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WLAN for Multimedianiicdan?

= Lack of QoS support
= Only good for best-effort traffic
= Limited capacity (or throughput) =
* Due to high protocol overhead

» —25 Mbps throughput with 11a/g 54
tx rate

- Emerging 11e and 1
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Talk Outline

= |Introduction to IEEE 802.11 WLAN

= Baseline MAC of IEEE 802.11
= |EEE 802.11e for QoS
= |EEE 802.11n for high thro

. )
= Conclusion
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Tvpical Home Networkinc
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Wireless Home Networking:

Today with Wireless Ethernet
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Baseline MIAC Description




Two Coordination EURcCtions

= Mandatory Distributed Coordination
Function (DCF)

= For distributed contention-based channel
access =
= Optional Point Coordination Functiof
(PCF)
= For centralized contention-free c
access
= DCF only for most com
devices

.............



Distributed Coordination EuRchHoR({vEt)

= Carrier Sense Multiple Access with

Collision Avoidance (CSMA/CA)
= similar to IEEE 802.3 Ethernet CSMA/CD

Immediate access when DIFS
medium is idle >= DIFS Contention Window
PIFS - >
DIFS T
< Busy |SIFS Backoff
Medium Window
‘ Slot Time
—>
Defer Access Select Slot and de
as long as
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Stop-and-Wait AR®

= Receiver of a directed frame returns an
ACK

= |[f ACK not received, sender retransmits
after another backoff -

) DIFS .
Source DATA

SIFS

Destination ACK

- DIFS |

Others

Defer Access

y
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Binary Exponentiall Backekil

= Backoff Counter is randomly selected from [O,CW/],
where CW is contention window

= For each unsuccessful
frame transmission,
CW doubles (from
CWmin to CWmax)

= CW < 2 (CW+1)-1

= Reduces the collision
probability
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IEEE 802.11e EDCA




Prioritized vs. Parameterzedi@es

* Prioritized QoS (like DiffServ)

= Differentiated channel access for frames wit
different user priorities

» 8 different user priorities (Ups)
» 802.1d bridge supports similar concept

» Parameterized QoS (like IntServ
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Hybrid Coordinatien; EURCHGRNEHECE)

= TwoO access mechanisms

= Contention-based channel access
» Enhanced Distributed Channel Access (EDCA)
= Variation of legacy DCF

= Controlled channel access

» HCF Controlled Channel Access (HCCA) ;
» Polling mode plus HC’s prioritized channel access

| = |

mainly
= Variation of legacy PCF
HCF
N
p
PCF EDCA HCCA

DCF
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User Priority to ACCesSs CategoerR/ Vapping

Priority User Priority |802.1D Access Designation
(UP - Same Designation | Category (Informative
as 802.1D (AC)

User Priority)
Lowest 1 BK AC BK
2 - AC_ BK
0 BE AC_BE
3 EE AC_BE
4 CL AC VI
5 Vi
i 6 VO
Highest
7 NC
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Prioritized Channell ACCESS

= Fach channel access function contends
with

= AIFS[AC] (instead of DIFS) and CWJ[AC] (instead o
CW) =

Immediate access when AIFS[AC| Contention Window
medium is idle >= AIFS[AC] from [0,CW[AC]]
PIFS | = >
AIFS[AC] T
- > Busy Backoff Ne
Medium Window ]
‘ Slot Time
—>
Defer Access Select Slo
as long a
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EDCA TXOP

= \Within an EDCA TXOP

* multiple frames from the AC can be transmitted

with the limit of TXOPLimit[AC]
= Ends if a frame transmission fails!

AIFS[AC] TXOP Limit [AC]
+Backoff T -
QoS QoS
SoUlcs Data(UP) Data(UP) AIFS[AC]
—P 4 > t—— S +Backoff
SIFS SIFS g
Destination ACK ACK
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HCCA TXOP

= Polling frame can be transmitted according
to AP’s scheduling
= after PIFS idle time in case of CP

= Polling frame carries Dur/ID covering TXOP

= During a polled TXOP, the TXOP holder can transmit
whatever frames it wants i

= Different from EDCA TXOP

SIFS
—> -
HC or AP | QoS CF-Polli TXOP granted by QoS CF-Poll
Polled Station Data 1
ACK 1
Others NAV from QoS CF-Poll
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IEEE 802.11n for High-

Throughput




802.11n for Higher haretghpui

= To provide higher throughput,
l.e., > 100 Mbps, at MAC SAP

= Enhance both OFDM PHY and MA_

» Make the current MAC more efficient
= Add MIMO (SDM, STC, beamforming),
channel bonding, etc. to PHY
= Status:
* Proposals made in Sept. 2004
= As of March 2005, one p
= TGN Sync
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11n PHY Candidate echmgues

* Channel bonding

» Using 40MHz instead of 20MHz (of 11a)
= Multi-Input Multi-Output (MIMQO)

= Spatial channels of different antenna pal S

are often uncorrelated

= Up to —600 Mbps rate proposed
* Using 4x4 40 MHz channel

Input

1l
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T e
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X
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Why Is Legacy: MAC lImitEd?

= (DCF) with lots of overheads related to

PHY and MAC
= Preamble, PHY & MAC headers, backoff, IFSs, and
ACK
= See below for .11a
DIFS (34 usec) SIFS (16 usec)
_> <_
Busy
Channel /--/ FIFIRA NG
Backoff - 9 ¢ x [0,CW] >=2 C
MPDU (=
PLCP PLCP MAC
Preamble Header Header FCS

16 usec >=4usec 240
435 SEOUL NATIONAL
28 ;&‘53 UNIVERSITY



Throughput VS. Paylead Size

Throughput (Mbps)

100 300 500 700 500 1100 1300 1500 1700 1900 2100 2300
Payload Size (octets)

—— 51 Mbps —=— 54000 Mbps

= . 11a & DCF theoretical t
payload=2304 octets & ¢
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Key: Tfechnigues for 11n MAC:

- 802.11e TXOP and Block ACK
- Erame Aggregation

Ref: [Tinnirello0O5], [Kim04]




S802.11e TTXOP and! Blecks AT

= Transmission Opportunity (TXOP)

= Multiple MPDUs (or MSDUSs) can be
transmitted back-to-back per a chann
access b

= Block ACK

= [nstead of iImmediate ACK

= Block ACK from receilver after a
MPDUs from transmitter

= Allowing selective ARQ
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Different Access Noedes anad Ak
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Throughput vs. IDX@PILEnait

Ref: [ Tinnirello05
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Theoretical Throtghpui:
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Packet Size Statistics

[ =54

 ca-127

. B 125-255
B 256511
[] 5121023
[] 1024-2047

B z045-2345

This statistics is from the measurement taken
In IEEE 802.11 standard meeting
in the morning of July 2279 2003
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Frame Formats, (Exampie)

Ref: [Kim04

Original

octets: 2 o variahle
LLC SM AP P
B02.72 LLC Header Header |datagram

octets: 2 2 3] G 3] 2 variable
Frame |Duration 2e0.
202 11 MAC Control /D Addr 1| Addr 2 | Addr 3 Control Data FC3

With aggregation

nctets: 6] & 2 variable
Destination SoUrce
Addr. Addr. Type (IP datagram

02 2 | LG octets: 1 1 1 1 2 2\}‘variable able

. DSAP [S3AFP ControlResery |Count | 4. . Etherframe Etherframe
with (x| (Oxdd)| (ox03) | ed | ( | D171 | SiZe N i n

aggregation
octets: 2 2 6 & variable 4

Frame | Duration | Addr Addr Addr 2ed.
802.11 MAC Control { 1D 1 ? 3 Control Data | FC3
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Throughput vs. Paylead

via Frame Acdareadation rer:
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11in MAC Proposals

(from TGn Sync proposal)
Ref: [Sync], [WWISE]




A-MSDU Aggregation

-« Carrier MPDU -
Frame Address | Address | Address | Seq | Address| QoS A-
Control Dur /1D 1 2 3 Control 4 Control | MSDU FCS
. . Subframe 1 Subframe 2 Subframe n
e Efficient Structure

« MSDUSs of the o — — J
same TID can be Header )
aggregated 14B 0-2304B 0
: DA SA Len E
« MSDUs with
differing SA/DA can e
be aggregated
> &) onversry



A-MPDU Aggregation

= Robust Structure

= Aggregation is a purely-MAC function
= PHY has no knowledge of MPDU boundaries
» Simplest MAC-PHY interface

= Control and data MPDUs can be aggregated
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Performance Evaluation

Aggregation schemes comparision (no channel errors)
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Enhanced Block Ack (BA)

= Compressed BA

= Support for non-fragmented BA to reduce the
bitmap size to 1 bit per MSDU

* Truncation of the bitmap to reduce the numb
MSDUs acknowledged in the bitmap

Aggregation frame

d
<«

@)
Initiator =k
Responder
Frame | Duratio BA Con | BA Starting S
Control n/1D . £ trol eq. Control

Compressed | Non-Frag Num MSDU
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Conclusion

» |EEE 802.11 is evolving today

= Overviewed 802.11e and 11n cor
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