Wirelees LANG — DLL (uow)

The prol:ocols developed easc|fer od_ Ethernet such o CsMa-CD on'ke
be dPrectly applied to the coxe of W,

LAN = IDs of devieen within l00m — (o

WAN — J_QJ-L\C]L qop bebioeen Qevicen of ordex 1hm,

CSMA-CD ub o WwWired LAN protocol.

; Reces st
AN a)
O ® 7
N s
N 4
. /
o ------—'o
A c

In thts come, woe have O_lJ“eady A%curced that the enengy o} the Lhave
delle off o= ‘/d”‘ tohere (L ¢e< 5), Even 2} the SNR &n
resnonable of B, Gt mit be less than 1 ok C.

— Thie cauzen Cosnfer cence to fofl ae the alfenuctfon o oo Lo>ge

Also, collts?lon detection Jells becouse the charge ®h enesmgy

3o Veny d‘&?nt.

Tt S» possible for comrler seree to work &(} A, C osa close Ij)l but
coll?s’on dekecElon o o0 lost cosse dw £n Lhe Lcmae attenuedon
e thus etlll ume cosdfer sense but colltsfon Aekeckion Needs o be

remodelled o better suft these LimitodSons.
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+ Wit Colliston Detectfon — Ack jrames

A st does cosrler sansﬁw\cl for oo while and % sendo the &r*ome 0}%&1

Q. set 9me . Tt u0Sts [}or an Ack drame QLorCL Lobfle and Tk apsumes

Coll?sfon ‘?_(} tPre-ouks oecunn . TH retransmfts the dedor lakes &ollom?nj

exponentfol backol} .

This method ban Other problems —

1) Hidden Termiral Problern — Virbual Cosscer Sensfng

~ Tn above came, if B con hesw AC but A, C cont bheox
each other This & the preblem &Lraqdy Axcunced 0 cosurter
Seheﬁ’ﬂﬁ-

- This would be extremely detrimental o the jrame wos Lomae ™
stse . The eolutfon wmed by Wit s called \irbual Cosvser

Scna?na (ves). We ume the AP (B) ab on Pnbexmediony,

— Suppose Ehat Un the game example, A wfshes o Send a
&‘“O!ﬁ& to PD 1t d?rst Sends a Re%uP.b‘l: to Send (RTED to B
and E(f B 5 Olree) ot sends out oo Cleose to Send LC‘)S)_

Orce received, A xkarts to tronepit the dodo.
Notfce trat C doex ot receive the RTS  but St con beas the

CTs. Afeer sensing the CTs, C will stay ellert even "LJ, ik han

dotn thok needs to be {mns(}md.
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How Lorﬂ should C oy stlert ?
Both RTS ond CTS have a. Network Allocation \fector LNQ\/) wHch
Anrounce how Lon\cj the pastttaulax. node wald be bmoy.

The NAY &0 RTS and CTS are rot the come | See below &or I"‘Q&D'Lﬂﬁta.

Rule - Any node heom?r\j the RTs / CT5 should be <o d—or the dwekbn

mentloned Ln the NAV.

R7Ts — Ack (}roma cleast CTs — Dot dmm& cleas

RTs-NAV W
{ —— CTS-NAY —/__—“l

ol e e W Dot frame Ack |
Coouler 1\1\1\ L | ! time
Coret RAM-256
RRPSK
DTsad\/anEnﬂes

RTS/C__IS should be beard by a lavge. rumber of nedes. This requfres them
to be transmitted urfng BPSK ond the dabo. o dere unhy QAM- 256
Tﬁera&ureJ even tf the S O(]L VCS p Small . the Eme tnken to tranemit

S comPomalole to the deka ‘U:se\(]L,

~ Becawst of this, Rio+CTs 85 woually shut-ofl- and only uped when
reeded |

» This protocal on called gp COMA-CA 3 Collssion Avaidance ,
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) Exposed Ternfnal Problem

C<~— A b ——D0D
Constder the above QB‘O‘LOJ‘ﬁEm&ﬂt where orly the &dd"acent nodlex

cor beare each obher. Therefore | there & o problem with such o

transmission. However, dug to casoder Sensirg, only one oqL them

wil be cble +5 transeit at o j?v&h Thteswval .

» Contertfon [%Aow

A perfod of thre 8o pfE Ofter @ grame b dore befg trareniitted
to oliow the recelver to process . TThfs gep s called on DIFS,
Distrtbuked  |nter Frame Spacolnj., Srflosly, we need to have
o. delay tn between the dijferent pots of the sarme frame
Thok s, a J-p betvoeery RTS ond CTS . TR opp $b collod

SIFs— Shork Inter Frame Seocfg . This So to emsune PHy/MAC processing

SFES ¢ DIFS to erswya conl:‘?nuo\‘cy of dmme,

- Nobee Hob we donct wont all hodes to tronsmit ok once OL(}l:en, DIFs
becaume €D tobes o Lona Bme. To Pre\rent s, e moke nodes

LAJCL?E doh O r\amem &me‘t 6& Jc?mP_.
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In wigl, e %o dNided $ito slots o(]L ~Ous agten DIFS. This Hme should
be LCU'LGE, U\mﬂh ko occomodate.

1) Pr‘opoao_lc?oh d—do_\/
2) Conrfer Se,ns‘\’hj + Suo‘itr_h?rﬂ Rx— Tx

2) Division of¢set

A pwmber W Ss pulled drom the Uh‘l’qlorm dtstr$hution [O)Cwmo.x),
N G5 decrermerted by A when o perfod padses without any
QLt?v?Jc,7 tn e medium. Tre coust Se NOT remet  Lohen

o SIOJML i sensed. This & tp ensuxe Hhal all nodes ae,t o. chonce

Loy tromseit.
C&m“?er‘
DIFS Sense
i i ‘ | ) [ S | | l// / A_
5 4+ 32« — pused —> QA A 0 .
Sy, Wa= K "'
DIFs |
l ' | r/ / / //\ | 1 | | > g
3 2 '\ O 5 4 3 <— poust —
Wa=23

Wg=5

Notice that oo collfsfon 05 eB9|| poss?b\e Ed— both A.R have the same

vadug o& W, "The process %5 repeoted ofter CLOmoy So doubled |
Similos to Exponential bockoft i Ethexnet

CLOm = D\’“ Cwm

Cwn = min LCUDm) rax - ollowed —\/olu.u)
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Th protocsl 85 colled IEEE 8021, We shall look. ot the frome structusg

tn this protocoL- " o
____ ™MAC pont }
y

\’
L@yee»
pr‘eo.mbl(?_ Sz‘jﬂQL I MAC Q_ddr'f_ssgs + dO.[:CL FCS <\
N
Modulaton rodZ | Frame. Check Sum
(&R
Cod‘-’nj Ratw

Cod?na Rote — addiBonal Bts ose odded 1o dotm to moke St

Mexistart to corrupktion.

5 codhg i » ok of N, 3 o doto
4 4

* AR uses e op Wm co&?ns ol
chonrel, LAt
+ |EEE 80311 g—> &AM, ¥4 coding rate |, 54 Mbps | Q0MHy

n — 64+9aM , S/c , 150Mbps | 40MHy

MMO —|oc — asp |, ¥4 e L BEEMbps | upks (6OMH,
O%x —> loa4 | upko 5/6 S G L upto lE;O\v\Hé
¥
ol dﬁr SISD
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- Cema-Cp ond CsMA-CA are decentrolhed & ratwa, Derce they ane espectally

woedui for unlfcensed bands, such ox wi’Jf. TR & becavse the exfstence of a

Central Qu'l:hor?by ts hot Poss?ble. dor unlfcensed bands.

— Consider oo (censed band | such oo T the coxe q} 44. Us?na CsMA & ?ned'd?cent

o]

v this becomse b Trberertly wostes a ot of Efme for DIFS and SIFS.

+ Tdeadi — TDMA- [me D?v?so\or\ MedSum Plecess

- D\ide e $tko slots, Obs?an two sloks to each uxer - oOne (-}or L)p)."nl-« ord other

d@r Downlink .

Uplirk — Data sert drom user to stotfon - UL
Downlink- Deta. gent drom stedfon to uxer - DL
- The entSre schedule S» cotled on a. Frome ond % con be repeoted Conl:‘?nunubLy.
Firet dew slots & the (rame ase wed fnjorm to DL-MAP ond  OL-MAP

¢or all uvers.

- This Jb e(ch‘\’ent ob Mo Fandom woﬁ"c?nj Yme 9o i;)reseni:J ard all tme Slots axe

well scheduled without waits (unlthe Dn:s)

- A aumxd Bond exists g0 that there o» o overlap betioeen Soljnalja dy«om d'%\wnt

pnov'?dm i
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* Tdeod— FOMA - Ft-ecbuancy Division Mul\:?p\e, Accexs

- As the rorme sutjaeni:s, each uxer So allocoted oo %neq_’uo,ncy ord <n which Tk

con trarsmit. Cell Phor\es con CLeolate d—rectu.mc‘c’eb Prﬂﬂ:\/ well, So s

Vieble o well .

+ 4G-LTE — OFDMA- Or\‘chCﬂohoL r—raLuerxcy DMA

- TR % o combination OQL FoMA ond TDMA .,

- The d-mme, Skosits With oo Preomble . THe helps 2 -

:L) C,loc,\‘\ Sync_\'\rohﬁ’éa Dlor‘%

) Frome Stast

3) Estimate olteruoton

4y Eckimate phose change and time delay

gmort
/\ 'L?meo.P
DL (EsoUe) N UL(vser s 89)
P -
R | Y-
E Du .
A
M| ™MAP
8 4
L
g E
N\
/7

FRaAME STRUCTLRE
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Eoch of the uy & DL and UL ora Or‘thoaor\ﬂLJ Which meons thet there %

no need (}or Sut:md bands, T,ncr‘erbcl,r\a e(\d?colehC\/\

Eoch user would be d-oc?nj a d'?(lm\enen‘t dearee of attenuetion, and thls would
depend on the dretlu.ehcy on well. After re,ce?v?nj the preanble, each user Sends
a Jeedbock with the min. attenuokion . The maps' stots ane Senercd:ed bored

on this. Also notiee the map o't consbadt

Contention slots ore des‘\’snuted Eowands hem—ﬁ’nj the transmission nezLqu‘t
¢rom the umers. Note that this Ts rot pre-determined, mearing thot
C5MA-CA hao to be emp[oyed here .

The ?nd-ov Qon (J[rom the Conkentfon slots ane uced to creote the nexk

drome's map P?”ﬂ .

P_lf)ys?cql. Lu:,er F\ml\/sfs o& OFDM
The &rchu.o.ncy S deert &or‘ each uxer, mennfna that the O.nojys?s con
be done (}or each Loyer Endfv?dmtly.

Also, this means that digdeunt moduletfon schemer con be used STthltaﬂeoub}y.
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« COMA - Code Dfviaon Multfpl& Accens - 3G

— Multfle people transmit ot 8n the same e dfame. oand & the some &rqmy
bond . This s dore by u):s?rﬁ o 5pre.od?ns Cede.-
- CDMA gnd OFDMA 0w robust to mu(t?Poih.

The sinols € s coxe would be ooL form -
S, Sa

recefied k)= ¢ ) Cos (Am4E) + o) Cos(@uit)
S‘.’dnal,
G, ) ocvw s\areo.d?ra codex,
_ CE =4 _,_ Con be aenemte,d b, romc\om\y \10.‘)1\}?”3 the valius od.
T
- JCLCS de = 0 il ot - end 2

V]

Many umers = r) = 2 ¢rlt) Cos @r’(} P,
Notfce that

S x C Coslaxyt) - ACos(artt)

Remove wPth low paxs
o B (e Costmt) Jflker, s 2t

SiE) x ) Cos@miE) = ey x ACos (D)
= Clclx % L\ +COSLI1Dd>t)

= Cy % o&{:u Po.b&?na ‘Hf\r\ouﬂh lowo pa®s (\'llbﬁ'h.

Net SfbnaL wouwld (cok Bke
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P GO Cosdrge = A1+ 5 cep)
X d+a «»—t_

~ becomer @ O0

.
J B ) Cosart b - AT tbegredfon

[=}

.
—Cg‘l’anol Ob-l;ognﬂ d

|
0
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*

L2-Swottchexn

These xe uved fn the Ethernet, ond G dore fou the MAC cddresses.
Etherret wttha Bus con {Pqwatfon Js rot scolable duw b colifsfons.

- Switches oo uved to provide ?.njcallfseht teolatfon betuween pants

c& the Pektwork, to moke LANS gcalade.

- Pot & where the suftch comects & a LA,
- fBro €

o Qg O 0
5 0 v 6 b

&

\,\
Port

- TThe gwitch {ransmits S?&ha[s i the detPration S on the other

5%de O& the LAN. T} the desttrotion ard souwce ad on the came
swde, then ot does r‘OJCJ'\?ma.

his &b Cone by Sborfry o- FOr‘LOQJLd?mg Tobe ¥ the switch.

Th% toble stores the port numbes of all the podas ¢~ the hebporh.

I} recefver port = cender port,

do r*obhn—ﬁ

Elee, Lronsmit S?\C‘ML ot recefver port .

— FFIl?nS up this table TYYII’\LL_CLU_\/ s rot pracEfcall, We oould Bhe the
toble to be &Plled dymam?CaU&f
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*

[:f’(f?nj up For“u)&'}LC{?na Tgb[& -

Eoch mode T the retwerk has a L\D?‘Lu.n. MAC address. S?m?lCD‘LlyJ eoch Port

hor o. urique MAC oddsuns oy well . [MAC,— G bytes)

— Tritfelly, the sutbchs tode S emply. fvey Bwe B recefves o frame,
Jt rops the sender to the Coﬂ\e.t\lxx‘]dfrﬁ [Dor'{:. I(i\ e desttnatfon's POSH:?O"‘

oo unknown, the drome. Ss (}orwonded to oll porte by det}o.ulé.
- Hdd‘.’L?onoLLy, eoch entry o> ON gxp?ry Time. . I the swftch doesnt receive
o dmme WiEhTn tHfe time, then the entry S» delbed . TRis & to enswu that

the tolle reacts to chonges tn the topolegy dynam?colf.y.

+ MulS-Suftch Netpsorks -

- Leops con bc&ormed when there o mary LA connected (ofthout cosw. TR

would cause an 00-loop when the packet Es forwarded by dﬂ(}mul.t.

*

éfo.nn‘?gg Tree Botoeol -
- Lk wold Bke to dfsoble oo &EUJ Por’cs to breok the Loop) sﬁatea?c&uy. The steps

dollowed b\/ the prol:oc.ol, e adtlted below.

Stepd  Elect o switch to ke the root aufkch (_Root br‘.’dﬂe)
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Skepd  For each or? d\cje L the petwork | Obs?&n the port Closest to the oot bh?daa
the root p:«-t
Thepe ports Wl Mot be brcken “L?nalty, and are olzo called as AckSve ports .

A —Ue- br‘eak?rﬁ {:OOl Looqu be_ hqu?red .

Sep  For every LAN, choose the port closer to the root ond lobel Gt a» o Des?anajcad

port .

Step4  Disable all ports cther then the rost port or the des?&m{:ed port.

A dfebled port can nefther fsten to S'a’jnalb Por (}0" wand Sﬁmlb-

* Eleckig Roct %%d@p.
— Eoch br—?dae_ hos o Br\‘fdﬂe ID, and the lowest one s chesen-

Srradlece MAC
Bidge 10 — Confljuroble paxt + (MAC oddress ) chosen by default

A bytes G bykes
- The cond?ﬂu\aii@e past o uxed & o roct node Se to be d—orced,
L> dE&mLU: — 22368 — Redue fo make s the rost.
Can be between O ond 81440

Hoo +o be a MU.(E"?PIE DJ, 4096

- Each br?daa Sendn out Qo sfﬂr\al. °n the (}ollom?ng dorma‘l:.

(v, a4, %)

1 N~ ™D
Srallest 1D dit +o 7

1 row N
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- Intthally, the S?jnc:.l_ sent out b\/ all switches would ke q} the dorm Q(J 0,X) .
As the Siyral 8o Serk out, each bridqe d’nmjc)a the fuple accordfgly. Tt can

be ceen that all SBmLs would even{:uau)t converge ot o root -

Ve
a4 :," ﬂd’te_r‘ Z recenes X's S?anal_ S *o wd rock
.‘ node
|E_ d’_ f’& \/4\/7_) t‘-,en YL%\/ O..nd déé d.-‘_d)( 4/
X yA
(4,49 deb;a % V:Yé but dé> Ld+d><)_, then dé* d+dx (ound
Shertese
.f:oih

P Dec?dfra Root port -
L ¢ the dtance of ol ports s unfqut, then wt would choose the smallext.
However, I there two or more ports ok the smollest dfstorce | then we

2o _breok based on Hhe por-\: ID - smallext oo chosen

* Choos?nj Mﬂ@rt '—

The tfe b’eo.l‘(-?hj te dore uoacl’nj the port ID here on well - the smallest

ID & chosen.
In pro,d:?ce,_‘ it 5o poseible 1o a?ve, d"JYHFWt we'«’jhts ¢o«‘ d'.’d() vunt LUHHe,

TRes s to toke the dfdaemmt borndwidths each connection m?aht hove ©nEo

occount.
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