ATM MAC

ATM ATM
ATM
ATM QoS
ATM
MAC overhead MAC
MPDU “
" cel | train MA C 3.1
4.1
ATM BSS ESS DS
ATM DS ATM 4.1
ATM DS ESS



VPI 9a, VCI 3

VPI 9b, VCI 3

APS / VPl 93, VCI 1
BN B VPI 9b, VCI 2
VPl 93 VCI 1 VPl 9a, VCI 3
VPl 9b, VCI 2 VPl 9b, VCI 3
4.1 ATM VPNVC
DS
VPI/VCI ATM VPI/VCI
router DS VH AP VH
AP AP VH
VCI VH
41 Z Y Z VPI9a
VPI9b AP9 X Y VPI9a VPI9b
AP9 VPI9a VPI9% AP9 VP
AP9 ATM Z-Y X-Y AP9 VPI9a
VCI3 VP9 VCI3 Z VPa VCI1 VPI9 VCI2
X AP9 VPI/VCI VPI9b VCI3 ATM
V4 25
signaling channel VP VCI 5

setup AP

37



ATM VPI/VCI DS AP

DS VPI/VCI AP
GFC HEC VPI/NVCI
ATM 53 DS VPI/VCI
AP AP
2
ATM
4.2 Z Y 16 4.2
STA Z AP1 DS AP9 STA'Y
Application Appli ation
T C|P TC|P
I P I P
AAL AAL
ATM ATM AT[M ATM
MA[C MAC| ATM ATIMATM ATM MAIC MALC
PHY PHY| PHY P H[Y P H[Y P H[Y P H[Y PH[
42 ATM Z — ATM Y
4.2
ATM DCF

PCF

43 PCF



movable g gable

<>
Beacon PCF Downlink DCHUplink)
[t L
4. 3 ATM
CBRr tVBR Downl i nk AP nr-vBRBR
UBR AP ACK AP
Setup
informatABDCF
ABRUBR AP CSMA/ CA
nt-VBR 4. 3
MPDU  RTSCTS ACK DCF
PCF AP
AP CF-end DCF
DCF
CFP
MP DU | EEE 802. 11 MPDW346
MP DU SI FS
MSDU
MP DU 4 . 4 MP DU
684 MPDU 13 3.3.1
MSDU



4

MSD W

MP DU

Throughput

.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

] g j
3 r 1MPDU payload = 13 calls
= Channal capacity = #3hbps
-IilllllllIlllllllllllllllllll
0. 10. 20. 30. 40. 80.
number of users
1 MSDU = a TMPRU o 2MPLUs
2 4MPDUs # GMPLUs
+ BMPDUS
4.4 ATM MSDU

3 ATMPCF

ATMPCEF
(Schedul er) AP
MP DU
deadl ine AP
Ni kos Passas MASCARA 26
AP AP



buffer CBR AP CBR cel |

rate VBR VBR
MP DU MP DU MP DU pi ggyback
AP AP piggyback
MP DU AP
COTcell delay tol erChnic &BR
VBR max. burst size
CLR 1 CLR
VBR MP DU
piggyback AP

pi ggyba&a®k
VBR 1/ 2CDT
AP AP AP
CDT MP DU
piggyback
arrival G@DTne

pri or iGQByR

VBR VBR
1
2
VBR VBR
VBR
VBR VBR

CBR CBR

a4



VBR

1 PCF sl ot

MP DU MP DU AP SI FS

MPDU SI FS AP ACK

MP DU 4 . 5
MP DU MP DU
traffic 1 MPDU 2
SI'F$ 1 ACK

1 MPDU 2 SIFS1I ACK

MP DU
handshaking
0 MP DU
(0] PCF MP DU
2 MA C Beacon
CFend DCF DCF

MPDU RTSTibandshaRKng

PCF NAV
DCF AP CFend
CFrend NAV DCF
4.6 DCF

DCF Beacon

42



SIS PIFS
poll1] ACK1+poll2 ACK2+NIPDU3 pol |4 poll5 ACK5
MPDU [ MPIHU2 ACK3 MPDU5
4. 5PCF
contention free period
FIRS
Beacpn| polll ACK1+poll2 ‘ ACK2+CF-end contention period
MPOU1 MPUD2
PIFS

y

w [ /S [/

DCF

4. 6PCFNAYV
DCF
[ sl oti @) MB U
4.7
MP DU
4. 8
AP

MP DU

AP

CAP-MAX-Duration



) i

Cdl 1 cell 1 Cell 2 odl 2
Beacoh PCF .........i CF-end | DCF |Beacon PCF.......... iCF-end |DCF

4 .7

(€8] i
BeaconA A A A O O CHend DCF
i+ 10+ 2.
Beacoj :l <> <> <> CF-end DCF BeaCOT A A A A CFHend DCH
i 1 i 2 i 3

Beacon:l :l S OO CF_end DCF <— i1
\|7 i 2 i 3
Beacon A AN A CF-end DQF BaacQ OO RONE CF-end  DCF

MP DU

MP DU

Duration/ | D

N F AP

MP DU

MPDU MPDU



26

G(i) G i ATM
a i) ) G(i)

CDBG(i)) MS AP

d (4C) ) = &i0)e CDTi0 ¢ G(i)

5 D=mi n{id () C{(i)C MDP U
MP DU MP DU
6 Fo={" Cn
Cn Cn
0
0, Cn
7 L”:{ Cn Cn
0 X
8 o(x)={ "’
() {n ,FnENE Ln
Dn, O(Dn):O
9 D, ={ 1
FO(DH) -1, oDn)toO
M(iQ i MP DU
11 M(i) i MP DU
12 Bnij i DCF n
PCF n

MASCARA 26

G

Case 1 G MP DU MP DU



G over hepad MP DU

(O] G i

Case l.a 1 D

D D G

Casel. a (+D, (+2)

M(i) ,i(V-1) (iIML) (iM2 )

Caselb  M(i) (iM1) (i-1)
1 B i-1 CFend
M(i ) M(i-1) M(i )
M(i )
i | D D
D G 4.9
Caselc  M(i) (iM1) (i-1)
0
Case 1.cl:  M(i-1) (iM2) (i-2)
1 B i-2 CFend
M(i - 1) M(i - 2)
M(i - 1) M(i - 1)
0 over hand Mi-1)
(1) Casel.b
Caselc2  M(i-1) (iM2) (i-2)



B1(i-1) M)
U Vo M R
CF- CF-
Beacon A\ A A A A O O O lend| bcF |Beacon O O O K K© K K K |end| DCF
A ‘connection G
O ‘connection G
& ‘connection Cy,
O ‘connection G,
|:| PHY+MAC  overhead
(a) before the allocation
CF- CF-
Beacon A A A A A O O ©O O lend| bcF  |Beacon > K K K K |end| DCF
(b)shifting left
CF- CF-
Beacon A A A A A O O O O |end| bCF  |Beacon O K KKK K [end| DerF
Cofter the allocation
49 M( 1) M(i)
M(i-1) over headl o-
Bs (i-2) ,¢B(-2) B
®3 ('2) ,(an. ('2) 2
(t2) CFend Qs
Qs M(i -1) over head
M(i - 1) M(i - 1)
0 over hand Mi-1)
(+1) Casel. b
Caseld  M(i) (iM1) (i-1)
M(i) overheadl o B,

(i-1) » B(-1)

2

47

B,

(-1) » B(-1)

(+1)

CFend




Ba(i-1)

M (i-2)

B (i-1)

Al deb | L ool
Beacon A\ [\ A A O O end | DCF BeaconDDDD(}(}(}(}enciDCF
A connection G
O connection G
& ‘connection Co
connection C,
‘connection Cn,
PHY+MAC  overhead
(a) before the alfocation
BeaconAAAAOODDDgc—JDCF Beacon | J [] [] <><><><>grl1:c-lDCF
(b)shifting left
CF- CF-
Beacon A A A A O © L L [ [end| bcr  |Beacon [ [ [ O K K K K |end| bcF
Cafter the allocation
4.0 M( 1) M( i)
® ® M(i )
over head M(1) M(1)
0 over hand
M(i) i i D
D D Cn 4. 10
Casele  M(i) (iM1) (i-1)
n @ n O
i i-1 PCF n
Case Lel: M(i-1) (iM2) (i-2)
1 B i-2 CFend




M(i - 1) M(i - 2)

M(i - 1)
0 overhand Mi-1) (1)
(i1)Bi-1 B i-1

i-1
Caele2  M(i-1) (iM2) (i-2)

M(i-1) over headl ¢s

Bs (i-2) ,oB (-2 By
(i-2) ,oB (-2 2
(i2) CFend - 0
M(i - 1) overhead M(i - 1)
M(i - 1)
0 overhand Mi-1)
(1)
(1)
i | i @ n
i i | (i-1) @

G
L. 2
L 1 1 D L
2 (0] 2
Ceae 3. b
Cae 3. a
Cese 3. a initial case MP D WG

49



Case 2: G MPDU

L,
Case 2.a 1 L L
L,
Ly L G
Cagea (1), (2
M(i) ,i(V-1) §(iML) (iM2 )
Case2b  M(i) (iM1) (i-1)
1 B i-1 CFend
M(i ) M(i-1) M(i )
0 over handMmi)
i | L L,
L G
Case2c  M(i) (iM1) (i-1)
0
Case 2.c.1:  M(i-1)  (iM2) (i-2)
1 B i-2 CFend
M(i - 1) M(i - 2)
M(i - 1) M(i - 1)
0 over hand Mi-1)
(1) Case2.b
Case2c2  M(i-1) (iM2) (i-2)
Mi-1) overheadl o:
Bs (i-2) ,eB (-2 Ba
(i-2) o8B (-2 2



(#2) CFend Qs @
M(i-1) over head M(i -1)
M(i-1)
0 over hand Mi-1)
(#1) Case?2.b

Case2d  M(i) (iML) (i-1)

M(i) over heado BB (i-1), B

e (1) B (-1)+B (1)
2 (i) CFend

@ ® M(i )

over head M(i ) M(i)
0 over hand
M(i ) i | L
L L. Cn
Case2e  M(i) (iM1) (i-1)
n o n O

[ i-1 PCF n

Case 21l M(i-1) (iM2) (i-2)
1 B i-2 CFrend
M(i - 1) MC(i -2)
M(i - 1)
0 over hand M(i-1) (1)

(il1) B i-1 B i-1

Case2e2  M(i-1) (iM2) (i-2)

51



M(i-1) over headl ¢s

B (i-2) ,oB (-2 Bys
(i-2) ,oB (-2 2
(¥2) CFend Qs @
M(i-1) over head M(i-1)
M(i -1)
0 over hand Mi-1
(1)
(1)
i [ 0] n
i i (i-1) 0]
Case 2.d
(1) i i
G MP DU Case 1
(2) i Case 3. b Case 2
G
Case3
Case3.a i D D MP DU
[ | G
MP DU
G D
CLR 1
D CLR1 1 CLR1

G D CLR1

52



CF- CF-
Beacon |\ |A A O O O |lend| bcF |Beacon O O 0O © K K© K K |end| DcF
A .connection G
O connection G
& connection Gy,
0) connection G,
|:| PHY+MAC overhead
€) frame
CF- CF-
Beacon A A A O O O O end| DCF  |Beacon > K K K K |end| DCF
(b)
CF-
Beacon A A A O O O O |end DCF
© framei
4. 11 i
MP D WG
Case 3.b i F F MP DU
| | G
MP DU
G L
CLR 1 F
CLR1 1 CLR1
G Ln CLR1
G
i M(i 41, (V) M(i 41




4.1 ATM PCF

Parameter Val ue
Channel capacitly 23Mbps
Sl ot duration 17 24s
SI'FS 20s
DI FS 60s
superframe | endgth 2ms
CFPMalxur ati on (Ppré&. B& Mihs

CFPMalxur ati on (1

FEEED.802m

1)

MPDU payload (IEEE 802.11 PCF)

10cel lls

Mean arrival r

dt 6&00kbpgs

rtevVBR wireless |lhop7CDms
nr-YBR wireless | hojpl sl
overhgad Z sTofs
[
M(i +)1, (W) M(i +1
M(i +1 [ M(i +1
over head CFend
DCF 4. 11
BONeS
4. b, 26 VBR
CDVtell del
variation tolAPrance 27
|l oss rate | EEE
802.11 PCF VBR | EEE
802.11 MP DU
10 4. 12 AP
4 .12 |l EEE 802. 11
ATM | EEE 802.
4. 13

CFPMaxDur at i

on

ay

11



Loss Probability
>
=~ 0.6
20.l5
«©
o]
o
_ 0. M
(o}
2 0.8
(%]
o
0- 2 | EEE B02.11
— — —Pure ATM
0.t /J >
-
-
_'/
0 1 1 - T 1
4 8 12 16 20 24
number of wusers
4. 12 | EEE 8AOT2ZM 11
Throughput
0.7
0.16 ==
- . O /,
S //
Q‘ el
0.5 <
o /\’\//
5
o 0.
= e
7
< e
-~ 0.3 >
b
Ve
s
0. — | EEE pog.
v
- — — —Pure QAT
0. H
0 , , , , ,
4 8 12 16 20 24
number of users
4. 13 | EEE 8A0T2M 11
CFPMaxDurati on
CFPMaxDurati on
| EEE 802. 11




LOSSPROBABILITY
0.
®0.35
©
- 0.3
20. 5
o
— 02 System A
Fo. s // SR I
0.rI% 2
o.csz/ —— e——" -
0 ——1"/’1 1 n f \
0 4 8 12 16 20 24
number of wusers
4 .14 A B
| EEE 802. 11
PCF
ATM
VBR VBR
VBR VBR A
VBR B
.14 A VBR B
[
piggyback
VBR  piggyback
i n n 1 200
1N VBR



VBR

4.14 A
VBR
M( +1) M( i)
Cn Ln
M +1) M( i) i-1 P2 1
Cn Ln i-1
M( +2) M 1) i-2 Y2
g3 1 Cn Ln
PCF i
-2
VBR MPDU
MPDU piggyback
VBR
1 VBR piggyback 2 VBR
MPDU piggyback
MPDU
4.15 d2

VBR

57



SYSTEM LOSS PROBABILITY
0.
0.
d2=5|17
0. — — —d2=2[58
O N d2=103
© == == g 2=51.7 _
—- 0 /4/
-
!
@ -
1%2] -
° o k __ -~
= /-—-—“—
o]
o / -
Z -
7 L
e -
/ -
0. [ ,/ — —”
4 v
/ et L,
// L, L~
“ 4
.7 —/
P -
o pecactl T . .
4 8 12 16 20 24
numgasers
rt-VBRLOSS PROBABILITY (insystemA)
0.
0. <
/
[ l"
= /
© ,,
5 74
® M
- .
o ,'/ /
_ R yZ
7 VA
0. =
- //
5 d2=5/17
— — —d2=258
------ d2=103
— - —-d2=§1.7
0 . .
0 4 8 12 16 20 24
number of users

4.16

VBR

4.16

VBR

VBR




THROUGHPUT
0. 7
0. b —--— Svystem B ///'/“
— d2=517 -~
0.1 —— = u4—250//”
------ d2=103 . _
0. g — s — -
° _——— d_?//:?'l' 7/’/
= s, -
o P -
s
0 S ~
‘,//'/‘/
: £z
&
o )
0 4 8 12 16 20 24
number of wusers
417
VBR
VBR
100ms VBR
4.17
VBR
PCF VBR PCF
VBR PCF
DCF VBR
source destination 2 PCF
DCF 2 ATM
2
12 VBR 17.2ms 6 VBR 517 ms

59



4.2 VBR
Case Loss probability] Real time lossrate | Throughput
(12,6,6,) 0.35095 0.28278 0.28278
(12,6,d2=517) 0.18289 0.05958 0.38869
(12,6,d2=103) 0.112168 0.12393 0.46344
(12,6,d2=51.7) 0.035744 0.05172 0.514
6 VBR 1.03s 4.1
PCF 4.2 0.35
0.28 103s 6 VBR DCF
0.18 VBR 0.06
VBR DCF
4.2 VBR 0.18
0.035 VBR VBR
DCF ABR UBR
1 ABR UBR DIFS
3 VBR DIFS
2 ABR UBR 64 VBR
32 3 1 2
4.18 VBR
22 ABR 20
VBR ab,c
VBR ABR ABR DIFS
32,32,0 4.18 4.19
32,64,0 VBR ABR
32,32,0 32,32,3 VBR

VBR



nrt-VBR 20 ABR
1.
—
1. =
///
— P
= —t
— B
r/’ e =
o - ’,-’
Kol — . -
E o - —
e - P
e
c PRt
R
5% e
- (32, B2
0. —_—=(32,54
— — — (32, B2
e (32, B
0. p
2 4 6 8 10 12 14 16 18 20
number of nrt-VBR users
ABR (20 ABR )
”
c
o
= =
o -l
/‘:-//
. —
o ’/"
—
- -
o -
- ‘_/./
£ L
=) - T
c L
c -
©
-
g e
- (32 2,
— - — (32 4,
— — —(32 2,
----- (32, §4,
L L L L L L L L L
0 2 4 6 8 10 12 14 16 18 20
number of nrt-VBR users

32,

32,

32,

64,

419 ABR

32,
420
32,

61

32,

64, 0

64,

32,
0

VBR

64, 3

32,

32,



System throughput (20 ABR wuslers)

throughput

LT ”
e /’———
,"—"”
””"/
—-f”

s ——(32,p2,0)

—————————— (32,p4.,0)

________ (32, p23)

msmms(32, b4[3)
0 2 4 6 10 !2 ’

8 14 16 18 2
number of nrt-VBR users

62



