 KEYWORDS  \* MERGEFORMAT 

IEEE P802

IEEE P802.11
Wireless LANs

	Submission to address TGn draft omissions

Use of ZLF sounding

	Date:  2006-04-24

	Author(s): 

	Name
	Company
	Address
	Phone
	email

	Vincenzo Scarpa
	STMicroelectronics
	
	+39 0832 353 124
	vincenzo.scarpa@st.com

	John Ketchum
	Qualcomm
	
	
	johnk@qualcomm.com

	Sanjiv Nanda
	Qualcomm
	
	
	snanda@qualcomm.com

	Daqing Gu
	Mitsubishi
	
	
	dgu@merl.com


[image: image8.emf]QoS Null + HTC

Calibration Start

QoS Null + HTC

Sounding Complete

QoS Null + HTC

Sounding Response

STA A

Non ZLF + HTC

with ZLF bit = 1

Calibration Position = 01

TRQ = 1 

ZLF

ZLF

QoS Null + HTC MA

CSI Feedback

Non ZLF + HTC

with ZLF bit = 1

Calibration Position = 10

Non ZLF + HTC

Calibration Position = 11

Non ZLF + HTC

SIFS SIFS SIFS SIFS SIFS SIFS

STA B

Calibration Sounding 

Frame Exchange

SIFS SIFS

[image: image9.emf]Non Beamformed

A-MPDU + HTC

BA

STA A

STA B

Non ZLF + HTC 

ZLF bit = 1

Feedback request = 01 

CSI/Steering = 00 

ZLF

QoS Null + HTC MA

CSI Feedback

Non ZLF + HTC

Beamformed

A-MPDU

BA

ACK

SIFS SIFS SIFS SIFS SIFS SIFS SIFS SIFS



Interpretation of a Motion to Adopt

A motion to adopt the changes defined in this submission means that the editing instructions and any changed or added material are actioned in the TGn Draft.  This introduction, and OMnnn headings are not part of the adopted material.

Editing instructions formatted like this are intended to be copied into the TGn Draft (i.e. they are instructions to the 802.11 editor on how to merge the TGn amendment with the baseline documents).

TGn Editor:  Editing instructions preceded by “TGn Editor” are instructions to the TGn editor to modify existing material in the TGn draft.   As a result of adopting the changes, the TGn editor will execute the instructions rather than copy them to the TGn Draft.

Summission Note: Notes to the reader of this submission are not part of the motion to adopt.  These notes are there to clarify or set in context the response to the omission.

7.1.3.8 HT Control Field
Change text of 7.1.3.8 as follows:
A frame in which the Calibration Position field is set to ‘10’ or ‘11’ must be transmitted either in a sounding PPDU or a frame + HTC setting the ZLF Announcement bit.   (i.e., the number of HT-LTFs must be equal to the number of transmit antennas). When ZLF is used for calibration, a frame in which the Calibration Position field is set to ‘01’ can be sent in a non-ZLF + HTC PPDU setting the ZLF Announcement bit: in this case a frame in which the Calibration Position field is set to ‘11’ must be sent in a non-sounding PPDU. When sounding the channel as part of the calibration sequence using sounding PPDUs, the number of HT-LTFs transmitted in the sounding PPDU is determined as described in subclause 20.3.3.2.2.4, with 
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.   When sounding the channel as part of the calibration sequence using ZLFs following a frame + HTC with the ZLF Announcement bit set, the number of HT-LTFs transmitted in the ZLFs is as indicated in Table n71, with 
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9.20.2 Transmit Beamforming with Implicit Feedback

Change text of 9.20.2 as follows:
The frame exchange can be summarized as follows:

a) The initiating AP sends an un-steered sounding PPDU to the client. The PPDU includes a training request; the sounding PPDU is required. 

b) The responding STA returns either a staggered sounding PPDU or a frame + HTC setting the ZLF Announcement bit in the HT Control Field followed by a ZLF sounding PPDU.

c) On receiving the sounding PPDU, the initiating AP uses the resulting channel estimate to compute steering matrices, using SVD  or other techniques, and uses the resulting steering matrices for sending a beamformed PPDU back to the responder.

d) Repeat b) and c).  If the channel estimate resulting from step becomes stale because of delay, then the sequence can be restarted by returning to a).

9.20.2.1.2 Procedure

Add the following text after figure n44 – Calibration Procedure:
The QoS Null + HTC Sounding Response and QoS Null + HTC Sounding Complete frames sent during the Calibration procedure may either be sent in sounding PPDUs, or if the ZLF Announcement bit is set in the HT Control field, sounding may be performed by sending a ZLF separated by a SIFs after the frames containing the Sounding Response and Sounding Complete.
Figure n45 represents a typical Calibration Sounding frame exchange when ZLF is used for channel sounding.

STA A transmits a Calibration Start frame (Position field = ‘01’) and TRQ = 1 in a non-ZLF + HTC frame with the ZLF Announcement bit = 1. This frame initiates a calibration procedure. Since the frame requires immediate response, STA A will wait to receive a correct response from STA B before sending the announced ZLF frame.

In response, STA B transmits a Calibration Sounding Response (Position field = ‘10’) in a non-ZLF + HTC frame with the ZLF Announcement bit = 1 after a SIFS interval. Since the frame requires immediate response, STA B will wait to receive a correct response from A before sending the announced ZLF frame.

In response, STA A transmits the previously announced ZLF frame after a SIFS interval. ZLF frame allows STA B to estimate the MIMO channel from STA A to STA B. Afterwards, STA A transmits a Calibration Sounding Complete (Position field ‘11’) in a non-ZLF + HTC frame after a SIFS interval.

In response, STA B transmits the previously announced ZLF frame after a SIFS interval. ZLF frame allows STA A to estimate the MIMO channel from STA B to STA A. 
 
[image: image3]
Figure n45 – Calibration Procedure when ZLF sounding is used
9.20.3.3 Transmit Beamforming with Explicit Feedback

Change text of 9.20.3.3 as follows:
The sequence is as follows:

e) The sequence is initiated by an AP which sends an un-steered sounding PPDU containing a CSI Feedback Request. Alternatively, CSI Feedback Request can be contained in a regular + HTC frame setting the ZLF Announcement bit in the HT Control Field followed by a ZLF sounding frame (according to the rules defined in clause 9.22).   

f) The responding client STA uses the sounding packet to make a channel estimate, and collects the CSI of the channel 

g) The CSI is quantized and returned to the AP in a PPDU containing a CFB (CSI Feedback) message. 

h) The AP uses the result to transmit a steered PPDU to the client STA. If the AP has subsequent PPDUs to send in steered mode, this PPDU may also be either a sounding PPDU or a regular + HTC frame followed by a ZLF sounding.
Insert the following figure after Figure n45:


[image: image4]
Figure n47 – A typical frame exchange for transmit beamforming with explicit feedback and ZLF sounding 
9.22 Zero Length Frame as sounding frame

Delete the following text of 9.22:
Feedback from the reception of the ZLF shall be transmitted using unsolicited feedback rules and signaling.
Delete the following text of 9.22:
Only the current TXOP owner or RDG grantee shall be permitted to send a ZLF frame.

20.3.6.2 Sounding PPDU for calibration
Change text of 20.3.6.2 as follows:
In the case of a bidirectional calibration exchange, two STAs exchange sounding PPDUs enabling the receiving STA to compute an estimate of the MIMO channel matrix,
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, for each subcarrier.  Either sounding PPDUs, or ZLFs following a frame + HTC with the ZLF Announcement bit set, may be used to sound the channel for calibration.  When sounding the channel as part of the calibration sequence using sounding PPDUs, the number of HT-LTFs transmitted in the sounding PPDU is determined as described in subclause 20.3.3.2.2.4, with 
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.   When sounding the channel as part of the calibration sequence using ZLFs following a frame + HTC with the ZLF Announcement bit set, the number of HT-LTFs transmitted in the ZLFs is as indicated in Table n71, with 
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. In general, in an exchange of calibration messages, the number of spatial streams is less than the number of transmit antennas, necessitating the use of staggered HT-LTFs.  In the case of sounding PPDUs for calibration, the antenna mapping matrix shall be
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Abstract


This document contains proposed changes to the 802.11 TGn Draft (i.e. P802.11n-D1.0) to address omissions from that document. 





The omissions relate to the use of ZLF in clause 7, 9 and 20. 
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