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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

	2269
	63
	3
	7.4.7.5
	"…are set to the same values…"
	Move the procedures to an appropriate clause


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
The beamformer should be calibrated to achieve the best performance. The beamformee does not need to be calibrated as long as it does not do transmit beamforming.

Transmit beamforming can operate with or without calibration assistance from the beamformee. Support for calibration is optional.

A STA that sets the Implicit TxBF capable subfield of the TxBF Capability field to 1 shall set the Calibration subfield of the TxBF Capability field to 11 (indicating full support of calibration). 
Differences in transmit and receive chains in a STA degrade the inherent reciprocity of the over-the-air Time Division Duplex channel, and cause degradation of performance of implicit beamforming techniques. Calibration is helpful in orderacts to remove or reduce differences in transmit and receive chains and enforce reciprocity in the observed baseband-to-baseband channels between two STAs. A simple over the-air calibration procedure effectively corrects for these differences. The calibration procedure ensures that the observed channel matrices in the two directions of the link are transposes of each other and thus renders

the resultant channel reciprocal. Thus, if it is able to do so, a STA calibrates upon association.

A STA with two or more antennas can engage in calibration with any other STA with any number of antennas, including those with only a single antenna. This calibration procedure can result in reciprocity correction vectors for both STAs. Calibration of single antenna STA is not required.

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.
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) 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 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 n25), 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.
Submission note:In D1.05, STA is called as the Beamformer,and STA B is called as the Beamformee. But this is wrong, because Calibration may be initiated by the STA that is not be capable to become Beamformer. And if the STA be capable to become Beamformer initiates Calibration, it shall not be called as Beamformer during the sequence of Calibration. So, in this submission, Beamformer/Beamformee in the context of Calibration are replaced with STA A/STA B to be generic.
The calibration procedure begins with a Calibration Sounding framePPDU exchange sequence, illustrated as Step 1 in Figure n48 Figure xx1 (TGn Editor: please update cross reference to Figure xx1) (Calibration procedure with Sounding frame having MPDU). The Calibration Sequence field of the Calibration Control subfield shall be Iincremented each time a new calibration procedure is started.
The beamformerSTA A (Calibration Initiator) shall transmits a Calibration Start frame (Calibration Position field set to 1) andwith the TRQ bit in HTC set to 1. This frame initiates a calibration procedure. The Calibration Start frame shall have a frame type of QoS Null, with the ACK Policy set to ‘00’, Normal ACK. In response, the beamformee shall generate a sounding PPDU a SIFS interval after the end of the PPDU containing the Calibration Start frame.
In response, the beamformeeSTA B shall transmits a Calibration Sounding Response frame (Calibration Position field set to 2) and TRQ set to 1 after a SIFS interval in a sounding PPDU that allows the beamformerSTA A to estimate the MIMO channel from the beamformeeSTA B to the beamformerSTA A. The Calibration Sounding Response frame shall have a frame type of ACK+HTC.
In response, the beamformerSTA A shall transmits a Calibration Sounding Complete frame (Calibration Position field set to 3) after a SIFS interval, in a sounding PPDU that allow the beamformeeSTA B to estimate the MIMO channel from the beamformerSTA A to the beamformeeSTA 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’), i.e.,the number of HT-LTFs shall be equal to the number of transmit antennas. 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.
Sounding packets in which Calibration Position fields set to 2 or 3 shall use the antenna mapping matrices defined in subclause 21.3.12.2 (Sounding PPDU for calibration) (TGn Editor: update cross reference to 21.3.12.2). The calibration responder shall not remove the antenna mapping from the CSI to be fed back to the initiator of the frame exchange. Before computing the correction matrices, the calibration initiator of this frame exchange shall itself be responsible for accounting for the antenna mapping in both its local channel estimate as well as in the quantized fed back to it.
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.
To ensure that the reciprocal channel changes as little as possible during the Calibration Sounding frame exchange

sequence, a STA should use short non-A-MPDU frames in the Sounding Response and Sounding

Complete PPDUs.
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Figure n48xx1- Calibration procedure with Sounding frame having MPDU
Submission note; I cannot edit the Figure now, but it shall be corrected as follows. Because the frame of Cal Position=2 transmited by STA B shall include TRQ=1, the line of “+HTC : TRQ” under the “- Frame type : ACK” at the top of that frame shall be added.

The remaining message exchange in the calibration procedure is not time critical.

When the MIMO channel measurements become available at the beamformeeSTA B, itSTA B shall sends one or more MIMO Reciprocal Channel Measurement frames that contain the MIMO Reciprocal Channel Measurement Report (Step 2 in Table n48Figure nxx1 (Calibration procedure with Sounding frame having MPDU)). The beamformeeSTA B may sets the Calibration Complete field to 1 in this packet in case that it is not capable of transmit beamforming or does not desire to obtain its Reciprocity Correction matrices from from the beamformerSTA A. In this case the beamformerSTA A shall does 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.
The values of the four fields Nc Index, Nr Index, Channel Width, and Calibration Sequence are set to the same values as in the received MIMO Reciprocal Channel Measurement Report.

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 the beamformerSTA A has the MIMO Reciprocal Channel Measurement Report from the beamformeeSTA B, along with its local channel measurement measured from the Calibration Sounding Response transmitted by the beamformeeSTA B, the beamformerSTA A canmay compute the correction matrices required for both itself and the beamformeeSTA B  (Step 3 in Table n48Figure nxx1 (Calibration procedure with Sounding frame having MPDU)). If the beamformeeSTA B  did not set the Calibration Complete field to 1 in the MIMO Reciprocal Channel Measurement frame to 1, the beamformerSTA A shall transmits the Reciprocity Correction frame to complete the calibration procedure (Step 43 in Table n48Figure nxx1 (Calibration procedure with Sounding frame having MPDU)). The message shall includes the Reciprocity Correction Vector for the beamformeeSTA B that provides reciprocity correction on the receive channel estimates at the beamformeeSTA B. the beamformeeSTA B applies the supplied reciprocity correction to its transmit chains. The Calibration Complete field in the Reciprocity Correction frame isshall 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.
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Figure nxx2- Calibration procedure with NDP
Submission note; I cannot edit the Figure now, but it shall be corrected as follows. Because the frame of Cal Position=2 transmited by STA B shall include TRQ=1, the line of “+HTC : TRQ” under the “- Frame type : ACK” at the top of that frame shall be added. And cal Position is 1, 2, and 3 from the left to the right.
Figure nxx2 (TGn Editor: please update cross reference to Figure nxx2), illustrates the calibration PPDU exchange using NDPs.
The calibration procedure begins with a Calibration Sounding PPDU exchange sequence, illustrated as Step 1 in Figure nxx2 (TGn Editor: please update cross reference to Figure nxx2). The Calibration Sequence field of the Calibration Control subfield shall be incremented each time a new calibration procedure is started.
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 nxx2(TGn Editor: please update cross reference to Figure nxx2).

Sounding packets, which are indicated by NDP announcement bit with Calibration Position fields set to 2 or 3 shall use the antenna mapping matrices defined in subclause 21.3.12.2 (Sounding PPDU for calibration) (TGn Editor: update cross reference to 21.3.12.2). The calibration responder shall not remove the antenna mapping from the CSI to be fed back to the initiator of the frame exchange. Before computing the correction matrices, the calibration initiator of this frame exchange shall itself be responsible for accounting for the antenna mapping in both its local channel estimate as well as in the quantized CSI fed back to it.
TGn Editor: Change paragraph starting from line-52, page-143 (under 9.19.1) to the following;
Only the current TXOP holder or RD responder may transmit an NDP. A TxOP holder shall not set to 1 the NDP Announcement and RDG/More PPDU fields simultaneously, except for during calibration sounding exchange. An RD responder shall not set to 1 the NDP Announcement and set to 0 the RDG/More PPDU fields simultaneously.

Submission note: In this case, responding frame type is specified, and TxOP owner can predict the length of frame with NDP.

TGn Editor : Change paragraph starting from line 45 in page 45 (under clause 7.3.1.3.1)

The complete MIMO Reciprocal Channel Measurement Report may need to be transmitted using more than one frame. If the MIMO Reciprocal Channel Measurement Report field is longer than 1890 octets, the first 1890 octets are included in the first frame and the remaining octets are included in subsequent frames, and each segment shall contain MIMO Reciprocal Channel Measurement Report field no longer than 1890 octets. The MCMR Segment Sequence (1 octet) contains the number of remained segment to be transmitted. The MCMR Segment Sequence of the last segment is 0. 
For example, with Nst = 114, Nr= 2, Nc = 2, there are 1368 octets (456 coefficients) in the MIMO Reciprocal Channel Measurement Report field. In this case, no segmentation is applies and MCMR Segment Sequence is set to 0. The maximum length of the MIMO Reciprocal Channel Measurement Report field is 5472 octets (1824 coefficients) for the case with Ns = 114, Nr = 4, and Nc = 4. If the MIMO Reciprocal Channel Measurement Report is longer than 1368 octets, the first 1368 octets are included in the first frame (Segment Sequence = 0) and the remaining octets are included in subsequent frames (Segment Sequence = 1, 2, etc.). In this case, The MCMR Segment Sequence in the first frame is set to 2, and that in the next frame is set to 2, and that in the last frame is set to 0.
TGn Editor : Change the descriptionfor Segment Sequence in Table n15 at line 1 in page 44 (under clause 7.3.1.29) as follows;

Contains the remained segment sequence number when an associated measurement report has been segmented. The Segment Sequence of the first last segment is 0.
TGn Editor : Change Figure n15 at line 1  in page 43 (under clause 7.3.1.29) as indicated below.
Change B6 from “Calibration Complete/Channel Width” to “Channel Width”.

TGn Editor : Change 3rd row of the Table n34 at line 1  in page 72 (under clause 7.4.8.6) as indicated below, and add new row at the bottom of the table as indicated below;
Field                                  :             Description 

Calibration Complete/Channel Width : Contains a Calibration Complete ValueChannel Width value
Calibration Complete                          : Calibration Complete value
TGn Editor : Change 3rd row of the Table n36 at line 1  in page 72 (under clause 7.4.8.7) as indicated below, and add new row at the bottom of the table as indicated below;
Field                                  :             Description 

Calibration Complete/Channel Width : Represents the Calibration Complete field and is set to 1Channel Width value
Calibration Complete                            :  Represents the Calibration Complete field and is set to 1
TGn Editor : Change 3rd row of the Table n38 at line 1  in page 73 (under clause 7.4.8.8) as indicated below, and add new row at the bottom of the table as indicated below;
Field                                  :             Description 

Calibration Complete/Channel Width : Contains a Channel Width value
Calibration Complete                            :  Reserved and is set to 0
TGn Editor : Change 3rd row of the Table n40 at line 31  in page 74 (under clause 7.4.8.9) as indicated below, and add new row at the bottom of the table as indicated below;
Field                                  :             Description 

Calibration Complete/Channel Width : Contains a Channel Width value
Calibration Complete                            :  Reserved and is set to 0
TGn Editor : Change 3rd row of the Table n42 at line 28  in page 75 (under clause 7.4.8.10) as indicated below, and add new row at the bottom of the table as indicated below;
Field                                  :             Description 

Calibration Complete/Channel Width : Contains a Channel Width value
Calibration Complete                            :  Reserved and is set to 0
TGn Editor : Change Figure n22 at line 30  in page 42 (under clause 7.3.1.29) as indicated below.

Change 4th subfield as “Calibration Complete/Channel Width”.

Change 4th description as ;

“The Calibration Complete field is set to 1 if the STA transmitting the frame declares the calibration procedure complete without requiring the receiving STA to transmit a Reciprocity Correction Vector frame.,

or indicates the width of the channel in which a measurement was made

Set to 0 for 20 MHz

Set to 1 for 40 MHz”
Add new row between “Coefficient Size / Codebook Information” and “Segment Sequence” in the Table n15, around line-18, page-44, and its Subfield is “Chalibration Complete” and its Description is;

“The Calibration Complete field is set to 1 if the STA transmitting the frame declares the calibration procedure complete without requiring the receiving STA to transmit a Reciprocity Correction Vector frame.”
TGn Editor : Remove sentence shown below starting  at line-64 in page 72 (under clause 7.4.8.7).

Submission note; this sentence is moved to 9.17.2.2.2 gto resolve CID2269.
“The values of the three fields Nc Index, Nr Index and Calibration Sequence are set to the same values as in the received MIMO Reciprocal Channel Measurement Report.”
TGn Editor: Make the following changes to 21.3.12.2 (Sounding PPDU for calibration);
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 Hk for each sub-carrier k. 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 extension HT-LTFs. In the case of sounding PPDUs for calibration, the antenna mapping matrix shall be


Qk = CCSD(k) PHTLTF
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(TGn Editor: update equation unmber)
where

[image: image5.wmf]()

CSD

Ck

 is a diagonal cyclic shift matrix in which the diagonal elements carry frequency-domain representation of the cyclic delays shifts given in Table n68 (TGn Editor: update cross reference to Table n68) and

PHTLTF 
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 is the one of the following unitary matrices given in 21.3.9.4.6.:
For 
[image: image7.wmf]2

TX

N

=

, 
[image: image8.wmf]11

2

11

2

CAL

P

-

éù

=

êú

ëû


For 
[image: image9.wmf]3,

TX

N

=



 EMBED Equation.DSMT4  [image: image10.wmf]2/34/3

4/32/3

111

3

1

3

1

jj

CAL

jj

Pee

ee

pp

pp

--

--

éù

êú

=

êú

êú

ëû


For 
[image: image11.wmf]4

TX

N

=

, 
[image: image12.wmf]1111

1111

1

1111

2

1111

CAL

P

-

éù

êú

-

êú

=

êú

-

êú

-

ëû

.
TGn Editor: Add following two definitions to clause 3;

Calibration initiator: A STA that initiate Calibration Sequence.

Calibration responder: A STA that is involved in Calibration Sequence which is initiated by the Calibration initiator.
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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 1.05 subclause 9.17.2.2 and calibration related issues:


6797, 7140, 7278, 7661, 661, 2269


All comments listed here are countered.
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