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Abstract

• This document provides an overview of the PHY
proposal developed by the Joint Proposal Group.



January 2006

Petranovich, Mujtaba, et alSlide 10

doc.: IEEE 802.11-05/1161r2

Submission

Introduction
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What’s New in 11n?

• Spatial Division Multiplexing  through MIMO
• Bandwidth Expansion
• New MCS Sets
• Higher Rate Binary Convolutional Code
• New Frame Formats
• RIFS
• Short GI
• Spatial Expansion
• Space-Time Block Codes
• Channel Sounding
• Transmit Beam Forming
• Low Density Parity Check Code



January 2006

Petranovich, Mujtaba, et alSlide 12

doc.: IEEE 802.11-05/1161r2

Submission

Overview of New Features

Basic Features
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Spatial Division Multiplexing

• Use of MIMO technology enables increase throughput
without using more bandwidth or time

• Mandatory spatial streams
– 2 spatial streams in APs
– 1 spatial stream in non-AP clients

• Extensible
– Up to 4 transmit streams optional in both AP and client

• Increased PHY rate (relative to .11a/g) by a factor of up to
4
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Bandwidth Expansion

• Use of 4 more sub-carriers in 20MHz
–  increase rate by 8%

• Extension to 40 MHz bandwidth by using two adjacent
20MHz channels (Optional)
– use of 108 data carriers increases rate by a factor of 2.25
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Bandwidth Extension

• In 20MHz 4 tones are added on the sides of the current 40MHz bandwidth
• In 40MHz the 20MHz tones are moved up and down 20MHz and the tones

are added in the middle and in the place of the DC tones.
• Upper channel in 40MHz is rotated by +90° in reference to the lower

channel
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Modulation Coding Scheme (MCS)

• Mandatory Symmetrical Sets
– 8 MCS sets for 20 MHz, 1

spatial stream
– Range from BPSK rate ½ to

64-QAM rate 5/6
– Data rates range from 6.5

Mbps to 65 Mbps (72.2 Mbps
with short GI)

655/664-QAM7

58.5¾64-QAM6

522/364-QAM5

39¾16-QAM4

26½16-QAM3

19.5¾QPSK2

13½QPSK1

6.5½BPSK0

Data Rate
(MBPS)

Code
Rate

ModulationIndex
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Modulation Coding Scheme (MCS)

• Option extension of Symmetric MCSs
– 40 MHz bandwidth expansion
– 2, 3, and 4 spatial streams
– Extension to 32 symmetric MCSs
– Data rate up to 540 Mbps (600 Mbps with short GI)

• Optional HT duplicate mode in 40 MHz
– Modulation is duplicated in upper and lower bands (with rotation)
– BPSK, code rate ½
– 6 Mbps (6.7 Mbps with short GI)
– Provides a very robust communications mechanism

• Total of 33 symmetric MCSs
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Modulation Coding Scheme (MCS)

• Optional Asymmetric MCS Sets
– Mix of 64-QAM, 16-QAM, and QPSK
– Asymmetric MCSs useful for transmit beam forming (TxBF) and

STBC situations where some streams are more reliable than others
– 44 Assymetric MCSs

• Total of 77 MCSs
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Binary Convolutional Code

• Code rates ½, 2/3, ¾ carried over from 802.11a/g
• Maximum code rate increased to rate 5/6

– increase data rate by 11% over .11a/g code

• One BCC encoder used when data rate is under 300
Mbps, two encoders are used when PHY data rate
exceeds 300 Mbps
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Interleaver

• Structure based on the 802.11a interleaver.
• Separate interleavers for each spatial stream.
• 20 MHz

– 13 columns
– 4NBPSC  rows
– 11 subcarrier x Nstream frequency domain rotation

• 40 MHz
– 18 columns
– 6NBPSC rows
– 29 subcarrier x Nstream frequency domain rotation
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Three Frame Formats in .11n

• Legacy (Mandatory)
• Mixed Mode (Mandatory)

– Legacy portion of the preamble provides built in PHY protection
• Allows mixture of legacy and 11n packets in one network
• Avoids hidden node issues when beamforming

– However, the preamble length is increased

• Green Field (Optional)
– Very efficient preamble
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Frame formats

L-STF L-LTF L-SIG

8u 4u8u

Data

L-STF L-LTF L-SIG HT-SIG
HT-

STF

HT-

LTFs

8u 8u 4u 8u 4u

4u per

LTF

Data

L-STF HT-LTF1 HT-SIG
HT-

LTFs
Data

Legacy

Mixed Mode

Green Field

8u 8u 8u

4u per

LTF
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MM Preamble First Part
L-STF L-LTF L-SIG HT-SIG

• Transmitted as a single stream expanded to up to four streams  as
explained above.

• The HT-SIG is transmitted on two OFDM symbols.
– The modulation is BPSK rotated by +90°.

• Provides very robust built-in legacy PHY and beam forming-
related PHY protection
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HT-STF

• HT-STF – High Throughput Short Training Field.
• Used to set the AGC and for acquisition tasks in GF
• Based on the .11a sequence with CSD of -400, -200, -

600ns) between channels.
• 4µsec long.
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HT-LTFs
L-STF L-LTF L-SIG HT-SIG

HT-

STF

L-STF HT-LTF1 HT-SIG
HT-

LTF2
Data

HT-

LTFn
�

Mixed Mode

Green Field

HT-

LTF1
Data

HT-

LTFn
�

• Used to train the receiver to the MIMO channel.
• The sequence transmitted is based on the 11a long training field

sequence –
– Extended to 56 tones by adding 4 tones in 20MHz
– In 40MHz, extended to 114 tones first moving the sequence up and down 32

tones, then adding tones between the two channels and in the DC subcarriers
– In 40MHz the upper channel is +90° rotated compared to the lower channel.
– In the Green Field format, HT-LTF1 has a duration of 8 µsec. (with GI2).
– All other HT-LTFs have a duration of 4 µsec. (with GI of 800 nsec.).
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Cyclic Shifts

• To prevent unintentional beam forming during the transmission
• The legacy portion of the mixed-mode frame uses CSD (cyclic shift

diversity):
– -200ns for two transmit chains
– -100ns, -200ns for three transmit chains
– -50ns, -100ns, -150ns for four transmit chains
– Limited to these values to preserve compatibility with legacy devices.

• In the HT training fields, cyclic shift diversity is applied to the
output of the transmit chains
– -400ns to the second transmit chain
– -200ns to the third transmit chain
– -600ns to the fourth transmit chain
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Reduced Interframe Spacing (RIFS)

• Allows for a 2 usec interval between successive
transmissions from the same device

• Results in increased efficiency in use of the channel
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Overview of New Features

Advanced Features
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Spatial Expansion

• Allows the transmitter to use more antennas than space time
streams in a manner transparent to the receiver
– a linear prec-coding matrix at the transmitter creates an “effective

channel”

• Three Types of Spatial Expansion:
– CSD expansion

• Uses cyclic shifts across the antenna array
– CSD + Orthogonal Matrix

• Orthogonal matrix may allow better isolation among the space time streams
• adding cyclic shifts mitigates beamforming artifacts and power fluctuation at

the receiver
– Beam forming Steering Matrix

effective actual precodingH H V= !
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Short GI

• Optional shortening of GI from 800 nsec to 400 nsec
• Results in data rate increase of 11% on low delay

spread channels
– for example channel model B with rms delay spread of 15ns
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STBC
• Space Time Block Coding

– Increases rate at range for scenarios with more transmit chains than
receive chains

– Useful especially for transmitting to single antenna devices
– Does not require closed-loop operations
– Based on 2x1orthogonal space-time coding

• Nss = 1  2 x 1, 3 x 1, and 4 x 1
– Extended to scenarios with multiple spatial streams

• Nss = 2  4 x 2, and 3 x 2
• Nss = 3  4 x 3

– Asymmetric MCS sets may be applied
• Useful when STBC protection is uneven, for e.g. 3 x 2 and 4 x 3
• CSD + Orthogonal mapping used in the above two configurations

• STBC is fully optional
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Channel Sounding

• Channel sounding is useful for link adaptation and transmit beam
forming

• Three sounding methods
– Standard packet

• Limited by need to extract data from packet
• Channel is sounded using preamble

– Segmented LTF
• Allows sounding of spatial dimensions not present in data
• First the spatial streams in the data are trained, then the “NULL” streams are trained.

– Zero Length Packet
• Allows sounding of any spatial dimensions (as there is no data)
• Training is done like a usual packet with the number of streams indicated by the

MCS
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Sounding with Segmented LTF

L-STF

L-STF  -400ns

HT-LTF1

HT-LTF1 -400ns

HT-SIG

HT-SIG  -400ns

HT-LTF2

- HT-LTF2

-400ns

- HT-LTF2

HT-LTF2

-400ns

HT-LTF2

HT-LTF2

-400ns

HT-Data

HT-Data - -400ns

TX1

TX2

TX3

TX4
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Transmit Beamforming

• Closed loop Tx BF support
– Increase rate at range by applying a steering matrix at the transmitter
– Most useful when more transmit chains than space-time streams

• Support in PHY –
– Support for sounding the channel
– Support for asymmetric MCSs
– Channel state information feedback support

• Calibration for implicit-feedback beamforming using reciprocity
• Steering matrix feedback for explicit-feedback beamforming

– compressed and uncompressed
• Channel matrix feedback for explicit feedback, calibration, and rate

adaptation

• All beam forming and rate adaptation support is optional
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LDPC

• Optional Low Density Party Check code provides
higher performance than BCC code

• 12 different codes based on same code structure
– Same code rates as BCC code

• ½ , 2/3, ¾, 5/6
– Three block lengths

• 648, 1296, 1944
– Systematic code

• LDPC PPDU encoding process promotes efficient use
of channel using shortening and puncturing
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Summary
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Scalable PHY Architecture

Open Loop SDM

1 Spatial Stream

20 MHz

!  65/150 Mbps

Robustness
Enhancement

Closed Loop Tx BF

4 Spatial Streams

Throughput
Enhancement

Conv. Coding LDPC

Robustness
Enhancement

!  600 Mbps

Mandatory Optional

40 MHz

Throughput
Enhancement

STBC
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Conclusion

• JP PHY submission is a good basis for the 802.11n
PHY specification
– Standardizes use of SDM and bandwidth expansion
– Provides for data rates up to 600 Mpbs

• Includes state-of-the-art techniques to promote throughput, including
TxBF, STBC, and LDPC

– Extensible architecture meets the needs of many segments of the
industry
• One spatial stream in clients and STBC support for hand-held segment
• Multiple spatial streams, TxBF, and channel sounding for CE segment

• Please vote to confirm!!!
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