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TGn Editor: Replace the text in subclause 21.3.11.1 (Implicit feedback beamforming) with the text given below. Also, insert the new Figure nx (The baseband-to-baseband channel) provided below, update cross references to figures and subclauses, and assign equation numbers to all equations that appear on separate lines.

21.3.11.1 Implicit feedback beamforming

Implicit beamforming is a technique that relies on reciprocity in the time division duplex channel to estimate the channel that a device is transmitting over based on MIMO reference received from the device to which it plans to transmit.  This allows the transmitting device to calculate a set of transmit steering matrices, 
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, one for each subcarrier, which are intended to optimize the performance of the link.
Referring to Figure n62 (The beamforming MIMO channel model), (TGn Editor: update cross reference to figure) beamforming transmissions from a STA A to a STA B using implicit techniques are enabled when STA B sends STA A a sounding PPDU, allowing STA A to form an estimate of the MIMO channel from STA B to STA A, for all subcarriers.  For a TDD channel in which the forward and reverse channels are reciprocal, the channel from STA A to STA B in subcarrier 
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 is the matrix transpose of the channel from STA B to STA A in subcarrier 
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, to within a complex scaling factor, i.e., 
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.  Here 
[image: image5.wmf],

ABk

H

 is the MIMO channel matrix from STA A to STA B at subcarrier 
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 and 
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 is the channel matrix from STA B to STA A at subcarrier 
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.  STA A uses this relationship to compute transmit steering matrices that are suitable for transmitting to STA B over 
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When the over-the-air channel between the antenna(s) at one STA and the antenna(s) at a second STA is reciprocal, the observed baseband-to-baseband channel used for communication may not be, as it includes the transmit and receive chains of the STAs.  Differences in the amplitude and phase characteristics of the transmit and receive chains associated with individual antennas degrade the reciprocity of the over-the-air channel, and cause degradation of performance of implicit beamforming techniques.  The over-the-air calibration procedure described in subclause 9.17.2.2 (Calibration) (TGn Editor: update cross reference to 9.17.2.2) may be used to restore reciprocity.  The procedure provides the means for calculating a set of correction matrices that can be applied at the transmit side of a STA to correct the amplitude and phase differences between the transmit and receive chains in the STA.  If this is done in both the STAs that are communicating with each other, reciprocity is restored in the baseband-to-baseband response of the forward and reverse channels.

Figure nx (The baseband-to-baseband channel) (TGn Editor: update cross reference to Figure nx) illustrates the observed baseband-to-baseband channel, including reciprocity correction.  The amplitude and phase responses of the transmit and receive chains can be expressed as diagonal matrices with complex valued diagonal entries, of the form 
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.  The relationship between the baseband-to-baseband channel, 
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, and the over-the-air channel 
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, (TGn Editor: assign equation number)

and, similarly, the relationship between 
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. (TGn Editor: assign equation number)
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Figure nx - The baseband-to-baseband channel

As an example, consider the case where calibration is performed at both STA A and STA B. The objective is to compute correction matrices 
[image: image18.wmf],

Ak

K

 and 
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 that restore reciprocity such that



[image: image20.wmf],,,,

T

ABkAkBAkBk

r

éù

=×

ëû

HKHK

%%


. (TGn Editor: assign equation number)

The correction matrices are diagonal matrices with complex valued diagonal entries.  The reciprocity condition above is enforced when
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and
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where 
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are complex valued scaling factors.

Using these expressions for the correction matrices, the calibrated baseband-to-baseband channel between STA A and STA B is expressed as
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,  (TGn Editor: assign equation number)

and if both sides apply the correction matrices, then we have that
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.  (TGn Editor: assign equation number)

Focusing on STA A, the procedure for estimating 
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 is as follows:

a) STA A sends STA B a sounding PPDU, allowing STA B to estimate the channel matrices 
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b) STA B sends STA A a sounding PPDU, allowing STA A to estimate the channel matrices 
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c) STA B sends the quantized estimates of 
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 to STA A.

d) STA A uses its local estimates of 
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 and the quantized estimates 
[image: image32.wmf],

ABk

H

%

 received from STA B to compute the correction matrices 
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Steps a) and b) occur over a short time interval to ensure that the channel changes as little as possible between measurements. A similar procedure is used to estimate 
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at STA B.  The details of the computation of the correction matrices is implementation specific, and beyond the scope of this document.
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Abstract


This document contains proposed changes to the IEEE P802.11n Draft to address the following LB84 comments related to Draft 1.0 subclause 20.3.5.1 Implicit beamforming (=subclause 21.3.11.1 in Draft 1.03):


8025, 260, 3503, 7416, 11895, 11896, 11897, 12192, 10078, 3991





The changes marked in this document are based on TGn Draft version 1.03.

















� This is an example. Applying correction matrices on the receive side is also possible.





Submission
page 1
John Ketchum, Qualcomm Incorporated

_1218019252.unknown

_1219068260.unknown

_1219068313.unknown

_1219068351.unknown

_1219068546.unknown

_1219068547.unknown

_1219068370.unknown

_1219068328.unknown

_1219068286.unknown

_1219068190.vsd
KA


HAB


ATX


BRX


ARX


HBA


BTX


KB


STA A


STA B



_1219068243.unknown

_1218284907.unknown

_1218284948.unknown

_1218284985.unknown

_1218019266.unknown

_1217852494.unknown

_1217854967.unknown

_1218011298.unknown

_1218011734.unknown

_1217855000.unknown

_1217855014.unknown

_1217855034.unknown

_1217854982.unknown

_1217852609.unknown

_1217852714.unknown

_1217852516.unknown

_1205840440.unknown

_1217848852.unknown

_1205839787.unknown

_1205840407.unknown

