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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)

r14
Executed motions from September 2010 Wednesday TGac session (report 10/1016r3).

r15
Corrected Max MPDU size. Executed motions from September 2010 Thursday PM1 TGac session (report 10/1016r4)

r16
Motions from the November 2010 Monday PM2 session (report 10/1214r3)
r17
Motions from the November 2010 Wednesday AM1 session (report 10/1214r5)

r18
Motions from the November 2010 Thursday PM1 session (report 10/1214r7)
r19
Speculative edits based on pre-motions that passed in the Monday and Tuesday ad-hoc sessions January 2011.
r20
Speculative edits for pre-motions from COEX ad-hoc.
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.

3. Primary AC: the AC that wins the TXOP for channel access after both external and internal competition. There is only one primary AC at any time.
4. Secondary AC: an AC that does not win a TXOP but wants to share the TXOP obtained by the primary AC for simultaneous transmissions. There could be multiple secondary ACs at any time.

5. Primary Destinations: destinations targeted by the frames belonging to the primary AC. There could be one or more primary destinations at any time.

6. Secondary Destinations: destinations targeted by the frames belonging to secondary ACs. There could be one or more secondary destinations at any time.
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. 160 MHz channels consists of two adjacent IEEE 80 MHz channels, and do not partially overlap with each other. 80 MHz and 160 MHz channels for the US region are shown in Figure 1. 
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Figure 1--80 MHz and 160 MHz channels for the US region
[10/773r0][10/1064r2]
80 MHz and 160 MHz channelization for the Europe, Japan and Global operating classes tables (REVmb Annex E) are shown in Figure 2. Note that China does not have this band.
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Figure 2--80 MHz and 160 MHz channelization for the Europe, Japan and Global operating class tables

[10/1064r2]
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]

R3.1.E: The draft specification shall include support for an efficient channelization in China’s (5,725 ~ 5,850 MHz) spectrum. [10/1062r2]
A noncontiguous 160 MHz BSS shall be setup using any two nonadjacent 80 MHz channels on which a STA is permitted to establish an 80 MHz BSS. [10/1062r2]

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 signaling 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 3.
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Figure 3 – 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]

In all elements of an 80 MHz VHT PPDU , i.e., the L-STF, L-LTF, L-SIG,  VHT-SIG-A, VHT-LTFs, VHT-SIG-B and the Data, subcarrier k, where -122 <= k <= 122, shall be multiplied by the following function of k:
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[10/1083r0]
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] Note--This requirement is captured in the table below.
The cyclic shift value 
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 are defined in the following table.

Table 1-- Cyclic shift values for L-STF, L-LTF, L-SIG and VHT-SIG-A portions of the packet
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values for L-STF, L-LTF, L-SIG and VHT-SIG-A portions of the packet

	Total number of transmit antennas (NTX) 
	Cyclic shift for transmit antenna iTX  (in units of ns)

	
	1
	2
	3
	4
	5
	6
	7
	8

	1
	0
	-
	-
	-
	-
	-
	-
	-

	2
	0
	-200
	-
	-
	-
	-
	-
	-

	3
	0
	-100
	-200
	-
	-
	-
	-
	-

	4
	0
	-50
	-100
	-150
	-
	-
	-
	-

	5
	0
	-175
	-25
	-50
	-75
	-
	-
	-

	6
	0
	-200
	-25
	-150
	-175
	-125
	-
	-

	7
	0
	-200
	-150
	-25
	-175
	-75
	-50
	-

	8
	0
	-175
	-150
	-125
	-25
	-100
	-50
	-200


[10/1301r0]
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

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 4. 
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Figure 4 - VHT-SIG-A modulation

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

Table 2 - VHT-SIG-A fields

	Bit Index
	Field 
	Bit allocation 
	Description 

	VHT-SIG-A1

	0-1
	BW 
	2 
	Set to 0 for 20 MHz, 1 for 40 MHz, 2 for 80 MHz, 3 for 160 MHz and 80+80 MHz mode

	2
	Reserved 
	1 
	Reserved for possible expansion of BW field. Set to 1. 

	3
	STBC 
	1 
	Set to 1 if all streams use STBC, otherwise set to 0. When STBC bit is 1, an odd number of space time streams per user is not allowed. 

	4-9
	Group ID [10/0582r1] 
	6 
	A value of all ones 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) 

	10-21
	NSTS [10/0582r1] 
	12 
	For MU: 3 bits/user with maximum of 4 users
· Set to 0 for 0 space time streams
· Set to 1 for 1 space time stream
· Set to 2 for 2 space time streams
· Set to 3 for 3 space time streams
· Set to 4 for 4 space time streams
Otherwise: first 3 bits contain stream allocation, set to 0 for 1 space time stream, set to 1 for 2 space time streams, etcetera up to 8 streams. Remaining 9 bits contain partial AID: being the 9 LSB bits of AID. For Broadcast and multicast, these 9 bits are set to 0. For STA-to-AP, these 9 bits are set to a special value (TBD).

	22
	No TXOP PS
	1
	Set to 1 to indicate that TXOP PS is not allowed

Set to 0 to indicate that TXOP PS is allowed

Set to the same value in all PPDUs in downlink MU TXOP

[11/0090r0]

	23
	Reserved
	1
	Set to 1

	
	Total
	24
	

	VHT-SIG-A2

	0-1
	Short GI
	2 
	Set B0 to 0 for Long GI, set to 1 for Short GI 
Set B1 to 1 when Short GI and Nsym%10 == 9 

	2-3
	Coding 
	2 
	For SU:

Set B2 to 0 for BCC, set to 1 for LDPC
For MU: [10/1277r0]
Set B2 to 0 for BCC, set to 1 for LDPC for 1st user
If user 1 has 0 Nsts value, then B2 is reserved and set to 1
B3 is defined as Nldpc-ext (see 3.2.4.2.2)  

	4-7
	MCS 
	4 
	For SU/Broadcast/Multicast: MCS index 
For MU: [10/1277r0]
B4: Set to 0 for BCC, 1 for LDPC for the 2nd user

B5: Set to 0 for BCC, 1 for LDPC for the 3rd user

B6: Set to 0 for BCC, 1 for LDPC for the 4th user
If user 2, 3, or 4 has 0 Nsts value, then corresponding bit is reserved and set to 1
B7: Reserved and set to 1

	8
	SU-Beamformed
	1
	Set to 1 when packet is a SU-beamformed packet
Set to 0 otherwise
For MU: Reserved, set to 1 

	9
	Reserved 
	1 
	All ones

	10-17
	CRC 
	8 
	CRC calculated as in 11n Section 20.3.9.4.4 with C7 in B10

	18-23
	Tail 
	6 
	All zeros

	
	Total
	24
	


Note that the fields are transmitted in the order shown in and LSB first.
[10/1052r0]

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:
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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 5.
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Figure 5 - 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 3 - 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
	All ones

	Tail
	6
	6
	6
	6
	6
	6
	All zeros

	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.
Order of transmission: Length, MCS (in case of MU) / Reserved (in case of SU), Tail. Fields are transmitted LSB first. [10/1052r0]

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.

For VHT NDP, fixed bit patterns are defined for VHT-SIG-B in the 20, 21, and 23 useful VHT-SIG-B bits for 20, 40, and 80 MHz, respectively. These bit patterns are shown to have the lowest Peak-to-Average Power Ratio (PAPR) when using a four times oversampled IFFT.

The following sequences (showed LSB first) shall be used for VHT-SIG-B in VHT NDPs:

20 MHz: 0 0 0 0 0 1 1 1 0 1 0 0 0 1 0 0 0 0 1 0 (PAPR = 3.16 dB)

40 MHz: 1 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 (PAPR = 5.42 dB)

80 MHz: 0 1 0 1 0 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 0 (PAPR = 5.13 dB)

[10/1290r0]

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 6. 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 6--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 4 - 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 7.
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Figure 7--VHT-SIG-B and SERVICE field relationship

The CRC is calculated over the VHT-SIG-B bits, excluding the tail bits using the CRC defined in 802.11n-2009 section 20.3.9.4.4. C7 of the CRC is mapped to B8 of the SERVICE field, C6 to B7, …, C0 to B15.
The resulting SERVICE field and PSDU shall be scrambled, as in 11n.
3.2.4.2 Coding

3.2.4.2.1 BCC coding

The draft specification shall support the following:

· The maximum data rate per BCC encoder is 600Mbps

· The number of BCC encoders for a particular combination of MCS, Nsts and BW is determined by the short GI data rate and the same number of encoders are used for the corresponding normal GI rate

· The number of BCC encoders is not limited
3.2.4.2.2 LDPC coding

The draft specification shall include the same LDPC PPDU encoding process from 802.11n (described in Section 20.3.11.6.5) for 11ac, regarding codeword length, shortening, puncturing and repetition. [10/1300r0]
The procedure for encoding and decoding the payload for an SU packet is as follows.
Number of initial payload OFDM symbols:
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Number of final payload OFDM symbols:

[image: image24.wmf]symsym_initSTBCldpc_ext

ldpc_ext

For LDPC:        ,

where   is a one bit flag indicating if 

LDPC PPDU will spill into

extra OFDM symbol/symbols

NNmN

N

=+´
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 flag is hosted in VHT-SIGA2.B3
At the receive side, the number of payload OFDM symbols:
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Nsym_init  and Npld:
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The procedure for encoding and decoding a MU packet is as follows:

For each user in the MU packet, compute the initial number of OFDM symbols 
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Finds the initial estimate of the longest symbol length:
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For each LDPC users, go through LDPC PPDU math to find if extra OFDM symbol (or symbols) are needed:
· If at least one of the LDPC users require extra OFDM symbol (or symbols), set 
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· Otherwise, set 
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L-SIG length is set based on the actual length of the packet:
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For each user, construct PSDU by:

· For LDPC users, add sufficient MAC padding to fill up 
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· For BCC users, add sufficient MAC padding to fill up 
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For each LDPC user in the MU packet, encode the PSDU using LDPC PPDU process

· If
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· If 
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, LDPC PPDU encoding does not add extra symbols

For each BCC user, encode the PSDU using BCC encoder. Note that the tail bits are placed at the very end of the packet.

[10/1300r0]

3.2.4.3 Data interleaver

3.2.4.3.1 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)
In case of contiguous and noncontiguous 160 MHz transmissions, even output bits of the stream parser are allocated to the lower 80 MHz and odd output bits to the upper 80 MHz for each stream.  First output bit from the stream parser in each symbol is an even bit.
For 160MHz, if each BCC encoder does not generate integer blocks of S coded bits in each OFDM symbol, then apply the same stream parsing method until the last integer block (floor(NCBPS/NES/S)) of S bits at each encoder.

Assuming that at this point in each OFDM symbol each BCC has M.s (M<NSS) residue bits, take the last M.s bits in the current OFDM symbol from the first encoder and allocate them to the first M spatial streams (s bits to each stream); then take the last M.s bits in the current OFDM symbol from the second encoder and distribute these among M spatial streams, starting from the (M + 1)-th spatial stream, and so on. Note that upon reaching the NSS’th spatial stream, we cycle back to the 1st spatial stream. Repeat till all bits are distributed in the current OFDM symbol.

[10/1264r1]
3.2.4.3.2 Segment Parser

In case of contiguous 160 MHz or non-contiguous 80+80 MHz VHT PPDU transmissions, the output bits of each stream parser are first divided into blocks of 
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 bits.  Then, each block is further divided into two subblocks of 
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where
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is the largest integer less than or equal to 
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is the subblock index, 
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is the number of BCC encoders for the Data field

If 
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, then apply the segment parsing method described in the equation above, for 
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 segment parser input bits.  At this point, each stream parser output has 
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 residue bits.  Then, the residue bits are divided into blocks of 
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 bits, with each block being assigned to different subblock (
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 times until all bits are distributed to the two subblocks.
Segment parser is bypassed in case of 20, 40 and 80 MHz VHT PPDU transmissions.
[10/1279r0]
3.2.4.3.3 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.

For contiguous and noncontiguous 160 MHz transmissions using BCC encoding, the lower and upper 80 MHz portions are each interleaved using the interleaver defined for 80 MHz transmissions.
For BCC encoding, when Nss>4, the third permutation of the interleaver uses the following parameters:

· Permutation as the first Nss values of [0  5  2  7 3 6 1 4]*NROT *NBPSCS.

· NROT =28, 13 and 6 for 80MHz, 40MHz and 20MHz, respectively.

[11/0048r0]
3.2.4.4 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 8.
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00001101 00011101 00111101 00101101 01101101 01111101 01011101 01001101 11001101 11011101 11111101 11101101 10101101 10111101 10011101 10001101

00001100 00011100 00111100 00101100 01101100 01111100 01011100 01001100 11001100 11011100 11111100 11101100 10101100 10111100 10011100 10001100

00000100 00010100 00110100 00100100 01100100 01110100 01010100 01000100 11000100 11010100 11110100 11100100 10100100 10110100 10010100 10000100

00000101 00010101 00110101 00100101 01100101 01110101 01010101 01000101 11000101 11010101 11110101 11100101 10100101 10110101 10010101 10000101

00000111 00010111 00110111 00100111 01100111 01110111 01010111 01000111 11000111 11010111 11110111 11100111 10100111 10110111 10010111 10000111

00000110 00010110 00110110 00100110 01100110 01110110 01010110 01000110 11000110 11010110 11110110 11100110 10100110 10110110 10010110 10000110

00000010 00010010 00110010 00100010 01100010 01110010 01010010 01000010 11000010 11010010 11110010 11100010 10100010 10110010 10010010 10000010

00000011 00010011 00110011 00100011 01100011 01110011 01010011 01000011 11000011 11010011 11110011 11100011 10100011 10110011 10010011 10000011

00000001 00010001 00110001 00100001 01100001 01110001 01010001 01000001 11000001 11010001 11110001 11100001 10100001 10110001 10010001 10000001

00000000 00010000 00110000 00100000 01100000 01110000 01010000 01000000 11000000 11010000 11110000 11100000 10100000 10110000 10010000 10000000


Figure 8--Constellation mapping for 256 QAM

The normalization factor, KMOD, for 256 QAM is 
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 . [10/1090r0]
3.2.4.5 LDPC tone mapping

Define DTM to be the tone mapping distance, which takes values in Table 4 for various bandwidths.
Table 5--LDPC tone mapping distance for various bandwidths

	Parameter
	20 MHz
	40 MHz
	80 MHz
	160 MHz
(2 x 80 MHz)

	DTM
	4
	6
	9
	9


After constellation mapping, for user u we have the complex numbers.
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If LDPC encoding is used, the LDPC tone mapper permutes the stream of constellation numbers to obtain
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This operation is equivalent to block-interleaving the constellation symbols per stream, per OFDM symbol, using a matrix with  DTM  rows and NSD /DTM columns, by writing 
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 row-wise, and reading back 
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 column-wise.
For 160 MHz, the LDPC tone mapping for LDPC-coded streams is performed separately for the upper and lower 80 MHz frequency segments.

[10/1300r0]
3.2.4.6 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 6--80 MHz pilot sequence
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3.2.4.6.1 Application of pilot sequence in 20 MHz

The pilot tone mapping in 20 MHz shall be:
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where 
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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.
3.2.4.6.2 Application 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.

3.2.4.6.3 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.
3.2.4.6.4 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]

3.2.4.7 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]

3.2.4.8 Space-time block coding

When all streams use STBC, an odd number of space time streams per user shall not be used, and NSTS=2*NSS. For NSTS=2,4, the constellation mapper output to the spatial mapper input for STBC table shall reuse mapping as defined in Clause 20.3.11.8.1. For NSTS=6,8, the constellation mapper output to the spatial mapper input shall follow the mapping as defined in Table 7, similarly to mapping defined  for NSTS=2,4.
Table 7-- Constellation mapper output to spatial mapper input for STBC
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[11/0032r0]
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.

NDP shall be the only VHT sounding format. [10/1105r0]

The VHT NDP format is shown in Figure 9 and has the following properties:
· it has the same the VHT PPDU format but with no data portion

· has a VHT-SIG-A indicating a SU packet
· and has VHT-SIG-B carrying a TBD fixed bit pattern 
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Figure 9--VHT NDP format
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 5. MCS 9 shall not be used in 20 MHz BW transmissions.
 [10/0568r1]
Table 7 - 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]
The same MCS table shall be used for both BCC and LDPC coded transmissions. [10/1300r0]

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]
The CCA levels for secondary channels shall be

20MHz:         - 72 dBm

40MHz:         - 72 dBm

80MHz :        - 69 dBm

[11/0061r0]

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.

3.6.2 Transmit spectral mask

The transmit spectral mask for 20 MHz, 40 MHz, 80 MHz and 160 MHz PPDUs is shown in Table 6.

Table 8--Transmit spectral mask for various BW PPDUs

	BW (MHz)
	0 dBr
	-20 dBr
	-28 dBr
	-40 dBr
	Maximum Transmit OOB Emission

	20
	+/- 9
	+/- 11
	+/- 20
	+/- 30
	-53 dBm/MHz, if transmit power is below 0dBm

	40
	+/- 19
	+/- 21
	+/- 40
	+/- 60
	-56 dBm/MHz, if transmit power is below 0dBm

	80
	+/- 39
	+/- 41
	+/- 80
	+/- 120
	-59 dBm/MHz, if transmit power is below 0dBm

	160
	+/- 79
	+/- 81
	+/- 160
	+/- 240
	-59dBm/MHz, if transmit power is below 3dBm


[10/1109r0, updated with 11/0121r0]
The transmit mask for non-contiguous 160 MHz PPDUs shall be constructed as follows:

Place two 80 MHz TX masks, one for each segment

v1 = Mask value of one 80 MHz mask

v2 = Mask value of the other 80 MHz mask

For frequencies where (-40 dBr < v1 < -20 dBr) and (-40 dBr < v2 < -20 dBr)

Mask value = v1 + v2 (sum in linear domain)

For frequencies where NOT {(-20 dBr < v1 < 0 dBr) or (-20 dBr < v2 < 0 dBr)}

Mask value = max(v1, v2)

For all other frequencies

Mask value = linearly interpolate (in dB domain)

[10/1255r1]

3.6.3 Spectral flatness

The average energy in the subcarriers of a PPDU shall deviate by no more than that shown in Table 7.

Table 9--Average energy variation on subcarriers

	BW
	Average variation

	
	+4/-4 dB
	+4/-6 dB

	20
	+/- 1-16
	Outer subcarriers

	40
	+/- 2-42
	Outer subcarriers

	80
	+/- 2-84
	Outer subcarriers

	160
	-
	All subcarriers


Note: A noncontiguous 160 MHz devices may transmit a contiguous 160 MHz waveform by placing its two 80 MHz segments adjacent to each other. It would be difficult for such transmissions to meet the +4/-4 dB requirement near the center of the contiguous 160 MHz waveform.
[10/1109r0]
3.6.4 Modulation accuracy

3.6.4.1 Transmit constellation error

The transmit EVM requirements for 256-QAM ¾ and 256-QAM 5/6 shall be -30 dB and -32 dB respectively. The Tx EVM requirements for other MCSs are as in 11n. [11/0029r0]
3.7 PMD receiver specification

3.7.1 Receiver minimum input sensitivity
The receiver minimum input sensitivity shall be as shown in Table 10.

Table 10--Receiver minimum input sensitivity
	Modulation
	Rate (R)
	Minimum sensitivity (20 MHz PPDU)
(dBm)
	Minimum sensitivity (40 MHz PPDU)
(dBm)
	Minimum sensitivity (80 MHz PPDU)
(dBm)
	Minimum sensitivity (160 MHz or
80+80 MHz PPDU)
(dBm)

	BPSK
	1/2
	-82
	-79
	-76
	-73

	QPSK
	1/2
	-79
	-76
	-73
	-70

	QPSK
	3/4
	-77
	-74
	-71
	-68

	16-QAM
	1/2
	-74
	-71
	-68
	-65

	16-QAM
	3/4
	-70
	-67
	-64
	-61

	64-QAM
	2/3
	-66
	-63
	-60
	-57

	64-QAM
	3/4
	-65
	-62
	-59
	-56

	64-QAM
	5/6
	-64
	-61
	-58
	-55

	256-QAM
	3/4
	-59
	-56
	-53
	-50

	256-QAM
	5/6
	-57
	-54
	-51
	-48


[11/0029r0]
3.7.2 Adjacent channel rejection

The adjacent/non-adjacent channel test is defined as follows:

· Desired signal strength = 3 dB above RX sensitivity

· If desired signal BW = 20/40/80/160 MHz

· Interfering signal (same BW as the desired signal) placed W MHz away from the center frequency of the desired signal

· Adjacent channel rejection
: W = BW of the desired signal 

· Nonadjacent channel rejection
: W ≥ 2 * BW of the desired signal

· If desired signal BW = 80+80 MHz

· An interfering signal of 80 MHz BW placed W MHz away from the center frequency of one of the desired signal frequency segments

· Adjacent channel rejection
: W = 80 MHz

· Nonadjacent channel rejection
: W ≥ 160 MHz

· Raise power of interfering signal until 10% PER reached
The minimum required adjacent and nonadjacent channel rejection levels shall be as shown in Table 11.

Table 11-- Minimum required adjacent and nonadjacent channel rejection levels
	Modulation
	Rate (R)
	Adjacent channel rejection (dB)
	Nonadjacent channel rejection (dB)

	
	
	20/40/80/160 MHz Channel
	80+80 MHz Channel
	20/40/80/160 MHz Channel
	80+80 MHz Channel

	BPSK
	1/2
	16
	13
	32
	29

	QPSK
	1/2
	13
	10
	29
	26

	QPSK
	3/4
	11
	8
	27
	24

	16-QAM
	1/2
	8
	5
	24
	21

	16-QAM
	3/4
	4
	1
	20
	17

	64-QAM
	2/3
	0
	-3
	16
	13

	64-QAM
	3/4
	-1
	-4
	15
	12

	64-QAM
	5/6
	-2
	-5
	14
	11

	256-QAM
	3/4
	-7
	-10
	9
	6

	256-QAM
	5/6
	-9
	-12
	7
	4


[11/0030r0]
3a OFDM PHY

The OFDM PHY clause has the scrambler definition modified.
3a.1 PLCP DATA scrambler and descrambler
New paramters INDICATED_DYN_BANDWIDTH and INDICATED_CH_BANDWIDTH are added to the TXVECTOR and RXVECTOR.

The following bits in the scrambling sequence correspond to these parameters: 

INDICATED_DYN_BANDWIDTH: B4 set to 0 (Static) or 1 (Dynamic)

INDICATED_CH_BANDWIDTH: B5-B6 set to 0 (20 MHz), 1 (40 MHz), 2 (80 MHz), or 3 (160 or 80+80 MHz)

When both INDICATED_DYN_BANDWIDTH and INDICATED_CH_BANDWIDTH are present then the scrambling sequence scramblingSequenceStart4 is randomly chosen from 1-15. When the INDICATED_CH_BANDIWDTH is present, the scrambling sequence scramblingSequenceStart5 is randomly chosen from 1-31.
This is summarized in the table below:

	Bits 
	0-3 
	4 
	5-6 

	RTS 
	scramblingSequenceStart4 
	INDICATED_DYN_BANDWIDTH 
	INDICATED_CH_BANDWIDTH 

	CTS etc 
	scramblingSequenceStart5 
	


If INDICATED_CH_BANDWIDTH is present, the Scrambling Sequence shall be the concatenation of:

the First 7 Bits in the Scrambling Sequence (see table above) the Scrambler output given that the initial Scrambler State is set to the First 7 Bits in Scrambling Sequence (see figure below).

[image: image90.emf]X

7

   X

6

   X

5

X

4

   X

3

   X

2   

X

1

Scrambled 

Data Out

Data In

INDICATED_CH_BANDWIDTH 

is present and within first 7 bits

First 7 Bits in 

Scrambling Sequence

1

0


Figure 10--Modified scrambler operation

[10/1281r1]
4 DL MU-MIMO and Transmit Beamforming
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 

A sounding responder shall have the ability to reduce the receive side feedback dimension of its MIMO channel with explicit MU-MIMO feedback. The extent of the reduction is TBD.

[10/1114r1]

Only explicit sounding and feedback shall be supported for VHT SU beamforming and DL MU-MIMO.

[10/1105r0]

Compressed V matrix feedback (based on 20.3.12.2.5 and 7.3.1.29 in 11n spec) shall be the only feedback format for SU beamforming and MU-MIMO. [10/1105r1]

The beamformer shall be able to control the explicit feedback dimension for each user in MU-MIMO operation. [10/1265r1]
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]
R5.D: non-ht quadruplicate and non-ht octuplicate mode shall be included in the specification: A transmission format of the physical layer (PHY) that duplicates a 20 MHz non-HT transmission in four adjacent 20 MHz channels or two sets of four adjacent 20 MHz channels.
[10/1096r7]
The use of RIFS is deprecated. A VHT STA shall not transmit HT or VHT frames separated by RIFS. A VHT AP shall set the RIFS Mode field in the HT Operation element to 0.
[11/0033r1]
5.1 Channel Access

The 802.11n PIFS medium access mechanism is extended to 80MHz and 160MHz operation, as described below: 

· AIFS deferral and random backoff based on the primary channel activity 

· All transmissions shall occupy the primary channel and 

· Secondary channels occupied by the transmission shall be sensed idle PIFS prior to the transmission

[10/1084r0]

If there is no non-HT duplicate frame exchange in a TXOP to set the NAV, then the TXOP holder shall not transmit frames using more bandwidth than the bandwidth occupied by the preceding frame in the same TXOP.

[11/0081r1]

If there is at least one non-HT duplicate frame exchange (not a RTS/CTS exchange) in a TXOP, then the  TXOP holder shall not transmit frames using more bandwidth than the bandwidth occupied by the first non-HT duplicate frame exchange in the same TXOP.

[11/0081r1]
5.2 Backoff procedure

Rules in section 9.9.1.5 of 802.11n-2009 can be directly applied to the MU-MIMO acknowledgment frame exchange.

If one of the frames in the MU-PPDU requires an immediate response, a missing or incorrect immediate response indicates a failed MU-PPDU and triggers the backoff procedure.
If no immediate response to the MU-PPDU is required, the backoff procedure may still be triggered by a missing or incorrect response.
A MU PPDU is successful if none of the frames require an immediate response or if the required immediate response is correctly received.
[10/1092r0]
If a valid response to the initial frame of a TXOP is not received, the AP shall initiate an exponential backoff for the primary AC. [11/0082r0]
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.
6.1.1 DL MU TXOP Power Save

A DL MU TXOP Power Save capable STA may operate as follows during a MU TXOP:

· STA saves power till the end of DL MU TXOP after it finds that it is not a member of Group ID received in VHT-SIG-A.

· STA saves power till the end of DL MU TXOP after receiving VHT-SIG-A with corresponding NSTS = 0 for its position in Group ID.

· STA saves power till the end of DL MU TXOP after sending BA in response to frame with “More Data” bit =0.

· Note that support for DL MU TXOP power save is optional at both STA and AP
If AP chooses to allow MU TXOP power saving for a downlink MU TXOP, then AP shall  include NAV-set sequence at the beginning of that TXOP.
The TXOP power management modes are shown in Figure 11.
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Figure 11--Power management modes

The draft amendment shall include a bit that indicates whether or not the AP allows STAs in TXOP PS mode to do power save during a downlink MU TXOP.
[10/1302r0]
DL MU TXOP Power Save is extended for power save during an SU-MIMO TXOP.
Change the signals from MU MIMO TXOP Power Save to VHT Power Save.
Editor’s note: The intent of the above statement is to rename the scheme and associated fields to reflect the more general purpose.

STAs can enter doze state:
· If the received Partial AID in VHT-SIG-A does not match the partial AID of STA

· If the partial AID in VHT-SIG-A matches the partial AID of STA but the frame is not destined to it.

· After sending appropriate acknowledgement to AP in response to frame received with ‘More Data’ bit set to 0.
[11/0091r0]
6.2 Capability negotiations

A VHT STA indicates the following capabilities:

Max A-MPDU length supported as exponent n where 0 <= n <=7 and indicates a max A-MPDU length (2^(13+n)-1)B.

Max A-MSDU length supported as 3839B, 7935B or {11454B-Max MAC Header-FCS}.

[10/1079r1]

The VHT Capabilities element has the format shown in Figure 12. [10/1267r1]


[image: image92]
Figure 12--VHT Capabilities element
The VHT Capabilities Info field has an additional field (not shown in Figure 12): Number of Sounding Dimensions. [11/0052r0]
The VHT Capabilities element includes a Max MPDU Length field with the following encoding:

· Set to 0 for 3895 octets (Maximum A-MSDU Lenth in HT Capabilities set to 3839 octets)

· Set to 1 for 7991 octets (Maximum A-MSDU Length in HT Capabilities set to 7935 octets)

· Set to 2 for 11454 octets (Maximum A-MSDU Length in HT Capabilities set to 7935 octets)

· The value 3 is reserved
[11/0034r0]
The VHT Capabilities element includes a MU TXOP Management Mode field (not shown in Figure 12). This field indicates whether or not the AP allows the STAs in BSS to enter TXOP power save mode when transmitted in Beacon/Probe response. This field indicates whether or not the STA is in MU TXOP PS mode or not in Association/Re-Associations frame:
Set to 1 indicate that the STA is in MU TXOP PS mode. Set to 0 to indicate that the STA is not in MU TXOP PS mode.

[11/0091r0]
The VHT BF and MU Capabilities are shown in Table 13. [11/0050r0]
Editor’s note: The intent is that the VHT BF and MU Capabilities expand on and describe the Beamforming Capabilities, Tx MU MIMO and Rx MU MIMO fields in Figure 12.
Table 13--VHT BF and MU Capabilties

	SU Beamformer Capability 
	Indicates support for operation as a single user beamformer 
	Set to 0 if not supported 

Set to 1 if supported 

	SU Beamformee Capability 
	Indicates support for operation as a single user beamformee 
	Set to 0 if not supported 

Set to 1 if supported 

	Grouping Set 
	Indicates acceptable values for the VHT MIMO Control Grouping parameter with sounding feedback 
	Set to 0 for Ng = 1 

Set to 1 for Ng = 1 or 2 

Set to 2 for Ng = 1 or 4 

Set to 3 for Ng = 1, 2 or 4 

	Compressed Steering Number of Beamformer Antennas Supported 
	Indicates the maximum number of beamformer antennas the beamformee can support when sending compressed beamforming feedback. 
	Set to maximum value minus 1 

	MU Tx Capability 
	Indicates whether or not the STA supports operation as an MU beamformer 
	Set to 0 if not supported 

Set to 1 if supported 

	MU Rx Capability 
	Indicates whether or not the STA supports operation as an MU beamformee 
	Set to 0 if not supported 

Set to 1 if supported 


Note—A STA that sets the MU Rx Capability to 0 is not able to demodulate an MU VHT PPDU with only one non-zero Nsts subfield.

Note—“Compressed Steering Number of Beamformer Antennas Supported” field also indicates the maximum number of space time streams in NDP packet that the STA can support as a beamformee.

[11/0050r0]

The A-MPDU Length Limit gives the maximum A-MPDU Length the STA is able to receive. In case of null padding with EOF, the transmitter shall not count the padding delimiters for the A-MPDU length limit.
[11/0034r0]

The VHT Operation element shall be as shown in Figure 13. [10/1267r0]
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Figure 13--VHT Operation element

NOTE--the primary/secondary channels are indicated in the HT Operation element.

[10/1267r0]
The Support MCS Set is shown in Figure 14.
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Figure 14--Supported MCS Set

The Rx MCS Map consists of a 16 bit field which specifies max MCS supported for every Nss

 2 bit number for each Nss value:

· 00 will denote support for up to MCS 7

· 01 will denote support for up to MCS 8

· 10 will denote support for up to MCS 9

· 11 will denote no support for that Nss
Rx Highest Supported Data Rate (13 bits) is needed to place a limit on the max data rate (13 bits). In units of Mb/s where 1 represents 1 Mb/s, and incrementing in steps of 1 Mb/s. This cutoff can over-ride a claim for support of a certain (MCS, Nss) combination for the highest supported BW.
Tx MCS Set Defined (1 bit) specifies whether or not the STA is advertising its transmit MCS capability. If set to 0, Tx MCS Map, Tx Highest Supported Data Rate are reserved. If set to 1, the Tx MCS Map and Tx Highest Data Rate fields help a STA in choosing a more powerful AP or an AP more commensurate with its own capability.
The Tx MCS Map field has the same encoding as the Rx MCS Map field.

The Tx Highest Supported Data Rate (13 bits) advertises the max data rate at which the STA can transmit. In units of Mb/s where 1 represents 1 Mb/s, and incrementing in steps of 1 Mb/s. This cutoff can over-ride a claim for support of a certain (MCS, Nss) combination for the highest BW.

[11/0026r0]
6.3 Frame formats
6.3.1 General frame format

The maximum MPDU size is 11454 octets. [10/1079r1]

The maximum A-MSDU size is 11454-MAC Header-FCS octets. [10/1079r1]

6.3.2 Frame fields

6.3.2.1 HT Control field

The HT/VHT Control field is always present in a Control Wrapper frame and is present in QoS Data and management frames as determined by the Order bit of the Frame Control field.

An HT/VHT subfield is added to the HT/VHT control field

· The HT/VHT subfield B0 is set to 0 to indicate an HTC field

· The HT/VHT subfield B0 is set to 1 to indicate a VHTC field

[10/1267r0, updated with 11/0040r0]






If the HT/VHT field is set to 1, the format of the HT Control field is shown in Figure 16.
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Figure 16--Format of HT Control if HT/VHT subfield is set to 1

If HT/VHT is set to 1, the subfields in the HT Control fields are defiend as follows:
Solicited/Unsolicited (B1)

0: Solicited link adaptation

1: Unsolicited link adaptation

MRQ (B2)

0: non-request

1: MFB request frame

MSI (B3-B5)

If MRQ=1: sequence number in the range 0 to 6 that identifies the specific request; value of 7 is reserved

If MRQ=0: reserved

MFB (B9-B23) 

Nsts (3bits): suggested number of spatial streams

MCS (4bits): suggested VHT MCS

SNR (8 bits): estimated SNR

In case B1 = 0 (solicited MFB)

B6-B8 define the MFSI field: Set to the received value of MSI contained in the frame to which the MFB information refers; value of 7 is reserved

B24 -B29 are reserved

In case B1 = 1 (unsolicited MFB)

 B6-B8 are defined as the LSBs of the GID field (GID-L)


 B24-B26 are defined as the MSBs of the GID field (GID-H) 


The GID field is set equal to the GID of the corresponding frame

Coding Type (B27):

 0:BCC;  1:LDPC

FB Tx Type (B28) 

0 : Un-beamformed, TxD (Alamouti), Open Loop; 1 : Beamformed

B29 is reserved

B30: AC constraint 

As in HT Control (11n)

B31: RDG/More PPDU

As in  HT Control (11n)
The MCS and Nsts computation is implementation dependent.
Note: SNR provides additional information on the link quality

· Rx does not know what the Tx power per each MCS will be and whether the sender will apply optional modes such as STBC, LDPC, TxBF, or other proprietary technology.

· SNR offers useful information for the transmitter to make a better choice

· Please refer to 11/0047r0 for further details on SNR definition
Solicited feedback
An MCS Request is indicated by a MRQ field (1bit) and identified by a MSI (3 bits)

· The requester may set the MRQ field to 1 in the VHT Control field of a +VHTC frame to request a STA to provide feedback

· Requester chooses an (arbitrary) MSI  that identifies the request

Response carries MCS, Nsts, SNR and a sequence indication MFSI which matches the sequence indication of the request (MSI).
Note: Allows to track the PPDU from which the feedback is computed

Feedback is computed based on the requesting PPDU; If the requesting PPDU is an NDPA, feedback is computed based on following NDP.
MCS and Nsts computations in implementation dependent; SNR is TBD [1]

· [Nsts, MCS] = 127 indicates that feedback is not provided (as in 11n)

· The NSTS shall not exceed the requester MCS capabilities
Unsolicited feedback
In the unsolicited case the feedback is computed based on the most recent PPDU received, that matches the description provided by the (newly defined) fields present in the same VHT Control field 

· Coding Type: indicates either BCC or LDPC

· GID: indicates the Group ID, which also allows to determine if PPDU was SU or MU 

· FB TX Type: either Beamformed or non-Beamformed
[10/1095r0 updated with 11/0040r0] 

6.3.2.2 BSS MU-MIMO Load element

The draft amendment shall include a BSS MU-MIMO Load element as shown in Figure 18.
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Figure 16--BSS Load element

Inclusion of the BSS MU-MIMO Load element in TBD frames is entirely optional (just as the original BSS load element) and only broadcasted if such capability is supported by AP (e.g. only implemented if AP is ‘MU-MIMO capable’ AND ‘dot11QBSSLoadOptionImplemented’ is true).

6.3.3 Control frames

6.3.3.1RTS

A VHT STA shall set the Multicast/Unicast bit in the TA to Multicast when transmitted to a VHT STA in a non-HT format. This indicates that the frame carries Static/Dynamic and BW indications in the scrambler init field. [10/1281r1]
6.3.3.2 NDPA

NDPA is a new control frame that contains the following fields:

- a 1 octet sequence number

- a STA Info field including a list of STA IDs

-when used for MU-MIMO, TBD per user dimension reduction information [10/1265r1]

- other TBD information
Editor’s note: A requirement from 11/0053r1 in 6.7 (Sounding and Feedback Protocol) implies that the STA Info field includes a MU/SU indication.
Editor’s note: A requirement from 11/0053r1 in 6.7 (Sounding and Feedback Protocol) implies that the ‘TBD per user dimension reduction information’ includes an Nc value.
6.3.3.3 Poll

Poll is a new control frame with TBD contents.
6.3.4 Data frames

6.3.5 Management frames
If a management MPDU is sent using a VHT PPDU, the length of the MPDU is constrained by the maximum MPDU length supported by the recipient 

The Max VHT Management Frame Body Length can be up to:


11422 octets = 11454 – 28 (MAC header) – 4 (FCS) octets

[11/0034r0]
6.3.6 Action frames

6.3.6.1 Sounding feedback frame
The sounding feedback frame is an Action No Ack frame with 

·  Category VHT

· a VHT MIMO Control field with 1 octet sounding sequence and other TBD fields

· a VHT Compressed Beamforming Report field
A null sounding feedback response frame is a sounding feedback frame without the VHT Compressed Bamforming Report field and without the MU Exclusive Beamforming Report field. The presence or absence of these fields is indicated in the VHT MIMO Control field with TBD signalling. [11/0041r0]
Editor’s note: I believe that 10/1227r0 intended to include the MU Exclusive Report field in this frame.

6.3.6.1.1 VHT MIMO Control field

The VHT MIMO Control field is shown in Figure 16.
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Figure 16--VHT MIMO Contro field

Nc: 0~7 correspond to 1~8 columns of V

The number of maximum space-time streams that beamformer can use for beamforming. If the SU-type feedback frame (indicated by MU-type bit = 0 in VHT MIMO CTRL field) includes MFB, Nc shall be the same as Nsts in MFB field

Nr: 0~7 correspond to 1~8 rows of V

The number of the transmit antennas to be used for beamforming

BW:  0: 20MHz   1: 40MHz    2: 80MHz   3: 160MHz

Ng: 0: Ng=1   1: Ng=2   2:Ng=4 for tone grouping

Codebook Info: Bit resolution for angles, (by, bf) : 

(In SU Mode, when MU-type bit is not set):  0: (2,4), 1: (4,6)

(In MU Mode, when MU-type bit is set):       0: (5,7), 1: (7,9)

MU-type:   0: SU-FB  1: MU-FB

Sounding Sequence Number

[10/1227r0]

6.3.6.1.2 VHT Compressed Beamforming Report field
The VHT Compressed Beamforming Report field is based on the 802.11n subclause 20.3.12.2.5 and 7.3.1.29, with appropriate changes for 11ac:

Sub-Channel Feedback Tone Interpretation at the AP/BFMer:

 In 40/80/160 MHz BSS, when receiving a feedback with BW=20MHz, the AP/BFMer interprets the FB to correspond to the tones in the Primary channel.

In 80MHz and 160MHz BSS, when receiving a feedback with BW=40MHz, the AP/BFMer interprets the FB to correspond  to the tones in the Primary and Secondary channels.

In 160MHz BSS, when receiving a feedback with BW=80MHz, AP/BFMer interprets the FB to correspond  to the tones in the Primary, Secondary and Secondary 40 channels.

The tone mapping for the VHT Compressed Beamfoming Report field is shown in Table 10.

Table 10--FB Tone Mapping (20/40/80 MHz)
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For the case of 160MHz, the 80MHz tone mapping in the above table indicates the subcarrier indices to be fed back for each 80MHz segment.
6.3.6.1.3 MU Exclusive Beamforming Report field

Table 11--Per-Tone-SNR subfield

	Field
	Size
	Meaning

	Delta-SNR for carrier at negative band edge
	Nd x Nc
	The deviation in dB at each tone relative to the fed back average_SNR per space-time-stream,1 to Nc (reported in Compressed Beamforming Report field), from -8 dB to 7 dB with 1 dB granularity

	Delta-SNR for carrier at negative band edge + Ng’
	Nd x Nc
	As above

	…
	
	

	Delta-SNR for carrier at negative band edge + (m-1)*Ng’
	Nd x Nc
	As above

	Delta-SNR for carrier at negative DC edge
	Nd x Nc
	As above

	Delta-SNR for carrier at positive DC edge 
	Nd x Nc
	As above

	Delta-SNR for carrier at positive DC edge – (m-1)*Ng’
	Nd x Nc
	As above

	…
	
	

	Delta-SNR for carrier at positive DC edge - Ng’
	Nd x Nc
	As above

	Delta-SNR for carrier at positive band edge
	Nd x Nc
	As above


Each field for Per-Tone-SNR at each tone is in the order of the columns of corresponding V matrix: Nd bits for the first column of corresponding V are followed by Nd bits for the second column and so on, up to the last Nc_th column of corresponding V at each tone. Corresponding V is reported in VHT Compressed Beamforming Report field.
Nd = 4 bits.

Ng’ (grouping for PT-SNR) is 2xNg.

Ng’ is not signaled in VHT MIMO control field
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 is a function to find the minimum integer that is not smaller than the argument x.
SNR per tone for subcarrier k and space-time stream i is found by 
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 where Vk,i is the ith column of the feedback beamforming matrix at subcarrier k, and N is the noise plus interference power measured at the beamformee.

[10/1227r0]
6.3.6.2 Notify Operating Mode frame

Leave existing Notify Channel Width frame unchanged for 11n devices

Define a new action type: avoid confusion between HT and VHT actions

· Use this new action type for both BW and Rx Nss

· STA may want to adjust both BW and RF chains simultaneously

· Or a STA can change one and keep the other same as before

The format of the Operating Mode field in the Notify Opearting Mode frame is defined in Figure 17.

	B0-B1
	B2-B3
	B4-B6
	B7

	BW
	Reserved
	Nss
	Max Nss for SU BF Present


Figure 17--Operating Mode field in the Notify Operating Mode frame
The Operating Mode field in a Notify Operating Mode frame can be used for conveying “Max Nss for SU BF” (once number of sounding LTFs is known). [11/0052r0]

To reduce the probability of frame loss during the operating mode switch, a STA may use the power save mechanism described below.
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Figure 18--Using power save to reduce frame loss during operating mode switch

The STA sends operating mode notification frame with PS bit set. After the STA is done switching modes, it sends a frame to the AP with PS bit cleared.

 [10/1254r1]
6.3.6.3 Group ID management frame

Group ID management shal be performed using unicast messaging.

The Group ID Management frame is used to assign or change STA positions corresponding to one or more Group IDs. The frame body in such frames shall consist of a 24 octet Group ID Assignment field, which contains 3 bits for each one of the 64 group IDs. The 3 bits for each group ID consist of the following:

· 1 bit “membership status” which specifies whether or not the STA is a member of the corresponding group ID

· 2 bit STA position which specifies spatial stream position of the STA in the corresponding group ID 

The classification of this action frame as “robust” is TBD. The exact location of the above fields   within the frame body is also TBD.

[10/1288r1]

6.3.7 A-MPDU format

The VHT A-MPDU format is an extension of the 802.11n A-MPDU as shown in Figure 19. 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]
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Figure 19--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.

The A-MPDU maximum length in a VHT PPDU is 1,048,576 octets. [10/1079r1]

6.3.7.1 A-MPDU delimiter format

The A-MPDU delimiter is modified as shown in Figure 20.

	B0
	B1 
	B2      B3 
	B4            B15
	B16   B23
	B24                    B31

	EOF
	Reserved
	MPDU Length Extension
	MPDU Length
	CRC
	Delimiter Signature


Figure 20--Modified A-MPDU delimiter format

An MPDU Length Extension field is added in B2-B3 and contains the high order bits of MPDU length.

An EOF field is added in B0.

[10/1093r1]
6.4 TXOP Sharing

The TXOP duration is determined by the TXOP limit of the primary AC.

At least one stream set in each DL MU-MIMO PPDU shall contain only MSDU(s) corresponding to the primary AC, where a stream set is defined as a group of spatial streams of a DL MU-MIMO PPDU that are all intended for reception by a single recipient.
[10/1123r0]

6.5 Single MPDU Protocol Rules

If an A-MPDU contains a single MPDU, the initiator may set the EOF field in the A-MPDU subframe containing the MPDU to 1.

A responder that receives a QoS Data MPDU with ack policy set to “normal ack/implicit block ack req” shall respond:

With ACK if the EOF field of the subframe containing the MPDU is set to 1

With BA if the EOF field of the subframe containing the MPDU is set to 0

An initiator may send a management frame requiring an ACK response in a VHT frame provided it is the only MPDU in the VHT frame and the EOF field on the subframe carrying the MPDU is set to 1
[10/1093r1]
6.6 Partial AID in SU VHT PPDUs

In a VHT PPDU that carries MPDUs addressed to a single non-AP STA, the Partial AID is set to: 
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Where A[b:c] indicates the bits in positions from b to c of the binary representation of A;  is a bitwise exclusive OR operation; << 5 indicates a 5 positions bit shift operation towards MSB; mod X indicates the X-modulo operation; AID is the AID of the recipient STA. BSSID is the BSSID the STA is associated with.
In a VHT PPDU that carries MPDUs addressed to an AP STA, the Partial AID parameter is set to the lower 9 bits of the BSSID.

In a VHT PPDU that carries group addressed MPDUs, the Partial AID is set to 0.

In a VHT PPDU addressed to an IBSS peer STA, the Partial AID parameter is set to 0.

In a SU VHT PPDU,  if the PPDU carries MPDUs addressed to an AP STA, the Group ID field is set to all zeros, otherwise it is set to all ones.




[10/1065r1 updated with 11/0039r0]

6.7 Sounding and Feedback Protocol

The sounding and feedback protocol is shown in Figure 21.
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Figure 21--Sounding and Feedback Protocol
The sounding feedback sequence starts with AP sending an NDP Announcement (NDPA) frame followed by an NDP (after SIFS). The NDPA identifies the first responder whose response shall follow SIFS after the NDP and may identify other STAs which will be polled subsequently. The STA identified as first by the NDPA shall send Sounding Feedback frame (SND FB) SIFS time after the NDP.

When allowed by rules in 8021.11n-2009 section 9.9.1.4 (Multiple frame transmission in an EDCA TXOP), the AP should poll all STAs in the same TXOP.
Note--Section 9.9.1.4 defines the rules that allow for sending multiple frames within a TXOP with SIFS separation. It also defines the recovery procedure in case of a missing response.

Note--in the SU case, the sequence is simply NDPA-NDP-SND FB.
If it would otherwise result in an MMPDU that exceeds the maximum MPDU size, the VHT Compressed Beamforming Report field may be split into up to TBD segments. The length of each segment shall be equal number of octets for all segments except the last, which may be smaller. 

All segments shall be sent within the same A-MPDU. [11/0041r0]

A STA shall reply to a NDPA or Poll frame with a Null feedback frame in case the STA has no feedback to send. [11/0041r0]
A STA shall send a feedback frame with the “MU type” bit in the VHT MIMO control field set to the same value as the MU/SU bit in the corresponding STA’s Info field in NDPA. [11/0053r1]

When the Feedback Type field [also known as the MU-type field in this document] is set to MU, the STA shall send a feedback with the Nc field value in the VHT MIMO Control field equal to the Nc field value in the corresponding STA Info field in the NDPA provided the Nc requested is not larger than the number of currently active receive antennas. [11/0053r1]
6.7.1 Recovery mechanism

Recovery in case of a missing response follows the rules for Multiple frame transmission in an EDCA TXOP (section 9.9.1.4 in 802.11n-2009), where the sequence NDPA-NDP-1stSND FB is a valid initial frame exchange.

An example of behavior following these rules is given below.

In case first STA does not send SND FB SIFS time after NDP and the NDPA frame exchange is the first frame exchange of a TXOP, then the AP shall terminate the transmissions of the current TXOP and proceed to exponential backoff according to the AC used for medium access to send the NDPA.

If NDPA frame exchange is not the first frame exchange of a TXOP and TXOP started with a frame that received a valid response, then the AP is allowed to access the medium PIFS after NDP and send a FB Poll frame (or any other frame).

In case STAi does not send SND FB SIFS time after a FB Poll and TXOP started with a frame that received a valid response then the AP is allowed to access the medium PIFS after current FB poll and send a FB poll to retrieve SND feedback from same or next STA1.

[10/1091r0]
6.7.2 Sounding sequence for SU-only beamformee

A beamformer shall sound a SU-only beamformee using a unicast NDPA with a single STA Info field as following

NDPA => RA = Beamformee’s MAC address

NDPA => STA Info => sounding control => STA AID = Beamformee’s AID

NDPA => STA Info => sounding control => SU/MU = SU

NDPA => STA Info => sounding control => Recommended Dimension = Invalid
A beamformer shall only poll a SU-only beamformee for sounding feedback if it received at least one segment of the feedback from the beamformee.
[11/0045r0]
6.8 Rules for using VHT PPDU

In a downlink MU PPDU, at most one A-MPDU is allowed to contain one or more MPDUs that solicit an immediate response.

[10/1092r0]
6.8a Rules for using Non-VHT PPDUs
A VHT STA that transmits a control frame carried in non-HT or non-HT duplicate format and addressed to a VHT STA and eliciting a control frame transmission or a sounding feedback management frame transmission shall set the INDICATED_CH_BANDWIDTH TXVECTOR parameter of the control frame to the same value as the CH_BANDWIDTH TXVECTOR parameter and shall set the Individual/Group bit in the TA field to 1.
[11/0037r0]
6.9 RTS/CTS for wider channels
A bit to indicate dynamic BW operation (the bit setting to 1 indicates a transmitting STA uses dynamic BW operation) is added to RTS transmissions.
Two bits to indicate available bandwidth (i.e. 20/40/80/160 MHz) are added to the RTS and CTS transmissions.
The channel width selection rules for sending CTS in response to RTS are shown in Table 12.

Table 12--Channel width selection rules for CTS on receipt of RTS
	CH_BANDWIDTH
RXVECTOR value
	CH_BANDWIDTH
TXVECTOR value

	NON_HT_CBW20
	NON_HT_CBW20 

	NON_HT_CBW40
	NON_HT_CBW20 or NON_HT_CBW40

	NON_HT_CBW80
	NON_HT_CBW20 or NON_HT_CBW40 or NON_HT_CBW80

	NON_HT_CBW160
	NON_HT_CBW20 or NON_HT_CBW40 or NON_HT_CBW80 or NON_HT_CBW160


[10/1289r2]

The RTS/CTS protocol is updated as follows.

If an initiator operates in dynamic operation mode:

Upon receiving an RTS frame and if NAV at the responder is not set, a responder shall respond with a non-HT CTS over the primary channel and may respond over the secondary channels that are indicated in the RTS and that  have been indicated idle by the PHY-CCA.indication primitive during an interval of PIFS before the RTS frame (all transmissions shall use a valid PHY mode, i.e. 20/40/80/80+80/160MHz).
[10/1289r2, updated with 10/1280r2]
If an initiator does not operate in dynamic operation mode:

Upon receiving an RTS frame, a responder shall respond with a non-HT duplicate CTS frame over all channels indicated in the RTS frame only if all secondary channels indicated in the RTS  frame have been indicated idle by at least the following condition: the PHY-CCA.indication primitive indicated idle state  during an interval of PIFS before the RTS frame. A valid PHY mode shall be used, i.e. 20/40/80/80+80/160MHz.
[10/1289r2, updated with 10/1280r2]
Upon receiving a CTS frame, an initiator shall not transmit data frames using more bandwidth than the BW indicated in the CTS frame (all transmissions shall use a valid PHY mode, i.e. 20/40/80/80+80/160MHz)
[10/1289r2]
If a VHT STA initiates a TXOP by transmitting a RTS with the Multicast/Unicast bit being set to Multicast in TA, the VHT STA shall not send a RTS to a legacy STA in the TXOP.
[11/0059r1]
6.10 VHT link adaptation

MRQ in VHT Control Field could be sent with any frame (i.e. not only with NDPA). [11/0047r0]

An SNR Feedback field is included in VHT Control Field, which is defined as 8-bit 2’s complement number, averaged over all the tones and all the space-time streams.
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If the MFB requester sends MRQ in an VHT NDP announcement frame requesting only SU-BF Feedbacks, then the MFB responder shall include the corresponding MFB and SNR feedback in the VHT Compressed Beamforming frame that is the response of the same NDP-A and NDP sequence. [11/0047r0]
6.11 Transmission of a VHT NDP

A STA shall transmits a VHT format NDP using the following TXVECTOR parameters:


—        LENGTH shall be set to 0.


—        NUM_USERS shall be set to 1.


—        GROUP ID shall be set to 63 (all ones).



—        NUM_STS shall indicate two or more space-time streams.


The number of space time streams sounded and as indicated by the NUM_STS parameter shall not exceed the value indicated in the Compressed Steering Number of Beamformer Antennas Supported field in the VHT Capability element of the STA that is the intended recipient of the VHT NDP. The NUM_STS parameter may be set to any value, subject to the constraint of the previous sentence, regardless of the value of the Supported MCS Set field of the VHT Capabilities field at either the transmitter or recipient of the NDP.


A STA shall not transmit an NDPA addressed to a STA or broadcast and including a STA’s AID in one of the STA Info fields in the frame unless it has received from that STA a VHT Capability element where the last VHT Capability element received has the SU Beamformee Capability field set to 1 or the MU Rx Capability field is set to 1 or both fields set to 1.

[11/0049r0]
6.12 Security

GCMP is not required at VHT rates. The following edits are required (based on REVmb D6.0):
Editor: add the following text to the end of the 3rd paragraph of  REVmb D6.0 11.4.3 RSNA policy selection in an ESS

Within an ESS, A VHT STA shall eliminate TKIP and GCMP as choices for the pairwise cipher suite if CCMP is advertised by the AP or if the AP included either an HT Capabilities element or a VHT Capabilities element in its Beacon and Probe Response frames. The elimination of TKIP and GCMP as choices for the pairwise cipher suite may result in a lack of overlap of the remaining pairwise cipher suite choices, in which case the VHT STA shall decline to create an RSN association with that AP.

Editor: add the following text after the 3rd paragraph of REVmb D6.0 11.4.5 RSNA policy selection in an IBSS and for DLS:

A VHT STA that is in an IBSS or that is transmitting frames through a direct link shall eliminate TKIP and GCMP as choices for the pairwise cipher suite if CCMP is advertised by the other STA or if the other STA included either an HT Capabilities element or a VHT Capabilities element in any of its Beacon, Probe Response, DLS Request, or DLS Response messages.

NOTE—The elimination of TKIP and GCMP as choices for the pairwise cipher suite might result in a lack of overlap of the remaining pairwise cipher suites choices, in which case the STAs will not exchange encrypted frames.
[11/0025r2]
6.13 NAV
A VHT STA shall update its NAV using the Duration/ID field value in any frame received in a 20 MHz PPDU in the primary 20 MHz channel or received in a 40 MHz PPDU in the primary 40 MHz channel or received in a 80MHz PPDU in the primary 80 MHz channel or received in a 160 MHz or 80+80 MHz PPDU and that does not have an RA matching the STA’s MAC address.
NOTE—A STA need not set its NAV in response to 20/40/80 MHz frames received on any channel that is not or does not include the primary channel, even if it is capable of receiving those frames.
[11/0036r0]
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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 of 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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