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Abstract 
This paper presents a practical method for translating frame errors into bit errors while taking into 
account the frame size and other factors such as the Inter Frame Spacing. A method previously 
presented in May 95 PHY meetings, takes into account only frames of 112 octets for the purpose 
of Bit Error calculation from Frame Error Rate. 

1. Introduction 
One of the objectives of the IEEE 802.11 Medium Access unit is to provide a mean bit error rate at 
the MAC layer of less than one part in 10 8. As .we all know, bits are grouped in frames, but 
unfortunately 802.11 does not specify a maximum frame error rate. From the MAC stand point 
FER is the measurement that makes sense, being the only thing 'it can measure. From the PHY 
standpoint BER makes more sense because the PHY deals with a bit stream and it is easier to 
measure. 
The wireless LAN environment provides a number of additional challenges and differences ffem 
versus models developed for the wired environment that usually assume Gaussian noise 
distribution. In the wireless environment the channel is interference limited with bursty 
characterisitics, and the error rate depends on a complex combination of factors. 
The issue is what perfonnance are we trying to quantify. Are we looking at the perfonnanceofthe 
radio only, the radio and the post detectionprocessing, or the whole chain from the antenna to the 
output of the MAC. As defined today 802.11 has only two points of access: the antenna and the 
top of the MAC. If we make the optimistic assumption that all nodes in the network have equal 
receiver sensitivity some of these factors are: 

1. Number of active users on the same LAN, their transmitted power, their access statistics and 
distance. 

2. Number of similar LANs in the same area, number of active users on each LAN, their 
transmitted power, their access statistics and distance. 

3. Number of dissimilar devices transmitting in the same area and their transmission 
characteristics and statistics. 

Unfortunately, in 802.11 we have not defined yet a channel model to offer a standardised method 
for performance measurement equal for all wireless LAN devices, and this adds another dimension 
to the complexity of the problem. 

Availability of a PHY - MAC exposed (or reachable) interface would resolve the 
problem by allowing each part to measure errors utilising the most convenient 
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-', ~~ .: metho(Cap(l Jllen translate .th.~~ffEL~~ye ey,orc~J:~t.e~:,_~IDIsirig' one of the standard 
methods. However we dQn~t' ha,v¢ ~n agreed exposed MAC-PHY interface . 

. ' .:' " ~;; F~ ~k~ 'P~~'o;.~ .~i iliJ~ ,pr:es~~i;~i~;:~tj~-;;;~~~:.~;~;~~r~ d~tect;di~'~~ ,MAC are not a result of 
~~;;~, .'f 'r fac.tors :o,tb.er: than, PJ:lY ' of;~hFlIlfle~ p~rf0li'.ffiance'J (Fo.! ~9se ~nterested in the ~ perfonnance 

with an idem channel ... i.e Gal,l.~!)1f4l .nois~10'ply-:L~isol~.te4Jest environment will be required) 
In addition to factors oailined ab<i>ve, the bit or frame m ot tates are definiJ~ly a function of: 

~ the length of the fra.tne : t' ;:. ,J ~ ',~ , ' 
... the spaCing between ff~sl 
... the disturbance's characterisitics, :'," I" 

,..~' ~~~<?,t,¢:)n. ~~,e. fo~p~i«g'l!'n p~e. fhct~~.~j.sturb8Dc,e f~t 'lny.factor that di~wrb~~the received bit 
str¢;am,;'lstJc~:a~,.wlSt, Ime.tje,r~~f: ~~~slons, etc} :t' 'J' . " ~."," , . 

• _'-1 Pt{)vidffirg.~~ysti~l~hat:meets afi¥-pattico)ar,t,it. eIJ~r r~~dn ,absolute te~s "is ne~t to impossible 
:;:t! eeeaiJ.!3e it ~~ould:l'Ci;q~ir.e; 'rransmi:s&fon of ,an tin finite number of bits, FGflthat purpose (less accurate 

{)oat accejJ£at)le) slatistidal ·rriec~h~:bMelli ,w"w fiJ1i.te experimentpl measU{ements have been 
._ qeveloped: :rJ:1is document pt~sedts a techniques for calculating bit error rates based on measured 

,,' ' "I" ' j ' fu~e error ratesiand frame lcttgtl1. I 'lIope this will aUelfiate the cQntroversy, . J • 

· ,"t ' ~ ',; ' ~6i~~' 'JM~ldil's;<' ':,- .. ~~ , , ',1.1.", i ,, : " " ,{. ~ '." . ' _ .'" ,, " 
. ,_" J.-_.(' . • • I 't' • . .. .. ,_ ... "'".. . .., _ 

:f'~~ ~(, T-tlbogfiJ th~:ih.ii-'61es8' M"VironmenliS' hav~::mu1tiple~oh1plex models I \fj}} .try to classify the error 
irtode1~Stto.m11y two by\the eff6G:tsiprodu~d'iby Glistutbanees, " ' ! . 

;\ :~t· 'I. ';I.,.! ~~, Il,-:' til ;'; ' ,} :'r III '1(',) L', j d~') e , , ; s .. ;~ 
1:~:1 ,~f' 'single tslFEmJts::(Mod"I, 1) '. r, rl . ':. ; F ,,: t·,;' 

, J:~,.e .firsl !l)o;del, to .. "~ co.nsi~c;rC?d is I pased ~h ,~h~rt ~s(~~~c~: that caus{i'sing~e bits to be received 
, .. . lI}.Cbr.t~RtJ~ · · ~ :~ l?-,lt(j~t . '.~.;l~, ~e~d as, one ~~, a logtc one IS read as zero: !-n this case.we can , 

t· ,~f a-s~ume a umform dl t'nbutibl'nrtodel: This model dGes not preclt!de mult.iple errors (1.e mUltIple 
consecutive single bit errors), . : :"l :,' " 

S,inglq,bit err'Or~:-dMrit)g !Ea1r};(~oJHsjG~ ~~th ,~y. si~ppl (similar o,r dis~~~ar signals) seem not to be 
,'R~problern,; A ,5H)gle..~1r'Or, p~.ft~q,a:!J·~~~ {9r.~, SlJIlple ~alculatIon offie ~R. If frequent 
~nterlerenoe ot lc01li&.j,bns ~t: the ,n-~eJ~t~ ,~ ~e 10~red t'O l~J~vel th~t }Vill minimise 

• <:. " l~teiferenc~ effe~~, (?~ ~oihslOllS ~~ .". .~ \, ' , -i: ' :'t.. -:.,. w, .' " ,.--1,-;.:'-- ,), ,j., ~. ~i" ~,~ ..... ,~..:. ' .. ":''-'' 't . . _ j I -n :: 

\ ,. v<; 2,~:i ~ l..- ' Mciltrp~ ~ft, .t:rrg)'s,: '.tM9,1f@j:'~?r ;', !-,)~. '." l, ' I, ," 

.... __ ) ... . . ~ . j i_ ~ .>' 1 1 "'",,* . ..... ~~ l . (: ~?, "J I ( I., .'. j ,.' .. ' ." 

~,~:, \ '. W~llIi~0i~,pr. ~a),~~5'n~ . .ocCu.j.fi:l<mg:~t£!~b~C7~'" ~he r¥:~ult.will be tot~y drrt:erent.th~ the 
.. ~ :, ,s J~!.~ .. Olt:'tnqd~. dtp'en4,~:g 0ti tPe11~ng~~CI;.poslt~.9n of the ~stur~ance m relatlOnship WIth the 

, ' )!. ;:.J if1.~~tl.fcw.1~,.g~p. ,{~ bG:t-i 1 '?fC h,3:V;~,F~ .~.eaLw.1~J,.s'e~m-al v:'all.\es of mtem:ame gaps IPS,DIFS, 
SIFS',) , ~ , ,,'~' ., . . , . . . 

", '~nhe di.sturbanc~ ,eurst-is Shbd: :~~tat'i~e fu die interframeigap 'the effe·ct will be identical to the 
~ !;.~ Sin.'gl~;i1it/ertdts atitl:Uic' ,frame·w&U be, ~re't"t.ed;, If the burfitji£ IOhger, it may cause not only 
• ' hniitfpfe ep-ef.5 tnciifr'aille}lJutllet¥otlil' ,m 'MtiJtiple framti ,::'iFhe. probability of multiframe destructi'On 

d , d~f.ie:ifd~loillhe,'foMij\ving f.aetats: I ',j. : l j (~' ... :'· ,f~)" il:'. /. _1 . II I, 
,.~,..; [~-:; .'· ~"/l~ .. ; 'l . ,.::. ~ ~ I I. " ',f •• I I ••• ". ' • ','" ~ _ -.,) ""/1' i! - ~j::~ ~~ ; .~. ~ 

'" ;,1.. Di~baI].cel~h.s.t[l J' .. ';""1 ,,',:., ' !,'." . "'2, futern.ame sp' aclng" . '" ',' .. , . I,.. '" , 
• ~ ' . • J" .', ... 

, 3, Frafue' leng'th . , , I ' ( I" 

:'-:' <; ~; ,- S1ia:tistle:S.loflli'e:d1st{(rb~c~ _ ',i;;:' ,I : "j ;l .... ~ . ;":'. ,.-1 f!" , ,, • ., , 

"'';', W6~~ 'the\~terf~~e' s~a~itig ~in~r~~e~~i. it:ariie ;iz'~' iricre~,es, tj1,~ probability 'Of a burst to 
affec,ting mote than oae frame decrciases': On,heavily loaded networks, the average interfrarne 

, spacing will be small. ~n the average, the length of the distl)rb~nce is expected to be more than the 
a «fa:ge.interframe gap, therefore ~he fra:me error rate will .increase to reflect this situation. The 

",'';.' '~ lrtCtemse:can be a~p(oximated·1}y ': ' .; ~ . ,: '': I '" ',~. 
~.~ -JI'.... I ' .. ', !.. , ,. . ii' ... " '... . ..... .... ~i . .J • ~ : ' Ii ! " 

, ,'" i ~ . t I , -
't .. • I .. ' ~ 

'~L_._~ -_ • •• _ 'ott CPl ' "r 
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As :v~th sin~Je':~rtl~qor: ~6d~t t.h()'rr~f'erroi.~t~:s~dullJ: .~M-~tlbed~ ~y 'a.faet~t .t~ ai~bl1~t for the 
collIslOn rat~. "The colb~lon rate' and the prooabihey thltt lbng;disturbances:will ;affect lflbre' than one 
frame will be both positively propoitional'to th~1;ietwork-l~d .. 't; .~ .. ,"'" ,;;. ': " ,.:,~ >~. ~ ,: i l:" ;,. ' ,~, ' 

,_11 ; • ? f .. ~,::r '-jlr: ~:.:~('t" 1 ~ ~ :! ~>;1t .i'\"}~:' ~)',;:;,:.\~,~('~i ,', :; "\'" ;'~~, -r, ;j : I d fI ... .. 

3, Error" Calculation Methods ~.;:;: ... ;"./~\., I;J"~ :j./ ~ .. ,. " 
(,~I ,~ . ...;i.i ~ ~: l:~~!:./i"( } .'": :,>,f: .. (\';0:~' 

3,1 Direct Measurement ·~,;;n':rJ. J-:r";' . : ::.;"~:~'; "~.' !,/~ 

At the Physical :lfyer the bit' effo~'rafe'i::ah ~ ~J~~~4~~'~~:;~~~ ,60ippMti1i\~~'Jt~~y~~ bits 
(after demodulatlOn, data and clock recovery) wltll tile bIts transrrutted: The east'bst way to 
implement t~s trype <?f test i~w.ithout ·an)l.framin~;:':By :fFa.ns~ng: ~"&~~ci~r;J,tl~~J~ge. ~n(jl~gll 
number of b(~s', ,the-tnt error t-ate;can; be' proven ,WIth e:tV.ftJiY. high·:pp()bSl'.~Jllty. ~hls ~J:bO<f.. lS vfWi 
common in teSting oodio equipment;oQ.,prodtICtwl:dines~ anCihuitable:f.-or.~~noll,.~sty'~·~v~nly 
distributederr.~ts. ".' !" ;} • •. .• " ,t •• h:' ::'..' ~·. ,J~\,"(1:'~H: : :; ·", 'J ;c:>.lL..:. ": "1. .'{:;' {\ '. :: i. 
However, this method does not repl!~eriHhe' real1ife ·sitUa..~ion f~r:.thet.i;;Ji.liQ. ~HYs; .tb.eJ!~CP part 
is not accurately represented in thi~ type of m~asurement and the eA,yit:~l,lP1e!1t ~~. ~ostly qllrsty. 
Therefore, this method represents Just a raw bIt error rate measu~dtentl'l( ·e ", !. ,' -. 
For a more realistic! picture .: which ;~~ill' Jl"epr.eseIlt~ rece'i"er.'s .abllitY'. l(J t !§.:ync.hroQi~e 
and recover bits, a frame based: teSt -wdutd:seem,;'lo' be- ' in~e, ·:appr~pr:ia:l~.;. ~:; ' 
In order to represent real life, various frame lengths and various interframe 
spaces (i.e frames with various spacing) have ,to'be'tra1l$mitt~J1 ·fQI\;.:longeI;l0ugh 
to provide a, ·.g~od st~~is.t!cal ' I prob~bHit~ • . ~' " . ~ ~ ;... r;, . ~I ,' , ~,- ..,.,:~: '1" 

At the output of.tQ~ MA}: tl),e relevant ~~a..li. d:a~l>ftS:~W ipe."o Qe ~Q.rPpaied ,:vith !»~~ ttiW.$.gljtted bits. 
The number of r~o.ejyct(M'rcunes will ~ ~01.m~~cb·nr~e~JwjW .~g;9i~)~ the"PLq, Q(in! p)'~ body of 
the frame will be rejected. : '-: "" ,,: " :: .... ' ... ~" , ~ : "/~ .. , 

, I . ..... • I .. ..J . ~ . ' .. 

If the disturbanc~ 'li~rsts are< veryi~Qpilt; suc~ 'as· iWfhd>haiS-ciMoClel:1 i :rhe~:, th~ cOLltipiI9S! ~ 
measuremenhnethotl will provide a:' g09d·indicarfani~,.ffie "effectS" of Ute ~sttirbance,.cnil!h~ 
network throUgnput. Each bit error wil1 ,eause .. ih';averoge 'omffrfune'lt1sS ani:tv.ioe~el!Sa :· ' ( 

",,; r. . '~:'(: /. S •. ~ ::,f" ( .. .. ,t, f' r_ -~ . , I ' : :.. 
If the disturbances are long, such as in Model 2, then direct measuremeri( WIll (eia'ggera:te) amplify 
the effec~s of ~isturbance on :the network throug~pu~<fIf ~!R~ise~~p.rs~ fC?J. e~l~, cau~e~ 50 
con~ecutIve bIt .erro~ . ( 50 rru~~~.I?e~o~q§ ~u~st~., ~t!,~~pt 4e~tfoy ?n~ .f;~e btU w?~I<tbe:90unted 
50 tIme.s under the drrect measu'rep1enf. . Tllel.~~stBb~tlon~of,tre';~l\ e~~~s S~9~1~,l1e ~_~~r~ed,and 
the eqUivalent franr~ error rafe 'te~qce~ta~~~{p!T,igly.: J:pl'.Hu s~s-,le'$s{ f!i~ ,the ·~~t~~t~.~ ~acmg . 
only one error should be cotJ:ilted:'-¥oc·'ffistJrbances' longer tban bne 'inter'fralh-e spa:clI~"~ ~;but less 
than an average frame siz,e .• n fram~ eljTors s~oul4r b~J;0·4!1te\d ,. tl I " , . : .:: .: ,:' : 

; _ ~~ . ... ~~'~ .... n. .... J I .~ I . ' "1 ,\ r .I.' ="" -', "'\ . t: .. ..:: :- . ~ . ' ..... J ... '( ·,1 '_ .. :'} ":~ 

There are several potential problems with the dire<itmeasi.lre!D~~~ .rp.e.tlrod.: .firs_t'{,.s~<!arC\·,MAC 
controllers can:not oe used, :sec6hd;~y means~(s\,lch as j&bber~~.tbat 1~.t'~ length;p,t.( I 

transmissions would interfere with the measurement and nefjd,to be dis.~bl~{4~pO~Sl)~1~). Most 
MAC designs would also have maximum frame size limitations. "Another prob~~!11 wo~1d;be 
creating a "quiet" environment where no other devices utilise the meQt.piq,. All -tn~se:tare ~ard to 
implement in an open "wireless" environment. . ; .. . ,1 :'; ).If:>".,," ,~~ : ' 

- rJ H:. 'G? ~'~V"'" H . '. 

The only way the direct method can be utilised, is in an isoJated ((nvqonmep.t ,and :~l~ th(; ;PHY 
separated from the MA~ in ~ ~pe<ri~ testJ1J}~Jl~ p~oyjd.ing 'W ~~e;,n/ecesswy .MA~ .coP.tro]s . and 
interfaces. This would De a cflallenge for tJ;ie ·Cp~fi~cetesters . . ' ,~' " .. ,' I .• , 

, "~ :.".( L T : .. s; l 'C; ''':\ ~~ -i '.~ .. .. ./ ".~r "'} :':' " li-, 

,. ; h " , , ~ , ,r l" ,· 1 ... .1. • , I . • " . *; . 4 '\I <. ' / ' ' r ~ . . . 
3,2 Indirect Measuremen't I' I ' • ~ .:. ' ":" : :' :II:~ ,.,',,""': . :: .. , ,", ~ ... '. :~ : >. ', ~>, ',::, 

~ J~' ., '. ', " ! . ' .. .. ~ • • b}. ~ , ... ' , .~1' .. " . . ~ I ........ ( t!' . 

On the assumption that many of the MAC controllers wi1t~~ ~i!ni·lar w~th,~e~js~ri&~~~~pntrollers, 
they will be capable to record the number of received frames that contain errors. These errors 
usually fall in one of the following categories: 

tT ., b<"O_ 0 ! 
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CRC errors: one or more bits have been received incorrectly. 

Alignment Errors: One or mord bitS f_~ ~eth teived incorrectly and the nHmber of bits 
received does not correspond to an integ~r1nurnber of octets. Interference can cause extra bits to be 

,:},I: [ecei~d(cn.areafe extr~ tra:rtsitions·~ itl. tlit Sigmthtte~l · ;Il f -. 'i.! :.:), .. '; . 

L';1'S*6f;f,cYt~~(Er;ot~? fe~J!t1faa kiri1irifMuih'leh3tiii\o.hi~1 \v~i rec~·ived. Mttibugh this typically 
is a result of a collision, noise or interferehce it Catl also wipe out enough bits to' prevent reception 
of a minimum length frame. ' , 

The advantages of using the indirect,~~~~;~~~'Rt .. m.n~9,qf are ~ fql!pw~g: 
1. Standard MAC controllers can be used. Sifise they !l!e partof the entire thain, the overall bit 

error rate of the system may be estirrutted. .).. '!:' . .. ; tJ . b ~ . ~ ' .I' o · 

';.;. • . . ,. I. 

2. Other activity on the network can continue and may evert be encourage~J;tQ' create realistic test 
environmen~<l .,' '''r v",·f ... A 'i'~ I '1'." ,;,) ..... ,;I';j' ... :, .4' .... ' .. '.' ",' ",'" ..... ". '. ' "'.'. '.' J ..... • , ...•. : .• ; .•.. r .•. •... , ~,}'J ;'~~JI.f- 1. •• J .,.,. .. .,t ,I,., ~J:I.1V-:;' rl· ~'~ '.'~' ~{~,.' ~~ :..' -!-;;i'r} <·'·~·F· - u ., . 

3. The real Frame Error rate is meaSured. 

The disadvantages of this method: 
r 
" 

The calculated bit error rate is not as accur~te as the ditect continuous bit stream measurement. 

3.2.1 Cal~ulating Bit Error :Rate' und~;.I Not~'Modfll ~~ . ~ -.j I. 

Assumptions: ( ~ .. <'.lil;, ' ~ D:: Ii . . ' (. ~". . . 

1. For the simplification pi Wfs. pre~~~'tf~ri rfi ~~~~l~* ~~! ei1:~'fs are'unifonnly distributed 
throughout tile frame (1f~ri'Oi!S' ... di:sfrit;uti(jb l& ·slgriiff~tJy OIffereiWlhel'i the results can be 
rnultiplit& ~the;ftJncid~t.i, r~~tirt:g!'ilie'ffi~Nfidfi)~' t!j. .<~ .J 

2. The bit error rate is rnu€'~l ~~ .~~~~ p~. [:.:' " _ : 
Defiuitions: 

Bit lor 0 "'.' 'Z, ( t' 

::~1;;;~;J ; ~~;: :Jlt.t· .. : ,~'f::'; ;w~ , r.rtS ~tt '!:.d.11·;;1' )i.:r< ;~~, :" ::~if:;.· ,. :).~ ;~~} ~;;:t~·; ~/ . .J~, ~: l .~; ; :~. 
Frame 64 1Ri> l~OO Octets . 
~L;;·':':/ . :~! ·'L ':.~}·~ii ;}::~:Bjn~#f;)r;~tilij i~~::;s:::~·I~\ )';: :}.; ~. ~t~·h'b~,'Yi·: A:~!~1/U~ 

Frame err.or, tate ., ~ 
, ~I/, . 

f 

m 
~n,i} 
S{n',i) 

Number' o.{.bits W ftam.t: . 
;Nti~ber 'd,.ffitm~i~"5htitr~ ' If .' • ';;'.' ' ;. . i.e,.fY' · .'N 

~abil~ty of. exa~~ i €rr0~~ iiri Di ftI~~ .,) ~ , •.. ' . !.; ' .. ', (, :.' 

CtlmulatIve pro~bil~p.f:~Qrn.~q;t,q. l,lftt@tSj~:D?,ft~s 

.. :I' f · 

• " ''',, ",11 ' .... : _ . . " ,; "1" .' '. " .. ' .. "" ,A ~' ,'" " :'., .,,,--', . 
• ".' • • ' _ .... . oJ :t .. " "'j,,, ", .". OJ' • • ; " "I'" ri'~'f ::zifjl'~of' . -.' . ;;. ';' .• ) ... J. [3-1] 

"1' ·.:,"· ~1J2~.::. · ~~)dt1~ jr~. JijJ{~ : •.. ~: ~~~~;, j.r..;1.)i:~: . J.;:'J.j.j.(i~:;'I)~ ~ ':{ ~~;'''r, .-~ :: J ~';,:'~~t . ~~ ifi ~ ; ~.~·')J~;"~J .-< 
-During.;tbw.ir.e·fIt:.0fln~·fram~;;thlon1mbet1)f:f~eeri'or~Jti" I ~ecor~cj...· 'lme value for i is in the 
range of 0' t(l) ' n. For large "n" the probability of exactly i errors in n frames follows a Poisson 
dist:ci.Outlonl of the' form: . ~ ' . Il,. '/ .. 

[3-2] 
~: . 

v::% n:*f [3-3] 

Note: "*,, denotes-multiplication. 

Then the cumulative prohability is calculated as: 



. , 

, ....... M 

~~t.1:~t!jI't·P'·ji.~~ .~':,i\.r;I. ,:, 'i :.;::~ ~~:. f; .- . ' '.~t"" !;:'/ '.' I~,~ }):f .. ~\ 

:ic . i}·,f.. "',, ''1'" r 'fi' ""·'·i .. ,, ~(rnl)~· L..f(~;~L·'m '. , J" ' ,: :'d ~!t~l:ii,t'.::,';if!\ 
.~ 0~ ;~~; ~:.';~ ;.";' .... ';:r})~' ~'~~,:~;!:'l~ ' :;~:::'~i',i;;"~:;; ;''' '1 . ' .. ,. .. ; .".l;.'~:nb b) , : '~', I';: 

[3-4] 

The cumulativ~ probapmty can thetrbe~used:'w.4th the test.results.,to pro,ve Bit£u.oi,:Rate.to the 

~es~redtc(~y. Tabl~~~·,f~Wi~Wrf~~~.~ .~m?~:~M~Tfl ,O~H1i.MB!? c~W :?1·c~~-llH~f.f~:: ~sed 
unng eSRr~'" .tl~~);;\t; ~'" f ".Hfji/,' .l'.,.~',":J 1~;';t/(l ·to~"r/: . "o , •. jL ';.f, _ I\;i;;':""; 

Example: :Jl~~, ~: j'i~~;·.r .~ ,IT'I), air: m /; ; ) 

[3-5] 

Calculation of S(n,i) 

In order to calculate th~ cllmulative probabilities a computer routine baSoo on the following formula 
can be used. 'i )1':' :) 1 'J ~JJ ~":. ~:!'; .' : ~::: ~' 
Due to overflow limitation of computing machines it is highly desirabi'eJo'lltilise a natural: 
logarithm formula: :l}':,:,.'}.: .~ .. ~d·: '. :':,' ~: 

i 5 .. Y·' · ., j1 ~~('~4 ;',;;." It:l-·i~j·~<:·~·;·F~,I".;, (';" 

In (P{)"j) =.In (e -v * v f~!)::;?)QJ'~.r-·,,,J-+:)n '(,v ")}jlq,(j!-) n [3~] 

Note: "In" denotes naturalJogaritbifi:);:,?'· !,,:-I[ ~ 1::~: ":)' '. ~:l~: . :i:' ~" ':- /:, i,~; · 'j:'~)",:.:' 
after mathemati~a1 maiil riuiatibtl's 'lli~::r6rmtilit~dfnes: ';': ((:; ,:1 .• ::: : .J"',: ;,' 11./ ' / 

P(n,i):=;exp.[ -v+(i*ln(v))., (In'(t)+'lri(2)~:+.~+.J.nl '(m:r· 

(' J, f\~.)~·i 

,; ;.ili(?: 

[3-7] 

Frame size considerath~ns: as frame .s\Ze_~ y"~, there is a .small ~in~ow in. the P~CP . 
preamble where a corruptlon of a fe:w. bIts. c&n: btffp1erated. Smce this wmdow IS relatively small m 
relationshi p wilt1ithe' &un~siie~ i( can' be negl~etectfor.i1:he·'pur.pose of c,aicu}atio.rlS.;~1 i'! ;,: :'1; 

t··,_. f:- ". I '> J}'·.4 I .)::~ ,!: 1)~:'i ~~'';':'~ .. \~::~"':. ;i,~' ~ I', .?:~~L;. J.; . '.J ;-'/. L, ~;!.~~::..,.:~ 
4. SUM M~A' RY .~"." , i; ';'Di'ir, 11 . .I"I·','1h!;>I" 

A practical method for translatip:g the;'Fraq').e;~E,f[Qr&te' to' Bit EiTor Rates has been shown. A 
similar method has been used for estitne,tionof.·B:EE. in-,wired LANs. with. good results. 
Any improvements on the method are welcomed.. . J".; :/ 

<~: . 
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