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Abstract
This document provides the framework from which the draft TGax 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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1 Definitions


2 Abbreviations and acronyms

HE		High Efficiency
UL		Uplink
DL		Dowlink
OFDMA	Orthogonal Frequency-Division Multiple Access

3 High Efficiency (HE) Physical Layer
3.1 General

Section 3 describes the functional blocks in the physical layer.

3.2 HE preamble

3.2.1 General
An HE PPDU shall include the legacy preamble (L-STF, L-LTF and L-SIG), duplicated on each 20 MHz, for backward compatibility with legacy devices. [PHY Motion #3, January 2015, see [2]]

3.2.2 HE-SIG-A
HE-SIG-A (using a DFT period of 3.2 µs and subcarrier spacing of 312.5 kHz) is duplicated on each 20 MHz after the legacy preamble to indicate common control information. [Motion #4, January 2015, see [2]]

3.2.3 HE-SIG-B
Downlink HE MU PPDU shall include HE-SIG-B field, and the number of OFDM symbols of HE-SIG-B field is variable.
NOTE—The HE-SIG-B field includes information required to interpret HE MU PPDU, and detail is TBD.
[PHY Motion #8, March 2015, see [3]]

HE-SIG-B shall use a DFT period of 3.2 µs and subcarrier spacing of 312.5 kHz. [Motion #14, May 2015]

3.2.4 HE-STF
HE-STF of a non-trigger-based PPDU has a periodicity of 0.8 µs with 5 periods.
· A non-trigger-based PPDU is not sent in response to a trigger frame
[PHY Motion #11, May 2015, see [4]]

The HE-STF of a trigger-based PPDU has a periodicity of 1.6 µs with 5 periods.
· A trigger-based PPDU is an UL PPDU sent in response to a trigger frame
[PHY Motion #12, May 2015, see [4]]

The HE-STF tone positions are defined in Equation 1 where NSTF_sample = 16 for a non-trigger-based PPDU and NSTF_sample = 8 for a trigger-based PPDU


[PHY Motion #13, May 2015, see [4]]

3.2.5 HE-LTF
The HE-LTF shall adopt a structure of using P matrix in the data tones as in 11ac. In the data tones, every space-time stream is spread over all HE-LTF symbols by one row of the P matrix as defined in 11ac. Different space-time streams use different rows in P matrix. [PHY Motion #5, March 2015, see [5]]

The HE PPDU shall support the following LTF modes:
· HE-LTF symbol duration of 6.4 µs excluding GI
· Equivalent to modulating every other tone in an OFDM symbol of 12.8 µs excluding GI, and then removing the second half of the OFDM symbol in time domain
· HE-LTF symbol duration of 12.8 µs excluding GI
[PHY Motion #6, March 2015, see [5]]

In an HE PPDU, the HE-LTF section shall start at the same point of time and end at the same point of time across all users. [PHY Motion #7, March 2015, see [5]]

3.3 HE Data field

Data symbols in an HE PPDU shall use a DFT period of 12.8 µs and subcarrier spacing of 78.125 kHz. [PHY Motion #1, January 2015, see [6]]

Data symbols in an HE PPDU shall support guard interval durations of 0.8 µs, 1.6 µs and 3.2 µs. [PHY Motion #2, January 2015, see [6]]

Define 20 MHz OFDMA building blocks as follows
· 26-tone with 2 pilots, 52-tone with 4 pilot and 106-tone with 4 pilots and with 7 DC Nulls and (6,5) guard tones, and at locations shown in the picture below
· An OFDMA PPDU can carry a mix of different tone unit sizes within each 242 tone unit boundary
· The following is TBD: Exact location of extra leftover tones

[image: ]
Define 40 MHz OFDMA building blocks as follows
· 26-tone with 2 pilots, 52-tone with 4 pilots, 106-tone with 4 pilots and 242-tone with 8 pilots and with 5 DC Nulls and (12,11) guard tones, and at locations shown in the picture below
· The following is TBD: exact location of extra leftover tones
[image: ]
Define 80 MHz OFDMA building blocks as follows:
· 26-tone with 2 pilots, 52-tone with 4 pilots, 106-tone with 4 pilots, 242-tone with 8 pilots and  484-tone with 16 pilots  and with 7 DC Nulls and (12,11) guard tones, and at locations shown in the picture below
· The following is TBD: exact location of extra leftover tones
[image: ]
Define 160 MHz/80 MHz+80 MHz OFDMA building blocks as follows:
· 26-tone with 2 pilots 
· 52-tone with 4 pilots
· 106-tone with 4 pilots
· 242-tone with 8 pilots
· 484-tone with 16 pilots
· 996-tone with 16 pilots (note that 996-tone is defined for 80MHz HE-SA-PPDU or 80MHz HE-SA-MU-PPDU)
· The following is TBD: exact location of extra leftover tones
[PHY Motion #10, May 2015, see [7]]

4 Multi-user (MU) features

This section describes MU related features. MU features include UL and DL OFDMA and UL and DL MU-MIMO.

The amendment shall define a mechanism for multiplexing DL acknowledgments sent in response to UL MU transmissions. [MU Motion #1, January 2015, see [8]]

An UL MU PPDU (MU-MIMO or OFDMA) is sent as an immediate response (IFS TBD) to a Trigger frame (format TBD) sent by the AP. [MAC Motion #3, March 2015]

HE-PPDU for UL-OFDMA shall support UL data transmission below 20 MHz for an HE STA. [MU Motion #3, March 2015]

The amendment shall include a mechanism to multiplex BA/ACK responses to DL MU transmission. [MU Motion #4, March 2015, see [9]]

An AP shall not allocate UL subchannel in any 20MHz channel that is not occupied by the Trigger frame. In each 20MHz channel occupied by the Trigger frame, there is at least one allocated subchannel. [MAC Motion #10, May 2015, see [10]]
The amendment shall define a sounding procedure for reporting DL CSI feedback using UL MU mode. [MU Motion #5, May 2015, see [11]]
5 Coexistence

This section describes the functional blocks that support coexistence.
5.1 Features for operation in dense environments 

This section describes features that improve overlapping BSS (OBSS) operation in dense environments. This includes features such as deferral rules and CCA levels.

6 MAC

This section describes general MAC functional blocks.

The amendment shall define a mechanism to allow the AP to configure the use of RTS/CTS initiated by non-AP STA. [MAC Motion #1, January 2015, see [12]]

6.1 Power Save

7 Frame formats
7.2 Multi-STA BA

The spec shall define a multi-STA BA frame by using the Multi-TID BlockAck frame format with the following changes:
· Add an indication that the frame is a multi-STA BA (TBD)
· Each BA Information field can be addressed to different STAs
· B0-B10 of the Per TID Info field carry a (Partial) AID identifying the intended receiver of the BA Information field
[MAC Motion #1, March 2015, see [13]]

The spec shall define a signaling in the Multi-STA BA frame that can indicate an ACK, as follows: 
· If B11 in the per-TID info field is set, then the BlockAck bitmap and the SC subfields in the BA Info field are not present and this BA Info field indicates an ACK of either single MPDU or all MPDUs carried in the eliciting PPDU that was transmitted by the STA whose AID is indicated in the per-TID info field. [Modifed with MAC Motion #8, May 2015, see [14]]

[image: ]
Figure 1 - Multi-STA BA format
[MAC Motion #2, March 2015, see [13]]
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