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o
©) What is a WLAN?

Typical definitions are ambiguous, lots of exceptions:

I YT we

Data rates very high ultra-high

Power consumption moderate, not critical low, critical

Usage portable mobile

Network size can be large small
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o
©) What is a WLAN?

Possible definition I: Very high data rates over medium/long ranges

Coverage

WAN
MAN

LAN

PAN

BAN

10 kb/s 100 kb/s 1 Mb/s 10 Mb/s 100 Mb/s 1 Gb/s 10 Gb/s
PHY data rate
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Possible definition I: Very high data rates over medium/long ranges
Possible definition Il: IEEE 802.11 = WLAN, IEEE 802.15 = WPAN

Coverage

WAN
IEEE 802.11

MAN has no

competitor in
LAN the WLAN

area

PAN
BAN

10 kb/s 100 kb/s 1 Mb/s 10 Mb/s 100 Mb/s 1 Gb/s 10 Gb/s
PHY data rate
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Originally designhed for data communication and networking, the
applications of WLANSs are becoming more and more diverse

i

‘.T‘T.r"'

ARNSE

Car and large vehicles
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Originally designhed for data communication and networking, the
applications of WLANSs are becoming more and more diverse

IEEE 802.11ac/ad usage model
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ﬁﬁ WLAN applications

Originally designhed for data communication and networking, the
applications of WLANSs are becoming more and more diverse

IEEE 802.11ac/ad usage model

Distribution of HDTV and Video streaming throughout the home or large vehicles;
other media content Networking in the office; Remote medical assistance
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Originally designhed for data communication and networking, the
applications of WLANSs are becoming more and more diverse

IEEE 802.11ac/ad usage model

Distribution of HDTV and Video streaming throughout the home or large vehicles;
other media content Networking in the office; Remote medical assistance

Backhaul Multi-media mesh backhaul; Point-to-point backhaul

Manufacturing floor Manufacturing floor automation

Source: Cisco
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With the extended field of WLAN applications, the QoS
requirements are becoming more diverse and more challenging

guasi error-free transmission, low latency, support of a large data rate range
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HDTV 19.27 24

Interactive Gaming >100

Uncompressed video
(1080p, 24 bit/px, 60 frames/s)

3000

Y IEEE 802.11 needs continuous advancement
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A Motivation: What is a WLAN?

A Advances of WLANS

I Overview
I High throughput WLAN @ 2.4 and 5 GHz (IEEE 802.11n)
T Vehicular WLAN @ 5.9 GHz (IEEE 802.11p)

i Very high throughput WLAN @ 5 GHz (IEEE 802.11ac)
I Very high throughput WLAN @ 60 GHz (IEEE 802.11ad)
I Further amendments

A Conclusion and future prospects
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standard and amendments =i
(IEEE 802112007 Base standard including all amendments until 2007

IEEE 802.11a-1999 OFDM PHY @ 5 GHz

IEEE 802.11¢c-1998 Wireless bridging (now part of IEEE 802.1D-2004)

IEEE 802.11e-2005 MAC enhancements for QoS

IEEE 802.11g-2003 Extended rate PHY @ 2.4 GHz (OFDM, DSSS/CCK, PBCC, DSSS-OFDM)

IEEE 802.11i-2004 MAC security enhancements

|[EEE 802.11k-2008 Radio resource measurement

IEEE 802.11r-2008 Fast roaming

IEEE 802.11y-2009 3.6571 3.7 GHz operation in the USA
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task groups o

. Planned

IEEE 802.11p Wireless access for the vehicular environment (WAVE) Jun. 2010

IEEE 802.11u Interworking with external networks Sep. 2010

IEEE 802.11z Extensions to direct link setup Sep. 2010

IEEE 802.11ac ~ Very high throughput <6 GHz Dec. 2012

IEEE 802.11ae QoS management, prioritization of management frames Jun. 2012
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A Advances of WLANS

I Overview
i High throughput WLAN @ 2.4 and 5 GHz (IEEE 802.11n)
i Vehicular WLAN @ 5.9 GHz (IEEE 802.11p)

i Very high throughput WLAN @ 5 GHz (IEEE 802.11ac)
i Very high throughput WLAN @ 60 GHz (IEEE 802.11ad)
I Further amendments

A Conclusion and future prospects
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PHY MAC

Frequency bands 2.4 and 5 GHz -

RIFS burst

. M: 4 us Fast link

OFDM symbol duration O: 3.6 us (short GI) adaptation
M: BCC grant
FEC O: LDPC
Channel
s wmmuss
: : M: 1, 2 (APs), direct mapping Phased coexistence operation

MIMO: Spatial Streams O: 3 4. TxBF., STBC -

__ —
- VAN J

Spectral efficiency 0.37 15 bit/s/Hz

Mandatory Optional
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X, exp(-j2rkA(-400 ns))

X4, Xp Y. Y2

2

“X25 X4

Space-time
block coding

Spatial expansion

X7V X"V, Yy

Spatial division
multiplexing
(direct mapping)

Receiver diversity Transmit beamforming
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2.4 GHz band, 20 MHz, 64-QAM, R=5/6
MMSE equalizer, considers PHY impairments, synchronization, channel estimation, phase tracking
Channel model B (residential), NLOS, Channel model D (typical office), NLOS,
two spatial streams (MCS 15) SDM with two spatial streams (MCS 15),
all others with one spatial stream (MCS 7)
10° ‘ ‘ ‘ 0 |
................................ 3 RX dverciy] | e e s S o
_________________ ~ 3x2 SE ' ~ 2x1 STBC
S aostae |1 b NN N T 2asTRCL
-+ 2x2 SDM -+ 2x2 SDM

o 107} 2 107 - SR
E ..................... E
20 25 30 35 40 a5 15 20 25 30 35 40 a5
SNR (dB) SNR (dB)
STBC vs. RX diversity (MRC): 3.2 dB offset => 3 dB transmit TxBF with singular vector decomposition, channel state
power penalty, 0.2 dB impairment susceptibility information determined from noisy channel estimate
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A-MSDU A-MPDU wac | weouor |
[ Header A-MSDU FCS ]
]
Bytes: 6 6 2 0-2304 0-3 \
Destinali I = I ( Bytes: 4 (MPDU Delimiter) max. 4095 0-3
estination ource . % B
Length I MSDU Padding .
Address | Address Reserved | MPDU crc | Delimiter MPDU Padding
s Length Signature
] |
L
[A-MSDU subframe 1{A-MSDU subframe 2 € IA_MSDU subframe n] [A-MPDU subframe 1| A-MPDU subframe 2 é IA-MPDU subframe n]
u ]
max. A-MSDU length: 3839 or 7935 Byte max. A-MPDU length: 65535 Byte
e 7
PHY MAC i PHY i
[ Header I Header A-MSDU FCS Ta|I+Pad] [ Header A-MPDU Ta|I+Pad]
. MPDU i . PSDU i

Max. number of subframes no limitation

Traffic identifier(s) the same for all subframes can be different

Implementation HW, buffering of MSDUs possible SW, delay of channel access possible, more complex
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MAC throughput with
IEEE 802.11n frame aggregation ==

One video transmission in the 2.4 GHz band, PER = 10%, max. 7 retransmissions,
64-QAM, R=5/6, short GI, EQM, SDM

without frame aggregation with frame aggregation
450 T T T T 450 T T !
— 1x1 20 MHz : :
400 |— 1x1 40 MHz 3 1 400 1
— 2x2 20 MHz ; ;
?350- — 2x2 40 MHz i il ~.350 1
2 3x3 20 MHz f 2 T [—1x1 20 MHz
§300_ . 3x3 40 MHZ ...... ................... e - E300 OO OSSOSO SO 1x1 40 MHZ—
s — 4x4 20 MHz ; 5 5 —2x2 20 MHz
2250 |__ - : 1 : 1
£ 4x4 40 MHz | %250 —2x2 40 MHz
3 200 2 200 3x3 20 MHz
£ £ —3x3 40 MHz
0150 T T - S 150 —4x4 20 MHz | |
2 _ - —4x4 40 MHz
100- - = 1001 i
507 // | 50 |
0 i ; i I I \ i i I I \ I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 % 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

MSDU size (Byte) MSDU size (Byte)

0. Hof f mann, AEfficient Configurations for Wireless Home Ar da'Sydtams,wor ks
Technologies, Applications”, TU Dortmund, March 2009

O. Hoffmann,R.Kays, AEfficiency of Frame Aggregation in Wireless Multimedia Nef
IEEE International Symposium on Consumer Electronics (ISCE2010), Braunschweig, June 2010
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2x2, SDM, 40 MHz, 2.4 GHz, channel model B (residential),
1000 Byte MSDU size, 17 dBm transmit power, noise figure 10 dB

300
250 \ — BPSK,R=1/2
—— 4 ——— QPSK,R=1/2
\ QPSK,R=3/4
4 16-QAM,R=1/2
200 A\ 16-QAM,R=3/4
- L\ —— 64-QAM,R=2/3
ey 64-QAM,R=3/4
= - \\\\ ——— 64-QAM,R=5/6
> 1 — - —
2 150 \ \k BPSK,R=1/2,2X
5 \_T\\ — = QPSK,R=1/2,2X
E QPSK,R=3/4,2X
= - - = 16-QAM,R=1/2,2X
100 |\ W\ — —16-QAM,R=3/4,2X
R R — —64-QAM,R=2/3,2X
i\ — = 64-QAM,R=3/4,2X
o e g — —64-QAM,R=5/6,2X
\ \ ! FLA
v\ \ \ [N |
I EANANEL VA Nl S e —— N .
0 \\\—\\\I&%—_\bsx__‘ —_—
0 10 20 30 40 50 60 70 80 9 100
Range (m)

IEEE 802.11-04/0895r6
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A Advances of WLANS

I Overview
I High throughput WLAN @ 2.4 and 5 GHz (IEEE 802.11n)
T Vehicular WLAN @ 5.9 GHz (IEEE 802.11p)

i Very high throughput WLAN @ 5 GHz (IEEE 802.11ac)
I Very high throughput WLAN @ 60 GHz (IEEE 802.11ad)
I Further amendments

A Conclusion and future prospects
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ﬁ IEEE 802.11p: Wireless access
for the vehicular environment =i

Origin: Dedicated short range communication (DSRC) to be used by intelligent
transportation systems (ITS)

Diverse applications: Car-to-car, car-to-infrastructure; e.g. toll collection, safety

Regulation bodies allocated exclusive frequency band for DSRC
T Europe: 5.85571 5.925 GHz, 5/10/20 MHz spacing, 33 dBm max. EIRP

IEEE 802.11p defines PHY and MAC

T PHY based on IEEE 802.11a, 10 MHz channel bandwidth, max. 27 Mb/s PHY rate, higher receiver
performance requirements, stricter transmission masks, targeted coverage range up to 1 km

T MAC: possibility to immediately communicate without establishing a BSS, modified channel
access parameters (AIFSN values, TXOP limits)

i Status: TG since Sep. 2004, current version D11.0 (March 2010), 2"d SA sponsor ballot
recirculation closed on 8 April 2010, planned release in January 2011

A Higher layer protocols defined by IEEE 1609
T IEEE 1609.1: Architecture
T IEEE 1609.11: Secure electronic payments

o o Do D»

IEEE 1609.2 Security

MobiLight 2010, 12 May 2010, Barcelona 23
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Very high throughput @ 5 GHz ==

Goals

Max. multi-station throughput > 1 Gb/s

Max. single link throughput > 500 Mb/s

Higher range of operation

Reduce power consumption (peak and average)
Increase spectrum efficiency

Improve user experience

o To To To Do o

Approach

A Design by committee

A Ad-hoc groups: PHY, MAC, MU-MIMO, Coexistence
A Status: Composing first draft until Nov. 2010

A Planned Release: Dec. 2012

MobiLight 2010, 12 May 2010, Barcelona 25



ﬁ IEEE 802.11ac enhancements
under discussion S

Multiple access techniques
A Multi-user (MU)-MIMO as extended SDMA concept

I Simultaneously transmit different spatial streams to different users

I Complex implementation, requires precoding and user scheduling
A Linear precoding (unitary, zero-forcing)
A Non-linear precoding (dirty paper coding)

I CSl required at transmitter
I Users interfere
I MU diversity can be exploited

user #1

data of
K users

MobiLight 2010, 12 May 2010, Barcelona 26
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@

Multiple access techniques
A Multi-user (MU)-MIMO as extended SDMA concept

I Simultaneously transmit different spatial streams to different users

I Complex implementation, requires precoding and user scheduling
A Linear precoding (unitary, zero-forcing) 60
A Non-linear precoding (dirty paper coding)

I CSl required at transmitter
I Users interfere
I MU diversity can be exploited

(16x16x1)] |
16x8x2) ]

n
<
T 1 11

=
o
T T ‘

Y Achieves 1lac throughput goals
without 80 MHz mode, moderate
MAC efficiency, and more antennas
only at powerful devices (e.g. APS)

Only DL MU-MIMO is considered

]
<
1

(16x4x1)

[a—
<
LI L

Transmission rate [bit/s/Hz]
')
S
[

(4x4x1) SNR =3 1dB -
| | (NV,x TN{Q X N1
4 8 12 16

Number of receiving antennas (NVy)

IEEE 802.11-09/0303r1

<

<
o
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e under discussion vy Ao

Multiple access techniques
A OFDMA

I Exclusively assign specific users a subset of data subcarriers

I Comparable complexity of OFDMA on downlink as MU-MIMO on downlink
I Better performance with CSl, but not required

I No interference between users

I MU diversity can be exploited when CSI is available

Y Does not increase max. throughput, only improves efficiency with multiple lower
rate and mixed clients

(LT

frequency

>

data subcarriers of user #1, .user #3, user #4, user #5
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IEEE 802.11ac enhancements
under discussion e

A Increase channel bandwidth to 80 MHz
I Doubles PHY rate at negligible cost increase

I Complex coexistence methods necessary in case of adjacent channels or significant
receiver complexity in case of non-adjacent channels

I Number of available bonded non-overlapping 80 MHz channels very limited (4 in EU)
I New proposals for 160 MHz option (March 2010)

A Higher order modulation (256-QAM, EQM in single-user case)
I Simple enhancement of the architecture
I Lower robustness, higher TX and RX requirements
Y Benefit for short range, direct link applications

A More antennas, more spatial streams
I SU: Ngg XKB; MU: Ngrg X4 per user, Ngrg K8 summed over all users
I Linear increase of PHY rate, some benefit in certain environments
i Feasible only for large, powerful devices like APs

MobiLight 2010, 12 May 2010, Barcelona 29
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A Motivation: What is a WLAN?

A Advances of WLANS

I Overview
I High throughput WLAN @ 2.4 and 5 GHz (IEEE 802.11n)
T Vehicular WLAN @ 5.9 GHz (IEEE 802.11p)

i Very high throughput WLAN @ 5 GHz (IEEE 802.11ac)
I Very high throughput WLAN @ 60 GHz (IEEE 802.11ad)
I Further amendments

A Conclusion and future prospects
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QA 60 GHz basics

Regulation in Europe

A 8 GHz unlicensed spectrum
A Max. EIRP: 40 dBm

A Max. transmit power: 10 dBm

Typical channelization
A Four channels of 2.16 GHz each

A 12 narrow channels of 98 MHz each
(IEEE 802.15.3c & WirelessHD)

A Channel bonding (Ecma International)

A

| 2160 MHz |
-
i |

57 58 59 60 61 62 63 64 65 fIGHZ]

e P A
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97 GHz 58GHz 59GHz 60GHz 61GHz 62GHz 63GHz 64GHz 65GHz 66GHz

57 dBm 57 dBm
51.8 dBm
40 dBm 40 dBm
27 dBm
10 dBm 10 dBm 10 dBm 10 dBm

UsA/ Corea Japan Europe Austraia ~ Region
Canada (indoorfoutdoor)

MobiLight 2010, 12 May 2010, Barcelona
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Millimeter-Wave Region IEEE 802.15-10/0149r1
Challenges (30GHz - 300 GHz)

Dry Air %N)
\ I\

A High pathloss
I Higher free space attenuation

100

-
o

E—— Usual Rain
(a few mm/hr)

I Higher attenuation by oxygen
absorption, objects, and persons

Attenuation Constant (dB/km)

Y Directional communication

o
— =
TTTIT T TTTm T TTTTTT
A
X
e \

Mot il [ [ I 1 e )
v 4 10 20 40 100 200 400 1

Y Appropriate beamforming concepts e 000
Y Device discovery e
Y CSMA/CA is problematic _ h L
A Higher Doppler shift 1, ;‘ /
A Higher phase noise ;. / //
. . . S ; / /
é\ Very hlqh samp-llng-rate r.equwed g N /// Sy
Y Sophisticated circuit design ° L —==1

ETSITR102555V1.1.1 5

8 10 20 a0 50
Frequency (GHz)
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60 GHz characteristics

Challenges

High pathloss
i Higher free space attenuation

i Higher attenuation by oxygen
absorption, objects, and persons

Directional communication

Y Appropriate beamforming concepts
Y Device discovery

Y CSMA/CA is problematic

Higher Doppler shift

Higher phase noise

Very high sampling rate required
Sophisticated circuit design

Benefits
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A Ultra-broad, unlicensed frequency band
A Spatial reuse exploitable

I Increase aggregated capacity
i Reduce interference

A Reduced multipath propagation effects

I Single carrier (SC) PHY attractive
alternative

O. Hoffmann, R. Kays,

of I EEE 802.

R.
15.

Reinhol d,

3c for Different

fiCoded

Conference (GLOBECOM 2009), Honolulu, Hawaii, November 2009

Per forn
FEC Ty
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