Notiuni generale despre radio

* Nivelul fizic

* Codare, modulare, MCS
* Nivelul legatura de date
* Detectie, corectie

°* FEC, ARQ, HARQ
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Nivelul fizic (radio

* Scop: Transferul bitilor prin mediu

* Codare: transforma un semnal digital in altul, mai potrivit
— Control erori, redundanta (FEC)
— Bit -> chip (CDMA)

* Modulare/demodulare
— conversia digital-analog-digital

* MCS = modulation + coding scheme

° suport L2 (temporizare, sincronizare, incadrare )
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Exemplu MCS pentru WiFi 1iMbps
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Modulation&coding scheme

* MCS = combinatie de codare + modulare
* obtine o rata fixa de transmisie in bps
* Exemple WiFi: iMbps, 54Mbps, 600Mbps, 1.3Gbps

* MCS mare necesita putere mare
—Trimitem la putere mai mare
— Mergem mai aproape de sursa
—Folosim o0 antena mai mare




Controlul erorilor (PHY + LL

1. Detectie \ \I' y
physical n

— Biti de paritate layer

— Checksum, CRC

2. Corectie
— FEC (Forward Error Correction)

" Coduri bloc
® Hamming, Reed-Solomon

layer

— ARQ (Automatic Repeat Request): Stop&Wait, GoBackN,
Selective Repeat

— HARQ (Hybrid ARQ)



Detectie vs Corectie

* Ambele sunt necesare
— Detectie fara corectie?
— Corectie fara detectie?

* Detectie — overhead mic
— Ethernet, WiFi: payload CRC 4 octeti
— IP header checksum: 2 octeti
— TCP/UDP payload checksum: 2 octeti

* Corectie - overhead MARE in timp/biti
— ARQ: se retransmite
— FEC: se folosesc biti suplimentari - redundanta



FEC: Coduri Corectoare pe bloc

* Codare la transmisie (FEC encoder)
— bloc de k simboluri se mapeaza la un cuvant de n simboluri
— se emit n simboluri

* Decodare lareceptie (FEC decoder)

A. din n simboluri primite se recupereaza k simboluri corecte
B. se detecteaza maximum t erori nerecuperabile

C. nu se detecteazi erori, desi ele sunt prezente

° Cod(n, k)
— Overhead = (n-k)/k
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FEC: Cod cu repetitie

* Simbol =1 Dbit

* k=1n=3

* transmit 3 biti pentru 1
* voteaza la receptie

* corectie 1bit eronat

* overhead: 200%
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. FEC: Cod corector Hammin

k=4n=7

Codeaza 4 biti in 7 biti
Corecteaza 1 bit eronat
Detecteaza 2 biti eronati
Overhead 75%




FEC: cod Reed Solomon

n
N

/ " %~ Exemplu RS(255, 223):

. rarmry | S=8 bit per simbol

2t=32 simboluri de paritate
n=2%1 lungimea cuvantului

* k simboluri de transmis => se emit n = k + 2t = s(25-1) biti
* corecteaza max t erori - pozitii necunoscute in n

* Overhead (n-k)/k

* Complexitate codec depinde de t,s

10



Exemplu RS(2

25-Bit noise burst

SYMB 1 SYMB 2 SYMB 3 SYMB 4 SYMB 5

SYMB 6
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OK HIT HIT HIT HIT

* bloc de 255 simboluri de 8 biti
* 247 originale + 8 de paritate
* orice 4 simboluri se pot pierde

OK

* rezista cu bine la o rafala de pierderi de 25 biti

* dar la 25 de biti raspanditi aleator?
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. Performanta RS
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Random channel-bit-error rate
overhead fix de 1/7 cu s=5..8 RS(64,k):
* s creste => creste blocul * k scade => creste overhead
* s creste => creste rezistenta * k scade => creste rezistenta
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Proprietati FEC

* Overhead mare
* Overhead-ul depinde de capacitatea de corectie dorita

* Functioneaza pana la o rata maxima de erori

— Necesita detectie
— Necesita calitatea canalului cunoscuta :-(

L OWD = one way delay
* Aplicatii />

— RTT mare: spatiu (Marte OWD = 4-24 minute)
— Stocare pe disc/banda: informatia e “uitata’” la sursa
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Automatic Repeat reQuest

Sender Receiver Sender Receive
* necesita detectia erorilor | "\ _
* repetd cadrul/cadrele : F ACK F
eronate i L
* Overhead in timp :
— RTT + timeout -
— Retransmisia propriu-zisa () _ ©

Sender

m

Receiver Sender Receive

* Stop&Wait

Timeout
Timeout

Timeout

Timeout

(b) (d)



Automatic Repeat re

* necesita detectia erorilor
° repeta cadrul/cadrele eronate

* Overheadin timp, capacitate
— RTT + timeout
— Retransmisia propriu-zisa

* Stop&Wait
* Window based: Go back N, Selective Repeat

° HARQ (Hybrid ARQ)
— Cadrele necorectate de FEC sunt recuperate cu ARQ
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PHY si LL (nivelele 1 si 2) in radio

SURSA

DESTINATIE

Putere emisafW],
antena, MCS

Atenuare

Putere receptionata
antena,

PDR = packet delivery ratio
BER = bit error rate

RTT = roud trip time

PDR, debit [Mbps],

jitter, RTT

FEC, ARQ

BER
MCS

—_—

LL

PHY

DESTINATIE

DESTINATIE
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facultative

* (nuse cer la examen)
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Unitati de masura

———————— it ————————EEEEEEEEEEEEEEEE—————————
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1dB =10 log,, (P,/P,) S s
0.1 -10
°* Putere mW, dBm HE
1W = 1000mW = 30dBm >3
1mW = 0odBm 4 6
P[dBm] =10 log,, P[mW] 8 9
P[mW] = 1oPldBm]ito0 10 10
3dB = putere dubla 100 20
1000 30
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Unitati de masura

* Signal to Noise Ratio
* SNR fara unitate de masura = S[W]/N[W]
* SNR[dB] = 10log,,(S/N)
= 10log, .S[mW] - 10log, ,N[mW] =
= S[dBm]-N[dBm]
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Path loss in dB (atenuare)

P=10W

dB = 10 log (-E)J-
101

P,

Powe

Path loss from source to d2 = 70dB

P = 1T mW
10,000 times 1,000 times
40 dB 30d8 P=1uW
__________ -w,___________. &»H
source d1 d2
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Pt=10 W__Z__E_‘}Q_QB_T- dBm = 10 log (i-E\llv)
m

+ 10,000 times
Powe

103 S A P'r='1- mW X = 0dBm
- 1,000 times
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Atenuarea undelor radio

P_= P /atenuare, unde atenuare = (4ndf/c)"
d = distanta
f = frecventa purtatoarei
n = exponent specific mediului
¢ = viteza luminii

mediu n propagare

coridoare 1.4 -1.9 ghid unda

Camere mari, libere 2 free space loss

Camere cu mobila 3 FSL + multicai

Camere incdrcate 4 non LOS, difractie, imprastiere
Iintre etaje 5 traversare podele, pereti
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Atenuare

Atenuare[dB] = 10 log,, (47df/c)" =
= 10nlog, (d) + Const.

Efect: puterea receptionata[dB] depinde logaritmic de

distanta
I:,t

In dBm: P, = P, - atenuare
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Unitati de masura

° Bit Error Ratio (BER) = probabilitatea de eroare 1 bit
—1000BASE-T : 10
— Fibra: 107
— Wireless: 10° .. 1

° Packet Error Ratio (PER)

* probabilitatea de eroare 1 pachet de L biti
°* PER=1-(1-BER)"
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Modulation&coding scheme

* MCS mari necesita putere mare

* Experimentin UPB: 2 l[aptop-uri la distanta fixa, se modifica
puterea de transmisie (Tx power), se mdsoara debitul obtinut

N
in Mbps
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