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0 Revision notes

R3:
Add header for Revision notes (clause 0)


Add header for MAC (clause 6) and three items to be covered by MAC adhoc.

r4:
Not adopted as a task group revision.

r5:
Added resolvable LTFs text as motioned (10/251r2 motion #1)

Added numerology from 11-10-0070r5 excluding number of MU users (10/252r2 motion #3)

Added preamble structure with TBD autodetect from 11-10-0070r5 (10/252r2 motion #4 & #5)
r6
Added Bandwidth and STBC fields to VHT-SIG-A and MCS to VHT-SIG-B (10/251r3 motion #6)


Only equal modulation on streams (10/251r3 motion #7) 

r7
Deleted equal modulation requirement (motion failed). Corrected Figure 1. Task group discussion on Nss in section 3.4.
r8
All occurances of Nss changed to Nsts in section 3.4

r9
Added same modulation and coding for SU transmission (10/251r4 motion #12)

r10
Added GroupID and Nsts fields to VHT-SIG-A (10/518r2 motion #1)


Defined various L-STF, L-SIG and CSD parameters (10/518r2 motion #2)

Defined Subcarrier parameters (10/518r2 motion #3)


Added SU MCS table (10/518r2 motion #4)


Defined number of L-LTFs (10/518r2 motion #5)


Defined P Matrix for up to 4x4 and 8x8 (10/518r2 motion #6)


Defined P Matrix for 6x6 (10/518r2 motion #7)


Defined 80 MHz tone allocation (10/518r2 motion #8)

r11
Added 160 MHz requirements R3.1.1.A-C (10/518r3 motion #11)

Added primary channel selection requirement R5.C (10/518r3 motion #13)

Added smoothing bit exclusion requirement (10/518r3 motion #14)

Added text to describe use of zero for Group ID (10/518r3 motion #16)
Added R3.4.E  for same MCS across streams for MU (10/518r3 motion #17)


Added 1 bit for STBC (10/518r3 motion #18)

r12
Executed motions from 10/0714r3.
r13
Corrections to r12. Executed motions from July 2010, TGac PM2 session (report 10/0714r5)
1 Definitions
1. Multi-user, multiple input, multiple output (MU-MIMO): A technique where multiple STAs, each with potentially multiple antennas, transmit and/or receive independent data streams simultaneously.
2. Downlink MU-MIMO (DL MU-MIMO): MU-MIMO with a single transmitting STA and multiple receiving STAs.
2 Abbreviations and acronyms

MU

Multi-user

SU

Single user

VHT

Very high throughput

3 VHT Physical Layer

This section describes the functional blocks in the physical layer.

3.1 Channelization

R3.1.A: The draft specification shall include support for 80 MHz PHY transmission.

80 MHz channels consists of two adjacent IEEE 40 MHz channels, and do not partially overlap with each other. 80 MHz channels for the US region are shown in Figure 1. 
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Figure 1--80 MHz channels for the US region
[10/773r0]


R3.1.B: The draft specification shall include support for 160 MHz PHY transmission. [10/0378r1]

R3.1.C: Tone allocation for 160 MHz operation shall consist of two 80 MHz tone allocations. [10/0378r1]
R3.1.D: The draft specification shall include support for non-contiguous 160 MHz PHY transmission whose frequency spectrum consists two segments, each transmitted using any two 11ac 80 MHz channels, possibly non-adjacent in frequency. Contiguous and non-contiguous 160 MHz devices shall be capable of transmitting and receiving frames between each other when the two segments of the non-contiguous 160 MHz device are placed in frequency to match the tone allocation of the contiguous 160 MHz device. [10/0378r1]
A VHT STA shall be capable of transmitting and receiving frames using 20 MHz, 40 MHz, and 80 MHz channel width. Contiguous and non-contiguous 160 MHz channel width transmission and reception capability is optional. [10/0827r1]

The primary and the secondary subchannels of the 80 MHz channel to be allocated within a 40 MHz channel. [10/763r0]

3.2 VHT PLCP sublayer
3.2.1 Introduction
A VHT mixed format (MF) preamble shall be supported in the draft specification and device support is mandatory. The VHT mixed format preamble shall have the following characteristics:
R3.2.1.A: Robust legacy 11a deferral. The VHT MF preamble shall be designed such that a legacy 11a device will defer for the duration of the transmission to the same degree that it does for an HT MF preamble.
R3.2.1.B: Robust legacy 11n deferral. A VHT MF preamble shall be designed such that a legacy HT STA will defer for the duration of the transmission to the same degree that it does for an HT MF transmission.
R3.2.1.C: The VHT MF preamble shall permit a STA to auto detect 11a, HT MF, HT GF and VHT preambles.
R3.2.1.D: The VHT MF preamble shall include training for
· a wider channel 
· 1 to 8 spatial streams (see Section 3.4)

· DL MU-MIMO

R3.2.1.E: Since the HT SIG field cannot be expanded without breaking backward compatibility, the VHT MF preamble shall include VHT SIG fields. The VHT SIG fields may include singaling for the following:

a) wider bandwidth


b) enhanced MCS (see Section 3.3)

c) more spatial streams (see Section 3.4)
3.2.2 VHT PPDU format

R3.2.1.F: The VHT MF PPDU format is shown in Figure 1.
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Figure 2 – VHT PPDU format
The VHT MF PPDU includes a 2 symbol VHT-SIG-A field and a 1 symbol VHT-SIG-B field.


3.2.3 VHT preamble

The number of subcarriers and subcarrier positions of L-STF are the same as those of the 20 MHz 11n L-STF in each 20 MHz subchannel. [10/0578r1]

The number of subcarriers and pilots, including subcarrier positions, of L-LTF, L-SIG, and VHT-SIG-A are the same as those for the 20 MHz 11n L-LTF and L-SIG in each 20 MHz subchannel. [10/0578r1]

The number of subcarriers and pilots, including subcarrier positions, of VHT-LTF and VHT-DATA symbols in 20 and 40 MHz channels are the same as those for 11n HT-LTF and HT-DATA in 20 and 40 MHz channels. [10/0578r1]
The L-STF, L-LTF, L-SIG, VHT-STF and VHT-LTF portions of preamble for 160 MHz VHT transmissions shall be constructed by repeating the 80 MHz counterparts twice in frequency, once in the lower 80 MHz subchannel and one more time in the upper 80 MHz subchannel of the 160 MHz bandwidth. [10/0774r0]

3.2.3.1 Non-VHT portion of VHT mixed format preamble

3.2.3.1.1 Cyclic shift definition

The CSD (Cyclic Shift Diversity) values for up to 4 antennas in L-STF, L-LTF, and L-SIG are the same as the CSD values for the non-HT portion of the packet defined in Table 20-8 of Std 802.11n-2009. [10/0578r1]
3.2.3.1.2 L-STF definition

The 20 MHz L-STF pattern in the VHT preamble is as defined in 20.3.9.3.3 of Std 802.11n-2009. [10/0578r1]
The L-STF pattern for 160 MHz VHT transmissions shall repeat the 80 MHz L-STF pattern twice in frequency.  This corresponds to repeating the 11n 20 MHz L-STF pattern in Equation (20-8) in each of the 20 MHz subchannel, then applying the following phase rotation per 20 MHz subchannel starting from the lowest 20 MHz subchannel in frequency: [c80 c80], where c80 is the phase rotation per 20 MHz subchannel for 80 MHz transmissions. [10/0774r0]

3.2.3.1.3 L-LTF definition

The 20 MHz L-LTF pattern in the VHT preamble is as defined in 20.3.9.3.4 of Std 802.11n-2009. [10/0578r1]
The L-LTF pattern for 160 MHz VHT transmissions shall repeat the 80 MHz L-LTF pattern twice in frequency.  This corresponds to repeating the 11n 20 MHz L-LTF pattern in Equation (20-11) in each of the 20 MHz subchannel, then applying the following phase rotation per 20 MHz subchannel starting from the lowest 20 MHz subchannel in frequency: [c80 c80], where c80 is the phase rotation per 20 MHz subchannel for 80 MHz transmissions. [10/0774r0]

3.2.3.1.4 L-SIG definition

The L-SIG symbol is BPSK modulated.

The RATE field shall be set to indicate 6 Mbps.
The LENGTH field shall be set to indicate the duration of the packet.

L-SIG for 160 MHz VHT transmissions shall be constructed by repeating the L-SIG for 80 MHz VHT transmissions twice in frequency, once in the lower 80 MHz subchannel and one more time in the upper 80 MHz subchannel of the 160 MHz bandwidth.  The following phase rotation per 20 MHz subchannel shall be applied starting from the lowest 20 MHz subchannel in frequency: [c80 c80], where c80 is the phase rotation per 20 MHz subchannel for 80 MHz transmissions. [10/0774r0]

3.2.3.2 VHT portion of VHT mixed format preamble
In the VHT section (starting with VHT-STF) of an 80 MHz VHT-mixed format PPDU, subcarrier k, where -122 ≤ k ≤ 122, shall be multiplied by the following function of k, prior to transmission:
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[10/890r0]
3.2.3.2.1 Cyclic shift definition

The CSD (Cyclic Shift Diversity) values for up to 4 antennas in VHT-SIG-A are the same as the CSD values for the non-HT portion of the packet defined in Table 20-8 of Std 802.11n-2009. [10/0578r1]
The CSD (Cyclic Shift Diversity) table for the VHT portion (starting from VHT-STF) of the SU MIMO frame shall be as follows:
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[10/843r0]
3.2.3.2.2 VHT-SIG-A definition

R3.2.1.G: The 1st symbol of VHT-SIG-A shall be BPSK modulated. The second symbol of VHT-SIG-A shall be 90 degree rotated BPSK (QBPSK) modulated for VHT auto-detect as shown in Figure 2. 
[image: image6.emf]VHT auto-detection


Figure 3 - VHT-SIG-A modulation


R3.2.1.H: VHT-SIG-A includes the fields listed in Table 1.

Table 1 - VHT-SIG-A fields
	
	
	

	
	
	

	
	
	

	
	
	
· 
· 
· 

	
	
	

	Field
	MU bit allocation
	SU bit allocation
	Description

	Coding
	1-2
	1-2
	1 bit to indicate LDPC vs. BCC

Usage of bits under discussion (TBD).

	STBC
	1
	1
	1 bit to indicate Alamouti (see 382r2)

	MCS
	0
	4
	Equal modulation only (see 383r2)
MCS for MU in SIGB

	Group ID [10/0582r1]
	6
	6
	A value of zero indicates [10/0382r2]:

· A single user transmission

· A transmission where the group membership has not yet been established

A transmission that needs to bypass a group (e.g. broadcast)

	NSTS [10/0582r1]
	12
	12
	For MU: 3 bits/user with maximum of 4 users

For SU: first 3 bits contain stream allocation, remaining 9 bits contain partial AID although use for Broadcast, multicast and STA-to-AP direction are TBD.

	Short GI
	2
	2
	1 bit to indicate L/S GI

1 bit for short GI packet length ambiguity mitigation

	BW
	2-3
	2-3
	Allows 20,40,80,80+80 and 160 MHz modes.
Other modes TBD.

	Reserved
	8-10
	4-6
	

	CRC
	8
	8
	

	Tail
	6
	6
	




A Smoothing bit shall not be included in either VHT-SIG-A or VHT-SIG-B. [10/0382r2]

3.2.3.2.3 VHT-STF definition
The 20 MHz L-STF pattern in the VHT preamble is as defined in 20.3.9.3.3 of Std 802.11n-2009. [10/843r0]
The frequency domain sequence used to construct the VHT-STF in 20 MHz transmission is identical to the L-STF; in 40 MHz transmission, the VHT-STF is constructed from the 20 MHz version by duplicating, frequency shifting, and rotating the upper sub-carriers by 90°; in 80 MHz transmission, the VHT-STF is constructed from the 20 MHz version by replicating it in each 20 MHz band, frequency shifting, and applying appropriate phase rotations for each 20MHz sub-band. [10/843r0]
For a 160 MHz transmission, subcarriers in the VHT-STF symbol with indices -250 to -6 shall use the VHT-STF pattern for the 80 MHz VHT-STF, with the VHT-STF pattern for subcarrier index -122 mapping to subcarrier index -250 in the 160 MHz transmission.  Furthermore, subcarriers in the VHT-STF symbol in the 160 MHz transmission with indices 6 to 250 shall also use the the VHT-STF pattern for the 80 MHz VHT-STF, with the VHT-STF pattern for subcarrier index -122 mapping to subcarrier index 6 in the 160 MHz transmission.  All other subcarriers shall not be modulated. [10/843r0]
For non-contiguous transmissions using two 80 MHz frequency segments, each 80 MHz frequency segment shall use the VHT-STF pattern for the 80 MHz VHT-STF. [10/843r0]
VHT-STF sequence for 160 MHz VHT transmissions shall be constructed by repeating the VHT-STF sequence for 80 MHz VHT transmissions twice in frequency as follows
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where VHTSTF-122,122 is the VHT-STF sequence for 80 MHz VHT transmissions. The following phase rotation per 20 MHz subchannel shall be applied starting from the lowest 20 MHz subchannel in frequency: [c80 c80], where c80 is the phase rotation per 20 MHz subchannel for 80 MHz transmissions. [10/774r0]

3.2.3.2.4 VHT-LTF definition

The long training fields consists of one, two, four, six or eight VHT long training fields (VHT-LTFs) that are necessary for demodulation of the VHT-Data portion of the PPDU or for channel estimation during an NDP packet. [10/0566r2]

The VHT-LTF mapping matrix P for one, two or four VHT-LTFs shall be the same as defined in 802.11n standard specification (Section 20.3.9.4.6, Eq. (20-27)). [10/0566r2]
The VHT-LTF mapping matrix P for six VHT-LTFs is defined as follows:
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[10/0771r0]

The VHT-LTF mapping matrix P for eight VHT-LTFs is defined as follows:
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where P4x4 is defined by Equation 20-27 in Std 802.11n-2009. [10/0566r2]
The VHT-LTF symbols shall have the same number of pilot subcarriers as the data symbols.  The pilot subcarrier indices of the VHT-LTF symbols shall be identical to the pilot subcarrier indices of the data symbols.  The pilot values on these subcarrier indices during VHT-LTFs shall be given by the elements at the corresponding indices of the VHT-LTF sequence
.

The VHT-LTF mapping matrix P shall be applied to all subcarriers in the VHT-LTF symbols except for the pilot subcarriers.  Instead, a row-repetition matrix R shall be applied to all pilot subcarriers in the VHT-LTF symbols.  The row-repetition matrix R has the same dimensions as the matrix P (NSTS x NLTF), with all rows of the matrix R being identical to the first row of the matrix P of the corresponding dimension. This results in all space-time streams of the pilot subcarriers in VHT-LTF symbols having the same pilot values.
For each pilot subcarrier, the same per-stream CSD and spatial mapping shall be applied across VHT-LTF and data symbols. [10/0771r0]

In a 80 MHz transmission, the VHT-LTF sequence to be transmitted (on subcarriers -122 to 122) shall be:

[image: image11.wmf]{

122,122

1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 1 -1 -1 

1 1 -1 1 -1 1 1 1 1 1 1 

-1 -1 1 1 -1 1 -1 1 -1 -1 -1 -1 -1 1 1 -

1 -1 1 -1 1 -1 1 1 1 1 -1 -1 -1 1 1

-1 1 -1 1 1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1

 1 1 1

VHTLTF

-

=

 1 -1 -1 1 1 -1 1 -1 1 1 1 1

 1 1 -1 -1 1 1 -1 1 -1 1 -1 -1 -1 -1 -1 

1 1 -1 -1 1 -1 1 -1 1 1 1 1 1 -1 1 -1

 0 0 0  1 -1 -1 1 1 1 -1 -1 1 1 -1 1 -1 

1 1 1 1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 

1 1 1 -1 -1 1 1 -1 

1 -1 1 -1 -1 -1 -1 -1 1 1 -1 -1 1 -1 1 -

1 1 1 1 1 -1 -1 -1 1 1

-1 1 -1 1 1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1

 1 1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 

1 -1 -1 1 1 -1 1 -1 1 -1 -1 -1 -1 -1 1 1

 -1 -1 1 -1 1 -1 1 1 

}

1 1 




The VHT-LTF sequence for 160 MHz VHT transmissions shall be constructed by repeating the VHT-LTF sequence for 80 MHz VHT transmissions twice in frequency as follows
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where VHTLTF-122,122 is the VHT-LTF sequence for 80 MHz VHT transmissions. The following phase rotation per 20 MHz subchannel shall be applied starting from the lowest 20 MHz subchannel in frequency: [c80 c80], where c80 is the phase rotation per 20 MHz subchannel for 80 MHz transmissions. [10/0774r0]

3.2.3.2.5 VHT-SIG-B definition

VHT-SIG-B shall be BPSK modulated.
VHT-SIG-B shall use long GI.
VHT-SIG-B shall consist of 26 bits for a 20 MHz PPDU, 27 bits for a 40 MHz transmission and 29 bits for a 80 MHz transmission. For the 40 MHz and 80 MHz PPDU, the VHT-SIG-B bits are repeated as shown in Figure 3.
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Figure 4 - VHT-SIG-B in 20, 40 and 80 MHz transmissions
In a 160 MHz PPDU, the 80 MHz VHT-SIG-B is repeated twice in frequency.



R3.2.1.I: VHT-SIG-B includes the fields listed in Table 2
Table 2 - VHT-SIG-B fields
	
	
	

	
	
	

	
	
	

	Field
	MU bit allocation
	SU bit allocation
	Description

	
	20 MHz
	40 MHz
	80 MHz
	20 MHz
	40 MHz
	80 MHz
	

	Length
	16
	17
	19
	17
	19
	21
	length of useful data in PSDU in units of 4 octets

	MCS
	4
	4
	4
	-
	-
	-
	

	Reserved
	0
	0
	0
	3
	2
	2
	

	Tail
	6
	6
	6
	6
	6
	6
	

	Total # bits
	26
	27
	29
	26
	27
	29
	


NOTE –varying the Length field size with channel width and SU/MU ensures that a consistant packet duration of approximately 5.4ms (the max packet duration from L-SIG) is maintained.
The number of octets implied by VHT-SIG-B length shall not be more than 3 octets longer than the number of octets implied by L-SIG LENGTH and VHT MCS.



3.2.4 VHT Data field
The number of OFDM symbols in the Data field shall be computed using the length field in L-SIG.
For both BCC and LDPC, all bits (including MAC and PHY pad bits) shall be encoded.

When BCC encoding is used, the Data field shall consist of the 16-bit SERVICE field, the PSDU, the PHY pad bits and the tail bits (6NES bits), in that order as shown in Figure 4. When LDPC encoding is used, the Data field shall consist of the 16-bit SERVICE field, the PSDU and the PHY pad bits.  No tails bits are included when LDPC encoding is used.
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Figure 5--Data field encoding with BCC

For BCC encoding, the interleaver parameters for 20 MHz and 40 MHz 802.11ac packets will remain unchanged from 20 MHz and 40MHz 802.11n, i.e. the NCOL and NROT parameters for 20/40MHz are as in Table 20-16 from 802.11n-2009. [10/548r2]


For a SU transmission using BCC encoding, the padding flow is as follows. The MAC calculates the NSYM and NPAD using the following equations:
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The MAC then pads to the last byte boundary and indicates (using the TXVECTOR) the number of PHY pad bits to the added. After receiveing the PSDU, the PHY adds the 0-7 padding bits and then NES tail bits at each encoder. [10/820r0]
For an MU transmission using BCC encoding, the padding flow is as follows. The MAC calculates NSYM for each user separately using the following equations:
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For each user, based on the maximum number of symbols over all users, the MAC pads to the last byte boundary. The number of PHY padding bits added for each user is calculated as in the SU case. For each user, the encoding and stream parsing is done as in the SU case. [10/820r0]
3.2.4.1 SERVICE field
The SERVICE field is as shown in Table 3.

Table 3 - SERVICE field

	Bits
	Field
	Description

	B0-B6
	Scrambler Initialization
	

	B7
	Reserved
	

	B8-B15
	CRC
	CRC calculated over VHT-SIG-B (excluding tail)


NOTE—the Reserved and CRC fields are scrambled.
The CRC calculation and insertion is illustrated in Figure 5.
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Figure 6--VHT-SIG-B and SERVICE field relationship
The resulting SERVICE field and PSDU shall be scrambled, as in 11n.

3.2.4.2 Data interleaver

3.2.4.2.1 Stream parser

For BCC encoding, stream parsing done in the same way as 11n, i.e., 

· Consecutive blocks of  s(iss) bits are assigned to different spatial streams in a round robin fashion. 

· If multiple encoders are present per user, the output of each encoder is used in a round robin cycle, i.e., 

· At the beginning S bits from the output of first encoder are fed into all spatial streams,

· Then S bits from the output of the next encoder are used and so on. S is a sum of s(iss) over all streams)
3.2.4.2.2 Frequency interleaver

For BCC encoding, the interleaver parameters for 20 MHz and 40 MHz 802.11ac packets will remain unchanged from 20 MHz and 40 MHz 802.11n, i.e. the NCOL and NROT parameters for 20 MHz and 40 MHz are as in Table 20-16 of 802.11n-2009. [10/548r2]

For BCC encoding, NCOL = 26 for 80 MHz. NROT = 58 for 4 or fewer streams. The cyclic shifts applied on the different streams are given by [0 2 1 3]* NROT, identical to 11n
For BCC encoding, the encoder parsing done in the same way as in 11n, i.e., the encoder parser cycles through all the encoders in a round robin fashion assigning one bit to each encoder in each cycle. Each encoder is therefore assigned an equal number of bits.



3.2.4.3 Constellation mapping

The mapping between bits at the output of the interleaver and complex constellation points for 256 QAM shall be as shown in Figure 7.
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Figure 7--Constellation mapping for 256 QAM



3.2.4.4 Pilot subcarriers

The draft specification shall have 8 pilot tones, with the positions {±103, ±75, ±39, ±11}, for 80 MHz VHT data. [10/0370r1]
For 20 and 40 MHz, the pilot sequence shall be the single spatial stream pilot sequence of 11n copied to the NSTS streams before the per-stream CSDs are applied. [10/0811r1]
For 80 MHz, the pilot sequence shall be as defined in Table 4 (which is the 40 MHz pilot sequence for NSTS = 1 extended with a [1, 1] on the right, resulting in the lowest PAPR on the pilot tones after applying [1 -1 -1 -1] rotation on the 20 MHz subbands), copied to the NSTS streams before the per-stream CSDs are applied. [10/0811r1]
Table 4--80 MHz pilot sequence
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3.2.4.4.1 Application of pilot sequence in 20 MHz

The pilot tone mapping in 20 MHz shall be:
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 is given by the NSTS = 1 row of Table 20-18 of Std 802.11n-2009, and where n is the VHT-DATA symbol index starting at 0.
Including the pseudo random scrambling sequence, the pilot value for the kth tone, with k = {-21, -7, 7, 21}, is pn+zPnk, where z = 4 for VHT, and where pn is defined in Section 17.3.5.9 of IEEE802.11.
3.2.4.4.2 Applicaion of pilot sequence in 40 MHz

The pilot tone mapping in 40 MHz shall be:
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where 
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 is given by the NSTS = 1 row of Table 20-19 of Std 802.11n-2009, and where n is the VHT-DATA symbol index starting at 0.
Including the pseudo random scrambling sequence, the pilot value for the kth tone, with k = {-53, -25, -11, 11, 25, 53}, is pn+zPnk, where z = 4 for VHT, and where pn is defined in Section 17.3.5.9 of IEEE802.11. This does not include the rotation per 20 MHz subband yet.
3.2.4.4.3 Application of pilot sequence in 80 MHz
The pilot tone mapping in 80 MHz shall be:
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where 
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 is given in Table 4, and where n is the VHT-DATA symbol index starting at 0.

Including the pseudo random scrambling sequence, the pilot value for the kth tone, with k = {-103, -75, -39, -11, 11, 39, 75, 103}, is pn+zPnk, where z = 4 for VHT, and where pn is defined in Section 17.3.5.9 of IEEE802.11. This does not include the rotation per 20 MHz subband yet.

3.2.4.4.4 Application of pilot sequence in 160 MHz

The draft specification shall have 16 pilot subcarriers, with the subcarrier indices {±25, ±53, ±89, ±117, ±139, ±167, ±203}, for 160 MHz VHT transmissions.  The pilot sequence and mapping for 160 MHz VHT transmissions shall be obtained by repeating the 80 MHz pilot sequence and mapping twice in frequency.  Specifically, the pilot sequence for the nth symbol shall be as follows, where Ψn is the 80 MHz pilot pattern: 
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Including the pseudo random scrambling sequence, the pilot value for the kth tone, with k = {±25, ±53, ±89, ±117, ±139, ±167, ±203}, is pn+zPnk, where z = 4 for VHT, and pn is defined in Section 17.3.5.9 of IEEE802.11-2007.  Note that this does not include the phase rotation per 20 MHz subchannel yet.
[10/0774r0]



3.2.4.5 OFDM modulation

The draft specification shall have 3 DC tones at (0, ±1) in the 80 MHz VHT data field. [10/0370r1] 

The draft specification shall have 5 null tones at the upper tone edges (tone indices 123, 124, 125, 126, 127) and 6 null tones at the lower tone edges (tone indices -128, -127, -126, -125, -124, -123) of the 80 MHz VHT data. [10/0370r1]
For 160 MHz VHT transmissions, the same phase rotation per 20 MHz subchannel used for preamble portion of the VHT packet shall also be applied to the data symbols.  Specifically, the following phase rotation per 20 MHz subchannel shall be applied to the data symbols, starting from the lowest 20 MHz subchannel in frequency: [c80 c80], where c80 is the phase rotation per 20 MHz subchannel for 80 MHz transmissions. [10/0774r0]

3.2.5 VHT Sounding PPDU

R3.2.5.A: The sounding PPDU shall be enhanced from the HT sounding PPDU to support a maximum of 8 transmit antennas.
R3.2.5.B: The draft specification shall mandate a single preamble format for sounding PPDUs.

3.3 Modulation and coding scheme (MCS)
R3.3.A: The draft specification shall include 256 QAM. Support for 256 QAM by a VHT STA is optional. [10/0827r1]

R3.3.B: The draft specification shall maintain the 11n modulation, interleaving and coding architecture.

R3.3.C: The draft specification shall minimize the number of additional MCS options.

R3.3.D: The draft specification shall include support for a different MCS for each STA in a DL MU-MIMO transmission.

R3.3.E: The draft specification shall include an expanded MCS set for the additional spatial streams supported.
R3.3.F: The SU MCSs are shown in Table 4. MCS 9 shall not be used in 20 MHz BW transmissions. [10/0568r1]
Table 4 - VHT SU MCSs

	MCS
	Modulation
	Coding Rate

	0
	BPSK
	½

	1
	QPSK
	½

	2
	QPSK
	¾

	3
	16-QAM
	½

	4
	16-QAM
	¾

	5
	64-QAM
	2/3

	6
	64-QAM
	¾

	7
	64-QAM
	5/6

	8
	256-QAM
	¾

	9
	256-QAM
	5/6


For BCC encoding, some of the MCS-NSS combinations are excluded from the MCS table to avoid additional padding symbols. Allowed MCSs are selected such that the number of coded bits in each OFDM symbol contains an integer number of punctured blocks from all encoders, i.e., mathematically every allowed MCS-NSS satisfies:
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 [10/820r0]
3.4 Spatial Multiplexing

R3.4.A: The maximum number of spatial streams (NSTS) in a SU transmission shall be 8.

R3.4.B: The maximum number of streams (NSTS) summed over all users in a MU transmission shall be 8.

R3.4.C: The maximum number of streams (NSTS) for a single user in a MU transmission shall be 4.

R3.4.D: The same modulation and the same coding rate and coding type shall be used on all streams in a SU transmission.

R3.4.E: The same modulation and the same coding rate and coding type shall be used across all streams belonging to each user in a MU transmission. [10/0382r2]
3.5 CCA
R3.5.A: CCA shall support detection and deferral on the 20 MHz subchannels that are busy for any possible combination of channel use and signalling bandwidth with a single transmission in an otherwise idle RF bandwidth. This includes

a) a single 20 MHz transmission on any 20 MHz sub-channel


b) a single 40 MHz transmission on either 40 MHz  sub-channel


c) a single 80 MHz transmission
R3.5.B: An 11ac device shall provide a CCA per TBD1 MHz channel, for all TBD1 MHz non-overlapping channels that the device is presently capable of transmitting over. The CCA sensitivity shall be:
· TBD2 (<-62+10log10(TBD1/20)) dBm for valid 802.11 signals
· -62+10log10(TBD1/20) dBm for any signal.
[10/744r1]


3.6 PMD transmit specification
3.6.1 Transmit center frequency

Carrier (LO) and symbol clock frequencies for all transmit chains and frequency segments shall be derived from the same reference oscillator.

Phase of carrier frequency shall not be required to be correlated between the lower and upper 80 MHz frequency portions of the transmitted signal for 160 MHz PPDUs.

4 DL MU-MIMO
R4.A: DL MU-MIMO shall be built on one type of the 11n channel sounding PPDU and transmit beamforming protocol.
R4.B: DL MU-MIMO shall provide MAC protocol extensions to support multiple acknowledgement responses from the individual STAs receiving the MU-MIMO transmission.
R4.C: The DL MU-MIMO MAC protocol extensions shall work with EDCA 

4.1 Resolvable LTFs for DL MU-MIMO

In a DL MU-MIMO transmission, LTFs are considered “resolvable” when the AP transmits enough LTFs for an STA to estimate the channel to all spatial streams of every recipient STA. In order to enable interference cancellation at an STA during a DL MU-MIMO transmission, an AP may transmit the preamble using resolvable LTFs
5 Coexistence

R5.A: Channel access rules shall ensure fair access to the medium for TGac compliant devices and legacy devices operating within a BSS or in seprate overlapping BSSs.

R5.B: The draft specification shall provide a mechanism that ensures that TGac transmissions are protected from legacy channel access for the duration of the transmission.

R5.C: The Primary Channel may be designated to any 20MHz subchannel over 80MHz channel bandwidth, where Primary Channel designation is subject to co-existence (OBSS) rules yet to be defined. [10/0593r1]
6 MAC

6.1 Power saving
Two mechanism are provided to terminate receive processing early. The receiver may use the length indication in VHT-SIG-B and/or use the EOF indication in the MAC padding.

6.2 Capability negotiations

6.3 Frame formats

6.3.1 A-MPDU format

The VHT A-MPDU format is an extension of the 802.11n A-MPDU as shown in Figure 8. The extension (shaded in the figure) consists of zero or more delimiters with MPDU length zero and a possible final MAC Pad of less than 4 octets. The A-MPDU of a VHT PPDU fills the available octets in the payload. [10/0064r5 VHT Frame Padding]
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Figure 8--A-MPDU format for VHT PPDU
The A-MPDU null subframes that pad through the end of the A-MPDU shall include an end-of-frame (EOF) bit. This bit indicates that there are no additional MPDUs present in the A-MPDU.
The PSDU of a VHT PPDU shall be a VHT A-MPDU.
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Abstract


This document provides the framework from which the draft TGac 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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