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NEPTUN vizsgaidopontok

dec. 19. szerda 10:00 es 13:00
jan. 4. péntek 10:00 es 13:00
jan. 8. kedd 10:00 es 13:00
jan. 16. szerda 10:00 és 13:00
jan. 21. hétf6 10:00 és 13:00
Jan. 23. szerda 10:00 es 13:00

alkalmanként max. 6 f0
szobeli vizsga, angol nyelven
408. szoba
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Kozos ismetles
Az atviteli kozeg (levegO is) analog jelek

atvitelére alkalmas

A digitalis jeleket modulacios technikakkal
kell az atviteli kozegre illeszteni

Amplitudo billentylzes / ASK
Frekvencia billentyuzes /FSK
Fazis modulacio / PSK / BPSK / QPSK

Kombinalt modulacio / QAM / 16QAM
/64QAM
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Digital modulation methods —Qadrature
Phase Shift Keying (QPSK)
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Digital modulation methods —Qadrature
Phase Shift Keying (QPSK)
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Constellation diagram for QPSK L]

with Gray coding. Each adjacent
symbal only differs by one hit.
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Digital modulation methods —Qadrature
Amplitude Modulation (QAM)

Two carriers: sine wave (Q) and cosine
wave (I)

The modulated signal is the sum of the
two components

Different amplitude and differnt phase
values for one symbol

16QAM means: one symbol is four bits
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Digital modulation methods —Qadrature
Amplitude Modulation (16QAM)
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Digital modulation methods —Qadrature
Amplitude Modulation with channel noise

[araphics: Constellation Diagram
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The Spread Spectrum Concept
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Input data Output data

Spreading
code

code

General Model of Spread Spectrum Digital Communication System
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Infokom. 10. ea. 2018. dec. 3.

Time

13



FHSS

A number of channels are allocated for FH

The transmitter operates in one channel at a time for
fixed time interval (Tc)

During that interval, some number of bits or a fraction of
a bit are transmitted (signal elements)

The time interval of signal elements Ts

The sequence of the channels used is dictated by
spreading code

Both transmitter and receiver use the same code to tune
Into a sequence of channels in synchronisation

Infokom. 10. ea. 2018. dec. 3. 14



Frequency

PN sequence

Input binary data

Slow FHSS using Multi Frequency Shift Keying Tc>Ts
(in this case 4 subfrequencies for 2 bits)

Infokom. 10. ea. 2018. dec. 3. 15



Frequency

MFSK
|00|11|01l10|00|10|00|11|10|00|10|11|11|01 00 01|10 11| 01| 10| PN sequence

symbol \

I
|
16 1,11 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 1 Input binary data

Fast FHSS using Multi Frequency Shift Keying Tc<Ts
(in this case 4 subfrequencies for 2 bits)
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Ki talalta fel a leglenyegesebb elemeket?
Who was the inventor of the most important elements?

Figure 1.1: Hedy Lamarr in Her Hollywood Days
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Transmitter

Receiver

Data input A |
0 1
Locally generated
PN bit stream ™ ks J
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Transmitted signal
C=A®B = b=

Received signal C | ‘ I | I ‘ | | l—l |_|

Locally generated
PN bit stream ‘ _J L I I ‘ I ‘ | I _Ll |_
identical to B

above

Data output
A=Co®B

Example of Direct Sequence Spread Spectrum DSSS
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Personal GSM, CDMA,

802.15.3 UMTS...
Bluetooth 3GPP

60 GHz Wide
UWB

TVWS
802.22
Regional

802.11
Wi-Fi

Metro
Local

802.16 WiMAX

WPAN — Wireless Personal Access Networks < 10m
WLAN — Wireless Local Area Networks < 150m
WMAN -- Wireless Metropolitan Network < 50km
WAN -- Wireless Access Network — Large, nationwide

Infokom. 10. ea. 2018. dec. 3.
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The IEEE 802 Wireless
Space

WWAN

® WMAN
)]
c
©
ad
WLAN
ZigBee
802.15.4 Bluetooth 802.15.3
WPAN 15.4c 802.15.1 802.15.3¢c

0.01 0.1 1 10 100 1000
ZA[SESS EPLEUGRTGICVEVAIIEEERR  Data Rate (Mbps)

for low data rate applications

. 10. ea. 2018. dec. 3. 21



Basic Radio Characteristics
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WPAN (Wireless Personal Access Network,
Radios személyi hozzaféresi halozat)

 Short distance radio communication
among devices

 Distance iIs less then 10m.

» Typical standard: IEEE 802.15.
* Typical solution: Bluetooth, ZigBee

Infokom. 10. ea. 2018. dec. 3. 23



What does Bluetooth do for me?

Landline

°
i .

&P Data/Voice
Access Points

Personal Ad-hoc

Connectivity
Infokom. 10. ea. 2018. dec. 3. 24



Usage scenarios: Headset

User benefits

« Multiple device access
« Cordless phone benefits
« Hand’s free operation

Wireless Freedom...

Infokom. 10. ea. 2018. dec. 3.
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Usage scenarios:
Synchronization

User benefits

 Proximity synchronization
 Easily maintained database

« Common information database

Sharing Common Data...

Infokom. 10. ea. 2018. dec. 3.
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Usage scenarios: Data access
. OlntSPSTN ISDN,

User benefits

« NO more connectors

« Easy internet access

« Common connection experience

Remote Connections...

Infokom. 10. ea. 2018. dec. 3.
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Bluetooth characteristics

*Operates in the 2.4 GHz band at a data rate of 720KDb/s.
*Uses Frequency Hopping (FH) spread spectrum, which
divides the frequency band into a number of channels (2.402 -
2.480 GHz yielding 79 channels).

Radio transceivers hop from one channel to another in a pseudo-
random fashion, determined by the master.

*Supports up to 8 devices in a piconet (1 master and 7 slaves).

*Piconets can combine to form scatternets.

Infokom. 10. ea. 2018. dec. 3. 28



What Is a Piconet?

A collection of devices connected in an ad hoc fashion.

*One unit will act as a master and the others as slaves for
the duration of the piconet connection.

(S—m)
*Master sets the clock and hopping pattern. )
Each piconet has a unigue hopping pattern/ID (s) (s)
*Each master can connect to 7 simultaneous or 200+ ®

inactive (parked) slaves per piconet
(p ) PErp M=Master P=Parked

S=Slave SB=Standby

Infokom. 10. ea. 2018. dec. 3. 29



What Is a Scatternet?

A Scatternet is the linking of multiple co-located (s)
piconets through the sharing of common master or ®
slave devices.

(M)

A device can be both a master and a slave.

*Radios are symmetric (same radio can be master or
slave)

(s
*High capacity system, each piconet has maximum
capacity (720 Kbps)

(M)

M=Master P=Parked
S=Slave SB=Standby

Infokom. 10. ea. 2018. dec. 3. 30



Bluetooth Architecture

Applications

and Support

‘ ‘ ‘ [ Application Framework 7

S
"o
Data § Host Controller
@) Interface

L2CAP (
Audio ?Link Manager and L2CAP

Link Manager |
‘ } I Radio & Baseband J

Infokom. 10. ea. 2018. dec. 3. 31




Baseband link types

 Polling-based (TDD) packet transmissions

— 1 slot: 0.625msec (max 1600 slots/sec)

— master/slave slots (even-/odd-numbered slots)

 Synchronous connection-oriented (SCO) link
— “circuit-switched”, periodic single-slot packet assignment
» Asynchronous connection-less (ACL) link

— packet switching
— asymmetric bandwidth, variable packet size (1,3, or 5 slots)

— symmetric 64Kbps full-duplex

— max. 721 kbps (57.6 kbps return channel)

— 108.8 - 432.6 kbps (symmetric)
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Infokom. 10. ea. 2018. dec. 3.

12 13 14 15

| |
16 17 18

19 20 21 22

32



Security: Key generation and
usage

Link Key ‘<i::

Encryption Key

Authentication

| Link Key

PIN User Input

1 (Initialization)

Encryption

< >

Encryption Key
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The IEEE 802 Wireless
Space

WWAN
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for low data rate applications
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ZigBee Alliance Owerview

* Organized as an independent, neutral,
nonprofit corporation in 2002

* Open and global
* Anyone can join and participate
 Membership is global

 Activity includes
« Specification creation
 Certification and compliance programs

« Branding, market development, and user
education Infokom. 10. ea. 2018. dec. 3.
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ZigBee Applications

security
HVAC
AMR VCR
lighting control DVD/CD

access control BUILDING " CONSUMER remote
AUTOMATION ZI g B ee ELECTRONICS

TV

Wireless Control that

Simply Works
i [

patient
monitoring

fithess
monitoring P E=ESIONAtE
HEALTH CARE

mouse

keyboard
PC & joystick

PERIPHERALS

TELECOM

SERVICES
asset mgt security
process Eﬂ m-commerce HVAC
control info services lighting control
environmental object interaction access control
energy mgt (Internet of Things) irrigation

Infokom. 10. ea. 2018. dec. 3. 36



Basic Network Characteristics

65,536 network (client) nodes

27 channels over 2 bands I

L
o ®
......
[ ]
y o

250Kbps data rate

Optimized for timing-critical
applications and power
management

Network coordinator
Full Function node
Reduced Function node

-« Communications flow

Full Mesh Networking Support Virtual links

Infokom. 10. ea. 2018. dec. 3. 37



ZigBee Mesh Networking

Slide Courtesy of
Control(®

Infokom. 10. ea. 2018. dec. 3.




ZigBee Mesh Networking




ZigBee Mesh Networking




ZigBee Mesh Networking




ZigBee Stack Architecture

Initiate and join network

—~——> Manage network
w Determine device relationships

Send and receive messages

W

Application ZDO

Application

App Support (APS) «—— Device management
Device discovery

W
SSP ) )
NWK \ Service discovery

Security functions ——

Network organization Device binding

Message relaying

Infokom. 10. ea. 2018. dec. 3. 42



ZigBee Device Types

O ZigBee Coordinator (ZC)

—One required for each ZB network.
—Initiates network formation.

() ZigBee Router (ZR)
—Participates in multihop routing of messages.

© ZigBee End Device (ZED)

—Does not allow association or routing.
—Enables very low cost solutions

Infokom. 10. ea. 2018. dec. 3. 43



Star

Cluster Tree

Mesh

Infokom. 10. ea. 2018. dec. 3.

O ZigBee Coordinator
Q ZigBee Router
O ZigBee End Device

44



Some Application Profiles

Home Automation [HA] | « Industrial Plant
— Defines set of devices used Monitoring

In home automation

Light switches
Thermostats
Window shade
Heating unit
etc.

— Consists of device
definitions for sensors used
In iIndustrial control

* Temperature

* Pressure sensors
 Infrared

* etc.

Infokom. 10. ea. 2018. dec. 3. 45



Interoperabllity Summary

Public application
interop

Interop
capable
starting point

Manufacturer

Network interop  Specific
applicatiT interop

ZigBee Manufacturer Specific  zigBee Public
Application Profiles Application Profiles

ZigBee Compliant
Platform [ZCP]

« Devices built on ZigBee interoperate on different levels

* Wide spectrum of interoperability choices
* It's a designer choice on level of vendor interoperability to

support

Infokom. 10. ea. 2018. dec. 3.

46



RLAN (Radio LAN, Radios helyi halozat
mas néven WLAN)

n-door communication
Distance: 150 m or less

_AN (Local Area Network, Helyi halozat) —
Communication of near computers or devices by
radio

WiFi (Wireless Fidelity) — Commercial name of
RLAN fit to IEEE 802.11 standard operating Iin
frequency band 2,4 GHz (2400 — 2483,5 MHZz)
or in band 5,6 GHz or in band 60 GHz

Infokom. 10. ea. 2018. dec. 3. 47



802.11 Architecture Overview

> Multiple Over the Air PHY options
> One common MAC based on CSMA/CA

802.11 MAC

562+« @IEEE

Infokom. 10. ea. 2018. dec. 3. 48



Szabv. Frekvencia Modulicié |Beltéri tav
elfogadva |GHz

1999 5 54 OFDM

1999 2,4 11 DSSS 35 120
2003 2,4 54 OFDM 35 120

: m II.

2009 2,4/5 135 4 OFDM 70 250

2014 5 780 8 OFDM 35 115

)
(]

2013 60 6000 OFDM 10

2017? 0,9 0,347 1000
20177 45/60
2018? 2,4/5 10.530 OFDM 60

2019? 60 100.000 4 OFDM

2020? 60 Szabvanyositas 19
Infokom. 10. ea. 2018. dec. 3. 49



Orthogonal frequency-division multiplexing
(OFDM)

I Nem ortogonalis frekvenciak esetében

Ortogonalis frekvenciak esetében

Infokom. 10. ea. 2018. dec. 3.
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4x2 and 4x1 MU-MIMO application
Several users can be served simultaneously in the same frequency band.

Infokom. 10. ea. 2018. dec. 3.
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The 802.11 Architecture

User Stations (laptop PCs and PDAS)
Access Points (APS)
Backbone Network (Distribution System, DS)

The User Stations competing for access over a
shared medium is termed the Basic Service Set
(BSS).

Two or more of these BSSs are interconnected
by a DS network.

The complete set of BSSs and the
Interconnecting network are termed an extended
service set (ESS).

Infokom. 10. ea. 2018. dec. 3. 52



Extended Service Set Architecture

Server

Network AcCess

Point 2

RF Access RF Access

Station 1 Station 2

Station 3 Station 4

Basic Service Set 1 Basic Service Set 2

Infokom. 10. ea. 2018. dec. 3. 53



Traditional WiFi structure
DistributionSystem (Ds) -  Cellular network — BSS
- T - Controlled by AP (Access Point)
- Interconnected by wires

Y 802.11.s WiFi structure
\ l \ | - mes_hed radio intercor_mection
- _-;_-}_--_,-:H \ I - traffic dependent routing
#~ b I ’__Z-“*'-
' ' \_‘____ ‘:L"_,.- -!! '.i'-\\
Mesh | "
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Symbol
Estimates

= =ymbol
—>L 1 | Estimates

Multipath and Diversity (MIMO)

Symbol
Estimates

A PHY
."‘-.I-.-. — ’ I'.

o i symbols -

o j to bits

Multi‘)le antennas and multiple RF sections are used in

parallel

MRC uses DSP techniques to increase SNR

Thisis a siﬂnificant benefit over traditional 802.11afblg

diversity w

ere only one radio i1s used



4x2 and 4x1 MU-MIMO application
Several users can be served simultaneously in the same frequency band.

Infokom. 10. ea. 2018. dec. 3.
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Frequency regulation in Hungary

« Az egyedi engedélyezési kotelezettség aloli mentesseég
egyuttal a frekvenciadij aloli mentességet is jelenti.
Using of WiFi bands is free from individual licensing and
no frequency fee.

* Az egyedi engedelyezési kotelezettseg aloli mentesség
estén is be kell tartani a savhasznalat miszaki normait,
mindenek el6tt a kisugarzasra elQirt teljesitmeny
korlatozast. In the case of free frequency usage the
technical specifications have to be considered,
especially the transmission power limits.

Infokom. 10. ea. 2018. dec. 3. 57



A nemzeti frekvenciafelosztas megallapitasarél szo6lo6 rendelet szerint a 2400—
2483,5 MHz, 5150-5350 MHz, 5470-5725 MHz és az 57-66 GHz sav a kis
hatotavolsagu eszkozok (SRD-k) szélessavu adatatviteli alkalmazasai részére
harmadlagos jelleggel kijelolt frekvenciasav,

Radiéalkalmazas Frekvenciasav Dokumentum
Szélessavu adatatviteli
rendszerek és vezetéknélkili
2400- Bizottsag 2006/771/EK Hatarozata és
hozzaférési rendszerek (WAS),
2483,5 MHz 2011/829/EU végrehajtasi hatarozata
beleértve a radios helyi
halézatokat (RLAN) is
Vezetéknélkuli hozzaférési 5150-5350 MHz
rendszerek (WAS), beleértve a Bizottsag 2005/513/EK Hatarozata és az
radiés helyi halézatokat 5470-5725 MHz |ECC/DEC/(04)08 Hatarozat
(RLAN) is
Tobb gigabites WAS/RLAN 766 GH Bizottsag 2006/771/EK Hatarozata és
- z
rendszerek 2011/829/EU végrehajtasi hatarozata

Infokom. 10. ea. 2018. dec. 3. 58



A frekvenciahasznalat szabalyozasa
Magyarorszagon

2.4 GHz-es savu RLAN hasznalat

Frekvenciasav: 2400 — 2483,5 MHz
a) A sav altalanos hasznalata és zavarviszonyai

A savot kijelolték ipari, tudomanyos és orvosi eszkozok
mukodtetesére.

Az ipari hasznalat jellegzetes péeldaja az a nagyszamu haztartasi
mikrohullamu sut6, ami a 2,4 GHz-es savban mikodik. Az ipari
berendezések mikrohullamu zavarkisugarzasa a savhasznalat
alapveté meghatarozogja.

A 2,4 GHz-es savot kijelolték tovabba kis hatétavolsagu eszkozok
(taviranyitok, riasztok, stb.) mikodtetésére. Ezek az eszk6zok
tovabb novelik a nem ellen6rizhetd zavarszintet.

Ebben a kisugarzasokkal er6sen terhelt frekvenciasavban
megengedett a kis hatotavolsagu radiotavkozlés is. Tudataban kell
azonban lenni annak, hogy a tavkozl6 eszkozok mikodtetése soran
mindig lehet zavaro interferenciara szamitani.

Infokom. 10. ea. 2018. dec. 3. 59



A frekvenciahasznalat szabalyozasa
Magyarorszagon

« A tavkozlési savhasznalat prioritasi foka
harmadlagos. Ez azt jelenti, hogy a
berendezések nem tarthatnak igenyt
interferenciavedelemre mas eszkozok
zavarasaval szemben.

* A 2,4 GHz-es tavkozlés az egyszeriseg és
konnyl megvalosithatdosag miatt népszeri. Az
elterjedt hasznalat €és az allomasok nagy szama
kovetkezteben mostanra mar a 2,4 GHz-es
tavkozlesi 0sszekottetések kolcsonos egymasra
hatasa valt a zavarok elsodleges okozojava.
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IEEE 802.11 szabvany eloirasai

Csatorna
szama

1.

N Ok w

2.4 GHz

Frekvencia

MHz
2412
2417
2422
2427
2432

2437
2442

Csatorna
sZama

LN 200
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Frekvencia es teljesitmeny
korlatozasok:

Magyarorszagon harom meteorologiai radar midkodik 5600 —
5650 MHz savban az europai el6rejelzb rendszer részekent.
(Budapest XVIII. Gilice ter 39., Napkor, Poganyvar/Dioskal). Ezek
a radarok rendkivul fontosak a vihar e€s arvizveszély esetén a
riasztasok megalapozott kiadasahoz. A radarok mikodését
zavarni szigoruan tilos. A halozatuzemeltetok €s berendezeés-
szallitok felelések azert, hogy ebben a WiFi savban a
meteorologiai radarokat ne zavarjak.

A nemzeti frekvenciafelosztas megallapitasarol szolo rendelet
tartalmazza azon telepulések listajat, ahol a meteorologiai
radarok zavarasanak kérdéseire kulonos figyelemmel kell lenni
és a WIiFI berendezéseket kizardlag beltérben és a teljesitmeny
korlatok szigoru betartasaval lehet alkalmazni.
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Radarok szamara

' ! kijelolt frekvenciasav
! Napkor és 5
' Poganyvar Budapest '
: radar .
c & T '
' ]
: — - :
120-as 124-es 128-as by 132-es
csatorna csatorna csatorna csatorna
]
'

1 A " / L) \ L L A L} L} L)
5580 5590 5600 5610 5620 5630 5640 5650 5660 5670 5680
frekvencia (MHz)
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uzemelisias
teljesitmeany
MaximLma

elvalaszio
teljesitmeny

nem
harmonizalt
AV
harmonizalt mukddes
sl
mukddes
2400 T 2483 5 MH=z
1. abra

A harmonizalt savu mukodes tartomanya
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Figure 5 5-GHz Nonoveanapping Channels
Chanredls defined for 5-GHz Band (LIS Regulations), Showing Commaon 20-Mhz Channgd Plan and 40-Mhz Options
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The 802.11 Architecture

User Stations (laptop PCs and PDAS)
Access Points (APS)
Backbone Network (Distribution System, DS)

The User Stations competing for access over a
shared medium is termed the Basic Service Set
(BSS).

Two or more of these BSSs are interconnected
by a DS network.

The complete set of BSSs and the
Interconnecting network are termed an extended
service set (ESS).
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Extended Service Set Architecture

Server

Network AcCess

Point 2

RF Access RF Access

Station 1 Station 2

Station 3 Station 4

Basic Service Set 1 Basic Service Set 2
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Media Access Control (MAC)

MAC iIs mandatory for all stations
MAC Is to assemble data into a frame including

local

address and error detection field

MAC checks the frame address, perform error
correction on the frame, disassemble the frame

and
The

passes it to the Logical Link Control.
_LC identifies higher layer programs to

hano

le the data and provides and interface to

these higher-layer programs while perform flow
and error control.
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Collision Avoidance Approach

The access method differs from the wired
Ethernet's CSMA/CD (Carrier Sensing Media
Access and Collision Detection) operation.

802.11 networks use a collision avoidance
approach (CSMA/CA)

Collisions are avoided rather than detected.

This avoidance approach requires each station
to listen for transmission from the others.

If the channel is idle, this indicates that no one
else is currently transmitting and thus the station
can now transmit.
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Four Way Access and Transmission Sequence

(used to further ensure transmission reliability)

Request to Send
Clear to Send
A hatésugara C hatésugara <
Data Transfer X 1
) Acknowledgement of Transfer Receiving
Sending Access Point

Station

Request to send message containing a source address, destination address,
duration of the transaction

Clear to send message containing the same information or a denial message
Infokom. 10. ea. 2018. dec. 3. 70



Timing and Power

All station clocks within a BSS are synchronized
by means of the periodic transmission of a time
stamped beacon signal received from the APs.

Stations employ two power-saving modes: the
awake and doze modes.

In the awake mode, stations are fully powered
and can receive packets at any time.

Stations must inform the AP before entering the
doze mode.

In the doze mode, stations cannot receive
packets.

Each stations wake up periodically to listen for
bacon signals to indicate whether the AP have
messages for It.
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Beaconing

Every 100 ms, all APs send out a 50 byte frame
containing an ID for its specific WLAN and a
time stamp that is used by all stations that intend
to access the network and transmit through a
wireless AP.

The time stamp is used to synchronize each
station’s local clock.

The beacon message includes the speeds
supported by the AP and the supported
modulation technique.

The User Stations listen to all the beacons
received on every channel from a number of
APs in the building and choose the one that has
the strongest signal.
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Media Access Methods for Control of Access
to the Network

1. The distributed access control where
each mobile unit makes access decision
iIndependently

2. The centralised decision making (polling)
approach where a central access
protocol controls which stations can
access the network by means of a
centralized polling mechanism

Infokom. 10. ea. 2018. dec. 3. 73



WIFI certification labels

Lo qo /Ta l]| ne

Eligible Clent Devices

Elgible AP Devices

q All\Wi-Fi CERTIFIED n devices
CERTIFIED"
e Two spatial streams (receive) e Two spatial streams
1 transmit, 2 receive (transmit and receive)
Wi 2 transmit, 2 receive 2transmit, 2 receive
CERTIFIED® —  2ftransmit, 3 receive « Transmit- AMPDU

dual-stream n

e Transmit A-MPDU

e 40 MHz channels in 5 GHz
(f 5GHz supported)

e 40 MHz channels in 5 GHz
(if 5GHz supported)

e Transmit STBC

C@@FD

CERTIFIED"

multi-stream n

e Three or more spatial streams
(transmit and receive)
3 transmit, 3 receive
3 transmit, 4 receive
— 4 transmit, 4 receive

e Transmit A-MPDU

e 40 MHz channels in 5 GHz
(if 5GHz supported)

e Three or more spatial streams
(transmit and receive)
Jtransmit, 3 receive
4 transmit, 4 receive

® Transmit- A-MPDU

e 40 MHz channels in 5 GHz
(if 5GHz supported)

® Transmit STBC

CaFD

CERTIFIED®

802.1In? Yes but

only on 2.4GHz

dual-stream n

o8 wifF)E




ROUTER - NETGEAR AD7200 NIGHTHAWK X10 R9000-100EUS
SMART WIFI ROUTER

Bl Facebook W Twitter 3+ Google+ P Pinterest Webshop ar:
Nettd: 120.784 - Ft/db

Brutté: 153.396,- Ft/db

3 db-os Webshop ar:
Netto: 120.480 - Ft/db

Brutté: 153.010,- Ft/db
Pcland kod: 289607
Gyarto: NetGear
Gyartoi cikkszam: R9000-100EUS
Jotallas: 2 ev
Utolso frissités: 2018.12.02 19:36:37

Mikor kaphatom meg? Ha most megrendeli, akkor:

A JASZ UTCAI UZLETUNKBEN: 2018.12.05
W FOXPOST AUTOMATABOL - 2018.12.06

— .
E i A e A P
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Termeék leiras Technikar jellemzok Velemeny

Wifi tulajdonsag

AD7200 WiFi (800 + 1733 + 4600)
Ethernet port szama

(7) 10/100/1000 Mbps Gigabit Ethernet ports {1 WAN & 6 LAN)
Dual Gigabit Ethernet Port

USB:

Van

USB 3.0

Titkositas

standard szabott ingyenes URL az

FTP beallitasahoz.

VPN support tavoli hozzaférés

Vendeg haldzatelkdlonitett & biztonsagi
WiFI Vefelem® (WPA/WPAZPSK)

Tdzfal vedelem (SPI and NAT)

Dos tamadas megeldzése

Memory

512MB MNAND flash and 1GBE DDR3 SDRAM

Wi-Fi sebesség: 7133 Mbik
Miikédési frekvencia @
WAN port szam: 1

WAN sebesséqg: 10/100/1000 Mbit/s

LAMN Enrt szam: 6 db
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WIiFi modulok M2M és loT alkalmazasokra

ESP8266 Serial WIFI Wireless
Transceiver Module
Jellemzok:

802.11b/g/n

SDIO 2.0, SPI, UART

IEEE 802.11 b/g and IEEE 802.11n (single
stream) WLAN interface (2.4 GHz only)
Ketté darab soros CMOS Port (3.3V,vagy 5V)

USB 2.0 port az adatforgalom kikapcsolt
24mm X 16.5mm x 5.64mm , R 9 , p

allapotaban aramfelvétele
2,59 10uA

24.8*14.3mm
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Cisco 5520 Series Wireless LAN Controller

* ACisco 5520 tipusu Series Wireless LAN
Controller nagymertékben skalazhato, sokféle
szolgaltatast tamogato, megbizhato, rugalmas
platform kozepes és nagyvallalatok, valamint
egyetemi kampuszok WiFiellatasanak
tamogatasara.

* A Cisco egyseges hozzaféresi megoldasainak
(Unified Access Solution) részekent mar a
kovetkezO generacioju radios adathalozatai
szempontjai szerint (802.11ac Wave 2.)
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A Cisco 5520 alapveto jellemzoi:

Tamogatott AP-k szama (max) 1500
Felhasznalok szama  (max) 20,000

Uzemmodok Centralized, Cisco FlexConnect, and
Mesh

Kialakitas 1 fiok(RU)

/O interfész Dual 1-Gb or 10-Gb ports with Link
Aggregation Group

Aramellatas AC kiegeészithetd szunetmentes
tapegységgel

Garancia 3 év
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A Cisco 5520 Radiofrekvenciak menedzselése

El6relatban azonositja €s csokkenti a radiofrekvencias
interferenciakat a hatékonyabb teljesitmény érdekében

Valos ideju és naplozott adatokat szolgaltat a
radiofrekvencias interferenciakrol és az egész
rendszerrol.

Folyamatosan ellenorzi a rendszert anélkul, hogy a
teljesitmeényét csokkentene.

Pontosan azonositja az interferencia forrasat, helyét es
Kiterjedeset.
Automatikusan beavatkozik a pillanatnyi és a hosszu

tavu interferenciak csokkentése érdekében és ezeket
teljes részletesseggel naplozza.

Infokom. 10. ea. 2018. dec. 3. 80



Example of outdoor AP

d75dBISGHz

Ing kit

utf

ipable

nower

o Horizontal Azimuth Horizontal Elevation
0 0

-30

-10dBi

-150

180
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Mi johet meg a WiFiutan? LiFl!

Li-Fi / Wi-Fi comparison

Parameter Li-Fi Wi-Fi
Speed * kK * %k k
Range * * %
Data density ok ok *
Security ook * *
Reliability ok K
Power available bk *
Transmit/receive power i **
Ecological impact * * ¥
Device-to-device connectivity . * 4k
Obstacle interference e *
Bill of materials * kK * K
Market maturity * * ok

*low ** medium *** high

Comparing Li-Fi and Wi-Fi

HOW IT WORKS

An overhead lamp fitted with an LED

with signal-processing technology (below)

streams data embedded in its beam at

ultra-high speeds to the photo-detector, A

receiver dongle then converts the tiny changes
! J in amplitude into an electrical signal, which is
then converted back into a data stream and
transmitted to a computer or mobile device.

( ]
==

@ U LAMP DRIVER

INTERNET POWER
 Powe | /

g LED LAMP

* RECEIVER DONGLE ~=~~~-maseseeass -~~~

M

PHOTO-DETECTOR

AMPLIFICATION AND

RECEIVED APP DATA PROCESSING
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T-mobile coverage map 4G/LTE Dec. 2018.
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Ha mar ilyen a 4G/LTE lefedettség — minek a WiFi?

A 4G alapu adatszolgaltatas igénybe vételéhez az alabbiakra van
szukség:

» Telekom altal hasznalt savokat tamogaté 4G-képes eszkoz,

« 4G-képes havi vagy idoszaki dijas dijcsomag

Az uj, 4. generacios mobilhalézat szamos olyan tulajdonsaggal rendelkezik,

amellyel az ugyfelek gyorsabb és még tobb lehetbseget kinaldo mobilinternet-
szolgaltatast vehetnek igénybe:

» letoOltési sebesség: akar 300 Mbit/s; feltoltési sebesség: akar 50 Mbit/s (a
le- és feltOltési sebesség a dijcsomagtol és a lefedettsegtdl is flgg),

» alefedettséqi terlileten az esetek 80%-aban véletlenszerlien mérve
tapasztalhato letoltési sebesség: 2000 kbit/s; feltoltési sebesséq:
500 kbit/s

1) Tovabbi informaci6 a 4G képességrél az Altalanos szerzédési feltételekben.
2) A lefedettségi terllet egészére garantalt sebesség 0/0 Mbit/s minden adathalézatunkra.
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http://www.telekom.hu/rolunk/szolgaltatasok/aszf

A mobilhalozatok adatsebessége exponencidlisan novekszik, amire sziikség lesz...

1G - NMT

= Analog rendszer

Csak hang, CS adat

GSM (2G)

" Hang

* GPRS, EDGE
UMTS/HSPA (3G):

" Hang

* Videotelefon

» R99, HSPA, HSPA+
LTE (4G)

" (Csak adat

* Hang (CSFB/VoLTE)
HG

»  Szabvanyositas alatt

Névleges atviteli sebesség [bit/s]

5x20MHz + Bxa MIMO = 3 Gb
5x20MHz + 2x2 MIMO = 750Mbps

1c =
1x 20MHz + 22 MIMO = 150 M
100M =
Dual Carrier +HSPA+ = 42 M
10M =
1M =
100k = 230k
70k
10k = 2G
1898 2000 2002 2004 2006 2008 2010 2012 2015 utiin 2020
GPRS EDGE UMTS HSPA HSPA+ LTE LTE-A 5G
(R99)
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« eNB - Enhanced NodeB = Serving GW - Serving Gateway

« MME - Mobility Management Entity = PDN GW - Packet Data Network Gateway

~pr'arn°1r“h e Touts Tasiming Schusions
ey sl Nplane
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TJMHz JMH?. 5 MHz 15 MHz 20 MHz
= Technologia: - e
= OFDMA - Orthogonal Frequency Division Multiple Access e
« SC-FDMA - Single Carrier FDMA Uplink
= 15kHz-es alvivék
=
= Modulacio o requency
= Radios viszonytol fliggden automatlkusan valtoa
=« QPSK ~2bit/symbol . o] e seeslesss
« 16QAM - 4bit/symbol Dol ® sesalesss
« 64QAM - Bbit/symbol o IR D +1+ 1+

= 15000 [szimbdlum/s /alvivd] * 6 [bit/szimbdlum 64QAM-en] * 1200 [alvivd] = 108Mbps
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Orthogonal frequency-division multiplexing
(OFDM)

I Nem ortogonalis frekvenciak esetében

Ortogonalis frekvenciak esetében
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Dynamic Control of HS-DSCH Transmission
Parameters I.

HSDPA handsets take measurements of the downlink
physical channel quality, and transmit the channel quality
Indicator (CQI) in the uplink control channel to the
WCDMA basestation (called Node B in UMTS).

dynamically varies the number of physical channels, the
modulation scheme and the code rate.

The Node B calculates these parameters based on the
CQI (channel Quality Indicator) values it receives from
the mobile device.

When channel conditions deteriorate, the modulation
scheme drops from 16QAM to QPSK, the number of
physical channels used can be decreased and the
effective code rate can be reduced through lower
puncturing rates.
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Dynamic Control of HS-DSCH Transmission
Parameters Il.

 to vary the data rate sent to the mobile device In
response to changes in the channel quality
removes the need for the HS-PDSCHs channels
to be power controlled.

« The CQIs also enable the Node B to optimize
the transmission to every user. An opportunistic
scheduling algorithm can use the CQIs to
transmit at the highest data rate to the users with
the best channel quality.
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WMAN (Wireless MAN, Radiés MAN)

MAN rendszer radiés megoldasa.

MAN (Metropolitan Area Network, Varosi halozat): Olyan
szamitogepes halozat, amelynek lefedési terulete egy
nagyvaros meretével osszevetheto.

WMAN-t megvaldsité szabvanyok:
— IEEE 802.16, valamint
— ETSI HiperMAN

Mindkeét szabvanynak van olyan alesete, ami nem elegiti
kia WIMAX kovetelményeket (pl. IEEE 802.16a) és van
olyan alesete, ami teljesiti a WiMAX-profil el6irasait

Jellegzetes atviteli tavolsag: 50 km vagy nagyob
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WIMAX (Worldwide Interoperability for
Microwave Access Vilagmeéretben
csereszabatos mikrohullamu hozzaféreés)

Olyan WMAN, amire a csereszabatossagot biztosité u.n. WiMAX-
profil teljesul, és a kijelolt laboratorium tanusitvanyt ad.

Az IEEE 801.16d, IEEE 801.16-2004 és IEEE 802.18e
szabvanyoknak megfeleld berendezéseknél megvan annak a
lehetb6sége, hogy teljesitsék a WiMAX-profil eldirasokat

Az ETSI HiperMAN szabvanynak is van olyan opcidja, ami lehetové
teszi a WiMAX kovetelmények teljesitéset.

WiIMAX-profil -- Azon jarulékos tulajdonsagok egyuttese,
amelyekkel valamely WMAN rendszernek rendelkeznie kell, hogy
teljesitse a WiIMAX min@sitéshez szukséges muszaki feltételeket.

A WIMAX-profil paramétereit a WiMAX Forum nemzetkozi szervezet
hatarozza meg.
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802.16d
802.16e HIPERMAN
802.16-2004 WiIiMAX

HIPERMAN
IEEE 802.16

szabvanykor

6. abra
WMAN és WIMAX
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3,5 GHz-es savu WMAN és WiMAX
hasznalat

Frekvenciasavok: 3410 — 3494 MHz és 3510 — 3594 MHz
A savhasznalat szabalyai

« A 3,5 GHz-es frekvenciasav allando és valtozo telephelyl pont-
tobbpont strukturaju digitalis radiorendszerek céljara
hasznalhato. A pont-tobbpont rendszer terminal allomasai jelen
esetben csakis vegfelhasznaloi terminalok lehetnek. A
frekvenciasav nem hasznalhatoé mobil infrastruktura céljara,
tehat mobil tavkozl6 rendszerek (pl. mobil telefon rendszerek,
vagy RLAN hal6zatok) bazisallomasait ilyen médon nem
szabad 0sszekapcsolni mas allomasokkal a mobil tavkozl6
rendszer mUkodtetése vegett.

A 3,5 GHz-es sav FDD hasznalatu, 5 darab kétiranyu (duplex)
blokkra van felosztva. Az egyenkent 14 MHz-es savszelességl
blokkok kozott 3,5 MHz-es szélességl szétvalasztas van
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Irdny: termindl - kozp. dllomas

3410 34275 3445 34625 3480 3494 MHz
3424 3441.5 3459 3476,5
) o L)
. £ 2 £ 3 £ 4 T 5
2 4 z 2
blokk = blokk = blokk = blokk = blokk
§ z £ £ Irdny:
H @ p kdzp. dllomas -
- o~ ) - terminal

(T 7 O /7 o)

3510 35275 3545 3562,5 3576,5 | 3594 MHz
3524| 35415 3559‘ 3576,5‘

14 35 14 35 14 3,:5 14 3,;3 14

| | |

3. ébra
A 3.5 GHz-es sav blokkfelosztasa
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A sav szabalyozasi statusza

« A pont-tobbpont rendszerek kozponti allomasai egyedi
engedelyeztetesre kotelezettek. A frekvenciahasznalati
jogosultsaggal rendelkezOk a kozponti allomasokat egyedi
radioengedely birtokaban uzemeltethetik. Ugyancsak egyedi
engedélyre kotelezett az atjatszo allomasok uzemeltetése. A p-
mp rendszerek terminal allomasai nem engedély-kotelezettek
és bejelentésre, nyilvantartasba vetelre sincsenek kotelezve.

* (2) A 3,5 GHz-es savu pont-tobbpont allomasok az
allandohelyl radidszolgalat keretében muikodnek, a
radioalkalmazasi prioritas elsédleges. Ez nem csak fix
telepitést, hanem hordozhato (portabilis) terminalokra is
érvenyes, amelyekre azert allando helylek, mert mikodés
kozben nem mozognak. Hordozhato terminalokkal u.n.
‘'nomadikus’ hozzaféreés valdsithaté meg.
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& 3 5 GHz-es sav blokk-felhasznalasi jogosulijai

Frekvenciasavok Jogosult
1. blokk 0 e Invite
2 blokk gggzg _ ggj } g F:}Hi GTS Magyarorszag
3. blokk %gjg _ gggg m:; Antenna Hungaria
4. blokk ﬁgg:g 3 ﬁggg ::]:i Magyar Telekom
5. blokk o300 — o2t Mhz Pantel

2280 - 3354 MHz
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WMAN és WIMAX a 3,5 GHz-es savban

A 3,5 GHz-es pont-tobbpont radiostruktura hasznalata
technoldgia-fuggetlen. Igy lehetdseg van arra is, hogy a p-mp
halozatok az IEEE 802.16 szabvany, illetve az ETSI HiperMAN
szabvany szerint valésuljanak meg. llyen modon a 3,5 GHz-es
savban a jogosultak WMAN halozatokat is Iétrehozhatnak.

A 3,5 GHz-es sav WiMAX-savkeént van deklaralva. A profil-
kovetelmeények teljesulése esetén WIMAX is létrehozhato.

A 3,5 GHz-es WMAN és WIMAX mukodés csakis FDD
duplexitasu lehet.

Minthogy a 3,5 GHz-es sav engedélykoteles, ezeért az itt
megvalositott WMAN es WIMAX halozatok is engedely
kotelesek. Eppen ebben rejlik a 3,5 GHz-es WiMAX hasznalat
nagy jelentdsége. MinOsegi garancia ugyanis szabad
hozzaférésl savra nem biztosithatd, enhez engedélykoteles
frekvenciasavra van szukség.

A 3,5 GHz-es WiIMAX rendszerek egyarant lehetnek fixen
telepitettek, vagy nomeidiugak: 2018. dec. 3 08



802.16a Last Mile Market Segments

» Market still early stage

* Dramatic product improvements
since 1t gen

» 802.16a standard opens door for
volume components

T1 LEVEL SERVICE for

ENTERPRISE
» Cooperation & promotion
amongst vendors is key
4 A
s
FRACTIONAL T1 for
SMALL BUSINESS
RESIDENTIAL/SOHO WIRELESS
BROADBAND BACKHAUL for

Hotspots




WIMAX Forum

 WIMAX: Worldwide Interoperability for
Microwave Access

« Mission: To promote deployment of BWA by
using a global standard and certifying

interoperability of products and technologies.

* Principles:
— Support IEEE 802.16
« 2-66 GHz
— Propose access profiles for the IEEE 802.16 standard
— Guarantee known interoperability level
— Promote IEEE 802.16 standard to achieve global acceptance
— Open for everyone to participate

* Developing & submitting baseline test specs

18




802.16 MAC: Overview >

Point-to-Multipoint
Metropolitan Area Network
Connection-oriented

Supports difficult user environments

— High bandwidth, hundreds of users per channel
— Continuous and burst traffic

— Very efficient use of spectrum

Protocol-Independent core (ATM, IP, Ethernet, ...)

Balances between stability of contentionless and
efficiency of contention-based operation

Flexible QoS offerings
— CBR, rt-VBR, nrt-VBR, BE, with granularity within classes

Supports multiple 802.16 PHYs




Mesh-based WirelessMAN

Second Tier Wired or
Wireless Backhaul

First Tier PTP or
PMP Wireless Backhaul

1 to 4 Wireless Routing

: Yy ; ) =)
nAirHoodsu\‘; £ o

Source: Nokia Networks




Conclusion

IEEE 802.16 WirelessMAN standards are:

* open in development and application

« addressed at worldwide markets

* engineered as optimized technical solutions

 significantly complete
— With test spec documents in development

* being enhanced for expanded opportunities




