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Summary of comments and their proposed resolutions:

· CID 2663: Remove PHY dependency – Counter. Conceptually accepted and text is modified.

· CID 2670: Change HT-LTFs to "training symbols" – Counter with more precise expression

· CID 6794: use “final PPDU” instead of “final data frame” - Accept

· CID 6795: remove distinction between AP and STA - Accept

· CID 6796: no need for sounding PPDU in the frame transmitted by the initiating station -  Accept

· CID 2675: clarify frame exchanges for continuous TxBF operation – Accept conceptually, counter with the text provided

· CID 4524, 7277: clarify that after initiating the TxBF sequence, subsequent steered PPDUs may be transmitted by the Beamformer with TRQs whose responses allow the Beamformer to update its steering vectors - Accept

· CID 48: remove irrelevant RTS/CTS exchanges from the figure illustrating unidirectional TxBF - Accept

· CID 7836, 11890: add description of bidirectional implicit TxBF -  Accept

· CID 3971, 8070, 10071, 10072, 12000: add “regular” sounding capabilities – Counter with the text provided; note that the text provided in the third and fourth paragraphs below depends on changes to the Transmit Beamforming capabilities information element being proposed in submission 802.11-06/0886r4 and accepted by TGn.  These changes use approved resolution of changing the meaning of B0 from “TxBF Capable” to “Implicit TxBF receiving capable”.

TGn Editor: Modify 9.17.2 as shown below, deleting subclause 9.17.2.1 (Operation), and inserting subclauses 9.17.2.1 (Unidirectional implicit transmit beamforming) and 9.17.2.2A (Bidirectional implicit transmit beamforming).  Also delete Figure n44 (Frame exchange sequence for transmit beamforming with implicit feedback) and insert new Figures nxx (PPDU exchange sequence for unidirectional transmit beamforming with implicit feedback) and nxxx (PPDU exchange sequence for bidirectional transmit beamforming with implicit feedback) into 9.17.2.1 and 9.17.2.2A, respectively.

9.17.2 Transmit beamforming with implicit feedback

TGn Editor: Delete the following text as shown
9.17.2.1 Operation

A STA that intends to perform one of the roles related to transmitter beamforming with implicit feedback shall support the associated capabilities shown in Table n56(TxBF support required with implicit feedback).

Table n56 – TxBF support required with implicit feedback
	Role
	Required Support

	Reception of transmit beamformed PPDUs 
	Transmission of sounding PPDUs.

	Transmission of beamformed PPDUs
	Receiving sounding PPDUs.

Computing steering matrices from channel estimates obtained from HT-LTFs received from the beamformee STA.



	A beamformee in a calibration exchange


	Receive and transmit sounding PPDUs.

Respond with MIMO Reciprocal Channel Measurement obtained from receiving of the sounding PPDU.

	An beamformer in a calibration exchange


	Receive and transmit sounding PPDUs.  


At the end of the TXOP, the final data frame from the beamformer shall not have the TRQ set to 1 if there is not enough time left in the TXOP to get the responses. 

The frame exchange used in implicit transmit beamforming is shown in Figure n47 (Frame exchange sequence for transmit beamforming with implicit feedback).
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Figure n47 – Frame exchange sequence for transmit beamforming with implicit feedback

The frame exchange can be summarized as follows:

a) The beamformer sends an un-steered sounding PPDU to the beamformee.  The PPDU includes a training request; the sounding PPDU is required. 

b) The beamforee returns a sounding PPDU

c) On receiving the sounding PPDU, the beamformer uses the resulting channel estimate to compute steering matrices and uses the resulting steering matrices for sending a beamformed PPDU back to the beamformee.
d) Repeat b) and c).  If the channel estimate resulting from step c) becomes stale because of delay, then the sequence can be restarted by returning to a).
TGn Editor: Insert the following text as shown
Transmit beamforming with implicit feedback can operate in a unidirectional or a bidirectional manner.  In unidirectional implicit transmit beamforming, only the Beamformer sends beamformed transmissions.  In bidirectional implicit transmit beamforming, both STAs send beamformed transmissions, i.e., a STA may act as both Beamformer and Beamformee.

Calibration of receive/transmit chains should be done for better performance of transmit beamforming using implicit feedback.  Over-the-air calibration is described in subclause 9.17.2.2 (Calibration) (TGn Editor: update cross reference to 9.17.2.2 in D1.05).  For implicit transmit beamforming, only the Beamformer, which is sending the beamformed transmissions, needs to be calibrated.  
A STA that is capable of acting in the role of an implicit Beamformer shall set the Implicit TxBF Capable bit of the TxBF Capabilities subfield of the HT Capabilities element to 1 in all HT Capabilities elements that are transmitted. A STA that is capable of acting in the role of an implicit Beamformee shall set the Implicit TxBF Receiving Capable bit of the Transmit Beamforming subfield of the HT Capabilities element to 1 in all HT Capabilities elements that are transmitted. Any STA that indicates implicit Beamformer capability as described above shall also indicate the capability to act in the role of an implicit Beamformee by setting the Implicit TxBF Receiving Capable bit of the TxBF Capabilities subfield of the HT Capabilities element to 1.  
Sounding PPDU types supported by the STA that is capable of acting in the role of an implicit Beamformee in a transmit beamforming PPDU exchange using implicit feedback - transmit staggered and/or NDP - shall be advertised in the TxBF Capabilities subfield of the HT Capabilities elements which are transmitted by theSTA.  Sounding PPDU types supported by the STA that is capable of acting in the role of an implicit Beamformer in a transmit beamforming PPDU exchange using implicit feedback - receive staggered and/or NDP - shall be advertised in the TxBF Capabilities subfield of the HT Capabilities information elements which are transmitted by the STA.  
Any STA that advertises itself as Implicit TxBF Receiving Capable shall be capable of transmitting a sounding PPDU for which the SOUNDING parameter is set to ‘SOUNDING’ and the NUM_EXTEN_SS is set to 0 in the TXVECTOR in the PHY-TXSTART.request, as a response to TRQ=1, independently of the values of the Transmit Staggered Sounding Capable and the Transmit NDP Capable subfields. Any STA that advertises itself as Implicit TxBF Capable shall be capable of receiving a sounding PPDU for which the SOUNDING parameter is ‘SOUNDING’ and the NUM_EXTEN_SS is 0 in the RXVECTOR in the PHY-RXSTART.indicate, independently of the values of the Receive Staggered Sounding Capable and the Receive NDP Capable subfields.
A STA that intends to perform one of the roles related to transmit beamforming with implicit feedback supports the associated capabilities shown in Table nx (Transmit beamforming support required with implicit feedback) (TGn Editor: update cross reference to Table nx).

Table nx – Transmit beamforming support required with implicit feedback

	Role
	Required Support

	A receiver of transmit beamformed PPDUs (Beamformee) 
	Shall transmit sounding PPDUs as a response to TRQ=1. 

	A transmitter of beamformed PPDUs (Beamformer)
	Shall receive sounding PPDUs.

Shall compute steering matrices from MIMO channel estimates obtained from long training symbols in sounding PPDUs  received from the Beamformee.

	A responder in a calibration exchange


	Shall be capable of receiving and transmitting sounding PPDUs.

Shall be capable of responding with MIMO CSI Matrices frame that contains channel measurement information obtained during reception of the sounding PPDU.

	An initiator in a calibration exchange


	Shall be capable of receiving and transmitting sounding PPDUs.  
Shall be capable of receiving MIMO CSI Matrices frame sent by the calibration responder.


When the Beamformee transmits a sounding PPDU, the SOUNDING parameter in the TXVECTOR in the PHY-TXSTART.request shall be set to’SOUNDING’. If the STA is implicit TxBF capable, and the requesting STA is implicit TxBF receiving capable, the sounding PPDU may be steered.

A PPDU in which the TRQ bit is set to 1 shall not be sent to a STA that sets the Implicit TxBF Receiving Capable bit of the Transmit Beamforming subfield of the HT Capabilities element to 0.

If a PPDU in which the TRQ bit is set to 1 requires an immediate response, the response from the Beamformee shall either be included in a sounding PPDU, or the NDP Announcement bit of the HT Control field should be set to 1 and the PPDU followed by an NDP.  In this case, response with NDP is allowed only when RDG/More PPDU bit is set to ‘1’ in the HT Control field which also contains TRQ= 1, as specified in 9.19.1(NDP Rules). (TGn Editor: update cross reference to 9.19.1 in D1.05)  If the PPDU in which the TRQ bit is set to 1 does not require an immediate response, the Beamformee shall either transmit a sounding PPDU in the next TXOP obtained by the Beamformee, or the Beamformee shall transmit a PPDU in the next TXOP obtained by the Beamformee in which the NDP Announcement bit of the HT Control field is set to ‘1’ and that PPDU shall be followed by an NDP. The use of NDP as a sounding PPDU is described in subclause 9.19 (Null Data Packet (NDP) as a sounding PPDU). (TGn Editor: update cross reference to 9.19 in D1.05)
A STA that acts as a Beamformer using implicit feedback should anticipate receiving a sounding PPDU in response to its previous training request. The STA may compute steering matrices from the channel estimates obtained from the received sounding PPDU.

At the end of the TXOP, the final PPDU from the Beamformer shall not have the TRQ set to 1 in the frame that request an immediate response if there is not enough time left in the TXOP to get the responses. 

Insert the following new subclause:

9.17.2.1 Unidirectional implicit transmit beamforming

Figure nxx (PPDU exchange sequence for unidirectional transmit beamforming with implicit feedback) (TGn Editor: update cross reference to Figure nxx) shows an example of a PPDU exchange used in unidirectional implicit transmit beamforming, using the clause 21 PHY. In this example, sounding PPDUs are used that carry MPDUs (i.e., an example of implicit beamforming using NDPs is not shown here.) STA A is the Beamformer that initiates the PPDU exchange, and STA B is the Beamformee.
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Figure nxx – An example of a PPDU exchange sequence for unidirectional transmit beamforming with implicit feedback

The PPDU exchange can be summarized as follows:

e) STA A initiates the frame exchange sequence by sending an unsteered PPDU to STA B.  The PPDU includes a training request (TRQ= 1) in HTC.

f) STA B sends a sounding PPDU in response to the training request from STA A.

g) On receiving the sounding PPDU, STA A uses the resulting channel estimate to compute steering matrices, and uses these to send a steered PPDU back to STA B.

h) The steered PPDU transmitted in step c) and subsequent steered PPDUs transmitted by STA A may include training requests (TRQ=1) in HTC. In response to each training request, STA B returns a sounding PPDU to STA A, which enables STA A to update its steering vectors. If the steering vectors resulting from step c) or subsequent sounding PPDUs are deemed stale due to delay, the sequence may be restarted by returning to step a).

Step d) in the above PPDU exchange represents steady state unidirectional TxBF operation.

Insert the following new subclause:

9.17.2.2A Bidirectional implicit transmit beamforming

Figure nxxx (PPDU exchange sequence for bidirectional transmit beamforming with implicit feedback) (TGn Editor: update cross reference to Figure nxxx) shows an example of a PPDU exchange used in bidirectional implicit transmit beamforming, using clause 21 PHY. In this example, sounding PPDUs are used that carry MPDUs. STA A initiates the frame exchance, and STA A and STA B alternate in the roles of Beamformer and Beamformee.
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Figure nxxx – Example of a PPDU exchange sequence for bidirectional transmit beamforming with implicit feedback

The PPDU exchange can be summarized as follows:

i) STA A initiates the frame exchange sequence by sending an unsteered PPDU to STA B.  The PPDU includes a training request (TRQ= 1) in HTC.

j) STA B sends a sounding PPDU in response to the training request.  In addition, this PPDU includes a training request in HTC to enable implicit transmit beamforming in the reverse direction

k) On receiving the sounding PPDU, STA A uses the resulting channel estimate to compute steering matrices, and uses these to send a steered PPDU back to STA B.  This steered PPDU is also a sounding PPDU in response to the training request from STA B.

l) On receiving the sounding PPDU, STA B uses the resulting channel estimate to compute steering matrices, and uses these to send a steered PPDU back to STA A.  The steered PPDU transmitted in step c) and subsequent steered PPDUs transmitted by STA A may include training requests in HTC. In response to each training request, STA B returns a sounding PPDU to STA A, which enables STA A to update its steering vectors.  If the steering vectors resulting from step c) or subsequent sounding PPDUs are deemed stale due to delay, the sequence may be restarted by returning to step a).

m) The steered PPDU transmitted in step d) and subsequent steered PPDUs transmitted by STA B may include training requests in HTC. In response to each training request, STA A returns a sounding PPDU to STA B, which enables STA B to update its steering vectors. If the steering vectors resulting from step d) or subsequent sounding PPDUs are deemed stale due to delay, the sequence may be restarted by returning to step a).

Steps d) and e) in the above PPDU exchange represent steady state bidirectional TxBF operation.
TGn Editor: Replace the title of clause 9.19 with “Null Data Packet (NDP) as sounding PPDU”.
Submission note; One reason for replacing ZLF (Zero Length Frame) with NDP (Null Data Packet) is to avoid using “frame”. Now, the title of 9.19 is “NDP as sounding frame”. This use of “frame” is not consistent.

TGn Editor; Modify the sentence at line-55 on page-134 as follows;

When using implicit feedback, the Beamformer receives long training symbols (HT-LTFs), which allow the MIMO channel between the Beamformee and Beamformer to be estimated.

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 changes to the IEEE P802.11n Draft to address the following LB84 comments related to Draft 1.0 subclause 9.20.2 Transmit beamforming with implicit feedback (=subclause 9.17.2 in Draft 1.05):


2663, 2670, 6794, 6795, 6796, 2675, 4524, 7277, 48, 7836, 11890, 3971, 8070, 10071, 10072, and 12000





The changes marked in this document are based on TGn Draft version 1.05.  
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