/h
Frequency: 300MHz-300GHz

Shipping
Logistic

'Augmented Emergency
Reality
a s

4 ‘y w2

r

Stadium =3
JO0 Interactive

HDIV‘ P m

“

Virtual Vehicular
Telematics

Reality
—

Wireless
N2y M igh
Multi- ' ) Speed
ulti-User UHD ., . ‘, Tain

Telepresence




300MHz 3GHz 30GHz 300GHz

5G All-spectrum access RAN



5G Research, Prototype, Tral 5G Standard Product Deployment

3GPP
»
MT New Spectrum, Vision |2 [ Y Technology Eval JERRLY
*wnc—1|2 *Wﬂtﬂ 5 JWRC-1 311 g .

2000 20M 2012 2013 2014 2015 2016 2007 2018 2019 2020 2021

456

5G roadmap and timeline



