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Description

Field

[0001] Certain aspects of the present disclosure gen-
erally relate to wireless communications and, more par-
ticularly, to transmitting and receiving enhanced frames
for transmission of orthogonal frequency division multi-
plexing (OFDM) signals, single carrier wideband (SC
WB) signals, aggregated single carrier (SC) signals,
OFDM MIMO (spatial) signals, SC WB MIMO (spatial)
signals, and aggregated SC MIMO (spatial) signals.

Background

[0002] This document is a Concept Design of suggest-
ed Frame Format for a currently-developed new protocol,
which is being referred to as NG60 (Next Generation
60GHz), or also known as Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11ay. It is a development
on top of the existing standard IEEE 802.11ad (in the
past also known as "WiGig").
[0003] The main goal of the new standard or protocol
is to increase the throughput, and extend coverage as
well as lower power consumption (e.g., average energy
per bit). It is also clear that the new standard shall be
backward compatible and should allow 802.11ad (lega-
cy) devices to coexist in the same environment.
[0004] US 2012/294294 A1 discloses a system includ-
ing a first preamble generator module configured to gen-
erate a first preamble for a first packet, which is a single-
user packet. The first preamble includes a first short train-
ing field, a first long training field, a first signal field, and
a second signal field. A second preamble generator mod-
ule generates a second preamble for a second packet,
which is a multi-user packet formatted as a multi-user
packet or a single-user packet formatted as a multi-user
packet. The second preamble is longer than the first pre-
amble. The second preamble includes a second short
training field, a second long training field, a third signal
field, and a fourth signal field. A modulation module mod-
ulates at least one of the first signal field and the second
signal field of the first preamble differently than at least
one of the third signal field and the fourth signal field of
the second preamble.

SUMMARY

[0005] The invention is defined by the independent
claims.
[0006] Certain aspects of the disclosure provide a
method according to claim 1.
[0007] Certain aspects of the present disclosure pro-
vide an apparatus for wireless communications and a
corresponding computer readable medium having in-
structions stored thereon for implementing all the steps
of the method of claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a diagram of an exemplary wireless com-
munications network in accordance with certain as-
pects of the present disclosure.

FIG. 2A is a block diagram of an exemplary access
point or user device in accordance with certain as-
pects of the present disclosure.

FIG. 2B illustrates a block diagram of an access point
(generally, a first wireless node) and a user device
(generally, a second wireless node) in accordance
with certain aspects of the present disclosure.

FIG. 3A illustrates an exemplary frame or frame por-
tion in accordance with certain aspects of the present
disclosure.

FIG. 3B illustrates an exemplary Extended Direction-
al Multigigabit (EDMG) Header in accordance with
certain aspects of the present disclosure.

FIGs. 4A-4B illustrate exemplary frames for trans-
mission via an orthogonal frequency division multi-
plexing (OFDM) signal in accordance with certain
aspects of the present disclosure.

FIGs. 5A-5D illustrate exemplary frames for trans-
mission via a single carrier wideband (SC WB) signal
in accordance with certain aspects of the present
disclosure.

FIG. 5E illustrates an exemplary transmit power pro-
file for an exemplary frame for transmission via a
single carrier wideband (SC WB) signal in accord-
ance with certain aspects of the present disclosure.

FIGs. 6A-6D illustrate exemplary frames for trans-
mission via an aggregated single carrier (SC) signal
in accordance with certain aspects of the present
disclosure.

FIG. 7 illustrates an exemplary frame for transmis-
sion via a plurality (e.g., three (3)) of spatial multiple
input multiple output (MIMO) orthogonal frequency
division multiplexing (OFDM) signal in accordance
with certain aspects of the present disclosure.

FIGs. 8A-8C illustrate exemplary frames for trans-
mission via a plurality (e.g., two (2), four (4), and
eight (8)) of spatial multiple input multiple output (MI-
MO) single carrier wideband (SC WB) signal in ac-
cordance with certain aspects of the present disclo-
sure.
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FIGs. 9A-9B illustrate exemplary frames for trans-
mission via a plurality (e.g., two (2) and three (3)) of
spatial multiple input multiple output (MIMO) aggre-
gated single carrier (SC) signal in accordance with
certain aspects of the present disclosure.

FIG. 10 illustrates a block diagram of an exemplary
wireless device in accordance with certain aspects
of the present disclosure.

DETAILED DESCRIPTION

[0009] Aspects of the present disclosure provide tech-
niques for performing channel estimation of a bonded
channel formed by bonding a plurality of channels by
using channel estimation training sequences transmitted
in each of the plurality of channels.
[0010] Various aspects of the disclosure are described
more fully hereinafter with reference to the accompany-
ing drawings.
[0011] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration." Any
aspect described herein as "exemplary" is not necessar-
ily to be construed as preferred or advantageous over
other aspects.
[0012] Although particular aspects are described here-
in, many variations and permutations of these aspects
fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are
mentioned, the scope of the disclosure is not intended
to be limited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be
broadly applicable to different wireless technologies, sys-
tem configurations, networks, and transmission proto-
cols, some of which are illustrated by way of example in
the figures and in the following description of the pre-
ferred aspects. The detailed description and drawings
are merely illustrative of the disclosure rather than limit-
ing, the scope of the disclosure being defined by the ap-
pended claims.

AN EXAMPLE WIRELESS COMMUNICATION SYS-
TEM

[0013] The techniques described herein may be used
for various broadband wireless communication systems,
including communication systems that are based on an
orthogonal multiplexing scheme. Examples of such com-
munication systems include Spatial Division Multiple Ac-
cess (SDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFD-
MA) systems, Single-Carrier Frequency Division Multiple
Access (SC-FDMA) systems, and so forth. An SDMA
system may utilize sufficiently different directions to si-
multaneously transmit data belonging to multiple user
terminals. A TDMA system may allow multiple user ter-
minals to share the same frequency channel by dividing
the transmission signal into different time slots, each time

slot being assigned to different user terminal. An OFDMA
system utilizes orthogonal frequency division multiplex-
ing (OFDM), which is a modulation technique that parti-
tions the overall system bandwidth into multiple orthog-
onal sub-carriers. These sub-carriers may also be called
tones, bins, etc. With OFDM, each sub-carrier may be
independently modulated with data. An SC-FDMA sys-
tem may utilize interleaved FDMA (IFDMA) to transmit
on sub-carriers that are distributed across the system
bandwidth, localized FDMA (LFDMA) to transmit on a
block of adjacent sub-carriers, or enhanced FDMA (EFD-
MA) to transmit on multiple blocks of adjacent sub-carri-
ers. In general, modulation symbols are sent in the fre-
quency domain with OFDM and in the time domain with
SC-FDMA.
[0014] The teachings herein may be incorporated into
(e.g., implemented within or performed by) a variety of
wired or wireless apparatuses (e.g., nodes). In some as-
pects, a wireless node implemented in accordance with
the teachings herein may comprise an access point or
an access terminal.
[0015] An access point ("AP") may comprise, be im-
plemented as, or known as a Node B, a Radio Network
Controller ("RNC"), an evolved Node B (eNB), a Base
Station Controller ("BSC"), a Base Transceiver Station
("BTS"), a Base Station ("BS"), a Transceiver Function
("TF"), a Radio Router, a Radio Transceiver, a Basic
Service Set ("BSS"), an Extended Service Set ("ESS"),
a Radio Base Station ("RBS"), or some other terminology.
[0016] An access terminal ("AT") may comprise, be im-
plemented as, or known as a subscriber station, a sub-
scriber unit, a mobile station, a remote station, a remote
terminal, a user terminal, a user agent, a user device,
user equipment, a user station, or some other terminol-
ogy. In some implementations, an access terminal may
comprise a cellular telephone, a cordless telephone, a
Session Initiation Protocol ("SIP") phone, a wireless local
loop ("WLL") station, a personal digital assistant ("PDA"),
a handheld device having wireless connection capability,
a Station ("STA"), or some other suitable processing de-
vice connected to a wireless modem. Accordingly, one
or more aspects taught herein may be incorporated into
a phone (e.g., a cellular phone or smart phone), a com-
puter (e.g., a laptop), a portable communication device,
a portable computing device (e.g., a personal data as-
sistant), an entertainment device (e.g., a music or video
device, or a satellite radio), a global positioning system
device, or any other suitable device that is configured to
communicate via a wireless or wired medium. In some
aspects, the node is a wireless node. Such wireless node
may provide, for example, connectivity for or to a network
(e.g., a wide area network such as the Internet or a cel-
lular network) via a wired or wireless communication link.
[0017] With reference to the following description, it
shall be understood that not only communications be-
tween access points and user devices are allowed, but
also direct (e.g., peer-to-peer) communications between
respective user devices are allowed. Furthermore, a de-
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vice (e.g., an access point or user device) may change
its behavior between a user device and an access point
according to various conditions. Also, one physical de-
vice may play multiple roles: user device and access
point, multiple user devices, multiple access points, for
example, on different channels, different time slots, or
both.
[0018] FIG. 1 illustrates a block diagram of an exem-
plary wireless communications network 100 in accord-
ance with certain aspects of the present disclosure. The
communications network 100 comprises an access point
102, a backbone network 104, a legacy user device 106,
an updated legacy user device 108, and a new protocol
user device 110.
[0019] The access point 102, which may be configured
for a wireless local area network (LAN) application, may
facilitate data communications between the user devices
106, 108, and 110. The access point 102 may further
facilitate communications data communications between
devices coupled to the backbone network 104 and any
one or more of the user devices 106, 108, and 110.
[0020] In this example, the access point 102 and the
legacy user device 106 data communicate between each
other using a legacy protocol. One example of a legacy
protocol includes Institute of Electrical and Electronics
Engineers (IEEE) 802.11ad. According to this protocol,
data communications between the access point 102 and
the legacy user device 106 are effectuated via transmis-
sion of data frames that comply with the 802.11ad pro-
tocol. As discussed further herein, an 802.11ad data
frame includes a preamble consisting of a short training
field (STF) sequence and a channel estimation (CE) se-
quence, a header, a payload data, and an optional beam-
forming training field.
[0021] The STF sequence includes a plurality of con-
catenated Golay sequences (Ga128) followed by a neg-
ative Golay sequence (-Ga128) to signify the end of the
STF sequence. The STF sequence may assist a receiver
in setting up its automatic gain control (AGC), timing, and
frequency setup for accurately receiving the rest of the
frame and subsequent frames.
[0022] In the case of a single carrier (SC) transmission
mode, the CEF includes a Gu512 sequence (consisting
of the following concatenated Golay sequences (-Gb128,
- Ga128, Gb128, -Ga128) followed by a Gv512 sequence
(consisting of the following concatenated Golay se-
quences (-Gb128, Ga128, -Gb128, -Ga128), and ending
with a Gv128 (same as -Gb128) sequence. In the case of
an orthogonal frequency division multiplexing (OFDM)
transmission mode, the CEF includes a Gv512 sequence
followed by a Gu512 sequence, and ending with a Gv128
sequence. The CEF assists the receiver in estimating
the transfer function or frequency response to a channel
through which the 802.1 1ad data frame is transmitted.
[0023] The header 802.11ad data frame includes in-
formation about the frame. Such information includes a
scrambler initiation field, which specifies a seed for the
scrambling applied to the remainder of the header and

the payload data for data whitening purposes. The head-
er also includes the modulation and coding scheme
(MCS) field to indicate one out of 12 defined MCS used
for transmitting the payload data portion of the transmit-
ted signal. The header includes a length field to indicate
the length of the payload data in octets. The header fur-
ther includes a training length field to indicate a length of
the optional beam forming training sequence at the end
of the frame. Additionally, the header includes a packet
type field to indicate whether the optional beam forming
field pertains to transmission or reception. Further, the
header includes a header checksum (HCS) field to indi-
cate a cyclic redundancy code (CRC) (e.g., CRC-32)
checksum over the header bits.
[0024] Referring again to FIG. 1, the legacy user device
106 is capable of decoding the entire 802.llad data frame.
The new frame disclosed herein, which may be subse-
quently adopted for a new standard or protocol, such as
the currently-in-development IEEE 802.11ay, provides
some backward compatibility feature. As discussed in
more detail herein, the new frame includes the preamble
(the STF and the CEF) and the header of the 802.1 1ad,
but one or more additional portions pertaining to the pro-
posed new protocol. Accordingly, the legacy user device
106 is configured to decode the 802.llad preamble and
header portion of the new frame, but is not configured to
decode the remaining portion of the new frame. The leg-
acy user device 106 may decode the data in the length
field of the legacy header portion of the new frame in
order to calculate a network allocation vector (NAV) to
determine the length of the new frame for transmission
collision avoidance purposes.
[0025] The updated legacy user device 108 also oper-
ates under the legacy 802.11ad protocol, and is able to
communicate with the access point 102 using 802.11ad
data frames. However, the frame processing capability
of the updated legacy user device 108 has been updated
to interpret certain bits in the legacy header of the new
frame that indicate an attribute of the new frame, as dis-
cussed further herein. In accordance with the legacy
802.llad protocol, these bits are allocated to one or more
least significant bits (LSB) of the data length in the legacy
header. That is, in accordance with the new frame, the
allocated LSB of the data length field of the legacy header
portion are used to indicate a transmission power differ-
ence between a first portion of the new frame and a sec-
ond portion of the new frame in accordance with a certain
transmission mode associated with the new frame.
These bits allow the updated legacy user device to an-
ticipate the power difference (an increase) for signal in-
terference management purposes. Although in this ex-
ample, the allocation of the LSB length bits signify the
aforementioned power difference, it shall be understood
that these bits may be allocated for other purposes.
[0026] The new protocol user device 110 is capable of
communicating with the access point 102 using the new
data frame, which some or all features of the new frame
may be adopted for the currently-under-development
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802.11ay protocol. As discussed further herein, the new
data frame includes the legacy 802.11ad preamble and
header, with the legacy header slightly modified to indi-
cate the transmission mode associated with the new
frame and, as previously discussed, a transmission pow-
er difference between a first portion of the new frame and
a second portion of the new frame. The slight modification
to the legacy header portion of the new frame may not
impact the decoding of the legacy header by the legacy
user device 106 and the updated legacy user device 108.
For instance, the bits in the legacy header portion of the
new frame to indicate the transmission mode are re-
served bits in the standard 802.11ad legacy header.
[0027] In addition to the legacy preamble and header
portion, the new frame further comprises an extended
header. As discussed in more detail herein, the extended
header comprises a plurality of fields for indicating vari-
ous attributes for the new frame. Such attributes includes
payload data length, number of low density parity check
(LDPC) data blocks appended to the extended header,
the number of spatial streams, the number of bonded
channels, the leftmost (lowest frequency) channel of the
bonded channels, the MCS for the payload data of the
new frame, the transmit power difference between differ-
ent portion of the frame, and other information. As men-
tioned above, the extended header may further be ap-
pended with payload data that is not in the payload por-
tion of the new frame. For short messages, all of the
payload data may appended to the extended header,
thereby avoiding the need for transmitting the "separate"
payload data portion of the new frame, which adds sig-
nificant overhead to the frame.
[0028] The new data frame is configured to provide
additional features to improve data throughput by em-
ploying higher data modulation schemes, channel bond-
ing, channel aggregation, and improved spatial transmis-
sion via multiple input multiple output (MIMO) antenna
configurations. For instance, the legacy 802.1 1ad pro-
tocol includes BPSK, QPSK, and 16QAM available mod-
ulation schemes. According to the new protocol, higher
modulation schemes, such as 64QAM, 64APSK,
128APSK, 256QAM, and 256APSK are available. Addi-
tionally, a plurality of channels may be bonded or aggre-
gated to increase data throughput. Further, such bonded
or aggregated channels may be transmitted by way of a
plurality of spatial transmissions using a MIMO antenna
configuration.
[0029] FIG. 2A illustrates a block diagram of an exem-
plary apparatus 200 for wireless communications in ac-
cordance with certain aspects of the present disclosure.
The apparatus 200 may be an exemplary implementation
of the access point 102, legacy user device 106, updated
legacy user device 108, and new protocol user device
110, previously discussed. The apparatus 200 comprises
a transmit (Tx) frame processing system 202, a receive
(Rx) frame processing system 206, and an interface 208
coupled to one or more antennas.
[0030] The Tx frame processing system 202 receives

data for transmission to a remote device, and parameters
for specifying the Tx frame supporting the data. Based
on the Tx frame parameters, the Tx frame processing
system 202 generates a transmit frame including the data
intended for the remote device. The interface 208 is con-
figured to output the transmit frame for transmission to a
remote device by way of one or more antennas. In the
case of multiple antennas, the interface 208 may output
the transmit frame for transmission via spatial transmis-
sions with the antennas being in a MIMO configuration.
[0031] The interface 208 is also configured to receive
a signal including a data frame transmitted by a remote
device. The interface 208 receives the signal by way of
the one or more antennas. In the case of multiple anten-
nas, the signal may be received in a spatial or directional
manner with the antennas being in a MIMO configuration.
The interface 208 outputs the data frame to the Rx frame
processing system 206. The Rx frame processing system
206 receives frame parameters associated with the re-
ceived data frame, and processes the frame to produce
the data included in the frame.
[0032] In the case where the apparatus 200 is an ex-
emplary implementation of the of the access point 102,
which, in this example, is capable of communicating with
user devices using the 802.11ad legacy protocol and the
new 802.11ay protocol, the Tx frame processing system
202 and Rx frame processing system 206 are configured
to process both 802.11ad legacy and the new 802.11ay
protocol transmit and receive frames.
[0033] Similarly, in the case where the apparatus 200
is an exemplary implementation of the new protocol user
device 110, which, in this example, is capable of com-
municating with the access point 102 using the 802.11ad
legacy protocol and the new 802.11ay protocol, the Tx
frame processing system 202 and Rx frame processing
system 206 are configured to process both 802.11ad leg-
acy and the new 802.11ay protocol transmit and receive
frames. It shall be understood that the new protocol user
device 110 need not be configured for processing the
legacy 802.11ad frames, but may be done so that the
user device 110 is capable of communicating with
802.11ad access points or other 11ad devices.
[0034] In the case where the apparatus 200 is an ex-
emplary implementation of the of the legacy 802.11ad
user device 106, which, in this example, is capable of
only communicating with the access point 102 using the
802.11ad legacy protocol, the Tx frame processing sys-
tem 202 and Rx frame processing system 206 are con-
figured to process 802.11ad legacy transmit and receive
frames for transmitting and receiving data, and not the
new 802.11ay protocol frame. However, the legacy
802.11ad user device 106 may be configured to receive
and decode the legacy header portions of the new pro-
tocol frame to, for example, calculate a network allocation
vector (NAV) to determine a duration of the new protocol
frame for the purpose of avoiding transmission collision
and determining when the communication medium is
available for transmission of a legacy 802.11ad frame.
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[0035] The description in previous paragraph applies
to the updated legacy user device 108. However, as pre-
viously discussed, the updated legacy user device 108
may be configured to decode certain bits in the legacy
header portion of the new protocol frame. Such bits may
be reserved bits and reallocated bits in the legacy
802.11ad frame. These bits indicate the transmission
mode of the new frame and the transmit power difference
between a first portion of the new frame (e.g., the legacy
preamble and header, and an extended header per the
new frame protocol) and a second portion of the new
frame (e.g., a new protocol preamble, payload data, and
optional beam training sequence (TRN)) in a single car-
rier wideband (SC WB) transmission mode in accordance
with the new protocol, as discussed in more detail herein.
The update legacy user device 108 uses the information
in those bits to anticipate a power increase for interfer-
ence management purposes.
[0036] FIG. 2B illustrates a block diagram of a wireless
communication network 210 including an access point
212 (generally, a first wireless node) and a user device
250 (generally, a second wireless node). The access
point 212 is a transmitting entity for the downlink and a
receiving entity for the uplink. The user device 250 is a
transmitting entity for the uplink and a receiving entity for
the downlink. As used herein, a "transmitting entity" is an
independently operated apparatus or device capable of
transmitting data via a wireless channel, and a "receiving
entity" is an independently operated apparatus or device
capable of receiving data via a wireless channel.
[0037] It shall be understood that the access point 212
may alternatively be a user device, and the user device
250 may alternatively be an access point.
[0038] For transmitting data, the access point 212 com-
prises a transmit data processor 220, a frame builder
222, a transmit processor 224, a plurality of transceivers
226-1 to 226-N, and a plurality of antennas 230-1 to 230-
N. The access point 212 also comprises a controller 234
for controlling operations of the access point 212.
[0039] In operation, the transmit data processor 220
receives data (e.g., data bits) from a data source 215,
and processes the data for transmission. For example,
the transmit data processor 220 may encode the data
(e.g., data bits) into encoded data, and modulate the en-
coded data into data symbols. The transmit data proces-
sor 220 may support different modulation and coding
schemes (MCSs). For example, the transmit data proc-
essor 220 may encode the data (e.g., using low-density
parity check (LDPC) encoding) at any one of a plurality
of different coding rates. Also, the transmit data proces-
sor 220 may modulate the encoded data using any one
of a plurality of different modulation schemes, including,
but not limited to, BPSK, QPSK, 16QAM, 64QAM,
64APSK, 128APSK, 256QAM, and 256APSK.
[0040] In certain aspects, the controller 234 may send
a command to the transmit data processor 220 specifying
which modulation and coding scheme (MCS) to use (e.g.,
based on channel conditions of the downlink), and the

transmit data processor 220 may encode and modulate
data from the data source 215 according to the specified
MCS. It is to be appreciated that the transmit data proc-
essor 220 may perform additional processing on the data
such as data scrambling, and/or other processing. The
transmit data processor 220 outputs the data symbols to
the frame builder 222.
[0041] The frame builder 222 constructs a frame (also
referred to as a packet), and inserts the data symbols
into a payload data of the frame. The frame may include
a legacy (first) preamble (e.g., STF and CEF), a legacy
header, an extended header, a new protocol (second)
preamble (e.g., second STF and CEF), a payload data,
and an optional beam training sequence (TRN). The pre-
amble may include a short training field (STF) sequence
and a channel estimation field (CEF) to assist the user
device 250 in receiving the frame. The legacy and ex-
tended header may include information related to the da-
ta in the payload such as the length of the data and the
MCS used to encode and modulate the data. This infor-
mation allows the user device 250 to demodulate and
decode the data. The data in the payload may be divided
among a plurality of blocks, wherein each block may in-
clude a portion of the data and a guard interval (GI) to
assist the receiver with phase tracking. The frame builder
222 outputs the frame to the transmit processor 224.
[0042] The transmit processor 224 processes the
frame for transmission on the downlink. For example, the
transmit processor 224 may support different transmis-
sion modes such as an orthogonal frequency-division
multiplexing (OFDM) transmission mode and a single-
carrier (SC) transmission mode. In this example, the con-
troller 234 may send a command to the transmit proces-
sor 224 specifying which transmission mode to use, and
the transmit processor 224 may process the frame for
transmission according to the specified transmission
mode. The transmit processor 224 may apply a spectrum
mask to the frame so that the frequency constituent of
the downlink signal meets certain spectral requirements.
[0043] In certain aspects, the transmit processor 224
may support multiple-output-multiple-input (MIMO)
transmission. In these aspects, the access point 212 may
include multiple antennas 230-1 to 230-N and multiple
transceivers 226-1 to 226-N (e.g., one for each antenna).
The transmit processor 224 may perform spatial process-
ing on the incoming frames and provide a plurality of
transmit frame streams for the plurality of antennas. The
transceivers 226-1 to 226-N receive and processes (e.g.,
converts to analog, amplifies, filters, and frequency up-
converts) the respective transmit frame streams to gen-
erate distinct spatially-diverse transmit signals for trans-
mission via the antennas 230-1 to 230-N, respectively.
[0044] For transmitting data, the user device 250 com-
prises a transmit data processor 260, a frame builder
262, a transmit processor 264, a plurality of transceivers
266-1 to 266-M, and a plurality of antennas 270-1 to 270-
M (e.g., one antenna per transceiver). The user device
250 may transmit data to the access point 212 on the
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uplink, and/or transmit data to another user device (e.g.,
for peer-to-peer communication). The user device 250
also comprises a controller 274 for controlling operations
of the user device 250.
[0045] In operation, the transmit data processor 260
receives data (e.g., data bits) from a data source 255,
and processes (e.g., encodes and modulates) the data
for transmission. The transmit data processor 260 may
support different MCSs. For example, the transmit data
processor 260 may encode the data (e.g., using LDPC
encoding) at any one of a plurality of different coding
rates, and modulate the encoded data using any one of
a plurality of different modulation schemes, including, but
not limited to, BPSK, QPSK, 16QAM, 64QAM, 64APSK,
128APSK, 256QAM, and 256APSK. In certain aspects,
the controller 274 may send a command to the transmit
data processor 260 specifying which MCS to use (e.g.,
based on channel conditions of the uplink), and the trans-
mit data processor 260 may encode and modulate data
from the data source 255 according to the specified MCS.
It is to be appreciated that the transmit data processor
260 may perform additional processing on the data. The
transmit data processor 260 outputs the data symbols to
the frame builder 262.
[0046] The frame builder 262 constructs a frame, and
inserts the received data symbols into a payload data of
the frame. The frame may include a legacy preamble, a
legacy header, an extended header, a new protocol pre-
amble, a payload data, and an optional beam training
sequence (TRN). The legacy and the new protocol pre-
amble may each include an STF and a CEF to assist the
access point 212 and/or other user device in receiving
the frame. The legacy and extended header may include
information related to the data in the payload such as the
length of the data and the MCS used to encode and mod-
ulate the data. The data in the payload may be divided
among a plurality of blocks where each block may include
a portion of the data and a guard interval (GI) assisting
the access point and/or other user device with phase
tracking. The frame builder 262 outputs the frame to the
transmit processor 264.
[0047] The transmit processor 264 processes the
frame for transmission. For example, the transmit proc-
essor 264 may support different transmission modes
such as an OFDM transmission mode and an WB SC
transmission mode. In this example, the controller 274
may send a command to the transmit processor 264
specifying which transmission mode to use, and the
transmit processor 264 may process the frame for trans-
mission according to the specified transmission mode.
The transmit processor 264 may apply a spectrum mask
to the frame so that the frequency constituent of the uplink
signal meets certain spectral requirements.
[0048] The transceivers 266-1 to 266-M receive and
processes (e.g., converts to analog, amplifies, filters, and
frequency upconverts) the output of the transmit proces-
sor 264 for transmission via the one or more antennas
270-1 to 270-M. For example, the transceiver 266-1 to

266-M may upconvert the output of the transmit proces-
sor 264 to a transmit signal having a frequency in the 60
GHz range.
[0049] In certain aspects, the transmit processor 264
may support multiple-output-multiple-input (MIMO)
transmission. In these aspects, the user device 250 may
include multiple antennas 270-1 to 270-M and multiple
transceivers 266-1 to 266-M (e.g., one for each antenna).
The transmit processor 264 may perform spatial process-
ing on the incoming frame and provide a plurality of trans-
mit frame streams for the plurality of antennas 270-1 to
270-M. The transceivers 266-1 to 266-M receive and
process (e.g., converts to analog, amplifies, filters, and
frequency upconverts) the respective transmit frame
streams to generate distinct spatially-diverse transmit
signals for transmission via the antennas 270-1 to 270-M.
[0050] For receiving data, the access point 212 com-
prises a receive processor 242, and a receive data proc-
essor 244. In operation, the transceivers 226-1 to 226-N
receive a signal (e.g., from the user device 250), and
spatially process (e.g., frequency downconverts, ampli-
fies, filters and converts to digital) the received signal.
[0051] The receive processor 242 receives the outputs
of the transceivers 226-1 to 226-N, and processes the
outputs to recover data symbols. For example, the ac-
cess point 212 may receive data (e.g., from the user de-
vice 250) in a frame. In this example, the receive proc-
essor 242 may detect the start of the frame using the
legacy STF sequence in the preamble of the frame. The
receiver processor 242 may also use the STF for auto-
matic gain control (AGC) adjustment. The receive proc-
essor 242 may also perform channel estimation (e.g.,
using the legacy and/or new protocol CEF in the pream-
ble of the frame) and perform channel equalization on
the received signal based on the channel estimation.
[0052] Further, the receiver processor 242 may esti-
mate phase noise using the guard intervals (GIs) in the
payload, and reduce the phase noise in the received sig-
nal based on the estimated phase noise. The phase noise
may be due to noise from a local oscillator in the user
device 250 and/or noise from a local oscillator in the ac-
cess point 212 used for frequency conversion. The phase
noise may also include noise from the channel. The re-
ceive processor 242 may also recover information (e.g.,
MCS scheme) from the header of the frame, and send
the information to the controller 234. After performing
channel equalization and/or phase noise reduction, the
receive processor 242 may recover data symbols from
the frame, and output the recovered data symbols to the
receive data processor 244 for further processing.
[0053] The receive data processor 244 receives the
data symbols from the receive processor 242 and an in-
dication of the corresponding MSC scheme from the con-
troller 234. The receive data processor 244 demodulates
and decodes the data symbols to recover the data ac-
cording to the indicated MSC scheme, and outputs the
recovered data (e.g., data bits) to a data sink 246 for
storage and/or further processing.
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[0054] As discussed above, the user device 250 may
transmit data using an OFDM transmission mode or a
WB SC transmission mode. In this case, the receive proc-
essor 242 may process the receive signal according to
the selected transmission mode. Also, as discussed
above, the transmit processor 264 may support multiple-
output-multiple-input (MIMO) transmission. In this case,
the access point 212 includes multiple antennas 230-1
to 230-N and multiple transceivers 226-1 to 226-N (e.g.,
one for each antenna). Each transceiver receives and
processes (e.g., frequency downconverts, amplifies, fil-
ters, frequency upconverts) the signal from the respec-
tive antenna. The receive processor 242 may perform
spatial processing on the outputs of the transceivers
226-1 to 226-N to recover the data symbols.
[0055] For receiving data, the user device 250 com-
prises a receive processor 282, and a receive data proc-
essor 284. In operation, the transceivers 266-1 to 266-
M receive a signal (e.g., from the access point 212 or
another user device) via the respective antennas 270-1
to 270-M, and process (e.g., frequency downconverts,
amplifies, filters and converts to digital) the received sig-
nal.
[0056] The receive processor 282 receives the outputs
of the transceivers 266-1 to 266-M, and processes the
outputs to recover data symbols. For example, the user
device 250 may receive data (e.g., from the access point
212 or another user device) in a frame, as discussed
above. In this example, the receive processor 282 may
detect the start of the frame using the legacy STF se-
quence in the preamble of the frame. The receive proc-
essor 282 may also perform channel estimation (e.g.,
using the legacy and/or the new protocol CEF of the
frame) and perform channel equalization on the received
signal based on the channel estimation.
[0057] Further, the receive processor 282 may esti-
mate phase noise using the guard intervals (GIs) in the
payload, and reduce the phase noise in the received sig-
nal based on the estimated phase noise. The receive
processor 282 may also recover information (e.g., MCS
scheme) from the header of the frame, and send the in-
formation to the controller 274. After performing channel
equalization and/or phase noise reduction, the receive
processor 282 may recover data symbols from the frame,
and output the recovered data symbols to the receive
data processor 284 for further processing.
[0058] The receive data processor 284 receives the
data symbols from the receive processor 282 and an in-
dication of the corresponding MSC scheme from the con-
troller 274. The receive data processor 284 demodulates
and decodes the data symbols to recover the data ac-
cording to the indicated MSC scheme, and outputs the
recovered data (e.g., data bits) to a data sink 286 for
storage and/or further processing.
[0059] As discussed above, the access point 212 or
another user device may transmit data using an OFDM
transmission mode or a SC transmission mode. In this
case, the receive processor 282 may process the receive

signal according to the selected transmission mode. Al-
so, as discussed above, the transmit processor 224 may
support multiple-output-multiple-input (MIMO) transmis-
sion. In this case, the user device 250 may include mul-
tiple antennas and multiple transceivers (e.g., one for
each antenna). Each transceiver receives and processes
(e.g., frequency downconverts, amplifies, filters, frequen-
cy upconverts) the signal from the respective antenna.
The receive processor 282 may perform spatial process-
ing on the outputs of the transceivers to recover the data
symbols.
[0060] As shown in FIG. 2B, the access point 212 also
comprises a memory 236 coupled to the controller 234.
The memory 236 may store instructions that, when exe-
cuted by the controller 234, cause the controller 234 to
perform one or more of the operations described herein.
Similarly, the user device 250 also comprises a memory
276 coupled to the controller 274. The memory 276 may
store instructions that, when executed by the controller
274, cause the controller 274 to perform the one or more
of the operations described herein.

FRAME FORMAT COMMON TO THE ENHANCED 
FRAMES

[0061] FIG. 3A illustrates a diagram of an exemplary
frame or frame portion 300 in accordance with certain
aspects of the disclosure. As described herein, all of the
frame formats described herein start with the legacy (e.g.,
802.11ad) fields: L-STF + L-CEF + L-Header. These
fields may be decodable by legacy user devices and new
protocol devices (e.g., access points and user devices).
After the legacy fields, the transmission includes one or
more various fields that may be part of the new protocol
(e.g., the currently-being-developed 802.11ay protocol,
also known as "NG60"). According to the new protocol,
several options may be used: transmission of the frames
using orthogonal frequency division multiplexing
(OFDM), single carrier wideband (SC WB), single carrier
(SC)-Aggregate, wherein each one has various options
and formats. All the aforementioned new protocol options
start with an Extended Directional Multigigabit (EDMG)
Header with optional appended payload data. Legacy
devices may not able to decode the EDMG Header, but
new protocol devices are able to decode the EDMG
Header.
[0062] According to the diagram, the x- or horizontal
axis represents time, and the y- or vertical axis represents
frequency. As per the legacy (e.g., 802.11ad) protocol
for backwards compatibility purposes, the legacy L-STF
portion of the frame 300 may have a duration of 1.16
microseconds (ms), the legacy L-CEF portion may have
a duration of 0.73ms, and the legacy L-Header portion
may have a duration of 0.58 ms. The EDMG Header may
have a duration of 0.29 ms or more. In the case that the
frame 300 is a full frame (not a frame portion), the frame
300 may be transmitted via a single frequency legacy
channel and include payload data appended to the ED-
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MG Header. Such configuration may be useful for short
messages because there is no need for a separate pay-
load data according to the new frame format, which may
consume overhead for the transmission.
[0063] The legacy L-Header specifies various param-
eters and may be decoded by all stations (legacy devices,
updated legacy devices, new protocol devices, and ac-
cess points) that are in range. These stations listen when
they are waiting to receive a message or prior to trans-
mission. The legacy L-Header specifies the modulation
coding scheme (MCS) used in the data transmission and
the amount of data that is transmitted. Stations use these
two values to compute the entire duration length of any
of the new frames described herein (e.g., including the
L-STF, L-CES, L-Header, EDMG Header, STF (if includ-
ed), CEF (if included), and payload data (if included), but
excluding the TRN field) to update the network allocation
vector (NAV). This is a mechanism that allows stations
to know that the medium is going to be used by another
device (e.g., an access point or user device), even if they
cannot decode the data itself, or even if they are not the
intended receiver of the message. The use of NAV is one
of the mechanisms to avoid transmitted signal collisions.
[0064] In the legacy 802.11ad frame format, data is
placed in low density parity check (LDPC) blocks, where
the size is according to the code rate, then encoded to a
fixed length blocks (e.g., 672 bits). The outcome is con-
catenated and then split into Fast Fourier Transform
(FFT) blocks (blocks of modulation symbols) according
to the selected MCS (mainly modulation). At a receiver,
the process is reversed. It should be noted that in low
data MCSs, one LDPC block will require one or more
FFT blocks, while in high data MCSs, one FFT block may
host more than one LDPC blocks. This discussion is rel-
evant to the placing of LDPC data appended to the EDMG
Header, as described in more detail herein.
[0065] FIG. 3B illustrates an exemplary EDMG Header
350 of the frame or frame portion 300 in accordance with
certain aspects of the present disclosure. The EDMG
Header specifies the transmission frame parameters
(MCS, Data length, modes, etc.) that are used by a re-
ceiver to be able to receive and decode the transmission
frame. There is no need for other stations (not the des-
tination station) to demodulate the EDMG Header.
Hence, the EDMG Header and appended data can be
transmitted at high MCS that is suitable for the destination
station.
[0066] The EDMG Header 350 comprises: (1) a Pay-
load data Length field that may include 24 bits to specify
the length of the payload data in octets in all concurrent
channels, regardless of whether the payload data is ap-
pended to the EDMG Header or in the separate payload
data portion; (2) an EDMG Header Number of LDPC
blocks field that may include 10 bits to specify the
number of LDPC data blocks appended to the EDMG
Header. When this value is zero (0), it means there is
one (1) LDPC block of data in the EDMG Header; (3) a
Spatial streams field that may include 4 bits to represent

the number (e.g., 1 to 16) of spatial streams that are being
transmitted; (4) a Channels field that may include 3 bits
to specify the number of bonded channels (e.g., one (1)
to (8) 802.11ad frequency channels (as well as additional
channels not available in 802.11ad)); and (5) a Channel
offset field that may include 3 bits to specify the offset
of the first channel of the bonded channels. In other
words, the Channel offset identifies the lowest frequen-
cy channel among the bonded channels. This value is
set to zero (0) when the first channel is the lowest fre-
quency channel among all the available channels, or
when only one channel is used (i.e., no channel bonding).
[0067] The EDMG Header 350 further comprises: (6)
an 11ay MCS field that may include 6 bits to specify the
MCS used in the payload data portion of a frame. Note
that the data appended to the EDMG Header uses only
the legacy 802.11ad MCS (and not the higher MCS that
are only available in accordance with the new protocol).
The new protocol MCS may include higher throughput
modulation schemes beyond those available in
802.11ad, such as 64QAM, 64APSK, 256QAM, and 256
APSK; (7) a GI (Guard Interval) mode field that may
include 1 bit to indicate short or long GI. (8) an FFT mode
field that may include 1 bit to indicate short or long FFT
block. (9) an LDPC mode field that may include 1 bit to
signal short or long LDPC block. And (10) a Long CEF
field that may include 1 bit that, when set, indicates the
use of a long channel estimation sequence for MIMO; in
the case that the number of spatial streams is one, this
bit is reserved.
[0068] The EDMG Header 350 further comprises: (11)
a Power difference field that may include 4 bits to indi-
cate a difference in average power between the aggre-
gated transmitted power of the legacy portion (L-STF, L-
CEF, and L-Header) and EDMG Header of the new
frame, and the SC WB transmission portion of the frame
(STF + CEF + payload data). This difference may be
vendor specific. Some transmitters will need power back-
off between the aggregated portion and the SC WB por-
tion due to PA non-linearity. This value will inform the
receiver about the expected power difference to assist
the automatic gain control (AGC) setup. For example,
the value is coded in dB (e.g., 0000:0dB, 0100: 4dB,
1111: 15dB or above).
[0069] The EDMG Header 350 further comprises: (12)
Reserved bits that may include 22 bits that are reserved
at this time. Transmitters should set them to 0 at this time.
In the future, these bits may be allocated to various
needs; (13) Proprietary bits that may include 8 spare
bits that can be used by the vendor and do not require
interoperability. Receivers should discard these bits un-
less they know what they are; and (14) a CRC field that
may include16 bits to sign the EDMG Header. This field
is to be used by a receiver to validate the correctness of
the received EDMG Header. All bits (except the CRC)
shall be used to compute the CRC.
[0070] The EDMG Header 350 may be sent on each
concurrently-transmitted channel having exactly the
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same content. This duplication can be used by a receiver
to increase the correct detection probability. A receiver
may use different algorithms: Option1: receiver decodes
only one channel (simples but lowest performance);
Option2: receiver decodes only one channel at the time.
If CRC passes then cease CRC processing for additional
channel(s), if not attempt CRC processing for additional
channel(s). Option 2 is better at performance than Option
1, but requires serial processing; and Option3: receiver
decodes all channels and selects one that has the cor-
rected CRC. Option 3 has the same performance as Op-
tion 2, but is faster.

DATA APPENDED TO THE EXTENDED HEADER

[0071] Receivers, according to the new protocol, need,
from a practical aspect, decode the EDMG Header before
samples for the second STF, second CEF, and separate
payload data can be received. The reason is that the
receiver may need to perform some adjustments. For
instance, in SC WB transmission mode, the second STF
is transmitted in wideband (WB) mode and the receiver
front-end needs to be reconfigured with new filters and
other parameters. The use of the new protocol modula-
tions require some overhead to be used in some cases
(e.g., for processing the second STF and/or second
CEF). This overhead reduces the efficiency especially in
short messages.
[0072] Efficient support of the above lead us to suggest
to: (1) Use the "spare" period following the EDMG Header
to start transmit a particular quantity of payload data to
allow the receiver to setup for receiving the SC WB trans-
mission section of the frame; (2) Extend the Data ap-
pended to the EDMG Header to at least 2 LDPC blocks
and 2 FFT blocks before modulation is changed to the
new protocol fields (including the STF and/or the CEF);
and an option to extend the data appended to the EDMG
Header beyond the minimum (specified above) for im-
proving efficiency for short payload data.
[0073] EDMG Header shall be sent on each channel
used for any transmission, using the legacy 802.11ad
MCS specified in the legacy L-header. The EDMG Head-
er may be appended with payload data (if data is to be
sent). The data appended to the EDMG Header may be
split (distinct) over all used channels.
[0074] If payload data using the new protocol modula-
tions are used in the transmission, then the EDMG Head-
er and appended data should occupy at least two FFT
blocks and at least two LDPC blocks (all this is using the
legacy MCS). All LDPC blocks may be fully populated in
the EDMG Header. Transmitter may extend this portion
to more LDPC blocks, up to 1024 LDPC blocks (per chan-
nel, all channels use same legacy MCS). The Length of
the data appended to the EDMG Header is according to
the number of LDPC blocks (specified in the EDMG
Header Number of LDPC blocks field in the EDMG
Header per channel) multiplied by number of channels,
and amount of bits per LDPC blocks. The length of data

in the new protocol payload data field is the rest of the
data according to the Length specified in the EDMG
Header.
[0075] If the new protocol modulation is not used in the
transmission (e.g., in a short message application), then
the EDMG Header and appended payload data (if data
is to be sent) should occupy at least one FFT block and
at least one LDPC block (all this using the legacy MCS).
The payload data should fill the LDPC blocks starting
from lowest channel index (e.g., the LDPC block of the
lowest-frequency channel is filled first, then the LDPC
block of the second lowest-frequency channel is filled,
and so on). The Length specified in the EDMG Header
refers to the appended payload data that is transmitted
following the EDMG Header when no new protocol mod-
ulation is used.
[0076] The transmitter may select more numbers of
LDPC blocks in order to optimize the transmission for
short packets (avoiding the new protocol sections, such
as the second STF and second CEF overhead). Receiver
should compare the data length from these LDPC blocks
with the Data Length in the EDMG Header to deduce if
there is a new protocol payload data section at all, and
if yes, to compute the exact amount of data in the new
protocol payload data section alone. Note that the LDPC
blocks including the EDMG Header and data are fully
populated with data if the new protocol payload data ex-
ists.
[0077] The FFT block(s) and LDPC block(s) are per
channel. The payload data appended to the EDMG
Header is split between the channels evenly starting from
lowest channel in a round-robin manner per byte. If the
entire payload data cannot be confined to the portion
appended to the EDMG Header, then this portion first
completely filled before data is sent via new protocol pay-
load data section. The data length in the EDMG Header
specifies the actual number of octets, regardless of
where they are located (e.g., appended to the EDMG
Header or in the new protocol payload data section).
[0078] The following provides a few non-limiting exam-
ples regarding the amount of data available in the data
section attached to the EDMG Header for 2 LDPC blocks
or 2 FFT blocks:

Case1: 1 channel & legacy MCS-1 (this may be the
case of the least data). In MCS-1, two LDPC blocks
may be used. These two blocks host 336 bits and
will take three FFT blocks to be transmitted. In this
example, the information fields (header data) in the
EDMG Header occupy 104 bits. Thus, the payload
data appended to the EDMG Header is 232 bits (29
bytes) (i.e., 336 bits - 104 bits).

Case 2: 4 channels and legacy MCS-12 (this may
be the case of the most data). In MCS-12, two FFT
blocks host 3584 coded bits per channel, that can
host 5 LDPC blocks. At this code rate, there are 2520
information bits in the 5 LDPC blocks, out of which
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104 header bits will be used for EDMG Header. This
leaves 2416 bits for payload data in the EDMG Head-
er per channel. Hence, in this case, a total of 1214
payload bytes of data may be transmitted via the
EDMG Header of the 4 channels.

Case 3: 2 channels and legacy MCS-8 (this may be
the case of an intermediate data amount). In MCS-
8, two FFT blocks host 1792 coded bits per channel
that can hold 2 LDPC blocks. In the two LDPC blocks,
there are 1008 information bits, out of which 104 are
dedicated to the header information of the EDMG
Header. This leaves a total of 904 bits for payload
data in the EDMG Header of each channel. For the
two channel case, a total of 228 bytes of payload
data in the EDMG Headers may be transmitted.

LEGACY HEADER CHANGE TO INDICATE TRANS-
MISSION MODE

[0079] Bits 44 to 46, which are reserved bits in the leg-
acy (e.g., 802.11ad) L-Header, may be used in the legacy
L-Header portion of the new protocol frame to signal
transmission mode for the new protocol frame. For ex-
ample, the legacy L-Header portion signals this as a new
protocol frame by setting the 3 bits (e.g., bits 44-46) to
any value other than all zeros. An example of the bit val-
ues and corresponding modes are indicated in the fol-
lowing table:

FRAME FORMAT FOR OFDM

[0080] FIGs 4A-4B illustrates exemplary frames 400
and 450 for transmission in accordance with an orthog-
onal frequency division multiplexing (OFDM) transmis-
sion mode per another aspect of the disclosure. The
OFDM frame format should maintain the legacy
802.11ad preamble (L-STF and L-CEF) and L-Header
as prefix in order to be backwards compliant. In addition,
OFDM frames 400 and 450 are usually transmitted with
some backoff to reduce peak to average power ratio
(PARP), which needs to be applied to the legacy pream-
bles themselves.
[0081] In this example, frame 400 is an example of a
two bonded channel OFDM frame in accordance with the
new protocol. The frame 400 comprises a first (e.g.,

Bits Mode

000 802.1 1ad (legacy Frame)

001 SC-WB (New Protocol Frame)

010 SC-Aggregate (New Protocol Frame)

011 SC-Duplicate (New Protocol Frame)

100 OFDM (New Protocol Frame)

Other Reserved

802.11ad) frequency channel (lower channel as shown)
for transmitting the legacy preamble (L-STF and L-CEF),
the legacy L-Header, and the EDMG Header with the
optional appended payload data. The first channel may
have a bandwidth of substantially 1.76 GHz. The frame
400 further comprises a second channel (upper channel
as shown) for transmitting the legacy preamble (L-STF
and L-CEF), legacy L-Header, and the EDMG Header.
The transmission of the legacy preamble (L-STF and L-
CEF) and legacy L-Header in the first and second chan-
nels is for 802.1 1ad backward compatibility. The payload
data appended to the EDMG Header of the first channel
may be different than the payload data appended to the
EDMG Header of the second channel. The second chan-
nel may also have a bandwidth of substantially 1.76 GHz.
[0082] Additionally, the frame 400 comprises a gap fill-
ing (GF) channel situated in frequency between the first
and second channels. The GF channel may have a band-
width of substantially 0.44 GHz. Since the total bandwidth
for the transmission is 3.92 GHz, the high frequency por-
tion of the first channel overlaps with the low frequency
portion of the GF channel by 20 MHz. Similarly, the high
frequency portion of the GF channel overlaps with the
low frequency portion of the second channel by 20 MHz.
The preamble (STF-GF and CEF-GF) and Header-GF
transmitted by way of the GF channel may be configured
substantially the same as the legacy preamble (L-STF
and L-CEF) and legacy L-Header, but the EDMG Header
and appended optional data may not be redundantly
transmitted. Legacy devices may not be able to decode
the preamble (STF-GF and CEF-GF) and Header-GF
transmitted by way of the GF channel, but new protocol
devices may decode such fields. The transmission of the
legacy preamble and legacy L-Header by way of the first,
GF, and second channels are substantially time aligned.
Likewise, the transmission of the EDMG Headers by way
of the first and second channels is substantially time
aligned.
[0083] The payload data of the frame 400 is transmitted
by way of a bonded channel having a frequency band
that includes a combination of the frequency bands of
the first, GF, and second channels bonded together in
frequency. As previously discussed, the transmission of
the legacy preamble (L-STF and L-CEF), legacy L-Head-
er, and EDMG Header are transmitted using an MCS
specified in the legacy 802.llad protocol. The data in the
payload data field is transmitted using one of the MCS
specified in accordance with the new protocol. Since the
new protocol includes additional MCS beyond those
specified in the legacy 802.11ad, the payload data may
be transmitted using an MCS different than the MCS used
to transmit the legacy preamble (L-STF and L-CEF), leg-
acy L-Header, and EDMG Header. However, it shall be
understood that the MCS used for transmitting the pro-
tocol payload data may be the same as the MCS used
for transmitting the legacy preamble (L-STF and L-CEF),
legacy L-Header, and EDMG Header, as the new proto-
col may include MCS common with those specified in the
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legacy protocol (e.g., 802.11ad).
[0084] The frame 450 is an example of a three channel
bonded OFDM frame that is structurally the same as the
two channel bonded OFDM frame, but includes an addi-
tional third channel and an additional GF channel situated
in frequency between the second and third channels. The
payload data is transmitted by way of a bonded channel
having a frequency band that includes a combination of
the frequency bands of the first, first GF, second, second
GF, and third channels bonded together.
[0085] The EDMG Header for the OFDM frames 400
and 450 may be essentially the same as the EDMG Head-
er 350 previously discussed, except that the Power dif-
ference field bits are indicated as reserved bits. This may
be because OFDM frame may be transmitted with a sub-
stantially uniform average power throughout the duration
of the frame.
[0086] Although frames 400 and 450 are examples of
two-channel and three-channel bonding, it shall be un-
derstood that a frame may be configured in a similar man-
ner to provide more than three bonded channels.

FRAME FORMAT FOR SC WB

[0087] FIGs 5A-5D illustrates exemplary frames 500,
510, 520, and 530 for transmission using a single carrier
wideband (SC WB) transmission mode in accordance
with an aspect of the disclosure.
[0088] The SC WB transmission section includes three
(3) subsections that may be present STF, CEF and pay-
load data, and an optional beam training sequence
(TRN). The STF is built on Golay codes (as in the legacy
L-STF). During this period, a receiver is expected to com-
plete: AGC, timing and frequency acquisition. The STF
uses Golay sequences Ga and Gb in the same order as
the 802.11ad STF. Optionally, the STF Golay sequence
may have a length of 128 (as in 802.11ad) or 256 or 512.
[0089] The second CEF sequence uses similar Golay
sequence construction as the legacy L-CEF of 802.11ad,
only replacing the 128-length sequences with 256-length
sequences for the two-bonded channel frame 510, with
512-length sequences for the three-bonded channel
frame 520, and with 1024-length sequences for four (or
more) - bonded channel frame 530. The formats of the
Golay sequences of length 256, 512 and 1024 are as
follows, using concatenated (i) Ga128 and Gb128 se-
quences from the 802.11ad standard:

Ga256 = [Ga128 i Gb128] and Gb256 = [Ga128 i -Gb129]

Ga512 = [Ga256 i Gb256] and Gb512 = [Ga256 i -Gb256]

Ga1024 = [Ga512 i Gb512] and Gb1024 = [Ga512 i

-Gb512]

[0090] The payload data is modulated using MSC sim-
ilar to the 802.11ad with the following changes: (1) In
addition to BPSK, QPSK and 16QAM, higher modula-

tions are defined (and can be used): 64QAM, 64APSK,
128APSK, 256QAM, 256APSK; (2) FFT block can be
512 (as in 802.11ad) or 768, 1024, 1536 or 2048; and
(3) guard interval (GI) (situated between adjacent FFT
blocks) may also be based on Golay code as in 802.11ad,
with more length options supported: 32, 64 (as in 802.1
1ad), 128 or 256.
[0091] As previously discussed, the beam training se-
quence (TRN) is optional in all cases. Note that if the SC
WB transmission section (second STF, second CEF,
payload data, and TRN) is not used, then a TRN field in
accordance with 802.11ad may be provided. When the
SB WB transmission section is used, then it uses the new
protocol (e.g., 802.11ay) TRN options. The new protocol
TRN field is built in the same way as the 802.11ad, with
options to increase the Golay codes by factor of 2 or 4
(e.g., use Golay sequences of length 256 or 512, instead
of 128).
[0092] With regard to exemplary frame 500, this case
is the extension of the new protocol frame for a single
channel. The frame 500 comprises the legacy preamble
(L-STF and L-CEF), legacy L-Header, and EDMG Head-
er. The frame 500 facilitates the new MCSs of the new
protocol for the transmission of the STF and payload da-
ta. Note that second CEF is not present since for a single
channel there is no need for re-estimating the channel.
The STF is present since a receiver may improve the
receiver chain setup for the higher constellations of the
new protocol modulation.
[0093] With regard to exemplary frame 510, this case
is the extension of the new protocol for a two-bonded
channel frame. The frame 510 comprises a first frequen-
cy channel (lower channel) for transmitting the legacy
preamble (L-STF and L-CEF), legacy L-Header, and ED-
MG Header. The frame 510 further comprises a second
frequency channel (upper channel) for transmitting the
legacy preamble (L-STF and L-CEF), legacy L-Header,
and EDMG Header. Note, that the data appended to the
EDMG Header of the first channel may be different than
the data appended to the EDMG Header of the second
channel. The information fields of the EDMG Header may
be configured as per EDMG Header 350 previously dis-
cussed. The SC WB transmission section of the frame
510, namely the STF, CEF, payload data, and optional
TRN, are transmitted via a bonded channel having a fre-
quency band comprising at least a portion of each of the
frequency bands of the first and second channels. As
previously discussed, the transmission of the legacy pre-
amble (L-STF and L-CEF), legacy L-Header, and EDMG
Header uses an MCS specified in legacy 802.11ad, and
the transmission of the SC WB transmission section uses
an MCS specified in the new protocol, both of which may
be different.
[0094] With regard to exemplary frame 520, this case
is the extension of the new protocol frame for a three (3)
bonded channel case. With regard to exemplary frame
530, this case is the extension of new protocol frame for
the four (4) bonded channel case. Based on this discus-
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sion, it shall be understood that a frame may be config-
ured to have any number of bonded channels.
[0095] When a station transmits on more than one
channel, it may shift the symbol time between channels
by any amount of time with the only constrain that the
maximum difference between the earliest and latest will
not exceed 1 symbol time in 1.76GHz sampling rate. It
means that the maximum difference may be limited to
0.568nsec. The main reason for doing so is to reduce
the aggregated PAPR. The time synchronization be-
tween the legacy MCS aggregate section and the SC
WB transmission should be kept relative to the first (low-
est-frequency) channel. Note that this skew may be used
only for SC transmissions and not allowed in OFDM
modes. Example: in two channels mode the shift can be
© symbol, in three channels it can be 1/3 and 2/3 sym-
bols, and in four channels ¨, © and ª symbols respec-
tively.
[0096] FIG. 5E illustrate an exemplary transmission
power profile for any of the exemplary frames 510, 520,
and 530 in accordance with another aspect of the disclo-
sure. As illustrated, the transmit power level of the SC
WB transmission section is greater than (or may be equal
to) the transmit power level of the legacy MCS aggregate
section. The use of SC WB transmission section and the
legacy MCS aggregate section impose different trans-
mitter back-offs due to PAPR differences and practical
PAs. For any modulation scheme, one transmission has
less PAPR than if the same modulation is used for two
or more aggregated signals in order to keep the error
vector magnitude (EVM) and/or transmission mask in
compliance. It should be noted that different modulations
have different PAPR, thus requiring different back-offs.
The backoff value is implementation dependent (mainly
on the PA).
[0097] In order to keep the new protocol transmission
as efficient as possible in many cases, the legacy aggre-
gate section transmitted in aggregation mode will require
a higher backoff. This difference is an issue that may
affect the receiver performance. To help receivers miti-
gate this, it is suggested that two mechanisms one for
the legacy receivers and one for the targeted new proto-
col receiver may be employed. The transmitted power
change is at the switch from aggregated section to the
SC WB section, as shown in FIG. 5E.
[0098] The targeted new protocol receiver usually ad-
justs the receive chain at the beginning of the legacy L-
STF. If there is a power change between the legacy ag-
gregate section and the SC WB transmission section,
the receiver may get into saturation. The receiver can
adjust the AGC during the STF, but this may reduce the
time of other activities like frequency and time acquisition
(on the SC WB signal). To help the receiver, the Power
difference field in the EDMG Header specifies the power
step (e.g., difference between the transmit power levels
of the SC WB transmission section and the legacy MCS
aggregate section). The receiver may use it to anticipate
the required AGC step, thus shortening the second AGC.

[0099] Legacy receivers (802.11ad) that receive the
legacy preamble (L-STF and L-CEF) and L-Header, use
these portions to update the NAV as one of the collision
avoidance methods. However, these receivers also look
at the received power, since in some cases the received
power is low enough to allow reuse of the medium. In
this case, the power step can mislead some of the re-
ceivers if the power is near the border. The update to the
legacy header format, as previously mentioned, de-
scribes an option to signal the power step. A legacy re-
ceiver that can decode these bits (e.g., updated legacy
receiver or user device) may act upon it to improve its
power estimation. Note that this functionality is not critical
for the collision avoidance system, and legacy receivers
can operate without it.
[0100] Since the modes are using most of the reserved
bits, and there is some need to have some additional bits
(e.g., to signal power step in SC WB mode), the LSBs of
the Data Length field may be used for this purpose. In all
new protocol modes, the length bits in the legacy L-Head-
er are only used for NAV computation. By using up to 4
bits for all MCSs (and even more if MSC-1 is excluded),
the NAV computation is not affected. The 3 LSB bits of
the legacy header length are used to signal the difference
between the transmit power levels of the legacy aggre-
gate section (L-STF, L-CEF, L-Header and EDMG Head-
er) and the SC WB transmission section (STF, CEF and
the payload data) in accordance with the following table:

FRAME FORMAT FOR AGGREGATE SC

[0101] FIGs. 6A-6D illustrate exemplary frames 600,
610, 620, and 630 for transmission via an aggregate sin-
gle carrier (SC) transmission mode in accordance with
an aspect of the disclosure. Transmission in aggregate
SC mode is an aggregation of legacy 802.11ad channels.
Since the new protocol extends the modes of the
802.11ad, there is a need for EDMG Header bits.
[0102] The frame formats for both aggregate SC and
SC WB (as discussed further herein) are similar in their
first section (legacy L-STF, legacy L-CEF, legacy L-
Header and EDMG Header), and different for the rest of
the transmission. The similar part is kept the same since
it is backward compatible with 802.llad for the backward
compatibility feature. It means that legacy (802.11ad) de-

Bits Power difference X [dB]

001 X <= 1

010 1 < X <= 2.5

011 2.5 < X <= 4

100 4 < X <= 5.5

101 5.5 < X <= 7

110 7 < X <= 8.5

111 8.5 < X
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vices will be able to detect it and decode the legacy Head-
er. As previously discussed, this feature allows legacy
devices to update the NAV, that is part of the collision
avoidance method. Furthermore, in channel bonded
(CB) mode, the legacy L-STF, legacy L-CEF, and legacy
L-Header are transmitted on all used channels to facili-
tate legacy devices on all channels to get the NAV.
[0103] The legacy (L-STF + L-CEF + L-Header) and
the EDMG Header should be transmitted with the same
power across aggregated channels. However, due to RF
impairments, actual effective isotropic radiated power
(EIRP) may differ. The EDMG Header is also transmitted
in the 802.11ad channels. As previously discussed, the
EDMG Header includes information that is part of the
new protocol transmission only and also new protocol
payload data is appended to the same symbol. The fol-
lowing considerations apply: (1) The legacy L-STF and
L-CEF apply (no need for additional CEF); (2) MCS as
defined in the legacy Header for 802.11ad apply to the
payload data appended to the EDMG Header; (3) pay-
load data appended to the EDMG Header improve over-
head for short messages; (4) payload data appended to
the EDMG Headers is split across channels in channel
bonded (CB) modes to improve overhead; and (5) the
average power should be kept the same (means that the
power of L-STF, L-CEF, L-Header and EDMG Header
are same) in each channel.
[0104] Frame 600 is an example of the extension of
the new protocol for a single channel case. It facilitates
the new MCSs of the new protocol for transmission of
the payload data and optional TRN. Frame 610 is an
example of the extension of the new protocol for a two
aggregated channel case. It also facilitates the new MC-
Ss of the new protocol for transmission of the payload
data and optional TRN. Frame 620 is an example of the
extension of new protocol for a three aggregated channel
case. It facilitates the new MCSs of the new protocol for
transmission of the payload data and optional TRN. And,
frame 630 is an example of the extension of the new
protocol for a four aggregated channel case. It facilitates
the new MCSs of the new protocol for transmission of
the payload data and optional TRN. The EDMG Header
and appended payload data are the same as described
for the SC WB transmission mode, except that there are
no Power difference bits, they instead may be reserved
bits.
[0105] There are two implementation options for the
aggregate SC: (1) Each channel is independent; and (2)
all channels are mixed. In this first option, each channel
is independent. That is, the MCS for the payload data
and optional TRN can be different in each channel. The
LDPC blocks are confined to one channel, and each
channel has its own blocks. Transmitter may assign dif-
ferent power per channel, but the power shall be fixed
for the entire transmission. In this case, the EDMG Head-
er can be different in each channel (e.g., different MCS
per channel).
[0106] In this second option, all channels are bonded

and mixed. That is, the MCS for the payload data and
optional TRN is the same for all channels. The LDPC
blocks are spread evenly between the channels. Trans-
mitter may (and should) assign different power per chan-
nel to even the detection probability of each channel, but
the power shall be fixed during the entire transmission.
In this option, the EDMG Header may be the same in
each channel.

FRAME FORMAT FOR MIMO

[0107] For MIMO, the legacy sections (L-STF, L-CEF,
and L-Header), along with the EDMG Header, are sent
in each transmit chain. Similar to 802.11ac, a delay ΔT
is inserted between all transmissions of the legacy sec-
tions and EDMG Header to prevent unintentional beam-
forming. In other words, the transmissions of the legacy
sections and EDMG Header of the separate transmis-
sions are skewed with respect to each other by the delay
ΔT.
[0108] For MIMO channel estimation, various tech-
niques may be used in order to estimate the channel,
without causing too much latency, and keeping substan-
tially the same SNR. First is the use of delay between
the sequences. If this delay is substantially 36.4ns, then
channel estimations can be separated at the receiver
since the channel delay is no larger than 64 samples at
1.76GHz. Second is the transmission of multiple orthog-
onal sequences using mapping orthogonal P-matrix
(PHTLTF) for high throughput long training field (HT-LTF)
taken form 802.11mc, section 20.3.9.4.6. Third is the
transmission of conjugate vs regular sequence. Forth
one is the transmission of multiple orthogonal sequences
using mapping P-matrix (PVHTLTF) for very high through-
put long training field (VHT-LTF) as defined in 22.3.8.3.5
in 802.11mc. Fifth, is to increase the length of the channel
estimation for increased MIMO estimation accuracy. In-
creasing the length is done using the techniques above
(forth technique), with the same Golay sequences. This
option avoids the use of conjugated or delay sequence
since it doubles the integration time of the channel esti-
mation.

FRAME FORMAT FOR OFDM MIMO

[0109] FIG. 7 illustrates an exemplary frame 700 for
transmission of three (3) spatial transmission streams in
a MIMO OFDM signal using channel bonding of three (3)
in accordance with an aspect of the disclosure. Each of
the spatial transmissions may be configured similar to
that of frame 450 previously discussed. It shall be under-
stood that each spatial transmission may include channel
bonding of two or more than three.
[0110] The transmitted legacy section (L-STF, L-CES,
and L-Header) and EDMG Header are transmitted with
a delay ΔT (e.g., ΔT =36.4ns) between them to prevent
unintentional beamforming. The section of the frame 700
after the EDMG Header may be transmitted in a time
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aligned MIMO manner. That is, the channel estimation
section (CEF, CEF-GF, CEF, CEF-GF, and CEF) and
payload data of first transmission (TX #1) may be trans-
mitted in a time aligned MIMO (spatial) manner with the
channel estimation section (CEF*, CEF*-GF, CEF*,
CEF*-GF, and CEF) and payload of second transmission
(TX #1), as well as with the channel estimation section
(CEF, CEF-GF, CEF, CEF-GF, and CEF) and payload
of third transmission (TX #3).
[0111] Because of the delay ΔT between the respective
legacy sections and EDMG headers, and the time align-
ment of the following sections (CES and payload data),
there are gaps between these two parts of the frames in
the first and second transmissions TX #1 and TX #2.
These gaps are illustrated as shaded boxes for each of
the legacy channels and gap filling channels. A transmit-
ter transmitting the frame 700 may insert a dummy signal
in each of these gaps to avoid transmission power
change within the frame 700.
[0112] For the case of MIMO up to 2x2 (two spatial
transmission each having a channel bonding of two), this
delay is used to estimate the MIMO channel by applying
the SISO (legacy) channel estimation sequence of the
channel bonding in OFDM. For more than 2 streams,
there is a need to include a new channel estimation se-
quence, which follows the EDMG Header signaling. This
channel estimation sequences follow the same format
as those for channel bonding, with the additional dimen-
sions added to the estimation using the approaches
above. Frame 700 is an example for channel boding of
three (3), and MIMO of three (3) spatial transmission
streams.

FRAME FORMAT FOR WB SC MIMO

[0113] FIGs. 8A-8C illustrate exemplary frames 800,
820, and 840 for transmission of two (2), four (4), and
eight (8) spatial streams in a MIMO SC WB signal in
accordance with an aspect of the disclosure. Each of the
spatial transmissions as illustrated in FIGs. 8A and 8B
may be configured similar to frame 510 previously dis-
cussed. It shall be understood that each of the spatial
transmission in FIGs. 8A and 8B may include a channel
bonding of three or more, similar to frames 520 and 530
previously discussed.
[0114] Similar to frame 700, because of the beamform-
ing preventing delay ΔT between the respective legacy
sections (L-STF, L-CES, and L-Header) and EDMG
Header sections of the transmissions TX #1 and TX #2
in frame 800 and spatial transmissions TX #1, TX #2, TX
#3, and TX #4 in frame 820, there are gaps between two
parts of the frames in the first transmissions TX #1 of
frame 800, and in the first, second, and third transmis-
sions TX #1, TX #2, and TX #3 of frame 820. These gaps
are illustrated as shaded boxes for each of the legacy
channels and gap filling channels. A transmitter trans-
mitting the frame 800 or 820 may insert a dummy signal
in each of these gaps to avoid transmission power

change within the frame 800 or 820, respectively.
[0115] Also, similar to frame 700, the second STF, sec-
ond CEF, and payload data of the first and second trans-
missions TX #1 and TX #2 of frame 800 are transmitted
in a time aligned MIMO (spatial) manner. In a like manner,
the second STF, second CEF, and payload data of the
first, second, third, and fourth transmissions TX #1 to TX
#4 of frame 820 are transmitted in a time aligned MIMO
(spatial) manner.
[0116] Each of the spatial transmissions of frame 840
illustrated in FIG. 8C may be configured similar to frame
500, with the exception that a second (new protocol) CEF
and longer sequences thereof (e.g., two concatenated
CEF, two concatenated conjugate CEF (CEF*), CEF con-
catenated with a -CEF, and a CEF* concatenated with a
-CEF*). The use of different combinations of CEF, CEF*,
-CEF, and -CEF* allow for receivers to differentiate the
channel estimations for the different spatial transmis-
sions. Because of the beamforming preventing delay ΔT,
transmissions TX #1 to TX #7 of frame 840 include dum-
my signals transmitted in the gaps (shaded area) be-
tween the legacy/EDMG section and the following CEF
section to avoid transmission power change in the frame
840. Similarly, the respective CES and payload data sec-
tions of the transmissions TX #1 to TX #7 of frame 840
are transmitted in a time aligned MIMO (spatial) manner.
[0117] For SC WB, the transmission is divided into two
stages, before the beginning of the second STF and after
it. Before the transmission of the second STF, the MIMO
transmission includes the legacy L-STF, the legacy L-
CEF, the legacy L-Header and the EDMG Header, such
that each transmit chain is sending this same signal just
delayed by 64 samples at 1.76GHz (e.g., 36.4ns) This is
done in order to assure no unintentional beamforming is
happening. During the L-STF, all transmitting antennas
send the same data. Then in the channel estimation field
(CEF) time, each antenna is sending different sequence,
so to allow the receiver to estimate the entire spatial chan-
nel.
[0118] Frame 800 is an example for a two (2) spatial
streams and two (2) channel bonding transmission.
Frame 820 is an example for a four (4) spatial streams
and 2 channel bonding transmission. Frame 840 is an
example for an eight (8) spatial streams and single chan-
nel transmission.

FRAME FORMAT FOR AGGREGATE SC MIMO

[0119] FIGs. 9A-9B illustrate exemplary frames 900
and 920 for transmission of two (2) and three (3) spatial
streams in a MIMO aggregate transmission mode in ac-
cordance with an aspect of the disclosure. Each of the
spatial transmissions may be configured similar to a two-
channel aggregate SC frame, such as frame 610 previ-
ously discussed. It shall be understood that each of the
spatial transmission may include aggregate channels of
less than or more than two.
[0120] Similarly, each of the spatial transmissions il-
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lustrated in FIG. 9B may be configured similar to a two-
channel aggregate SC frame, such as frame 610, with
the exception that a second (new protocol) CEF and long-
er sequences thereof (e.g., two concatenated CEF, two
concatenated conjugate CEF (CEF*), CEF concatenated
with a -CEF, and a CEF* concatenated with a -CEF*).
The use of different combinations of CEF, CEF*, -CEF,
and -CEF* allow for receivers to differentiate the channel
estimations for the different spatial transmissions.
[0121] MIMO aggregate SC uses the same technique
as the SC WB transmission mode, i.e., the three meth-
ods, with the difference of the channel estimation in the
gap between the band not being transmitted (which is
not MIMO related anyway), so the basic sequences are
802.11ad CEF sequences transmitted multiple times.
[0122] Exemplary frame 900 is an example for the 2
channel bonding with two (2) MIMO spatial transmis-
sions. Then there is no need for adding additional CEF
sequence, because the MIMO channel estimation is
done using the CEF of the legacy preamble. Exemplary
frame 920 is an example for the case of MIMO three (3)
spatial transmissions, and then additional CEF sequenc-
es are needed in order to estimate the spatial channels.
The CEF sequences are like the one used for the SC WB
above. Similar to the previous MIMO frames, because of
the beamforming preventing delay ΔT, the transmission
TX #1 in frame 900 and transmissions TX #1 and TX #2
in frame 920 include dummy signals transmitted in the
gaps (shaded area) between the legacy/EDMG section
and the following CEF and/or payload data section to
avoid transmission power change in the frame 900 or
920, respectively.
[0123] Similarly, the respective payload data sections
of the transmissions TX #1 to TX #2 of frame 900 are
transmitted in a time aligned MIMO (spatial) manner. In
a like manner, the respective CEF and payload data sec-
tions of the transmissions TX #1 to TX #3 of frame 920
are transmitted in a time aligned MIMO (spatial) manner
[0124] FIG. 10 illustrates an example device 1000 ac-
cording to certain aspects of the present disclosure. The
device 1000 may be configured to operate in an access
point or a user device to perform the one or more of the
operations described herein. The device 1000 includes
a processing system 1020, and a memory 1010 coupled
to the processing system 1020. The memory 1010 may
store instructions that, when executed by the processing
system 1020, cause the processing system 1020 to per-
form one or more of the operations described herein.
Exemplary implementations of the processing system
1020 are provided below. The device 1000 also compris-
es a transmit/receiver interface 1030 coupled to the
processing system 1020. The interface 1030 (e.g., inter-
face bus) may be configured to interface the processing
system 1020 to a radio frequency (RF) front end (e.g.,
transceivers 226-1 to 226-N, 266-1 to 226-M), as dis-
cussed further below.
[0125] In certain aspects, the processing system 1020
may include one or more of the following: a transmit data

processor (e.g., transmit data processor 220 or 260), a
frame builder (e.g., frame builder 222 or 262), a transmit
processor (e.g., transmit processor 224 or 264) and/or a
controller (e.g., controller 234 or 274) for performing one
or more of the operations described herein. In these as-
pects, the processing system 1020 may generate a frame
and output the frame to an RF front end (e.g., transceiver
226-1 to 226-N or 266-1 to 266-M) via the interface 1030
for wireless transmission (e.g., to an access point or a
user device).
[0126] In certain aspects, the processing system 1020
may include one or more of the following: a receive proc-
essor (e.g., receive processor 242 or 282), a receive data
processor (e.g., receive data processor 244 or 284)
and/or a controller (e.g., controller 234 and 274) for per-
forming one or more of the operations described herein.
In these aspects, the processing system 1020 may re-
ceive a frame from an RF front end (e.g., transceivers
226-1 to 226-N or 266-1 to 266-M) via the interface 1030
and process the frame according to any one or more of
the aspects discussed above.
[0127] In the case of a user device, the device 1000
may include a user interface 1040 coupled to the process-
ing system 1020. The user interface 1040 may be con-
figured to receive data from a user (e.g., via keypad,
mouse, joystick, etc.) and provide the data to the process-
ing system 1020. The user interface 1040 may also be
configured to output data from the processing system
1020 to the user (e.g., via a display, speaker, etc.). In
this case, the data may undergo additional processing
before being output to the user. In the case of an access
point 212, the user interface 1040 may be omitted.
[0128] The various operations of methods described
above may be performed by any suitable means capable
of performing the corresponding functions. The means
may include various hardware and/or software compo-
nent(s) and/or module(s), including, but not limited to a
circuit, an application specific integrated circuit (ASIC),
or processor. Generally, where there are operations il-
lustrated in figures, those operations may have corre-
sponding counterpart means-plus-function components
with similar numbering.
[0129] For instance, some examples of means for gen-
erating a frame include the processing system 1020, Tx
frame processing system 202, frame builder 222, and
frame builder 262. Some examples of means for output-
ting the frame for transmission include the transmit/re-
ceive interface 1030, interface 208, transmit processor
224, and transmit processor 264.
[0130] In some cases, rather than actually transmitting
a frame a device may have an interface to output a frame
for transmission (a means for outputting). For example,
a processor may output a frame, via a bus interface, to
a radio frequency (RF) front end for transmission. Simi-
larly, rather than actually receiving a frame, a device may
have an interface to obtain a frame received from another
device (a means for obtaining). For example, a processor
may obtain (or receive) a frame, via a bus interface, from
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an RF front end for reception.
[0131] As used herein, the term "determining" encom-
passes a wide variety of actions. For example, "deter-
mining" may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining
and the like. Also, "determining" may include receiving
(e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining" may
include resolving, selecting, choosing, establishing and
the like.
[0132] As used herein, a phrase referring to "at least
one of’ a list of items refers to any combination of those
items, including single members. As an example, "at
least one of: a, b, or c" is intended to cover a, b, c, a-b,
a-c, b-c, and a-b-c, as well as any combination with mul-
tiples of the same element (e.g., a-a, a-a-a, a-a-b, a-a-
c, a-b-b, a-c-c, b-b, b-b-b, b-b-c, c-c, and c-c-c or any
other ordering of a, b, and c).
[0133] The various illustrative logical blocks, modules
and circuits described in connection with the present dis-
closure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, dis-
crete hardware components, or any combination thereof
designed to perform the functions described herein. A
general-purpose processor may be a microprocessor,
but in the alternative, the processor may be any commer-
cially available processor, controller, microcontroller, or
state machine. A processor may also be implemented
as a combination of computing devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micro-
processors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.
[0134] It shall be understood that the processing as
described herein may be performed by any digital means
as discussed above, and or any analog means or circuit-
ry.
[0135] The steps of a method or algorithm described
in connection with the present disclosure may be embod-
ied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software
module may reside in any form of storage medium that
is known in the art. Some examples of storage media
that may be used include random access memory (RAM),
read only memory (ROM), flash memory, EPROM mem-
ory, EEPROM memory, registers, a hard disk, a remov-
able disk, a CD-ROM and so forth. A software module
may comprise a single instruction, or many instructions,
and may be distributed over several different code seg-
ments, among different programs, and across multiple
storage media. A storage medium may be coupled to a
processor such that the processor can read information
from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to
the processor.

[0136] The methods disclosed herein comprise one or
more steps or actions for achieving the described meth-
od. The method steps and/or actions may be inter-
changed with one another without departing from the
scope of the claims. In other words, unless a specific
order of steps or actions is specified, the order and/or
use of specific steps and/or actions may be modified with-
out departing from the scope of the claims.
[0137] The functions described may be implemented
in hardware, software, firmware, or any combination
thereof. If implemented in hardware, an example hard-
ware configuration may comprise a processing system
in a wireless node. The processing system may be im-
plemented with a bus architecture. The bus may include
any number of interconnecting buses and bridges de-
pending on the specific application of the processing sys-
tem and the overall design constraints. The bus may link
together various circuits including a processor, machine-
readable media, and a bus interface. The bus interface
may be used to connect a network adapter, among other
things, to the processing system via the bus. The network
adapter may be used to implement the signal processing
functions of the PHY layer. In the case of any of the user
devices 106, 108, and 110 (see FIG. 1), a user interface
(e.g., keypad, display, mouse, joystick, etc.) may also be
connected to the bus. The bus may also link various other
circuits such as timing sources, peripherals, voltage reg-
ulators, power management circuits, and the like, which
are well known in the art, and therefore, will not be de-
scribed any further.
[0138] The processor may be responsible for manag-
ing the bus and general processing, including the exe-
cution of software stored on the machine-readable me-
dia. The processor may be implemented with one or more
general-purpose and/or special-purpose processors. Ex-
amples include microprocessors, microcontrollers, DSP
processors, and other circuitry that can execute software.
Software shall be construed broadly to mean instructions,
data, or any combination thereof, whether referred to as
software, firmware, middleware, microcode, hardware
description language, or otherwise. Machine-readable
media may include, by way of example, RAM (Random
Access Memory), flash memory, ROM (Read Only Mem-
ory), PROM (Programmable Read-Only Memory),
EPROM (Erasable Programmable Read-Only Memory),
EEPROM (Electrically Erasable Programmable Read-
Only Memory), registers, magnetic disks, optical disks,
hard drives, or any other suitable storage medium, or any
combination thereof. The machine-readable media may
be embodied in a computer-program product. The com-
puter-program product may comprise packaging materi-
als.
[0139] In a hardware implementation, the machine-
readable media may be part of the processing system
separate from the processor. However, as those skilled
in the art will readily appreciate, the machine-readable
media, or any portion thereof, may be external to the
processing system. By way of example, the machine-
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readable media may include a transmission line, a carrier
wave modulated by data, and/or a computer product sep-
arate from the wireless node, all which may be accessed
by the processor through the bus interface. Alternatively,
or in addition, the machine-readable media, or any por-
tion thereof, may be integrated into the processor, such
as the case may be with cache and/or general register
files.
[0140] The processing system may be configured as
a general-purpose processing system with one or more
microprocessors providing the processor functionality
and external memory providing at least a portion of the
machine-readable media, all linked together with other
supporting circuitry through an external bus architecture.
Alternatively, the processing system may be implement-
ed with an ASIC (Application Specific Integrated Circuit)
with the processor, the bus interface, the user interface
in the case of an access terminal), supporting circuitry,
and at least a portion of the machine-readable media
integrated into a single chip, or with one or more FPGAs
(Field Programmable Gate Arrays), PLDs (Programma-
ble Logic Devices), controllers, state machines, gated
logic, discrete hardware components, or any other suit-
able circuitry, or any combination of circuits that can per-
form the various functionality described throughout this
disclosure. Those skilled in the art will recognize how
best to implement the described functionality for the
processing system depending on the particular applica-
tion and the overall design constraints imposed on the
overall system.
[0141] The machine-readable media may comprise a
number of software modules. The software modules in-
clude instructions that, when executed by the processor,
cause the processing system to perform various func-
tions. The software modules may include a transmission
module and a receiving module. Each software module
may reside in a single storage device or be distributed
across multiple storage devices. By way of example, a
software module may be loaded into RAM from a hard
drive when a triggering event occurs. During execution
of the software module, the processor may load some of
the instructions into cache to increase access speed.
One or more cache lines may then be loaded into a gen-
eral register file for execution by the processor. When
referring to the functionality of a software module below,
it will be understood that such functionality is implement-
ed by the processor when executing instructions from
that software module.
[0142] If implemented in software, the functions may
be stored or transmitted over as one or more instructions
or code on a computer-readable medium. Computer-
readable media include both computer storage media
and communication media including any medium that fa-
cilitates transfer of a computer program from one place
to another. A storage medium may be any available me-
dium that can be accessed by a computer. By way of
example, and not limitation, such computer-readable me-
dia can comprise RAM, ROM, EEPROM, CD-ROM or

other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can
be used to carry or store desired program code in the
form of instructions or data structures and that can be
accessed by a computer. Also, any connection is properly
termed a computer-readable medium. For example, if
the software is transmitted from a website, server, or oth-
er remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared (IR), radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, include compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk, and Blu-ray® disc where disks usually reproduce
data magnetically, while discs reproduce data optically
with lasers. Thus, in some aspects computer-readable
media may comprise non-transitory computer-readable
media (e.g., tangible media). In addition, for other as-
pects computer-readable media may comprise transitory
computer- readable media (e.g., a signal). Combinations
of the above should also be included within the scope of
computer-readable media.
[0143] Thus, certain aspects may comprise a compu-
ter program product for performing the operations pre-
sented herein. For example, such a computer program
product may comprise a computer-readable medium
having instructions stored (and/or encoded) thereon, the
instructions being executable by one or more processors
to perform the operations described herein. For certain
aspects, the computer program product may include
packaging material.
[0144] Further, it should be appreciated that modules
and/or other appropriate means for performing the meth-
ods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base
station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (e.g., RAM, ROM, a physical storage me-
dium such as a compact disc (CD) or floppy disk, etc.),
such that a user terminal and/or base station can obtain
the various methods upon coupling or providing the stor-
age means to the device. Moreover, any other suitable
technique for providing the methods and techniques de-
scribed herein to a device can be utilized.

Claims

1. A method for wireless communications, comprising:

generating a frame comprising a preamble, a
first header, and a second header (350), wherein
the preamble and the first header are configured
to be decoded by a first device (106) operating
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according to a first protocol, the second header
(350) not being configured to be decoded by the
first device (106, 108), and wherein the pream-
ble, the first header, and the second header
(350) are configured to be decoded by a second
device (110) operating according to a second
protocol, wherein the first protocol is different
from the second protocol, wherein the first pro-
tocol includes a first set of available modulation
coding schemes, MCS and the second protocol
includes a second set of available modulation
coding schemes, the first set of MCS being dif-
ferent than the second set of MCS, wherein the
first header includes a first set of header data
and the second header (350) includes a second
set of header data, wherein the first set of header
data and the second set of header data are mod-
ulated and coded using at least one of the MCS
in the first set, wherein the frame comprises a
first payload data appended to the second head-
er (350), wherein the first payload data of the
frame is modulated and coded using the at least
one of the MCS in the first set, wherein the frame
further comprises a second payload data,
wherein the second payload data of the frame
is modulated and coded using one of the MCS
in the second set of MCS; and
outputting the frame for transmission.

2. The method of claim 1, wherein the first payload data
appended to the second header (350) includes a par-
ticular quantity of data to allow the second device
(110) receiving the frame to set up for receiving the
second payload data while receiving the first payload
data appended to the second header (350).

3. The method of claim 1, wherein the second header
(350) comprises information indicating a length of
the first payload data and the second payload data
for all one or more channels associated with the
transmission of the frame.

4. The method of claim 1, wherein the second payload
data of the frame is empty.

5. The method of claim 1, wherein the frame is config-
ured for transmission using an orthogonal frequency
division multiplexing, OFDM signal or a single carri-
er, SC signal, wherein the first header comprises in-
formation indicating whether the frame is configured
for transmission via the OFDM signal or the SC sig-
nal.

6. The method of claim 1, wherein the preamble com-
prises a first short training field, STF and a first chan-
nel estimation field, CEF, wherein the frame further
comprises a second short training field, STF and a
payload data, wherein the frame comprises a second

channel estimation field, CEF, and wherein the sec-
ond CEF of the frame is configured to be modulated
by a single carrier.

7. The method of claim 6, wherein the first STF, the
first CEF, the first header, and the second header of
the frame are configured to be transmitted in a time
aligned or time skewed manner via a plurality of
channels, respectively.

8. The method of claim 6, wherein the second STF, the
second CEF, and the payload data of the frame are
configured to be transmitted via a bonded channel
comprising at least a portion at least some of a plu-
rality of channels.

9. The method of claim 8, wherein the second header
comprises information identifying a lowest frequency
one of the plurality of channels included in the bond-
ed channel, wherein a first power level for transmis-
sion of the second STF, the second CEF, and the
payload data is equal to or higher than a second
power level for transmission of the first STF, the first
CEF, the first header, and the second header.

10. The method of claim 9, wherein the second header
(350) comprises information indicating a power dif-
ference between the first power level and the second
power level.

11. The method of claim 10, wherein the first header
comprises information indicating a power difference
between the first power level and the second power
level, wherein the power difference information is not
specified in the first protocol.

12. The method of claim 1, wherein the preamble com-
prises a first short training field, STF and a first chan-
nel estimation field, CEF, the frame further compris-
es a second channel estimation field, CEF and a
payload data, wherein the first STF, the first CEF,
the first header, the second header, and the second
CEF sequence are configured to be transmitted via
a first set of channels, and the payload data is con-
figured to be transmitted via a first bonded channel
including the first set of channels, and wherein the
first bonded channel is associated with a first spatial
transmission.

13. The method of claim 1, wherein the frame further
comprises a payload data, wherein the preamble,
the first header, and the second header are config-
ured to be transmitted via a first set of channels,
wherein the first set of channels are associated with
a first transmission, wherein the preamble, the first
header, and the second header are configured to be
transmitted via a second set of channels, wherein
the second set of channels are associated with a
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second transmission, and the second transmission
is skewed from the first transmission by a time inter-
val.

14. An apparatus (1000) comprising means configured
to perform all steps of the method of any one of claims
1 to 13.

15. A computer program comprising program instruc-
tions which are computer-executable to implement
all steps of the method of any one of claims 1 to 13.

Patentansprüche

1. Verfahren zur drahtlosen Kommunikation, umfas-
send
Erzeugen eines Rahmens, der eine Präambel, einen
ersten Header und einen zweiten Header (350) um-
fasst, wobei die Präambel und der erste Header der-
art konfiguriert sind, dass sie von einer ersten Vor-
richtung (106) dekodiert werden, die gemäß einem
ersten Protokoll funktioniert, wobei der zweite Hea-
der (350) nicht konfiguriert ist, um von der ersten
Vorrichtung (106, 108) dekodiert zu werden, und wo-
bei die Präambel, der erste Header und der zweite
Header (350) konfiguriert sind, dass sie von einer
zweiten Vorrichtung (110) dekodiert werden, die ge-
mäß einem zweiten Protokoll funktioniert, wobei das
erste Protokoll von dem zweiten Protokoll verschie-
den ist, wobei das erste Protokoll einen ersten Satz
von verfügbaren Modulations- und Codierungssche-
mata, MCS, enthält und das zweite Protokoll einen
zweiten Satz von verfügbaren Modulations- und Co-
dierungsschemata enthält, wobei der erste Satz von
MCS von dem zweiten Satz von MCS verschieden
ist, wobei der erste Header einen ersten Satz von
Header-Daten enthält und der zweite Header (350)
einen zweiten Satz von Header-Daten enthält, wobei
der erste Satz von Header-Daten und der zweite
Satz von Header-Daten unter Verwendung mindes-
tens eines der MCS im ersten Satz moduliert und
kodiert sind, wobei der Rahmen erste Nutzdaten um-
fasst, die an den zweiten Header (350) angehängt
sind, wobei die ersten Nutzdaten des Rahmens unter
Verwendung von mindestens einem der MCS in dem
ersten Satz moduliert und codiert sind, wobei der
Rahmen weiterhin zweite Nutzdaten umfasst, wobei
die zweiten Nutzdaten des Rahmens unter Verwen-
dung von einem der MCS in dem zweiten Satz von
MCS moduliert und codiert sind; und
Ausgabe des Rahmens für die Übertragung.

2. Verfahren gemäß Anspruch 1, wobei die ersten
Nutzdaten, die an den zweiten Header (350) ange-
hängt sind, eine bestimmte Datenmenge enthalten,
um es der zweiten Vorrichtung (110), die den Rah-
men empfängt, zu ermöglichen, sich für den Emp-

fang der zweiten Nutzdaten einzurichten, während
sie die ersten Nutzdaten empfängt, die an den zwei-
ten Header (350) angehängt sind.

3. Verfahren gemäß Anspruch 1, wobei der zweite
Header (350) Informationen umfasst, die eine Länge
der ersten Nutzdaten und der zweiten Nutzdaten für
alle ein oder mehrere Kanäle angeben, die mit der
Übertragung des Rahmens zusammenhängen.

4. Verfahren gemäß Anspruch 1, wobei die zweiten
Nutzdaten des Rahmens leer sind.

5. Verfahren gemäß Anspruch 1, wobei der Rahmen
zur Übertragung unter Verwendung eines OFDM-
Signals (Orthogonal Frequency Division Multiple-
xing) oder eines SC (Single Carrier) Signals konfi-
guriert ist, wobei der erste Header Informationen um-
fasst, die angeben, ob der Rahmen zur Übertragung
über das OFDM-Signal oder das SC-Signal konfigu-
riert ist.

6. Verfahren gemäß Anspruch 1, wobei die Präambel
ein erstes kurzes Trainingsfeld, STF, und ein erstes
Kanalschätzfeld, CEF, umfasst, wobei der Rahmen
weiterhin ein zweites kurzes Trainingsfeld, STF, und
Nutzdaten umfasst, wobei der Rahmen ein zweites
Kanalschätzfeld, CEF, umfasst und wobei das zwei-
te CEF des Rahmens dafür konfiguriert ist, durch
einen einzelnen Träger moduliert zu werden.

7. Verfahren gemäß Anspruch 6, wobei das erste STF,
das erste CEF, der erste Header und der zweite Hea-
der des Rahmens derart konfiguriert sind, dass sie
in einer zeitlich ausgerichteten bzw. zeitversetzten
Weise über eine Vielzahl von Kanälen übertragen
werden.

8. Verfahren gemäß Anspruch 6, wobei das zweite
STF, das zweite CEF und die Nutzdaten des Rah-
mens derart konfiguriert sind, dass sie über einen
gebundenen Kanal übertragen werden, der wenigs-
tens einen Teil wenigstens einiger einer Vielzahl von
Kanälen umfasst.

9. Verfahren gemäß Anspruch 8, wobei der zweite
Header Informationen umfasst, die einen Kanal mit
der niedrigsten Frequenz aus der Vielzahl von Ka-
nälen, die in dem gebundenen Kanal enthalten sind,
identifizieren, wobei ein erster Leistungspegel für die
Übertragung des zweiten STF, des zweiten CEF und
der Nutzlastdaten gleich oder höher als ein zweiter
Leistungspegel für die Übertragung des ersten STF,
des ersten CEF, des ersten Headers und des zwei-
ten Headers ist.

10. Verfahren gemäß Anspruch 9, wobei der zweite
Header (350) Informationen umfasst, die eine Leis-
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tungsdifferenz zwischen dem ersten Leistungspegel
und dem zweiten Leistungspegel angeben.

11. Verfahren gemäß Anspruch 10, wobei der erste Hea-
der Information umfasst, die eine Leistungsdifferenz
zwischen dem ersten Leistungspegel und dem zwei-
ten Leistungspegel anzeigt, wobei die Leistungsdif-
ferenzinformation im ersten Protokoll nicht spezifi-
ziert ist.

12. Verfahren gemäß Anspruch 1, wobei die Präambel
ein erstes kurzes Trainingsfeld, STF, und ein erstes
Kanalschätzfeld, CEF, umfasst, der Rahmen weiter-
hin ein zweites Kanalschätzfeld, CEF, und Nutzlast-
daten umfasst, wobei das erste STF, das erste CEF,
der erste Header, der zweite Header und die zweite
CEF-Sequenz derart konfiguriert sind, dass sie über
einen ersten Satz von Kanälen übertragen werden,
und die Nutzdaten derart konfiguriert sind, dass sie
über einen ersten gebundenen Kanal übertragen
werden, der den ersten Satz von Kanälen enthält,
und wobei der erste gebundene Kanal einer ersten
räumlichen Übertragung zugeordnet ist.

13. Verfahren gemäß Anspruch 1, wobei der Rahmen
weiterhin Nutzdaten umfasst, wobei die Präambel,
der erste Header und der zweite Header derart kon-
figuriert sind, dass sie über einen ersten Satz von
Kanälen übertragen werden, wobei der erste Satz
von Kanälen mit einer ersten Übertragung zusam-
menhängt, wobei die Präambel, der erste Header
und der zweite Header derart konfiguriert sind, dass
sie über einen zweiten Satz von Kanälen übertragen
werden, wobei der zweite Satz von Kanälen mit einer
zweiten Übertragung zusammenhängt und die zwei-
te Übertragung gegenüber der ersten Übertragung
um ein Zeitintervall versetzt ist.

14. Vorrichtung (1000) umfassend Mittel, die derart kon-
figuriert sind, dass sie alle Schritte des Verfahrens
gemäß einem der Ansprüche 1 bis 13 ausführen.

15. Computerprogramm umfassend Programmanwei-
sungen, die computerausführbar sind, um alle
Schritte des Verfahrens gemäß einem der Ansprü-
che 1 bis 13 zu implementieren.

Revendications

1. Un procédé de communication sans fil, comprenant :

la génération d’une trame comprenant un
préambule, un premier en-tête, et un second en-
tête (350), dans lequel le préambule et le pre-
mier en-tête sont configurés pour être décodés
par un premier dispositif (106) fonctionnant se-
lon un premier protocole, le second en-tête (350)

n’étant pas configuré pour être décodé par le
premier dispositif (106, 108), et dans lequel le
préambule, le premier en-tête, et le second en-
tête (350) sont configurés pour être décodés par
un second dispositif (110) fonctionnant selon un
second protocole, dans lequel le premier proto-
cole est différent du second protocole, dans le-
quel le premier protocole inclut un premier en-
semble de schémas de codage de modulation,
MCS, disponibles et le second protocole inclut
un second ensemble de schémas de codage de
modulation disponibles, le premier ensemble de
MCS étant différent du second ensemble de
MCS, dans lequel le premier en-tête inclut un
premier ensemble de données d’en-tête et le
second en-tête (350) inclut un second ensemble
de données d’en-tête, dans lequel le premier en-
semble de données d’en-tête et le second en-
semble de données d’en-tête sont modulés et
codés en utilisant au moins l’un des MCS dans
le premier ensemble, dans lequel la trame com-
prend une première donnée de charge utile an-
nexée au second en-tête (350), dans lequel la
première donnée de charge utile de la trame est
modulée et codée en utilisant l’au moins un des
MCS dans le premier ensemble, dans lequel la
trame comprend en outre une seconde donnée
de charge utile, dans lequel la seconde donnée
de charge utile de la trame est modulée et codée
en utilisant l’un des MCS dans le second en-
semble de MCS ; et
la délivrance de la trame pour transmission.

2. Le procédé selon la revendication 1, dans lequel la
première donnée de charge utile annexée au second
en-tête (350) inclut une quantité particulière de don-
nées pour permettre au second dispositif (110) re-
cevant la trame de se régler pour recevoir la seconde
donnée de charge utile tout en recevant la première
donnée de charge utile annexée au second en-tête
(350).

3. Le procédé selon la revendication 1, dans lequel le
second en-tête (350) comprend une information in-
diquant une longueur de la première donnée de char-
ge utile et de la seconde donnée de charge utile pour
tous les un ou plusieurs canaux associés à la trans-
mission de la trame.

4. Le procédé selon la revendication 1, dans lequel la
seconde donnée de charge utile de la trame est vide.

5. Le procédé selon la revendication 1, dans lequel la
trame est configurée pour transmission en utilisant
un signal de multiplexage par répartition en fréquen-
ces orthogonales, OFDM, ou un signal à porteuse
unique, SC, dans lequel le premier en-tête comprend
une information indiquant si la trame est configurée
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pour transmission via le signal OFDM ou le signal
SC.

6. Le procédé selon la revendication 1, dans lequel le
préambule comprend un premier champ d’appren-
tissage court, STF, et un premier champ d’estimation
de canal, CEF, dans lequel la trame comprend en
outre un second champ d’apprentissage court, STF,
et une donnée de charge utile, dans lequel la trame
comprend un second champ d’estimation de canal,
CEF, et dans lequel le second CEF de la trame est
configuré pour être modulé par une porteuse unique.

7. Le procédé selon la revendication 6, dans lequel le
premier STF, le premier CEF, le premier en-tête, et
le second en-tête de la trame sont configurés pour
être transmis d’une manière alignée dans le temps
ou décalée dans le temps via une pluralité de ca-
naux, respectivement.

8. Le procédé selon la revendication 6, dans lequel le
second STF, le second CEF, et la donnée de charge
utile de la trame sont configurés pour être transmis
via un canal lié comprenant au moins une partie d’au
moins certains d’une pluralité de canaux.

9. Le procédé selon la revendication 8, dans lequel le
second en-tête comprend une information identifiant
à une fréquence la plus basse l’un de la pluralité de
canaux inclus dans le canal lié, dans lequel un pre-
mier niveau de puissance pour transmission du se-
cond STF, du second CEF, et de la donnée de char-
ge utile est égal ou supérieur à un second niveau de
puissance pour transmission du premier STF, du
premier CEF, du premier en-tête, et du second en-
tête.

10. Le procédé selon la revendication 9, dans lequel le
second en-tête (350) comprend une information in-
diquant une différence de puissance entre le premier
niveau de puissance et le second niveau de puis-
sance.

11. Le procédé selon la revendication 10, dans lequel le
premier en-tête comprend une information indiquant
une différence de puissance entre le premier niveau
de puissance et le second niveau de puissance,
dans lequel l’information de différence de puissance
n’est pas spécifiée dans le premier protocole.

12. Le procédé selon la revendication 1, dans lequel le
préambule comprend un premier champ d’appren-
tissage court, STF, et un premier champ d’estimation
de canal, CEF, la trame comprend en outre un se-
cond champ d’estimation de canal, CEF, et une don-
née de charge utile, dans lequel le premier STF, le
premier CEF, le premier en-tête, le second en-tête,
et la seconde séquence CEF sont configurés pour

être transmis via un premier ensemble de canaux,
et la donnée de charge utile est configurée pour être
transmise via un premier canal lié incluant le premier
ensemble de canaux, et dans lequel le premier canal
lié est associé à une première transmission spatiale.

13. Le procédé selon la revendication 1, dans lequel la
trame comprend en outre une donnée de charge uti-
le, dans lequel le préambule, le premier en-tête, et
le second en-tête sont configurés pour être transmis
via un premier ensemble de canaux, dans lequel le
premier ensemble de canaux est associé à une pre-
mière transmission, dans lequel le préambule, le pre-
mier en-tête, et le second en-tête sont configurés
pour être transmis via un second ensemble de ca-
naux, dans lequel le second ensemble de canaux
est associé à une seconde transmission, et la se-
conde transmission est décalée par rapport à la pre-
mière transmission d’un intervalle de temps.

14. Un appareil (1000) comprenant des moyens confi-
gurés pour réaliser toutes les étapes du procédé se-
lon l’une des revendications 1 à 13.

15. Un programme informatique comprenant des ins-
tructions de programme qui sont exécutables par or-
dinateur pour mettre en œuvre toutes les étapes du
procédé selon l’une des revendications 1 à 13.
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