Physical Layer

Lecture3 Physical Media ond Attenuadion

The prysicad layer is adrout communication bebvgen aadwj; nodes.
- What s\%naks g0 we send?
> How do we deal yrkh distortion ?

Sﬂz A s swbn%o. '"55&3& o B.
Cbhwﬂ D> OV, [=5V)

ldeally | B would receive emctly what A sends.
What covld go Loreng?
— There covld be mandn‘c HPox ’dm:udn the ciewit, mtssipg up the

voltages-
8 de. to corends behween et ol i_"é
Cross-Talk other ) 'b.lklna, |
How ¥ Bl CXOSS' t'dj.k"
* Reduce. area of loop-
0 TlLﬁStCA'PﬂJ-f- 2XTOTTX rEAUCES ﬂl})( u* o\D\‘\Q ML dfrn‘ﬂates W\Bsf
cross— tolk

CAT-3 cables hove 10 Mbps over 10Om.
CAT-5 cab\es have [pp Mpps over 100M.

CAT-6 Cables have | Gps over \OOm.
9] Cqb?ﬁ over 50n.

e  Etherngr connectors  have WS coming in.
e (& wires :%hbﬁs{'eal poics)

* (o-axidl cableg hawe & Lna(f of sH&Uina / nsvlahon.
Inso\adion
(0-2 i) ThinNet  (opx gve IDDMbps oler 20DM™
(04 in) TikNet  Coax gie 100 Mbps over 500m

'Ophb fibres allow Very hdh datp rate. ’Wﬂ Use bﬂhl’ s ingtesd. of

eleddric gzn.a.l,s thws redoling otterwshion. Pied om
laser.
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C\:ﬂd.i'u&_
/m@( Ut o no loss in refechions

n.
= B > sin? G'_’;\
n,

AN

B & alow "‘-U\HP\L ,uahg '{'Dnge ‘blu'ouak (mode_S)JH? IS
mzﬁc?—smodefibre called tolti-mode Fbre .
Thzé! ase. ot the bect becavee difforent modes cor overlsp In
singl-mode Abre, on)g one  mode passes %Iﬂmuala-
L Rdoee diameter or incresse  refrachive index.
Move ExPQI\bNE.

Sdé A tonsmite a.m?ﬁhiiﬂ. A{n ad B recelves O.M';U’cudg A, .
The  adfenwation, messured in dB, is eqpal o

Attenuation D Lga,,, ( T’:_:nd ) - 20 103.9 @ﬁ)
{

Rowes
| 23 wsually measured in dg /1000 & inctead
Note that it & additive over distance.

P(I,('\ P_‘, f\nut
T
i i < —\= ot
(4552%) g dmaitn il | 8)-{ 2t ()

l'f'?a:zs b P2 ofewdhin & ~34B.

WNe oo measue absolve poues in dBm, daw).

suFPose. Pwﬂr P P
) 0_%,, lew> — Power in d8m.
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QB/{DOD Hf}

Pifeswate®

Cok-3
U Ca.f-ls
20 1
20 4 / Coaxig) (thicknek)

o+ _// F%Umué, (Log_ sr_ah)

Mz 2 UM J
lePlences indictance and copacitonce.
Freg 1, Atterwation T
Wo\@/\ooox’b
1 Opti. Fibrg
\Imé w! <«
o2l
— N (#)
'-mZ]\bDGD nm) LgDDt\M-\ & L

Sag Aowd §or COMMum'coJ’fﬂa, U'@‘ESSLZ- A sende sfgulk via. anfenna.

> gnfenna are. A

A E)_j/'Pl'n Pwt’LD B

S
< -

d
I power i SPreo.A isoh"or‘\mua in ol direchions
Pnulf 0(, Pl'n'A

d?—

-I-JHng power losg
I ceal |2, it oven Loose with " distance..
of d* for ome 2<<5.

To sole Hus, we spometimes uvse dicechonal andenncs.
(dish anfennas for exampld)

MIMO Nouo.daﬂs,un wse MIMp (_mulﬁ'lﬂ,-infvf and Mul,h‘Ple- ou{‘PUf) or wre
fecendly , massive MIMp.
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In te uoireless @se, le cpuu ‘nave
~ Inkecterence (col,nker?arf of coss-talk)
- Qbstru chions /_\Dif‘ﬁ'u. om ot a_pbon i#)
Y line of sight
al b
- Mu\I:Cpa:Hh vanlzrpﬂr’c of multimode)
Pz

_——This amws ,_GJPT ard my

4'\/“

Lecture4 Line COdl'na

Gien a st of bits, e hae o convert then indo Signals. How®
Wired situchon.
LineCodingng ae. Line toding-
® Non- relurn 40 zep (NRZ)

NRZ bits: © ! 0
+5V | T "I
] ‘ -+ +5V when [ and
B A R i...............-. —_ N~%.°.'£ve' vgu;gaa_ .-5\/ when O

Issver with NRZ.

- Cock recovery- ODIIOO  ad  OIO oxe mh;lkdﬂu Same
Pow wovld we infer He achid clock dvmbion ef tre corder?
Clock recovery Thﬂ- dlack T\'ﬂﬁ be, W S‘OUJEF/ 'FOJIZI’ 4 to WFU‘FQCJ?LO%
ond Moy ao hawe “drift’”
Lo gething slouer/ faster with time
We are Unable 4o recowr the clock fom the slanal-
- Paceline wander- Inckead of Inu‘na gm.d‘lﬂ -5 and +5, $here Moy
| be some gffet T DC fldb i the Overage d the twe
scotteet ofkels— the “new O". This leads fp erom other than the
usvel errors  itself.
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W we vee a Iru'ak pase filler, it \;arh‘a.\lld resolves -
Houwever, f thore is a \-On& S\Tifa of Os or LIs, ik aeis

messed up:
o Rebyn to Zew (RZ)

€1 0
- bite: O - l

= Retn b0 O of he

=t e («u'ddle. of each bit-

A S
We rever hase a congtent syl Jor o long time, so high pose filtes
can remove baseline wandor,

However, the issue is e we npw hae the lewls

e Maschedter Codrg (2023 \eeE)
Manchester L?SWA ‘ﬂ’( JMM*
Coding This s what is veed Vsudly.

We skl with NRz.

o I o (o) ( (o)
b P
(NRE) —
'. | \ i
....... H e -

RN N R
Qo | g bttt
We dgn XOR the two
tannes?) | T i
KEMO‘”"K : .
NEJ VW I I
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Wregu\ﬂr bansihons  ediminate the issve of clock RLOVerY -
Like RZ, uwe can vse @ \-u'ah pass Filter fo eliminale baseline wandar
(Wt ony two volmge levels)
Note thai twe U\qu\in& of a O W5 a positie tnsition
I has a m_aah've hanchon
We con ecogniza the bit if we know where it starts-
I We need o kngw where each bit begins-
2.We mustn't mess vp the poloriby-
D do I, we use & kngun s»anal krown as the Pre,amble/ lo
snduonize. Befor dhe ackyd) message, we insed this specie) siamx.
It can be 4:hvug|nt of as a Phasiwl le;der header-

o Differental Manchester Ercoding (8025 IEEE)
bt e veed 0 token rig  LANs  (see.DLL)
Differential 'Ftr @ 0’ m ﬁ;rs’t w s ‘?P%HI OF m I,as‘f I"d‘F O'F ‘HM' FTEVfOl.G Lll:

Manchester [, e ‘Arsl: M)e 13 ﬁq’ml b ‘HM, Iﬂ&f hﬂ-l‘P OP 'Hlﬂ Previous it -
Fncoding Within esch bit, thor i o clodetke sigral

)

This has twe aduan.taags of  Manorester encading and fuorther,
tre Po\on"g issie I5 now gone.
(\)ust see i it inverts or s{nas Jckzscune)
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* L4B)cp Enc,oding:
Recall thak i NRz, we wn it issves if te same bit ocose multple
tores.
4B/SBEncoding  Whet ¥ we """”“““él dsanae it oee in & hile?
What this does s that for an input of L i, ii'awes ovt
B k. For xample,

©0p0 — OlpliDd 1 .
loop — 100Ip (2 such {‘Inmaﬁ

This ensves that thee aw atmost 3 congvtive Os/ls in the
encoded kit dhna
This js o\isadua:u-agqpus becavse  thew is some. degree of redondarey.

Bavd Rt :
Recall Hat e bt @l & 4e maximum Fggsibla vmber of  bils
hungfore) o second.

Te 2 mle i e vaxmom alowskle number of symbol changes
male fo Hhe tonsmission medivm per second.

O\ps
v b ‘}m-"-;
A B I I I
Baud Rate 1 i. ) i i ) }
WOL I SRS B U S
A |
eanfe, 5 syubol chonga

Worst case , one change every 9-35,.13
Bowd @l = 2-10' symbols 5™

I sone sense, Bavd  ele mfbres whad FD{E!U{'I.QJ we Can pe the medivm o
The, allowable %ﬂﬂs o elaled.
ecall thed es fF’ZaL.TJ alternvetion 1.

A aMowable siaml shoold hoe met of the Fouder bontfom confoing
within e allowsble  freguencies.
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Observe that i Manchester, Bad rate > bt rate and - @ & muh
N NRZ ) Bavd rate :.Iml'ra:l'e

Lecture5 Modulotion in Wireless Nehooris

ose we have a serdur with on ontenne. He wanks 1o send a sigrel.-
How werld he do Hot? A foe-for-all i infeasibly.
’Ww g:\mmmﬂ -5’CEQ§ 0. /ss?edm.lm -
They auckor coytoin asges of Freq/uena?zs for @(P\If-lt porposcs.
Then oven # difrenl freguencies  itechere, we can e a oordpass
fitec:
Sne bards ke Wik o vnlcenged, ot then infecfence is not an ssve.

Soy we om linked bo (£ = 1bMHe)

But™ deunt conrey

o (2nht) —> I ‘
Ib ary tnformahion.

This 76 where  modOletion entor B picture.
Cosries e = eor (206 1)
A cor (ZT[%,‘\: + B)

Arr?hl—l{de ﬁ'ewuw.f Ll’hasc —- 3 {a‘m of mMadulgon.
J

F'M' veed )
n a.hﬂJ.nz
bit-0 7 bit=I 7 '
o0 tan show that the Foorer braeform
L\ A looks sorreﬁlirr% [ike
\/ U
wos(208t)  es(Zahr+m) [\ an
Widdn :
i duFu‘dJ. on how
ﬁ'ﬂq;’uﬂlj You chore phace
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’ﬁ%“@nd\ low Fﬂkﬁ D‘?’ hﬂfl&wdsﬁlbﬂ lct’l’restru'u\ o o

JFde\anaa

lese
narcower band-

o () s bammited  ond
rﬂ-ﬂltofeﬂedfonb r_),w[%q_

AB= S oy slt-T) + olb)

= Aiz . & o)
afteavation " ’ _
addébve (olhite So.ussfan noise”

(AWGN)
s bo receivd sigrel (vast gurerst ca

Tre bt eror rate & 4 dackion of fonemitted bits ceceived eroneousl.ld,-
Bit error rate (mhqde‘ij

We can think of SlgmL‘ N @ vedor cpace.

Fbcusfrg on *FquyurH k£, we con fepesent o wave Awas (214t —0O)
by the veckor o@maardtuda A o onfe © .

in £
-

What wovld ke 4y ai/uivalo,ni oF He dot poduct here!
R f" o= conut sinL?:ﬁFa‘t)

\ L> e, = Conat: w(ﬂ%ﬁ

sqlwre-h'nl:zdfaloh
In these  Anchond yecor Spaces, the innes prodeck DPI-R;nch'ons
’F,a: [O,T]*R s T

{&g> = IHB%&BC&—

o)
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£ we ced e sgrals o time T N
sine  Le,e> = <ep ey> -1 )

e.= |25 o (2n88) and e;-’z_& sin (2n4,€)
N

N
ad e, e, = 0.
guprose D) = a-slt) + nl
vedion k‘NnJC-,N

r—vnx
& > G~<SJQ.|> + <I'\JQ|>

g = a<s,e,> + <n,ep
Lany

/\ /-\ . 2, /\v/‘\\/
VAR

}’_\-n
A e
% e

q- Aeo (218t -8) = _A (omB e, + sio® P—L)
2%,

[P

Svppote w2 franumil s - Aea(2nft) € it O
D). ~PealZtil & Bt |
for  hee O<t £ t= il :

K ,

—H— ol
N E’:"ﬂ., A F;__; [ CondtMiakion 'Dfedrcm
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Sa;.l kit ©, s0 s(B. We recaiVe OL.SU-’)H'I{.":)

=
%2 A5 vy AWGN n & guh that

™ Ny and Ny are id (Gawssion

(La e Hangit dre

Game bt sover) bimes

Looks (ke a constelfation.
How do we do detechon?
Say (D . astt)rnlh)
— Colevlade ry and 1y
— Fd te combellaion point cloest to (ry, ¢y
(ln BV cxomple, P see § 1, >0 oc ri20)

{ |
bt 0 leit- |

0 05
This kail pmbaLiH'ti is
‘H/ﬂ [:robﬂ-b\'lﬁa vf' il’ﬂ!rPTE.'H
it incoreeHy (i O is trangmitted)

The s:‘aml'tv-noise o & te o of Signal pordex bo noise power.

( SNR)
Signal-to-noise ratio (SNR)

The above modwladion cchome (¢ known ag B{nﬂ.r& Phase Shift Ke,\dm&
(_PSK)

Cigp? ol of > oopld switth O ad [ or
BPoK M even keep tham sn Y-axig.
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In Quadseture PSK (&PSK)J

ol ]
X
QPSK

« 50 G send Lo ki oF
o > dota o a Lme.

X ]
SIJIL‘F) l’ s"°(t)

Tansmisgion /defw)fon 1S rEarlg donkesl fo pPSK.

In  O-1b,
QAM-16 x X [ x % EUr bites gf'dﬂh.
* x| x = I* ]3#\ ot o Hhme
X x " ,—'
X  x X X
b

SA-25, hes 8 hits of dota.
QAM-256
What  constellahion dp we v’
L A“-OUJZA ‘Er@-ﬂlml[’ FDUJ” Bi Eror Rafe (& e g)nbh‘m of SNR.
2. Reuivui 5|'an_d Ipower

S@J.( OPSA vs QAM-IE Lyith Same recesed s[aml power
} Cand same pdtenushon).
Slower Fﬂb{f”
ok love: Bz bok hijher BER

For example, our Wi cand CQM{'U-T\HAA sees Yo SNR osd dd A
1 sty
chanael- Hfle 50‘Mm: usea\-
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Lecture6 Modulehion (contd)

Each & Hrese x5 oo the Consfellahion Aiagram io  calld o symbsl

The  Avanemittod sljn,l 5 jus¥ e corcatendton o Yoo sfamn wrfakpomiirg

0 each DJI' e bk

2-PSK &

symbol I\\ L, Qechor auuzx:trdinf3 bo wwith ve detidg 1ohad
FX o o iddepret ceceived sfamj oS-

8-PSK

QAM-lb's  sedor division s .sb‘a\d&d Q{;jidex k(l«ﬂrmzl' e i::'."?‘ =
oL gven unifonm, vn Ta

PSK & converuent becouvte amplitvde doesn't oven enker the Pl'cl'ure-
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