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@ Limitation of 802.11 MAC

® 802.11 baseline MAC does not support QoS
Signaling and Admission Control
® Station sends request to AP
® AP makes decision

® Tf BW is not enough, never guarantee QoS
® QoS Specific information is not in the frame




2 Limitation of Channel Access

® DCF

® Equal probability for all stations
9QoS Aware MAC

® PCF
® For time-bounded services (original for 802.11e)




P PCF Problems (1)

® Overhead of CP and CFP

® Small Frame size, high overhead
® Short delay (e.g. voice = 10ms) requires small

superframe
(superframe) 802.11e HCF allows
CFP Repetition Interval _ channel access
—— during both CFP and CP
CFP CP
< > < >

I PCF DCF I PCF DCF




P PCF Problem (2)

® Neighboring AP (BSS)
® Overlapping BSS
® Same channel

® CFP cannot be correctly achieved
® PCF assumes full control - Falil

802.11e HCF polling during CP is performed after
channel sensing all the time - not assume full control




2 PCF Problem (3)

® Beacon transmission can vary

® Station can transmit even if the frame

cannot finish before upcoming TBTT (Target
beacon transmission time)

® Cause delay of Beacon frame
® Then, cause delay of time-bounded frame in CFP

802.11e QSTA does not transmit a frame if the frame
cannot be finished in the upcoming TBTT




2 PCF Problem (4)

® Transmission time of polled stations is
unpredictable with PCF
® Send a single frame

® Arbitrary length (up to 2,304 bytes) > more
than 20 ms in 802.11b

® Destroy QoS

802.11e uses Transmission Opportunity (TXOP) to limit
the frame size (otherwise fragment)
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@ Definition
® QAP: QoS Access Point
® QSTA: QoS Station
® FDCA: Enhanced Distributed Channel Access
® HCF: Hybrid Coordination Function
® HCCA: HCF Control Channel Access
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P Key concepts (1)

® Prioritized VS. Parameterized QoS

® Prioritized: frame from application specifies
User Priority (UP)

® Parameterized: Traffic Stream (TS) specifies
the QoS requirements

® Traffic Identifier (TID)

® MSDU is assigned TID before arriving at MAC
Layer (sometimes call TC: Traffic Category)

® 8 TSs Uplink and 8 TSs Downlink in a QSTA
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P Key concepts (2)
® Transmission Opportunity (TXOP)

® Multiple frames transmission with SIFS in
between

® Fragmentation for large frame
® EDCA TXOP

® HCCA TXOP

® TXOP limit by QAP, CAP

® QoS control field
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HCF:
= Hybrid Coordination Function

nagvinlReuUnaN Lati e (HCF)
[ IEEES02.11¢ ]

nagdnldRau e
PEmawl (PCF)
[ IEEES02.11 ]

nagsvdinld@anuungzana | pasdnldReawuuronpud
ARTLE (EDCA) LaLe (HOCA)

Prioritized QoS Parameterized QoS
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P, EDCA

® Priority set by Application Layer

® Known as User Priority (UP)

(lowest)

IEEE 802.1d

(Highest)
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/
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EDCA User-Priority-List

=

Net traffic
low high
Audio Video Data Audio Video Data

fime- 7 5 0 6 A 0

critical
User needs
not time-

critical ’ i 2 i i 2

Pommer, p.116ff
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http://upload.wikimedia.org/wikipedia/commons/e/eb/User_Fairness_Model02.png

Mapping UP to AC

=

ANAL ANANAIATYY  NANNISLNLY  Access Category
arudiA  eugldeu (UP)  ®a (AC)
lfllﬁ‘ﬁlzam 1AL 2 AC_BK Background
rfllfl 0 AC_BE Best Effort
AN 3,4 LAY 5 AC_VI Video
Q\i‘ﬁ@m 6 ez 7 AC_VO Voice
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AC Queues

=

[ANITWEN UP

AINNANURI AC

AC_BK AC_BE AC_VI AC_VO

AIFS(AC AIFS(AC AIFS(AC AIFS(A
W(A! W(A W(A W(A

NNTANUUARN

TXOP munga
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P, EDCA Parameters

® AIFS: Arbitrary Interframe Space
® CW: Contention Window

® TXOP Limit: Transmission Opportunity
Limitation
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AIFS Calculation

=

® AIFSN: AIFS Number - Slot Time

AIFS[AC] = SIFS + AIFSN[AC] * Slot Time

Min (AIFSN) Min (AIFS)

EDCA

2

SIFS + 2*Slot Time = DIFS

HCCA

1

SIFS + 1*Slot Time = PIFS
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AIFS

ANNANATYFN | AIFS[ACY]

« AIFS[ACX]

A 4

o o DIFS = AIFS[AC]
AAMNATATUAN | >

»

~ PIFS -
I ) SlFS N I I A
A 1 l » o
ﬂ GRIt RN wandayadin il
—> — —> —
Slot Time Slot Time
dl v 1 1 v 9/di 1 Qi % 1 o/ <
NAMABNTE NAUNITLENLTN TR ganFaauadu (Linagn)

\4
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Default EDCA Parameters

=

NANNS TXOP Limit  TXOP Limit
O AIFSN
LRI G0 (802.11b)  (802.11a/g)
AC_BK CW _ CW 0 0
min max
AC_BE CW CW 0 0
min max
ACVI | ElmrD) cW_ 6.016 ms | 3.008 ms
ACVO | Efmtd o 1) _ 3.008 ms | 1.504 ms
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CW for each AC

=

Slot Time

»

CWmax

C\Nmin
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TXOP Limit

=

dretand Arnvunslag TXOP Limit

A

A 4

| | @ WsnTaya ufn WsnTaya LA

nea| [Nea . NG Hn+1 ‘ NG

— > |e— — — > |e— «— n‘ < > >
SIFS  SIFS SIFS  SIFS SIFS AIFSIAC]  uilneaw
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naN cw Bo AIFS
EDCAE le 11
g xa m p e AC_BE 31 16 3
AC_VI 15 10 2
AC_VO 7 6 2
CW=31, Bo=9
. ) AFS _ AIFS _ _ AIFS_ ~ AIFS R
nqu AC_BK * [8 ~ > — « *[7 g
CW=31, Bo=16
. AIFS j R ) .
ﬂq&l AC_BE 4_,21.111 ‘AIFS'(J).9 AALES, AlF gl7l6l5l4 g
. /%‘é/sv:15, Bo=10 L " ” AIF(éWzlS, Bo=
nan AC_VI_ +—|9lg[7]e[5]4 “53[2[1 S | “leEAERR S
CW=7, Bo=6 CW=7, Bo=3 CW=7, Bo=7
, AIFS - AIFS - AIF§— AIFS -
naN AC_VO_“[5}4|3]2 1m wandaya |« 12|1[8] Winteya <16 «—5413[2[1[o] wnieya | s
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icion?
P EDCA Collision-

® External Collision
® Internal Collision
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Internal Collision

=

CW=31, Bo=5
. ~ AIFS . AIFS IFS ~ AlFS
nax AC_BK * > “ > A5 « .
CW=31, Bo=7
ngn AC_BE *~16[5[4 A8 (32 A5s 2B T wsndiaya
CW=15, Bo=7 CW=31, Bo=9
nan AC VI < >16[s[4]3 [wlsudeyn |45 ALRs[5]4
':VV:?, Bo=4 CW=7, B CVV=15, Bo=0 CW::7, Bo=6
nax AC_VO L5 MBI Pk [sudiayn | A58vsudaya LERTAT3
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P HCCA

® More flexible than PCF
® Take control whenever it is needed

® Direct Communication without AP
® Direct Link Setup (DLS)
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Polled TXOP

SIFS

=

Slot

— Time
HCor AP | gos CF-Pall Polled TXOP (granted by QoS CF-Poll)
TXOP holder Data 1 Data 2
Receiver Ack 1 Ack 2

Other Satin
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=

HCF (HCCA + EDCA)

donanszninasndne u (T gencon)
eacon
CFP CP
BINATLTNS (S)) BNIIATLIFNTT (S1) BNINATLFNTT (S1)
tvAruAunIsdiTld (CAP) danarununadinlg (CAP)

= = = TS = = TR = = T
; anil 1 | annil2 | | anniln ARGl antil 1 | annti2 | | anniln ARG anil 1 [aniil2 | | anniln PaAgia
TXOP, | TXOP, | | TXOP_ [“TXOR| TXOP, TXOP, | ™XOP_ [ TXOR: TXOP, | TXOP, | ™XoP_ [ TXoR:

CAP: Controlled Access Period
SI: Service Interval

CAP Limit is set for starvation protection
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P, HCCA Operation

® QSTA sends request
® Tdentify Traffic Specification (TSPEC)
® Traffic Specification
® Avg.Throughput
® MSDU
® Max Delay
® RSI: Required Service Interval (Each station)
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TSPEC negotiation

@ T

STA

Beacon

ADDTS raqueast

Admission

" ADDTS response

&
F

ra
S Coammumication

%, using high priority

DELTS

|+

2 |

J AF tells all STAs in the beacon thal
= ] admission is mandatory.

=" Siation asks to start communication

in TSPEC paramelers,

controd

I,
%

| Access point sends the results.,

- ! High-prigrity communication

-

L 4

=== Station ends the high-priority

COMIMUNICALoN.

ADDTS: Add traffic stream request
DELTS: Delete Traffic Stream message

https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr200711sf7.html 33



2 Issues Iin TSPEC negotiation

Issue 1
There is no slandard for accepting
requests in TSPEC negotiation.
Wirslass -
ek i
A * ‘i ( VolP
A - o= | VolP
‘- <, r:I
s 4 i Y L VolP
Station must ‘. ,-J e
provide TSPEC |
negoliat VolP STAs AC VO
:\ch:.: l: i
e
LT .‘"’,.-' ‘::
Illll'llllllll 'F'ﬂ"‘f M r}
| Video STAs  AG_WI L
III.I l Ill
t*g alll ",|/ww 1|
i \ | .}I |
STAs using tha Waob AC_BE ﬂf-‘;:f b J
Issue 3
TSPEC negatiation i not applicable o

Iew-priority (AC_BE. BK) traffic.

https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr200711sf7.html 34



P SI calculation

® QAP collects info from all requested QSTAs
® Find the Min. RSI from QSTAs

® Divide Tgeacon

® Find Max. fraction Tgeacoy that < Min. RSI
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=

SI Calculation Example

® 3 stations with RSI (Required Service Interval):

® St#1 = 250 ms

* St#2=140ms <@ Min. RSI

® St#3 =280 ms

® Given Tgeacoy = 600 ms

# Interval ms
2 600/2 = 300
3 600/3 = 200
4 600/4 = 150
5 600/5 = 120
6 600/6 = 100

SI =120 ms

<@ Vin. RSI < 140
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P, TXOP Calculation

N

[S1+D | Dxy = Avg. Throughput Stream Y in Station X
= il Fxy = Frame Size

Nxy = #Frame

Fmax = Max Frame for each technology

Y F

Xy

N, *Fq F
TXOP , = max( , =)+ Overhead
Rate Rate

Physical Physical

QAP sums all TXOPs in Station X

YX
TXOP, = ) TXOP,, QAP Announces TXOP to Station X
y=1
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Admission Control

X

%

TXOP,

S

TXOPX+l

S

-T}:AP Limit

T

Beacon
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IEEE 802.11e Frame

o I3
| WHALERLADT
2"l 2"l 6 lue 6 lue 6 lue 2'lud 6l lug 0-23124 Ty 4'lud
Duration Address Address Address Seq. Address QoS Frame e
ontro /D 1 2 3 Control 4 Control Body
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IEEE 802.11e Frame

N~

o 14
LWHALARLADT
2"l 2l 6 lud 6 lue 6 lue 2"l 6 lue 2 lug 0-23124Tud 4l
Frame Duration Address Address Address Seq. Address Qe Frame ey
Caontrol D 1 2 3 Caontrol 4 ontro Body
T 1 46 x 146 8 1ie
TID EOYP ACK Policy Reserved TXOP duration requested / Queue Size
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=

ACK Policy

Bit #5

Bit #6

Meaning

0

0

Normal ACK

1

0

No ACK
(Response frame, not ACK)

No Explicit ACK

Block ACK
(No ACK, record state)
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EDCA Parameters

=

g lud 1Tud 1Tud 'l 4 'lud 4 'lud 'l
Element
Length AC_BE Parameter ERIOEEREEIEIGEICIM AC Y Parameter | AC_VO Parameter
D Q0S Info | Reserved
[18] Record Record Record Record
[12]
1 lud 106 2'lug
ACI I AIFSN ECW . TECW TXOP Limit
1 4ie 2 16 143
ACM ACI Reserved

In Beacon Frame
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Automatic Power Save Delivery
= (APSD)

® For VoIP Phone

® data rates are roughly the same in both
directions

® \/oice data are sent to the AP

® AP is triggered to send the buffered Voice data in the
other direction

® Then the VoIP phone enters doze state until next
Voice data have to be sent to the AP
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& Ack

® Block Acknowledgments (BA)

® allow an entire TXOP to be acknowledged in a single
frame

® | ower overhead

® NoAck

® QosAck and QosNoAck
® Frames with QosNoAck are not acknowledged
® Avoids retransmission of highly time-critical data
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Wi-Fi Multimedia (WMM)

Another name: Wireless Multimedia Extensions (WME)
Based on the IEEE 802.11e

By Wi-Fi Alliance

Provides basic QoS features to IEEE 802.11

WMM prioritizes traffic according to four Access
Categories (AC) - voice, video, best effort, and
background

However, not guarante throughput

Suitable for simple QoS applications (VoIP on Wi-Fi
phones)
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