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The following text is offered as replacement text for Clause 9.20.2 of Draft 1.0. The new text addresses CIDs 6795, 6796, 2675, 4524, 7277, 48, 7836, 11890, 3971, 10071, 10072, and 12000.
· CID 6795: remove distinction between AP and STA - Accepted
· CID 6796: no need for sounding PPDU in the frame transmitted by the initiating station -  Accepted
· CID 2675: clarify frame exchanges for continuous TxBF operation – Concept accepted, counter 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 - Accepted
· CID 48: remove irrelevant RTS/CTS exchanges from the figure illustrating unidirectional TxBF - Accepted
· CID 7836, 11890: add description of bidirectional implicit TxBF -  Accepted
· CID 3971, 10071, 10072, 12000: add “regular” sounding capabilities – Countered; offered text covers TxBF with implicit feedback only. Text covering TxBF with explicit feedback and link adaptation is being proposed elsewhere
9.20.2 Transmit Beamforming with Implicit Feedback

Transmit beamforming with implicit feedback can operate in a unidirectional or a bidirectional manner.  In unidirectional implicit transmit beamforming, only the beamformer (typically, but not necessarily, an AP), sends beamformed transmissions.  The beamformee in this case does not send beamformed transmissions, and as a result has minimal additional functionality requirements over a STA that does not support any form of beamforming.  In bidirectional implicit transmit beamforming, both beamformer and beamformee send beamformed transmissions, i.e., a STA may act as both beamformer and beamformee.

Calibration of receive/transmit chains should be done for best performance of transmit beamforming.  Over-the-air calibration is described in subclause 9.20.2.x (9.20.2.1 in D1.0).  For implicit transmit beamforming, only the beamformer, which is sending the beamformed transmissions, needs to be calibrated.  

[Note that the following two paragraphs depend on changes to the Transmit Beamforming capabilities information element being proposed in submission 802.11-06/0886r0.  These changes include changing the meaning of B0 from “TxBF Capable” to “Implicit TxBF receiving capable.”]

Sounding frame types supported by the responder (beamformee) in a transmit beamforming frame exchange using implicit feedback - Transmit staggered and/or ZLF - shall be advertised in HT capability information elements which are transmitted by the responder.  Any Station that advertises itself as implicit TxBF receiving capable shall be capable of transmitting a sounding PPDU in which the Not-sounding bit in HT-SIG is set to zero and which does not contain extension HT-LTFs, as a response to TRQ='1' in the previous received frame, independently of the values of the Transmit staggered sounding and the Transmit ZLF capabilities.

Sounding frame types supported by the requester (beamformer) in a transmit beamforming frame exchange using implicit feedback - receiving staggered and/or ZLF - shall be advertised in HT capability information elements which are transmitted by the requester.  Any Station that advertises itself as implicit TxBF capable shall be capable of receiving a sounding PPDU in which the Not-sounding bit in HT-SIG is set to zero and which does not contain extension HT-LTFs, independently of the values of the Receive staggered sounding and the Receive ZLF capabilities.

The following section explains AP behavior as a beamformer sending data frames to a STA. The same rules apply to non-AP STAs as well. The AP should be calibrated for best performance, while the receiving client STA does not need to be calibrated for best performance, as long as it does not do transmit beamforming.   

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 n1.

Table n1 - TxBF Support Required with implicit feedback

	Role
	Required Support

	Reception of transmit beamformed PPDUs 
	Transmission of sounding PPDUs. Ability to respond to a TRQ by transmitting sounding PPDUs.



	Transmission of beamformed PPDUs
	Receiving sounding PPDUs.

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



	A responder in a calibration exchange


	Receive and transmit sounding PPDUs.

Respond with MIMO channel measurement obtained from receiving of the sounding PPDU.



	An Iinitiator in a calibration exchange


	Receive and transmit sounding PPDUs


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

9.20.2.1 Unidirectional implicit transmit beamforming

The frame exchange used in unidirectional implicit transmit beamforming is shown in Figure n1, where STA A (the beamformer) initiates the implicit transmit beamforming frame exchange, and STA B is the beamformee.

At the end of the TXOP, the final data frame from the initiator shall not have the TRQ set to ‘1’ if there is not enough time left in the TXOP to get the responses. 
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Figure n1 – Frame Exchange Sequence for Unidirectional Transmit Beamforming with Implicit Feedback

The frame exchange can be summarized as follows:
1. STA A initiates the sequence by sending an unsteered PPDU to STA B.  The PPDU includes a training request (TRQ) in HTC.
2. STA B sends a sounding PPDU in response to the training request from STA A.

3. 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.
4. The steered PPDU transmitted in step 3. 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 3. or subsequent sounding PPDUs are deemed stale due to delay, the sequence may be restarted by returning to step 1.
9.20.2.2 Bidirectional implicit transmit beamforming

The frame exchange used in bidirectional implicit transmit beamforming is shown in Figure nxx, where STA A initiates the implicit transmit beamforming frame exchange.
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Figure nxx – Frame Exchange Sequence for Bidirectional Transmit Beamforming with Implicit Feedback

The frame exchange can be summarized as follows:

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

2. 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.

3. 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 TRQ from STA B.

4. 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 3. 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 3. or subsequent sounding PPDUs are deemed stale due to delay, the sequence may be restarted by returning to step 1.
5. The steered PPDU transmitted in step 4. 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 4. or subsequent sounding PPDUs are deemed stale due to delay, the sequence may be restarted by returning to step 1.
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This document contains proposed edits to subclause 9.20.2 Transmit Beamforming with Implicit Feedback. The edits address CIDs 6795, 6796, 2675, 4524, 7277, 48, 7836, 11890, 3971, 10071, 10072, and 12000.
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