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CoBpemennbie cetu WiFi

Xopos Esrenuii MuxaiinioBuu
1997r — nepBas Bepcus wifi

Bce uto MbI M3yyanu paHslie (...) 370 6bUI0 POCTO, Tereps Bce OyzeT cioKHeH

Ilnan Kypca

e MHoOroiarosele cetu wifi

® BBICOKOCKOPOCTHBIE ceTd wifi
® [IJIOTHBIE CeTU

e WiFi60ITn

o AKTyaJ’ILHbIe 3ajla4y U HOBbI€ HarlpaB/IeHUs

ByzyT Kp 1 camocTosTe/bHble paboThl
X=TxIxF
e T -- olleHKa 3a TeCThI

e [ -- olleHKa 3a MHAVBHYaIbHY0 paboTy CO CTaHJAPTOM U CTaThsIMU

e [ -- ¢hiHanbHasI OLIeHKa



MHoromarosble cetu Wifi

3apauu:

® YBe/IMUYUTH MOKPHITHE

e [IOBBICUTbH €MKOCTb (X3 UTO TaKOe eMKOCTb)
Vnes — nepeaBath LITI0YKOI Yepe3 MPOMEXXYTOUHbIE Y3/IbI

802.11s (mosIBUIMCh MHOTOLIATOBBIE CETH)

Ha3sanue

Cy11jecTByeT 2 CXOKUX Ha3BaHUSA J/IsI MHOTOILIATOBBIX ceTel
e Mesh cets

o IEEE
o CeTh B KOTOPO#M MapipyTu3aiikst paboTaeT Ha KaHA/ILHOM YPOBHE
o CTalMoHapHasi CeTh

e MANET — Mobile Ad hoc NETwork

o IETF
0 MapLIPYTH3al[isl BEIIO/IHAETCSA HAa CETEBOM YPOBHE

o MOOM/IbHAs CeTh
Mbi GyzieM TTOHHMaTh MHOTOITIATOBYIO CETh CJIEAYOIUM 06pasoM:

MHorormaroBasi 6eCripoBofiHast CeTb — CeThb, B KOTOPOH /{0CTaBKa MH(OPMaLMK BO3MO)KHA Uepe3 IIPOMeKYTOUHbIe Y3/Ibl,

BBICTYTAIOLIVE B POJIH PETPAHC/ISTOPOB

3auaqn IMOCTPOEHUA MHOIOIIIdroBbIX cerei

(TTo cyTH 3TO BCe HY)KHO /151 00eCrieueH sl MapIIpyTH3aLHHN)

e o0OHapyxeHMe cocefieit

e yIpaBjeHHe COeJHeHUN ¢ HUMU (forndecknmu, 11t Health-crarycos)

e OljeHKa KaueCTBa COeAWHEHNH (UTOORI peliaTs 3aiauy MapLIpyTH3alU ONTHMaIBEHEIM 00pa3oM)
e Pacchuika ceteBoit nH(MOpMaLA

e IlocTpoeHue MapIIpyTOB

e Perpancisiius

OcobeHHOCTb — AWHaMHU4yeCKas ceTeBas Ccpeja, OU€Hb 6LICT[JO MEHSATCA YC/IOBUS

JlaBuHHasA PaCCbUIKA

[InpokogeiarenbHas paccbuika ¢ TTL, He MeHblIe ueM raMeTp CeTH
[Trocsr:

® [IpOCTOTa
° yCTOﬁ‘—IHBOCTb K BbICOKHUM CKOPOCTAM [JBH)XeHUS y3/10B
® OTHOCHUTE/IbHasA HaeXXHOCTb A0CTABKHW IPpHU HA/JIMUYUKN 60BN U30BITOYHOCTH MapuipyToB

e “ecTecTBeHHasi onTUManbHOCTL yTH (HO MHOTO y3/10B /1e/IIT OAWH KaHa/l => JIMLLIHYE 0XXUJaHWs)

Munycbl:



e (osblye HaK/IaHble pacxofbl (Kbl MakeT moBTopsietcst 4o N-1 pas)
e HeobOXO[MMOCTb MexaHU3Ma paspelileHus / n30eraHysi KO/UTM31il LIMPOKOBeLlaTe/IbHbIX [1aKeTOB
o Heobxogumo, T.K. Ha IIMPOKOBelaTe/bHble rakeTsl HeT ACK

e Bricokue notepu (BUAUMO 3(b(eKTUBHOCTH), C/IU MapILIPYT (UM ero YacThb) eJUHCTBEHHBIH
IIpoToko/bI MapIIPyTH3aALUU

OLSR u NHDP
Optimized Link State Routing Protocol — RFC 3626 — https://tools.ietf.org/html/rfc3626
OLSR v2 — RFC 7131
MeI u3y4aeM MepByr0 BepCHIO IIPOTOKO/IA
Neighborhood Discovery Protocol (NHDP) — RFC 6130

e I[TpoaKTUBHBIN ITPOTOJI, pacChUIAOIMI HH(OPMALHIO 0 HA/IMUUH COeJUHEHUH

e He yuuTthiBaeT KauecTBO coefuHeHui. OnTuMur3anys obbemMa pacchliiaeMor HHGOpMaLuu
PaboTaet Kak rporpaMma IoBepx KaHa/lbHOTO YPOBHSL.

Iporpamma paccbutaet UDP nakeTsbl, uepe3 KOTOpbIe MPOUCXOAUT 0OMeH UH(GOPMALIUH, TI0 HUM COCTaBJISIOTCS TabIULIbI

MaplILUpyTH3aLu1

O0OHapyxeHHe coceeit

e 1 2 3
012345678961234567890812345678501

e It s st e S i et e et s ok ek il et T

| Reserved | Htime | Willingness |
e aa a S e T e e T S e
| Link Code | Reserved | Link Message Size

R S T T S s et St T S T e e S e S
| Neighbor Interface Address
s S e T e e et et et et T L T T R S S
| Neighbor Interface Address
e S e e e e e o e et T S

et S S e e e e e T e T T e e T S S T et TS
| Link Code | Reserved | Link Message Size

R n S e T et e et N T RS R
| Neighbor Interface Address

s S T T s s s e e e e s
| Neighbor Interface Address

s S S e S e S T e e et et RS

(et;.)

e mepuogrueckas paccoiika Hello coobuennti (Link Sensing)
o HWurepsan HELLO_INTERVAL = 2s

o He repecblyIaloTCA Aajblie


https://tools.ietf.org/html/rfc3626

o IIpobrema CHHXpOHHU3ALH
m J[KuTTep — OT IJIaHUPYeMOro BpeMeHU reHepaliuy NakeTa oTHUMaeTcst ciiyyvaiiHoe Bpems [0 ... MAXJITTER],
MAXIJITTER=HELLO_INTERVAL /4
m  Actual message interval = MESSAGE_INTERVAL - jitter

- --."--.
- S

e Hello coobieHne comepKuT:
o CIMCOK (afpecoB) cocefield PO KOTOpble 3HaeT CTaHL{Us
o CocrosiHus coeguHeHui (copepxurcs B rosie link code)
m S = symmetric (monyunm hello 1 Tam ects Ha afgpec)
m U = ogHOHarpae/eHHbIe (yCIIBIIIaIN 0 KOM-TO, HO OH O Hac He 3Haet) (Heard)
m C = 3akpeitsle / notepsinHble (Closed/Lost) — nepexogym eciv B TeueHre NEIGBH_HOLD_TIME ne npumiio He
oanoro Hello coobiienust.

e TaxXe COZEPXUT MHPOPMALIMIO O TOM, CUHTAeT JIM Coce[| MPHHUMAOIYI0 cTaHLuio MPR
3HaeM TI0JTHYIO TOTIOJIOTHIO B ABYXIIArOBOW OKPECTHOCTH y371a.

MPR y3nb1 (Multipoint Relay) — Te cumMeTpHruHBIe OfHOILIArOBbIE COCE/IU, Uepe3 KOTOPble MOXKHO JOCTy4aThCsl /10

ABYXILIaroBbIX.

The idea of multipoint relays is to minimize the overhead of flooding messages in the network by reducing redundant

retransmissions in the same region.



The neighbors of node N which are NOT in its MPR set, receive and process broadcast messages but do not retransmit

broadcast messages received from node N.

Each node selects its MPR set from among its 1-hop symmetric neighbors. This set is selected such that it covers (in terms

of radio range) all symmetric strict 2-hop nodes.

The MPR set of N, denoted as MPR(N), is then an arbitrary subset of the symmetric 1-hop neighborhood of N which
satisfies the following condition: every node in the symmetric strict 2-hop neighborhood of N must have a symmetric link
towards MPR(N).

Each node maintains information about the set of neighbors that have selected it as MPR. This set is called the "Multipoint
Relay Selector set" (MPR selector set) of a node. A node obtains this information from periodic HELLO messages received

from the neighbors.
[bITaeTcss NOCTPOUTL MUHUMMaJIbHOE KoudecTBo MPR y3roB
IMocTpoeHue uepe3 »KaHbIH aJITOPUTM

A. Qayyum, L. Viennot, A. Laouiti. Multipoint relaying: An efficient technique for flooding in mobile wireless networks.

35th Annual Hawaii International Conference on System Sciences (HICSS’2001).

Pacceuika coobuenuii TC (Topology Control)

e 1 2 3

1234567890801 23456789012345678901
B ok T T T I r T T T T e S A A S A e e £
| ANSN | Reserved |
Rl ke Tt et e e Tt T e
| Advertised Neighbor Main Address |
S N e s
| Advertised Neighbor Main Address |
B e s s s s s s St St S e S s e S s At At Hints et sonts s St S T S T s s st
| |

i T St S S T it e S S e SR S S

e Topology Control

e Paccoinaercs broadcastom

e Pa3 B TC_INTERVAL (5 cekyHp)

o [lepecsinatorcs MPR y3namu

e Copgeprkar nHpopMaruio TobKo 06 MPR Selector Set

e BricbIIaeT CIiMcoK azipecoB (TOMBKO TeX, KTO BeIOpas jaHHbIN y3er B KadecTBe MPR) ¢ KOTOpPBIMU yCTaHOB/IEHHBI
CHMMeTpUYHBIe COeIUHEHNS

e PeTpaHCIMpyrOTCA Aajblie Toabko MPR-mu

TaxkyM 06pa3oM ToTyJaeTcst MOACeTh, B KOTOPOil He YBHUIMUMBAIOTCS JTMHBI MapILIpyToB (10 MeTpuKe hop-count)

ITonck MapmpyTa 1 Taé/IMIA MapIIPyTH3aLUH

1. R_dest_addr R_next_addr R_dist (uricno maros) R_iface_addr
2. R_dest_addr R_next_addr R_dist R_iface_addr
3. ..

R_dest_addr — Kyzia Hy)kHO ZJOCTaBUTb MaKeT
R_next_addr — agpec next-xorma

R_dist — meTpuka



R_iface_addr — unTepdeiic
OGHOBJISIETCST KKABIH pa3, KOrla MPOUCXO/ST U3MeHeHHsI.

3aronHseTcs [0 ouepefiu: CHavana o MHGOpMaLUU 0 COCeAsiX, 3aTeM [BYXLIAroBbIX COCE/SX, 3aTeM 10 OCTa/lbHbIM

CcoeIHEeHUsIM B TIOPsIJIKe UX yZajieHusl OT y3/a.
OGHOBISIETCS KaXK/[bik pa3 (KOHKPETHO TIOJTHOCTHIO), KOT/IA TIPOUCXO/ISIT U3MEHEHNST:

o link set (copepxuT HH(OPMALHIO O COEUHEHHUSIX C COCeJSIMU U UX CTaTyCe)

e neighbor set (copepxut nH(OpPMaLHIO O COCEAsIX U UX CTaTyCe)

e 2-hop neigbour set (cogepxuT UHGOPMALIKIO O JBYXILIArOBBIX COCESX)

o the topology set (cogep>kut UH(MOPMALIMIO 0 “AanbHUX” COeJUHEHUSIX, MoayueHHyo u3 TC)

e Multiple Interface Association Information Base (copep>xuT uH(popmariyo 0 COOTBETCTBUH HECKOJIBKHUX aipecoB OHOMY

y3iy (pacnipoctpansieTcs uepe3s MIB coobirienmst))

1. TIoTBOpUTH NPOLILIA ceMeCTp (Hy>KHa OyZAeT B 3TOM Iofy)

JlononHuTebHAsA HHpOPMaIUA

Also, OLSR does not require sequenced delivery of messages. Each control message contains a sequence number which is
incremented for each message. Thus the recipient of a control message can, if required, easily identify which information is more

recent - even if messages have been re-ordered while in transmission.

OLSR does not require any changes to the format of IP packets. Thus any existing IP stack can be used as is: the protocol only

interacts with routing table management.

dopmar nakera

OLSR communicates using a unified packet format for all data related to the protocol. The purpose of this is to facilitate
extensibility of the protocol without breaking backwards compatibility. This also provides an easy way of piggybacking different
"types" of information into a single transmission, and thus for a given implementation to optimize towards utilizing the maximal
frame-size, provided by the network. These packets are embedded in UDP datagrams for transmission over the network. The

present document is presented with IPv4 addresses.
Packets in OLSR are communicated using UDP. Port 698 has been assigned by IANA for exclusive usage by the OLSR protocol.

The basic layout of any packet in OLSR is as follows (omitting IP and UDP headers):



0 1 2 3
0123456789012 34567890123456178901
Fotototot ot ottt —F—t—F—t—F—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—+—+—+

| Packet Length | Packet Sequence Number |
T S S S e S
Message Type | Vtime | Message Size |

|
A S St S S e S
| Originator Address
A S S S S e S S
| Time To Live | Hop Count | Message Sequence Number |
T S St S e S S g

MESSAGE

A St S e S S
| Message Type | Vtime | Message Size |
T St S e S S S
Originator Address
B St e S S S 2
Time To Live | Hop Count | Message Sequence Number |
e St e S S S 2

—_—+—+ —

MESSAGE

e S (S S S S ST S S S S SO S g S g

(etc.)
e The Packet Sequence Number (PSN) MUST be incremented by one each time a new OLSR packet is transmitted.

o Hy»kHo zy1s1 Toro, YT0OBI MOHMMATD KaKyl0 HH(OPMALMIO CUUTaTh O0jIee CBEXOH

e The IP address of the interface over which a packet was transmitted is obtainable from the IP header of the packet.
e Vtime

This field indicates for how long time after reception a node MUST consider the information contained in the message as
valid, unless a more recent update to the information is received. The validity time is represented by its mantissa (four

highest bits of Vtime field) and by its exponent (four lowest bits of Vtime field). In other words:
validity time = C(1+a/16) 2/b [in seconds]

where a is the integer represented by the four highest bits of Vtime field and b the integer represented by the four lowest bits

of Vtime field. The proposed value of the scaling factor C is specified in section 18.
e Originator Address

This field contains the main address of the node, which has originally generated this message. This field SHOULD NOT be
confused with the source address from the IP header, which is changed each time to the address of the intermediate interface

which is re-transmitting this message. The Originator Address field MUST NEVER be changed in retransmissions. — WTF
e Hop Count

This field contains the number of hops a message has attained. Before a message is retransmitted, the Hop Count MUST be

incremented by 1.
Initially, this is set to *0’ by the originator of the message.

o Message Sequence Number



While generating a message, the "originator" node will assign a unique identification number to each message. This number
is inserted into the Sequence Number field of the message. The sequence number is increased by 1 (one) for each message
originating from the node. Message sequence numbers are used to ensure that a given message is not retransmitted more than

once by any node.



Hepocratku NHDP
NHDP oTkpbIBaeT coefiuHeHus o nepsomy nonyyeHHomy HELLO coobirieHuto 1 3akpbiBaeM 110 TaliM-ayTy. Hegocrarku:

e HeHageXXHOCTb (HU3KAasl BEPOSITHOCTh YCIIEIIHON Mepefaun)
o HampuMmep Toayurau TosKo 1/3 ot hello coobijenwii
O He yJOBJIETBOPsET TPE60BHHI/H'O K 10Jie OCCTAaB/I€HHBIX MAaKeTOB M3-3a OrPAHUYEHKS Ha YKUCJIO MOTBITOK mepeaaun
o BBICOKOE NOTpeb/IeHNst KaHa/IbHBIX PeCYPCOB U3-3a GOJIBILIOro UKc/la IIOBTOPOB Mepe/aun
O XO0YeTCsd HaK/1aJbIBaTh TPEGOBHHI/ISI Ha1e>KHOCTH
e HecrabuibHocTb (60sbliiast GyKTyaljpisi COCTOSIHHSI COeAUHEHMS)
o TIOCTOSIHHOE M3MeHEHHs COCTOSIHMI Y3/10B TI0C/Ie HOBBIX COO0IeH it

o BO3MOXXHbIE OLIMOKK MapIIPyTH3aLK (4TO-TO BPOZie CYeTUMKA A0 GeCKOHEUHOCTH, C/Ie/|CTBHE — LIUKIIbI)
Bo3moxxHOe ucnpasieHue:
YBenuueHue 06’beMa CTaTUCTUYECKUX NaHHbIX Ha OCHOBAaHWH KOTOPOIr'o NMPUHMUMAETCA pelleHne 06 OTKDBITUH COeJUHEHUA

e Hamnpumep Hab/moaaTh 3a mapamerpamu hello coobirenuii (HarpuMep ypoBeHb CUTHA/A)
© 3TO TPYAHO, TK IIPOTOKOJI paboTaeT Ha ypoBHe MPHIOKEHHUH, HY>KHBI paiBepbl 1 BCe Takoe

0 => Hy’)KHbI JJpyTrrie MeTOAbI

Kpurepmuii Hafie>XHOCTH
ITycTh 3a/jaHa HEKOTOPAsi BEPOSTHOCTD = P
ITycTh BEpOSTHOCTH YCIIEIHON JOCTAaBKU = p

Ecmm p > po To Hy>kHO close, ey p < po TO HY>XKHO Symmetric

KpuTepuii crabuibHOCTH

CocCTosiHMe TO CUMMEeTPUYHOE TO He CHMMeTpUYHOe

Ts — cpezHee BpeMst )KU3HH JIMHKA (JIOTHUeCKOTO COeJHeHUs (KOTa CoeivHeHe CIMMETPHYHO))
TN — cpenHee BpeMsi HaxoxeHus B Not Sym.

9= 1 }rm — link fluctuation (kone6amnust)

Tupdate — VIHTEPBaJI 0OHOBJIEHNS TOTIOJIOTHH (XapaKTepHbIN I1epHof PaCChUIKU CeTeBOM MH(OPMALiN)
CaM KpuTepHii:

Vp=> 0y >> 2Tupdate

KpuTepuii oneparuBHOCTH

BakHo, uT0ObI Tdelay (337i€PKKA 10 YCTAHOBKH JIOTHYECKOr0 COeJMHeHHs1) OblI0 MHOTO MeHbIle Tlink (BpeMs: GHU3UIecKoro

COeJTHEeHUsT)

Tdelay << Tink

Maremaruueckas Mojie/ib

ToBopuM, UTO eciy XOTsI Obl OMH U3 KPUTEPHEB He BBITIOJIHSETCS — Y ITPOTOKO/IAa MapLIPYTH3aLMH O0bIe TIPo6/ieMbl.
Hy’kHO OCTPOUTH MaTeMaTU4eCKyt MOZEIb MPOTOKO/IA, UTOObI BBIUUC/ISATH BCE ITH 3HAUEHUSL.

Heob6xouMO OTIpefie/inTh:

g — BEPOATHOCTL TOI'O, UTO COeJUHEeHEe CUMMETPHUYHO



T's — cpenHee BpeMsi KOT/ia COeIMHEHUE CUMMETPUYHO
TN — cpeHee BpeMsl KOIjla COefiiHeHHe HeCUMMEeTPUUHO
VYipoljaeM MpOTOKOJ, C TOYKH 3PeHHsT MOJIe/H

Hogast auarpamma cocTosiHUi: (TOYHee TpaBuJIa repexoza)

BakHo 06patuth BHMMaHKe Ha coctosiHust O = S+ UuN =U + C

—_—

a—

-—
-

---—_ _—-'-—

e Tlepexoapl u3 C B U u u3 C B S porcxoauT, Korga y3en nonydaet 7 HELLO nozpsig ot coceia [MO UTO-TO Y/TyUIIIHT,

JIOTIOJIHUTeJTbHAS CTereHb CBO6O/bI]
(Cauraem, uto HELLO reHepupyeTcst CTPOTO TIEPHOJUUHO)
e Tlepexop B C, korza norepsiii s HELLO nogpsia. [Tyro yripoljaeM Mogerns]
Kputepuii Banbga — link
CyMMa cJ1y4aiiHOro yKcia oMHaKoBO-pacnpe/ie/ieHHbIX He3aBUCUMBbIX CTyYalHbIX BeJTMUUH

ToxxpectBo Banbga

E(XCN, X;) = E(N)E(X)


https://ru.wikipedia.org/wiki/Критерий_Вальда

OmnpepesieHue BepoATHOCTH Haxoxaenus: B O(C)
Tpouecc Joc(t) nepexona megy cocrostaumu O u C siBistercst On-Off mporjeccom

(< X > — cpenHsisi I/IUTENILHOCTb COCTOSTHUS X)

<To>

T = <Tp>+<T>

Ornpe/esieHHe CPeJHUX AJIUTETbHOCTeH cocTossamil O,C

|. nosxyyeHue ¥ noreps § '
.\ HELLO HELLO j"
\ OIS oApsia /

- Wy

A31

<Tp>=" 0

<Tc>= p’l(?fp)

(p BEpOSATHOCTH €AVHUILIBI)

(BeIBOAMTCS Uepe3 ¢hopmyiy Banbaa)
1#0001#1#01#01#0000000# (1 momyunu Hello, O motepsiin)
Lukn npofo/mKaeTcst 10 TIepBOM eJUHULIBI W 10 S HyJlel.
BeposiTHOCTB TOTO, UTO J/IMHA LikKaa = s: (1 — p)

KakoBa cpefHss JvHa LuK/Ia?

KakoBo cpesHee 4nc/o L{UK/I0B?

Kopoqe HY>XHO OTBETUTL Ha 3TH BOTIPOCHI U BLIBECTH (l)OpMyflbI BEIIIIE

Onpeneneﬂue BE€POATHOCTHU HAXO0XXA€HHUA B COCTOAHHUU S

Ilokasath yTBepXKJeHHe



HOACKEBKEIZ CocTosiHMe CUMMETPHUYHOE C TOUKHU 3peHUA y3jia X, ec/ii OHO OTKPBLITO C TOUYKHU 3pEHUS y3/ia Xus nocnegHeM

npunsToM HELLO ot y3na Y oHO 6bI7I0 yKa3aHO Kak OTKPBITOE

[Jlokasarb yTBepXKJeHue

33
< Ts >~ ~1°> (cpegnsis A/MTeNBHOCTD MepeceueHH i — CMOTPETh KAPTHHKY)
IToxckaska:

e Ba)kHO 3HaTh, UTO OTPe3KU OAAMHAKOBO PacIipe/ie/ieHbl
e Cuurarh, UTO HaM M3BECTHO paclpe/ieJieHNe JJIMHBI OTPe3Ka, OHO BKOHLIE COKPATUTCS

e DTO K/acCHUeCKas 3a/iaua u3 Tepeepa

N34
Haiiti TN cpezHee Bpecs B Haxoxaenue C + U
Wroro: 4 [13
13 5%
e 5-e 13 co * (CpexgHee BpeMsi )KU3HU (PHU3UUECKOTO COEAMHEHUS])

2
< Tlink >= ”B;L cpefHee BpeMsi IBIXKYIIUXCSI 0OBEKTOB B 30He CJIBILIMMOCTH

pagMoBUINMOCTb

Hacrpoiika mapameTpoB

TYT YTO-TO FTOBOPUTCS PO BHIOOD I, S U BIMsieHHe Ha pa3Hble KPUTEPHH, TPOILje CMOTPeTh CJIaif.



Jlexuus 2: MHorouarosble cet: Kpurepuu

=N W h OO N O

HapeXXHocTb
P, (p,) =50%

.........
.........
.........

......... -3a4epKKa OTKpbITUA

. - T

I I I I
2 3 4 10 111213 14 1 ~
345678 910 31415 delay Ty (py) << T

Yto Takoe 37eCh m — HesCHO (BUJUMO S)

15



3 K 1ekuyu 2 — AHanuTrnueckas mojens OLSR

Asrop: BoiinoB Hukura I'pynmna: 521

31
Jlokasartb
<Tpo >=
<Tc>= P
Paccmorpum cocrosinre O. ITycts ycnemHomy nonydenuto HELLO coorsectsyer 1, orcyTrersuo HELLO — 0.

IMporiecc BeIxoauT U3 cocTosiHUs O TIPY NONyYeHUH s Hy/el Mofpsz.

Pa3obbeM HaxoxAeHHe B cOCTOSHUM O Ha LUKJIbL, LK/ 3aKaHUMBAeTCsI IIPY MOJIyYeHNH T1ePBOi 1 Wi [Py MOJIy4eHnH s HyJleil.
CpeJHIOI MPOJ0/DKUTETEHOCTD COCTOSTHUSI O MOXKHO OTIPeZeUTh Kak

< To >= B(Li'1 X)) = B(N)E(X),

rae N KoluuecTBO LUKIIOB, X; MPOJO/DKUTETBHOCTD LIUKIIA .

Iycte ¢ = (1 — p).

Haiinem E(N) u E(X).

E(X)

BeposITHOCTB TOTO, UTO NMPOJO/KUTETBHOCTD LIUK/Ia PaBHA

l:p

2:(q)*p

)372

s-1: (g *p

si(9)*

Torga

s—1
) d S 17 S
EX)=s%¢""+px ;i*ql’l =sxq" L 4px dq(ql 7qq)= 17(;

E(N)

BepOHTHOCTb TOr'0, YTO KOJINYECTBO LIMKJ/IOB PaBHO

S

l:q
2:¢°(1 - ¢°)
n: qS(l o qS)n—l

Torma

Ucxopsa uz (1) u (2):

1-(1-p)*

<To >= p(1—p)



IIpoBesem 3ameHy 1 —p — p, § — T NONyUUM:

T
<Tc>= P

p"(1-p)
J132
Ts = 7r3
JlokasareybCTBO:

CocTosiHMe CUMMETPUYHOe C TOUKH 3peHus y3/a X, ec/Ii OHO OTKPBITO C TOYKU 3peHus1 y3/1a X U B nociegHem npunarom HELLO

oT y371a Y 0HO 6bI/I0 YKa3aHO KaK OTKPBITOe.

BeposiTHOCTh KaXK/[0T0 U3 COOBITHIA T, COOBITHSI HE3ABUCUMBI => [[OKA3aHO.

133
[1]

PaccmoTpuM 2 He3aBUCHMBIX Tpoliecca y3/10B A u B, menstome cocrosiaust O u G, JAuJb. Onpegenum npouecc JSN,

KOTOPBIH B COCTOSIHUY S, ec/ii 06a mporjecca B coctosiHuy O, WHaue oH B cOCTOSTHUU N.

JokaxeMm

_ <To>
<Tg>= "y

Tlycthb ft pacnipejiesieHue MPOAOKUTELHOCTH coctosiaust O, a F(t) ero dyHkuus pacripesenenus. [lonoxum, uto Jsn (t)

MeHsIeT CBOE COCTOsIHKe Ha S B MOMeHT to . CumraeM, uro J4 niepexozuT B O B MOMEHT o, @ J© yiKe Tam GbIL.

PaccmoTpum BpeMeHHOM MHTepBa B TedeHHe KOToporo J B ocraercs B cocrosamy O, BKmodas . O4eBUHO, UTO BEPOSAATHOCTD,
UTO MTPOZIO/DKUTENLHOCT JIAHHOTO WHTEpPBajia = T PaBHa <TTfOT S

PaccMOTpHM YacTb MHTEPBajIa HAUMHAKOLIYIOCS B to. OYHKLUS VIOTHOCTH PacIpe/ie/ieHust 3TON YacTH OIPeAesISTCS CIeAYIOLIAM
obpazom:

T 1-F(t
g(t) = 2>t <%> * 3— = (<TO(>))

IlaHHast TUVIOTHOCTE OTBeYaeT C/leJyrollell hyHKIMH pacIipeieeHus:

G(t) = _p [o(1— F())dz

J s TepexofuT u3 S, mpy TiepBoM Bhixoge 3 O s J4 uma JB. CriejoBate/1sHO BePOATHOCTB TOTO, YTO MPOZOIKUTETBHOCTD S

He MeHblIe ¢ paHa (1 — F(z))(1 — G(z))

ITo cBo¥iCTBY HEOTPHLIATETLHOW CITyUaiiHOM Be/TMUYHHBI MTOTyYaeM
inf

< Ts >= [™(1- F(z))(1 - G(z))dz

Tk L (1-G(z) = - 5%

<Ts>=—"T07(1-G(x)[§ = 72

JlokazaHo

A3 4
Haiitu < Ty >

Cwmena S u N — on-off nporiecc, o3ToMy aHa/JIOTUUHO 7o

<TS>

_ _ 2
Ts = <rg>+<In> — "o

< Ty >= 15— <T5 >



e

_ <To>
T = <To >Ji<Tc>
NUcTtounukn

1. Khorov E. et al. Analytical study of neighborhood discovery and link management in OLSR //2012 IFIP Wireless Days. —
IEEE, 2012. - C. 1-6.



Cnoco0 nmostyuyeHus ceTeBoil (MapLIpyTHO#) nH(popMarun

[

M proHeA
[NpOaKTHEHSA “
+peameEsLl

-

I
MpoaxTiEkElA PRANTHEHEIA
- -
CBRP ABR
CGSR ADDV
DDR CEDAR
DSDV ADN DREAM
FSLS AntHocMet DSR
FSR HMP FLAME
GPER Terminode FORP
GEER GEDIR
OLSR LAR
STAR S8R
1) l— e

o [IpoakTUBHbIN
o wuH(OpMaIL¥s 0 MapUIPyTax MOChIIAETCS IEPUOJUYHO (He 3aBHCHUT He OT Yero, KpoMe MpOTOKo/Ia)
o Hanpumep OLSR, DSDV
e T'ulOpuzHbIH (IPOAKTHUBHBIN + PEAKTHUBHBIN):
o MOJKHO OTpaHMuUMBaTh 00/1aCTH MPHIMeHEeHHsI peaKTHBHOIO U MPOAKTHBHOTO ITOZXO0/0B J/Is1 Pa3HbIX MapIIPyTOB
o HWMP
o PeakTUBHBIN:
0 eCJIM UTO-TO HY)KHO, TO HH(OPMALWs PacChllIaeTcst, eC/Ii HeT — To HeT. To ecTh ceTeBast HHGOPMALS HILIETCSI CTPOTO
TI0 3arpocy.

o Hanpumep ADV.

Knaccudukanysa npoakKTHBHBIX IPOTOKOJIOB



MpoaTuesbad W
rHOpMIsER CRoCo0s
NOMYUEHIR MDY THOA
FHDODMALEH
I
[ I ]
Mo cnocoly Mo coweny
MapLpYTHOA Mo eossetTam
VEDOpMLIA RHDOPMELH paCcCenEs
— T B
[ PRCWEOR | Monsas a0 ierecias
- okt e U3pWPYTHAR —] paccHInE
PECMPOCTREHRETCR
FHOODMALM R (o Takmeny )
BCeu
[ VRDOpRa | M0 MsUesieHmIC
| | o BCaX YaCTk MApILpyTHOA G e o
pacnpoCTpaHAeTca {0 cofumma)
NS
I
I |
VHEopMayeR © - | Koumtwmposaren
CHECHPOBAHEOM S EHEHMRX
NOIMHOKECTES
CTEILHA
® BbIJeJISIETCS TIOAXOZ C popeXkuBaHueM broadcast coobieHui
o Kaxpayro cekyHzy nuieM be ¢ mapmpyrtamu ¢ TTL=1
o Kaxpayro 2 cekyHzp! mteM be ¢ mappyramu ¢ TTL=2
o Kaxpayro 4 cekyHzp! mteM be ¢ maprpyramu ¢ TTL=4
o
o 256 (umm guaMeTp CeTH)
0 TaKoM NOJXOf, CUIBHO YMeHblIaeT OBepXef
e FishEye, FSLS ucnonb3ytoT TexHUKY Bbiie + HSLS
Tun MapmpyTHo# HH(popManuu
Tun
MAPpYTHOR
MHIEO UL
I
| |
s VR LRR
e F'ﬂmm] 9 {MeTpiea myT) (EsCOTE CTIHLMH)
I
| I |
NH FRR PRR
SR
OnpegenmeToR | p— |Boe I8EsLA {HEEITODIE ABkA
SnegyieLul HETOUHAKOM oOpaw@aTeR) D3l ARTER)

e L[S=Link State — xpaHHUMa UH(POPMAL1IO O TIOJMHOXXECTBe COoe[iMHeHHH (rpade) Ha KOTOPOM MOXKHO B JIFOOOM MOMEHT

3aITyCTUTB MOWCK KpaTyalIlero myTH (Jalle npoakTUBHEIE)

o

Next-Hop Routing — MoryT cozep>katbcs KosbLia

o Source Routing — (MCTOUHMK CTPOHUT MapILIPYT) IIOXO A5l JMHAMHYHBIX Cpef

e DV=Distance Vector — MapILpPyTbl CTPOSITCS pacrpeZiesieHHO (uallje peakTHBHbIE)



o AJITOpUTM JIeMKCTpBI paboTaeT pacrpezesieHo (?)
0 CUeTuMK /10 6ECKOHEUHOCTH

(] Eme OJUH ITyHKT, HO 3TO HEBa>KHO

Bo3MoXHOCTB KJ/lacTepu3aluu

CTEHUMA Ha TPyINL
(EnacTephl)

CRHR FR
KIIETEFI'IEH MmoccEan
MADWPYTHILMA MaPLIPY THIGUMA

] ]

CBRP ADDV
CGSR D3R

—HSR —GSR
LANMAR FLAME
ZHLS TORA

IEEE 802.11s WiFi Mesh

WiFi Mesh uHTerprpoBaHHO B KaHabHbIN YPOBEHb

® HY)XHO YyTOOBI MCIIO/Ib30BaTh SKCK/IFO3UBHYHO I/IH(bOpMaLU/II-O C KaHa/IbHOT'O YPOBHA

MBSS

Hogas apxuTekTypa B jo6aB/eHre K HHbpacTpyTypHOii 1 AdHoc ceTsix.

Mesh BSS — ceTb 13 paBHOIpPaBHbIX Y3710B, TIPY KOTOPOM BO3MO)KHA Iepejiaua uepe3 MpOK3BO/IbHbIE (?) POMEXYTOUHbIE y3/Ibl.
Wroro:

o B ornuuu ot BSS MoxxHO repefaBarh fake eC/iv CTaHWU He C/IbIaT Apyr Apyra
® HEeT TOYEeK [0CTyIla, HO MOr'yT OBITh IUTFO3bI

e MoxHo ucrnonb3oBate MBSS, uto6bl 06beAUHNATL HeCKOMEKO BSS B opHy ESS

Oco0eHHOCTD ajipecanuy Ka/poB

CKoJtbKO HY>KHO azipecoB? OT 4 f10 6.



RA — azipec cneaytoliero xora (c/ieyroLeid Mer CTaHLIIH)
TA — Ajpec nepefatoliieii Melll CTaHLIUU

. DA (dst) — Ajzipec Ha3HaueHHMsl Melll CTaHLMK (UTOTOBBIN)
SA (src) — ucxojHasi Melll CTaHL{Ust

DEA — VcxopHblii osyvatesib (Hy>KeH, ec/Id HallpuMep afipec BHeIIHUIA)

IS o e

SEA — VcxopHblii OTIIpaBUTE b

BbukoHBbI

e Mesh ID Bmecto SSID
o [‘enepupyet U paccbulaeT Kak[asi CTaHLIUs
e bukoHbI reHepupyloTcs neproguuecky (B BSS renepupyrorcs ognol, B AdHoc Bee nbITatorcs nocars Beacon, Ho

MOChI/IaeT B UTOTe OJHA)



Beacons
Data Frames, Control Frames, Management Frames — xazpsl Wi-Fi

Control: ACK,RTS,CTS, CF-Pol (Hy>kHO noc/iaTb 04eHb-0ueHb ObICTPO, 06pabaThIBaloTCs arnapaTHo, FeHepUPYIOTCsl CTPOTo B

orpe/ie/IeHHbI MOMEHT BpeMeHH)

Management: MeHSIFOT PeXXHM, COOBIIIAIOT AOMOIHUTENBHYIO CTy)KeOHYI0 HH(POPMALMIO (TeHepHpYIOTCSI IPOrPaAMMHO, MOTYT

M0ChUIAThCS He cpasy) .
Tak BoT, 61KOHBI 3T0 Management frame.
e Mesh ID Bmecto SSID
Beacon Interval — korza cucreMHble yachl KpatHbl Beacon Interval — Beacon orrnpaenstorcs, 100 Time Units,
1 Time Unit = 1024 microsecs

C nomoti[pio beacon yctpoiicTea 06HapY)KMBAKOT APYT APYTa, Y3HAIOT O TapaMeTpax CeTH, PACTIPOCTPAHSAETCS CTyKebHast

nH(bOpMarys.

CI/IHXPOHI/ISauI/IH TPOXCXOAUT C ITOMOLBIO 61KOHOEB: 11oJie TSF — B HeM YKa3bIBaeTCsd 3HaUeHHe CUCTeMHBIX YaCOB B

MHKPOCEKYH/aX 110 MOZY/0 2/\64.
B Adhoc ceTsix yackl 0GHOB/IAIOTCS €C/IU TIPUCIAHHOE BpeMst 00JIbLile ueM CBOe.

Beacon knaziercs B ouepefp...

CuHXpoHM3anMA

B mesh ceTsix cHHXpoHU3aL|st IPOXOAUT TakxKe Kak B adhoc, To/IbKO BMeCTO KOppeKIMK BpeMeHH 3aromuHaetcst offset st

KaKJOW CTaHIAH.

Korpa ipyrasi CTaHL{iisi TOBOPHT O COOBITUH, KOTOPOe MPOu30izeT B MoMeHT 1" (110 APYrUM Yacam), 1o COOCTBEHHBIM OHO

nipou3sotiziet Bo Bpems T — of fset.

M36eranne KOH(PIUTKOB OUKOHOB

(Mesh beacon collision avoidance (MBCA) — 14.13.4 B cranzapre)

B 0CHOBHOM HarpaB/ieHO Ha YMeHbIIIeHHe KOJUTM3UH CO CKPBITBIMU CTaHIWSAMH (YTO YacTo Ayt mesh ceteid).
I'mobanbHO COCTONT H3:

e Beacon timing advertisements
e TBTT selection
e TBTT adjustment

Kaxpast cranus orcnexuBaer TBTT (Target Beacon Transmission Time) cBoux coceneit
o Kak y3Hare Korga umeHHo TBTT cranuuu?

Trprr = Tr — (Tymod(TBeaconInterval X 1024))

rae

T, — Bpems nonyuenus ¢peiiva B TepmuHax TSF

Tt — 3Hauenue nosst Timestamp Bpems B 1osiyueHHOM (peiime

T'BeaconInterval — 3HaueHue nojst Beacon Interval B momyueHHoM ¢dpeiime



Pacceinaercs undopmarus (cocessim) 060 Bcex TBTT B equnuiiax nsmepenus 32 us, 6ekoH-niepuos B 1024us

=> C IIOMOIIbI0 6EKOHOB Yy3HaeM 0 cocenax

TMonyuenHas uHdopmarys mo3sossiet HactpauBath TBTT Ha CTaHLUMSIX TaK, YTOObI MUHUMHU3UPOBATh KOJITA3KH, a/ITOPUTM

nozpo6HO He pacCMaTpUBAICS.

YnpagsieHue coejuHeHUAMU

Mesh Peering Management

OTKpbITHE COeJUHeHHI

e ->Peerig Open frame

e <- Peering Confirm frame

e <-Peering Open frame

e ->Peering Confirm frame

3akpbiTHe

e ->Peering Close Frame

e <-Peering Close Frame

Bce yka3aHHbIe KaJpbI IB/IAIOTCS YIIPaB/IAIOIMMHA KagpaMyu Management Action Frames.

(Ha xa)xapIii 13 1akeTOB ellle MOChLIAIOTCS akK)

TaxoKe JOTOTHATETEHO BO3MOXKHO CEKbIODHOE coe/iiHeHue (+00MeH KIrodaMi)

ITocsie yCcTaHOBKY coefjiHeHMe OyzieT CUMTaThCsl CHMMeTpHUHBIM (oTare or OLSR)

MapumipyTusanus

e HWMP (Hybrid Wireless Mesh Protocol) — rubpugHbIii (TPOAKTUBHBIN + PeaKTUBHbIM)

o

o

o

paHee paccMmarpuBaiicsi RA-OLSR
SBnsercsa passuruem AODV
[IBa pe>xxuma paboThbl

®  peaKTHBHBIN

m [IpoakTuBHBI (...)

= MoryT paborarb BMecTe

MeTpuku MapIpyTH3anuu

e HopCount

e ETX = Expected transmission count

o

KakjoMy JTMHKY TIPUTMCHIBAETCS TepeMeHHasi — CpeJiHee UKCIIO TIOTIBITOK /10 YCIIeLTHOM OTIIPaBKU

e ETT = Expected Transmission time

o

yunTsiBatoTcs BeiOHpaemble CKK (cUTHambHO KOZJOBBIe KOHCTPYKLMH)

e Airtime Link Metric

o

o

Wcnone3yercs B 802.11

Bonee Tounas ETT, yunTeIBaeT CKOJIBKO BpeMeHH 3aHAT KaHasl
ca =[O0+ B,t }1_lef
B¢ — pJviHa TeCTOBOrO MakeTa B burax (8192)

O — overhead He 3aBusicsuiA oT ckopocT (peambysna + SIFS + DIFS)

r — data rate (Mb/s) represents the data rate at which the mesh STA would transmit a frame of standard size B based
on current conditions, and its estimation is dependent on local implementation of rate adaptation

ef — is the probability that when a frame of standard size B; is transmitted at the current transmission bit rate r, the

frame is corrupted due to transmission error; its estimation is a local implementation choice. Frame failures due to



exceeding Mesh TTL should not be included in this estimate as they are not correlated with link performance.
o 1/(1 —ef) — cpenHee UKCIIO MOMBITOK [I€peJadM
o Eme MoxxHo fo6aButh backoff + Bpemst HaxoxjeHus B ouepenn

e [Ipyrve MeTpUKU

TpeGoBaHHs K MeTPHKaM
Hetikcrpa u Beuiman-®opy TpelytoT, utobbl MeTpUKa 00/1a/iaia CBOWCTBAMI:

VI30TOHMYHOCTh: METPUKA OyIeT M30TOHUYHAS eCJTH TIPY [00aBIeHNH K KAKAM TO MapILPyTaM 3BeHa WK MapIlpyTa UX KaueCTBO

T10 OTHOLLIEHUIO K JIPYT JPYTy He MeHsIeTCsl
A3

ITpuBecTy NpUMep MeTPUK KOTopble 00/1a/jatoT / He 06/1a/jal0T TAKUM CBOWICTBOM

MeTtop focryna MCCA

e MCF controlled channel access
e Amnanor HCCA

MCF controlled channel access (MCCA) is an optional access method that allows mesh STAs to access the WM at selected times
with lower contention than would otherwise be possible. This standard does not require all mesh STAs to use MCCA. MCCA
might be used by a subset of mesh STAs in an MBSS.

PesepBupoBanue

OO6b1unblii DCF nioxo pabotaet B Mesh ceTsix — B OCHOBHOM U3 3a CKPBITBIX CTaHI[UU

JIBe CTaHLIMM JJIOrOBOPUBAIOTCS O BPEMEHHBIX UTEpPBAJIax MepeJaud v pacChiIaroT 3TO BpeMsi OpOKaCcTOM.

Bce 3T1 pe3epBUpOBaHNe TIPOUCXOASAT TIepHOAHUUeCKU (MeTO/] TIepHoiuUeCcKUX pe3epBUPOBaHMI (MHOTO T/ie UCTIO/IB3YHOTCS)).
Tpu uncsia 4To6BI ONHCATh TaKKe TIEPHUOZBI

® [UIUTENBHOCTD
e T1epuoy

® CMelleHus

Ipy HeHaZie>)KHOM TTepe/iaue (BepOSITHOCTH YCIIEIIHOM repefiaur p<1) pe3epBHpPOBAHKE yCTAHABIMBAIOTCS Yallie ueM [1epHoz

TOCTYIV/IEHHS TTaKeTOB.

AHanuTHueckas Mojenb

1. https://www.researchgate.net/publication/220654266 (1o cyTu To, UTO HIKE)

2. https://www.researchgate.net/profile/A_Lyakhov/publication/254037355_Mathematical_model_of MCCA-
based_streaming_process_in_mesh_networks_in_the_presence_of_noise/links/0deec5209e9cb33078000000/Mathematical-
model-of-MCCA-based-streaming-process-in-mesh-networks-in-the-presence-of-noise.pdf (¢buHambHast Bepcusi craTbu C

YCII0)KHEHHOW MO/IebI0)
IMocraHoBKa 3azaun
Bxog:

® MdKCUMaJ/IbHas [0/ MOTePAHHBIX ITaKeTOB LQOS

® MdKCUMaJ/IbHOe BpeMs JOCTaBKU ITaKeTOB DQOS

Hatitu:


https://www.researchgate.net/publication/220654266
https://www.researchgate.net/profile/A_Lyakhov/publication/254037355_Mathematical_model_of_MCCA-based_streaming_process_in_mesh_networks_in_the_presence_of_noise/links/0deec5209e9cb33078000000/Mathematical-model-of-MCCA-based-streaming-process-in-mesh-networks-in-the-presence-of-noise.pdf

C KaKUM MHTEpBaJ/IOM C/iefyeT yCTaHaB/IMBaTh NepUOJUYHbIE MHTEPBAJIbI OTl'lpaBKI/I? (1'[0 CyTH NTIOCUYHUTATh PLR, HUCxXo4d U3 Hero

MO)XHO N0Z,06paTh ONTHMA/IBHBII BEIOOP TaKMX MHTEPBAJIOB)

Bcro ock pa3buBaeM Ha BpeMeHHble ¢10Thl 7 — HO/I (MHTepBa Mex/ly IlakeTaMH, 1eproz;, pe3epBUpOBaHUil) — He 00s13aTesIbHO

LeJTbIH
Wurepsan Mexy nakeTamu = t, 7
[epuroy, pe3epBUPOBaHUIN = ¢ T

[IIkaa BpeMeHU pa3bUBaeTCs Tak, UTOObI TIEPHO/] Pe3ePBUPOBAHKSI COBIA/IA/ C HAUA/IOM C/I0Ta. MOMEHTHI MOCTYIUIeH st OyayT

C/IBUHYTbHI OTHOCHUTeE/ILHO Havasa c/10Ta Ha .
OmnucaHue rporjecca

® MAapKOBCKas Liellb C eJUHNLIell BpeMeHH: T1epuoj, pe3epBUPOBaHUs

e Cocrosiue: h(t):
o h(t) > 0— Bo3pacT (B C/I0Tax) CAMOr0 CTApILIEro MaKeTa B OUepeau
o h(t) < 0 — Bpems IPUOBITHS (B C/I0TAX) CJIEAYIOLIETO MAKeTa
o MunumainbHoe 3HaueHue h(t) = —tp + tr

o MakcumareHoe 3Hauenue h(t) < d = [D;gj, D = Dgos —TransmissionTime
Pacuertsr:
h>=0:

1. h — h —t, +t, — Korpa camblii cTapiumii nakeT Iy yCIelHo nepejaeTcs uau oteepraetcs (b + t, > d)
2. h — h+t, — Ommbka nepegaun u h +t, <d

h<0
1. h— h+tr

Urtoro, T.. akeT c6pachIBaeTcst ¢ BepOSTHOCTHIO (1 — p) u3 yir06oro cocTosiaus, rhe h + ¢, > d, TIpH 9TOM KOJI-BO IIPHHSATHIX

TIaKeToB = t,. /t,,

pLR = P Ty

tr/tp

Pe3ynbTaTrh!
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Figure 2: PLR versus {;: t5 =20 ms, ¢ = 0.3
{C 1-p

3abaBHbIi WK He 04eHb (akT B TOM, uTo PLR(t_I) He siB/IsieTCSI MOHOTOHHOM B /1000 Touke. ITogpo6Hee Npo 3TO MOXKHO

TI0YUTAaTh B CTaThe.



BbicokockopocTHoM WiFi
e CHauana ckopocts WiFi 1-2 M6/c
e rmorom 802.11au b go 11 u 54 m6/c
¢ OFDMA

e wu Tt a0 30 ['6/c

IIyTi yBe/iM4yeHHs CKOPOCTH

o YBejieueHUe LIMPUHBI ITOJTOCHI
¢ MIMO
o /IBe aHTeHHbI Ha IepeJiaTurKe U 2 Ha IpPUeMHHKe
o 4nytu
o Cymma ziByx curanos X1 (t — dt1) + Xo(t — dt2) — h1 X1 (t) + ha X2 (t)
0 MMeeM CUCTeMy U3 [IByX ypaBHeHUM
o 3HaeM 3aryxaHue (K03 dHULieHTsI)
o pelllaeM CHCTEMY, [I0JIydaeM HCKOMOe
0 MMHYC B TOM, YTO 3HaeM BCe 3TO C KaKOW-TO TOUHOCTBIO (h MEHSOTCS)
O TIIYyTU He BCerjia He3aBUCHUMBI
e Single User MIMO (802.11 ac, ax)
o Ilytu (CTpHMBI) IPUHAZIEKAT OAHOMY YCTPOMCTBY (Ha KaXKZIOM yCTPOMCTBe Gosblie 0fHOM aHTeHHBI, B Multi User M6
offHa)
o Hamnpumep, 8 aHTeHH => 4 yCcTpoiicTBa 10 2 cTpUMa
e Hoseie CKK
o QAM 16, QAM 64, QAM 256, QAM 1024
o QAM 4096 (gymaroT fenats WA HET)
o Homep cooTBeTCTByeT KONMMYeCTBY 3HaUeHHI OHOTO CHMBOJIA (Ha OFZHOW Hecyteit)
m 64 => 6 6UT (MOXKHO 3aKOJUPOBATh)
m 1024 => 10 6ur
o Ynupaetcs B popmyny [IlenHoHa (?)

o Kazplil pa3 Hy>keH B 2 pa3a MeHbImid SNR
HomuHabHas CKOPOCTh Nepefayuy JaHHBIX — CKOPOCTH Mepesiauy payload fist makeToB
IMaker eixje coziepkuT npeambyiy (TiepeziaeTcst Ha HekoTopor dukcupoBaHHoi CKK), coctouT us:

e training fields ~ 16mMkc (uTo6bI 0603HAUNTH (KT TIEpeaUy)

o OFDM cumBon ~ 4MKc (3afjaeT rapaMeTphbl: JyTUTeTbHOCT naketa ¥ anroputM CKK s payload)
I[1pu yBeneueHN HOMUHAILHOM CKOPOCTH, CH/IbHO UTPAIOT POJIb HaK/IaJjHbIe Pacxofp! Ha mpeambyiny u ACK-u.
[1yTtu perenus:

e arrperupoBaHue
e (/I04YHOE NOATBEepIK/eHHe
ArperupoBaHue
OOBsicHeHHe OTXOAUT OT CTaH/japTa

TXOP u OFDMA



TXOP
HescHo npu uem 31ecs TXOP
V36aB/1sieMCst OT C/I0TOB OTCPOYKH.

K 3TOMY MOXHO [106aBUTh 6/IOUHOE MTOATBEPIKIEHHE.

A-MPDU u A-MSDU
ITo cyTtu 1 ecTb arperupoBaHue, rossuiocsk B 802.11n
A-MPDU — protocol

A-MSDU — service

A-MSDU
€CTb TaKeThl C PaBHBIMH SIC U dst mac, MX MO)KHO CK/IEUTb.
Bmecto data B payload nomerrjaercst AMSDU, cocTosimuii n3 cabdpeiiMOB, Ka>K/blil COCTOUT U3:

e 2 azppeca (MOryT ObITh YHUKa/IBHBIMU /151 K&XKJOT0 TakeTa (c/1ayar 3-X U 4-4 afipecoB))

e JInvHa

MSDU (opurnansHas data)
Padding

OO011ast KOHTPO/IbHAsE CyMMa Ha Bce cabgperimMbl
MunycsI:

® O/IHa KOHTPOJIbHas CyMMa

A-MPDU
Bce noxoxe, Ho etiie ectb delimeter'st
CocraB cab¢peiima:

e delimeter
o pe3epB
o JAIMHA
o KOHTpOJ/bHasi cymMMma (4151 mosist length)
o moamuchk (ascii kog Oyksel “N” (78))
= HysXHO, yT0OBI BOCCTAaHOBHUTHCS P HAapYIIeHUH KOHTPOJIBHOM cyMMbI length
e MPDU (kaap KaHaIBHOTO YPOBHS CO BCEMH 3arojIOBKaMH)

e Padding (uToObI BEIPDABHATH [TMHbBI (HPEAMOB /1J1s1 )KeIe30K)
MPDU pnvnzee uem MSDU
3aTo ecTb KOHTPOJ/IbHAs CyMMa [JIs1 KaXXJ,0ro Kajpa.

Btw, ucrionb3oBanre A-MPDU, nipeamnonaraer Hamume block ack.



Bits: BO B3 B4 B15 B16 B23 B24 B31
MPDUdelimiter Variable 0-3

Bytes: & 0-2304 0-3 Bytes:

Delimite; -
[DAI SA :Eengti MSDU E’addlné\l @esenred Iengtgna‘cur;[ MPDU I’adlegﬂ

1—-
Su bframe HDR

[Subframe |ISubframe EI ISubframe N (subframe |ISubframe EI ‘e lSubframe N,
\ A
E’HYHD F{MACH DI{ A-MsDU I FCSJ PHYHD RI A-MPDU )
L
PsDU PsDU

(a) (b)

W Figure 2. One-level frame aggregation: a) A-MSDU; b) A-MPDU.

OFDMA

IMoceinaem ofHy rpeam6yiy hU3MIeCKOTo yPOBHS

[ManbHeiiniast epeada Mpojo/pKaeTCst HE3aBUCHMO B KaXK[IOM M3 resource FOHUTOB (rogHecyiye). Takum 06pa3om rpeambysia

nepesaeTcst OIMH pa3s /s Bcex ypoBHel. Takum obpa3om yBesimunBaeM SNR, vaeanbHo s uplink-a.

ITepezaroriasi CTaHIMs COOOIIIAET MOy YaTeNo peCypC I0HUT, KOTOPBIHM HY)KHO CITyIIaTh.

Bb/iouHoe moaTBEpKAeHUE
YCTpo¥icTBa JOrOBapyUBAIOTCsI, UTO MOATBEPIKAATh OyayT Maukamu
TosiBuiock B 802.11e. (Oymet B Tecte)
Borpoc: B kakom crangapre nosisuicst BlockAck
Ortgert: Torza, korga nosiBucs txop (BuauMmo B 802.11e)
[MoceilaeM MHOTO 1aKeTOB.
ITotom block-ack request, yka3biBasi CTapTOBBIM HOMED TIaKeTa
B otBeT nomyyaem OHTOBYIO Macky.
Hy»xHo poroBoputbcst (AddBARequest, AddBAResponse, DelBA — Management KaJpbl, TIOATBEPK/JAFOTCS aKOM):

e Pasmep okHa (B LUTyKax IIaKeTOB), OrpaHWYMBAET NaMsITh Ha COXpPaHEeHHe I1aKeTOB
e TarimayT (eciim He ucrosib3oBanu block-ack B TeueHue 3Toro BpemMeHH, To 3a0bIBaeM O COTVIALIEHUSIX)

e Hauanbnbiii seqNumber
ITakets1 Hymepyrotcst o mod 4096.
PeanbHOe OKHO He Goree ueM 64 nakeTa. (3a$hMKCHPOBaHO B CTaHJAPTe).
OcraHaB/MBaeM Iepefiauy He 1o retry limit, a mo packet lifetime, nHaue cJ10KHO OTC/IEXHBATh.
HesicHo, uto 3a packet lifetime
Pasmep OKHa Tak)xe OTC/Ie)KUBAEeTCsl.

e Ecmm nomyunm crapeiid SN, To TakeT oTOpachiBaeTcst
® eC/Y B IpejiesiaX OKHa, TO IIPUHUMaeM

® eC/IM CJIMIIKOM HOBLII71, TO CABUI'deéM OKHO, a Te I1aKeTbl, KOTOPLIE BbIlld/IM MbI I1€pe/iaéM HaBepXx (TK BCeé paBHO Bce



ocTanbHBIe MBI 0TOPOCHM).
e lHaue, IakeTk! He T1€PeAlOTCs HaBepX, II0Ka He GyAyT 3aKPBIThI BCE JJbIPKU.

e Korzga npuxogut Block ACK Request, Takxe c/IBUraeM OKHO /IO YKa3aHHOTO B 3aripoce HOMepa.

Ectb Ba pe>xumMa oTripaBKu 010uHbIX noaTBep>kaeHuii (Immediate, Delayed).

Immediate
Ceftuac BCe CTaparoTCs UCIOJb30BaTh €T0.

Block Ack Response ciexyet 3a Block Ack Request uepe3 SIFS

Delayed
BlockAckRequest — Ack — ...Channel Access - - - — BlockAckResponse
Kpome Immediate u delayed cyujectByer:

o [locTosiHHOE OTC/IEXXMBAHKE COCTOSTHUM

e BpemeHHoOe (XpaHUM He BCIO OHTOBYIO MacKy, OTBedaeM Hayrafi, X3 3a4eM)
BTW
Sequence control cocrout us:

e Sequence number

e Fragment number (a/1s1 hparMeHTaIym)



802.11 ax

3akaHuMBaeTCs pa3paboTKa, MOCTYNUT B MPOJaxy (MaccoByto) uepe3 rog (2020 rog).
OBOMIOLMS CTaHJ,APTOB:

1. 802.11a u g ucnons3ytor OFDM (a gt 5SI'T'w, g anst 2.4 I'ry, B ocTaabHOM CTaHApThI TOX0XKH)

2. 802.11n — MIMO + pacivpeHn#e nosocsl [5/2.4]

3. 802.11ac — higher order channel bonding & MIMO + MU MIMO [TonbKo 5I'1, T.K. A5t 2.4 HeT nosiockl 60MI'T]
4. 802.11 ax — OFDMA + UL MU MIMO

802.11 ax He J/1 yBe/IMUeHHs HOMUHAIbHOW CKOPOCTY Tlepe/jaul NakeToB, OH /I/Is1 yBeJIMUeHUsI peajbHOM CKOPOCTH.
Hanpumep, 11ac MokeT B Teopuu IiepefiaBaTb 7Gbps, HO yC/I0BUS [IOUTH HepeasbHbIe:

e HacbIllIeHHAs epesjaya
e HeT UHTep(depeHIuN
e (osblnast osoca

® 110 8 aHTeHH Ha OTIpaBUTesle

B >xu3HU BCce He Tak.

OcHoBHBIE 11e/T1

High Efficiency

e YiyuieHue niepdoMaHca B TUVIOTHBIX CETSX

e ynyumux Quality of Experience

I'maBHBIe IVTIOOIKH

e Modified PHY

e Uplink Multi-user Multiple Input Multiple Output (UL MU MIMO), (802.11ac supports multiuser MIMO, but only in
downlink mode. In contrast, 802.11ax adds uplink capability, so multiple users can upload video simultaneously)

o OFDMA (xusinep ¢puya) — MOsSIBU/IOCH TOMBKO TYT

e Channel access modifications

e Features for enabling Spatial Reuse (SR) (nBe Touku gocTyna paboTaroT pPsijoM, HO TPH 3TOM pa3/esisiioT KaHas 6e3
HEeTaTUBHBIX IT0CJIe/ICTBHN)

e Enhanced Power Efficiency, nanpumep TWT.
HomuHaneHast CKOPOCTh yBe/IMunIachk Bcero Ha 37%
3aro pea/ibHass KOHKPeTHO yBe/IMUn/1aCb

To, uto nosiBuics full-duplex — 310 mud.
Ho nosiBuncs MU Transmission B Buge OFDMA.
B fjayH/IMHKe MPOCTO MOCHUTaeM BCEM OffHY Tpeambyiy.

B anyvHKe nosib30Barenu OTTIpaBJ/IsIeT OJHY U Ty XKe npeaMﬁyny, CUHXPOHHU3UDPYIOTCA 6azoBoii CTaH].[PIeﬁ.

PHY Features

e YHacnenoBaau c 11ac
e Changed numerology: 1024 QAM
e Pactanymu OFDM cumson 3.2 us (+ GI of 0.8us) -> 12.8 us (+GI of 3.2, 1.6 or 0.8 us) (omg, uTo 3T0 BOOOILe 3HAUMT,



criacure).
o GI 370 Guard Interval
o HysxHo, utobbI riepeaBarh Ha 6osibiive paccTosHus (?)

o u ymeHbl1ats overhead ot GI

To increase the number of tones per band and, thus, to provide better granularity for OFDMA, the OFDM symbols used for
PHY payload are 4 times longer, i.e. 12.8 ps instead of 3.2 ps [5]. Long OFDM symbols also improve robustness

especially for the UL MU transmission in outdoor scenarios prone to large timing jitter across the users.
ITpeambyra COCTOUT U3 [BYX UacTeld:

e Legacy

e HE (HoBas Ans ax)
o HE-SIG-A
o HE-SIG-B

Legacy

Hy>kHa f1s1 06paTHOI coBMecTMOCTH (WK ee BOpK3payHza ¢ L-SIG Protection). Taxoke cofepyxuT training sequences needed for

the receiver to synchronize on the received signal.

HE

Haumnnaetcs c noBropenust LSIG, 3To BaskHO /17151 IOTHBIX ceTeil. 3ateM uayT SIG-A, SIG-B.
HE-SIG-A

HunHor 2 OFDM cumBona. Jdybnupyetcs Kaxsie 20 Mrii, cofiep>kKUT MHGOPMALIMIO BaXKHYO 151 puHsThs nakera: CKK,
yncsio spatial ctpumMoB, bw. Takke B Hee 3anuxHy/M yactb uHpopmauu ¢ MAC, Haripumep TXOP duration (3T0 HY>KHO /151
SKOHOMHHM 3Hepruu). TK BXKHO IIPUHSATE 3Ty YacTh HaZle)KHO BO3MOXKHO XUTpOe JyO/IrpoBaHre AaHHOTO 3arojIoBKa / Kazipa / uero?

o cyTH copepXuT BClo HeobxoauMyto nHdopmarwo A1 SU nepegaun.
HE-SIG-B

Wcnonb3yetcs, korga npoucxoaut MU nepepaua (OFDMA v MU MIMO). CogpepXUT HH(OPMALMIO /IS BCEX CTaHLIWH, 3aTeM

uzieT nHQOpMaLs /11 KOHKPeTHOH CTaHLUHU. [I71s yBenuueHHst Ha/leKHOCTH yOupyeTcs: Kakzible HeueTHble 20Mriy.

MultiUser

o Iloseunca UL MU MIMO, 3t1o cyiokHel uem DL.
o [losBuncs OFDMA

To simplify resource management, in .11ax network each transmission occupies a particular set of OFDM tones called RU.
A RU can contain 26, 52, 106, 242, 484 or 996 tones (including service ones). The whole 20 MHz band, 40 MHz band, 80
MHz band and 160 MHz band correspond to a 242-tone RU, two 242-tone RUs, two 484-tone RUs and two 996-tone RUs,
respectively. Each wide RU can be split into two approximately twice-narrower RUs. In turn, each of them can be split
again, separately from another one. The only exception is that in a 20 MHz band a 242-tone RU can be replaced by 2 106-
tone RUs and one 26-tone RU.

MU MIMO

MoskeT ncnosb3oBaTbcsi coBMecTHO ¢ OFDMA, Ho Tonsko B RU>=106.

OFDMA

B ciiyuae gayH/IMHKa BCe +- TIPOCTO, HHGbopMarus o pacripefiesieHnyt RU xpanutcs B akete. TTocblnaercs obiast mpeambyia, a

3aTeM pasHele payload.



C ar/IMHKOM BCEe CJIOXKHEeMH:

e CraHuuu coob1LIaoT 0 pa3mepe cBoero Oydepa

e YuurtbiBasi 3Ty UH(OpMaLMIO TouKa focTymna Boiiesnsier RUs 1 pacchbuiaeT 3Ty MH(GOpMALHIO C TOMOLLb0 HOBOro Trigger
frame, cTaHLM JO/DKHBI IPOM3BECTH OTIIPaBKy cpasy npu noiyuenuu Trigger frame. (Ho ects Hroanc — In contrast to
legacy STAs, which ignore their Network Allocation Vectors (NAVs), if any, when transmit an immediate response, a .11ax
STA shall cancel its UL transmission if its NAV is nonzero, unless it transmits an ACK or BlockAck, or the NAV was set by
the AP, which is the originator of the Trigger frame. Apart from that, the STA shall not transmit if its transmission exceeds
the UL transmission duration indicated in the Trigger frame.)

e KpyTo, uTO BCe 3TO MOXHO JeJ1aTh J06asssist uHopMaruio u3 Trigger Frame 8 DL MU cbpeiiv — 1, Haripumep

MOMeHTaJIbHO fjocTaBsaTh ACK makeTsl.

JlocTyn K KaHary

IMomumo onmcanHoro Beiie MU pocryna cymjectsyeT Aloha-rozo6HbI MexaHU3M AOCTyIIa K KaHauty. IIpeanonaraercs, uTo
6asoBast cTaHust He 3HaeT 06 ouepessix. [yist aToro ucnonb3yercst OFDMA Back-off mpotiesypa. CHauasa B3BOAWUTCS PaHOMHBII
63x0thd (OFDMA contention window). ITpu nonyuennu Trigger frame oH ymeHblaeTcs Ha konuuectBo RU B 3TOM peiive.

Kora cueTurk oCTHTaeT Hy/ist — BbIOMpaeTcst paHaoMHbii RU U POM3BOAUTCS Tiepeziaya.

Taxxe npeamnonaraercs (a1 otkasa oT Besikux RTS/CTS u HenyxHbix IFS) ncnionb3oBath MexaHusM roster (cricok). 1o cytu
3TO peasr3aLys Uer KPUTHUEeCKOro JOCTYIIA C TIOMOILbIO TOKeHa. Tak, COCTaB/IseTCsl CIIMCOK CTAaHIMM KOTOpPbIe MOTYT
TiepeZiaBaTh B JaHHBIN BpeMeHHOH ITPOMEXXYTOK. B 3TOM criicke B orpe/iesieHHOH 110C/Ie/J0BaTe/IbHOCTH CTAHIWY TIePEeJjAloT, TIPU
3TOM eC/I4 CTAHLUM Heuero nepeaTb — TOKEH NepejaeTcst CyieyIOIel CTaHLMK B criicke. Dto paboTaeT yuiie ueM MCCA, Tak

KaK KaHaJ/l BbIJE/IAeTCA [JI TPYIIIIbI CTaHHHﬁ.

Spatial Reuse

JlaHHOe Tipe/yioXKeHue TpefyiaraeT pas3/inuarh Kazipsl u3 cBoero BSS u uyxkoro BSS. [I1s1 aToro Kaxkzasi CTaHIUs C/TydaitHO
BbIOMpaeT cebe 8-mu O6uTHBINA HOMep — BSS color. [laHHOe 3HaueHue fobasnsiercss B HE-SIG-A. Takoi mogxoz mo3BosisieT
3¢ deKTrBHEl pa3inuaTh 3aHATOCTh KaHasla Ha (M3UYeCKOM YPOBHE M KaHaJIbHOM ypoBHe (He youBath cBoii NAV o CF-END c

npyroro BSS).



802.11n

BlockACK

802.11e
Hexkoropele gornosHeHus K Jlekuuu 5.
BrnouHoe noATBepsK/ieHNe yiyulllaeT MCI0/Ib30BaHHe PECypPCOB
2 MeTo/ia MO/ TBePKJeHNsI:
Immediate
Delayed
BlockACK mnosiBUICS Kak MeXaHU3M, KOTOPbIH MOXKET ObITh peasii30BaH B ApaliBepe, a He B JKejie3e.
CTaHOBUTCSI OUEBH/IHBIM TTOUeMY MOXeET 6bITh Delayed — mMoxkHO MejieHHO 06paboTaTth B [paiiBepe.
"BoJbllle 3a/jepKKa, HO 3aTO XOpOoLIo"
Kaptunku paboThl CM Ha criaiifie
M1 otnipaBunu BlockACKReq.
Cranuus, kotopasi otripaBuia Block ACKReq — 3Haet gomio i vam HeT (1o BlockACK) — ecsit HeT — TOBTOP.
B immediate He Hy>keH ACK Ha BlockACK, Ho B delayed Hy»eH .
BlockACKReq — umeeT 2 uHTepecHsix noss: BARControl, B Hem ykasan TID (tun Tpaduka)
BlockACKStartingSequnceControl — cocTouT 13 2 moAmoseii: Homep nakeTa, Homep (parmeHra.
B otBet npuxoaut Block ACKResponse.
BTW, nomumo BlockAck B 802.11e nosiBuock (3agaercs B nosie QosControl):

e NoAck

e NormalAck

e No explicit ACK (?)
e Cam blockAck

802.11n

B 11n 6bUI0 y/yuIlIeHO.

BlockACK 6bu1 oy — Basic, 1o6aBuiu oxateiii (compressed) 1 multi-tid.
B BARControl kroueBbivu nosnsimu siBsisitotcest Multi-tid u compressed.

Multi-tid block ACKReq mosiBU/I0Ch ZOTIOJTHUTE/IBHOE T10J1e TIepeMeHHOH JJTUHBI, YKa3biBaeM i Kakzoro TID MoxeT ObITh

Heckonbko SequenceControl.
Kak s mossit, MultiTID MokeT 1poCTo MoATBep>KAaTh MakeThl u3 pa3Hbix TID.
B Compressed mbl yuuTbiBaeM To1bko MSDU, a He (hparMeHTHI.

He nyTath arperatyio v ¢parmeHTaLuio, arperaus nosisunack B 802.11n, ¢pparmentarus +- deprecated, HauuHasi

802.11n (3TO HETOUHO).



Compressed UCMOB3YeTCS, €C/INA He UCTIONb3yeTcs parMenTanyst. [1pu compressed pasmep bitmap 8 6aiit (64 MPDU),
6e3 — 128. (16 dparmentos * 64 MPDU)

ADDBA Request — starting sequence number, BlockACK timeout, BufferSize
ADDBA Response — buffer size, Block ACK timeout.
ADDBA:

e Dialog Token
e Block Ack Parameter Set
e Block Ack Timeout Value

HOBTOPHI;Ie TIOMBITKU Iepeaay:

[lenaeM MOMBITKY Mepefiadyy He 10 retry-limit, a mo Bpemeny >xusuu MSDU.

JlesM TIpOCTPaHCTBO HOMEPOB II0TI0/1aM, BCe IIPOCTPAHCTBO HOMepoB 60J1bIlle BEIOPAHHOTO — HOBbIE, OCTa/IbHbIE — CTaphble.
3auem?

CM. IMKYYy CO c1aiijoB (C Kpyrom)

Ectb 6ydep mbl nepegaem naketsl (MSDU) HaBepx [0 ME€PBOM [bIPKU.

IMakeT nepesaem HaBepx 1o lifetime.

OKHO CABUTaeTCsl, €CJIU TIPHILeS KaJp 3a TpejesiaMi OKHa, MO0 ecyii BpyuHyto 3710 caenan BlockACK.

11e — nmoBepxHOCTHO, 11n — nozgpobHee.

BlockAck Modifications
[lst Gostee IPOCTBIX YCTPOUCTB:
Full state — always maintain the bitmap.

Partial-state — can reset the bitmap if frames from another transmitter are received.

MIMO

SU MIMO nosiBuncs B 802.11n
802.11n nmoppepxuBaet 4 x 4 : 4 SU MIMO.

Brnarozgaps MIMO MBI yBeTMuMBaeM CKOPOCTb Tlepe/jadi JaHHBIX, MO’KHO YBeJMUUTE payload (uwmciio 6UT nepesjaBaeMbIX B

€[IHALYY BDeMeHH).

STBC — CHeL[PIa]IBHbIﬁ THUIT KOAWPOBaHWs, Mbl MOXXKEM YBEJIMUYWUTD [a/IbHOCTDL I1epefavyr CUIHa/IoB 3a CYeT TOro, 4To 110

HEeCKOJIbKUM aHT€HHaM HJeT OAWH IT0TOK.

KOF,I[H Y HacC eCTb HECKOJIBKO dHT€HH, Mbl MOXXEM YBE/IMUKUBATH KOJIMUYECTBO spatial-stream — CTpafaeT Ad/IbHOCTh, HO 3TOT

TOZX0/, BBITOZ{Hee Ha Oomee O/IM3KMUX PaCCTOSTHUSX.
CyTb spatial-stream: y3HuecKuii akeT eCTh, BOT OH MOXKET ITepeJiaBaThbCsi ObICTpee.
[MTo cytt MIMO yckopsiet Tekytiyto CKK. (Tak 3To mogenupyet NS3).
®dakTHuecKd Ha MPUeMHHUKe HY>KHO pelllaTb HEKOTOpble JIMHelHHble ypaBHEeHus], /I/1sl 3TOr0 HY)KHO TIPOM3BECTH OL|eHKY KaHaJa.

,H]'IFI ucnoab3oBanuss MIMO KaJp YC/JIOXKHAETCA: HY>KHO Ilepe/iaBaTh Crielja/ibHble CUMBOJIbl, KOTOPbIe MMO3BOJIAI0T

""HaTpeHNpOBaTh" KaHas + J00aB/IsSIOTCS CrieLjfianbHbIe apaMeTphl.



HT-SIG — HoBble CCK, ucnons3syercst 11 MIMO, ckosbKo spatial cTpuMoB.

[anee uayT crieljuasbHble TPEHUPOBOYUHBIE 107151 [10 KOJIMUECTBO spatial cTpUMOB + 0MO/IHUTe/IbHbIE MOJIS AJIS pecrBepa.
B 11a none signal cogeprxano CCK u jyiuHy nakeTa.

Kagps! siB/isitoTCst 06paTHO COBMECTHMBIMU.

L-SIG — ykasblBaeTcs MUHHUMaJIbHAsI CKOPOCTb, [JIMHA NakKeTa ((eiikoBas)

HT-GREENFIELD-PPDU — "3enieHoe" 11071e, 3HAUUT, UTO legacy-CTaHLui HeT, U Mbl MOKET UCIIO/Ib30BaTh CXKAThIi Kasp.
max HT length — 64K6.

[vHa Kagpa orpaHnuuBaeTcs A-MSDU.

LSIG TXOP Protection

Tk 06paTHO# COBMECTUMOCTH HET, CTAHOBUTCS aKTya/IbHOH 3a/jaua JjoHeCT: uHbopmariuio o nepegaue (NAV) o neracu

craniui. B 802.11n nosiBUIack BO3MOXHOCTh J1e/1aTh 3TO Ha (U3UYECKOM YPOBHE.

In 802.11g, there was only one protection mechanism defined. Before transmitting in the newer style, a device had the
responsibility to transmit in a backward compatible way to make sure older stations correctly deferred access to the
medium. The most common way of achieving this is for a device to transmit a CTS frame to itself, using an older
modulation that can correctly be processed. Before transmitting a frame using the “new” style, a station sends a frame in
the “old” style that tells receiving MACs to defer access to the medium. Although an older station is unable to detect the

busy medium, it will still defer access based on the medium reservation in the CTS.

In addition to the MAC-layer protections, 802.11n adds a new PHY-layer protection mechanism. The PLCP contains
information on the length of a transmission, and 802.11n sets up the physical-layer header so that it includes information

on the length of transmissions.
L-SIG TXOP Protection — 3amumra TXOP ¢ moMoIIbi0 TOro 3Ha4eHHsl, KOTOpOe MbI yKa3bIBaiu B nosie L-SIG.

B L-SIG — HeKoppeKTHbIe jaHHble ((elKoBast IMHa TlakeTa). ByZieM BbICTaB/IATh 3TO 3HaueHue B OoJIbliee, YeM HaM HY>KHO JJIst

TiepeZiaduyl Halllero KaZipa + repeziaua B 00paTHy0 CTOPOHY.
Ta craHuus, KoTopas yoIbluuT L-SIG GyeT cuuTaTh, UTO KaHa 3aHAT U He OyZeT repejaBarh.
NAV, KOTOpbIH BBICTAB/ISETCS Ha (DU3MUECKOM YPOBHE.

Hnst durationid Hy>xHO fexogupoBate RTS/CTS, ecii Kakasi-To U3 CTAHL[MH ero He CJIBIIINT, HO noayuuB u3 nosst L-SIG 31o

3HaueHue, 3Ha4YuT, eii He HY>XHO 4YTO-TO J€KOAWPOBATh U BCeé HOPM.

802.11 ac

Channel bonding

B 1lac cTano Bo3MOXXHBIM HUCII0/Ib30BaHUE MOIOCHI 0 160Mriy.

Bcerpa onpegensercs primary 20Mri; kaHait.

Primary u secondary.

Primary nosioBuHa — Tam rze nexut primary20, BTopast mosioBuHa secondary.

2.4 He/b3sl — He XBaTUT IIWMPUHBI ITO0JI0CHI.



backoff cuuraem B primary20 (c/yiiaeM TOMBKO €ro), Mbl MOXKeM BeCTH Tepe/iauy ¥ PUHUMaeM pellieHre B KOTOPOM KaHasie
BectH niepegauy. Ecim secondary kaHan 6e11 cBo60/ieH B TeueHue PIFS MoxkeM ero 3azeiicToBath, eciu secondary40 6bit

cBobogeH B Teuenue PIFS, To nmepegaem B 80Mri, eciiu secondary80 6611 cBo6oeH To repeiaeM B 160 MI'1.

Kazp RTS/CTS pfomkeH nepesaBaTbCsi BO BCeld HCIOJIb3yeMOM 10J10Ce, YTOObI TOKPBITh BCIO OyAyLyIo repesayqy.

CTS — pomkeH nepefaBathes B legacy gopmare. (B 20 Mriy)

BHuMaHMe BOMpPOC: BOCIIO/Ib30BaBIIMCh CTaH/[apPTOM OTBEThLTe, UTO HY>KHO Jenath ¢ RTS, BlockAck, BlockAckRequest.
B 11ac MU-MIMO — paHHbIe nepefiatoTcsi 04HOBPEMEHHO HeCKOMbKUM CTaHLIUSM.

MBI 0lHOBpPEeMEHHO IlepefiaeM pa3Hble [1aKeThl, KOTOpbIe [1epe/jatoTCsl pa3HbIM CTaHLIASM.

Backoff cuuraem B primary, a Bei6op primary / secondary IpoHUCXOUT B MOMEHT Nepeaun:

e 20
e 40
e 80



802.11 ad ay

Wifi B MunnuMeTpoBoM JuarasoHe
3auem:

® MOJKHO B3SITh OOJIbIIIE [IIUPUHY TTOIOCKI
e uacToTa 0oJIbILIe

e Gosblile criekTpa — Oo7IblIle MPOMYCKHast CIOCOGHOCTH (Ci1efyeT u3 dopmysinl [lleHHOHA)
Hy>xHO [i/151 MHOTUX CLieHapueB, Ije HY>KHbI BBICOKHA€e CKOPOCTH.
802.11 ad — anasor a, HO B mm
802.11 ay — aHaror ac, HO B mm
802.11 ad:

e IIMpHHa NoJsockl 2 I'ryy
e otkasamck oT OFDM (13 3a 60/IbIIOr0 KOMUYeCTBa MOJHEeCYIIMX) — HCII0/Ib3yeTCsl YTO-TO APyroe
e Gosee Beicokue ckopocTy B CKK

e HomuHasbHasi ckopocTs o 7 I'6/c
802.11 ay:

e 1MpHHa nosockl 8 I'ryy

e [lo 8 spatial ctpumoB

HpO6HEMLI C Araria30HOM BbIIAHHBIM I10/] HeJIMLIEH3MPOBAaHHBIM MCITO/Ib30BaHKWEM — B 3TOM /Jiaria30He TepefaeTca MakKCUMyM

Ha 10 MeTpoB 13-3a romoleHus Kucaopoza (?)

ApxuTeKTypa ceTH
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