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A-Basics of Communication
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Digital communication: Signal/Moise Ratio \/

Electromagnetic Signals

Radio Communication Principles

B-Antennas and Propagation

Free Space Propagation —

K Antennas, Gain, Radiation Pattern

Multipath Propagation, Reflection, Diffraction
Attenuation, Scattering
Interference and Fading (Rayleigh, Rician, ...
- Mabile Communication dependencies
C-Propagation models
Cutdoor (Lee, Okumura, Hata, COST221 models)
Indoor (One-slope, multiwall, linear attenuation)
D-System Comparison
Proximity: RFID, MFC
Short Range: ZigBee, Blustooth, ANT+,...
WLAN/Wifi/802.11..

Mabile: GSM, UMTS, IMT-4 (WiMaAX, LTE)

E-Mobility

Environments (indoor, cutdoor to indoor, vehicular)
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Signal strength and Capacity: w / é - U LQ(( - (/] j_ S/u R)
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The gain is the radiation intensity of an antenna into the main directiol
compared to an isotropic antenna (omnidirectional). For a perfect antel
without any losses, the gain & will be identical to the directivity O.
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MCS Value A

802.11b

802.11a/g

802.11n
B02.11n
802.11ac
802.11ac
802.11ac
802.11ac

chieved by Clients at Various Signal to Noise Ratio Levels (SNR)

Nore oo B B MCS 1 MCS 1 MCS1 MCS T bt v ki
IEGSION BIOSION Cs 1 MCS2)|MCS 21| MCS 20 MESZH MCS 3 MCS 3 ove -
MICSION MCSION MBS VCs 1 MCS1 MCS1 MCS1 vcs2 vcs2
None MGSION MESOI MGS VCS 1 MCS1 MCS 1 arsc- e
IS RSSION AN VCS 1 MICS 11| MCS 11 MCS MCS 2 MCS2 1o - vron
None None None CSONMESONMGSBEMCS 1 MCS1 MCS1  woav-su

CSION MGSION MBSO 7:¢ o - e

Mone MNene MNone MNone NMNone MNone MNone None None

T2 3 [ 1 [ s [ 6 |7 | 16 | 19 | 20

Mone MNone None MNone None MNone

802.11b MCS2 MCS2 MCS2 MCS2 MCS3 MCS3 MCS3 MCS3 MCS3 80211 TypeKey
802.11a/g 20MHz MCS4 MCS4 MCS4 MCS4 MCS5 MCSS5 McSs [MESENMESEN mcs 7 802.11b
802.11n  20MHz MCS3 MCS3 MCS3 MCS3 MCS4 MCS4 MCS4 MCS5 MCS5 MIESEN  a02.11ag
802.11n  40MHz [MESHIMCS2 MCS2 MCS3 MCS3 MCS3 MCS3 MCS4 MCS4 MCS4 802.11n
802.11ac  20MHz MCS3 MCS3 MCS3 MCS3 MCS4 MCS4 MCS4 MCS5 MCS5 MIGSEY  s02.11ac
802.11ac  40MHz [MESHIMCS2 MCS2 MCS3 MCS3 MCS3 MCS3 MCS4 MCS4 MCS4

802.11ac  80MHz |[MESHY MESTY MESTY MEST MCS2 MCS2 MCS3 MCS3 MCS3 MCS3

802.11ac 160MHz |HICSION MIESION MIESIEN MCS 1 MCS1|MCS1 MESH T MCS2 MCS2 MCS3

« Newly introduced in 802.11ac
Click Revoluytion Wi-FI MCS to

« five to eight spatial streams

» 160 MHz channel bandwidths (contiguous 80+80)

« 50+80 MHz channel bonding (discontiguous 80+80)
« MCS &/9 (256-QAM)

October 03, 2017
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i mm———— ot —————
- i MCS
MCS | Spatial Modulation | Coding 7~ Praredn Mblﬂsﬁh] N
indexi®l | Streams e — 20 MHz channels ( 40 Hyiz channels / 80 HHg)nhannels 160 Hﬂlz channels
800 ns Gl | 400 ns GI S Gl | 400 ns GI 1| 400 ns Gl W Gl 400 ns Gl

0 1 BPSK 1/2 6.5 7.2 13.5 15 293 32.5 08.5 65

1 1 QP3K 1/2 13 14.4 27 30 53.5 65 "7 130

2 1 QP3K 3/4 19.5 21.7 40.5 45 a87.8 89¢.5 175.5 195

3 1 16-0AM 1/2 26 289 54 &0 117 130 234 260

4 1 16-0AM 3/4 39 43.3 81 a0 1755 195 31 390

5 1 64-0AM 2/3 52 57.8 108 120 234 260 4635 520

5] 1 64-0AM 3/4 58.5 65 121.5 135 263.3 2925 926.5 585

i 1 64-0AM 5/6 65 722 135 150 2925 325 585 650

& 1 256-0AM 3/4 78 86.7 162 180 331 390 T02 780

9 1 256-0AM 5/6 NIA MNIA 180 200 390 433.3 780 866.7

0 2 BPSK 1/2 13 144 27 30 58.5 65 117 130

1 2 QPSK 1/2 26 289 54 &0 117 130 234 260

2 2 QPSK 3/4 39 433 81 90 175.5 195 351 390

3 2 16-04AM 1/2 52 57.8 108 120 234 260 4635 520

4 2 16-QAM 374 78 86.7 162 180 351 390 702 780

) 2 64-0AM 213 104 115.6 216 240 468 520 9356 1040

6 2 64-QAM 374 117 130.3 243 270 526.5 585 1053 1170

i 2 64-0AM 5/6 130 144 .4 270 300 285 650 170 1300
2——2 256-QAM | 3/4 156 173.3 324 360 702 780 AN | 1560

< S 2 256-0AM 5/6 MNIA N/A | 360 j_(&,_,l&ﬂ\ 866.7 ( 1360 ) 1733.4

RE BPSK |12 | 195 217 405 45 878 97.5 175.5 195

1 3 MPSK 112 a9 43 3 A1 an 17R R 1495 351 3an
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Attenuation Parameters Fgo
Obstacle Attenuation [dB]
Brick wall with window @
Brick wall next to metal door
Cinder Block wall

4
Office wall @ j

Metal door in office wall 7 6
Metall door in brick wall K12_4/
Floor 30

Measurements performed for European building

(Source:Hydra Deliverable D5.4, p 12)
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WiFi b WiFi g Eluetunth 1..1| Zigbee 6{47 u A/L i >
Power (type)| 20 dBm 20 dBm 0,4,20 d&ém 0 dBm
Spreading DSSS DSSS/0OFDM AFHSS DSSS
CCess CSMAJCA CSMA/CA FH CSMASCA
5 Range 100m 100m 10,50,100m 10m
andwidth 22 MHz 22 MHz 1 MHz 5 MHz
g (LL%\ 54 Mbit 0.72 Mbit 0.25 Mbit
ensitivity -84 dB -84 dBm -B9 dBm -92 dBm
Table 5: WmﬂWanTﬂmlwiu in the ISM Band — /(()gd& 77%%&
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