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6.9.2.1 General

Beam refinement is a process where a DMG STA or an EDMG STA can improve its antenna configuration (or antenna weight vectors) both for transmission and reception. If the SLS beamforming training did not include an RSS, as in the case where both devices have more than one transmit sector per antenna, beam refinement can serve as the first receive antenna configuration training. The procedure of beam refinement is described in 10.38.6.4 (BRP phase execution).

BRP packets can be either DMG PPDUs or EDMG PPDUs. EDMG PPDUs shall only be used in a beam refinement process if the STAs involved are EDMG STAs.
6.9.2.2 DMG BRP packets

DMG BRP packets are defined in 20.10.2.2 (Beam refinement).

6.9.2.3 EDMG BRP packets
EDMG BRP packets are used to train the receiver and transmitter antenna in the beam refinement procedure. There are three types of EDMG BRP packets: EDMG BRP-RX packets, EDMG BRP-TX packets, and EDMG BRP-RX/TX packets:

· EDMG BRP-RX packets are packets that have TRN training subfields appended to them. These packets enable receiver antenna weight vector training.

· EDMG BRP-TX packets are packets that have TRN training subfields appended to them. The transmitting STA may change the antenna configuration used in the transmission of each of the last M TRN sequences in a TRN-Unit. The receiving STA performs measurements on these TRN sequences and sends feedback to the STA that transmits the EDMG BRP-TX packet.
· EDMG BRP-RX/TX packets are packets that have TRN training subfields appended to them.  Similar to EDMG BRP-TX packets, the transmitting STA may change the antenna configuration used in the transmission of each of the last M TRN sequences in a TRN-Unit.  To enable RX and TX training using the same EDMG BRP frame, different from an EDMG BRP-TX packet, the transmitting STA sends a number of consecutive TRN-Units with the same AWV configuration in an EDMG BRP-RX/TX packet.  The repeated transmission of TRN-Units with the same AWV configuration enables receiver antenna weight vector training.  (Author note: Feedback for EDMG BRP-RX/TX packets will be described here once it is defined.)
6.9.2.3.1 EDMG BRP packet structure
The TRN-LEN parameter in the TVXVECTOR or RXVECTOR of an EDMG BRP packet shall be greater than zero. If the PACKET-TYPE parameter in the RXVECTOR or TXVECTOR is equal to TRN-R-PACKET, then the BEAM_TRACKING_REQUEST parameter in the corresponding RXVECTOR or TXVECTOR shall be set to Beam Tracking Not Requested.

An EDMG BRP packet is composed of a non-EDMG portion, containing an L-STF, an L-CEF, and an L-Header, and of a DMG portion, containing an EDMG-Header-A, possibly an EDMG-STF and an EDMG-CEF, a Data field, and a TRN field. This is shown in Figure 10 (EDMG PPDU format).

If beam refinement is performed on a 4.32 GHz, 6.48 GHz, or 8.64 GHz channel, the TRN field in EDMG BRP packets sent as part of the process shall be transmitted over the entire signal bandwidth of the channel.
(Author note: The packet structure for beamforming training when channel aggregation is used will be included here once it is defined.)
6.9.2.3.2 EDMG BRP packet header fields

The Packet Type field present within the L-Header together with the indication that the packet is an EDMG packet as defined in 6.3.3.2.2 (L-Header definition) are used to indicate that a packet is an EDMG BRP packet.  In the EDMG-Header-A of an EDMG PPDU, the fields EDMG TRN Length, RX TRN-Units per Each TX TRN-Unit, and “P/M Configuration” are used to indicate the length of the training field, the EDMG BRP-RX/TX packet configuration, and the number of TRN sequences in a TRN-Unit that are used for channel estimation and beamforming training, respectively.
 (Author note: “P/M Configuration” is a place holder for the field(s) that is/are yet to be defined that define the configuration of a TRN-Unit.)

A value of 0 in the Packet Type field, a value of 0 in the Beam Tracking Request field, and a value of 0 in the RX TRN-Units per Each TX TRN-Unit field indicate an EDMG BRP-RX packet. A value of 1 in the Packet Type field and a value of 0 in the RX TRN-Units per Each TX TRN-Unit field indicate an EDMG BRP-TX packet. A value greater than 0 in the RX TRN-Units per Each TX TRN-Unit field indicates an EDMG BRP-RX/TX packet.
The total number of TRN-Units present in the TRN field of an EDMG PPDU is equal to the value of the EDMG TRN Length field. The value of the RX TRN-Units per Each TX TRN-Unit field indicates the number of consecutive TRN-Units for which the transmit AWV shall remain with the same AWV configuration.

(Author note: “P/M Configuration” field will be described here once it is defined.)
The value N in the Training Length field of an EDMG BRP-RX packet is equal to the value of the L-RX field requested by the intended receiver of the EDMG BRP-RX packet at a previously received EDMG BRP Request field (see 9.5.4 (BRP Request field)).  (Author note: This paragraph will be updated once the TRN field configuration is closed.)

6.9.2.3.3 EDMG BRP packet duration

The minimum duration of the data field of an EDMG BRP packet when sent in an EDMG SC mode is aEDMGBRPminSCblocks SC blocks (see 20.6.3.2.5 (Symbol blocking and guard insertion)) and, if needed, the data field of the packet shall be extended by extra zero padding to generate the required number of EDMG SC blocks. Table XX (Zero filling for EDMG SC mode BRP packets) contains the values of NCWmin for each MCS necessary to compute the padding described in XX (LDPC encoding process).
(Author note: This section will be updated once padding is defined.)

(Author note: This section will be updated once the OFDM mode is defined.)

6.9.2.3.4 TRN field

The TRN field enables transmit and receive AWV training by EDMG STAs. The TRN field has the form shown in Figure 69 (Structure of TRN field).
The TRN field is composed of N TRN-Units.  Each TRN-Unit is comprised of P+M repetitions of a TRN sequence. The first P repetitions shall be transmitted with the same AWV that is used for the transmission of the preamble and Data field of the PPDU containing the TRN field. The following M repetitions of the TRN sequence may use different AWV settings depending on whether transmit or receive training is used.
Following the transmission of all TRN-Units as indicated by the value of the EDMG TRN Length field, there are P repetitions of the TRN sequence, which shall be transmitted with the same AWV that is used for the transmission of the preamble and Data field of the PPDU containing the TRN field.
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Figure 69 —Structure of TRN field

The single TRN sequence used in the TRN field is defined in X. (Author note:  This paragraph will be updated once the TRN sequence is defined.) The sequences are transmitted using rotated π/2-BPSK modulation.
In an EDMG BRP-RX packet, all TRN sequences are transmitted using the same AWV as the preamble and data field of the packet. In EDMG BRP-TX and 
EDMG BRP-RX/TX packets, the first P sequences of each TRN-Unit are transmitted using the same AWV as the preamble and data field of the packet. In an EDMG BRP-TX packet, the transmitter may change AWV at the beginning of each of the last M TRN sequences of each TRN-Unit. In an EDMG BRP-RX/TX packet, the transmitter may change AWV at the beginning of each of the last M TRN sequences of each TRN-Unit with the constraint that each TRN-Unit is repeated a number of consecutive times with the same AWV configuration.  Any transmit signal transients that occur due to TX AWV configuration changes at the beginning of a TRN sequence shall settle by the end of the first 64 samples of the TRN sequence.
(Author note: This section will be updated once more elements of the TRN field configuration are defined.)

6.9.2.3.5 Channel measurement

The good autocorrelation properties of the Golay sequence enable reconstructing part of the impulse response of the channel between the transmitter and the receiver. The receiver should find the tap with largest amplitude in the channel during the first P TRN sequences of each TRN-Unit of the EDMG BRP-RX packet. It selects thereafter the set of taps that is measured around the tap with the largest amplitude, according to dot11ChanMeasFBCKNtaps. It can select a contiguous set of taps or select a noncontiguous set of taps, and include the tap delays subfield as part of the subfield measurement. It then measures the phase and amplitude of the corresponding channel taps in each of the last M TRN sequences in a TRN-Unit (except for those using the same AWV configuration as in the first P TRN sequences of each TRN-Unit). The beam refinement feedback subfield k-1 is the relative amplitude and phase of this tap in the P+k’th TRN sequence compared to this tap in the P+1’th TRN sequence.
6.9.2.3.6 BRP resampling in an OFDM packet

6.10 Golay sequences
6.11 EDMG PLME

Abstract


This document provides the framework from which the draft TGay amendment will be developed. The document provides an outline of each the functional blocks that will be a part of the final amendment. The document is intended to reflect the working consensus of the group on the broad outline for the draft specification. As such it is expected to begin with minimal detail reflecting agreement on specific techniques and highlighting areas on which agreement is still required. It may also begin with an incomplete feature list with additional features added as they are justified. The document will evolve over time until it includes sufficient detail on all the functional blocks and their inter-dependencies so that work can begin on the draft amendment itself.
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