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Submission note: these are the comments that this submission is aiming to address
	CID
	Page(Ed)
	Line(Ed)
	Clause(Ed)
	Comment
	Proposed Change

	6797
	122
	14
	9.20.2.1
	Current calibration procedure requires revision, because the frame sequence "QoS Null -> QoS Null" is disallowed.  QoS Null can not be sent in no-ACK policy according to 7.1.3.5.3 Ack Policy Subfield. 
	Unfiy calibration procedure to the following sequence.
STA 1: "Cal Start"                  "Sound Complete"
STA 2:                "Cal Sound"                            "ACK"

* Frame Format
  - Cal Start      : HT-PPDU+QoS Null (Normal Ack policy)
  - Cal Sound      : HT-PPDU ACK
  - Sound Complete : HT-PPDU QoS Null(Normal Ack)
  - Ack            : Legacy or HT PPDU ACK
** Sound Complete maybe replaced by a Data frame.

	7140
	121
	18
	9.20.2.1.1
	This section says that calibration is optional.  However based on 7.3.2.47.6, calibration is conditionally optional.  A STA that is Implict TxBF capable must fully support calibration.
	change to conditionally optional

	7278
	122
	25
	9.20.2.1.2
	The figure implies (during step-1) of a new frame exchange which is Data/Data exchange (i.e. QoS-Null/QoS-Null) and that is not defined anywhere as it may require its own protection rules. If that is not what is meant then please change it to Data/ACK, RT
	Please clarify.

	7661
	122
	
	9.20.2.1.2
	Figure n44 is too busy
	Redraw and simplify

	661
	62
	13
	7.4.7.5
	The Ni field is used but the value Ns is what is used in Table n27.  Is the Ni filed being used only for Ni or does it double for Ns in some cases?
	Remove ambiguity


TGn Editor: Modify the text in subclause 9.17.2.2.1 (Introduction) as provided below:

Insert the following new subclause:

9.17.2.2.1 Introduction
· 



Differences in transmit and receive chains in a STA degrade (Ed: CID 11891) the inherent reciprocity of the over-the-air Time Division Duplex channel, and cause degradation of performance of implicit beamforming techniques. Calibration acts to remove or reduce differences in transmit and receive chains and enforce reciprocity in the observed baseband-to-baseband channels between two STAs.  
STAs acting as Beamformers should be calibrated to achieve the best performance.  STAs acting only as Beamformees do not need to be calibrated.  If calibration is desired, it is performed using the over-the-air calibration procedure described below, which makes use of the channel state information feedback mechanisms outlined in subclause 9.17.3 (Explicit feedback beamforming) (TGn Editor: update cross reference to 9.17.3).  

The calibration procedure involves the computation of correction matrices that effectively ensure that the observed channel matrices in the two directions of the link are transposes of each other and thus renders the resultant channel reciprocal.  See subclause 21.3.11.1 (Implicit feedback beamforming) (TGn Editor: update cross reference to 21.3.11.1) for a more detailed description.  Preferably, if it is able to do so, a STA should calibrate upon association.  Calibration is applicable to any STA with more than one RF chain.  STAs with one or more RF chains may participate in a calibration exchange with another STA initiating the exchange.

TGn Editor: Change subclause 9.17.2.2.2 starting in line 21 of page 111 to the following;

· Procedure

Submission note: the following two sentences are added to clarify the capability setting.  This would resolve CID#7140.
For a STA that sets the Implicit TxBF Capable subfield of the TxBF Capability field to 1, support for calibration is mandatory, and it shall set the Calibration subfield of the TxBF Capability field to 11 (indicating full support of calibration) in all HT Capabilities elements that are transmitted. For a STA that doesn’t set the Implicit TxBF Capable subfield of the TxBF Capability field to 1, support for calibration is optional, and it shall set the Calibration subfield of the TxBF Capabilities field to the value indicating its capability of calibration in all TxBF Capability fields in the HT Capabilities elements that are transmitted  (see Table n19), when the TxBF Capabilities field exists.

A STA shall only initiate a calibration training frame exchange sequence with another STA that supports calibration.
Figure xx1 (TGn Editor: please update cross reference to Figure xx1), illustrates the calibration PPDU exchange using sounding PPDUs having MPDU. Figure xx2 (TGn Editor: please update cross reference to Figure xx2), illustrates the calibration PPDU exchange using NDPs.
The calibration procedure begins with a Calibration Sounding PPDU exchange sequence, illustrated as Step 1 in Figure xx1 (TGn Editor: please update cross reference to Figure xx1). The Calibration Sequence field of the Calibration Control subfield shall be incremented each time a new calibration procedure is started. (Ed: CID 1936, 1939)
STA A transmits a Calibration Start frame (Calibration Position field set to 1) with the TRQ bit in the HTC set to 1. This frame initiates a calibration procedure. An immediate response with a sounding PPDU is required from theCalibration responder. The Calibration Start frame shall have a frame type of QoS Null, with the ACK Policy set to ‘00’, Normal ACK.
In response, STA B shall transmit a Calibration Sounding Response frame (Calibration Position field set to 2) after a SIFS interval in a sounding PPDU that allows STA A to estimate the MIMO channel from STA B to STA A.  The Calibration Sounding Response frame shall have a frame type of ACK+HTC. 
In response, STA A shall transmit a Calibration Sounding Complete frame (Calibration Position field set to 3) after a SIFS interval, in a sounding PPDU that allow STA B to estimate the MIMO channel from STA A to STA B.  The Calibration Sounding Complete frame shall have frame type of either QoS Null+HTC, or QoS Data+HTC, and shall have the ACK Policy set to ‘10’, No ACK. 
A frame in which the Calibration Position field is set to 2 or 3 shall be transmitted in a sounding PPDU (a PPDU for which the NOT_SOUNDING parameter is ‘0’) The number of long training field to obtain MIMO channel estimation  sent in the sounding PPDU should be determined by N_{TX} at the STA transmitting the sounding frame.
Submission note: We may add another rule here to restrict maximum number of space time stream to be trained, if adding capability indication for it would be accepted.


[image: image2.emf]Cal Position 1:

 Cal Start

STA A

STA B

-Frame Type : QoS Null

-ACK Policy  : Normal

- + HTC         : TRQ

Cal Position 2:

Cal Sound

-PPDU Type: Sounding

-Frame Type: ACK

Cal Position 3:

Sound Complete

-PPDU Type: Sounding 

-Frame Type: QoS Null (Data)

-ACK Policy : No ACK

MIMO Channel 

Measurement

-Frame Type: QoS Null

-ACK Policy : Normal

- + HTC        : MA

Reciprocity 

Correction 

-Frame Type: QoS Null

-ACK Policy : Normal

- +HTC         : MA

ACK

ACK

Step 1 Step 2 Step 3


Figure xx1- Calibration procedure with Sounding frame having MPDU
The remaining message exchange in the calibration procedure is not time critical. 

When the MIMO channel measurements become available at STA B, STA B shall send one or more MIMO Channel Measurement frames that contain the MIMO Channel Measurement Report (Step 2 in Figure xx1 (TGn Editor: please update cross reference to Figure xx1)). STA B may set the Calibration Complete field to 1 in this packet in case the STA B is not capable of transmit beamforming or does not desire to obtain its Reciprocity Correction matrices from STA A. In this case STA A shall not send a Reciprocity Correction frame and the calibration procedure is complete.  This MIMO Channel Measurement frame shall have a frame type of QoS Null, and shall have the ACK Policy set to ‘00’, Normal ACK.  This frame shall have the +HTC MA bit set to 1.
MCMR Segment Sequence field in MIMO channel Measurement Management Action frame shall be set to indicate the number of remaining MIMO Channel Measurement Action frames. For example, it two MIMO channel Measurement Management Action frames will be sent, the MCMR Segment Sequence field in the first MIMO Channel Measurement Management Action frame shall be set to ‘1’, and this field in the last MIMO Channel Measurement Management Action frame shall be set to ‘0’.
In case that both STAs are capable of transmit beamforming, once STA A has the MIMO Channel Measurement Report from STA B, along with its local channel measurement measured from the Calibration Sounding Response transmitted by STA B, STA A may compute the correction matrices required for both itself and STA B. If STA B did not set the Calibration Complete field to 1 in the MIMO Channel Measurement frame to 1, STA A shall transmit the Reciprocity Correction frame to complete the calibration procedure (Step 3 in Figure xx1 (TGn Editor: please update cross reference to Figure xx1)). The message shall include the Reciprocity Correction Vector for STA B that provides reciprocity correction on the receive channel estimates at STA B. STA B applies the supplied reciprocity correction to its transmit chain. The Calibration Complete field in the Reciprocity Correction frame shall be set to 1.   This Reciprocity Correction frame shall have a frame type of QoS Null, and shall have the ACK Policy set to ‘00’, Normal ACK.  This frame shall have the +HTC MA bit set to 1.
A STA that has started but not completed the calibration procedure and that receives some other request that requires the buffering of CSI (such as another calibration initiation frame, MCS feedback request, CSI feedback request for link adaptation, or feedback request for explicit TxBF) may ignore the request. (Ed: CID 10079)
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Figure xx2- Calibration procedure with NDP
Figure xx2 (TGn Editor: please update cross reference to Figure xx2), illustrates the calibration PPDU exchange using NDPs.
The calibration procedure begins with a Calibration Sounding PPDU exchange sequence, illustrated as Step 1 in Figure xx2 (TGn Editor: please update cross reference to Figure xx2). The Calibration Sequence field of the Calibration Control subfield shall be incremented each time a new calibration procedure is started. (Ed: CID 1936, 1939)
STA A transmits a Calibration Start frame (Calibration Position field set to 1) with TRQ, NDP Annoucement, RDG bits in the HTC set to 1. This frame initiates a calibration procedure. The Calibration Start frame shall have a frame type of QoS Null+HTC, with the ACK Policy set to ‘00’, Normal ACK.

In response, STA B shall transmit a Calibration Sounding Response frame (Calibration Position field set to 2) with NDP Announcement bit set to 1, after a SIFS interval.   STA B shall send an NDP as a sounding PPDU within SIFS after the Calibration Sounding Response frame, which allows STA A to estimate the MIMO channel from STA B to STA A.  The Calibration Response frame shall have a frame type of ACK+HTC.

According to the NDP Announcement in the Calibration Start frame, STA A shall transmit NDP as a sounding PPDU after PIFS interval which allows STA B to estimate the MIMO channel from STA A to STA B.  The NDP shall be followed by a Calibration Sounding Complete frame (Calibration Position field set to 3) SIFS after the NDP from STA A.  The Calibration Sounding Complete frame shall have frame type of either QoS Null+HTC, or QOS Data+HTC, and shall have the ACK Policy set to ‘10’, No ACK. 

After Step 1, calibration procedure shall be followed by Step 2 and 3, of Figure xx1(TGn Editor: please update cross reference to Figure xx1).
TGn Editor: Change sentence which would be included as a approved resolution indicated in 06/0886r4 (that modification should be applied to line 58, page 116), as follows

The TxOP owner shall not assert to 1 the ZLF announcement and RDG fields both together, except for during calibration sounding exchange.
Submission note: In this case, responding frame type is specified, and TxOP owner can predict the length of frame with NDP.
TGn Editor : Add sentence below at line 58 in page 50 (under clause 7.4.8.6)

If the MSDU size of this MIMO Channel Measurement Management Action frame is larger than 1890 bytes, it shall be segmented.

Submission note: This may be modified to state this once as a result of editor’s restructuring of 7.4.7 based on 06/1426r0
TGn Editor : Change paragraph starting at line 60 in page 50 (under clause 7.4.8.6)as below.

The MCMR Segment Sequence (1 octet) contains the number of remained segment when the MIMO Channel Measurement Report has been segmented. The MCMR Segment Sequence of the last segment is 0. The complete MIMO Channel Measurement Report contains Ns × Ni × Nr complex coefficients.
TGn Editor : Change Figure n25 at line 47  in page 50 (under clause 7.4.8.6)as below.
B0     B1    B2   B3     B4       B5            B6                        B7                B8             B11         B12                B13    B15

	Nr Index
	Nt Index
	Calibration Sequnce
	Channel Width
	Explicit Channel Feedback
	Explicit Feedback Format
	Calibration Complete
	Reserved


TGn Editor : Add row shown below between the row of “Calibration Sequence” and the row of “Calibration Complete” in Table n28 at line 3  in page 51 (under clause 7.4.8.6).
	Channel Bandwidth
	Width of channel in which measurement was made.

Set to 0 for 20 MHz

Set to 1 for 40 MHz


TGn Editor : Add row shown below between the row of “Ni Index” and the row of “Calibration Complete” in Table n30 at line 3  in page 53 (under clause 7.4.8.7).
	Channel Bandwidth
	Width of channel in which measurement was made.

Set to 0 for 20 MHz

Set to 1 for 40 MHz


TGn Editor : Change sentence at line 59 in page 52 (under clause 7.4.8.7) as below.
The values of the four fields Nr, Ni, Channel Width, and Calibration Sequence are set to the same values as in the received

MIMO Channel Measurement Report.
TGn Editor : Change the note in Table n29 at line 50 in page 52 (under clause 7.4.8.7) as below.
where

  Ns = Number of subcarriers in the Calibration Training symbols, and this is indicated by Channel Bandwidth subfield in Transmit Beamforming Control field
  Nr = Number of antennas at the STA tro which this frame is addressed
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Abstract


This document contains proposed changes to the IEEE P802.11n Draft to address the following LB84 comments related to Draft 1.03 subclause 9.17.2.2:


6797, 7140, 7278, 7661, 661


All comments listed here are countered.
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