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Agenda 

Summarize Implicit assumptionSirequlrements 

Describe the Hybrid MAC Protocol 
_ Media Independent: RF and IR 

_ Two classes of MSDU transport service: 

_ Asynchronous data traffic 

_ Synchronous data traffic 

No required distribution system 
_ Optional ESA distribution system provides 

_ MSDU relaying tolfrom wired LANs and between 
adjacent BSAs 

_ Station roaming through the distribution system 

- Access control 

Power control 
_ Validated performance of proposed protocol via 

simulation 
Evaluate w.r.1. "Twenty-One" Criteria 

IEEE 8OZ.1' Wlt.I.,.s LAN 
XltcomlJMu.-y 1"2 

Requirements 

Source 
- IEEE 802 Functional Requirements 

IEEE P802.11 Project Authorization Request 

IEEE P802.11 Requirements 

Summary 
_ Two classes of service: Asynchronous and Synchronous 

_ Asynchronous: low average transfer delay - (as low as 2 msec 
transfer delay from MA-UNITDATA.request to 
MA-UNITDATA.lndlcatlon) 

_ Synchronous: low transfer delay variance (MSDU jilter) S 10% 

- IEEE 802.2 LLC Support 
_ Coverage area: < 100m (BSA) to > l000m (ESA) 

Network management, access control, power management, 
Internetworklng 

ESA Roaming 

IEEE 802.11 Wlrel." LAN 
XI,comlJ...-y111112 

Implicit Assumptions 

Structure service to match expected traffic 

- Asynchronous Service for bursty traffic 

- Synchronous Service for "real-time" traffic 

Structure protocol for extensibility/scalability 

- Stations, load, service, coverage 

Don't burden all stations with unnecessary capability 

- All stations require bursty traffic data service 

Deal effectively with real environment 

- Robustness: noise, fades, Jammers, overlap, 
movement 

- Adaptlble: Size, capacity, traffic, configuration 
Trade optimal capacity/throughput for 

Low average transfer delay 
- Robystness and flexibility 

IEEE 802.11 W_ LAN 

Goals 
• Support both classes of wireless traJflc 

o asynchronous data services 
o synchronous data services 

• Provide for 
o ad hoc, stand-alone networks 

o seamless Integration Into larger (wired) networks 

• Targel performance characteristics for expected traffic 
requirements 

o Low delay for asynchronous traffic 

o Low delay variance for .ynchronous traffic 

XlrCOmiJenuary 1 tt2 

• Robust operation Imperative to deal with typIcal wireless 
transmIssion Issues: errore, hidden terminals, edJacent BSAa 

• Simulate to validate performance 

Minimize cost and complexity 

• Provide for power managament, access control: 
security/Integrity/authentication, network Integrity 

IEfE 802.11 WI' ..... L.AH X1rcomlJ_ 11112 
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Approach 

The Three Fold Way 

(1) The foundation service Is a peer-to-peer asynchronous 

data HrVlce requiring no Infrastructura, suHlclent in 

Uself tosupport ad hoc networks yet providing 
mandatory capabilities for (optional) synchronous data 

delivery and Internetwork service aublayBf"S (2) and (3) 

(2) Provide peer-ta-peer synchronous data services as an 

Incremental MAC aublayer above (1) 

(3) Integration to wired backbone networks for (1) and (2) 

IEEE 1CI2.11 __ LAN 

I rffEIIOUI.ogIcIIIUni<CorW I 
MAC I IEEE 1102.10 Doll s-.dyilnMgt1Jy I 

PHY 1,~=IID~SSI~1 0:-1 

IEEE 8Q2.11 WI,..I .... LAN 

XIr_~1112 

Protocol Architecture 
PHYLayer 

- Half..cfuplex, peer-la-peer 

- Mullple media 

- Single and multichannel PHYs supported 

MAC Layer 

Asynchronous Data Service Sublayer 

- Peer-ta-peer 

- Augmentad LBT with positive 
acknowledgement 

- Synchronous Dala Service Sublayer 

- Peer-to-peer 

- Re .. rvatJon TDMA, using Asynch 
Service aa mechanism 

- Internetwork Extension Sublayer 

- Relaying via wired backbone 

- Roaming across wired backbone 

- Access Control 

- Power Control 

XIr ....... ~1112 

• Multiple medle 

- ISM Band Spread Spectrum RF 

• Frequency hopping 

• Direct sequence 

- DIHuse Infrared 

- Othera 

• Simple Intertace 

- Half..cfuplax Intartac:e 

PHY Layer 

- Receive data and clock (PHY " MAC) 

- Transmit data and clock (MAC" PHY) 

- Signal detect/Channel Busy (PHY " MAC) 

- Channel MIect ( MAC " PHY ) 

- Quality of Service (PHY " MAC) 

IKeIll2.11_LAH 
_~It12 

Asynchronous MAC Protocol - 1 

• Gaels 

- BsWII1 operation on wlrale .. PHY channels 
(typical 1-a pecket-arror-rale, hiding 
hrddan statlona) 

- Adjacent, over1applng BSAs ~- - " 

- Simplicity => low coat 

- Low average transfer delay 

Approach 

LBT cora protocol dealgn: nonparslst8nt 
with mocIIlJed binary exponential backoff 

- Hidden sl8tIon enh ..... nts 

- Pc*tIve MAC ec:knowJedgemen 

"Hooks" for aynch~ HrVIc:e 

Per-stMlon channel anoc.tIon vector 
pNverD uynctuonoua _rvlce 
tranamJealona during aynchronoua 
allocatad time 

1EU1II2.1,_LA.N 
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Asynchronous MAC Protocol - 2 

Protocol 

Point-to-point MPDU 

~ .... l *"':' '-: =--;- -" t;1 ATS Sou,e. ~ OesunabOn 

~JT1 
-;:;~+:+. E;"'I s .... _ 

_I A 
~71 '71 

CfS ~~,.Soutce 

OAtA Sourc. -,. o.unallOn 

4CK~,.Sourc:e 

MullicasllBroadcasl MPDU 

~ .. '--;-I-:' -;- -. f71fns·~~~ 

~~17' .",,. 
DATA ~ ,. 0eNn ... 1OfI 

IEEE 802.11 _Iou LAN XI'COmiJertowy 1l1li2 

Asynchronous MAC Protocol - 3 
Simulation Results 

Performance 

Minimum MPDU Payload 

Maximum MPDU Payload 

Maximum Throughput 

Transfer Delay 
@lo%Load 

Transfer Delay 

@~oLoad 

IEEE 101" Wlt.len LAN 

32 

1500 
86% 

1.3x Normalized MSDU 
alze (1.7 msec@2 
Mb/s) 

7.Sx Normalized MSDU 
size (9.8 maec @ 2 
Mb/s) 

XlfCOmlJllnu_ry 1112 

Synchronous MAC Protocol - , 

Goals 
- Minimize complexity for asynchronous stallons 

- Provide low transfer delay variance, allocated bandwidth 
service 

Approach 

- Defining RTDMA framing slructure using asynchronous 
sarvlce MPDUs 

- Scheduler 
- Beacon MPDU: synchronizes stallons and distributes 

bandwidth allocalion 

- Per stallon bandwidth allocallon vector 

- Synchronous stallon muallmplement asynchronous 
service 

- Asynchronous stallons must process beacon MPDUs 

~ I!C!!!!!!!I r=-n--',I!C!!!!!!!I I!E!!!!!J J ...... '''-', 
-~:.. --'1 

IUElO:I.ll __ LAN X1r_Jertowy 1l1li2 

Synchronous MAC Protocol - 2 
• Protocol 

Beacon MPDU 

~--:-I-:- 1-; I --;- -.- f$1 Rt8:SourcI·,DeehIon 

~717 E;3 .:7"EW i DATA:~·,~ 

Point-to-point MPDU 

+-:;;.+I7'~ '-: J ~ -.- f7I RTS:ScMce·,OdINSIon 

~7'o.:- '*"' eTa DeanIIon· .. 80urcI 

~a' .. E;=! .. =. DATA: Sa.RII·,a.lnMlOn 

~ ... 'o.;- S N:J/(: o.an.on.,.Soww 

MulUc:aaIlBroadcast MPDU 

~.'~ '-: I -:- -.- Ii' RTS; 6oufw·,.~ 
~~17 E;"'*I iUi. OATA:ScucI >~ 

IEEE 102.11 WI ..... LAN Xl,comI-...y 1l1li2 
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Synchronous MAC Protocol - 3 
Simulation Results 

Pertonnance 

Minimum MSDU Payload 

Maximum MSDU Payload 

Maximum Throughput 

Transfer Delay 

@lO%Load 

Transfer Delay 

@5O%Load 

IEEE 102.11 WI_ LAN 

32 

1500 

83"'-
11x Nonnallzed MSDU size 

(14.3 msec@2 Mb/S) 

25x Normalized MSDU size 
(32.5 msec @ 2 Mb/s) 

Xlrcoml"'""'-Y 1_ 

Internetwork Extensions 

BSA defined b, PHY covenge .,.. 

EDendecI Servtce Aru (EllA) defined br BSA. Inten:onnec:ted vt. dlstrlbuUon 
.,._ of __ palnta.nd wi .. LAta 

EDencIed Hrlice. supporting IIRlWlh 
.. sou r.1.,lnll 

Slatlon ro.llnlng 

A_conlrol 

~control 

Conllgur.ble .s hl.r.rchlcllf or peer-to-peer 

IEEE eo:t.l! WIleM, LAN 
_-"_ 

MSDU Relaying 

GoeI: T~I r.1eyIng 011lSDUa 

from ..,..... alallonlra .1aIIona an the wi .. Infrutruc:tur. 

from wIr..:I slalJOna 10 .nit .. acadona 
be_ wlrele.s .... lonIln dIItarIng BSAa of __ ESA 

Approach 
DefIne .cce.s palnII connec:tecllll ,,1_ chlllllWl Ind 10 .IM 802 LAH 
dllblbuUon a,.tem 
Acc:eaa pol"" perform raIIrtng 

Protocol 

Slallon r.glllr.llon unlqualr ...... Iorwvdlng lor a .. lIon. r.g ........ whh 
_ .. point 

PromIIcuaua IIIDnltDrlng olllPOUl .tIhIn BlIA aenMd br _ .. poInI 

PromIIc:uou8 monIIorIng of IIPOUI on dlalrlbullon .,atam of IIPOUI dIItIned 
lor 1IIIkInI1Wgi ..... with _point 

&EIG.l1-.LAN _....." .. a 

Roaming 

Go.Ia 
Enable reg .... r.d ........ llallona ID malnllln connactIvtty while moving 
through an EllA (e.g. _ .. point 10 _a point) 

AppIoKh 
~;'

SIaIIon r.gl.terecI In .llIIOIt __ point 
AlIIIIIIon ~ II __ point, ~ II any prevlou. 
-paint 
AcoIu point r.1IrInII within ESA IoIIowI -quJcII-1tIIIon _ 

IIrIdgI rallying In IIIIrIbutIon IyallnlIoIIowIIIIIIan with • longer lima 
c:anaIInt vlll102.1D IpIIIIIIng ..... 1NmIng ~ 

Support lor lingle and mulllc:MnneI PHYa 

PratocaI 
Lbo aIIIIng protOCOl madLInIllIIII 
AcoIu -.tnII 19 ..... ~ IIIIIIIIH _ paint ID 
.......... l1li ra.nkIg 
MPDU ....,... .... ABIla IIJHUIII8 noIIIy _ paint 01 conIInuId 
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Access Control 

Go.11 
Conlrol ..,.,..1 to WLAN .nd dllb1bull"" Iys .. m 10 1eQ11I ...... sl.llons .nd us.rl 

Nol~y .c:ceSl polnls 01 those ltatlons IIHdlng lorw.rdlng and roIImlng .. rvas 

Approach 
Reglsllr stallons In rlngl 01 an .CClSS point wllh the .ccess polnl 

Access polnleuthorl .. s .cee .. biNd on lSS .uth.nUc.llon 

Prolocol 
lI.asag. (MPDU) •• chlnge belw •• n II allan and ICCes. point 

&!JIlWiIB: perlodlc multlcest mels.g. Irom .ceess point announcing Its .. rvlce 10 eU 
llIllon. In range 
1ItgIJJtr: polnllo polnl me .... ge Irom .laUon 10 .cces. point ,.,que.llng access Ind 
conlalRlng dlgllal Ilgnllura ... 1h . ..,UeeU"" Inlormallon 

&lIblIrla: polnt-to-polnt ... pon .. lrom ICCiSS polnllo Slallon 

ElII: .'pHelt deragls"allon by at.llon 
Dal. Privacy .nd "'lagrlty 

To be provided and-Io-and by 802.10 

802.11 .hould provide "and.rd encrypllon .Igorlthm 
AUlhanllc.llon 

Digital .lgnltu .. 1 valldata 11.1l0nl Ind Icce'l polnl. 

Used durlnll eccesa polnl raglllnlllon 

IEEE 802.11 Wlre'eSi LAN XlrcomiJanuary 1112 

Power Management 

Goall 
Enable hillry powered alallona 10 conMrva power by a.lacllvel, powering down 
network II8ldw.ra whan nol .-ded 

Approach 
Under .ulllon control 
SlIlIon .nnounce. pow.r II ... 10 olh.r .lIl1ons .nd acca •• polnls 
Responsibility 01 higher le .. 1 prol""ols 10 relry IISDU lransmlaslon when sialion 
repower:!l 

Prol""ol 
~: muilicaal mls.aga announclnll atallon'. Inlenllon 10 shul down lor specified 
lime period 

A1lIIII: periodic. multicast messlge announCing actl •• p .. senca 01 .tallon 

IEEE 802.11 WlreleSiLAN XirCOmlJ8nulllY 1112 

Performance Simulation 

Dlacra\8 event almulallon modal. 
UIIDd commercial limulatlon package lor Maclnlosh 

Assumpllons 

20 .latlona wllh IdenUcall .. "", charlClarlatlcs. a.ponentlat MSDU am .. 1 ..... 
no ..... h .... llv. service 

Propag.llon dellY dominated by tranacelv.r AfT turnaround: 10 I18IC 

SI~J IlZo OI.lrlbullon: 60'1.140'lI0 amallllarge USOUs - 1000 bll am.U 
MSOUI, 5000 bit large MSOUI 
Politi .. acknowledge_tor aIIMSOUs 
OII.rad load does nol Include ratry.,racranamlsalons unlike ..... y1IcaI rnodaIIr 

Modals 

Asynchronous Service: augmented lST (4-w., hllldahake) with poslUve 
~t 

Synchronoua Servlca: Dynamic Reserv.llon TIma Division Muillptued 

IEEE IC2.II Wlr.I ... LAH lUrcornlJMuofy'192 

Asynchronous Service Simulation - 2 Mb/s 
Low Error 

'~-"-T"T""Tr""T"TT 

"§M_ " " OI 

"'-"g-.. 
os ,. 
" 

001 0 . • 

I.£U 1C2.11 Wlr.1eu LAN 

.. 
~lo" 

Assumptions 

10 ~ec propogatlon delay 
Standard traffic model 

Zero PHY bit error rate 
Performsnce 

85%+ maximum throughput at 
180% offered load 
High stability at overload 

Low average transfer delay (1-10x 
nonnaUzed) below maximum 
throughput 

JUrcomlJonuary 111112 
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Synchronous Service Simulation - 2 Mb/s 
low error 

•• • • ., 
•• 

Thr~ID5 
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, .. 
". 
, .. 

TrAnI .... 
DIll, 150 

'.0 
•• 
at 
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ThroughpUC 

Peer-to-peer TDMA - direct station 
to station communcatlon with no 
forwarding through Intermediate 
node that would 'urther Incr .... 
transfer delay 

12.5 msec superFrame, fast 
turnaround sloHed Aloha 
reservation requests, 500 IlSec slot 
lime 

Maximum throughput: about 83% 
at ~90% oltered load 

- 17% Is both TDMA overhead 
and MSDU fragmentation 1088 

• T1Plcai normalized transfer delay 
o 10-20 over normal load range 
and exponential at overload 

Xlrcomt-..., 11112 

Evaluation-l 
1. Vesl MAC Includes explicit acelss control 

1. Unauthorized Network mechanisms. In band Interference reduces 

Access on Throughput throughput per sensitivity o. the PHV used. 

2. Ability to establish 2. Yesl A basic part of the Asynchronous 

Peer-tOopeer connectivity Service. Connectivity via Asynch Service 

wlo prior connection required to bootstrap Synch Service ellher 

peer-tOopeer or through AP 

3. Throughput 3. Traffic model dependent, but based on 
entlclpated trafflc • maximum throughput Is 
between 80 and 90% for both the 
Asynchronous and Synchronous Service 

4. Delay 4. Traffic model dependent. But almulatlons 
Indicate 1-5x normalized for Asynch Service 
and 10-20x normalized for Synch Service 

S. Traffic load and PHV characteristic 

s. Maximum 1# of stations dependent. UHle Inherent IImltlatlons In 
MAC. 

6. Ablilly to service data, 
voice, and video traffic 

7. Transparency to PHV 
layer 

IEEE 802.'1 WJr.l.tn LAN 

6. Yesl Data generally servIced by the 
Asynchronous Service and voice/video by 
Synchronoul Servlea. Critically Important 
thaI servicing volca/vldeo will nolllkety 
seriously degrade data delay performance 

7. Vesl Wide renge of PHVs supported -IR, 

radio; single/multichannel XIr_Jonuary 11112 

8. Robu.tneu with 
C04IIH natwofk8 

i. Power consumption 

10. Delays limiting large 
.,.. coverage 

11. Fllmess of access 

12. MAC enforcement of 
capture affect 
IMenaltlvlty 

13. Support tor priority 

14. Ability to support 
one-way traffic 

Evaluatlon-2 

8. Veal Quite rebult with only modest degrHatIon • 

9. V .. I explicit machanlam to manage u .. 01 power 
tor battery conservalJon. 

10.No critical delaya. 

11. Fairness of Asynch Servlea coupled to falmeu 

of PHYs. Asynch Service Imp.rov .. 'almeas ot 
underlying PHY. Synch SeMce expUcHly fair. 

12. MAC Improv .. performance of PHY w.r.t. capture 

eftactl. Synch s.rvIce quite fnMMlllva. 

13.Effectlva MSDU priority can be constructed using 

the Synchronous Satvlce. 

14. Yesl Both for Asynchronous and Synchronous 
Service 

15. TIme to markel and 15. Only modest Increase In complexity over 802.3 

complexity yielding rapid time to martlel 

16.Ablllly to work In 16. V8$1 Same slalJon supports full range of network 

,'mple, small and large size - from small stand-alone, "ad hoc" I'lItworka 

Iy.tems to large, Intlmetw01'ked Inst.1Jat1ona 

lEa-.l1_UN 

17.1 

11.Ablllty to IUpport 
handOtflroemlng between 
.. rvlca .reaa 

1i.lmpllcatlon on complexity 
olPHV 

2O,:=:'IUPport 

21. PruervaUon of time order 
of MSDU'. to end ayatema 

1EU1IIZ.11-'UN 

_"""11112 

Evaluation-3 

17. Y.s' or Nol 

18. Yea' AIIO 'yntheslzad with acceu 
control and networtt management 

19. WIde ra"- of Pm's IUpported, In 
general, minimal requirement. on 
PHY. MAC performs batter with 
dacreaad BEA end with men 
reliable chaMII busy Indication. 

20. Ye .. and multicast .. will. 
Reduced reliability over 
poInt-to-point .. nee positive IoISDU 
ACKnot UMd. 

21. Va .. even acroaa toem/ng. Opllonal 
acce .. point fNtu,. raduCQ 
probebl/Ity or lost IISOU. during 
roaming at prlca of allghUy 
Increuad probability of mlacrdarlng 
MSDIJa In flight during roam. 

_.aonu.y 11112 
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Robustness 

Security 

Authentication 

Cost Effectiveness 

Network Size 

Ieee 102.11 WI ....... LAN 

• Goals 

Doc: IEEE P802.11-92/16 

Other Evaluation Criteria 

Due to perceived uncertainties In 
wlrel ... PHY propagation environments 
_ key Issue Is to design a MAC that will 
work adequately even In abysmal 
conditions. And keep on working. 
Eavesdropping, tampering, service 
denial. 
Since little physical control over network 
membership, MAC must Include 
mechanism to logically authenticate 
legitimate network users. 
Preliminary studies suggest added logic 
conservatively S 2x over an 802.3 CMOS 
protocol controller wlt~ no substantive 
Increase In pin count. 
BSA size of about 100m supported 
baaed on PHY and ESA size of > 1000m 
supported through distribution system 
and roaming 

Summary 

_ Wireless MAC serving both asynchronous as well as 
synchronous traffic 

- Realistic wireless PHY assumptions 

• Approach 
_ Hybrid, layered MAC: Asynchronous, Synchronous, 

Extended 
- Adaptive configuration: hierarchical, peer-to-peer. 

• Results 
- Economical, simple design 
- Excellent performance 
- Robust design 

I EEl! 102.11 WI ....... UN 


