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Modify the following definition into 10.3.1 as highlighted in red texts:

· STA authentication and association

“8.4.2.160.2 CDMG STA Capability Information field
Insert the new subfield into Figure 8-401bt at the 62-bit:
	bit
	Subfield

	62
	Enhanced Beam Tracking Supported


Figure 8-401bt CDMG STA Capability Information field format”
“ Insert the following text after 8.4.2.159 Antenna Sector ID Pattern element.
 8.4.2.160 Enhanced Beam Tracking element

The Enhanced Beam Tracking element is used to configure the alternative link of a CDMG STA, track the alternative link of enhanced beam tracking initiator and responder, and switch to alternative link from current link. The element can be included in BRP, DMG Beacon and Information request and response frames.
The format of the Enhanced Beam Tracking element is shown in Figure 8-401bp.
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Figure 8-401bp─Enhanced Beam Tracking element format

The Element ID and Length fields are defined in 8.4.2.1 (General).
The E-BT Control field is defined in Figure 8-401bq.
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Figure 8-401bq─E-BT Control field format
The Backup AWV Setting field is used to set the alternative AWV of the peer STA. The default alternative AWV of the peer STA is set to omni-directional. If the Backup AWV Setting field is set to 0, the peer STA does not update the alternative AWV. If the Backup AWV Setting field is set to 1, the peer STA set the alternative AWV according to the AWV specified by the Peer Tx Antenna Parameter field. If the Backup AWV Setting field is set to 10, the current received AWV of peer is used to update the alternative AWV; if the Backup AWV Setting field is set to 11, it indicates that the last transmitted AWV of peer is used to update the alternative AWV.

If the E-BT-R Request field is set to 1, it indicates that the peer STA is requested to enable the enhanced beam tracking to receive the e-TRN-R training sequences; otherwise, it is set to 0.

If the E-BT-R OK field is set to 1, it indicates that the requested peer STA acknowledges that it has enabled the enhanced receive beam tracking to receive the e-TRN-R training sequences; otherwise, it is set to 0.

If the E-BT-T Request field is set to 1, it indicates that the peer STA is requested to enable the enhanced transmit beam tracking to transmit the e-TRN-T training sequences; otherwise, it is set to 0.

If the E-BT-T OK field is set to 1, it indicates that the requested peer STA acknowledges that it has enabled the enhanced transmit beam tracking to transmit the e-TRN-T training sequences; otherwise, it is set to 0.

If the Switching to Backup AWV Request field is set to1, it indicates that the peer STA is requested to switch to the alternative AWV; otherwise, it is set to 0.  

If the Switching to Backup AWV OK field is set to 1, it indicates that the requested STA acknowledges that its antenna setting is to be switched to the alternative AWV before the next frame, and set the AWV of the current link as the new alternative AWV; otherwise, it is set to 0.  

The Peer TX Antenna Parameter field is defined in Figure 8-401br.
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Figure 8-401br─Peer TX Antenna Parameter field format
If the Backup AWV Setting field is set to 1, the Peer Tx_Sector ID field indicates the Sector ID of the alternative Tx AWV of the peer STA. Otherwise, the Peer Tx_Sector ID field is set to 0.  

If the Backup AWV Setting field is set to 1, the Peer Tx_Antenna ID field indicates the Antenna ID of the alternative Tx AWV of the peer STA. Otherwise, the Peer Tx_Sector ID field is set to 0. ”
Change the first paragraph of 8.4.2.162 SSW Report element as follows:

“The SSW Report element is used by a non-AP or non-PCP STA to report beamforming training information to AP or PCP (10.31.1), or used by a responder STA to deliver the back-up sector information to an initiator STA. The format of the SSW Report element is as illustrated in Figure 8-401br.”
Change Figure 8-401br of 8.4.2.162 SSW Report element as follows:

“
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Figure 8-401br—SSW Report element format
”
Change the third paragraph of 8.4.2.162 SSW Report element as follows:

“The SSW Report Control field indicates the format of the Report Info field. If the SSW Report Control field is 1, the Report Info field is formatted as illustrated in Figure 8-401bs; otherwise, the Report Info field is formatted as illustrated in Figure 8-401bsa.”
Change Figure 8-401bs of 8.4.2.162 SSW Report element as follows:

“
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Figure 8-401bs—Report Info field format when the SSW Report Control field is 1
”
Insert the following Figure 8-401bsa after Figure 8-401bs:
“ 
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Figure 8-401bsa—Report Info field format when the SSW Report Control field is 0

”
Insert the following paragraphs at the end of 8.4.2.162 SSW Report element: 
“ If the SSW Report Control field is 0, the Peer Tx_Sector ID field indicates the Sector ID of the alternative Tx sector of the peer STA. The determination of the alternative Tx sector is implementation dependent. Possible values of this field range from 0 to 63. Otherwise, the Peer Tx_Sector ID field does not exist.  

If the SSW Report Control field is 0, the Peer Tx_Antenna ID field indicates the alternative Antenna ID of the alternative Tx antenna of the peer STA. The determination of the alternative Tx antenna is implementation dependent.Otherwise, the Peer Tx_Sector ID does not exist. ”
“8.5.22.3 BRP frame format
Insert the new row into Table 8-281ag after the last row:
	Order
	Information

	6+N
	Enhanced Beam Tracking element (optional)




Insert the following paragraph at the end of 8.5.22.3

The Enhanced Beam Tracking element is defined in 8.4.2.160.
”
“Insert the following subclause  9.35.7a after 9.35.7.
 9.35.7a  CDMG Enhanced Beam Tracking

Enhanced beam tracking mechanism enables CDMG communicating STA pairs to measure and switch to an alternative link, in order to reduce the link outage probability induced by an unexpected blockage or a rapid antenna rotation, in addition to the beam tracking mechanism in 9.35.7. The alternative link is a sub-optimal link configured by a pair of CDMG STAs during the SLS phase or the BRP phase. The enhanced beam tracking mechanism is to extend the capabilities on the basis of the beam tracking mechanism in 9.35.7. CDMG STAs may perform the beam tracking (see 9.35.7) and the enhanced beam tracking described in this subclause simultaneously. 
If the Enhanced Beam Tracking Supported field of the CDMG STA Capabilities Information field of the CDMG Capabilities elements is set to 1, it indicates that the CDMG STA supports the enhanced beam tracking.
The initially alternative link of the peer STA under enhanced beam tracking is configured in the SLS or BRP phase. Specifically, in the SLS or BRP phase, the initiator STA returns the sector and antenna IDs of the alternative link to the responder STA, via transmitting the SSW Report element or the Enhanced Beam Tracking element in the SLS or BRP phase respectively. The responder STA specifies the alternative TX AWV according to the received Report Info field or the Peer TX Antenna Parameter field. The alternative link is not used for the current data transmission. 

During the enhanced beam tracking phase, if a pair of STAs operating on the link that is selected with best quality after SLS or BRP phase,  switching to alternative link may be required if the signal quality of the current link deteriorates significantly based on the measurement results of e-TRN-R/T. If switching to alternative link is required, the initiator shall set the Switching to Backup AWV Request field of the Enhanced Beam Tracking element of the transmitted BRP frame to 1. If the initiator receives an Enhanced Beam Tracking element with the Switching to Backup AWV OK field set to 1 in the following BRP frame from the responder, the initiator and responder shall switch to the alternative link before transmitting the next frame. After switching to the alternative link, the initiator and responder shall set the last link as the new alternative link. 
A CDMG STA (beam tracking initiator) may request a peer CDMG STA (beam tracking responder) to perform receive enhanced beam tracking by setting, in a transmitted packet, the TXVECTOR parameter ENHANCED_BEAM_TRACKING_REQUEST to Enhanced Beam Tracking Requested, TRN-LEN to the number of requested TRN fields as described in 21.10.2.2.3 and packet type to TRN-R-PACKET. Otherwise, the ENHANCED_BEAM_TRACKING_REQUEST parameter shall be set to Beam Tracking Not Requested.

An enhanced beam tracking responder that receives a packet with the Enhanced Beam Tracking Request field in the PLCP header equal to 1 (corresponding to the ENHANCED_BEAM_TRACKING_REQUEST parameter in the RXVECTOR set to Enhanced Beam Tracking Requested) and the Packet Type field in the PLCP header equal to 0 (corresponding to PACKET-TYPE field in the RXVECTOR set to TRN-R-PACKET) shall follow the rules described in 25.10.2.2 and shall include a beam refinement AGC field, TRN-R subfields, STF field and CE field appended to the following packet transmitted to the initiator. The value of TRN-LEN in the following packet from the responder to the initiator shall be equal to the value of the TRN-LEN parameter in the RXVECTOR of the packet from the initiator.

An enhanced beam tracking initiator requesting transmit enhanced beam tracking shall set the ENHANCED_BEAM_TRACKING_REQUEST parameter in the TXVECTOR to Enhanced Beam Tracking Requested, Packet Type to TRN-T-PACKET, TRN-LEN to the number of TRN fields as described in 25.10.3.2.3, and append an AGC field, TRN-R subfields, STF field and CE field to the packet. The enhanced beam tracking responder may append the feedback to any packets from the responder to the initiator. The initiator may allocate time for the feedback through a reverse direction grant, provided the reverse direction protocol is supported by both the initiator and responder. The feedback type shall be the same as the feedback type in the last BRP frame that was transmitted from the initiator to the responder with TX-TRN-REQ equal to 1. If the responder has never received a BRP frame from the initiator with TX-TRN-REQ equal to 1, the responder shall respond with all subfields of the FBCK-TYPE field equal to 0 and set the BS-FBCK field to the best sector. If the switching to the alternative link is required, the initiator shall set the Switching to Backup AWV Request field within the Enhanced Beam Tracking element within the transmitted BRP frame to 1. The responder should respond an Enhanced Beam Tracking element with the Switching to Backup AWV OK field set to 1 in the following BRP frame. If the Enhanced Beam Tracking element with the Switching to Backup AWV OK field set to 1 is transmitted or received, the initiator and responder shall switch to the alternative link before the next frame. After switching to the alternative link, the initiator and responder shall both set the last link as the new alternative link.

An enhanced beam tracking initiator may also request a beam tracking responder to perform the receive beam tracking by setting, in the PLCP header of a transmitted packet, the Enhanced Beam Tracking Request field to 1, the Training Length field to a nonzero value, the Packet Type field to 0, and append an AGC field, TRN-R subfields, an STF field and a CE field to the transmitted packet.

A beam tracking responder that receives a packet with the Enhanced Beam Tracking Request field in the PLCP header equal to 1, the Training Length field in the PLCP header equal to a nonzero value and the Packet Type field in the PLCP header equal to 0 shall follow the rules described in 25.10.2.2 and may use the beam refinement AGC field, TRN-R subfields, STF field and CE field appended to the received packet to perform receive beam training. If the switching to the alternative link is required, the responder shall set the Switching to Backup AWV Request field within the Enhanced Beam Tracking element within the transmitted BRP frame to 1. The initiator should respond an Enhanced Beam Tracking element with the Switching to Backup AWV OK field set to 1 in the following BRP frame. If the Enhanced Beam Tracking element with the Switching to Backup AWV OK field set to 1 is transmitted or received, the initiator and responder shall switch to the alternative link before the next frame. After switching to the alternative link, the initiator and responder shall both set the last link as the new alternative link. 

The CDMG STAs that switched to the alternative link that is a sub-optimal link after SLS or BRP phase should measure the quality of the original optimal beam link (the new alternative link) during the subsequent frames exchange. The initiator should transmit beam tracking request to the responder, to switch to the new alternative link if the new alternative link has a better link quality. The decision process of switching to the alternative link is implementation dependent and beyond the scope of this standard.
BRP frames transmitted during enhanced beam tracking may be aggregated within A-MPDUs. Figure 9-71a illustrates a beam tracking frame exchange sequence when the beam tracking initiator requests TRN-R fields, while Figure 9-71b illustrates a beam tracking frame exchange sequence when the beam tracking initiator requests TRN-T fields.
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Figure 9-71a—Example of an enhanced beam tracking procedure with the initiator requesting TRN-R
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Figure 9-71b—Example of an enhanced beam tracking procedure with the initiator requesting TRN-T”
“Insert the new row into Table 25-1 before the last row:
Table 25-1 TXVECTOR and RXVECTOR parameters
	Parameter
	Value
	TXVECTOR
	RXVECTOR

	ENHANCED_BEAM_TRACKING_REQUEST
	This parameter indicates whether enhanced beam tracking is requested.
 Enumerated type:

Enhanced beam tracking requested or beam tracking not requested
	Y
	Y


”
The reserved bit of OFDM Header fields has been modified for indicating the enhanced beam tracking request.

“Table 25-8—OFDM Header fields
	Parameter
	Number of bits
	Start bit
	Description

	Enhanced Beam Tracking Request
	1
	47
	Corresponds to the TXVECTOR parameter ENHANCED_BEAM_TRACKING_REQUEST.
Set to 1 to indicate that there exist one STF and CE fields appending to the Data and TRN field.

Otherwise, set to 0.


”
The reserved bit of SC Header fields has been modified for indicating the enhanced beam tracking request.

“Table 25-11—SC Header fields
	Parameter
	Number of bits
	Start bit
	Description

	Enhanced Beam Tracking Request
	1
	45
	Corresponds to the TXVECTOR parameter ENHANCED_BEAM_TRACKING_REQUEST.
Set to 1 to indicate that there exist one STF and CE fields appending to the Data and TRN field.

Otherwise, set to 0.

	Reserved
	2
	46
	Set to 0, ignored by receiver


”
Insert the following paragraphs at the end of 25.10.2.2.1:

“The enhanced beam tracking is a process that the CDMG STAs can improve their antenna configurations (or antenna weight vectors) both for transmission and reception and measure the back up channel performance of an alternative link via beam tracking. Once the current link has poor quality due to blockage or antenna rotation, the CDMG STAs can switch to an alternative link. Only if the alternative link has been set and the enhanced beam tracking is enabled, CDMG STAs can perform the enhanced beam tracking. The procedure of enhanced beam tracking is described in 9.35.7a. 

In addition to TRN-R/T training sequences appended , CDMG enhanced beam tracking use BRP-RX or BRP -TX packets that have an STF field and a CE field appended to them.
— BRP-RX packets are packets that have e-TRN-R/TRN-R training sequences appended to them. These packets with TRN-R sequences enable receiver antenna weight vector training, and these packets with e-TRN-R sequences enable receiver antenna weight vector training and measuring one alternative link.
— BRP-TX packets are packets that have e-TRN-T/TRN-T training sequences appended to them. The transmitting STA may change antenna configuration at the beginning of each sequence. The receiving STA performs measurements on these sequences and sends feedback to the STA that transmits the BRP-TX packet, and does not feed back the measurement results of alternative link. ”
Change the first paragraph of 25.10.2.2.2 as follows:

“If the Enhanced Beam Tracking Request field in the PLCP header is set to 0, Eeach Beam Refinement packet is composed of an STF, a CE field, and a data field followed by a training field containing an AGC training field and a receiver training field, as shown in Figure 21-22.”
Insert the following text after the last paragraph of 25.10.2.2.2:

“If the Enhanced Beam Tracking Request field in the PLCP header is set to 1, each BRP packet is composed of an STF, a CE field, and a data field followed by a training field containing an AGC training field, a receiver training field (TRN-R/T), an STF field and a CE field. The collection of the AGC training field, the TRN-R/T field, the STF field and the CE field at the end the BRP packet is termed an e-TRN-R/T field. The AGC training fields and the TRN-R/T fields are used to train the current link and the adjacent links of the current link during beam trakcing process. The STF field and the CE field at the end of the BRP packet are used for measuring and training the alternative link of the CDMG STAs during enhanced beam tracking (see 9.35.7a). The BRP packet structure for CDMG STAs that perform enhanced beam tracking is shown in Figure 25-17.
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Figure 25-17—Beam refinement packet structure (CDMG)”
Insert the following sub-annex, AA.3, after Annex AA.2:

“Annex AA.3
Beam tracking and switching for enhanced beam tracking mechanism

This appendix puts forward a method of beam tracking and switching for CDMG STA pair supporting enhanced beam tracking mechanism to combat link blockage and antenna rotation. After the enhanced beam tracking is requested, the e-TRN-R/T subfields are transmitted in the end of the PLCP frame.  
The CDMG STA pair measure the receive signal powers corresponding to the training beam links, including the current transmission link, the neighbouring beam links and the current alternative beam link. 
The signal power attenuation induced by the link blockage is calculated as the difference value of the power obtained by originally optimal beam link minus maximum power obtained by current transmission and its neighbouring beam links. If the signal power attenuation induced by the link blockage is larger than a blockage attenuation threshold, or the power obtained by alternative beam link is larger than the maximum power obtained by current transmission and its neighbouring beam links, the link blockage is declared.
If antenna rotation is considered, the signal power attenuation induced by the antenna rotation is calculated as the difference value of maximum power of the current transmission and its neighbouring beam links minus the power of the current transmission beam link. If the signal power attenuation induced by the antenna rotation is larger than a predefined rotation attenuation threshold, the antenna rotation is declared, and the rotation compensation angle for the subsequent transmission and alternative beam links is calculated as the difference value of the azimuth of the neighbouring beam link that has the maximum signal power minus the azimuth of current transmission beam link. 
Finally, according to the switching declaration results and the rotation compensation angle, STAs can switch to the AWV, i.e., azimuth, of the updated alternative beam link to combat link blockage and antenna rotation. Specifically, if the link blockage is declared, the azimuth of the subsequent transmission beam link is to become the azimuth of the current alternative beam link plus the rotation compensation angle, and the azimuth of subsequent alternative beam link is to become the azimuth of the current transmission beam link plus the rotation compensation angle; otherwise, the azimuths of subsequent transmission and alternative beam links are to become their current azimuths plus the rotation compensation angle, respectively” 
Abstract


This document presents text refinements and corrections for the resolution to CID 145 in CC12 that is included in the accepted submission of 14/0762r3.
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