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Background 

• Foundation MAC doesn't specify 
fragmentation capability 

• Fragmentation enhances system 
performance 

- Improves perfonnance in presence of 
microwave oven. 

- ImprovH perfonnance with hidden 
station. within BSA 

- Allows optimal hopping FH PHV. 
- RedUCH or Eliminate Variation In Start of 

Time Bounded ServICH Superfreme 
• Authors believe MAC without 

fragmentation Is a broken MAC 
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Goals 

• Include Fragmentation in MAC (issue 
20.6) 

• Adopt Proposal Given In doc: IEEE 
P802_11-94137 as basis for inclusion in 
MAC 

SIIda3 Marte Oem.nee, Motor 
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Outline Of Presentation 

• Advantages of Fragmentation 
• Cost of Fragmentation 
• Fragmentation Proposal 
• Conclusion 
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Advantages of Fragmentation -
Enhanced Performance In Presence of 

Microwave Oven Interference 

• Characteristics Of Microwave Oven 
Interference 

- Pulse Amplitude Modulated Signal 
- 60 Hz Square Wave - 8.3 mI. ON, 8.3 me. 

OFF 
- Typically Occupies 10 to 20 MHz of the 

band at any time 
II Ailing .nd F.lllng EdgM of Pul .. '.pf_Her' 

Aero .. th. BlInd 

- Center Frequency of Oven Drifts By Up 
to 10 MHz 

• Impact of Oven Interference 
- Both OS and FH Systems Effected 

• Syltoml ElflCted IIOoolrM Signollolo_ 
Slgnol Rodo II loa Small 

- Any Frames Greater than 8.3 ms 
Guaranteed Not To Be Received 
Correctly (11 00 Byte Ethernet Packet = 
8.8 ms 0 1 Mbps) 
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Advantages of Fragmentation -
Enhanced Performance in Presence of 

Microwave Oven Interference 
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Advantages of Fragmentation -
Enhanced Performance in Presence of 

Microwave Oven Interference 
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Advantages of Fragmentation -
Enhanced Performance in Presence of 

Microwave Oven Interference 

% 01 ~.:..':! bW"'';: ~~=""Iy 
Fr ..... r;;,~oo Byt. 1 IIbpo Dal.o R.to 2 IIbpo Del.o R.to 

1 .. no fragmentaUon 0% 0%10100% 

2 0%-50% 50%-100% 

3 33%-118% 118%-100% 

4 50%-7&% 7&%-100% 
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Advantage of Fragmentation - Better 
Performance With Hidden & Sleeping 

Stations 

• OS and FH Systems Vulnerable to 
Interference From Hidden Stations 

• RTS/CTS Helps IF Stations Are Awake 
To Hear RTS/CTS Transmissions 

• Consider System With No RTS/CTS: 

&\II4ICII'i ~~.",""".~....c:hc:.twollnd_~AW»t£ 
SLltion A ,&art. ., twwmII dam hnw 11:1 Ac:cMI PcinI. 
Slalion B __ d'\ItnIIu ClEAR (.tlllal A. Ndden) ,It 
S .. mB. __ fI:I,.pWldCOln4*AP~oIdal:l."""'Irom."IionA 
SIMien A',.---.ion CIOfY\4* AP r~ of deI8 If_ IrDm ,Won B 
BotI ......... _ ID rM-nt 
os: 
SIalionB"""bAPlndilnot~byAP 

St.tion B r.qW" to Mv-nt 
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Advantage of Fragmentation - Better 
Performance With Hidden & Sleeping 

Stations 

• Consider System With RTS/CTS: 

~ • .".,o.,.~~ ...... ~ 
S.tanB.~ 
~ A"~ RTS b kmM Poin\ 
~Point"""CTSlllataIionA 
SbIIion" ...... ., ............. _ 
SIIIIimIa ___ ~Ind __ c:tww.I_a..EAA 

FH: 
StMion B ...... b",fId~N'~_ •• t-Ircrot . taiIItI A 
s.-..A· ................ ~A#~d .. t .... fr"OM ' ....... 6 
8ah .'III. __ ....,.ti b ....,..... 
os: 
S4alDl IIIMnIIMIIDAP~.noI.~t,.,.AP 

mHonB~II:I~ 
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Advantage of Fragmentation -
Removes Constraints On 
Dwell/Superframe Times 

• 'MAC Should Maximize Use Of 
Bandwidth In Each Hop Interval' -
January 1993 PHY Committee (Passed) 

• Three Options To Achieve Above Goal -
more details In submission 

- Fix DwelllSuperframe - No 
Fragmentation 

.. R~ulr .. Long DweU. To Compen •• '. For 
W .. t.d a ... lwtdlh - Long Dwello Un_lroble 
Fo< E"ocdv. FH 

- Stretched DwelllSuperframe 
.. High Rlnnamlnlon Rate Due To 

Unoynohronlad Hopping 
» DoN not m .. t PHY Motion January 1993 "The 

hop rat. ,hall be con"gurable In the MAC but 
ftxed wfthln I gtven eSA.. tt do. not hive to 
odept." PASS 20-1-1 

- Fix DwelllSuperframe - With 
Fragmentation 

If Allow. Short Dw.na Without LOI' Bandwidth 
Penally 

II Ellmlnl'" Unlvnchronlzed Hopping And 1111 
Drowbooko 

• Ellmlnltn V.rt.Uon In St.rt Tim. Of Time 
BOl.lnded Service. Supperfrlme 

Slide 11 M.,.. Demange. Motor 
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Advantage of Fragmentation -
Removes Constraints On Dwell Times 

• Fixed Dwell Duration with 
Fragmentation 

- Tranemit Frame8 That Will Fit Within 
Current Dwell 

- Dynamically AdJuet Frame Length To 
Fully Utilize End Of Dwell 

Memmum w .. teeS b.,.dw1dth In NCh hop 
Interval 

Fra,.,..I. 20 mo. hop 50 mo. hop IOU .... hop 
Inter ... 1 Inlltrv.1 Int.rYal 

l!!.~ bytM - no 10.7"- 24.2"- 12.1"-
",entation 

758 byIIM 30.4"- 12.'''- 1.'''-
SOl byIIM 20"- 1.'''- 4.0% 

310 byIIM '5.2"- ' .1"- 3.0"-

Dynamic IpprOIl.O% IpprOX.O% IpprOX.O% 

Pr---.taUon SlIdo 12 U.ric Demlnge. Motor 
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Cost Of Fragmentation 

• Stations In Fringe Areas (No Interference or 
Hidden Statlona) 

- 10 % Of St8tlons In Outer 5% of Coverage 
Radius 

• ~~ Error !bolo (FER) .ppro.'m.led from IER (I • 

• &pocIodI!yWoT,....mlltadparll00Syt.MSDU 

_ par 1100 byt. FER par fr ..... (30 AvongoSyWo ~Io~t':n MSDU byWoo_ l)(·dparl ...... 
[pO< from. 

trlgmentllUon 1.1% 1237 1237 

iO + 30 OH) byWo 4.5% 107 1215 

17 + 30 OH) byt.o 3.1% 40tI 1221 

'5 + 30 OH) byt.o 2.4% 313 1250 

Slido Il Mlrk Deming., Motor 
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Cost Of Fragmentation 

• Stations Not In Fringe Areas (No 
Interference or Hidden Stations) 

- BER of PHY Better Than 1 • 10" Yield. 
FER < 1% 

- Expact8d Tllroughput Typical St8tlon. 
• T.bIoAoau __ ""'lAvol~t-RopIy 

pr_oI_1100 byto pockota, 100 ~ 
.cknow\ade ..... lo. cl!.nltoopon .. Umo on 
mi., MrYW rMponee time of 3 mi., and MAC 
kovol win_no 011_. T~blo cI_ nol 
'nc.lude .,....te o'lnt..1wene.. 

F-rr.J!.OO- ::=- =-:t::-
'·no~ I41K11po aKllpo 

• -( ...... 0Hl_ ..... 700 KIIpo 

~ - (317 • 3D OH) bWtM IIJ:IKIIpo no .. 
4-(:r71· .. 0HI_ I .. KIIpo m .. 

Fr.o ........ don yleldo _ "'.n 5 % dog .. dadon In porIorm.nce 
F .. _ ... don yleldo _thon 4% c\ogfadoUon In porIonnance , 

Slido 14 M.rk Domongo. Molor 
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Fragmentation Proposal 

• Control Of Channel 

- Fragmentation Protocol Must Ensure 
Control Of the Channella Maintained 

- ClIITent Foundation MAC Provides A 
Mechanlam To Provide Chennel Control 

- Channel Control With Windowing 

Slido 15 Mortc Demonge. Motor 
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Fragmentation Proposal 

• Fragmentation Rulea 
- Payload Of A Packet Shall TypIcally Be Some 

Fixed Number Of Bytes: (max"payload) 
(except when near the end of a dwell) 

- The Payload Of A Packet Shall Typically Be 
Greater Than Some Fixed Number Of Bytea: 
(mln.Jl8yload) (exc..,t when 'awe.- than 
mln.Jl8yload bytes a,. Nlll8lning In the 
packet) 

- The Number Of Bytes In A Payload can Be 
Reduced From max.Jl8yload To Allow More 
Efficient URge Of The Time Near The End Of 
ADwell. 

- When A Data Packet NeacIs To Be 
Tranamltted. The Number Of Bytaa In The 
Payload Of A New Fragment la Determined 
By: 

Pr ...... tIon 

• The n_ RemaIning In The Cu ..... , DweO. 
• The Number 01 IIytM In The Po.UI ThOI"'o Not 

Vela- Trw.omln ... For The Flrwl Time. 

Slido 18 
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Fragmentation Proposal 

• Fragmentation Rules (continued) 

MorchlVM 

- Once The Payload Of A Fragment Has 
Been Established, That Fragment Will 
Remain Fixed Until The Fragment Is 
Successfully Delivered To The Immediate 
Destination. 

- An Access POint Relaying A Packet Will 
Be Allowed To RII-Fragment The Packet. 

- Devie" Must Transmit Only II There Is 
Enough Time Remaining In The Owell To 
Allow The Transm',,'on Plus The 
Acknowledgment II One I. Due. 

- II A Fragment Requires Retransmission 
Near The End Of A Dwell And There I. 
Not Enough Time Left For The Fragment 
Plus The Ack: The Device Must Defer 
Until The Next Dwell. 

$lIdo 17 Mork Demonll". Motor 
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Fragmentation Proposal 

• Fragmentation Rules (continued) 

- Fragmentation Near Owe/I Boundary: 

-- _._._ ... 
..... ....-.3. 

.... Imum Fr.1M Sla • 200 8yt .. , Minimum Frame Sia • 2S Byte 

$lIdo II M.ttl Oemange, Motor 
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Fragmentation Proposal 

• Fragmentation Rules (continued) 
- Fragmentation Near Dwell Boundary: 

(another exsmple) 

Maximum Frame Sa. 200 Bytee. Mk1lmum Fr.me Size. 25 Bytu. 1 

Slicio 18 
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Fragmentation Proposal 

• Fragmentation Rules (continued) 
- Retransml •• lon of Window Due To Lost 

Acknowledgment 

No ad<nowfodgomonI. Bod< 011 •• 
200 byt.. 200 byt .. 1=11 1=12 

__ -L ______ ~ ____ ~ ____ ~,~~<-----

/ 
Not ..-.ou~ 1m. ~ dw •• to 
tfW'lSfnil f~t2. Def.r 
fre"".-.' 2 until next dwel. 

Ow.I~ 

SllcIo20 
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Fragmentation Proposal 

• Packet Reassembly 

- Each Data Frame Requlree Sufficient 
Information To Allow R ... sembly At 
Receiving StatIon 

• Fr ..... Type (dolo, .el<nowlodgmen~ ole.) 
» Source Addrw8 
• OHlln.lIon Add ... ... 
• Pocket hoi ....... Number 
• Fr.grnontlD Number -lragrnonlo 01 MSDU 

ooq ..... trollynum_ 
II End-Of.packetlndlcator-Indlca ... CUfNnt 

Irogrnonl ID numbo< c ...... pondo to 10101 
1ro ..... lnMSDU 

Slido 21 
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Fragmentation Proposal 

• Frame Formats 

- Dsta Frame 
• I adlfld"".I_'.equlrad 

_ .. 
F .... ment 10' Ie. blnory IIoId- nol bIIomoppe<l 

-Acknowledgment Frame 
.Bltrnop Field 01 Fro_to __ Ie Required 

Slido 22 IlIrII Demongo, Mot.r 
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Conclusion 

• Fragmentation enhances system 
performance 

- Improves performance In presence of 
microwave ovens 

- Improves performance with hidden stations 
- Allows optimal hopping FH PHYs 

- Reduces or Eliminate Variation in Start of 
Time Bounded Services Superframe 

• Benefits Of Fragmentation Offsets Minimal 
Overhead 

- 1 Element Per Frame of OH 
- Frame Windowing Minimizes Additional 

Acknowledgment. 

• Fragmentation Proposal Easily Integrated 
Into Foundation MAC 

- Mechanism To Control Channel Already 
Exists 

- Data Frarnea and Acknowledgment Frames 
Altered Slightly 

Preeentadon Slide 23 Mark o.m.nge, Motor 
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Conclusion 

• Goals: 
- CIOM I .. UtI 20.6 "I. there a need for 

fragmentatlonl,.. .. embly at the MAC 
layer?" - YES 

- Motion: U .. the proposal given In this 
submission .. a basis for 
Implementation In the draft standard? -
YES 
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