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Foreword of the Publisher:

Dear Reader:

Note that this book is primarily a training document because the primary business of
INACON GmbH is the training and consulting market for mobile communications. As
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them are proven experts in their area with usually many years of practical
experience.
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* Extreme degree of detailed information about a certain technology.
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* Incorporation of several practical exercises.

« If applicable, incorporation of examples from our practical field
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« References to the respective standards and recommendations on
virtually every page.

Finally, we again like to congratulate you to the purchase of this book and we like to
wish you success in using it during your daily work.

Sincerely,

Gunnar Heine / President & CEO of INACON GmbH
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IEEE 802.11n - Design Details & Protocol Analysis

2.1 Introduction to 802.11n-Enhancements
2.1.1 The Big Picture

@ The objective of this section is to structure the IEEE 802.11n enhancements
) into a few groups to ease the understanding of the following sections.

Remark
The image states "majority” because a few enhancements are not covered by the
presented feature groups. They are presented in the following sections.
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2.1.5 Other Enhancements
2.1.5.1 More Data Subcarriers / Smaller Guardband
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@ The objective of this section is to illustrate that 802.11n uses four additional
o data subcarriers by reducing the upper and lower guardbands.

T The support for these additional 4 subcarriers is mandatory in IEEE 802.11n
"< % and needs to be supported by compliant AP's and STA's.

Image Description

* The image illustrates in the upper part the legacy constellation. Out of the 64
subcarriers, only 52 are useful and 4 of them are used as pilots. This leaves us
with a number of 48 data subcarriers.

* In the lower part of the image we see the situation with 802.11n: Four additional
subcarriers are provided by reducing the upper and lower guard bands. To be
more precise: Subcarrier numbers (-28), (-27), 27 and 28 are used within
802.11n.
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2.1.5.1.1 Performance Gain
The performance gain compared to using 48 data subcarriers is 4/48 = 8.33%.

[IEEE 802.11n (20.3.6)]

Room for your Notes:

* Abbreviations of this Section:

AP Access Point (IEEE 802.11, 802.16) kHz Kilo Hertz (10° Hertz)
DC Direct Current MHz Mega Hertz (10° Hertz)
IEEE Institute of Electrical and Electronics STA Station

Engineers
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2.2.4 Transmit Beamforming
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ATl

* Resulting

@ The objective of this system is to illustrate the principle operation of beam
- forming antenna arrays.

Key point of this section is that beamforming requires some sort of feedback
N channel so that the antenna array can be readjusted. In a TDD-system with
Ra -, its channel reciprocity, this feedback channel may simply be the STA's

standard uplink channel.
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Image Description

* The image illustrates an AP with two transmit antennas. Because of the physical
distance between these two antennas, also the distance and the propagation
paths of the two antennas to the STA is different.

* Based on the feedback that the AP receives for each antenna, different phase
shifts are applied to both signals so that the “Resulting” matches the red
waveform in the lower right diagram.

Room for your Notes:

« Abbreviations of this Section:

AP Access Point (IEEE 802.11, 802.16) STA Station
TDD Time Division Duplex
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IEEE 802.11n - Design Details & Protocol Analysis

2.3.2 Practical Exercise: Evaluate a Beacon Frame with HT-
Information Elements
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of 802.11n in a real-life logfile. (2) Understand how an AP communicates its

4 The objectives of this section are to: (1) See the various presented features
HT-related capabilities to STA's

Please answer the following questions, using:
* Enclosure 1: Practical-Exercise-Beacon-80211n-Exam.pdf (spec extract)

* Log file 1: Practical-Exercise-Beacon-80211n-Exam.pcap (or use printout)

‘? Question No 7: What is the maximum A-MPDU length that the AP supports in
receive direction?
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Question No 8: What is the maximum A-MSDU length that the AP supports in ‘?
receive direction?

Question No 9: Does the AP support 40 MHz operation? If yes, is the secondary

channel above or underneath the primary channel? Which channel number does ;

the primary channel have? L

Question No 10: Which MCS's does this AP support? 7
[ ]

Question No 11: Are there currently any non-greenfield operation capable STA's ‘?

associated to this AP?

Room for your Notes:
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3.1.2 Mixed Format
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The objective of this section is to present the format and content of the
mixed format PPDU which is used to transmit HT (High Throughput)
PPDU's.

o

Key point of this section is that support for mixed format is mandatory for all
802.11n-compliant STA's (incl. AP's).

&

3.1.2.1 Non-HT / Legacy Preamble

The legacy preamble in the header of the mixed format PPDU is there to provide for
backward compatibility with legacy STA's. Please see section 1.6.5 for more details
[IEEE 802.11n (20.3.9.3)].

3.1.2.2L-SIG

Like the legacy preamble, L-SIG is there for backward compatibility with legacy
devices that operate in the same BSS.

The RATE-field in the L-SIG shall always be set to 6 Mbit/s. This allows for the
longest possible duration of the remaining part of the PPDU, because receiving
legacy devices will calculate that duration based on RATE and LENGTH.
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If RATE = 6 Mbit/s, then those legacy STA's will assume BPSK-modulation with 1/2-
rate coding, thus together with the LENGTH-field rather long durations can be

indicated.

However, with the mixed format, the maximum PSDU-length (and therefore also
the maximum MPDU- and A-MPDU-length) equals 4095 octets [IEEE 802.11n

(9.13.4)].

[IEEE 802.11n (20.3.2)]

to be continued on the next page

« Abbreviations of this Section:

A-MPDU Aggregated MAC Protocol Data Unit
(IEEE 802.11)

AP Access Point (IEEE 802.11, 802.16)

BCC Broadcast Call Control (3GTS
44.069)

BCC Binary Convolutional Coding

BPSK Binary or Bipolar Phase Shift Keying

BSS Basic Service Set

CRC Cyclic Redundancy Check

FEC Forward Error Correction

GI Guard Interval

HT High Throughput

LDPC Low Density Parity Check

LTF

MCs

MPDU

OFDM

PPDU
PSDU

SIG

SIG
STA
STBC
STF

TE

o -

Long Training Field

Modulation and Coding Scheme
MAC Protocol Data Unit
Orthogonal Frequency Division
Multiplexing

PLCP Protocol Data Unit

PLCP Service Data Unit

Special Interest Group (e.g.
Bluetooth)

Signaling Field (IEEE 802.11)
Station

Space Time Block Coding
Short Training Field

Terminal Equipment
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o)

o)

3.1.2.3 HT-SIG

The HT-SIG contains various fields, similar to L-SIG as the image indicates [IEEE
802.11n (20.3.9.4.3)]. It is quite important to realize that the LENGTH-field is 16 long
and can therefore reference PSDU-lengths of up to 65,535 octets. Still, in mixed
environments no more than 4095 octets long PSDU's are acceptable (see statement
above). The LENGTH-value = 0 is also possible and refers to NDP's (Null Data
Packet) w/o data field which are used for sounding-PPDU's.

Note that HT-SIG will also use BPSK as modulation scheme, however, the
symbols will be 90° rotated and therefore occupy the Q-plane rather than the I-
plane as applies for the L-SIG.

3.1.2.4 HT-STF

The HT short training field is used to improve automatic gain control in a MIMO-
system. In regular 20 MHz-operation, the HT-STF equals the L-STF and thus
consists of 10 short OFDM-symbols. For 40 MHz-operation, please refer to [IEEE
802.11n (20.3.9.4.5)].

3.1.2.5 HT-LTF
The HT long training field is used to enable better estimation of the MIMO channel.
Please note that there are data HT-LTF's (DLTF) and extension HT-LTF's. (ELTF)

The number of HT-LTF's per PPDU (combination of DLTF's and ELTF's) shall not
exceed 5 [IEEE 802.11n (20.3.9.4.6)]

3.1.2.5.1 DLTF

There are one up to four DLTF's per mixed PPDU. The number depends on the
number of spatial streams used whereas this number (1 .. 4) matches the number of
DLTF's with one exception. If there are three spatial streams, there shall be four
DLTF's [IEEE 802.11n (20.3.9.4.6)].

3.1.25.2 ELTF

ELTF's are optional (also their support is optional) and they shall only be present to
sound extra spatial dimensions of the MIMO-channel which are not used by the HT-
data portion [IEEE 802.11n (20.3.9.4.6)].

3.1.2.6 SERVICE-Field

The SERVICE-field remains in use as in legacy PPDU's. All bits are set to '0' and the
bits are used used to synchronize the de-scrambler at the receiver [IEEE 802.11n
(20.3.9.4.6)].
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Room for your Notes:

Abbreviations of this Section:

BPSK

DLTF

ELTF

HT

IEEE

LTF

MHz

Binary or Bipolar Phase Shift Keying MIMO
Data Long Training Field (IEEE NDP
802.11)

Extension Long Training Field (IEEE = OFDM
802.11)

High Throughput PPDU
Institute of Electrical and Electronics PSDU
Engineers

Long Training Field SIG
Mega Hertz (10° Hertz) STF

Multiple In / Multiple Out (antenna
system)

Null Data Packet (IEEE 802.11)
Orthogonal Frequency Division
Multiplexing

PLCP Protocol Data Unit

PLCP Service Data Unit

Signaling Field (IEEE 802.11)

Short Training Field
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4.4.4.2 New Format of the BlockAck Frame
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4 The objective of this section is to analyze the format changes of the
@ BlockAck frame and to understand which new parameters are included with

= 80211n.
i There are three different BlockAck types: Basic BlockAck, Compressed
“\__h,  Bitmap BlockAck and Multi-TID BlockAck that can be asked for by a new
4 BlockAck Request.

MAC-Header

The MAC-header is still the same as prior to 802.11n.

4.4.4.2.1 Redefined BA-Control Field

e Similarly to the BlockAck Req, "Multi-TID"-field together with "Compressed
Bitmap" identify which information is included in the BA-Info field.

* The "BAR Ack Policy" bit indicates whether the receiver of the BlockAck Request-
message shall return an ACK-message to confirm receipt of the BlockAck
Request-message.
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4.4.4.2.2 BA-Info
* As illustrated, the content of the BA-info field depends on the BlockAck-type.

* Three types may have been requested by the preceding BlockAck Request:
"Basic", "Compressed" and "Multi-TID".

[IEEE 802.11n (7.2.1.8)]

Room for your Notes:

« Abbreviations of this Section:

BA Block Ack RA Receive Address
BAR Block Ack Request TA Transmitter Address
FCS Frame Check Sequence (CRC-Check) TID Traffic Identifier
MAC Medium Access Control
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