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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.

Calibration of Rx/Tx 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 unidirectional implicit transmit beamforming, only the initiator, which is sending beamformed transmissions, needs to be calibrated.  

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 Initiator 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.

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. 
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Figure n1 – Frame Exchange Sequence for unidirectional Transmit Beaforming with Implicit Feedback

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 and an MCS request; the sounding PPDU is required. 

b) The responding STA returns a 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).  Each time the responding STA returns a sounding PPDU to the AP, the AP may compute a new set of steering vectors.  If the channel estimate resulting from step b) becomes stale because of delay, then the sequence can be restarted by returning to a). 
9.20.2.2 Bidirectional implicit transmit beamforming

The frame exchange used in bidirectional implicit transmit beamforming is shown in Figure nxx below.
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Figure nxx – Frame Exchange Sequence for bidirectional Transmit Beaforming with Implicit Feedback

The frame exchange can be summarized as follows:

e) The initiating AP sends an un-steered sounding PPDU to the client.  The PPDU includes a training request and an MCS request; the sounding PPDU is required.
f) The responding STA uses the received sounding PPDU to compute transmit steering and returns a steered sounding PPDU with MCS feedback (MFB).  The responding STA may also include a training request, and an MCS request in order to continue the bidirectional beamforming exchange.
g) The AP uses the received sounding to compute transmit steering and returns a steered PPDU.  If the responder included a training request, the steered PPDU will be a sounding PPDU.  The AP may also include a training request and an MCS request in order to continue the bidirectional beamforming exchange.
h) Repeat b) and c).  
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This document contains proposed edits to subclause 9.20.2 Transmit Beamforming with Implicit Feedback
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