May 2006

doc.: IEEE 802.11-06/0589r0

IEEE P802.11
Wireless LANs

	Implicit Beamforming Text

	Date:  2006-04-28

	Author(s):

	Name
	Company
	Address
	Phone
	email

	John Ketchum
	Qualcomm Incorporated
	9 Damonmill Square Suite 2A  Concord, MA 01451
	781-276-0915
	johnk@qualcomm.com

	
	
	
	
	





20.3.5.1 Implicit Beamforming

The inherent reciprocity of the time division duplex channel used by 802.11 technology enables the use of efficient exchanges of MIMO reference waveforms to allow a device to acquire knowledge of a channel over which it plans to transmit by observing MIMO reference received from the device to which it plans to transmit.  With this knowledge the transmitting device can calculate a set of transmit steering matrices, 
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, which are intended to optimize the performance of the link. This is referred to as implicit beamforming.

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, 
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, from STA B to STA A.   Due to the reciprocity relationship between the forward and reverse channels between STA A and STA B, 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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.  STA A uses this relationship to compute transmit steering vectors that are suitable for transmitting to STA B over 
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While the over-the-air channel used by 802.11 devices (the channel between the antenna(s) at one STA and the antenna(s) at a second STA) is reciprocal, the actual channel used for communication includes the Tx and Rx chains of the STAs.  Differences in the amplitude and phase characteristics of the transmit and receive chains associated with individual antennas degrade the inherent reciprocity of the over-the-air channel, and cause degradation of performance of implicit beamforming techniques.  An over-the-air calibration method is provided (subclause 9.20.2.1) which provides for the calculation of a set of reciprocity correction vectors that can be applied at the transmit or receive side of a STA to correct the amplitude and phase differences between the transmit and receive chains in the STA.
Notice: This document has been prepared to assist IEEE 802.11. It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s).  The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.





Release: The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication.  The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.11.





Patent Policy and Procedures: The contributor is familiar with the IEEE 802 Patent Policy and Procedures <� HYPERLINK "http://%20ieee802.org/guides/bylaws/sb-bylaws.pdf" \t "_parent" �http:// ieee802.org/guides/bylaws/sb-bylaws.pdf�>, including the statement "IEEE standards may include the known use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or applicant with respect to patents essential for compliance with both mandatory and optional portions of the standard."  Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility for delays in the development process and increase the likelihood that the draft publication will be approved for publication.  Please notify the Chair <� HYPERLINK "mailto:stuart.kerry@philips.com" \t "_parent" �stuart.kerry@philips.com�> as early as possible, in written or electronic form, if patented technology (or technology under patent application) might be incorporated into a draft standard being developed within the IEEE 802.11 Working Group. If you have questions, contact the IEEE Patent Committee Administrator at <� HYPERLINK "mailto:patcom@ieee.org" \t "_parent" �patcom@ieee.org�>.





Abstract


This document contains proposed replacement text for subclause 20.3.5.1 Implicit Beamforming
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