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Change History

	Rivision
	Description

	R0
	Initial version

	R1
	Edits

- major technical change is to avoid dual use of Band width/Caplibration Complete bit

	R2
	Presented version at Portland ad hoc meeting

· significant edits to refer D1.05, not D1.03.

· adding resolution for CID2269 (move procedural description from clause 7 to 9.

· adding definition of “Calibration Initiator” and “Calibration Responder”

	r3
	Edits to incorporate comments received during Portland ad hoc

· replacing “antenna mapping” with “spatial mapping”
· adding missing “Reciprocal”
· replacing “remained” with “remaining”
· fixing several typo (no technical change)

Define two separate subfield of “Coefficient Size” and “Codebook Information” rather than one dual-meaning subfield

Change Grouping field setting for Non-compressed Steering from “reserved” to “present”
Remove “MCMR” from the “MCMR Segment Sequence” in Figure n22, because there is no other “MCMR” in the D1.05.

- Then, removing all occurance of  “MCMR”, including acronyms

One important technical change proposal for all

· Add description for MCMR Segment Sequence to CSI FB and Non-compressed Steering, because its size may be beyond 2304 bytes of limitation. Please review yellow highlighted part.

Remove Reciprocity Correction Vector and MIMO Reciprocal Channel Measurement related stuff,  “Explicit Channel Feedback” subfield, “Calibration Complete” subfield, and “Calibration Sequence (not the subfield having same name in HTC)” subfield in MIMO Control field.

· Also refining the explanation of Calibration Sequence number in HTC.

· Re-use “MIMO CSI Matrices” instead of “MIMO Reciprocal Channel Measurement”
· Update Calibration frame exchange based on this change.

Change name of “Segment Sequence” to “Remaining Matrix Segment”.

Add text for sounding dimensions for calibration

Add sentence to resirict antenna ordering during channel estimation and sounding transmission to be matched.

Add PCAL matrix definition for Ntx=1 case.

Add simple explanation of proposed resolutions to each CID, in Abstract.

Add more CIDs to be resolved by this submission.

· Also, add list of CIDs, resolutions for them were approved, but it would be overridden resolution based on this submission

Adding this change history

	r4
	Remove Table n38, n40, and n42, and add text explanation for reserve. 

	r5
	Add CID7129, 7823, 7826, 7830 as a resolved comments

Add CID2277, 2302, 7829 in a list of “Need modification of APPROVED resolution”

	r6
	Add reference of calibration cluase to exception rule in NDP

Change bit ordering of MIMO Control field to have single block of reserved bits

Remove 1 octet of Remained Matrix Segment” but replace two reserved bits with “Remained Matrix Segment”
Change HT Action filed value to havea single block of reserved values.

Add CID7357 as a resolved comment
Add CID7126 as a resolved comment (Rejection, and reason provided)

Add sentence that STA-B shall not set RDG/More PPDU bit to zero at Cal Position 2.

	r7
	Minor editorial change based on the feedbacks at BF ad hoc (Nov 11, 2006)
CID2258 was wrongly shown in the CID table in “frame”, but it is in “Beam” now. 
Change bitwidth of Remaining Matrix Segment subfield from 2 to 3 bits.

Remove limit of Remaining Matrix Segment, i.e., 1890 bytes, and refine texts for definition and procerure. 


Submission note: these are the comments that this submission is aiming to address

Comments listed here are assigned to BF ad hoc now (06/0675r42)

	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

	7371
	128
	12
	9.22
	Allow the recipient to send ZLF (e.g. during Calibration)
	Remove the text "Only the current TXOP owner or RDG grantee shall be permitted to send a ZLF frame".

	4637
	62
	13
	7.4.7.5
	Table-n27, there is no actual definition about reciprocity correction vector.
	Define the actual correction vector.

	7906
	122
	8
	9.20.2.1.1
	The reciprocity correction vector for calibration is not defined.
	Define the reciprocity correction vector.

	7919
	62
	13
	7.4.7.5
	On Table-n27, reciprocity correction vector is prepared but there is no actual definition.
	Define the actual correction vector such as K_A=C_{A,Rx}/C_{A,Tx}, K_B=C_{B,Rx}/C_{B,Tx}.

	10075
	63
	8
	7.4.7.5
	It is not clear how to apply reciprocity correction vector at receiver ( i.e., responder).
	Add explicit explanation as follows;

" The reciprocity correction vector shall be derived with assuming responder would apply this at transmit chains. " However, it doesn’t mean it should be applied to transmitter side. Applying at Rx side is implementation option.

	722
	122
	8
	9.20.2.1.1
	The reciprocity correction vector is undefined.
	Define it.

	2265
	62
	14
	7.4.7.5
	Missing definition of the Transmit Beamforming Control field for this frame
	Make ref to Figure n22

	3812
	62
	
	7.4.7.5
	Specify the bir order of complex coefficients (here and other subclauses)
	As suggested

	2680
	122
	10
	9.20.2.1.2
	State how a STA knows whether it can do this
	Add "A STA shall advertise its ability to perform calibrary in <someIE> in Beacons and Probe Responses."

	3967
	20
	11
	7.1.3.8
	the number of HT_LTFs does not have to be equal to the number of tranmit antennas (that will not happen when 3 spatial streams are sounded) but the number of sounded spatial streams has to be equal to the number of transmit antennas
	change number of HT-LTFs to number of sounded spatial streams

	11893
	122
	11
	9.20.2.1.2
	STAs do not need to have full support of calibration to participate in calibration exchange.
	change "…supports calibration." to "…supports calibration message exchanges and sounding PPDUs.

	3973
	59
	18
	7.4.7.4
	The notion of channel measurement is used, although it is no clearly defined
	Add a diagram or point to section 20.3.5 where the channel matrix is defined.

	11905
	221
	2
	20.3.6.2
	Text doesn't currently specify how channel estimate is used to derive calibration correction vectors.  Lack of detail creates interop issues.
	Need to add text that says explicitly that upon receiving a sounding PPDU for calibration, a STA shall remove the effect of Qk from the resulting channel estimate before returning the estimate to the sending STA.

	7357
	17
	
	7.1.3.8
	Clarify the use of ZLF outside Antenna Selection procedure (i.e. Calibration and TX Beamforming).
	See submission 11-06-0573-00-000n-submission-use-of-ZLF-sounding on the server.

	2258
	61
	1
	7.4.7.4
	Description of Calibration Sequence is giving a procedure
	Move the procedures to an appropriate clause

	7129
	60
	2
	7.4.7.4
	In table n24, how does the STA know the number of antennas at the STA to which the frame is directed?
	Should be changed to the number of spatial streams that was sounded

	7126
	48
	
	7.3.2.47.6
	By the description of the Calibration field, it appears that if a STA is Implicit TxBF capable it must fully support calibration via the mechanisms described in the draft?  What if the STA chooses to self calibrate through other means?
	please clarify


Comments listed here are assigned to Frame ad hoc now (06/0717r37)

	CID
	Page(Ed)
	Line(Ed)
	Clause(Ed)
	Comment
	Proposed Change

	1236
	62
	
	7.4.7.5
	All of the information fields in this MA frame need to have definitions within 7.3.1
	Move the definitions of all information fields of this MA Frame as new subclauses beneath 7.3.1 and provide definitions for those fields that lack one

	2268
	63
	1
	7.4.7.5
	Several fields of the Transmit beamforming control field are not specified - Calibration sequence, Explicit Channel Feedback, Feedback format
	If they are unused, state that the value are reserved and set to zero

	3810
	62
	
	7.4.7.5
	What does a value of Unused (for Explicit Feedback Sequence)? How is it indicated? How is it Coded - 0 or some other value??
	Clarify

	7820
	62
	13
	7.4.7.5
	Value should be specified for unused Explicit Feedback Sequence field
	Specify all zeros value

	660
	61
	2
	7.4.7.4
	Missing Explicit Feedback Format B8-B11
	Add missing specification information

	1235
	60
	
	7.4.7.4
	All of the information fields in this MA frame need to have definitions within 7.3.1
	Move the definitions of all information fields of this MA Frame as new subclauses beneath 7.3.1 and provide definitions for those fields that lack one

	2257
	60
	4
	7.4.7.4
	Definition of Explicit Feedback Format not in Table n25
	Add to table n25, or delete from Figure n22

	4222
	61
	1
	7.4.7.4
	Format for Explicit Feedback Format field of Figure n22 on page 60 needs to be defined in this table
	Add another row in this table with Field column being "Explicit Feedback Format" and Description column being "Set to 0" of "Discard"

	7823
	64
	6
	7.4.7.5
	All fields in CSI Matrices Control Field need to be defined in Table n30, and values for reserved fields must be defined
	Define Explicit Channel Feedback bit, and specify all zeros values in reserved fields.

	7826
	69
	4
	7.4.7.7
	All fields in CSI Matrices Control Field need to be defined in Table n37, and values for reserved fields must be defined
	Define Explicit Channel Feedback bit, and specify all zeros values in reserved fields.

	7830
	73
	2
	7.4.7.8
	All fields in CSI Matrices Control Field need to be defined in Table n44, and values for reserved fields must be defined
	Define Explicit Channel Feedback bit, and specify all zeros values in reserved fields.


Also, TGn had already approved resolutions for CIDs relaterd to 7.4.7.5 (in D1.0) listed below. But this submission proposed to remove 7.3.1.32 and 7.4.8.7 (both are quivalent to 7.4.7.5 in D1.0). So, resolutions for these CIDs shall be overridden as “Counter. Reciprocity Correction vectors are completely removed.”
CID list; (Duplicate is not listed here)

1237, 2263, 2266, 2267, 3811, 4223, 4224, 4225, 4749, 5648, 5650, 5651, 5652, 5653, 7249, 7599, 7821, 8774, 8778, 10169, 11393, 11394, 11395, 11397.

Also, TGn had already approved resolutions for CIDs relaterd to 7.4.7.4 (in D1.0) listed below. But this submission proposed to remove 7.3.1.31 and 7.4.8.6 (both are quivalent to 7.4.7.4 in D1.0). So, resolutions for these CIDs shall be overridden as “Counter. MIMO Reciprocal Channel Measurement is completely removed.”
CID list; (Duplicate is not listed here)

2250, 2251, 2252, 2253, 2255, 2256, 2259, 2260, 2261, 2262, 2264, 3805, 3806, 3807, 3809, 4217, 4218, 4220, 4221, 7130, 7818, 7819, 10168 

For CID 4302, and 4303, “Counter. This field is renamed, and there isn’t MCMR anymore.”
Also, TGn had already approved resolution for CID relaterd to Table n30 (in D1.0) listed below. But this submission proposed to remove Table n38 in D1.05 (This table is equivalent to Table n30 in D1.0). So, resolution for this CID shall be overridden as “Counter. Definition is provided in Table n15 in D1.05, and quoted Table is removed.”
CID list; (Duplicate is not listed here)

2277 

Also, TGn had already approved resolution for CID relaterd to Table n37 (in D1.0) listed below. But this submission proposed to remove Table n40 in D1.05 (This table is equivalent to Table n37 in D1.0). So, resolution for this CID shall be overridden as “Counter. Definition is provided in Table n15 in D1.05, and quoted Table is removed.”
CID list; (Duplicate is not listed here)

2302 

Also, TGn had already approved resolution for CID relaterd to Table n44 (in D1.0) listed below. But this submission proposed to remove Table n42 in D1.05 (This table is equivalent to Table n44 in D1.0). So, resolution for this CID shall be overridden as “Counter. Definition is provided in Table n15 in D1.05, and quoted Table is removed.”
CID list; (Duplicate is not listed here)

7829 

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 better 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 3 (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.

In order to support calibration, any STA that advertises that it is capable of responding to a calibration request, it shall be capable of transmitting a MIMO CSI Matrices Measurement frame in which the value of the Grouping subfield of the MIMO Control field is 0 (no grouping) and the Coefficients Size subfield of the MIMO Control field is 3 (Nb=8 bits) as a response to CSI feedback request indicated by CSI/Steering subfield value of 1 in HTC with Calibration Position subfield value of 1 or 3 in HTC, independently of the advertised values of the Explicit BF CSI Feedback subfield in the Transmit Beamforming Capability subfield in the HT Capabilities element. Any STA that advertises that it is capable of initiating a calibration request shall be capable of receiving a MIMO CSI Matrices Measurement frame in which the value of the Grouping subfield of the MIMO Control field is 0 (no grouping) and the Coefficients Size subfield of the MIMO Control field is 3 (Nb=8 bits) as a response to CSI feedback request indicated by CSI/Steering subfield value of 1 in HTC with Calibration Position subfield value of 1 or 3 in HTC, independently of the advertised values of the Explicit CSI TxBF Capable subfield in the Transmit Beamforming Capability subfield in the HT Capabilities element.

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 subfield ofin the Calibration Control HTC 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 0, 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. In this Calibration Sounding Response frame, the Calibration Sequence subfield in HTC field shall be set to the same value that is indicated in the Calibration Start frame. 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) with setting CSI/Steering subfield in HTC to 1 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. In this Calibration Sounding Complete frame, the Calibration Sequence subfield in HTC field shall be set to the same value that is indicated in the Calibration Sounding Response frame. 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 SOUNDING parameter is ‘SOUNDING’), i.e.,the number of HT-LTFs shall be equal to the number of transmit antennas The number of long training fields used to obtain MIMO channel estimation that are sent in the sounding PPDU shall be determined by the number of transmit chains, NTX, used in sending these long training fields at the STA transmitting the sounding PPDU. The transmit chains used at the calibration initiator are those for which calibration is required.

The calibration responder may train up to maximum available transmit chains to maximize the quality of the resulting calibration, though the number of spatial time stream for data symbols shall be determined by the rule described in 9.6.
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.

Sounding packets in which Calibration Position fields set to 2 or 3 shall use the spatial 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 spatial 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 spatial mapping in both its local channel estimate as well as in the quantized fed back to it. The row order in the CSI feedback matrix transmitted from STA B shall correspond to the association of the rows of the spatial mapping matrix (21-71) to its transmit antennas. For example, the receive antenna at STA B associated with the i-th row in the CSI feedback matrix in each subcarrier is the same as its transmit antenna associated with the i-th row in the spatial mapping matrix used for transmitting the sounding response with Calibration Position set to 2.
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 n48nxx1- 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 the beamformeeSTA B, itSTA B shall sends one or more MIMO Reciprocal Channel Measurement CSI Matrices frames that contain the MIMO Reciprocal Channel Measurement CSI Matrices Report (Step 2 in Table n48Figure nxx1 (Calibration procedure with Sounding frame having MPDU)). This CSI Matrices Report shall have full precision, i.e, Ng=0 (no grouping) and Nb=3 (8 bits). The beamformee 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 beamformer. In this case the beamformer does not send a Reciprocity Correction frame and the calibration procedure is complete. In these MIMO CSI Matrices frames, the Calibration Sequence subfields in HTC fields shall be set to the same value that is indicated in the Calibration Sounding Complete frame. These MIMO CSI Matrices 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.

Remaining Matrix Segment field in MIMO CSI Matrices frame shall be set to indicate the number of remaining MIMO CSI Matrices frames to send one MIMO CSI Matrices Report. For example, if two MIMO CSI Matrices frames will be sent, the Remaining Matrix Segment field in the first MIMO CSI Matrices frame shall be set to ‘1’, and this field in the last MIMO CSI Matrices frame shall be set to ‘0’.

In case that both STAs are capable of transmit beamforming, once the beamformer has the MIMO Reciprocal Channel Measurement Report from the beamformee, along with its local channel measurement measured from the Calibration Sounding Response transmitted by the beamformee, the beamformer can  compute the correction matrices required for both itself and the beamformee (Step 3 in Table n48 (Calibration procedure)). If the beamformee did not set the Calibration Complete field to 1 in the MIMO Reciprocal Channel Measurement frame to 1, the beamformer  transmits the Reciprocity Correction frame to complete the calibration procedure (Step 4 in Table n48 (Calibration procedure)). The message includes the Reciprocity Correction Vector for the beamformee that provides reciprocity correction on the receive channel estimates at the beamformee. the beamformee applies the supplied reciprocity correction to its transmit chains. The Calibration Complete field in the Reciprocity Correction frame is 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
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 subfield in the HTC field 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 bit in HTC set to 1, NDP Annoucement, RDG bits in the HTC set to 1, and CSI/Steering subfield in 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 0, 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.  In this Calibration Sounding Response frame, the Calibration Sequence subfield in HTC field shall be set to the same value that is indicated in the Calibration Start frame. The Calibration Response frame shall have a frame type of ACK+HTC. In this frame, RDG/More PPDU bit in HTC shall not be set to 1.
According to the NDP Announcement in the Calibration Start frame, STA A shall transmit NDP as a sounding PPDU after PIFS interval, and this NDP 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.  In this Calibration Sounding Complete frame, the Calibration Sequence subfield in HTC field shall be set to the same value that is indicated in the Calibration Response frame. 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, of Figure nxx1(TGn Editor: please update cross reference to Figure nxx1).

Sounding packets, which are indicated by NDP announcement bit with Calibration Position fields set to 2 or 3 shall use the spatial 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 spatial 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 spatial mapping in both its local channel estimate as well as in the quantized CSI fed back to it.
Submission note: The proposed change below is the proposed resolution for CID#7371 as a counter. Instead of allowing to send NDP always as suggested from commenter, just add exception for existing rule. 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-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 (see 9.17.2.2 Calibration). An RD responder shall not set to 1 the NDP Announcement and set to 0 the RDG/More PPDU fields simultaneously.

TGn Editor : Add sentence shown below at line 48 in page 140 (under clause9.17.3);

If it is necessary to segment the frame, the MIMO CSI Matrices Report field, MIMO Non-compressed Beamfoming Matrices field or MIMO Compressed Beamforming Matrices field may be split into up to 8 frames. The length of each segment shall be equal number of octets for all segments except the last, which may be smaller. Remaining Matrix Segment subfield in the MIMO Control field shall be set to the number of remaining segment to be transmitted. The Remaining Matrix Segment subfield in the MIMO Control field of the last segment shall be set to 0. When the Report is not segmented, the Remaining Matrix Segment subfield shall be set to 0.

Submission note; requesting modifications of these Figure and Tables are for avoiding dual-meaning bits of “Calibration Complete / Channel Width” bit and “Coefficient Size / Codebook Information” bits. Also requesting to change meaning of Segment Sequence.

Submission note; requesting removal of “Calibration Sequence” and “Calibration Complete” subfield.

TGn Editor : Change Figure n22 at line 30  in page 42 (under clause 7.3.1.29) as indicated below.
	B0 B1
	B2 B3
	B4B5
	B6

B4
	B7
	B8B9

B5   B6
	B10B11

B7   B8
	B9   B10
	B11  B13
	B12 
B14  B15
	
	

	Nc Index
	Nr Index
	Calibration Sequence

	Calibration Complete  / Channel Width
	Explicit Channel Feedback

	Grouping (Ng)
	Coefficient Size / Codebook Information
	Reserved Codebook Information
	Remaining Matrix Segment
	Reserved
	MCMR Segment Sequence
	Sounding Timestamp

	Octets: 1
	1
	4


TGn Editor : Change Table n15 at line 1  in page 43 (under clause 7.3.1.29) as follows;
	Subfield
	Description

	Nc Index
	Either indicates the number of antennas at the STA transmitting the a report, less one

Set to 0 for 1 antenna

Set to 1 for 2 antennas

Set to 2 for 3 antennas

Set to 3 for 4 antennas

or iIndicates the number of columns in a maxtrix, less one Set to 0 for Nc = 1

Set to 1 for Nc = 2

Set to 2 for Nc = 3

Set to 3 for Nc = 4

	Nr Index
	Either indicates the number of antennas at the STA to which the frame is addressed, less one

Set to 0 for 1 antenna

Set to 1 for 2 antennas

Set to 2 for 3 antennas

Set to 3 for 4 antennas

or iIndicates the number of rows in a maxtrix, less one

et to 0 for Nr = 1

Set to 1 for Nr = 2

Set to 2 for Nr = 3

Set to 3 for Nr = 4

	Calibration Sequence
	Contains a sequence number common to all frames exchanged associated with a single calibration sequence. 

	Calibration Complete / Channel Width
	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 iIndicates the width of the channel in which a measurement was made

Set to 0 for 20 MHz

Set to 1 for 40 MHz

	Explicit Channel Feedback
	Indicates whether the frame contains a explicit channel feedback measurement.

Set to 0 for no explicit measurement

Set to 1 for explicit measurement

	Grouping (Ng)
	Number of Carriers grouped into one:

Set to 0 for Ng=1 (No grouping)

Set to 1 for Ng=2 

Set to 2 for Ng=4

The value 3 is reserved

	Coefficient Size / Codebook Information
	Indicates the number of bits in the representation of the real and imaginary parts of each element in the matrix.

Set to 0 for Nb=4

Set to 1 for Nb=5

Set to 2 for Nb=6

Set to 3 for Nb=8

Or indicates the size of codebook entries:

Set to 0 for 1 bit for ψ, 3 bits for φ

Set to 1 for 2 bits for ψ, 4 bits for φ

Set to 2 for 3 bits for ψ, 5 bits for φ

Set to 3 for 4 bits for ψ, 6 bits for φ

	Codebook Information
	Indicates the size of codebook entries:

Set to 0 for 1 bit for ψ, 3 bits for φ

Set to 1 for 2 bits for ψ, 4 bits for φ

Set to 2 for 3 bits for ψ, 5 bits for φ

Set to 3 for 4 bits for ψ, 6 bits for φ

	Remaining Matrix Segment Sequence
	Contains the remaining segment sequence number for the associated measurement report. 

	Sounding Timestamp
	Contains the lower four octets of the TSF timer value sampled at the instant that the MAC received the PHY-CCA.indicate(IDLE) signal that corresponds to the end of the reception of the sounding packet that was used to generate feedback information contained in the frame.


TGn Editor : Remove sentences from line-46 to line- 47 in page 42 (under clause 7.3.1.29) as follows;
The use of some subfields varies according to the frame type. Where this happens, the use is defined in the

appropriate subclause of 7.4.8 (HT Action frame details).
TGn Editor : Remove Table n38 at line 37  in page 73 (under clause 7.4.8.8).
TGn Editor : Modify sentence starting at line-31on page-73 and ending at line-33 on page-73 (under clause 7.4.8.8) as follows;
In a MIMO CSI Matrices frame, the fields of the MIMO Control field (see 7.3.1.29 (MIMO Control field)) are used as described in Table n38 (Use of MIMO Control field (MIMO CSI Matrices frame))n15 (Subfields of the MIMO Control field). Codebook Information subfield is reserved in this frame.
TGn Editor : Remove the NOTE from line-56 to line- 58 in page 73 (under clause 7.4.8.8) as follows;
NOTE—Only variant fields are shown in this table. Where a field of the MIMO Control field is not mentioned in this

table, the field is fully defined in 7.3.1.29 (MIMO Control field (CID 7599))
TGn Editor : Remove Table n40 at line 31  in page 74 (under clause 7.4.8.9) .
TGn Editor : Modify sentence starting at line-26 on page-74 and ending at line-27 on page-74 (under clause 7.4.8.9) as follows;
In a MIMO Non-compressed Steering frame, the fields of the CSI Matrices MIMO Control field (see 7.3.1.29 (MIMO Control field)) is used as described in Table n40 (Use of MIMO control field (MIMO Non-compressed Steering)) n15 (Subfields of the MIMO Control field). Codebook Information subfield is reserved in this frame.
TGn Editor : Remove the NOTE from line-51 to line- 53 in page 74 (under clause 7.4.8.9) as follows;
NOTE—Only variant fields are shown in this table. Where a field of the MIMO Control field is not mentioned in this

table, the field is fully defined in 7.3.1.29 (MIMO Control field (CID 7599))
TGn Editor : Remove Table n42 at line 28  in page 75 (under clause 7.4.8.10) .
TGn Editor : Modify sentence starting at line-21 on page-75 and ending at line-23 on page-75 (under clause 7.4.8.10) as follows;
In a MIMO Compressed Steering frame, The the field of the MIMO Control field (see 7.3.1.29 (MIMO Control field)) are used as defined in n42 (Use of MIMO control field (MIMO Compressed Steering)) n15 (Subfields of the MIMO Control field). Coefficient Size subfield is reserved in this frame.
TGn Editor : Remove the NOTE from line-42 to line- 44 in page 75 (under clause 7.4.8.10) as follows;
NOTE—Only variant fields are shown in this table. Where a field of the MIMO Control field is not mentioned in this

table, the field is fully defined in 7.3.1.29 (MIMO Control field (CID 7599))
Submission note; Removal of MIMO Reciprocal Channel Measurement and Reciprocity Correction Vector related stuff.
TGn Editor : Remove Clause 7.3.1.31 “MIMO Reciprocal Channel Measurement Report field” entirely (including Figure n24, n25, n26, and n27) starting from line-59 on page-42 to line-5 on page-46, and change clause number and Figure number accordingly.
Submission note; Table n15 and Figure n23 shall not be removed, because they belong to 7.3.1.29 or 7.3.1.30.
TGn Editor : Remove Clause 7.3.1.32 “Reciprocity Correction Vector field” entirely (including Figure n28, n29, and n30) starting from line-7 on page-46 to line-14 on page-47, and change clause number and Figure number accordingly.
TGn Editor : Remove Clause 7.4.8.6 “MIMO Reciprocal Channel Measurement frame format” entirely (including Table n33, and n34) starting from line-16 on page-71 to line-52 on page-71, and change clause number and Figure number accordingly.
TGn Editor : Remove Clause 7.4.8.7 “Reciprocity Correction frame format” entirely (including Table n35, and n36) starting from line-54 on page-71 to line-65 on page-72, and change clause number and Figure number accordingly.

TGn Editor : Make the following changes to the row in Table n25(under 7.3.2.46.6 Transmit Beamforming Capability)  with “Calibration” in the “TxBF Capability Field” column on page-61 as follows;

	TxBF Capability

Field
	Definition
	Encoding

	Calibration


	Indicates that the STA can participate in a calibration procedure initiated by another STA that is capable of generating an immediate response Sounding PPDU, and can provide a MIMO Reciprocal Channel Measurement CSI Matrices Report in response to the receipt of a Sounding PPDU.

Also indicates the capability of applying reciprocity correction vector received from the initiator of a calibration sequence.

	Set to 0 if not supported

Set to 1 if the STA can has limited capability of being involved in calibration using CSI Matrices Report, but cannot apply reciprocity correction vector received from initiator, and cannot initiate calibration
The value of 2 is reserved
Set to if 10 if the STA has limited capabilityof being involved in calibration, cannot applyreciprocity correction vector received frominitiator, but can initiate calibration
Set to 3 if fully supported the STA can both initiate and respond to a calibration request


TGn Editor : Modify Table n28 at line-41 on page-68 as follows;

	Table n28 – HT Action field Values

	Action field Value
	Meaning

	0
	Notify Channel Width

	1
	SM Power Save

	2
	PSMP action frame

	3
	Set PCO Phase

	4
	MIMO Reciprocal Channel Measurement 

MIMO CSI Matrices

	5
	Reciprocity Correction

MIMO Non-compressed Steering

	6
	MIMO CSI Matrices
MIMO Compressed Steering

	7
	MIMO Non-compressed Steering
Antenna Selection Indices Feedback

	8
	MIMO Compressed Steering

	9
	Antenna Selection Indices Feedback

	108-255
	Reserved


TGn Editor: Remove the definition of MCMR at line-3 on page-7 (under clause 4).

Submission note; Actually, now it is shown as “MRCMR”, but it would be typo, and we might fail to catch it using global search of “MCMR”.

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 spatial mapping matrix shall be


Qk = CCSD(k) PHTLTF
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kCSDCAL

QCkP

=


(21-71)

(TGn Editor: update equation unmber)
where
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 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.:
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.
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.

Resolution for CID 7126

Propossed Resolution: Rejection

Reason for rejection; 

It is better to keep calibration full support mandatory for implicit TxBF Tx capable devices to have better performance in the total system from the two aspects.

(1) Even if the STA have a capability of self calibration, it would be better to help other STAs’ calibration to give them more opportunity to find cooperating node for calibration

(2) Assuming (1) and this is the STA supporting implicit TxBF transmission, it is not so much additional complexity to support initiating calibration. In addition, self calibration may suffer from internal RF cross talk between Tx chains and Rx chains in this STA, because Tx and Rx are simultaneously operating in this case. This doesn’t happen in pairwise calibration, and this cross talk may mean worse calibration performance.. 

Submission note: No action is required to the TGn editor to resolve this comment.
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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, 7278: Counter. Different frame sequence is defined as shown in this document.


7140, 660, 1235, 2257, 2258, 4222, 2680, 3967, 11893, 11905: Counter. Clearer text is provided in this document.


7661: Counter. Simplified figures are provided in this document.


 661, 4637, 7906, 7919, 10075, 722: Counter. Removed “Reciprocity Correction” entirely as shown in this document.


2269: Counter. Conceptually accepted for calibration related subclauses in general, but specified text is removed because Reciptocity Correction is removed.


7371: Counter. The rule for allowing NDP from responder during calibration is added as shown in this document.


7357: Counter. Calibration sequence using NDP is defined in this document.


1236, 2268, 3810, 7820: Counter. Removed “Reciprocity Correction” entirely as shown in this document.


3973, 7129: Counter.  Removed “MIMO Reciprocal Measurement” entirely as shown in this document.


7823, 7826, 7830: Counter. Quoted table and Explicit Channel Feedback subfield are removed.


7126: Reject. Proposed text is better than suggested resolution in this comment (see more detail)


In addition, because this proposal includes complete removal of “reciprocity correction” and “MIMO Reciprocal Measurement”, APPROVED resolutions for clause 7.4.7.5 and 7.4.7.4 (in D1.0) shall be overridden.
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