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Abstract

The WLANSs international standard of 1EEE 802.11 has defined two mechanisms
for implementing the Media Access Control (MAC); one is distributed coordination
function (DCF) and anther is point coordination function (PCF). The DCF mechanism
employs the Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA)
strategy to provide data transmission. In general, the majority of frames transmitted
via CSMA/CA strategy would not cause collision; but the probability of collision
occurrence would get greater as the network traffic becomes larger. In that case, the
network throughput isn't only lower but also the latency of transmitting data
successfully would be more unpredictable. Thus DCF mechanism is only appropriate
for non-rea time data service. In PCF mechanism, the latency of transmitting data
service is predictable since in PCF mechanism, there is a pointer coordinator (PC),
which shal be implemented at the AP, to decide the order and timing of data
transmissions of STAs via polling method. However, it results in that the latency of
data transmission is unable to be guaranteed since PC doesn’'t apply any limitations to
the number of STAs which want to join the polling list of PC. Thus PCF mechanismis
unable to provide real-time transmission for real-time data. According to these reasons,
we improve the PCF mechanism to provide the exact timing and period of data
transmission and bandwidth guarantees upon different transmitted data, such as audio
and video data. Thus this proposed mechanism is appropriate for real-time multimedia
transmission. We nominate this mechanism as Quality of Service —PCF, abbreviated
as Q-PCF, since it provides Quality of Service.

We design a simulation program to see if Q-PCF provides QoS and has the
following functions. First, the different priorities for variety data services that include
constant bit rate (CBR) and variable bit rate (VBR) data services are supported. The
data with higher priority are guaranteed to be transmitted before lower priority data.
Second, the STA attempting to acquire the QoS service should be served in a bounded
time regardless of the loading of network. Third, the data are guaranteed to be
transmitted within finite time regardliess of network loading. Last, the bandwidth of
some STA is guaranteed regardless of network loading. With providing these
functions, Q-PCF mechanism can be called as QoS data service supporting protocol.

Although Q-PCF mechanism provides QoS data service, it is limited by too
many hypotheses and this results in incompatibility with the IEEE 802.11 standard.
For instance, al STAs in Q-PCF mechanism must disable power-saving mechanism,
which is acritical issue for portable computers and equipments, to arrive to rea-time



data transmission. Another hypothesis is that the two adjacent STAs attempting to
transmit data must recognize each other and their radio waves range must cover the
other one in order to increase the network throughput and this hypothesis violates the
IEEE 802.11 standard. Hence we give a further discussion and provide some
amendment to become more compatible with IEEE 802.11. We nominate this revised
mechanism as Enhanced Q—PCF, abbreviated as EQ-PCF.

EQ-PCF mechanism provides more compatibility with IEEE 802.11 and
increases the network throughput besides that it is more appropriate for the real-time
multimedia transmission.

keywords |EEE 802.11 WLAN MAC DCF PCF CSMA/CA polling
multimedia QoS CBR VBR
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feprid * 7 RTSICTS snf ] kit ° fzpidg o & > # &ﬂ\)ﬁziﬂ,’_i&{ﬁ_@ﬁf—ﬁ
RfFFmdEes gL FE & R ordiuis (Request to Send, # -
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¥8& 1395 Duration f§ i~ % & 7 eptpe ¥ » £ (NetAllocation Vector, f§ 4= NAV)
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SIFS < SIFS
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DIFS
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< Time
Defer Access —»

Contention Window
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BOECATEEGE R N BE? F A ER o B R 2 BT R AR S
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A F G 7 i STAJ ELE @ G ~ 4 TR 0 AT g A e BT
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8RBk o £ 2 CSMA/CA 27w Jis » M Pren AP fje ) STAj v i 14
1 €2 7 CSMA/CA e 2B R FFHBEANSTA L RIS > 13
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23 ¢ AN
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AL e Nk iBEdE T igiE L g prL (TlmeBounded) SR =A-NE N
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TR AT REATHOBE S A BE TR A S v~ B MSDU i 2.
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—1s| PeF DeF AL il
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STA 4 AP #1% 11 Beacon itz p #14 e CFPMaxDuration %-#c % 17 & 4 s+
FHHE R LR A AR TFauEAY ok L 3L F P ek B < 3t Beacon i
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Wl 28 46T 0 - BAZAIEE A B DTIM YR > 4 365 5365  DTIM
R ’ﬁ*‘u'i’»‘ﬁfﬁ‘ﬁ“ﬁé}éﬁ%— BhsLxd > m— B DTIM # F £+ = 3 Beacon £
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DTIM DTIM DTIM
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B] 2.9 Beacon =it &
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PC i #39 & 8 098 B 12 CF-Poll 342 5oe G4e » $h39 & H (h STA 71738
FRER e EE > BEFESTA R FHE B v i Null 142 > 40k § TR
£ P v s Datac 4o% PC+ § FH & B 3% STA» Bl ¢ &3 1 CF-Poll th
AR E N TR A R F S STA 4ok i FHE B e ACK Uiz 40 %
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wi¥ ACK 3427 » o g 21 ¢ CF-Poll 312 » 4 b 4ok X § FRE B4
g aE TR o] 210 9T & L ERE P Y SR ix en A4 6] 0 PCF 3
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T e
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- Contentio Free Period N
SIFS SIFS SIFS Contention
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Uplink Ul+Ack J U2+Ack
> e \« -— Reset NAV
PIFS SIFS SIFS
y
NAV |
A
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By e

TELEQOS kA ws B A FEIBAE éjf% [8] # ! Priority DCF >
#3% RIEERELEF HSTA & F#ieq Backoff Time o e £.d 2 CW § 2%
eI g F 0 BRAERS IEE A mRE o T T oA § RBAERMN D
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PIFS4r DIFS z. ¥t Slots #.5 - #7112 DBASE ik @ i% 2 pFen CW % | T
> @2 % 31 Slots» i ¥ % = DIFS=SIFS+5* SlotTime » 4c* -> 1 Slots

2 2

% STAZ S r i CHaR PG P ar g { ~amfi > HZ40% Br
STA & 4r ~ #h34 8 > 70 DCF (7 STA & & ;% 24 Sots shps FF -
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\m&F_

AR AIEQOS: kg R G AEBREIPFI R L ER
- g% 2 PR STA Rfbchie ~ 3 - B 0 R 317 (Collision
Resolution) ¢ % ¢+t zidg i 4. (Collision Avoidance) = i % e &t » %] 5 4
RT3 7 R STA cor gk el i e e gk (18] B i ik
e 4] [15] ehitid > U FAF I R fEARR o d 2 T E dpdE ARG AR
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%3% Q-PCF
3.1 CFP 3 .47 F 48

4o@) 3.1 #77 » Q-PCF #-# i CFP*» &~ 5 = BFFE > &2 W] 5 iRAEIF
(Prioritization Period) - #id f247F¢ £ (Collision Resolution Perlod) s foimia e B
(Polling Period) © = @ e i FF B x F 5 2P i £ (Registration Period) - i
AEIFE 0 PC € 3417 - i ¢ chdE £ 2 2 (Handshake) * % ifif-L 1 8 5 STA
Fert R STA e 578 L H o AR RITIFER CPC ERF- @
Handshake * %E B 4c » #3538 - 8 (7 STA v & "UPFRFF 2 P 4o > o SfmzdFEfe -
PC ¢ % - i M-POLL (Multi Poll) 2i=* k@®#s:4 - 8 p o STA 7 1M HR =X
Bogf i TR AR AP PC €4 4 CR-End % 3% & & & CFP >
XK NAV - 5 7 {c IEEE802.11 48 ¢ » gt 3K '?;CPr'v’ﬂ&-’fﬁE%F'J:é Mg - Bk
<~ MPDU 2 # ACK #7% chpfflf > pteb @ @A R hd > 5 7 i ¢ % 2 FI DCF
PR wEa R CFPRER RS o

[ SuperFrame K
Nominal Strict CFP start Contention
CFP sart r 3 Contention-Free Period | Period
TBIT P FIS SFS Registration Period -
—» SIFS - > |
: 2
% MPDU | |ACK § Pr"ggig%“o” CO”'SOF?ernggO' ution Polling Period i time
o
[ NAV (network allocation vector)

- »

A A

Stretching
reset NAV ~ CFPMaxDuration

Bl 3.1 A& siizani i

74 e STA 3t L 5 ) B4 PE 302 NAV 838 5 43S B )
(CFPMaxDuratlon) CIptR T LA STA AARERE Tl Ard iRl R T 4 o
PLobd YRR B X W PE R G e A P W R ek i 2 70
ﬁ‘ » ¥Ry gﬁ-ﬂ ehig L H mSTAJﬂ/z‘Z§; BE R R o F P AP F R
fi i r gl BPCH ac 4 R AP LR A

32 ;A= 5t

Q-PCF 7 MAC 2t {2+ 5% » 4o @] 3.2 #f77 » #2424 4 % PE-PR~RE~RR -
M-POLL * Data+ & : PEf- PR i * r&iﬁérb& yPE:PC i dfEs it
7R PRISTA BT f 5% R-RE{r RR & * fidi f#47 1 £ RE:PC 12 Address
Pattern & 4 i& {738 K »RR:STA R| § § % % -M-POLL fr Data & * &g g & o
M-POLL : PC if 5 STA ¥ g & 2 @gf%ﬂ? » Data: STA B 4538 (7 L@ ix o
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PE (Priority Enquiry)

@ Octets: 2 2 6 2 4
PEframe | 7@ g priority | RAB | BSSID | A, | FCS
Control
RE (Registration Enquiry)
(b) Octets: 2 2 6 2 3 4
RE frame géﬂ':r‘; & Priority | RAB | BSSID | A,| AddressPatten | FCS

PR (Priority Response) ~ RR (Registration Response)

(© Octets: 2 2 6 2 2 Gy 4
Frame Demanded | Guaranteed
PRIRRTrame | ool | AP | BSSID | gangwidth | Bandwidth | T¢5
M-POLL
(d) Octets: 2 2 6 2 4 x RecordCount 4
M-POLL frame | @€ | puration | Bssip | Record | Poll Record (4 octets) | g
Control Count AlID TXOP
(2 (2
Data
© Octets 2 2 P 6 6 6 2 0~ 4
dataframe | Frame | Demanded S
(usedinCFP) | Control | Bandwicth | A9 1AM 2|Add3) | Payload | FCS
ToDS |FromDS| Add.1 | Add.2 Add. 3 Usage
0 1 DA BSSID SA AP-to-STA trafficin aBSS
1 0 BSSID SA DA STA-to-AP trafficin aBSS
0 DA SA BSSID STA-to-STA trefficin aBSS

Bl 3.2 :imfe st
33. B LS

QPCF#-EALigsans i HHLHB > £ 0F H> 4r% STA 7 - 8 chiE L &

eFBEom ! Rt O - F e HmHLE o URI33FHREFR
Z2oQ-PCFE4rim 2 £ iRAfE-— B4-PC ¢ 3 I kLR (Priority Enquiry, &
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FPE) sz 23 A- TF G RELERLIHANSTA R b~ thig 28 > ok i
7 APIFSZ 18 PCHENE T TF 3 BAES H1 5 STA &4 » #h3§ &
Ho4o%k k453 - 5 STA#Z I v i (Priority Response, i # RR) =53¢ »
7RA-STA g4kt »#053 L H -PCHEA HEALE S HL R 4ok B pFy
% 5 b enSTA PE'J:’%%‘%' A 0 7R B PCi%‘ug’? Exp A3 (Registration Enquiry,
AERE) 3tz 2 28 » mR R FF B 0 AR iRt s PCEER - @ 8 eh
Handshake #5 ! 3] & & 78 STA 2 1) PR i¢ = fitdg o

Collision
P Prioritization Period | Besol ution Period
|
NULL SINGLE COLLISION
Besm PE,, PE .., PE .., RE
PC >
PR
STA 4 >
AID = 0100
PR
STA 6 >
AID =0110
STA 10 PR >
AID =1010
STA 13 PR >
AID = 1101

SIFS PIFS SIFS SIFS SIFS SIFS
Bl 33 EAfEaEs

3.4. mi g £ B

Fpeerd * o 4L L FDS (Depth-First-Search) Traversal Dimension Tree
Splitting o A » R ILE J|* DFS 3 2% o 3¢ * g 7 STA 35 41k » PC ¢
7— i g e TreeSplitting i& &% > - B4 PC ¢ # N REaRIF 4z p % ¢ 35
BAAE S H-20 @ 2 Address-Pattern & {***0} sh STA 5w i > 4ok Bl 1 5 - &
STA ¥ J& RR (registration response) 1z » 7R&- STA i{ € 4 F|#hig - 8 - PC
¢ & ¥ 39 B Address-Pattern % {***1} 7 STA 3w s » e 4e % 2 fifg > PC ¢
* Address-Pattern == [Fl 5 % - 2 5 {**00} ’ﬁr x;&}%:b'f—i T AT
*FLAE I STA © 4o Bl 34777 > 2 74 STAG6~10~134 41k » % - = PC ¢ 4
Address-Pattern % {***Q} iz 734 R » P & % 4 afe o q\a:_— = PC ¢ 1
Address- Pattern Z {**00}:& 739 R > s pFi 5 w k> A% = = » PC ¢ 1
Address-Pattern % {*0*0}:& {739 £ » 2 p¥ STA 10 % J& » ** &_PC ¢ 3= STA 10 +¢
i HH >t E % e =t PC ¢ 2 Address-Pattern & {*1*0} i 739 &* > 2t p= STA
6% i > H_PC ¢4 STAG* »#hd +H »* & % 1 =t »PC ¢ 1 Address-Pattern
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AL 0 0 pESTAL3 w b S PC g4 STA13 4 » f3d £ 8 » 3¢
4 A o0 STA 04845 ) o

Q-PCF {r IEEE 802.11 DCF i {71+ #i » 1 & £ %] 5 DCF # * Fidb @ & h i
%o gAY DCF B F T & 3 Amf cnlf 48 > 8@ Q-PCF 4 * £idE 347 i1
#vs [2[5][12][12][15] - R AF > oS F 2 ik QPCFERE» B i iy
% % KRR PR AT 0 Q-PCF 67 i Sl enfiin > 4 4 &% 318 ch STA
Bk - BRERA ~ @ (8 08 BAEIIRR o KA SRERE 4 oS
Fi > @ STA- Lo~y b H {50 {3 g7 Foas -

P ]
SINGLE
‘‘‘‘‘ - AID = 1101

S
~ae

=10

SINGLE
LI 110 AT oL1o
Polling Period
COLLISION NULL SINGLE SINGLE
RE RE RE RE RE
***O **00 *0*0 *1*0 ***1 M_POLL
PC >
RR RR
Station 6 -
AID = 0110 o
. RR RR
Station 10 o
AID =1010 o
. RR
Station 13 -
AID = 1101 o

SIFS  SIFS PIFS SIFS SIFS SIFS  SIFS  SIFS  SIFS

B 3.4 mf iR
3.5. ¥ A2 A

- LRRETRREEL  RET KR PCﬁ*ug’;} 41 M-POLL > & » $hza FFF< »
M-POLL ¢ % # STA##hi =t/ > 12 L e3F @ apfFF (Transmission
Opportunity, i fz TXOP) [9][14] - #* pF7 #3450 STA fig B pFR 48 3
l PR R AR - B STAR TR B L EEF- B SIFSE
e Bl EAE b E g ¥ fast TR R o 4ok PCHF R
R BB STARF v 7RA PC#s e PIFS (8 /1 » » & 278 )
M-POLL > iz M-POLL ¢ ¢ 7z 7B/ 3 @2 F 4« STA - 5] 2 Q-PCF &

16



T PC Aty B i~ 0 47 PCac sy RG THA A 0+ 4 3T PC R R
R BT T amsmaracw 0 % v STA (T 2
Fu*f}—'ﬁ o det g R g i AR Ty o B 35 B T B IF R BAE (FiE AT
(@)% = M-POLL 2. s » STA4~6~ 10 13 & B @ ix Tt o (b)d ** STA10 X &
&> wPIFS2 {5 » PC & w4 » ¥ €474 1 M-POLL -

THOF, TROP TEOF. TROFs | polling Period (3174 i) cpP
B 90 G0 B .-
) M-POLL CF-
@ Access point frames | 4 109 6. 13 End
a , 10, 6, >
Station frames AID 4 AID 10 AID 6 AID 13 4
Ty, Ty Ty Dy SIFS SIFS SIFS SIFS SIFS
B 1108 SH W CFPMaxDuration
- . T TXOPF TXOF
e ¥ Fa ¥l Polling Period — - z cp
CIC T T T e il R
_ M-POLL M-POLL CF-
®) Access point frames | 4 10, 6, 13 6,13 End o
Station frames AID 4 AID 6 AID 13
SIFS PIFS SIFS SIFS SIFS

Bl 3.5 wmaass
3.6. 47 B A4 pedR

Q-PCF #i#t % S BT Pl S HMHTHIAFF - 284 (D F
FLFRER F o] o do% STA 294 "R A BERBE L2 > 7
TR AR G E N DTRRT R o (2) FHMOTHRILAAF DS 0 TR
AHEFHOGE o5 FHMOTREF A 5 22 F (CBR) fr¥i# F (VBR) =
% o CBR i B CFPIFfL 7% o & (~ #£ % Demanded Bandwidth, #§ # D)
1 o @ VBR h& B CFP P B 4T chif B7 i gx e 5T RE R T AR R D
#Fp o STA % Jf fiip iy fie PC 3 I 7 iR (Bandwidth Guarantee, i #i-
G) c Mk D>G 7RA STAGHE R § K7 it 2 EF R & 7|t » VBR &
R G S v dF o F AR ﬁ“,ﬁﬁ*""?&G \_}“ c ¥ L H
SISTA P Jedd | > G f - - RITHARE 3 i § % < - Bk ¢ [16] L VBR
f— i3 CFPAZERAR B 2 E 7% eniy 5 & A P[D>G]<e - VBR 7
= J’—lp Fohihe WAT AL LFhiE Rl o AL Rdp ek GE - 2% CBR
O E TR AR R0 40T 4 G(CBR)=D* (1o ) BB e Ay gk
G SERIE = N s Jﬁx,\aﬁ,%ﬁnf,&rﬁo 7 Q-PCF{|* (D> G) ¢hz 4 »
X7 2 FrE AR lizl}f’

33 4em & I DIe G 2 4R 365w STA# 1 (D2 G) i - — B4
ap RS (D G) AtssE =% f+_; ﬁa‘iéﬁmﬁ v & F gk T g CFP #13



D e ¥k STA BapB ey tH P> 7 & A @ TR (piggyback)
#- #"MoreData=0, ¥+ - PC ¢ ¥| MoreData=0 mgwfu’ﬁ&g #1251 STA
ZECE R R

(Demanded bandwidth,

Guaranteed bandwidth) Demanded bandwidth Demanded banawidth

--------------------
.........
. -
o .,
......

. ‘o,
o O
. ‘e

IRTTTN
. .
R N
0 i
STA O
K

.
L .
o
.
-, . 0
S g .
.y o e, o
> ., *
% Od * Rd
4 . 0
J 3 R N o
W 3 K
- .' * oy
L8 S
P .
.' .

tree- . tree- .
v
More Data=0
B 3.6 F A H

-2 STAz2 (D'G)'PC -5 - T4 B STA 4 45 % (TXOP)
Fi A o Q-PCF “idr * enifng LT RAgdf § F0 61354 | R A - Bk ki ©
Hagasui{l2 .m> Ak STAic (D>G) 27 5 (D, G) o PC &it
NIRRT AP E Y & (o)

Y = CFPMaxDuration — (Ts + PIFS + Tpegeon + SIFS + Treg +
Tm-poLL + SIFS + Tcrend) ©

BREPCYE- T athil B 5 > BF (Residualy Sharable bandwidth,
HALRSB) ¥ i T4g4f g %, 0 STA -

RSB:Y—in:(min{Di ,Gi}+SFS)
i=1

3 7 RSB PC3 & TXOP e 3 4o
Di ............... Di <Gi

TXOP;: min Di,Gi+ RSBXM ............... i
YD -G

Di >Gi

Yol 3.7 chb|F A7 0 STAG fr 10 5 2 7 K F15 Gefr Gro ¢t & 10 (H
i) 2§ Defr Dig#rA W 5 14 4r 16 - wﬂsRSB 5 w5 /x4:6AR
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% STA6 - 10 **E_TXOPsfr TXOPy 4 %] & 12 - 13 -

RSB (residually sharable bandwidthy =5~ CFPMaxDuration <&

M -Poll Guaranteed Bandwidth CFP i
PC {461013 10 10 10 10 End |
STA | . | 0100 0110 1010 1101

Demanded 7 14 16 8

Bandwidth

CFPMaxDuration <'

M -Poll Allocated Bandwidth (TXOP) CFP

PC 146,013 7 12 13 8 End | =
STA 0100 0110 1010 1101

Bl 3.7 FI44E %A e

3.7. o~ g

0 R STA AR F Raig i (1 STA R A+ F &5 min{D;,
G}) PRIV UGS A FRIE BT B EIER PR > b PC
2 REI P R AT 'lrﬂy“ F7eSTA 4e » > @ 3R LS STA a5k
* JM*F“*“ o gl [B[7)[12] BERE A E Y o heoB 38 41T
S B eIt L B ALIEE L STA i# :'H};Fl T g fds s PCHFRp ¢ ST b eh
F‘*F'W Ao QW BIES T ot BER L Prana B g S Ry o A
THER AT @BHQPCEY R g A T reh 0 3 F A E ARG o

2
Traditional Approach Q-PCF Approach
Admission test
oy
My capacity = 10. My capacity = 10.
Reservation Reject. Because
request (G = 15) my capacity = 10. Reservati on
Admission test request (G = Admission test
— AL i
'y
My demanded G = 15 > 10.
My demanded G =7
Bandwidth Waste on y | have to cancel my request.
Useless Frame Exchange
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Bl 3.8 4o »fimzg iz et R

4o 39 977 > Q-PCF % W\ fi g »c eniejx » PC 2 = 2 F4048 3
( Remaining Available Bandwidth, # # RAB)

=

' STA R FEp e fi7g » %k T R
** RAB - ﬁm g PRE RRY H Q-PCF 443t o » | ehiTi2 40T > d
PC% I PEX RE> "aif 2 RAB» & B4 » #5339 2 5 cn STA & Jf 17 1 » #&
o4k mMn{GD}<RAB §#F»E PR RR> R /Exh » EFT- B
CFP > PC £ {345 STA enF Joi- 2 A F £ 77 - B PE/PR & % REIRR
y CFPMaxDuration Ch,

min A
TBTT SIFS SIFS SIF

0y

SIFS A

]
O‘
;MPDU ACK ,%

Admitted stations' .
Transmissions time

-
T, PE PR C j
-— RAL indT. .G Default TXi3F* , for
Stretching RE RR mm{ 'ﬂ"gﬂ'} admitted station A

SIFS SIFS  SIFS

\ i
M-POLL |

CF-End |

E Mg e 2 408 31012 % 0 PC % f B3
W ArfrAge

A, = CFPMaxDurdion -{TSWLOCFP + Z(Sl FS+min{G;, Di})}
ieL

Ag = CFPMaxDuration - l:fs+OCFp + Z(SI FS+G; )]
el

H ¥ Ocrp =PIFS+ Tpeacon + Tm-poLL + Terend + 2*SIFS -
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After broadessting the beacon, the PC computes A, Ay, and the variable
RAR = A, — [d) + 82 + 3 = 5IFS);
J# The variable #AR denotes the remaining available bandwidth
if the PC proceeds to the next PE/PR or RE/RR handshake, =/
while (A, = 0 and RAF > 0 and (registration process is not finished)) {
The PC sends the PE/RE frame and announces (4, FAB):
J+= U receiving the PE/RE frame, each active real-time station, say Ay,
takes the following admission test,
G, <A, and min|G,, . Dy, |} < RAR)
Station Ay replies the PR/RR frame and declares (D, G4, )
status = recelvePR or RR);
fo The PC updates the channe] state variable status acconding to
received PR/RR frames. =/
switch (status) {
case SINGLE:
The PC places the real-time station Ay, on the polling list;
Ay =8, — (SIFS+ G4, + -t-'l-ﬁ%}
Ay = A — (6 + 8 + min{Ga, . Do, } + 3 = SIFS + 555 1: break;
J# MNote that the length of the M-POLL frame will increase by 4 bytes

{32 bits) if a new real-time station is admitted. «/
case NULL:
Ay o= A — (8 + SlotTime); break; [/ PIFS = SIFS + Slot Time.
case COLLISTON:
A, = AL — (6] + 8 + 2 x 5IFS): break;
i
RAB = A, = (&) + dz + 3 = 5IFS});
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A4

4% FEER Y (Simulation Model)

i E (Smulator) i * CF7 #E 7 =~ > %71 7 i EH3 MAC i&
iTeb > BF UE- HanEFraean ™ PerformancestEv @b 8t i on)
Event-Driven Scheme » @ fi#t =% #iH_2 |IEEE 802.11b 1% 3 5 7| E 47 (Direct
Sequence Spread Spectrum, £ DSSS) 5 i [ 1 3 Wi E & &{18*108
US> 4ok 3 B S g iz cnic P > 7] 5 F BA sz aE & £.25ms» #110 £ 5
7200 Az B4z > b ob STA et P R £ 256 & 5 4 #rigE eng
> 4 Data~ CBR £ VBR = 48 -

iz BHEE 0 5 )na?ﬁ&;w‘m BOEER o AP iET - 2R (D)
& B STA fge 4 it pFif & i 97 3% enf o & > Data~ CBR & VBR = i i
Aigend P - oA P AR FAEARY BV L o (ARSI  BRK AT
e STA 31 5 qr AP = = i i (Association) (3) & v sl 5L e 3 @ @ﬂiﬁéﬁ%ﬁ“ e
s mé&&éﬁg? FAG R e

4.1. % % 258 (Traffic Models)

LERNRRBAENLE LT L E A L Daa~ CBR~ VBR = ffi:0 o @t 2
B St DA o TG AL A il BER P KGR G TLE

411 F# (Data) 2 % #5¢

BAAEE R > 4% DCF ek @72 7 & T cnf > 444 Data
st AP hiT - Bk (D)STA A F TR @*@‘J % - %8 4@r RTS
2 CTS enifs 41 R AEin A3 7 1L 7 T P 8- F i STA AR it 1% 11 2312
Byte shF AL £ A - (3)F & STA #rili% TR e FF B FE &4 * * < 4 e (Poisson
Digtribution) % i&-%_o H % #iche £ 4.1 #7757 o

% 41 kg

Parameter Value Unit
Channel bit rate 11 Mbps
Superframe length 25 ms
SIFS 10 us
PIFS 30 us
DIFS 50 us
SlotTime 20 us

23



RTS frame length 20 bytes
CTS frame length 14 bytes
ACK frame length 14 bytes
(CWmin, CWmax) (31;2023) slots
Reassociation Request frame length 38 bytes
Reassociation Response frame length 34 bytes
Beacon frame length 57 bytes
PE frame length 18 bytes
PR frame length 16 bytes
RE frame length 20 bytes
RR frame length 19 bytes
M-POLL frame length 16 + 4 * polling list size| bytes
CF-End frame length 20 bytes

412 Az % (CBR) 2 2 3

BAEEE > A" PCF s kB 3 & @i end 42 4o Audio
£-%F CBR fi3t > 24 3 b 179 — gk (DiRk @ R LA % - (Q»
#FH (Talkspurt) 2 7 i F4L (Silent) @ ik o 71k * copF ¥ A w4 1710%us
(40 B2 4z) 2 1.35%10°us(54 B2utz) » & 7 ¥ 3 {7 A Talkspurt & i
%7 STAR @4 m tSlent;kfi 47 STA 7 & B 78 o 2 Sdched 4.2

e

=1

% 4.2CBR %3

CBR Traffic Parameter Value | Unit
Conversation length 1.8¢10% | us
Principle talkspurt 1.010° | us
Principle silent gap 1.35*10° | us
Data bit rate (CBR) 64 Kbps
Maximum voice frame tolerable delay 25 ms

413. %## % (VBR) 2 % f5

kg 112> CBR > Data> + 1% PCFensd| k Bix g & TpF B i% en
TR 4o Video » @ £44F VBR HE28 » 24 7 oh 170 — i iggk ¢ (1) 8 ET5N 4y i
4 fe (Truncated Exponential Distribution) 3= ;% 2 2 VBR chF #L > F]pt & @?lsi
B3R E @ 2 & FE e 120 Kbps fr 420 Kbps s Fl 2 B < (21345 5 LL8 chgs i
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Y 3p #c > fie (Exponentia Distribution) 7= 34 % #74 4 3 4947 % (Demanded
Bandwidth) =3 4% & (HoldingValue)[ 1] [ & @ F =t Holding Value 5| #:* &
B4 STAH g7 A2 VBRFH o H Sliche® 43977 o

# 43VBR %3k

VBR Traffic Parameter Value | Unit
Peak bit rate 420 Kbps
Minimum bit rate 120 Kbps
Mean bit rate 240 Kbps
Mean state holding time 160 ms
Mean video call length 1.8¢10% | us
Maximum video frame tolerable delay 50 ms

4.2. % 2 555 54| (Event-Driven Scheme)

o S e %mﬁ;ﬁi% i 5t *+ii? I%fy% BATREF T AR B A

S LI OERL HIER
A i h LB ?Elﬁ—%ﬁg’%%ﬂiw ik im*% {* PAEERL A S
%sﬁ%ams@%w A FAEN N EL R AREG T o B L HBIRDEART 3 E R
kermEiApaE A o @ P BORE S .ﬁvm;{i R 4 BE BT UEA Bl
% » @ Event-Driven Scheme Hﬂ#fuﬁijﬁ{ﬁr e gt b g b oohTk g BT R
AR kR EAS awﬂfﬁ”w@w A i e g B E A A
BARFALDEHE TR IAPT R - ByEE R RASHROEIR T
HEE R L RN E 0 £ 5B HHELE 4 £ 5 Event-Driven Scheme
BEeRE R - BUEESRE LA PERE A LT UERAL T ’fLr’;**
Syt @ 2ol A A AEPERE £ STA & AP R (7 gL 0 #1Y 1,1’ FRA e
BT o R R TR EFRBRF L TR RE LB

& 7 % Event-Driven Scheme ¢4k A 3& i¥ i 32> 7 2L & Jf & 4rif Event-Driven
Vgl R TR BHEAIE (Struct) o de T R SRS T 0 i - BB DT
S F A1 sk # 7] B T AR ﬂ‘*vﬂ‘#F S IRCRRER ¥ iy
BrelM o T ABRSRNEHFT NI FREF 5 F diepi -

struct event_list_type

{
char state; I/ block
char event; /I process
int clock; [l event 3 4 chpF ¥

25



short int nodeid;  // Association ID

struct event_list_type * next; IIdpe ™ - Big ik
};typedef struct event_list_type e type;
e type*first_d;

249 k5 block (state) ¢ process (event) ¢ % - block &£ - i & & et i
Hi>m- i block §&- B %3 process k84 F % e (72 » 717 2 4
3 LRk i 48 (Finite State Machines, f§ #2 FSM) 4y i B B g2 i 48 o AP0 W
,uja B- BF b3 > 8P block 4 process shbd i 0 AP E s R
%% Datashblock *" % SEND » @ fiz i block » ¢ 7 & 2% F & &2 > % - i
T HEEUT DatachiBiF o - 2 E AR EST kA B w0 AT A P i
B ehEIT B AR process (SEND_DATA, RECV_ACK) -+ st & *
shevent 3 ig ik event & AP ABREF 4 &7 4 AP F & kg block-event -
clock 2 nodeid 2. fF ciff % o

B e iR Y o NP R L% 7 - Bl golock pERE sk T #u 2%

0 pteh xR ip STAJRE LE - B event @ &% 36 event il pF - B & £ 4
it B event B>+ 7%— B block > v e AID (nodeid) &_# A > 3 3ti B event & F
PR T TR BRF A PEFFE ~ clock » HT17 A T AR B 4HE
T clock i 7R A > fo clock B ] cft % — & 0 R ptSgdE o deB 41l v 0 B
P 2300 STA 48 %46 event > £ 2 A 15 220 § BT SR iy B0
¥ LFH BEFHE 078~ B STA &3 » 78—~ B block & s i+ A

process: i B~ 1! event hfe pF & J= gclock % i im #c 5 v clock e #ic i@ 4p e o
$F L %P8 block {- process it (7 &2 - $ PSS K 150 € L A4 T~ B event>
BFLISHERES DS - LR E L o dopt & B STA 7 9760 e g2

Hevent> & 22 T - B event> #T T URATN A BT 7T gC|OCk:E-"‘ B

KSR > 2384 €021k o

peeb s E B LA 0 A7 AE (T event £ 3E (insert) ok BF o ARN cha i

245 & STA & AP chE 1o 4ok 4230 238 17 event B ) chle B > 4255 chi 314
SER R
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= Fir5td—>next gxaahh1e2d

— state 1"
— euvent 1"
— clock 1890
— nodeid 48
"= next Bx00441d20
— state 1"
— ewvent 1"
— clock 2177
— nodeid 63
=] next B B8441d60
— state 1 °°
— event 1"
— tclock 2281
— nodeid 1]
“H next Ox 0044 00e8

B 41 TR K

=

DCF-QPCF 2 PCF i8 i+ ¢ e STA 4 Ul fedr f & i 503 & T 54
S Y?J_I::EF"JJQ Ll—l-*#l‘/'aﬁ,rlﬁ*ﬂ—%’é—@ﬁilu lu#gﬁég °

DCF :
Yot T g A e o e B R B & Lk it DCF ¢ G STA R

1'4\

typedef struct
{
int nav; Il 5% NAV ehig
short int retry; 1 ¢%miﬁ RTS & Reassociation € @ eh=t#ic» X E 5 6
short int partner; Il 3p T
} node _type;
QPCF :

el AR TR 0 e B TR S d & Ak g QPCE ¢ o STA it

shortint  IDbit{LOGMAX]; Il = &40 AID

shortint  active, Il 2% % CBR & VBR &= §

shortint  pri; /| B E%>>247 % CBR-EE%> 147 % VBR
int db; I g $4 %

shortint  enter; I d s 834 rthig o8
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shortint  more data; /I 2% CBR #_F & 4c » V19 119539 2 H

shortint  more_data count; [/ CBR 4¢ » 833 M1 535 & 8 a0t #ic
int loss; Il A Z R g
shortint  hold; Il % F95 5 endF F pF & (Holding time)
int TXOP, I Fl4RAE B4 e
int db2; I FHEFT 4 RREHEDE
double regist_time; I 4e > #53d & 5 AT F g
int B[2]; JIVBR #e 2§ 3% 81 enF 4l kv » 3 e ®
H
PCF

Yot T AR AT B B R L & A e g PCE Y S STA R -

struct node_state{
shortint  IDbitfLOGMAX]; /I = i&4]s0AID

shortint  active; /I 2% % CBR & VBR #= §

shortint  pri; /| B %2475 CBRHE%* 147 % VBR
int db; Il 2 47 %

shortint  enter; rmd s Fe S rihig L H

shortint  REASSOC_IN; /I )% CBR 2.7 & 4c » #h2) ~ 8
shortint REASSOC OUT; // #|%7 CBR £.% £:2 4139 & ¥

shortint  succ_send; Il 3s8ctiz i CFP AT & 5 7 chge Ffliz )
shortint  unpoll_count; IIVBR T2 § 4 #5349 eh=t fic

int buffer; [IVBR 4 25 # D enFfl 3 » & e %
shortint  more data; /I 2147 CBR &% & 4c » 2381539 ¢ B
shortint  more_data count; [/ CBR 4v » i Mg & H et dic

int loss; Il Z  nF

shortint  hold; Il % Fop e g (Holding time)
shortint  generate; Il 2858 F 2 Gasdhde » M3k L H
int db2; I FHEFT A RGBSR DE

double regist_time; I 4e > #3547 F g

4Bl 42 17 o iwH— 1 DCF ch *Up il o
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SENDER Initialize RECEIVER

y

READY

operation_in_ READY
PACKET_TO SEND

WAIT
/

W_SEND
operation W SEND |RTS
TIMEOUT T W RECEIVE

operation in W_RECHVE
PACKAGE_RECEIVED

W _F CTS
operation W F CTS /
PACKET RECEIVED RECEIVE
operation in RECEIVE

|
RECV_DATA
READY v =
e SEND. _ DATA A
<gcount*SF|__|operation_in_SEND
—ISEND_DATA /

gclock RECV_ACK
==gcount* S|
END
B 4.2 LR
Initialize :

et T e Nt 0 1 ST BcP MAX_NODGE)# » A %Wt <
A et A 4 enpE % 46 backoff time % i (PACKET_TO_SEND EVENT) -

for (i=0;i<MAX_NODE;i++){
t=(int) poisson(rate);
event_insert_d(i,PACKET_TO_SEND,t,READY);

READY STATE :
PACKET_TO_SEND EVENT :
i B process & 1 & 3R %  '5iF backoff time - & - %46 RTS %
i (TIMEOUT EVENT) 4ot T iz ;8 9777 » s ens S
¥ (partner) - BFAPF ARt E o R4 p AP 0 4t - B DIFS
PERY > B 4e b 0 RTS & @ eh=t dicd & backoff time e et & 4 chpfr ¥ o

node_d[id].partner=choose_a partner_d(id);
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event_insert_d(id, TIMEOUT,gclock_d+DIFS+backoff(node_d[id].retry),W_SEND);
W_SEND STATE :

TIMEOUT EVENT :
=B processi i & FE B XD RTS, # x5 CTSE ©#

(PACKET_RECEIVED EVENT) » 4012 T enf2 38 55 9151 > L NAV e F &2 p

= EE R (gelock_d) iE Tt R Aok NAV < 308 530 p o anpF > & o7 NAV

© AR E 0 TP E A T OUE-RTSED AU R £ ATXFE RTS ¥ &
(TIMEOUT EVENT) - apFfants b > &4 NAV e R NAV & 5 &
27 B mepFER) o4e b - BDIFSHPFRE £ 4} W RTSE @ et iy ~ backoff
time sn i 14 4 chpER o

if (node_d[id].nav >=gclock_d)
event_insert_d(id, TIMEOUT,node_d[id].nav+DIFS+backoff(node_d[id].retry),W_SEND);

Bk drd NAV |3 p 9 @47 8 RIS e 27 § 4 2 fidfi
£ AR CTS2 ts 4 ¢ 4vif o 4oB] 4.3 #r7 > PP B(1) P iz > STA 14- STA 2
FAAR  VACHBAREFFINFTLEQR ] €54 R AL STALlfr STA2 ¥
P AT G EL o V- 3G 0 B PRRL Aok RTSIR G i - 7RA P
() i% ¢ ¥ CTSH 4t Bdr— 2 5 %W%@QAL%QZW Y2 3]
CTS> 783 STA 14r STA 23&+ "23530] ¢ 32 & RTS# 2 pidi 4 4> >0 2% 4
ﬁﬁFﬁSoiﬂ?Qﬁ3’wEUKWWAHaiﬁ*&ﬁ1$&€jﬁwﬁ#§E’ﬂj
A L@ FH 2R % B DIFS + backoff 2 f2-STA3 jt ks 8:(5)% & RTS

DIFS SIFS  DIFS
\
a1 CcTS TTIRTS X
STA o T |RTS 1S, [TTTIRTS R
. DIFS @iRTS X

B 4.3 midfE ige

e B A fRRARS > T R RGBT Y R DA TR Y A D ¥
g,;ﬁ:é 358 - 3G A T URA L PR Vb - 3 G TRt RTS
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BHCRARS Y AR E - SRS TR EERT ) ¥ kA i ko
W o Bd v event REF AL R foevent R T L AT 0 AT Bt R
i BE K ORTSAZHF AR > 4ot T OB AT o R A b - BRER
Leevent’t 1 RTS: (B ¢ 5 Hahevent 7% f izt (event_insert d) %
TREBREFF2 LG REEFRE RLE R RTSE 2 (TIMEOUT EVENT) #

OH o

g R

in%

)

F_*

while ((first_d->next |= NULL)& & (first_d->next->clock == gclock_d)
& & (first_d->next->event == TIMEOUT))

IR (VL TP ARG F AR o T RN AT ﬁ*w«‘?s
FRILF AR EF L LR INAV > ¥ ¥ L35 CTSHE 2
(PACKAGE_RECEIVED EVENT) - ApFfanty F &4 p a cnpF fF 4o + 3%
RTS shpF B (RTS time) ©

for(j=0;j<MAX_NODE;j++)
node_d[id].nav=gclock_d+RTS_time+SIFS+CTS time+SIFS+PACKET _time+SIFS+ACK _time;

event_insert_d(j,PACKET_RECEIVED,gclock_d+RTS time,W_RECEIVE);
W_RECEIVE STATE :
PACKET_RECEIVED EVENT :
iz ® process # i & {3@&%‘1’{—%{ AP RTS2Z {6 3 CTSE NI 2 E
CTS 4z ¥ # (PACKET_RECEIVED EVENT) » 4o ™ af2 ;N 55 971 0 A
PERF b et B bR P enpE Y 4o b — 1B SIFS ehpF fF o CTS(CTS time) P*
FE'I& o
event_insert_d(psrc,PACKET_RECEIVED,gclock_d+SIFS+CTS_timeW_F_CTYS);
W_F CTSSTATE :
PACKET_RECEIVED EVENT :
e process b & £ & @ CTSH 2 Z X EF M BE T i
(SEND_DATA EVENT) » 4o T aufg VBT > AR anty b 252
ER R R AR o

event_insert_d(psrc,SEND_DATA gclock_d,SEND);

31



SEND STATE :

SEND_DATA EVENT:

B process i & AR B F R THBEN . LLXFRLTHRE
(RECV_DATA EVENT) 4o T éifg 5 g5 97 » L@ b ant 8 o & 5
poan enpE 4 b - B SIFS £ 4v F Tl en@ X pF R (PACKET_time) o

event _insert_d(pdst, RECV_DATA, gcl ock_d+SI FS+PACK

RECV_ACK EVENT:

ol process f 1 £ AR BEF R R p R FEN DT R £ AR
% & backoff time % ¢ (PACKAGE_TO_SEND EVENT) 4 ™ 42 3V 48 9757 »
Bt AT R g M ahEd s U B E TR adkp (SUccAP) > HF 2
HejkiEd G A - BESTA- BELAP @R F fFFE AP(d L 047
 AP) ks > Foeb i pt B & KA A S BT - B F sk dGevent 0 AP R
P ZERBY CALHoSTA AFFantE P o R PR pERF At LA feen
PR o ¥ b Rde NAV R 5 P 3 pFRF > £ 57 975 STA A 7 B4 g g o

if (1Id==0){
t=0;
succ_AP++;
}else{
t=(int) poisson(rate);
}
event_insert_d(id,PACKET_TO_SEND,gclock_d+t,READY);

for(j=0;j<MAX_NODE;j++)

node_d[j].nav=gclock _d;
RECEIVE STATE :
RECV_DATA EVENT:
TiF process b & AR K AR THL L X B E BT 2
(RECV_ACK EVENT) > 4o T efg s g oo » A b oty > B4 p

5 pE B 4+ — B SIFS pF B fo ACK (ACK_time) P ¥

event_insert_d(psrc,RECV_ACK,gclock d+SIFS+ACK _time,SEND);
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END :
horl T oefe N AR Ar T o P A PERY A ek denpE O AR 0 e
&2 7R R (throughput AP) ét & o

if (gclock_d>SIMU_TIME_d){

Throughput AP =succ_ AP*(PACKET _time-(PHY header+M A Cheader));

423, 4R

=g

§ +° DCF fr PCF & * 4p I thig 4 » 4ort T infe 558 45 957 o fe 25 0
2 R o R R s R

struct event_list_type

{
char state; I/ block
char event; /I process
int clock; Il event 3 4 ehps ¥

short int nodeid; // Association ID
struct event_list_type * next;

};typedef struct event_list_type e type;

e type*first_d; Il #* % DCF
e _type *first; Il #* & PCF

33
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AP STA
I

Initialize

MAX_NODE;
C_NODE,V_NODE;
eps C, eps_V;

Rate;

SIMU_TIME ,gcount=0;

Throughput_d

8 gclock,
;CF Ts time Qeount* SE DCF
eacon;
gecount++;

Count Throughput_CBR Count Throughput_d;
Count Throughput VBR

gcoUN==SIMU_TIME

END

SUM Throughput_d,;

SUM Throughput CBR;

SUM Throughput_VBR;
I

® 4.4 LR g

Q-PCF fte » #5539 -+ H £ 41* PCF k== > @ % £35§ DCF k= = o 4rf
4.4 #15+ » Q-PCF "$ 7 Initialize ® END ¢t 2 2 5 PCF &2 DCF % 2 B3tA >
P IRAHENF T AF B Beacon i & s i i » PCFt 4 > A A& CFPmaxDuration
PR AZE R €42 DCF 384 » & % CFPmaxDuration p+ & pb i K i%
ZFofs g r DCFIRA > HBiEen S lics & B > — 2 5 p mepF |
(gclock) » — % DCF gz & enpr F » 325 3 2 F 4z &= a=t #icgk 42 %
MizehE B (goount*SF) - % F DCFenpF P | if & i~ PCF R4 pERF - ot
e 24 s Dedy chpF P (Ts time) 2 gttt enFplng
(Throughput_d) -

Initialize :
MAX_NODE ~ C_NODE ~ V_NODE ehjd-=z_:
L g % 23 STA e fic (MAX_NODE) 4r CBR &
(CBR_NODE) - %2 VBR#cp (VBR_NODE) > £ & %W 125g# e~ ;8-
#7571 STA B rR— AR AR -

eps C~eps V ez
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# ¥ eps Cfreps V (ecer™ €ver)iTk 0 » W73t e cgrir e ver &
T A e koo
Rate gji-z_:

dp e E T EE S (Arrival Rate) o ikt A A feT A L dpER o

SIMU_TIME ejid-=2_:
1 maﬁ%ﬁ%&\ﬁ FenpE Y 180 ) 0 F 3t - BALB T E_25ms s i
HEREEAANH Tl 5 7200 BAZ &4 o

END :
Yol 4547 0 RN Bt R TR o

## in Polling List : 188
# Register Time : 4673 .648888

## in Polling List : &
# Register Time : 93472 .888888

Succ=24764244, DCF Throughput=8.138671

Succ=183435628, CBR Throughput=8.5745%63
Lozs=762648, CBR ErrorRatio=0.88%221

Succ=14717988, UBR Throughput=-8.882866
Lo=z==@, UBR ErrorRatio=0.000060

ErrorRatio=0.088068
Throughput=8.72689%

B 45 #EARs g %

State machinesfor Q-PCF MAC access point
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AP Inltiallze STA
READY
operation_in READY
DCF E | < From/To DCF »| DCF
// Beacon EV ToEND » END
PE
operation _in_PE PE PR
PE_E Te— operation_in PR
—PE ACK_E < > PRE
PR
RE
operdtion in RE RE RR
RE E \\ operation in RR
RE ACK E < RR E
RR =
_’
M_POLL _
operation in M_POLL| \ipop | M_POLL_PRCV
M_POLL_E ion i
— — e operation in M_POLL|PRCV_E
T > [M_POLL_PRCV_E
SEND
operation in SEND | paTA PRCEIVE
SEND_DATA_E — operation in PRCV
HEa > [PRCEIVE DATA_E
g b i U BB

4@ 4.6 #77 » 22 IEEE802.11 # Frend ds e ~ 539 & H eha i¥2d PCF %k

T

READY

STATE :

DCF_E EVENT :
T process i & e A CFPiE ~» CP) £ % CPeni
R E ¥ CFP» 4ot T efg g8 5957 o LR At B 1 o R P B e
PER4e + DCF #rat 38 (TS time Ts) chpF > £ 4 b — B PIFS ehps Y o

)

Yol T AR NS AT 0 3 O~ i1 processc & PCF e KK 0 R

AL P4~ DCF> 2 & DCF 24 s > £ w3 PCF-

Throughput_d=DCF(gclock,gcount* SF,& Ts time);
event_insert(id,Beacon_E,gclock+Ts+PIFS,PRADY _S);

Beacon_E EVENT :
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it 1B process # i & £ 3% PC % 11 beacon » 41! T 2 3N 5 AT o
#3+HAg(dg) ~Ar(dr) foRAB s - £ 2|#A gfcRAB £ & # ¢
- BEOS0 R AMT S LA R S R M-POLL 3
Pl&ier PEo A pFm ot s > &3 p % chpf 40+ beacon i i
RERY » L 4c 5 — B SIFS chpE o

d_g = CFPmaxDuration-(RTS+CTS+maxM PDU+ACK +3* SIFS+OCFP+(3*k)+Gi_SUM);
d _r = CFPmaxDuration-(Ts+tOCFP+(3*k)+Di_SUM);
RAB=d_r-(PE+PR+3*SIFS);
if ((d_g<=0)||((RAB<=0))
event_insert(id,M_POLL_E,gclock+Beacon+SIFS,M_POLL_S);
else
event_insert(id,PE_E,gclock+Beacon+SIFS,PE_S);

PE STATE :

PE_E EVENT :

T process & 1 & E3E PC i I L 48 59 | 342 0 4ot T iR
SR PR et E b o R P R enpFE 4 P PEBERER
L4 - B SIFSHPER -

event_insert(id,PR_E,gclock+PE+SIFS,PR_S);

PE_ACK EVENT :

w1 process # 2 & A 3K PC 3t A o B4 0 4ot T iR
ST o AHEAQI-RAB R 2 H P - BEOL] 0 RABEE
¢ EAk b > ¥ B 2~ M-POLL » P& R PR #rw i en 6 fEk %
ErPESRE Tl B ant 5 Ha €5 173 o

if ((d_g<=0)[|(RAB<=0))
event_insert(id,M_POLL_E,gclock+M_POLL+SIFSM_POLL_S);
break;

if ((pri==2)& & (collision==0)){ pri--;event_insert(id,PE_E,gclock,PE_S);
}elseif ((pri==2)& & (collision==1)){ pri--;event_insert(id,PE_E,gclock,PE_S);
}elseif ((pri==2)& & (collision==2)){ event_insert(id,RE_E,gclock,RE_S);
}elseif ((pri==1)& & (collision==0)){ event_insert(id,M_POLL_E,gclock,M_POLL_S);
}elseif ((pri==1)& & (collision==1)){ event_insert(id,M_POLL_E,gclock,M_POLL_S);
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}elseif ((pri==1)& & (collision==2)){ event_insert(id,RE_E,gclock,RE_S);

PR STATE :

PR_E EVENT :

it ® process £ i & & STA # 3 iR A chw B4z 4ol T Gz 35 45
TR0 GPER At E b s B pow cppE e b - B SIFS chpE e PR 1
PER o d 3t STA ehw ki € 583 Ag(d_g) ~ Ar(d_rni-RAB -

collision=2;
event_insert(id,PE_ACK_E,gclock+PR+SIFS,PE_S);
d r=d r-(PE+RE+2*SIFS);
collision=0;
event_insert(id,PE_ACK _E,gclock+Slot_Time,PE_S);
d r=d r-(PE+Slot_Time);
collision=1,
event_insert(id,PE_ACK_E,gclock+PR+SIFS,PE_S);
if (pri==2){
d g=d g-(SIFS+CBRGB+3);
d r=d r-(PE+PR+CBRGB+3* SIFS+3);
}else{
d g=d g-(SIFS+VBRGB+3);
d r=d r-(PE+PR+Dmin(node/AID].db,VBRGB)+3* SIFS+3);
}
RAB=d_r-(PE+PR+3*SIFS);

RE STATE :

RE_E EVENT :

i+ 13 process £ 3 & & PC i¥ 1) Address Pattern 24 £* 2t 4= 4e 12
TR RS TR 0 4o% © 54k Address Pattern h34 B 0 B & g
M-POLL » Z @& 2 » RR> AR+ St 5 1 > &40 P % chph ¥ 40
RE chi@ i > £ 4c 5 - % SIFS @R -

if (stack_empty() '=1)

event_insert(id,RR_E,gclock+RE+SIFS,RR_S);

else
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event_insert(id,M_POLL_E,gclock,M_POLL_S);

RE_ACK EVENT :

iz ® process # i & § 3% PC £ Address Pattern shw i3 4= 4oy
TN gt 0 AX|Ed g RAB R E - BENOL A0 A4
RS ARG 0 T & i~ M-POLL » 3 RJ:&» RE> &R 6 7
PR S

if ((d_g<=0)||((RAB<=0))
event_insert(id,M_POLL_E,gclock,M_POLL_S);
else
event_insert(id,RE_E,gclock,RE_S);

RR STATE :

RR EVENT :

iz ® process # i & § 3% STA ¥ 1! Address Pattern s i3 4= » 4oi2
ARG AT 0 AR P antE b > R p o apEf e b - B SIFS chpE
fo PR ePpE o d 4 STA chw ik = § 32851 Ag(d_g) ~ Ar(d_r)f- RAB -

collision=1,
if (pri==2){
d g=d g-(SIFS+CBRGB+3);
d r=d r-(RE+RR+CBRGB+3* SIFS+3);
}else{
d g=d g-(SIFS+VBRGB+3);
d r=d r-(RE+RR+Dmin(nodel AlD].db,VBRGB)+3* SIFS+3);
}
collision=0
d r=d r-(RE+Slot_Time);
collision=2;
d r=d r-(RE+RR+2*SIFS);
RAB=d r-(RE+RR+3*SIFS);

if (STATUS==0){
event_insert(id,RE_ACK_E,gclock+RR+Slot_Time,RE_S);
else
event_insert(id,RE_ACK_E,gclock+RR+SIFSRE_S);

39



M-POLL STATE :

M-POLL EVENT :

i process 1 & A3 B 1% 3 N M-POLL > 4ot ™™ g 3825 91
oo AR AR L B P npE o M_POLL chi@ s iy >
2 AR4r- B STAR % 3us% - B SIFSepsfF o

event_insert(id,M_POLL_PRCV_E,gclock+M_POLL +(j *3)+SIFSM_POLL_PRCV_S);

BER I A TXOPant B2 % - 2.8 (7 gammaanit g » 4o
M ARG AT i gamma gk L) D AR B

gamma=CFPmaxDuration - ((gclock - gzero) + (M_POLL +j *3) + (j * SIFS) + (SIFS +
CF_End));

M-POLL_PRCV STATE :
M-POLL_PRCV EVENT :
it process ki & A4 je g Lk p PC #rix &) h M-POLL »
b LT AR A AT 0 Bl abe»]z &4t M-POLL 4 % % & fiiz
T T Rt Ay E R mﬂfF'“‘ﬁ% EARE -
event_insert(id,SEND_DATA_E,gclock,SEND_S);
SEND STATE :
SEND_DATA EVENT :
i fF process i £ AR B F 3 NP derd T enfg 3Uag T o
LRt o B pon PR e b TR LF X R R

(TXOP)% — i SIFS s o

event_insert(nodeli].rpacket.dst, PRCV_DATA_E,gclock+node]ActiveSet[STA]].TX
OP+SIFS,PRCEIVE_S);

B BEREFHEAL Fant Y CBRE VBR7 > CBR AL -
1EFHiE4 - VBRPIEA B CFPz #4141 FFRH4 -
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PRCEIVE STATE :

PRCEIVE DATA EVENT :
iz & process £ i & a’i#&{z—*ﬁ ? %A @;ﬁ—*ﬁ friE AL o e

= -
™

YU AR SRS T 0 B G Rl B 1’{&‘%%&% ;
AL Bt B E R R B AR Y o

event_insert(psrc,SEND_DATA_E,gclock,SEND_S);

Sate machinesfor Q-PCF MAC STA

SENDER RECEIVER
READY < From PCE PCF
operation_in READY A
PACKET_TO_SEND
o
W_SEND
operation W _SEND [RTS
W_RECEIVE
TIMEOUT =
\\ operation_in W_RECHVE
/ PACKAGE RECEIVED
W_F _CTS C

TS
operation W_F CTS /
PACKET_RECEIVED RECEIVE
operation_in_RECEIVH

READY ] /V RECV_DATA
gclock SEND, . DATA A
<gcount* SF operation_in_ SEND
—ISEND_DATA /
gelock RECV_ACK
==gcount* SH
To PCF

Bl 4.7 Q-PCF 7 DCF 3 "Lk g #

Bl 4.7 5T o < 3A r'ﬂp\ F3 Tﬂ’“ g1 L5 -4 DCF #r4k st enp B 4p e o
Bo1 R F PR B3 PCR 7 i g %  h A = 47411 2 % DCF » 4o
T AN G o 0 PCF & @i ’I} S¥c o P a“B%F"* (gclock) fovg T % &
F (gcount*SF) - @ STA Rl & w & :z=x enF € (Throughput_d) few @
& (&Ts time) eps &

Throughput_d=DCF(gclock,gcount* SF,& Ts time); /I w i % PCF
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hit» DCFRELE RS b - X AR > £7 § bich CFPRER N 4 4 o
event i%ﬂw'l“f’&i?rééﬁiﬁtw, sheventr £ £ 37X & E # backoff time = event -

while ((first_d->next |= NULL)& & (first_d->next->clock < gclock_p)¥{

nid=first_d->next->nodeid,;
event_delete(first_d->next->nodeid,first_d->next->event);
event_insert_d(nid,PACKET_TO_SEND,gclock_p,READY);

RTSFE & apFFF2dn (SIMU_TIME_d) i¥ & > #7112 &
;ﬁ,q-\@ ° ‘q—i&@[‘:" i?E?;mE%FE'F °

if (gclock_d>SIMU_TIME_d)
delay time=gclock_d-SIMU_TIME_d;

Bis L g CP¥ s hF A=l (Suc cf dfi @ sprm
(PACKET > Eiﬁ@&f%ﬁ“iﬁi\?% He a getp » £ 4c F £ B w (8
LPCF

Throughput=succ_d* (PACKET _time-(PHY header+M A Cheader));

*Ts time=delay_time;

i

=g

424, $

|EEE 802.11 hi & 7% #£.4= QPCF 4p > 7 Fe ch & |IEEE 802.11 f4c » #1347

HEAl* DCF k== >m % &5 PCF k== » #71 % - BA %= T 1 DCF
¥ - ALz B4 * PCF4{r DCF

1 734 S-rA%E)‘%FE] VEIV’:]EQ"?

a
{fbm"v ;\g{‘f«r o

ETAS

/J«

State machinesfor 802.11 M AC access point

B304 AP ER 47 F 3% CBR fr VBR 11 2 7§ Hijc

B0 A
= LR TR

RN I RIS SIS
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AP Initjalize STA

-
A 4
READY
operation_in READY
DCF E < From/To DCFE » DCF
WA‘\IT/ Beacon E ToBEb > END
POLL_S
ion_in_POLL
operation_in_PO POLL_ACK_S
POLL_E —— PQLL
operation in POLL_ACK
POLL DATA E <
DATA ACK_DATA E
END E
READY

B 4.81EEE 802.11 { PCF e "Lk fi
b 4.8 #4757 02 Q-PCF 7 e e de 4o » 339 - H 1 (72 d DCF kgt 7o
READY STATE :

DCF_E EVENT :
i i process & i £ 3% PCF {v DCF i {7 $-#ccn 4

ETAS
|

Beacon_E EVENT :
iz ¥ process # 3 & A 3= Beacon i¥ ) o

POLL_SSTATE :

POLL_E EVENT:

it 1B process . 1 & 3% PC i ) POLL (CF_POLL) 3tz » 4ot ™
ARG AT 0 PR et B b B P ow P 40 b POLL ehpE Y
% — % SIFS ehpF ¥ o

event_insert(psrc, ACK_DATA_E,gclock+POLL+SIFS,POLL_ACK_S);



POLL_DATA _E EVENT:

it % process & 2 & f 3% PC % ) POLL+DatatACK > 41t T gy 54
AT o ppERF b antE b B3 powoanpF 4 2 POLL+DatatrACK
% - SIFS:p @ (POLL 4o ACK = ¢ 4 % Header p) -

event_insert(psrc, ACK_DATA_E,gclock+node[ActiveSet[STA]].db+SIFS,POLL_ACK_S

POLL_ACK_SSTATE:
ACK_DATA_E EVENT :
iz i# process i & § % STA % 1) DatatACK » 4ot ™ chfg ;5 75 #71 »
APER P antE oo R powmchpE 4 b DatatACK %2 - 3 SIFS eopF
(ACK ¢ ¢ 7 %= Header p) -
event_insert(psrc,ACK_DATA_E,gclock+node[ActiveSet[STA]].db+SIFS,POLL_ACK_S);
END_E EVENT:
iz ® process # 2 & £ 3 PC ¥ 1) CF_END » 4o ™ cfg 58 78 #7157 > &
PR et E b R ponapE R 4 b CF_END epE oo

event_insert(pdst,DCF_E,gclock+CF_End,PRADY _S);

Sate machinesfor 802.11 MAC STA



SENDER RECEIVER

READY From PCF PCF

operation_in_READY A
PACKET TO SEND

A

WAIT
/

W_SEND

Operetion_W SEND Egi_Req W_RECEIVE
\ operation in W_RECHVE
RTS RECEIVED
WE TS REASSOC_RECEIVET
opertion W F CTS / ;;?SS s [RECETVE

CTS RECEIVED

REASSOC ACK operation in RECEIVH

READY ! RECV_DATA
gclock SEND, - DATA ACK
<geount*SF|__[operdion_in SEND

—ISEND_DATA /
gclock RECV_ACK
==gcount*SH
To PCF

B 4.9I|EEE 802.11 {+ DCF 5 "Lk s 4%

4B 4.9 77 0 < FRe e R ’F’Kl;f’i? QPCF 4%t DCF R & #7 & it chifp e >
BB R ARt RTSat 4 B & g2 & 3705 2 & £ (Reassociation
Request) #3384 » @ fAdkic CTS e 4 B AJE & 378 2w & (Reassociation
Response) =R 4 o

She Mt

W_SEND STATE :

TIMEOUT EVENT :

& 1 process s 7 4%% QPCF 44 DCF & RTS8 4 £4pF » 17 F
R At STA & 4o » 12 18539 & H ool P & 3 1) Reassociation Request
HTRAE o e T AR A AR o APFR b At B b o R g PR aOpER 4 b -

# Reassociation Request (REASSOC_REQ Time) = ¥ o

event_insert_d(id, REASSOC_RECEIVED,gclock_d+REASSOC_REQ TimeW_RECEIV
B);

W_RECEIVE STATE

RTS RECEIVED EVENT:



& i process b1 & AR F A RTS8 £+ CTS# dodent T
RN ATT 0 AR P antE b R p napE e - B SIFS e
e CTS crps & (CTS time)

event_insert_d(psrc,CTS _RECEIVED,gclock_d+SIFS+CTS timeW_F _CTS);

REASSOC _RECEIVED EVENT:

i process #. 1 & £ 3¥ ¥ & I| Reassociation Request 2 15 3
Reassociation Response i# 1 » 4ol & e N gG A1 0 AR gty b oo &
Jo P o enpE 4 b~ B SIFS ehpF e ACK enpF & (ACK_time) ©

event_insert_d(psrc,REASSOC_ACK,gclock d+SIFS+tACK _timeW_F _CTS);
W_F CTSSTATE :

CTS RECEIVED EVENT :
ik process i & AGE G F Mg TRBEND 0 4ol T DG
WL LPERY b ot B b ,{ﬁjfiiﬁ"mﬁgﬁ& B E

event_insert_d(id,SEND_DATA ,gclock_d,SEND);

REASSOC_ACK EVENT :
ie 13 process & 3 & £ 3k Reassociation # ¢ # & 4e » &9k - H
b L (5T L 0 R STA SRR R © e~ S22 ¢
R E I TS T VIR o7 - 2Eal 1 e o

if (nodelid].REASSOC_IN==0){
nodelid].REASSOC _IN=1,
nodelid].enter=1;

}

if (nodelid].REASSOC_OUT==0){
nodefid]. REASSOC_OUT=1,;
nodelid].enter=0;
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$5%  WEe

BAAPEFT £ (Throuhhput, * # Goodput) [3][20] f=F #L# £ &

(* # Frame Delay Dropped Rate) %+ P pzena & o FAIm R4 Pl BB R
U AN SRR S mﬂ%ﬁwf YRR 3 (T R i%u—‘é'jf PR ﬁ;&ﬁ»;@;ﬂi%]
AL g (bps) > ¢ 35 DCF{r CBR 2 VBR = f6% F X {74 > ¥
#47 f f¢ (Overhead) - zidi (Collision) f-£ @ (Retransmission) = féjk i»
[12] > 4 b fgdiagfe s Srd el o TRE A i i A Bz E M T
driz3 4 - CBR ALY - 8 CFP X5 3= P\’}'ﬁﬂhi-}“g-gr FAE L > VBR R AV
B CFPXF + FalE ]2y Fga -

5.1. DCF sl in &
p e

#l3% DCF &5 46 AP i enF it in £

g
DCF : ) =10?frame/ sec (DCF)
STA : 1,2,4,8,16,32,64,128

L5

ST sd B 51T @R R AL STA Hep s s TR
@0 EE g STA #HE HenF A2 e £ 58 AP chii% > & @ AP &
¥ F AL A28 & 487 DCF ehik s

o

—-— Data Transmit

025 r

0.2

Throughput

0.15

0.1

0.05

4 8 16 32 64 128 256
Number of STA

47



B 5.1DCF shF ik &
5.2. Q-PCF
5.2.1. o r a4

pen:
(@)i#3# CBR v VBR 4 %] . Q-PCF 4= PCF # 4v » #5339 ¢ H chficp o
(b)ipl3# CBR 4= VBR 4 %] & Q-PCF {v PCF ¥ Fil:f £ F endep o

STA=256, ¢ csr=0, € v8r=0.5, 1 =0.1frame/sec (DCF) - I & & & f&
M » CBR=150,VBR=0 2 CBR=0,VBR=150 -
-

AipEwoud B 527 0iF

(&) CBR 4r VBR % Q-PCF # 4v » #5348 & H chficp > 4o323; <0 Upper
Bound 4p ¢ » CBR 4= VBR % PCF ¥ 4c » #3538 & 8 chficp 027 2 & 3]
#1 > % 2= DCF e STA #cp ~ 5 4 § 2715 -

(b) &= Q-PCF # 97 CBR ¢ ** ¢ cgr=0" #71ix 7 T &% » VBRI 7]
wd 2 eypr=05> #Tuy 2 €5 T4 o @ PCF a1 CBR{r VBR 7
3 TR A FEF o hid L H P B 5 s 4

' B aw [ F v 1] | [ [ B P
::' 1] . 'I
:I_ s .= = 0 | O
4 &
2 - g o
£ & |
T: [
E I |
2] =R Ho R o [CER=151. YBR BR=1, WBR=1
Trirfi = Tt (Lo
ial ikl
Bl 5.2 &~ il e 4
g A
e 5
2] I

(a)DCF rﬂp LA 4 Bipd £ e § %ﬂ #l:# CBR ﬂfr’ VBR = PCF ¢
4t )‘%F‘g r' ﬂiﬁ °



it

5.2.3.

(ODCF shff 4L 2 4 B 15 d & %8 » f5 4+ )3 CBR {r VBR & Q-PCF
Podr o~ B39 LM cndicp o

STA=256, ¢ cgr=0, € ver=0.5, A =1 £ 10 frame/ sec (DCF) i 4 & = f&
> CBR=150,VBR=0 # CBR=0,VBR=150 -

5%
ApEwoud B 537 1 F A
(@)PCF 1 CBR 4r VBR 4 B|4rff Bl & - ¥ » 15 DCF éh§
2D E%E>ECBR{-VBR*r » #h3d - ¥ e p X D F -
(b)QPCF 11 CBR {r VBR 4 %] 4r3g Bl ekt & - & » 8278 DCF e» Fﬁ#
A4 FHd & %2 ECBRIrVBR 4t » #3 % 8 chlicp % £ = P 2 5

A

o

W {CERs 150 VI sy O G BRsD, TR 5T | | B CHBRA=150 YBR-0y [ (CER =0, VR - 15

£ g
= 1 %‘ o
@ PCF o Q-PCF
I‘E = lé -
2 _ i=
3 I
= K ™
K 5 .
= -
'E x| % 0
z 3

1 1]

1 T} 1 1
Daka Load { rames/ sec'DOF-station) Crata Lo fframes seciDCF-siabon)
(&) (k)
#® 5.3 DCF 1 A ¥ PCF {= QPCF %> 58
2 g g
P
(b)#ﬁ ?"J'm/Eszih CBR ¥ 1l 4c » mpq 2, E mg;:p

i

STA=256,CBR=150, VBR=0, A =0.1 frame/ sec (DCF)
¢ cer=0, 0.02,0.04,0.08, 0.1 0.12

ApEwod B 547 iR

49



@ ehEfeppd 2 Fan it o Ak bdek e 2 0.1 HFRELF
¢ %2 10% -

(D)§ e~ >4 r#hig tHHCBR#P ¢85 > £9 TR E4F
s ARFE R o

| [ Goodpul & '-lrrr\-c-l'_'nd:\-'.-L'rqw:H-?rl-?. | O Sl ation B Thscretical Upipsr Bound |
a7l 1 126
ar f ] PO (-
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— -’; i |:: 130
159 _ III !;:‘
! | L = 11T
a&f E { %
I-' 4 & Z 1wt
Qg5 ) f
I 44 = 111
i 1
o = o |
W =
n&i a0 lgl lawd o bt " Ml ] "
[&] ane  od ODE 0DoE DA o1z o anz  ded  00E uld o afiz
Epsilon {CBR) Epsilon (CBR)
(a) (b)
Bl 54CBR chF it B foi Al 4 & enbl 14
2_ g g iR
e
(@)f]# VBR & Q-PCF ¢ chis flin £ fo i alid 4 2 cnbl 14
(D)4 4 £ip] 2 VBR 7 12 4 » 39 2 8 chigep
i

STA=256,CBR=0, VBR=150, A =0.1 frame/ sec (DCF)
€ ver=0.475, 05, 0.55, 0.575, 0.6 0.625 0.65

v rid B55F 0 E A

(@ ehEfep i@ A F AL o FA 4ok 3 050 » PR
FAF 4 gERIAL -

(0) % e %~ 4 th# tEVBREP ¢ %5 F F FRE2 F
s ARFE R o
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Bl
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Epsilon (WER) Epsilon (VBR)
(a)
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TARUEEfoF Rl & o %
pen:
PCF {r Q-PCF LR F AR M
()if]z 4 B & Q-PCF o PCF ¥ chif plin £
(b)iplzE ~ Vv'] Q-PCF v PCF ¢ cnF #Lif 4 3
[EE
STA=256, ¢ CBR=0:02, ¢ VBR=0.5,CBR=150, A =1 frame/ sec (DCF)
=3
F’

ANjprw o d B 5.6F 1 E A
(QQ-PCF ch i & £ PCF chFflin £ e 13 > B & B L A%

Q-PCF # rii¢ * BLiytBLe Vi 7 F ’f“m@ﬁhj

f

4

(D)Q-PCF ¥ 4: » #h34 8 e p i1 2254 £+ @ » CBR ¥ # 95

4T LE s o T =002 4 2t FALH A R H

» VBR B[ %] 5 d ** ¢ VBR=0.5" & X @%J iR 7 r‘l«L’ M2 E A 120

Kbps {- 420 Kbps =g [l 2. B > fe £ d T390 £ 5 & 240Kbps » #712
2 2 €3 FHELPREF L > A PCFCBRYr VBR A2 2% » Tl
B4 FApg o
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Goodput
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%6% EQ-PCF

Q-PCR >33y g > d AL EAp§ 7 72> L Ad AP Lw i - 2
W B K HT IEEE 802.11 k3 o ol 4 @R 0 1§30 8 |EEE 802.11
g F e S o LB EFHFEHONE TR R SR R g S NE
BLo §IE (TR~ P30 P #R kenfsd)ie 7 8 & > 3 Q-PCF ¥ IEEE 802.11 2
FLEF%M A izc@ie ampdl e ¢ 5 Enhanced Q-PCF 4 #i- EQ-PCF -

6.1. EER FE

# P Q-PCF ehm@zh ks » T = 24 STA & Bi% CBR & VBR hF # -
J"'iﬁ'{gﬂhﬁ/ﬁﬁ STA—QH)‘%F@ r'-%i P\':'EE‘;_%F@ rﬁ*kﬂff%mq- g pE
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F_*

if ((d_g<=0)[|(RAB<=0))
event_insert(id,M_POLL_E,gclock+M_POLL+SIFSM_POLL_S);

if  (collision==0){
event_insert(id,M_POLL_E,gclock,M_POLL_S);
}elseif (collision==1){
event_insert(id,M_POLL_E,gclock,M_POLL_S);
}elseif (collision==2){
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PR STATE :

JR EVENT :
iie process i & F v BATF 7 STA &4 » #6539 £ 8 > ot T anfg it
FEATT o AR antE P o Bl poanpFEFF 4t JRE - B SIFS enpE fF o

collision=2;
event_insert(id,JE_ ACK_E,gclock+JR+SIFS,PE_S);
d r=d r-(JE+JR+2*SIFS);
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d r=d r-(JE+Slot_Time);
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if (pri==2){
d g=d ¢g-(SIFS+CBRGB+4);
d r=d r-(JE+JR+CBRGB+3* SIFS+4);
}else{
d g=d g-(SIFS+VBRGB+4);
d r=d r-(JE+JR+Dmin(node[A1D].db,VBRGB)+3* SIFS+4);

12 W E*

60



o

/> u)ip| 3 EQ-PCF fv Q-PCF 2 PCF th® ¥o3ip s o

STA=256, ¢ CBR=0, ¢ VBR=0,CBR=100,VBR=0, 1 =1frame/sec
(DCF)

5

it

g nH © SIEE ﬁ.}c%ﬂﬁié BT FI o Aok PC S ST

fafk i > Q-PCFfr EQ-PCF e peF ¢ £ 7 5 > 515 PC g3 e

e

LRI T gEFAR R R TR ERG FIR TAFHF L ¢

b
5

23 STA R4~ thig L8 » P PCEAE 2RELENG KL

AR ENETE AAS L SBRAES . i‘ug;éj B A= s ppFan

EQ-PCF ¢ +* Q-PCF & e& 4% o 4oiz BR3¢ > ¥R T CBR h#icp » ¥

RXF K TVBRedgp » e § PCEE ¢:2(7 VBRI R o

Apwoud B 727 185 w180 fyeniplE ¢ o EQ-PCF v
Q-PCF % 11 100us sz pr il » 2 87 M4ax anl % > e fhok B AL

FoAEIBALL > BHRERE TR o B ES Hor 2128

5 STA p5 PCF 1+ EQ-PCF % 7 8500 Us ¢t PER » @ % 256 ;+ STA
p PCF 1t EQ-PCF % 1 12200 US:if P » o pt 7 12 {7 4 PCF et A

SUERARE hA TR 0 £ P F 4 256 5 ch STA Sk e

BEQ-PBCF @Q-PCF @O PCF
20066
)
2 15000
()
£
F 10000
50@¢0
0
128 256
Number of STA

B 7.2 T oip g

61



R
St
=
ESS
|l

& 5 Rl EQ-PCF v Q-PCF &2 PCF ehiftin £
STA=256, ¢ CBR=0:02, ¢ VBR=0.5,CBR=100,VBR=30

A F ud B 7.37 10500 Q-PCF ehF #Lin & £ PCF e 13 > &
1 &Ed o QPCF AF @i LB gaE i > @ PCFR
458 AP % chih tc > @ EQ-PCF ch i £+ Q-PCF eh& ] » e §_
venip e F UAr |EEE802.114p F 0@ ¥ FALEE L PCF& & 3§ o

—— Q-PCF + DCF —&— PCF + DCF

—=— EQ-PCF + DCF

1
0.9
0.8
0.7
0.6
0.5

’ A
04 k£

03

Goodput

02 |

01

0 1 1 1 1 1 1 1 1 1 1 1 1 1

01 05 09 13 17 21 25 29
Data Load (frames/sec/DCF-station)
B 7.3 »za i %

62



$8% LHmBEBARY S B

BiEAH Y o Aent 20 A PR ehE Lk E £ QPCF AT i
J‘?ﬁ’@%%ﬁﬁﬁ‘ﬁqﬁ.gfs S “'ﬁdﬂ’sﬁl T llf@%%%f%ﬁvégzg?@gﬁi};i I
PR AP STA 7 i (R E R eh @0 4 R TR R SRR i S
Rﬂﬁmmﬁ%%fﬁ”ﬁﬁﬁm%wiﬁum% Bd gt oa f BE
R A GRERERT L BE TSGR k2 A EQPCF ¥
53 27 |EEE 80211 crdp 3 4 » A fRigu F A g 4 rﬂ?‘}‘% .

dOHIRE R FaA e g0 AP E A IR R R P EA R LA
B s B AT BB - DOF L 148 L3 7 R
STA p &8 » PCF> @ 2 & - 25 viF B J Wi e e » PCF 7
AR EEBETREAIEMTR S R NS L et T LR
B P ERFT URBELERS NSTA L F4er » B 4ok 1 BLER
e STA & G {7 (k% 1“7 CFPenpE > )t pr g B AR HSTA £ & £

f
i

for o g@iEbher ARV IIEREARRMHOSTARD T L BT
ﬁf’@’}f F’@'ﬁ—f’\iﬂr}’-ﬁ‘f"’/i‘i";‘&@ﬂ'ﬂ'3' 1}\1]3' )—% _\‘PAI m){s}’# ,
TR L T ‘#”‘ BRLA Y A AT odod- B ER D w2

Sofed o m o B QSR AT TR A § R R ¢ B
v AR ekt B HAHOT R o

63



342

[1] 1. F. Akyildiz, D. A. Levine, and |. Joe. A Slotted CDMA Protocol with BER
Scheduling for Wireless Multimedia Networks. |EEE Transactions on Networking,
Vol. 7, No. 2, pp. 146-158, April 1999.

[2] D. Bertsekas and R. Gallager. Data Networks, Second Edition, Prentice-Hall,
1992.

[3] Giuseppe Bianchi. Performance Analysis of the IEEE 802.11 Distributed
Coordination Function. |EEE Journal on Selected Areas in Communications, Vol.
18, No. 3, pp. 535547, March 2000.

[4] Sunghyun Choi. Emerging IEEE 802.11e WLAN for Quality-of-Service (QoS)
Provisioning. SK Telecom Telecommunications Review, Vol. 12, No. 6, pp.
894-906, December 2002.

[5] S. Choi and K. G. Shin. A Unified WirelessLAN Architecture for Rea-Time and
Non-Real-Time Communication Services. IEEE/ACM Transactions on
Networking, Vol. 8, No. 1, pp. 44-59, February 2000.

[6] Zi-Tsan Chou, Ching-Chi Hsu, and Ferng-Ching Lin A New Quality-of-Service
Point Coordination Function for |EEE 802.11 Wireless Multimedia LANS

[7] C. Coutras, S. Gupta, and N. B. Shro®. Scheduling of Real-Time Traffic in IEEE
802.11 Wireless LANs. ACM/Baltzer Wireless Networks, Vol. 6, pp. 457466,
2000.

[8] D.-J. Deng and R.-S. Chang. A Priority Scheme for |IEEE 802.11 DCF Access
Method. |EICE Transactions on Communications, pp. 96-102, January 1999.

[9] M. Fischer. QoS Baseline Proposal. |EEE Document, | EEE 802.11-00/360.
[Online] http://grouper.ieee.org/groups/802/11/Documents/DT351-400.html

[10] A. Ganz, A. Phonphoem, and Z. Ganz. Robust SuperPoll with Chaining Protocol
for IEEE 802.11 Wireless LANs in Support of Multimedia Applications.
ACM/Kluwer Wireless Networks, Vol. 7, pp. 65-73, 2001.

64



[11] J. Y. Juang and B. W. Wah. Unified Window Protocols for Contention
Resolution in Local Multiaccess Networks. |IEEE INFOCOM, pp. 97-104, April
1984.

[12] S. Keshav. An Engineering Approach to Computer Networking: ATM Networks,
the Internet, and the Telephone Network. Addison-Wesley Publishing Company,
1997.

[13] LAN MAN Standards Committee of the IEEE Computer Society. |EEE Standard
802.11-1999 Wireless LAN Medium Access Control (MAC) and Physical Layer
(PHY) Specifications. IEEE, November 1999.

[14] LAN MAN Standards Committee of the IEEE Computer Society. |EEE
802.11e/D3.2, Draft Supplement to Part 11: Wireless Medium Access Control
(MAC) and physical layer (PHY) specifications. Medium Access Control (MAC)
Enhancements for Quality of Service (QoS). IEEE, August 2002.

[15] K. Nakano and S. Olariu. Randomized Initialization Protocols for Ad Hoc
Networks. |EEE Transactions on Parallel and Distributed Systems, Vol. 11, No. 7,
pp. 749759, July 2000.

[16] S. Ross. A First Coursein Probability, Fifth Edition. Prentice-Hall, Inc., 1998.

[17] O. Sharon and E. Altman. An Efficient Polling MAC for Wireless LANSs.
|[EEE/ACM
Transactions on Networking, Vol. 9, No. 4, pp. 439-451, August 2001.

[18] J.-P. Sheu, C.-H. Liu, S.-L. Wu, and Y .-C. Tseng. A Priority MAC Protocol to
Support Real-Time Multimedia Traffic in Ad Hoc Networks. ACM/Kluwer
Wireless Networks, to appear, 2003.

[19] S.-T. Sheu and T.-F. Sheu. A Bandwidth Allocation/Sharing/Extension Protocol
for Multimedia Over |EEE 802.11 Ad Hoc Wireless LANSs. |EEE Journal on
Selected Areas in Communications, Vol. 19, No. 10, pp. 2065-2080, October
2001.

[20] Y. C. Tay and K. C. Chua. A Capacity Anaysisfor the IEEE 802.11 MAC
Protocol. ACM/KIuwer Wireless Networks, Vol. 7, pp. 159-171, 2001.

65



e A

2 §_|EEE 802.11 Family c# PHY 4= MAC 4 Status » 742 % ik
http://www.ieee802.or g/11/ -
802.11 Activities- PHY:

802.11 Activities- MAC & Others;

G018 TAG
Radic-Regulelcey

BB TAG
[ranishancs

66



Satus

802.11a : The scope of the project isto develop aPHY to operate in the newly
allocated UNII band.

802.11b: Work has been completed and is now part of the Standard as an amendment -
Published as |EEE Std. 802.11b-1999

802.11b-Cor1 : Work has been completed and is now part of the Standard as an
amendment - Published as |EEE Std. 802.11b-corl 2001

802.11c : Work has been completed and is now part of the ISO/IEC 10038 (IEEE
802.1D) Standard

802.11d: Work has been completed and is now part of the Standard as an amendment -
Published as |EEE Std. 802.11d 2001

802.11e : Ongoing - Note: the Security portion of the TGe PAR was moved to the TGi
PAR as of May 2001. TGe has completed |etter ballot 51 with a 83%
approval rate and is now in comment resolution.

802.11f : Work has been completed and is now part of the Standard as a recommended
practice.

802.11g : Work has been completed and is now part of the Standard as an amendment.

802.11h : TGh has completed the 2nd Sponsor Recirculation Ballot with a 98%
approval rating and is now in the comment resolution phase.

802.11i : Ongoing - Note: the Security portion of the TGe PAR was moved to the TGi
PAR as of May 2001. TGi has completed WG Recirculation Letter Ballot
57 with a 78% approval rating and is now in the comment resol ution
phase.

802.11j : Ongoing - Initial meeting January 2003 TGj has completed L etter Ballot 56
with an approval rating of 79% and is now in the comment resolution
phase.

802.11k : Ongoing - Initial meeting January 2003 and is preparing its first draft.

802.11m : Initial meeting March 2003 (Subject to SEC approval of the Task Group
PAR)
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