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Access systemsAccess systems
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 AccessAccessnetworknetwork
 Fixed
 Wireless
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 Optic
 Fixed
 Nomadic
 Mobile
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 xDSL
 PLC
 AON
 Satellite
 GSM,UMTS
 WiMAX
 WiFi
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Access systemsAccess systems
 55
 AccessAccessnetworknetwork
 Fixed
 Wireless
 Metalic
 Optic
 Fixed
 Nomadic
 Mobile
 CATV
 xDSL
 PLC
 AON
 Satellite
 GSM,UMTS
 WiMAX
 WiFi
 PON
 Ethernet
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Classification of wireless access systems
 6
 According to the signal type:
 • Radio networks - the most common type, range up to tens of km, different transfer rate, the highest type to several Gbit/s, licensed vs. unlicensed.
 • Free Space Optics (Visible Light Communication) – range up to several km, line of sight, high data transfer rate - up to several Gbit/s.
 • Infrared Networks - short range, line of sight, more security, transmission capacity limited only by transmitter power, infrared networks are not regulated.
 20.04.2023
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Optical link (TereScope 5000)
 720.04.2023
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LED link (RONJA)
 820.04.2023
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Radio link
 920.04.2023
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Classification of wireless access systems
 10
 By the support of the mobility of objects:
 • Fixed networks – networks for communication in idle state without moving objects.
 • Nomadic networks – networks for communication objects that are at rest (or in a state of approaching calm), but subject is between the idle state in move. (At petrol stations, light controlled intersections, during parking, etc.).
 • Mobile networks – networks with full support for mobile communicating objects.
 20.04.2023
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Classification of wireless access systems
 11
 By the support of the mobility of objects:
 20.04.2023
 Highmobility
 Middlemobility
 Lowmobility
 Mob
 ility
 Transfer rate
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Classification of wireless access systems
 12
 According to the application:
 • WAN(Wide Area Network)
 • MAN(Metropolitan Area Network)
 • LAN(Local Area Network)
 • PAN(Personal Area Network)
 20.04.2023
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13
 According to the application:
 • WAN(Wide Area Network)
 • MAN(Metropolitan Area Network)
 • LAN(Local Area Network)
 • PAN(Personal Area Network)
 20.04.2023
 Classification of wireless access systems

Page 14
                        

20.04.2023 14
 WLAN
 Wireless Local Area Network
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WiFi – IEEE 802.11
 15
 WiFi – Wireless Fidelity• First version accepted in 1997
 • Range up to several kilemetrs (directional antenna, direct visibility,…)
 • Network configuration: ad-hoc (p2p) infrastructure
 • Main standards 802.11 a / b / g / n / p
 • Additional standards 802.11 f / i / r / …
 20.04.2023
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IEEE 802.11 – standard summary
 16
 Standard Year of approval Description
 802.11a 1999 Transfer rate up to 54 Mbit/s in 5 GHz band.
 802.11b 1999 Transfer rate up to 11 Mbit/s in 2,4 GHz band.
 802.11d 2001 For countries where the 2,4 GHz band is not accessible.
 802.11c 2003 Bridge between access points.
 802.11f 2003 Cooperation of access points from different manufactures.
 802.11g 2003 Transfer rate up to 54 Mbit/s in 2,4 GHz band.
 802.11h 2003 Dynamic channel selection and power control.
 802.11i 2004 Security and authentication mechanism in MAC layer.
 802.11j 2004 Use of the 4,9 and 5 GHz band in Japan.
 802.11e 2005 Support for QoS on the MAC layer.
 802.11m 2006 Revision of standards.
 802.11k 2008 Measurement of radio resources.
 802.11r 2008 Fast roaming.
 802.11w 2009 Support of integrity, authenticity, confidentiality and data protection.
 802.11n 11.9.2009 High throughput.
 802.11p 2010? Wireless access for mobile devices.
 802.11ad 2012 Very High Throughput 60GHz. (WiGig)
 802.11ac 2014 Very High Throughput 6GHz.
 802.11ai 2015 Fast Initial Link Setup.
 20.04.2023
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IEEE 802.11b
 17
 • Approved in 1999, CTO authorized this standard to use in 2000
 • 2,412 – 2,472 GHz (60 MHz)
 • 13 channels with intervals of 5 MHz, channel width is about 22 MHz
 • Max. transfer rate 11 Mbit (11, 5,5, 2, 1 Mbit/s)
 • Ad-hoc (P2P), Infrastructure
 • DSSS (Direct Sequence Spread Spectrum)
 • 30 – 40 % of capacity is used by the 802.11 protocol
 20.04.2023
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IEEE 802.11b
 18
 • 802.11b channel width
 20.04.2023
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IEEE 802.11b/g
 19
 • Schematic distribution of 802.11b/g channels
 20.04.2023
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2,4 GHz channels
 2020.04.2023
 Channel Frequency (MHz) North America Japan Most of world
 1 2412 Yes Yes Yes
 2 2417 Yes Yes Yes
 3 2422 Yes Yes Yes
 4 2427 Yes Yes Yes
 5 2432 Yes Yes Yes
 6 2437 Yes Yes Yes
 7 2442 Yes Yes Yes
 8 2447 Yes Yes Yes
 9 2452 Yes Yes Yes
 10 2457 Yes Yes Yes
 11 2462 Yes Yes Yes
 12 2467 No (USA low power) Yes Yes
 13 2472 No (USA low power) Yes Yes
 14 2484 No 802.11b only No

Page 21
                        

IEEE 802.11a
 21
 • Approved in 1999, CTO (Czech Telecommunication Office) authorized this standard to use in september 2005
 • 5,470 – 5,725 GHz (255 MHz)
 • 11 non-overlapping channels with intervals of 20 MHz
 • Max. transfer rate 54 Mbit (54,48,36,24,18,12,9,6 Mbit/s)
 • Ad-hoc (P2P), Infrastructure
 • OFDM (Orthogonal Frequency Division Multiplexing)
 • BPSK, QPSK, 16-QAM, 64-QAM
 20.04.2023
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5 GHz channels
 2220.04.2023
 channel frequency(MHz)
 United States Europe Japan Singapore China Israel Korea Turkey
 40/20 MHz 40/20 MHz 40/20 MHz 10 MHz 20 MHz 20 MHz 20 MHz 20 MHz 20 MHz183 4915 No No No Yes No No No No No184 4920 No No Yes Yes No No No No No185 4925 No No No Yes No No No No No187 4935 No No No Yes No No No No No188 4940 No No Yes Yes No No No No No189 4945 No No No Yes No No No No No192 4960 No No Yes No No No No No No196 4980 No No Yes No No No No No No7 5035 No No No Yes No No No No No8 5040 No No No Yes No No No No No9 5045 No No No Yes No No No No No11 5055 No No No Yes No No No No No12 5060 No No No No No No No No No16 5080 No No No No No No No No No34 5170 No No No No No No Yes Yes Yes36 5180 Yes Yes Yes No Yes No Yes Yes Yes38 5190 No No No No No No Yes Yes Yes40 5200 Yes Yes Yes No Yes No Yes Yes Yes42 5210 No No No No No No Yes Yes Yes44 5220 Yes Yes Yes No Yes No Yes Yes Yes46 5230 No No No No No No Yes Yes Yes48 5240 Yes Yes Yes No No No Yes Yes Yes52 5260 Yes Yes Yes No No No Yes Yes Yes56 5280 Yes Yes Yes No No No Yes Yes Yes60 5300 Yes Yes Yes No No No Yes Yes Yes64 5320 Yes Yes Yes No No No Yes Yes Yes100 5500 Yes Yes Yes No No No No Yes No104 5520 Yes Yes Yes No No No No Yes No108 5540 Yes Yes Yes No No No No Yes No112 5560 Yes Yes Yes No No No No Yes No116 5580 Yes Yes Yes No No No No Yes No120 5600 No Yes Yes No No No No Yes No124 5620 No Yes Yes No No No No Yes No128 5640 No Yes Yes No No No No Yes No132 5660 No Yes Yes No No No No No No136 5680 Yes Yes Yes No No No No No No140 5700 Yes Yes Yes No No No No No No149 5745 Yes No No No Yes Yes No Yes Yes153 5765 Yes No No No Yes Yes No Yes Yes157 5785 Yes No No No Yes Yes No Yes Yes161 5805 Yes No No No Yes Yes No Yes Yes165 5825 Yes No No No Yes Yes No Yes Yes
 INDOOR
 OUTDOOR

Page 23
                        

IEEE 802.11g
 23
 • Approved in 2003, CTO authorized this standard to use in 2000
 • 2,412 – 2,472 GHz (60 MHz)
 • 13 channels with intervals of 5 MHz, channel width is about 22 MHz
 • OFDM a DSSS (for compatibility with 802.11b)
 • Max. transfer rate 54 Mbit OFDM: 16-QAM (54, 48, 36, 24 Mbit/s)
 QPSK (18, 12 Mbit/s)BPSK (9, 6 Mbit/s)
 DSSS: (11, 5,5, 2, 1 Mbit/s)
 20.04.2023
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IEEE 802.11n
 24
 • Approved on 11.9.2009
 • 2,4 GHz, 5 GHz with 20 and 40 MHz channels
 • Compactibility with 802.11a/b/g
 • MIMO technology (Multiple Input Multiple Output)
 • Available max. transfer rate 300 Mbit (Draft 2.0)
 • Max. data rate up to 600 Mbit (4 spatial streams, 64-QAM 5/6, 40 MHz channels, short guard interval)
 20.04.2023
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IEEE 802.11n
 2520.04.2023
 MCSIndex
 SpatialStreams
 ModulationType
 CodingRate
 Data Rate Mb/s
 20 MHz channel 40 MHz channel
 800ns GI 400ns GI 800ns GI 400ns GI
 0 1 BPSK 1/2 6.50 7.20 13.50 15.001 1 QPSK 1/2 13.00 14.40 27.00 30.002 1 QPSK 3/4 19.50 21.70 40.50 45.003 1 16-QAM 1/2 26.00 28.90 54.00 60.004 1 16-QAM 3/4 39.00 43.30 81.00 90.005 1 64-QAM 2/3 52.00 57.80 108.00 120.006 1 64-QAM 3/4 58.50 65.00 121.50 135.007 1 64-QAM 5/6 65.00 72.20 135.00 150.008 2 BPSK 1/2 13.00 14.40 27.00 30.009 2 QPSK 1/2 26.00 28.90 54.00 60.0010 2 QPSK 3/4 39.00 43.30 81.00 90.0011 2 16-QAM 1/2 52.00 57.80 108.00 120.0012 2 16-QAM 3/4 78.00 86.70 162.00 180.0013 2 64-QAM 2/3 104.00 115.60 216.00 240.0014 2 64-QAM 3/4 117.00 130.00 243.00 270.0015 2 64-QAM 5/6 130.00 144.40 270.00 300.00... 3 ... ... ... ... ... ...23 3 64-QAM 5/6 195.00 216.60 405.00 450.00... 4 ... ... ... ... ... ...31 4 64-QAM 5/6 260.00 288.90 540.00 600.00

Page 26
                        

IEEE 802.11n – 40 MHz in 2,4 GHz
 2620.04.2023
 MainChannel
 20 MHz 40 MHz Lower 40 MHz Upper
 blocks Aux. center blocks Aux. center blocks
 1 1-3 5 3 1-7 Not Available
 2 1-4 6 4 1-8 Not Available
 3 1-5 7 5 1-9 Not Available
 4 2-6 8 6 2-10 Not Available
 5 3-7 9 7 3-11 1 3 1-7
 6 4-8 10 8 4-12 2 4 1-8
 7 5-9 11 9 5-13 3 5 1-9
 8 6-10 12 10 6-13 4 6 2-10
 9 7-11 13 11 7-13 5 7 3-11
 10 8-12 Not Available 6 8 4-12
 11 9-13 Not Available 7 9 5-13
 12 10-13 Not Available 8 10 6-13
 13 11-13 Not Available 9 11 7-13
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IEEE 802.11p
 27
 • Approved in November 2010
 • WAVE (Wireless Access for the Vehicular Environment)
 • Licensed band 5,9 GHz
 • For road safety application and inter-vehicle, infrastructure communications
 • For speeds up to 200 km/h
 • Max. transfer rate 27 Mbit/s
 • Range up to several km
 • Cooperation with CALM, DSRC
 20.04.2023
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IEEE 802.11ac
 28
 • Approved in January 2014
 • Hight throughput – at least 1 Gbps
 • Multi-user MIMO – up to 8 streams
 • Wider RF bandwith – up to 160 MHz
 • 256-QAM
 • Mandatory vs. optional features– 80 Mhz vs. 160 Mhz
 – 800ms guard interval vs. 400ms guard interval
 – Single stream (1-4 in 802.11n) vs. 5-8 streams
 20.04.2023
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IEEE 802.11ac
 2920.04.2023
 Theoretical throughput for single Spatial Stream (in Mb/s)
 MCSindex
 Modulation
 type
 Codingrate
 20 MHz channels 40 MHz channels 80 MHz channels 160 MHz channels
 800 ns GI 400 ns GI 800 ns GI 400 ns GI 800 ns GI 400 ns GI 800 ns GI 400 ns GI
 0 BPSK 1/2 6.5 7.2 13.5 15 29.3 32.5 58.5 65
 1 QPSK 1/2 13 14.4 27 30 58.5 65 117 130
 2 QPSK 3/4 19.5 21.7 40.5 45 87.8 97.5 175.5 195
 3 16-QAM 1/2 26 28.9 54 60 117 130 234 260
 4 16-QAM 3/4 39 43.3 81 90 175.5 195 351 390
 5 64-QAM 2/3 52 57.8 108 120 234 260 468 520
 6 64-QAM 3/4 58.5 65 121.5 135 263.3 292.5 526.5 585
 7 64-QAM 5/6 65 72.2 135 150 292.5 325 585 650
 8 256-QAM 3/4 78 86.7 162 180 351 390 702 780
 9 256-QAM 5/6 N/A N/A 180 200 390 433.3 780 866.7
 Note: MCS 9 is not applicable to all channel width/spatial stream combinations

Page 30
                        

IEEE 802.11 – architecture
 3020.04.2023
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IEEE 802.11 – MAC layer – DCF
 31
 CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance)
 RTC/CTS (Request To Send / Clear To Send)
 20.04.2023
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IEEE 802.11 – MAC layer – PCF
 32
 Rarely implemented, small support, there is no choice of priorities
 Broadcasting stations broadcast „beacon“ frames at fixed intervals (0,1s)
 CP (Contention Period) – DCF systemCFP (Contention Free Period) – PCF system
 Is directly determined which client has the right to broadcast, the other are forbidden to broadcast
 20.04.2023
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IEEE 802.11e – Wireless QoS
 33
 • Approved in 2005
 • Adds support for QoS
 • Implements a class of traffic
 • 3 phase certificationWMM – 2004 (EDCA)WMM-PS – 2005 (EDCA)WMM-SA – ? (EDCA, HCCA)
 • Still based on collision approach
 20.04.2023
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IEEE 802.11e – Wireless QoS
 34
 EDCAPriorities according to 802.1d4 traffic category8 priority classes
 HCCASimilarly to PCFTwo sections – CAP (CFP) a CPCAP (Controlled Acces Phase) – initiated anytime by access pointPreference according to priority classesQueuing priorities + reporting informations about queues
 category data characteristic AIFS CWTotal
 waiting time
 voice (7,6)VoIP with best quality –
 minimal delay2 0 – 3 2 – 5
 video (5,4)video streams (standard
 and high definition)2 0 – 7 2 – 9
 best effort (0,3)
 interactive application nonsensitive on delay
 3 0 – 15 3 – 18
 background (2,1)
 data files 7 0 – 15 7 – 22
 20.04.2023
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IEEE 802.11i – WPA2
 35
 Wireless Protected Access
 • Approved in 06/2004
 • Significantly improves security (compared to the original WEP)
 • Uses a block cipher AES
 • Implemented protocols CCMP – provides confidentiality, integrity and authenticationTKIP – provides the combination of keys for packets, checking the integrity of messages and key exchange mechanism
 20.04.2023
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IEEE 802.11r
 36
 • Fast roaming• Aprroved in September 2008• Cooperation with 802.11i• Multilevel hierarchy, WLAN controller• Ensuring the handover with WPA2 in units of ms• vs. specialized software
 20.04.2023

Page 37
                        

IEEE 802.11 – equipment
 37
 • Antenna - omnidirectional, sector, directional• Frequency, gain, polarization, pattern
 20.04.2023
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IEEE 802.11 – equipment
 38
 • Antenna - omnidirectional, sector, directional• Frequency, gain, polarization, pattern
 20.04.2023
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20.04.2023 39
 Fresnel zone
 • Necessary condition for good connection
 • Ellipsoidal shape
 • 60% of fresnel´s zone
 • ¨
 www.afar.net/fresnel-zone-calculator
 Vzdálenost [km] 0,2 0,5 1 2 3 5
 Poloměr [m] 2,5 4 5,6 7,9 9,7 12,5
 z][m][km][GH , 4
 32,17f
 Dr
 5.6m
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IEEE 802.11 – equipment
 40
 • Active elemets• Interface (USB, Ethernet, miniPCI, PCI, ExpressCard, …)• Supported standards, modes, …
 20.04.2023
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20.04.2023 41
 IEEE 802.11 – HF cables
 • HF cables• Attenuation
 – H155/RF240 – 0,5 dB/m– H1000 – 0,2 dB/m
 • Lightning arrester (1-3 dB)• Connectors (1 dB)• Broadcast limit:
 +20 dBm*
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20.04.2023 42
 WMAN
 Wireless Metropolitan Area Network
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WiMAX – IEEE 802.16
 43
 Working Group was established in 1999
 • 10 - 66 GHz, only Line Of Sight (LOS)• Transfer speed up to 134 Mbit/s
 • 2 - 11 GHz, Non Line Of Sight (NLOS)• Transfer speed up to 75 Mbit/s
 • Revision 802.16 (3,5 GHz FDD, TDD)• Unification previous 802.16 standards
 • Mobile version of WiMAX• Equipment supported speed up to 150 km/h

Page 44
                        

WiMAX – IEEE 802.16
 44
 802.16a • 2 - 11 GHz licenced band• NLOS• Support of MESH architecture802.16b• Unlicenced band• Brings QoS for real-time applications802.16c• 10 - 66 GHz 802.16d• Revision 802.16a and standards
 unification
 802.16e• Mobile supplement• Allow high speed handover
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WiMAX – IEEE 802.16
 45
 802.16d 802.16e
 Authorized 802.16a: in 2003
 802.16d: in Q3 2004
 In December 2005
 Spectrum 2 - 11 GHz (3,5 GHz) 2 - 6 GHz (3,5 GHz)
 Visibility NLOS (Non Line Of Sight) NLOS (Non Line Of Sight)
 Range 50 km in rural, 10 km in urban 50 km in rural, 10 km in urban
 Transfer speed Up to75 Mbps with 20MHz channel
 Up to15 Mbps with 5MHz channel
 Modulation OFDM 256 sub-carrier
 QPSK, 16QAM, 64QAM
 S-OFDMA from 128 to 2048 sub-carrier
 Mobility Stationary
 Nomadic
 Fully mobiled
 Garanted up to 150 km/h
 Bandwidth Optional from 1,25 to 20 MHz Same as 802.16d
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46
 Range / speedRLC (Radio Link Control)QoS (Quality of Service)
 WiMAX – Radio parameters
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WiMAX– Teoretical speed in Mbps
 47
 16 QAM 3/4Modulation /bandwidth
 1,75 MHz
 3,5 MHz
 7,0 MHz
 14,0 MHz
 20,0 MHz
 1.45
 2.91
 5.82
 11.64
 16.26
 QPSK 1/2 QPSK 3/4
 2.18
 4.36
 8.73
 17.45
 24.40
 4.36
 8.73
 17.45
 34.91
 48.79
 16 QAM 1/2
 2.91
 5.82
 11.64
 23.27
 32.53
 64 QAM 2/3 64 QAM 3/4
 5.82
 11.64
 23.27
 46.55
 65.05
 6.55
 13.09
 26.18
 52.36
 73.19
 For OFDM with 256 sub-carrier included MAC and other layers direction.
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WiMAX – Teoretical coverage in km
 48
 Type of area
 Rural
 Small town
 City
 N/A
 N/A
 roofantena
 window/fixantena
 <8 Km
 indoor/portableantena
 <4 Km
 <2 Km
 <4 Km
 <2 Km
 <1 Km
 <20 Km inNLOS*
 Approximate distance, it is very dependent on area character
 *<50 Km is the theoretical maximum for the line of sight.
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WiMAX – architecture
 49
 P2MP (Point-to-MultiPoint) MESH topologie
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WiMAX – architecture
 50
 4 layers~ agree with 2 lowest OSI layers
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WiMAX – physical layer
 51
 Modulation setting using adaptive profilesParameters can be changed for every frameProfiles are identified by „Interval Usage Code“ (DIUC a UIUC)
 Allows usage of SMART directional antennas - increases the range
 Allows usage of two different duplexing schemesFDD (Frequency Division Duplexing)TDD (Time Division Duplexing)
 Support full duplex and half duplex devices

Page 52
                        

WiMAX – physical layer
 52
 Frames and time segments for duplex transfers with time division
 Frame structure
 Common frame Frame for band reservation

Page 53
                        

WiMAX – physical layer
 53
 Frame structure
 (a)Common frame (b)Frame for band reservation
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WiMAX – MAC layer
 54
 Downstream (to user) – TDM (Time Division Multiplex)Upstream (from user) – TDMA (Time-Divison Multiple Access)Centralized planner - effective and preferential bandwidth dividing
 CRC(optional)MAC PDU payload (optional)
 Generic MACHeader
 (6 bytes)
 LENmsb(3)
 HT
 CID msb (8)LEN lsb (8)
 Generic MAC Header Format(Header Type (HT) = 0)
 BW Req. Header Format(Header Type (HT) =1)
 msb lsb
 EC
 Type (6 bits)rsv
 CI
 EKS(2)
 rsv
 HCS (8)CID lsb (8)
 BW Req.msb (8)
 HT
 CID msb (8)BWS Req. lsb (8)
 EC
 Type (6 bits)
 HCS (8)CID lsb (8)
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WiMAX – class of service
 55
 • Constant bit rate (CBR) for applications with stric demand on transfer speed and latency.
 • Variable bit rate in real time (rt-VBR)uses for data transfer which are sensitive on latency.
 • Variable bit rate in non real time (nrt-VBR)doesn´t garante latency, strict demand is only on latency value during transfer of frame.
 • Best efforts servicewarrants data transfer with best efforts.
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WiMAX – application
 56
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WiMAX – equipment
 20.04.2023 57
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20.04.2023 58
 Comparsion
 802.11 vs. 802.16
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802.11 vs. 802.16 – Scalability
 802.11• Fixed width channel 20 MHz
 • MAC is designed to support dozens of users
 802.16• The channel width is variable from 1.5 MHz to 20 MHz
 • The bandwidth can be set by the operator (eg sectorisation)
 • MAC is designed to support thousands of users
 5920.04.2023
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802.11 vs. 802.16 – QoS
 802.11• Support only with 802.11e - WMM-PS (WMM-SA Uncertified)
 • Based on CSMA / CA access → unguaranteed QoS
 802.16• QoS designed for voice / video
 • MAC is based on the requests and their granting• Supports different levels of services such as E1 for business
 clients; best effort for home clients
 • Centrally controlled QoS
 6020.04.2023
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802.11 vs. 802.16 – Range
 802.11• Optimized by the standard for users to distances of hundreds
 of meters
 • Greater range when using directional high-gain antennas, eventually. repeaters
 802.16• Optimized for a typical cell size of 7-10 km
 • Range up to 50 km
 • There is no problem with the line of sight (for shorter distances)
 6120.04.2023
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Resume
 20.04.2023 62
 • Continuous development of technology– development of new technologies– development of existing technologies
 • Specific characteristics
 • Requirements of specific applications (telematics, multimedia)– mobility– accuracy– reliability– transfer rate
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Thank you for attention.
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