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1. Definitions and acronyms 

1.1 Acronyms

	DL
	Downlink

	DMG
	Directional Multi-Gigabit

	EDMG
	Enhanced DMG


1.2 Definitions

enhanced directional multi-gigabit (EDMG) basic service set (BSS): A BSS in which a DMG Beacon frame transmitted by an EDMG station (STA) includes the EDMG Capabilities element.

enhanced directional multi-gigabit (EDMG) station (STA): A directional multi-gigabit (DMG) STA whose radio transmitter is capable of transmitting and receiving EDMG physical layer (PHY) protocol data units (PPDUs).

2. Frame formats
2.1 DMG Beacon

A EDMG Supported field shall be defined by using one reserved bit from the DMG Parameters field. An EDMG STA shall set the EDMG Supported field to 1.
2.2 Control frames

The 11ay specification shall define a generic MAC control frame that includes, but is not limited to, at least one of the following: SU/MU MIMO setup, channel aggregation and OFDMA. The generic MAC control frame will be signaled by the control frame extension.

2.2.1 Block Ack

The size of the Block Ack window bitmap for EDMG STAs shall be 1024 bits.
The EDMG Multi-TID BlockAck variant is indicated by setting the BA Type subfield of the BA Control field as shown in Table 1.

Table 1 —BlockAck frame variant encoding

	BA Type

(B1 B2 B3 B4)
	BlockAck frame variant

	1110
	EDMG Multi-TID BlockAck


2.2.1.1 EDMG Multi-TID BlockAck variant

The EDMG Multi-TID BlockAck variant has the format shown in Figure 1.

	Octets:
	2
	2
	6
	6
	2
	144
	2
	4

	
	Frame Control
	Duration/ID
	RA
	TA
	BA Control
	BA Information
	ACK Bitmap
	FCS


Figure 1 —EDMG Multi-TID BlockAck variant definition

The BA Control field is formatted as indicated in Figure 2.

	
	B0
	B1
	B2
	B3
	B4         B11
	B12
	B13       B15

	
	BA ACK Policy
	Multi-TID
	Compressed Bitmap
	GCR
	Reserved
	Management ACK
	Reserved

	Bits:
	1
	1
	1
	1
	8
	1
	3


Figure 2 —BA Control field definition

The Management ACK field is set to one to indicate that the Management frame is acknowledged. Otherwise, it is set to zero.

The BA Information field is a concatenation of eight Per-TID BA Information subfields, one per TID. The Per-TID BA Information subfield is formatted as indicated in Figure 3.

	Octets:
	2
	16

	
	BlockAck Starting Sequence Control
	BlockAck Bitmap


Figure 3 —Per-TID BA Information subfield definition

The BlockAck Starting Sequence Control subfield is defined in Figure 4.

	
	B0     B3
	B4                                      B15

	
	TID
	BA Starting Sequence Number

	Bits:
	4
	12


Figure 4 —BlockAck Starting Sequence Control subfield definition

2.3 Information elements
The EDMG Capability element shall include the antenna polarization capability of the EDMG STA. The specific content of the antenna polarization capability is TBD.

The Directional Channel Quality Request and Report frames shall be modified to support:

· Request and report for measurements on multiple channels, and

· Measurements reports averaged over multiple channels
2.4 MIMO

An EDMG STA may transmit a “MIMO Setup frame” (e.g., RTS or DMG CTS-to-self) prior to the transmission of a SU or MU MIMO PPDU. The “MIMO Setup frame” indicates the destination STA(s) addressed by the PPDU.

A “MIMO Setup frame” (e.g., RTS) transmission may trigger a response (e.g., DMG CTS or Ack) from destination STA(s).

3. MAC sublayer
3.1 Channel access
To enable backward compatibility with non-EDMG STAs, in an EDMG BSS the BTI, A-BFT and ATI is always present on the primary channel of the BSS. The channel width of the primary channel of an EDMG BSS is 2.16 GHz.

3.1.1 Control trailer

A Control Trailer may be used in Control mode PPDUs to provide additional control signaling such as bandwidth information in RTS and DMG CTS frames. An EDMG STA shall set the TXVECTOR parameter CONTROL_TRAILER to Present to indicate the presence of the control trailer in a control mode PPDU. The control trailer is defined in 6.2.7.
3.1.2 Channel access over multiple channels

When using multiple channels, the following apply:

· Full carrier sense (physical and virtual) shall be maintained on a primary channel.
· An EDMG STA may transmit a frame to a peer EDMG STA to indicate intent to perform channel bonding transmission to the peer STA. This allows an EDMG STA to choose to operate over multiple channels only after receiving such a frame, thus saving power.

The 11ay specification supports that, when using multiple channels, a PCP or an AP can simultaneously transmit to multiple STAs allocated to different channels individually.
The 11ay specification shall support allocation of SP(s) and scheduled CBAP(s) over more than one channel and over a bonded channel. These allocations do not have to include the primary channel.  When allocations over different channels overlap in time, the source and destination of such allocations shall be different. Channels used for such allocations shall be limited to the operating channels of the BSS.
3.1.3 MIMO channel access

An EDMG STA may transmit a frame to one or more EDMG STAs to indicate a target time in which the transmitting STA intends to contend for the channel to send a MIMO PPDU to the STA(s).

3.2 DMG beamforming
The 11ay SLS beamforming protocol shall enable feedback of one or more sectors per TX and RX antenna.

The 11ay beamforming protocol shall enable TX and RX training using the same BRP frame.

The 11ay beamforming protocol shall enable simultaneous BF training of transmit DMG antennas.

The 11ay beamforming protocol shall support simultaneous RX antenna training.
The 11ay beamforming protocol shall provide the means to enable TX sector down selection as part of beamforming training.

The 11ay beamforming protocol shall support, for STAs with antenna pattern reciprocity, RX sector down selection as part of beamforming training.

The 11ay beamforming protocol shall support a mode of operation in which, in a single phase, the initiator trains its transmit antennas/sectors and multiple responders train their receive antennas/sectors.

The 11ay beamforming protocol supports multi-beamforming for multiple array antennas. Multi-beamforming means that a transmitter simultaneously sends SSW frames in multiple polarized directions. 11ay provides the means of multi-beamforming capability exchange in which the initiator and responders exchange the information on whether they have the capability of multi-beamforming.
An EDMG STA shall not transmit a Short SSW packet to another STA that is not also an EDMG STA.
For SLS using Short SSW frames, LBIFS is equal to 2×TXTIME(Short SSW) + 3×SBIFS.  An EDMG STA performing an SLS using Short SSW frames shall increase the value of the CDOWN field within the Short SSW frame by two for each LBIFS contained as part of a sector sweep.
A-BFT

The 11ay beamforming protocol should support simultaneous multi-STA RSS over multiple channels during the A-BFT.
The 11ay beamforming protocol shall support dynamic load balancing in A-BFT by providing means to adjust necessary parameters (e.g., RSSBackoff or/and RSSRetryLimit).

3.3 SU MIMO beamforming

BF for SU MIMO comprises the following phases:

· SLS:  Coarse BF training to allow TX sector down selection for Initiator and Responder including feedback with candidate sectors.

· TX-RX Sector/Antenna Mapping:  BF transining of RX sectors/antennas/RF chains for each of the candidate TX sectors to determine best TX-RX configuration for SU MIMO.

· Others:  TBD

3.4 MU MIMO beamforming

BF for MU-MIMO supports training of more STAs, including collecting their feedback, than the number of STAs transmitted to in each MU-MIMO transmission.
4. MLME
4.1 Spatial reuse and interference mitigation

11ay shall provide means to extend the DMG spatial sharing mechanism for operation in a multi-channel configuration.
The EDMG spatial sharing mechanism shall enable an EDMG STA to perform concurrent measurements employing multiple RX antenna configurations as are used for receiving multiple streams from the target EDMG STA based on the same measurement configuration.
5. Security
An EDMG STA may include the Authentication IE within Management and Extension frames during discovery and association phase to parallelize the pre-shared key based authentication and key generation, and speed up the process of authentication and association.

6. EDMG PHY

6.1 General
The 11ay specification shall support:

· SU-MIMO

· Downlink MU-MIMO

· Channel bonding of at least two 2.16 GHz
· Contiguous and non-contiguous channel aggregation of no more than two 2.16 GHz channels or two 4.32 GHz channels
· A 64-point non-uniform constellation
For MIMO transmissions, the 11ay specification shall enable transmit diversity schemes, including Alamouti code, for both SC and OFDM modulations.
11ay shall enable both SC and OFDM modulations for SU-MIMO and MU-MIMO data transmission.
The 11ay specification shall support SU-MIMO with predetermined and/or no precoding matrices.

11ay supports channel-wise DL OFDMA. This means that in a bonded channel, a PCP or AP can simultaneously transmit to multiple STAs allocated to different frequency resources in the unit of one channel bandwidth.
6.2 Common parameters

6.2.1 Introduction

6.2.2 EDMG PPDU format
A single PPDU format is defined for all EDMG PHYs: the EDMG PPDU format. Figure 5 shows the EDMG PPDU format and all possible fields. Not all fields are transmitted in an EDMG PPDU. Fields are included depending on whether the PPDU is a SU PPDU or is a MU PPDU.

	L-STF
	L-CEF
	L-Header
	EDMG-Header-A
	EDMG-STF
	EDMG-CEF
	EDMG-Header-B
	Data
	AGC
	TRN


Figure 5 —EDMG PPDU format
The fields of the EDMG PPDU format are summarized in Table 2.

Table 2 —Fields of the EDMG PPDU
	Field
	Description

	L-STF
	Non-EDMG Short Training field

	L-CEF
	Non-EDMG Channel Estimation field

	L-Header
	Non-EDMG Header field

	EDMG-Header-A
	EDMG Header A field

	EDMG-STF
	EDMG Short Training field

	EDMG-CEF
	EDMG Channel Estimation field

	EDMG-Header-B
	EDMG Header B field

	Data
	The Data field carriers the PSDU(s)

	AGC
	Automatic Gain Control field

	TRN
	Training sequences field


The EDMG-Header-A, EDMG-STF, EDMG-CEF and EDMG-Header-B fields exist only in EDMG PPDUs.

6.2.3 EDMG preamble
6.2.3.1 Introduction

6.2.3.2 Non-EDMG portion of EDMG format preamble
Cyclic shift for pre-EDMG modulated fields
For SC MIMO transmissions, the 11ay specification shall support a preamble structure with cyclic shift. A cyclic shift value 
[image: image1.wmf]i

SC

T

 is used for the L-STF, L-CEF, L-Header and EDMG-Header-A fields of the PPDU for stream i out of a total of N streams, where 1 ≤ i ≤ N. 
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 is defined in SC chip units at 1.76 GHz for single channel or multiple channels transmission. 
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 shall be inserted after EDMG-Header-A. The particular 
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 value for each configuration is TBD.
Figure 6 shows the use of the cyclic prefix for the case of two streams and single channel transmission. Figure 7 shows the use of the cyclic prefix for the case of two streams and two channel bonding transmission. This approach is applicable to any number of streams and channels. 
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Figure 6 —Preamble structure with cyclic shift for two streams and single channel
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Figure 7 — Preamble structure with cyclic shift for two streams and two channel bonding

L-Header definition
The structure of the L-Header field is defined as follows:

· For a control mode PPDU, the L-Header field is the same as the DMG control mode header field (see Table 20-11) with the following change: the reserved bits 22 and 23 shall be both set to 1. In this case, the Scrambler Initialization field in the L-Header is defined as shown in Table 3.
· For a SC mode PPDU or an OFDM mode PPDU, the L-Header field is the same as the DMG SC mode PHY header (see Table 20-17) with the following change: the reserved bit 46 shall be set to 1 to indicate the presence of the EDMG-Header-A field. This implies that the PPDU is an EDMG SC or OFDM PPDU, respectively.
Table 3 —Definition of Scrambler Initialization field when transmitted using the control mode

	Bit field
	Definition

	B0
	B1
	B2
	B3
	

	0
	0
	Reserved
	Reserved
	Indicates the presence of the control trailer (see 6.2.7).

	0
	1
	Reserved
	Reserved
	Indicates the presence of the EDMG-Header-A field. This implies that the PPDU is an EDMG control mode PPDU.

	1
	Channel BW
	When the PPDU contains an RTS or DMG CTS frame, the Channel BW field indicates the bandwidth of the PPDU. Otherwise, the Channel BW field is reserved.


6.2.3.3 EDMG portion of EDMG format preamble

General
An EDMG STA shall be able to determine the primary channel and occupied bandwidth from any EDMG PPDU it receives.
6.2.3.3.1 EDMG-Header-A definition

The EDMG-Header-A field carries information required to interpret EDMG PPDUs. The structure of the EDMG-Header-A field for an EDMG SU PPDU is shown in Table 4. The structure of the EDMG-Header-A field for an EDMG MU PPDU is shown in Table 5.

Table 4 —EDMG-Header-A field structure and definition for a SU PPDU

	Field
	Number of bits
	Start bit
	Description

	SU/MU Format
	1
	0
	Indicates whether the PPDU is a SU PPDU or a MU PPDU. Set to 0 to indicate a SU PPDU and set to 1 otherwise.

	Channel Aggregation
	1
	1
	Set to 0 for a channel bonding or single 2.16 GHz channel PPDU. Set to 1 for a channel aggregation PPDU.

	BW
	8
	2
	Indicates the bandwidth of the PPDU. If a bit is set to 1, it indicates that the corresponding channel is used for the PPDU transmission. Bit 0 corresponds to channel 1, bit 1 corresponds to channel 2, and so on.

	Primary Channel Number
	3
	10
	Contains the 3 LSBs of the primary channel number of the BSS minus one

	GI/CP Length
	2
	13
	

	Beamformed
	1
	15
	

	Short/Long LDPC
	1
	16
	

	EDMG-MCS
	
	
	

	PSDU Length
	22
	
	

	Number of SS
	
	
	Number of SSs transmitted to the STA. Value 0 is reserved.

	Reserved
	
	
	

	CRC
	16
	112
	


Table 5 —EDMG-Header-A field structure and definition for a MU PPDU

	Field
	Number of bits
	Start bit
	Description

	SU/MU Format
	1
	0
	Indicates whether the PPDU is a SU PPDU or a MU PPDU. Set to 0 to indicate a SU PPDU and set to 1 otherwise.

	Channel Aggregation
	1
	1
	Set to 0 for a channel bonding or single 2.16 GHz channel PPDU. Set to 1 for a channel aggregation PPDU.

	BW
	8
	2
	Indicates the bandwidth of the PPDU. If a bit is set to 1, it indicates that the corresponding channel is used for the PPDU transmission. Bit 0 corresponds to channel 1, bit 1 corresponds to channel 2, and so on.

	Primary Channel Number
	3
	10
	Contains the 3 LSBs of the primary channel number of the BSS minus one

	GI/CP Length
	2
	13
	

	Beamformed
	1
	15
	

	Short/Long LDPC
	1
	16
	

	SS Descriptor Set 0
	
	
	Describes the SS assignment to the first STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 1
	
	
	Describes the SS assignment to the second STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 2
	
	
	Describes the SS assignment to the third STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 3
	
	
	Describes the SS assignment to the fourth STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 4
	
	
	Describes the SS assignment to the fifth STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 5
	
	
	Describes the SS assignment to the sixth STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 6
	
	
	Describes the SS assignment to the seventh STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	SS Descriptor Set 7
	
	
	Describes the SS assignment to the eight STA addressed within the MU PPDU. This field is formatted as described in Table 6.

	Reserved
	
	
	

	CRC
	16
	112
	


The SS Descriptor Set field is defined in Table 6.
Table 6 —SS Descriptor Set field

	
	AID
	

	Bits
	8
	


The AID subfield indicates the AID of a STA addressed by an MPDU contained within the MU PPDU. 

The EDMG-Header-A field is two DMG SC symbols long comprising of 112 data bits followed by a 16 bit CRC. The EDMG-Header-A field is transmitted as follows:

· The CRC is the same CRC as that of the L-Header field (see 6.2.3.2.2).

· The first 64 bits and the second 64 bits are each encoded and modulated as specified in steps 1-5 in 20.6.3.1.4. Restricting to steps 1-5 means that the symbol is not duplicated to the second symbol as in the DMG PHY. 

· GI is added after each SC block as in the DMG SC mode.

The EDMG-Header-A generation process is illustrated in Figure 8.
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Figure 8 —EDMG-Header-A generation

6.2.3.3.2 EDMG-STF definition

6.2.3.3.2.1 General
The structure of the EDMG-STF field depends on the number of contiguous 2.16 GHz channels over which an EDMG PPDU is transmitted and the index i of the ith spatial stream.

For single spatial stream EDMG PPDU transmissions using the EDMG SC mode over a single 2.16 GHz channel, the EDMG-STF field is not present.

For EDMG SC transmissions, the EDMG-STF field shall be modulated using π/2-BPSK.
6.2.3.3.2.2 Definition

For EDMG SC transmissions using a single 2.16 GHz channel, the EDMG-STF field is comprised of multiple (TBD) repetitions of the sequence shown in Figure 9.
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Figure 9 —EDMG-STF sequence for single 2.16 GHz channel

For EDMG SC transmissions using two 2.16 GHz channel bonding, the EDMG-STF field is comprised of multiple (TBD) repetitions of the sequence shown in Figure 10. 
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Figure 10 —EDMG-STF sequence for two 2.16 GHz channel bonding

For EDMG SC transmissions using four 2.16 GHz channel bonding, the EDMG-STF field is comprised of multiple (TBD) repetitions of the sequence shown in Figure 11. 
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Figure 11 —EDMG-STF sequence for four 2.16 GHz channel bonding

6.2.3.3.3 EDMG-CEF definition

6.2.3.3.3.1 General

The structure of the EDMG-CEF field depends on the number of contiguous 2.16 GHz channels over which an EDMG PPDU is transmitted and the number, i, of spatial streams.

For single spatial stream EDMG PPDU transmissions using the EDMG SC mode over a single 2.16 GHz channel, the EDMG-CEF field is not present.

For EDMG SC transmissions, the EDMG-CEF field shall be modulated using π/2-BPSK.
The pairs of Golay complementary sequences (Gai128, Gbi128), (Gai256, Gbi256), and (Gai512, Gbi512) used in the definition of the EDMG-CEF field for different spatial streams are specified in section 6.7.

6.2.3.3.3.2 Single spatial stream (i = 1)

For single spatial stream EDMG PPDU transmissions using the EDMG SC mode with two 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 12, where:

· Gui1024 = [-Gbi256 –Gai256 Gbi256 –Gai256], for i=1

· Gvi1024 = [-Gbi256 Gai256 –Gbi256 –Gai256], for i=1
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Figure 12 —EDMG-CEF field for two 2.16 GHz channel bonding and single spatial stream

For single spatial stream EDMG PPDU transmissions using the EDMG SC mode with four 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 13, where:

· Gui2048 = [-Gbi512 –Gai512 Gbi512 –Gai512], for i=1

· Gvi2048 = [-Gbi512 Gai512 –Gbi512 –Gai512], for i=1
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Figure 13 —EDMG-CEF field for four 2.16 GHz channel bonding and single spatial stream

For two channel bonding, the GI is the sequence Ga128. For four 2.16 GHz channel bonding, the GI is the sequence Ga256.

6.2.3.3.3.3 Two spatial streams (i = 2)

For two spatial streams EDMG PPDU transmissions using the EDMG SC mode over a single 2.16 GHz channel, the EDMG-CEF field is defined in Figure 14 where:

· Gui512 = [-Gbi128 –Gai128 Gbi128 –Gai128], for i = 1, 2

· Gvi512 = [-Gbi128 Gai128 –Gbi128 –Gai128], for i = 1, 2
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Figure 14 —EDMG-CEF field for single 2.16 GHz channel and two spatial streams

For two spatial streams EDMG PPDU transmissions using the EDMG SC mode with two 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 15 where:

· Gui1024 = [-Gbi256 –Gai256 Gbi256 –Gai256], for i = 1, 2

· Gvi1024 = [-Gbi256 Gai256 –Gbi256 –Gai256], for i = 1, 2
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Figure 15 —EDMG-CEF field for two 2.16 GHz channel bonding and two spatial streams

For two spatial streams EDMG PPDU transmissions using the EDMG SC mode with four 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 16 where:

· Gui2048 = [-Gbi512 –Gai512 Gbi512 –Gai512], for i = 1, 2

· Gvi2048 = [-Gbi512 Gai512 –Gbi512 –Gai512], for i = 1, 2
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Figure 16 —EDMG-CEF field for four 2.16 GHz channel bonding and two spatial streams

6.2.3.3.3.4 Three and four spatial streams (i = 3, 4)

For three and four spatial streams EDMG PPDU transmissions using the EDMG SC mode over a single 2.16 GHz channel, the EDMG-CEF field is defined in Figure 17 where:

· Gui512 = [-Gbi128 –Gai128 Gbi128 –Gai128], for i = 1, 2, 3, 4

· Gvi512 = [-Gbi128 Gai128 –Gbi128 –Gai128], for i = 1, 2, 3, 4


[image: image16.emf]Gu

1

512

i = 1

i = 2

Gv

1

512

-Gb

1

128

Gu

2

512

Gv

2

512

-Gb

2

128

2304 * Tc

Gu

1

512

Gv

1

512

-Gb

1

128

Gu

2

512

Gv

2

512

-Gb

2

128

Gu

3

512

i = 3

i = 4

Gv

3

512

-Gb

3

128

Gu

4

512

Gv

4

512

-Gb

4

128

-Gu

3

512

-Gv

3

512

Gb

3

128

-Gu

4

512

-Gv

4

512

Gb

4

128


Figure 17 —EDMG-CEF field for single 2.16 GHz channel, and three and four spatial streams

For three and four spatial streams EDMG PPDU transmissions using the EDMG SC mode with two 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 18 where:

· Gui1024 = [-Gbi256 –Gai256 Gbi256 –Gai256], for i = 1, 2, 3, 4

· Gvi1024 = [-Gbi256 Gai256 –Gbi256 –Gai256], for i = 1, 2, 3, 4
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Figure 18 —EDMG-CEF field for two 2.16 GHz channel bonding, and three and four spatial streams

For three and four spatial streams EDMG PPDU transmissions using the EDMG SC mode with four 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 19 where:

· Gui2048 = [-Gbi512 –Gai512 Gbi512 –Gai512], for i = 1, 2, 3, 4

· Gvi2048 = [-Gbi512 Gai512 –Gbi512 –Gai512], for i = 1, 2, 3, 4
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Figure 19 —EDMG-CEF field for four 2.16 GHz channel bonding, and three and four spatial streams

In case of a three spatial stream EDMG PPDU transmission, the signal corresponding for the fourth (i = 4) stream shall not be transmitted.

6.2.3.3.3.5 Five and greater spatial streams (i = 5, 6, 7, 8)

For five, six, seven and eight spatial streams EDMG PPDU transmissions using the EDMG SC mode over a single 2.16 GHz channel, the EDMG-CEF field is defined in Figure 20 where:

· Gui512 = [-Gbi128 –Gai128 Gbi128 –Gai128], for i = 1, 2, 3, 4, 5, 6, 7, 8

· Gvi512 = [-Gbi128 Gai128 –Gbi128 –Gai128], for i = 1, 2, 3, 4, 5, 6, 7, 8
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Figure 20 —EDMG-CEF field for single 2.16 GHz channel, and five, six, seven and eight spatial streams

For five, six, seven and eight spatial streams EDMG PPDU transmissions using the EDMG SC mode with two 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 21 where:

· Gui1024 = [-Gbi256 –Gai256 Gbi256 –Gai256], for i = 1, 2, 3, 4, 5, 6, 7, 8

· Gvi1024 = [-Gbi256 Gai256 –Gbi256 –Gai256], for i = 1, 2, 3, 4, 5, 6, 7, 8
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Figure 21 —EDMG-CEF field for two 2.16 GHz channel bonding, and five, six, seven and eight spatial streams

For five, six, seven and eight spatial streams EDMG PPDU transmissions using the EDMG SC mode with four 2.16 GHz channel bonding, the EDMG-CEF field is defined in Figure 22 where:

· Gui2048 = [-Gbi512 –Gai512 Gbi512 –Gai512], for i = 1, 2, 3, 4, 5, 6, 7, 8

· Gvi2048 = [-Gbi512 Gai512 –Gbi512 –Gai512], for i = 1, 2, 3, 4, 5, 6, 7, 8
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Figure 22 —EDMG-CEF field for four 2.16 GHz channel bonding, and five, six, seven and eight spatial streams

In case of a five, six, and seven spatial stream EDMG PPDU transmission, only the signals corresponding to the appropriate number of streams shall be transmitted and the remaining signals shall not be transmitted.

6.2.3.3.4 EDMG-Header-B definition

6.2.3.3.4.1 General
The EDMG-Header-B is transmitted only in EDMG MU PPDUs and on a per STA basis. The EDMG-Header-B field is defined in Table 7.
Table 7 —EDMG-Header-B field structure and definition

	Field
	Number of bits
	Start bit
	Description

	Scrambler Seed
	7
	0
	

	PSDU Length
	22
	7
	Number of data octets in the PSDU.

	EDMG-MCS
	TBD
	29
	

	Reserved
	64-(29+TBD)
	29+TBD
	


6.2.3.3.4.2 Encoding in a EDMG SC mode PPDU

The EDMG-Header-B shall be encoded as follows:

· Definitions

· Let b = (b1, b2, …, b64), where b1, b2, …, b64 represent the input bits from the EDMG-Header-B

· Let q = (01, 02, …, 07, s1, s2, …, s57), where s1, s2, …, s57 represent the first 57 bits at the output of the scrambler with initial seed value (b1, b2, …, b7)

· Let:
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 LISTNUM STDS_EQ \* MERGEFORMAT 
where:

· s1, s2, …, sN represent the output of the scrambler with initial seed value (11, 12, …, 17)
· i represents the number of space time streams

· Steps

· XOR each corresponding bit of vector b and vector q to generate vector bq
· Given an LDPC codeword (bq1, bq2, …, bq64, 01, 02, …, 0440, p1, p2, …, p168) generated as defined in 20.3.8, generate c = (c1, c2) as:

· c1 = (bq1, bq2, …, bq64, p1, p2, …, p160)
· c2 = (bq1, bq2, …, bq64, p1, p2, …, p152,  p161, p162, …, p168)
· Generate one codeword, csi, for each space time stream i belonging to a STA addressed in the PPDU by XORing each corresponding bit of vector c and vector si to generate csi
Following encoding, the EDMG-Header-B shall be modulated as follows:

· Each codeword csi is modulated using π/2-BPSK modulation. This creates a SC symbol block, blki, of length 448 chips for the ith stream
· Each block blki is prepended with a guard interval which shall be a π/2 rotated Golay sequence. The length of the Golay sequence depends on the bandwidth of the PPDU. For a PPDU transmitted over a NCB × 2.16 GHz channel, where 1 ≤ NCB ≤ 4, the resulting SC symbol block for the ith space time stream is defined as:

· [Gai64, blki] for NCB = 1

· [Gai128, blki, blki] for NCB = 2

· [Gai192, blki, blki, blki] for NCB = 3

· [Gai256, blki, blki, blki, blki] for NCB = 4

6.2.4 Channelization
The channelization used by EDMG STAs is shown in Figure 23. 
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Figure 23 —Channelization used by EDMG STAs
When using 2.16 GHz channels, an EDMG STA uses channels defined in 20.3.1. Therefore, an EDMG STA supports channel number 2.

When using 4.32 GHz channels, an EDMG STA uses channels that have the following relationship between center frequency and channel number:

Channel center frequency = Channel starting frequency + (Channel spacing/2) × (Channel number mod 8) 



+ 1.08 (GHz)

where channel starting frequency, channel spacing and channel number are as defined in Annex E. An EDMG STA shall support channel number 9.

When using 6.48 GHz channels, an EDMG STA uses channels that have the following relationship between center frequency and channel number:

Channel center frequency = Channel starting frequency + (Channel spacing/3) × (Channel number mod 16) 



+ 2.16 (GHz)

where channel starting frequency, channel spacing and channel number are as defined in Annex E.

When using 8.64 GHz channels, an EDMG STA uses channels that have the following relationship between center frequency and channel number:

Channel center frequency = Channel starting frequency + (Channel spacing/4) × (Channel number mod 24) 



+ 3.24 (GHz)

where channel starting frequency, channel spacing and channel number are as defined in Annex E.
The circumstances in which a channel can be used in a regulatory domain is determined by local regulatory rules and any additional rules prescribed by the 11ay specification.
6.2.5 Transmit mask

6.2.6 LDPC parity matrices

6.2.6.1 General

An LDPC codeword of size equal to 1344 bits is defined through the use of lifting matrices. A lifting matrix acts on the code matrix to generate a larger matrix as follows:
· A ‘0’ in the lifting matrix acts on the Z×Z cyclic-permutation matrix Pi in the code matrix (at the same location) to create the 2Z×2Z matrix:

	i
	-1

	-1
	i


· A ‘1’ in the lifting matrix acts on the Z×Z cyclic-permutation matrix Pi in the code matrix (at the same location) to create the 2Z×2Z matrix:

	-1
	i

	i
	-1


· A ‘-1’ in the lifting matrix acts on the Z×Z zero matrix in the code matrix to create the 2Z×2Z zero matrix.

NOTE—The cyclic-permutation matrix Pi is defined in 20.3.8.

6.2.6.2 Rate-1/2 LDPC code matrix for generating 1344 bits codeword
The lifting matrix in Table 8 is applied to the rate-1/2 LDPC code matrix specified in Table 20-6.
Table 8 —Rate-1/2 lifting matrix

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

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

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

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

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

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

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

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


6.2.6.3 Rate-5/8 LDPC code matrix for generating 1344 bits codeword
The lifting matrix in Table 9 is applied to the rate-5/8 LDPC code matrix specified in Table 20-7.
Table 9 —Rate-5/8 lifting matrix

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

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

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

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

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

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


6.2.6.4 Rate-3/4 LDPC code matrix for generating 1344 bits codeword
The lifting matrix in Table 10 is applied to the rate-3/4 LDPC code matrix specified in Table 20-8.
Table 10 —Rate-3/4 lifting matrix

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

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

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

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


6.2.6.5 Rate-13/16 LDPC code matrix for generating 1344 bits codeword
The lifting matrix in Table 11 is applied to the rate-13/16 LDPC code matrix specified in Table 20-9.
Table 11 —Rate-13/16 lifting matrix

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

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

	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0


Control trailer

A control trailer may be inserted in a control mode PPDU immediately following the Data field of the PPDU. The control trailer is one LDPC codeword with 18 data octets and 21 parity octets. The control trailer is added after the Data field of a control mode PPDU, using and continuing the control mode modulation and encoding.

To indicate the presence of a control trailer in a control mode PPDU, the Scrambler Initialization field in the L-Header shall be set as indicated in Table 3 and the value of the Training Length field in the L-Header shall be set to a value greater than or equal to 2. If the value of the Training Length field is equal to 2, the control trailer takes the place of the AGC and TRN fields following the Data field. If the value of the Training Length field is greater than 2, the AGC and TRN fields are appended after the control trailer. The format of the control trailer is indicated in Table 12.

Table 12 —Control trailer definition

	Field
	Number of bits
	Start bit
	Description

	Channel Aggregation
	1
	1
	Set to 0 for a channel bonding or single 2.16 GHz channel PPDU. Set to 1 for a channel aggregation PPDU.

	BW
	8
	2
	Indicates the bandwidth of the PPDU. If a bit is set to 1, it indicates that the corresponding channel is used for the PPDU transmission. Bit 0 corresponds to channel 1, bit 1 corresponds to channel 2, and so on.

	Primary Channel Number
	3
	10
	Contains the 3 LSBs of the primary channel number of the BSS minus one

	Reserved
	132
	13
	


6.3 EDMG control PHY

6.4 EDMG SC PHY

6.5 EDMG OFDM PHY
When using the EDMG OFDM mode, the 11ay specification shall define SU EDMG PPDU transmission with and without phase hopping. An EDMG STA may support transmission and reception of SU EDMG PPDU with phase hopping. In this mechanism, the following apply:

· Precoding may be used and

· The period of phase hopping is TBD
For OFDM MIMO transmissions with two spatial streams, the 11ay specification shall enable space-frequency diversity scheme using SQPSK DCM modulation with subcarriers mapping shown in Figure 24.
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Figure 24 —Subcarrier mapping of SQPSK DCM

6.6 EDMG Beamforming

Short SSW packet

The format of the Short SSW packet is shown in Figure 25 and its fields are defined in Table 13.
	
	Packet Type
	Addressing
	CDOWN
	RF Chain ID
	Short SSW Feedback
	Direction
	Reserved
	FCS

	Bits
	2
	16
	11
	2
	11
	1
	1
	4


Figure 25  - Short SSW packet format

Table 13  - Short SSW field definition

	Field
	Definition

	Packet Type
	Indicates the type of the packet. Possible values: 
0: Short SSW

1-3: Reserved

	Addressing
	The format is TBD.

	CDOWN
	A down-counter indicating the number of remaining Short SSW packet transmissions and LBIFSs to the end of the TXSS/RXSS across all antennas. This field is set to 0 in the last Short SSW packet transmission.

	RF Chain ID
	Identifies the RF chain the transmitter is currently using for this transmission.

	Short SSW Feedback
	In a RSS, contains the value of the CDOWN field of the Short SSW packet that was received with best quality in the immediately preceding sector sweep. The determination of which packet was received with best quality is implementation dependent. This field is reserved when transmitted as part of an ISS.

	Direction
	Indicates the direction of the transmission. The Direction field is set to 0 to indicate that the frame is transmitted by the beamforming initiator and set to 1 to indicate that the frame is transmitted by the beamforming responder.

	FCS
	The four MSBs of the FCS


Golay sequences
Additional pairs of complementary sequences are defined for the EDMG PHY using the procedure and notation specified in 20.11. These sequences are used in the EDMG-STF, EDMG-CEF, in the EDMG SC guard interval of an EDMG PPDU transmitted in the following modes or combinations thereof: SU, MU, one or more streams, single channel, and channel bonding of two or four channels.

The value of the DK vector for each of the EDMG sequences are as follows:

· For Gai128 and Gbi128: DK = [1 8 2 4 16 32 64]

· For Gai256 and Gbi256: DK = [1 8 2 4 16 32 64 128] 

· For Gai512 and Gbi512: DK = [1 8 2 4 16 32 64 128 256]

As opposed to the DK vector, the value of the WK vector depends on the spatial stream number used to define the Golay pair (Gai, Gbi) for ith stream. Table 14 shows the value of the WK vector defined for each spatial stream and corresponding sequence length.

Table 14 —WK vector value to generate Golay sequences

	Spatial stream number
	WK vector for 128 sequence length
	WK vector for 256 sequence length
	WK vector for 512 sequence length

	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]

	2
	[+1,-1,-1,-1,+1,-1,-1]
	[+1,-1,-1,-1,+1,-1,-1,+1]
	[+1,-1,-1,-1,+1,-1,-1,+1,+1]

	3
	[-1,-1,-1,+1,-1,-1,+1]
	[-1, -1, -1,+1,-1,-1,+1,-1]
	[-1,-1,-1,-1,-1,-1,-1,-1,-1]

	4
	[+1,-1,-1,+1,-1,-1,+1]
	[+1, -1, -1,+1,-1,-1,+1,-1]
	[+1,-1,-1,-1,-1,-1,-1,-1,-1]

	5
	[-1,-1,-1,+1,-1,+1,+1]
	[-1,-1,-1,+1,-1,+1,+1,-1]
	[-1,-1,-1,-1,-1,+1,-1,-1,-1]

	6
	[+1,-1,-1,+1,-1,+1,+1]
	[+1,-1,-1,+1,-1,+1,+1,-1]
	[+1,-1,-1,-1,-1,+1,-1,-1,-1]

	7
	[-1,-1,-1,+1,+1,+1,-1]
	[-1,-1,-1,+1,+1,+1,-1,-1]
	[-1,-1,-1,-1,+1,-1,-1,-1,+1]

	8
	[+1,-1,-1,+1,+1,+1,-1]
	[+1,-1,-1,+1,+1,+1,-1,-1]
	[+1,-1,-1,-1,+1,-1,-1,-1,+1]


Annex E 
(normative)
Country elements and operating classes

	3538-127
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved


Change Table E-1 as follows

	19
	181
	56.16
	4320
	9-11
	-
	-

	20
	182
	56.16
	6480
	17-18
	-
	-

	21
	183
	56.16
	8640
	25
	
	

	1922-127
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved


Change Table E-2 as follows

	60
	181
	56.16
	4320
	9-11
	-
	-

	61
	182
	56.16
	6480
	17-18
	-
	-

	62
	183
	56.16
	8640
	25
	
	

	6063-127
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved


Change Table E-3 as follows

	181
	E-1-35,

E-2-19,

E-3-60
	56.16
	4320
	9-13
	-
	-

	182
	E-1-36,

E-2-20,

E-3-61
	56.16
	6480
	17-20
	-
	-

	183
	E-1-37,

E-2-21,

E-3-62
	56.16
	8640
	25-27
	
	

	181184-191
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved
	Reserved


Change Table E-4 as follows

Abstract


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