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SPECTRUM ALLOCATION FOR MULTIPLE RESOURCE UNITS IN
WIRELESS NETWORK

CROSS REFERENCE

[0001] The present application claims the benefit of priority to United
States Provisional Patent application Serial No. 62/989,313, entitled
“"SPECTRUM ALLOCATION FOR MULTIPLE RESOURCE UNITS IN A WIRELESS
NETWORK,” filed March 13, 2020, and United States Non-Provisional Patent
application Serial No. 17/197,559, entitled “SPECTRUM ALLOCATION FOR
MULTIPLE RESOURCE UNITS IN A WIRELESS NETWORK,” filed March 10, 2021,
the contents of which are incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present application relates to mobile air interface technologies,
in particular to methods, systems, and devices for allocating spectrum in order
to efficiently operate in a wireless network.

BACKGROUND

[0003] Networks that operate according to Wi-Fi protocols, including IEEE
802.11 protocols such as IEEE 802.11ax specified in IEEE Draft
P802.11ax_D8.0, allocate multiple bands of the radio frequency spectrum for
use by different stations at different times.

[0004] A new protocol, IEEE 802.11be, is currently under development by
IEEE 802.11 Task Group TGbe, and will be the next major IEEE 802.11
amendment to define the next generation of Wi-Fi after IEEE 802.11ax
(currently IEEE Draft P802.11ax_D8.0). IEEE 802.11be (also called Extremely
High Throughput (EHT)) is expected to support a data rate of at least 30 Gbps
and may use a spectrum bandwidth up to 320 MHz for unlicensed operations,
double the 160MHz maximum bandwidth currently contemplated by IEEE
802.11ax.

[0005] IEEE 802.11ax supports Orthogonal Frequency-Division Multiple
Access (OFDMA) transmission, in which data intended for different stations can
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be multiplexed within an OFDM symbol through the allocation of different
subsets of subcarriers (tones). In IEEE 802.11ax, a Resource Unit (RU) consists
of a group of contiguous subcarriers defined in the frequency domain. Different
RUs can be assigned to different stations within a PPDU. Each RU is used for
one OFDM symbol for one station (also referred to as a STA). Figure 1 illustrates
an example of station (STA) resource allocation in IEEE 802.11ax.

[0006] In IEEE 802.11ax, RUs are defined based on RU sizes such as 26-
tone RU, 52-tone RU, 106-tone RU, 242-tone RU, 484-tone RU, 996-tone RU
and 2x996-tone RU. Information about the RU assigned to a station in a multi-
user (MU) configuration, such as the RU location and the RU size, is indicated
in the HE-SIG-B field of the physical layer (PHY) protocol data unit (PPDU) in
IEEE 802.11ax. Information about the RU assigned to a station in a single-user
(SU) configuration, such as the RU location and the RU size, is indicated in the
HE-SIG-A field of the physical layer protocol (PHY) data unit (PPDU) in IEEE
802.11ax: in a single-user (SU) configuration, the RU size is uniquely
determined by spanning the entire assigned operating channel, i.e., the 242-,
484-, 996- and 2x996-tone RU sizes correspond to 20 MHz, 40 MHz, 80 MHz,
and 160 (or 80+80) MHz bandwidths, respectively.

[0007] As indicated above, IEEE 802.11be will support a wide bandwidth,
up to 320MHz. The larger bandwidth introduces opportunities and issues that
are not present in a narrower bandwidth system. For example, EHT enabled Wi-
Fi should enable a significant growth in the volume of high throughput data
transmission as well as a proliferation of an extremely large number of low data
rate devices such as Internet of Things (IoT) devices. However, as a result of
the anticipated deployment density, the probability of a single station having
access to a large number of contiguous subcarriers within the 320 MHz
bandwidth at any given time can be expected to be low. In this regard, an
operating feature called multiple RUs (multi-RU) has been proposed for IEEE
802.11be, in which multiple RUs that each have a respective sub-set of

contiguous subcarriers can be allocated for one station in an OFDM symbol.

[0008] For the purpose of multi-RU, RUs are divided into two types: “small
size” RUs include 26-tone RU, 52-tone RU, and 106-tone RU, whereas “large
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size” RUs include 242-tone RU, 484-tone RU, 996-tone RU, 2x996-tone RU and
4x996-tone RU. When multiple RUs are allocated for one station, the allocation
must be a set of multiple small size RUs or multiple large size RUs: current
methods do not support a multi-RU allocation configuration for a station that

mixes small size and large size RUs.

[0009] Figures 2A-2C show the frequency sub-bands denoting RU
locations in @ HE PPDUs in 802.11ax. Figure 2A shows a single 242-tone, 20
MHz bandwidth, large-size RU 208 and possible small-size RU combinations that
can occupy the same 20 MHz sub-band in place of a 242-tone RU: two 106-
tone small-size RUs with a single 26-tone RU in between them (shown as two
13-tone bands) 206; or four 52-tone RUs with a single 26-tone RU in between
the second and third 52-tone RU (shown as two 13-tone bands) 204; or eight
26-tone RUs with a single additional 26-tone RU in between the fourth and fifth
26-tone RU (shown as two 13-tone bands) 202. Similarly, Figure 2B shows a
single 484-tone, 40 MHz bandwidth, large-size RU 220 and possible large- or
small-size RU combinations that can occupy the same 40 MHz band in place of
a 484-tone RU: two 242-tone large-size RUs 218, or two sets of the same small-
size RU combinations shown in Figure 2A. Finally, Figure 2C shows a single 996-
tone, 80 MHz bandwidth, large-size RU 232 and possible large- or small-size
RU combinations that can occupy the same 80 MHz band in place of a 996-tone
RU: two 484-tone large-size RUs 230, or two sets of the same large- or small-

size RU combinations shown in Figure 2B.

[0010] Allocation of small-size or large-size resource units within a portion
of frequency spectrum should ideally handle a large number of combinations of
RU sizes and unavailable spectrum bands, without using an overly complex bit
sequence to encode the resource unit allocation configuration. However,
existing proposals for allocation configuration encoding schemes are either
overly complex (requiring a large number of entries in a mapping table for

indexing) or omit many useful allocation configurations.

SUMMARY
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[0011] According to a first example aspect, a method of allocating a
portion of frequency spectrum in a wireless local area network is provided. A
plurality of equal-size sub-bands are identified, making up the portion of
frequency spectrum. One or more of the plurality of sub-bands are identified as
available. A bit representation is generated, representing an allocation of
resource units within the portion of frequency spectrum for use by a target
station. The bit representation consists of a plurality of binary values. Each
binary value indicates the availability or unavailability of one or more sub-bands.
A physical layer protocol data unit (PPDU) is generated. The PPDU comprises a
header. The header comprises the bit representation. The PPDU is transmitted

to a target station.

[0012] According to a second example aspect, a method for
communicating over a wireless local area network is provided. A PPDU is
received over a wireless local area network. The PPDU comprises a header. The
header comprises a bit representation. An allocation of resource units within a
portion of frequency spectrum is identified based on the bit representation. The
bit representation consists of a plurality of binary values. Each binary value
indicates the availability or unavailability of one or more sub-bands of a plurality
of equal-size sub-bands making up the portion of frequency spectrum. Each
resource unit corresponds to one or more of the identified available sub-bands.
One or more of the resource units are used to communicate over the wireless

local area network.

[0013] In any of the preceding examples, the portion of frequency
spectrum being allocated is an operating channel, each sub-band has a
bandwidth of 20 MHz, and each binary value indicates an unavailable sub-band
or an available one or more sub-bands capable of supporting a single-user

large-size resource unit.

[0014] In any of the preceding examples, the operating channel consists
of one to four sub-blocks of the operating channel, each sub-block of the
operating channel consisting of four contiguous 20 MHz sub-bands, and the bit

representation consists of, for each sub-block of the operating channel, a
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corresponding sub-block representation, each sub-block representation

consisting of one or more binary values.

[0015] In any of the preceding examples, each binary value is two bits,
and each binary value corresponds to an unavailable 20 MHz sub-band or the
size of an available one or more contiguous 20 MHz sub-bands.

[0016] In any of the preceding examples, the four possible binary values
correspond to: an unavailable sub-band, an available sub-band, two contiguous
available sub-bands, and four contiguous available sub-bands.

[0017] In any of the preceding examples, each binary value is one bit,
and each binary value corresponds to an unavailable 20 MHz sub-band or an
available 20 MHz sub-band.

[0018] In any of the preceding examples, the portion of frequency
spectrum being allocated is a 20 MHz band having nine sub-bands, each binary
value is one bit, and each binary value corresponds to an unavailable sub-band
or an available sub-band.

[0019] In any of the preceding examples, the fifth sub-band in order by
frequency is not available for allocation, and the bit representation has eight
bits.

[0020] In any of the preceding examples, the header includes a universal
signal field, and the bit representation is included in the universal signal field.

[0021] In any of the preceding examples, the header includes an extreme
high throughput signal field, and the bit representation is included in the
extreme high throughput signal field.

[0022] According to further example aspects, a station is provided. The
station is enabled for use in a wireless area local area network (WLAN), the

station being configured to perform one or more of the above methods.

[0023] According to further example aspects, a processing system is

provided. The processing system comprises a processing device, a wireless
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network interface for wireless communication with a network, and a memory.
The memory has stored thereon executable instructions that, when executed
by the processing device, implement a communication module configured to

perform one or more of the above methods using the wireless network interface.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Reference will now be made, by way of example, to the
accompanying figures which show example embodiments of the present
application, and in which:

[0025] Figure 1 (prior art) illustrates an example of station (STA) resource
allocation in 802.11ax.

[0026] Figure 2A (prior art) illustrates the frequency bands denoting
possible RU locations within a 20MHz frequency band in a HE PPDU in 802.11ax.

[0027] Figure 2B (prior art) illustrates the frequency bands denoting
possible RU locations within a 40MHz frequency band in a HE PPDU in 802.11ax.

[0028] Figure 2C (prior art) illustrates the frequency bands denoting
possible RU locations within an 80MHz frequency band in a HE PPDU in 802.11ax.

[0029] Figure 3 shows an example of multiple RUs allocated to one station

according to an example embodiment.

[0030] Figure 4 is a block diagram illustrating an example communication

network in accordance with one implementation of the present disclosure.

[0031] Figure 5A illustrates an RU allocation configuration of a 320 MHz
operating channel including a single unavailable 20 MHz sub-band in accordance
with a first embodiment of the present disclosure.

[0032] Figure 5B illustrates an RU allocation configuration of a 320 MHz
operating channel including two unavailable 20 MHz sub-bands in accordance

with the first embodiment of the present disclosure.
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[0033] Figure 5C illustrates an RU allocation configuration of a 320 MHz
operating channel including one unavailable 40 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0034] Figure 5D illustrates an RU allocation configuration of a 320 MHz
operating channel including one unavailable 20 MHz sub-band and one
unavailable 40 MHz sub-band in accordance with the first embodiment of the
present disclosure.

[0035] Figure 5E illustrates an RU allocation configuration of a 320 MHz
operating channel including one unavailable 60 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0036] Figure 5F illustrates an RU allocation configuration of a 320 MHz
operating channel including one unavailable 80 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0037] Figure 5G illustrates an RU allocation configuration of a 320 MHz
operating channel including two unavailable 40 MHz sub-bands in accordance
with the first embodiment of the present disclosure.

[0038] Figure 6A illustrates an RU allocation configuration of a 240 MHz
operating channel including a single unavailable 20 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0039] Figure 6B illustrates an RU allocation configuration of a 240 MHz
operating channel including two unavailable 20 MHz sub-bands in accordance
with the first embodiment of the present disclosure.

[0040] Figure 6C illustrates an RU allocation configuration of a 240 MHz
operating channel including one unavailable 40 MHz sub-band in accordance

with the first embodiment of the present disclosure.

[0041] Figure 6D illustrates an RU allocation configuration of a 240 MHz
operating channel including one unavailable 20 MHz sub-band and one
unavailable 40 MHz sub-band in accordance with the first embodiment of the

present disclosure.
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[0042] Figure 6E illustrates an RU allocation configuration of a 240 MHz
operating channel including one unavailable 60 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0043] Figure 6F illustrates an RU allocation configuration of a 240 MHz
operating channel including one unavailable 80 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0044] Figure 6G illustrates an RU allocation configuration of a 240 MHz
operating channel including two unavailable 40 MHz sub-bands in accordance
with the first embodiment of the present disclosure.

[0045] Figure 7A illustrates an RU allocation configuration of a 160 MHz
operating channel including a single unavailable 20 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0046] Figure 7B illustrates an RU allocation configuration of a 160 MHz
operating channel including two unavailable 20 MHz sub-bands in accordance
with the first embodiment of the present disclosure.

[0047] Figure 7C illustrates an RU allocation configuration of a 160 MHz
operating channel including one unavailable 40 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0048] Figure 7D illustrates an RU allocation configuration of a 160 MHz
operating channel including one unavailable 20 MHz sub-band and one
unavailable 40 MHz sub-band in accordance with the first embodiment of the
present disclosure.

[0049] Figure 7E illustrates an RU allocation configuration of a 160 MHz
operating channel including one unavailable 60 MHz sub-band in accordance

with the first embodiment of the present disclosure.

[0050] Figure 7F illustrates an RU allocation configuration of a 160 MHz
operating channel including two unavailable 40 MHz sub-bands in accordance

with the first embodiment of the present disclosure.
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[0051] Figure 8A illustrates an RU allocation configuration of an 80 MHz
operating channel including a single unavailable 20 MHz sub-band in accordance
with the first embodiment of the present disclosure.

[0052] Figure 8B illustrates an RU allocation configuration of an 80 MHz
operating channel including two unavailable 20 MHz sub-bands in accordance
with the first embodiment of the present disclosure.

[0053] Figure 9A illustrates an RU allocation configuration of a 320 MHz
operating channel including a single unavailable 20 MHz sub-band in accordance
with a second embodiment of the present disclosure.

[0054] Figure 9B illustrates an RU allocation configuration of a 320 MHz
operating channel including two unavailable 20 MHz sub-bands in accordance
with the second embodiment of the present disclosure.

[0055] Figure 10 illustrates several example RU sizes and corresponding
allocation bit representations for small-size resource units of a 20 MHz band in
accordance with a first aspect of a third embodiment of the present disclosure.

[0056] Figure 11 illustrates several example RU sizes and corresponding
allocation bit representations for small-size resource units of a 20 MHz band in
accordance with a second aspect of the third embodiment of the present

disclosure.

[0057] Figure 12A illustrates an RU allocation configuration for small-size
resource units of a 20 MHz band including two available 26-tone resource units
in accordance the third embodiment of the present disclosure.

[0058] Figure 12B illustrates an RU allocation configuration for small-size
resource units of a 20 MHz band including five available 26-tone resource units

in accordance the third embodiment of the present disclosure.

[0059] Figure 12C illustrates an RU allocation configuration for small-size
resource units of a 20 MHz band including two available 26-tone resource units
and two available 52-tone resource units in accordance the third embodiment

of the present disclosure.



10

15

20

25

WO 2021/180199 PCT/CN2021/080414
10

[0060] Figure 12D illustrates an RU allocation configuration for small-size
resource units of a 20 MHz band including one available 26-tone resource unit
and one available 106-tone resource unit in accordance the third embodiment

of the present disclosure.

[0061] Figure 12E illustrates an RU allocation configuration for small-size
resource units of a 40 MHz band including four available 26-tone resource units
and four available 52-tone resource units in accordance the third embodiment

of the present disclosure.

[0062] Figure 13 illustrates an example physical layer protocol data
packet format for exchanging information through a wireless medium of the

communication network of Figure 4.

[0063] Figure 14 is a block diagram illustrating a processing system which
may be used in one or more stations of the communication network of Figure 4

according to example embodiments.

[0064] Figure 15 is a flowchart showing steps of a method of allocating

resource units according to example embodiments.

[0065] Figure 16 is a flowchart showing steps of a method of receiving
resource unit allocation information for communicating on a wireless network

according to example embodiments.

[0066] Like reference numerals are used throughout the Figures to denote
similar elements and features. Although aspects of the invention will be
described in conjunction with the illustrated embodiments, it will be understood

that it is not intended to limit the invention to such embodiments.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0067] The present disclosure teaches methods, devices, and systems for
allocating spectrum in order to efficiently operate in a wireless network. Next
generation wireless local area network (WLAN) systems, including for example
next generation Wi-Fi systems such as the EHT system proposed under the

developing IEEE 802.11be protocol, will have access to larger bandwidth. As
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noted above, a multi-RU feature has been proposed for IEEE 802. However,
also as noted above, existing proposals for allocation configuration encoding
schemes are either overly complex (requiring a large number of entries in a

mapping table for indexing) or omit many useful allocation configurations.

[0068] Methods, devices, and processing systems are disclosed for
encoding single-user (SU), multi-resource units (multi-RU) allocations in a
wireless network. The embodiments described herein pertain to three distinct
multi-RU encoding methods, and to devices and processing systems for
performing those methods. Each of the described embodiments may have
certain advantages over existing proposals for multi-RU encoding in 802.11be
or other wireless communication technologies, including low complexity (i.e.
easy implementation using the bit representation of a multi-RU allocation)
and/or enabling certain allocation configurations not enabled by other proposed
encodings.

[0069] Figure 3 illustrates a representative example of multiple RUs
assigned to a single target station 302 according to example embodiments. In
the example of Figure 3, the target station 302 has been assigned two non-
contiguous RUs, namely RU 0 304 and RU 2 308, in each of a plurality of OFDM
symbols Sym 0 to Sym N-1 within a PPDU.

[0070] Example Network

[0071] An example of an environment in which multi-RU allocation can
occur is illustrated in Figure 4. Figure 4 illustrates a communication network
100 comprising a plurality of stations (STAs) that can include fixed, portable,
and moving stations. The example of Figure 4 illustrates a single fixed STA,
access-point station (AP-STA) 104, and a plurality of STAs 102 that may be
portable or mobile. The network 100 may operate according to one or more
communications or data standards or technologies, however in at least some
examples the network 100 is a WLAN, and in at least some examples is a next
generation Wi-Fi compliant network that operates in accordance with one or

more protocols from the 802.11 family of protocols.
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[0072] Each STA 102 may be a laptop, desktop PC, PDA, Wi-Fi phone,
wireless transmit/receive unit (WTRU), mobile station (MS), mobile terminal,
smartphone, mobile telephone, sensor, internet of things (I0T) device, or other
wireless enabled computing or mobile device. In some embodiments, a STA 102
comprises a machine which has the capability to send, receive, or send and
receive data in the communications network 100 but which performs primary
functions other than communications. The AP-STA 104 may comprise a network
access interface which functions as a wireless transmission and/or reception
point for STAs 102 in the network 100. The AP-STA 104 may be connected to a
backhaul network 110 which enables data to be exchanged between the AP-
STA 104 and other remote networks (including for example the Internet), nodes,
APs, and devices (not shown). The AP-STA 104 may support communications
through unlicensed radio frequency spectrum wireless medium 106 with each
STA 102 by establishing uplink and downlink communication links or channels
with each STA 102, as represented by the arrows in Figure 4. In some examples,
STAs 102 may be configured to communicate with each other. Communications
in the network 100 may be unscheduled, scheduled by the AP-STA 104 or by a
scheduling or management entity (not shown) in the network 100, or a mix of

scheduled and unscheduled communications.

[0073] In some embodiments, the AP-STA 104 is configured to perform
one or more of the RU allocation transmission methods described herein. In
some embodiments, one or more of the STAs 102 or the AP-STA 104 are
configured to perform one or more of the RU allocation reception methods

described herein.

[0074] Example Processing System

[0075] In some embodiments, a processing system may be used to
perform one or more steps of the methods described herein. With reference to
Figure 14, an example processing system 150 is shown which may be used to
implement methods and systems described herein, such as the STA 102 or the
AP-STA 104. Other processing systems suitable for implementing the methods
and systems described in the present disclosure may be used, which may

include components different from those discussed below. Although Figure 14
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shows a single instance of each component, there may be multiple instances of
each component in the processing system 150.

[0076] The processing system 150 may include one or more processing
devices 152, such as a processor, a microprocessor, an application-specific
integrated circuit (ASIC), a field-programmable gate array (FPGA), a dedicated
logic circuitry, or combinations thereof. The processing system 150 may also
include one or more input/output (I/0) interfaces 154, which may enable
interfacing with one or more appropriate input devices and/or output devices
(not shown). One or more of the input devices and/or output devices may be
included as a component of the processing system 150 or may be external to
the processing system 150. The processing system 150 may include one or
more network interfaces 158 for wired or wireless communication with a
network. In example embodiments, network interfaces 158 include one or more
wireless interfaces such as transmitter 118 and receiver 146 that enable
communications in a WLAN such as network 100. The network interface(s) 158
may include interfaces for wired links (e.g., Ethernet cable) and/or wireless
links (e.g., one or more radio frequency links) for intra-network and/or inter-
network communications. The network interface(s) 158 may provide wireless
communication via one or more transmitters or transmitting antennas, one or
more receivers or receiving antennas, and various signal processing hardware
and software, for example. In this regard, some network interface(s) 158 may
include respective processing systems that are similar to processing system 150.
In this example, a single antenna 160 is shown, which may serve as both
transmitting and receiving antenna. However, in other examples there may be
separate antennas for transmitting and receiving. The network interface(s) 158
may be configured for sending and receiving data to the backhaul network 110
or to other STAs, user devices, access points, reception points, transmission

points, network nodes, gateways or relays (not shown) in the network 100.

[0077] The processing system 150 may also include one or more storage
units 170, which may include a mass storage unit such as a solid state drive, a
hard disk drive, a magnetic disk drive and/or an optical disk drive. The

processing system 150 may include one or more memories 172, which may
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include a volatile or non-volatile memory (e.g., a flash memory, a random

access memory (RAM), and/or a read-only memory (ROM)).

[0078] The non-transitory memory(ies) 172 may store instructions for
execution by the processing device(s) 152, such as to carry out the method
steps and/or implement the systems of the present disclosure. These
instructions, when executed by the processing device, may implement a
communication module 180 configured to perform the methods described
herein using the wireless network interface. The communication module 180
may use other data or instructions stored in the memory(ies) 172, such as

network configuration instructions and network status information (not shown).

[0079] The memory(ies) 172 may include other software instructions,
such as for implementing an operating system and other applications/functions.
In some examples, one or more data sets and/or module(s) may be provided
by an external memory (e.g., an external drive in wired or wireless
communication with the processing system 150) or may be provided by a
transitory or non-transitory computer-readable medium. Examples of non-
transitory computer readable media include a RAM, a ROM, an erasable
programmable ROM (EPROM), an electrically erasable programmable ROM
(EEPROM), a flash memory, a CD-ROM, or other portable memory storage.

[0080] There may be a bus 192 providing communication among
components of the processing system 150, including the processing device(s)
152, 1/0 interface(s) 154, network interface(s) 158, storage unit(s) 170, and
memory(ies) 172. The bus 192 may be any suitable bus architecture including,

for example, a memory bus, a peripheral bus or a video bus.

[0081] The transmitter 118 receives as input a serial stream of data bits
to be transmitted. In example embodiments, the input includes data bits that
are to be included in the physical layer protocol (PHY) payload (e.g., the PHY
service data unit (PSDU) of a multi-RU physical layer protocol (PHY) data unit
(PPDU)). The transmitter 118 generates a stream of OFDM symbols for inclusion
in a PHY payload (e.g., PSDU) of a PPDU.
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[0082] In example embodiments, the PSDU output is appended to a PHY
header to provide a PPDU that is modulated onto a carrier frequency and
transmitted through wireless medium 106. In this regard, Figure 13 illustrates
an example frame format that may be used for an EHT PPDU according to
example embodiments. As illustrated, the PHY header appended to the PSDU
may include at least the following header fields: U-SIG (universal signal) 1302
and EHT-SIG (extreme high throughput signal) 1304. In some embodiments,
information about the RUs assigned to a STA, such as the RU location and the
RU size, can be indicated in the EHT-SIG field of the PPDU. In other
embodiments, information about the RUs assigned to a STA, such as the RU
location and the RU size, can be indicated in the U-SIG field of the PPDU. For
example, the EHT-SIG or U-SIG field may include station subfields for each STA
102. Each station subfield can include further subfields that specify various
parameters used in communication: STA-ID that uniquely identifies the target
STA, and a bit representation of the allocation of RUs to the target STA.

[0083] At a receiving STA, PSDUs can be recovered by applying a process
that is largely the inverse of that done at a transmitting STA. For example, a
receiving STA 102 can demodulate and decode the PHY header of a received
PPDU to determine what RUs have been assigned to that STA 102. The STA 102
can then communicate using the signals on the subcarrier sets belonging to the
multiple RUs assigned to that STA 102.

[0084] Resource Unit Allocation Encoding

[0085] Although the present disclosure describes methods and processes
with steps in a certain order, one or more steps of the methods and processes
may be omitted or altered as appropriate. One or more steps may take place

in an order other than that in which they are described, as appropriate.

[0086] With reference to Figure 15, a multi-RU allocation transmission
method 1500 is provided for allocating a portion of frequency spectrum in a
wireless local area network, such as an 802.11be network, in accordance with
various example embodiments described herein. The method may be performed

by a transmitting station or a station for allocating RUs for transmission, such
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as AP-STA 104, or different steps of the method may be performed by different
electronic devices in communication with each other by a digital data link, such
as a bus or communication link. In some embodiments, a processing system
such as processing system 150 may perform the steps of the method. Various
steps of the method 1500 may be performed in a different order from the one
described, or they may be omitted in some embodiments.

[0087] The portion of frequency spectrum is a defined bandwidth of
wireless spectrum, such as 20, 80, 160, 240, or 320 MHz bandwidth of
unlicensed wireless spectrum used for 802.11be communication. In some
examples, the portion of frequency spectrum may be a contiguous band (e.g.
a single contiguous 160 MHz band), whereas in other examples the portion of
frequency spectrum may comprise bandwidth split into two or more bands (e.g.
a 240 MHz portion of frequency spectrum may consist of an 80 MHz band at
one frequency and a 160 MHz band at another frequency).

[0088] In some embodiments, such as some embodiments used for
allocating multiple large-size RUs, the portion of frequency spectrum being
allocated may be an operating channel. In other embodiments, such as some
embodiments used for allocating multiple small-size RUs, the portion of
frequency spectrum being allocated may be a single 20 MHz band.

[0089] At step 1502, a plurality of equal-size sub-bands making up the
portion of frequency spectrum are identified. This step may be performed by
the communication module 180 as implemented by the processing device 152
based on network configuration instructions stored in the memory 172 of the
processing system 150. In cases where large-size RUs are being allocated to a
target station, the sub-bands are each 20 MHz wide, corresponding to the
bandwidth for a single 242-tone RU. In cases where small-size RUs are being
allocated to a target station, the sub-bands each correspond to the bandwidth

for a single 26-tone RU.

[0090] At step 1504, of the plurality of sub-bands, some are identified as
available and others as unavailable. Sub-bands may be unavailable because

there is interference or licensed use within those sub-bands, or because they
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have been allocated to another station. This step may be performed by the
communication module 180 as implemented by the processing device 152
based on network status information stored in the memory 172 or received over
a network interface 158 of the processing system 150.

[0091] At step 1506, a bit representation is generated, representing an
allocation of resource units within the portion of frequency spectrum being
allocated for use by a target station in the network. This step may be performed
by the communication module 180 as implemented by the processing device
152 of the processing system 150, according to encoding instructions
corresponding to the various bit encoding schemes described below with
reference to the first embodiment, second embodiment, and third embodiment.
The bit representation consists of a plurality of binary values, each binary value
indicating the availability or unavailability of one or more bands within the
portion of frequency spectrum as previously identified.

[0092] At step 1508, a physical layer protocol data unit (e.g. a PPDU) is
generated by the transmitter 118. The physical layer protocol data unit includes
a header, and the header is generated to include the bit representation
indicating the availability or unavailability of one or more sub-bands for the RUs
allocated to the target station, as described above with reference to the
Example Processing System. At step 1510, the transmitter 118 transmits the

physical layer protocol data unit to the target station.

[0093] The target station, or another STA receiving an allocation of RUs
in accordance with the encoding schemes described herein, may carry out a
process that is largely the inverse of that done at a transmitting STA. With
reference to Figure 16, a multi-RU allocation reception method 1600 is provided
for communicating in a wireless local area network based on a received
allocation of resource units, such as an 802.11be network, in accordance with
various example embodiments described herein. The method may be performed
by a station, such as a STA 102, or different steps of the method may be
performed by different electronic devices in communication with each other by

a digital data link, such as a bus or communication link. Various steps of the
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method 1600 may be performed in a different order from the one described, or
they may be omitted in some embodiments.

[0094] At step 1602, a physical layer protocol data unit (e.g. PPDU) is
received via a receiver 146 from an RU allocating station (such as AP-STA 104)
in a wireless local area network. The physical layer protocol data unit includes
a header, and the header includes a bit representation indicating the availability
or unavailability of one or more sub-bands or the RUs allocated to the receiving
STA, as described above with reference to the Example Processing System.

[0095] At step 1604, an allocation of resource units within the portion of
frequency spectrum can be identified based on the bit representation. The
portion of frequency spectrum is a defined bandwidth of wireless spectrum,
such as a 20, 80, 160, 240, or 320 MHz channel or band of unlicensed wireless
spectrum used for 802.11be communication. The bit representation consists of
a plurality of binary values, each binary value indicating the availability or
unavailability of one or more equal-bandwidth spectrum sub-bands of the
portion of frequency spectrum being allocated. Each resource unit corresponds
to one or more of the identified available sub-bands. This step may be
performed by the communication module 180 as implemented by the
processing device 152 of the processing system 150, according to decoding
instructions corresponding to the various bit encoding schemes described below
with reference to the first embodiment, second embodiment, and third

embodiment.

[0096] At step 1606, the STA communicates over the wireless local area
network using one or more of the allocated resource units, using its transmitter
118 and/or receiver 146, as described above with reference to the Example

Processing System.

[0097] Example bit encoding schemes will now be described for
generating and decoding bit representations of RU allocations for a station in a
wireless network, with reference to a first embodiment, a second embodiment,

and a third embodiment.

[0098] First Embodiment — Large-Size RU Allocation #1
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[0099] In a first embodiment, the bit representation generated by an RU
allocating STA or transmitting STA, and/or received and decoded by a receiving
STA, is applicable to cases in which multiple large-size RUs (i.e. 242-tone, 484-
tone, or 996-tone RUs) are allocated to a single target STA. In this embodiment,
the portion of frequency spectrum being allocated is an operating channel, each
sub-band has a bandwidth of 20 MHz, and each binary value in the bit
representation indicates either an unavailable sub-band or one or more
contiguous available sub-bands capable of supporting a single-user large-size
resource unit (SU RU).

[00100] To generate the bit representation, first, a representation
complexity denoting the maximum number of RUs, N, is identified. The value
of representation complexity N used for the allocation encoding scheme may be
set to different values in different embodiments. For example, in some
embodiments a 320 MHz operating channel may have N = 8, a 240 MHz
operating channel may have N = 7, a 160 MHz operating channel may have N
= 6, and an 80 MHz operating channel may have N = 4,

[00101] Second, a binary value of fixed bit length n is used to identify each
unavailable sub-band or each set of available sub-bands that support a RU, in
this case two bits (n = 2).

[00102] Concatenated together, this results in a bit representation for the
RU aggregation of Nxn bits in length. It will be appreciated that a high value of
representation complexity N enables a larger number of potential RU allocation
configurations, at the cost of requiring a longer bit representation. In various
embodiments, N may be set to a value up to the number of sub-bands: i.e., a
320 MHz operating channel may have N <= 16.

[00103] In some embodiments, when the number of RUs allocated to the
target station is less than N, bits representing available sub-bands and
unavailable sub-bands are arranged in the leading positions and the rest of the

bit positions are set to be zeros.
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[00104] In the described first embodiment, the binary values used to
indicate unavailable bands and available sub-bands are set out in the following
table:

Availability | Size (RU supported) | Bit representation
Unavailable 20 MHz 00
Available 20 MHz (242-tone RU) | 01
Available 40 MHz (484-tone RU) | 10
Available 80 MHz (996-tone RU) | 11

[00105] Thus, each two-bit binary value corresponds to an unavailable 20
MHz sub-band or the size of an available one or more contiguous 20 MHz sub-
bands. The four possible binary values correspond to: an unavailable sub-band
(e.g. 00); an available sub-band (e.g. 01); two consecutive available sub-bands
(e.g. 10); and four consecutive available sub-bands (e.g. 11). It will be
appreciated that these binary values can be arbitrarily re-arranged or re-
assigned in different embodiments.

[00106] In some embodiments, two or more contiguous available sub-
bands may be treated as a single portion of spectrum instead of a plurality of
sub-bands: thus, a 40 MHz portion of spectrum capable of supporting a 484-
tone RU may be treated as a single 40 MHz portion instead of two sub-bands,
and an 80 MHz portion of spectrum capable of supporting a 996-tone RU may
be treated as a single 80 MHz portion instead of four sub-bands. Similarly, in
some embodiments a contiguous available 60 MHz portion of spectrum may be
treated as a single 60 MHz portion instead of three sub-bands.

[00107] In Figures 5A-G, a 320 MHz operating channel is shown in various
allocation configurations. In Figures 6A-G, a 240 MHz operating channel is
shown in various allocation configurations. In Figures 7A-F, a 160 MHz

operating channel is shown in various allocation configurations. And in Figures
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8A-B, an 80 MHz operating channel is shown in various allocation configurations.
In each case, the operating channel consists of one to four sub-blocks of the
operating channel, each sub-block of the operating channel consisting of four
consecutive 20 MHz sub-bands.

[00108] The bit representations shown in each figure consists of, for each
80 MHz sub-block of the operating channel, a corresponding sub-block of the
operating channel representation, each sub-block of the operating channel
representation consisting of one or more binary values. Thus, available and
unavailable sub-bands are designated for each 80 MHz sub-block of the
operating channel separately.

[00109] According to an example aspect of the first embodiment,
interpretation rules may be applied to the encoding and decoding scheme to
improve compatibility. An unavailable 20 MHz sub-band may not cross the 20
or 40 MHz boundaries within a given sub-block of the operating channel, or the
80 MHz boundary between sub-blocks of the operating channel. An unavailable
40 MHz, 60 MHz, or 80 MHz of spectrum (i.e. two, three, or four contiguous 20
MHz sub-bands) may not cross the 80 MHz boundary between sub-blocks of the
operating channel.

[00110] Various examples of bit representations for various RU allocations
according to the first embodiment are shown in Figures 5A-G, 6A-G, 7A-F, and
8A-B.

[00111] Figure 5A illustrates an allocation configuration of a 320 MHz
operating channel 502 including a single unavailable 20 MHz sub-band 504. The
320 MHz operating channel 502 is shown as being made up of four 80 MHz sub-
blocks 520. The bit representation for this RU allocation configuration is 16 bits:
0100101111110000.

[00112] Figure 5B illustrates an RU allocation configuration of a 320 MHz
operating channel 502 including two unavailable 20 MHz sub-bands 504. The
bit representation for this RU allocation configuration is 16 bits:
0001101110010011.
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[00113] Figure 5C illustrates an RU allocation configuration of a 320 MHz
operating channel 502 including one unavailable 40 MHz sub-band 506. The bit
representation 501 for this RU allocation configuration is 16 bits:
1110000011110000.

[00114] Figure 5D illustrates an allocation configuration of a 320 MHz
operating channel 502 including one unavailable 20 MHz sub-band 504 and one
unavailable 40 MHz band 506 in accordance with the first embodiment of the
present disclosure. The bit representation 501 for this allocation configuration
is 16 bits: 1110000111000010.

[00115] Figure 5E illustrates an RU allocation configuration of a 320 MHz
operating channel 502 including one unavailable 60 MHz band 508. The bit
representation 501 for this RU allocation configuration is 16 bits:
1111010000001100.

[00116] Figure 5F illustrates an RU allocation configuration of a 320 MHz
operating channel 502 including one unavailable 80 MHz band 510. The bit
representation 501 for this allocation configuration is 16 bits:
1100000000111100.

[00117] Figure 5G illustrates an RU allocation configuration of a 320 MHz
operating channel 502 including two unavailable 40 MHz bands 506 in
accordance with the first embodiment of the present disclosure. The bit
representation 501 for this allocation configuration is 16 bits:
1000001100001011.

[00118] The table below summarizes the various 320 MHz operating
channel RU allocation configurations described above with reference to Figures
5A-G, all of which are supported by the first embodiment:

Total RUs aggregated Unavailable Support in first
Bandwidth (tone sizes) sub-bands embodiment
Allocated
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300 242+484+996+ One 20 MHz Supported
(160+140) 996+996 band using >= 12 bits
280 484+996+996+ One 40 MHz Supported
(160+120) 996 band using >= 12 bits
280 24242424484 + Two bands of 20 | Supported
(140+140) 484+996+996 MHz each using >= 16 bits
260 242+484+484+ Two bands of 20 | Supported
(140+120) 996+996 MHz and 40 MHz | using >= 16 bits
260 242+996+996+ One 60 MHz Supported
(160+100) 996 band using >= 14 bits
240 (160+80) | 996+996+996 One 80 MHz Supported
band using >= 14 bits
240 484+484+996+ Two bands: 40 Supported
(120+120) 996 MHz each using >= 16 bits
[00119] Figure 6A illustrates an RU allocation configuration of a 240 MHz
operating channel 602 including a single unavailable 20 MHz sub-band 504. The
bit representation 501 for this allocation configuration is 14 bits:
01001011110000.
[00120] Figure 6B illustrates an RU allocation configuration of a 240 MHz
operating channel 602 including two unavailable 20 MHz sub-bands 504. The
bit representation 501 for this allocation configuration is 14 bits:
00011011010010.
[00121] Figure 6C illustrates an RU allocation configuration of a 240 MHz

operating channel 602 including one unavailable 40 MHz sub-band 506. The bit
representation 501 for this allocation configuration is 14 bits: 11100000110000.

[00122]
operating channel 602 including one unavailable 20 MHz sub-band 504 and one

Figure 6D illustrates an RU allocation configuration of a 240 MHz
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unavailable 40 MHz sub-band 506. The bit representation 501 for this allocation
configuration is 14 bits: 11100001000010.

[00123]
operating channel 602 including one unavailable 60 MHz sub-band 508. The bit
representation 501 for this allocation configuration is 14 bits: 11110100000000.

Figure 6E illustrates an RU allocation configuration of a 240 MHz

[00124]
operating channel 602 including one unavailable 80 MHz sub-band 510. The bit
501 for this 14 bits:
11000000001100.

Figure 6F illustrates an RU allocation configuration of a 240 MHz

representation RU allocation configuration is

[00125]
operating channel 602 including two unavailable 40 MHz sub-bands 506. The
is 14 bits:

Figure 6G illustrates an RU allocation configuration of a 240 MHz

bit representation 501 for this RU allocation configuration
10000011000010.

[00126]

channel RU allocation configurations described above with reference to Figures

The table below summarizes the various 240 MHz operating

6A-G, all of which are supported by the first embodiment:

Total RUs aggregated | Unavailable Support in first
Bandwidth (tone sizes) sub-bands embodiment
Allocated
220 (140+80) 24244844996 One 20 MHz Supported
+996 band using >=10 bits
200 (120+80/ | 484+996+996 One 40 MHz Supported
160+40) band using >= 10 bits
200 (140+60) 242+4844242 Two bands of 20 | Supported
+484+996 MHz each using >= 14 bits
180 (120+60/ | 242+484+484 Two bands: 40 Supported
140+40) +996 MHz and 20 MHz | using >= 14 bits
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180 (160+20/ | 242+996+996 One band of 60 Supported
100+80) MHz using >= 12 bits
160 (120+40) 484+484+996 Two bands: Supported
40440 MHz using >= 14 bits
160 (80+80) 996+996 One band of 80 Supported
MHz using >= 14 bits

[00127]

Figure 7A illustrates an RU allocation configuration of a 160 MHz

operating channel 702 including a single unavailable 20 MHz sub-band 504. The
bit representation 501 for this RU allocation configuration is 12 bits:

010010110000.

[00128]
operating channel 702 including two unavailable 20 MHz sub-bands 504. The
bit representation 501 for this allocation configuration is 12 bits: 000110010010.

Figure 7B illustrates an RU allocation configuration of a 160 MHz

[00129]
operating channel 702 including one unavailable 40 MHz sub-band 506. The bit
501 for this 12 bits:

Figure 7C illustrates an RU allocation configuration of a 160 MHz

representation RU allocation

111000000000.

configuration is

[00130]
operating channel 702 including one unavailable 20 MHz sub-band 504 and one
unavailable 40 MHz sub-band 506. The bit representation 501 for this RU
allocation configuration is 12 bits: 100001000010.

Figure 7D illustrates an RU allocation configuration of a 160 MHz

[00131]
operating channel 702 including one unavailable 60 MHz sub-band 508. The bit
501 for this 12 bits:

Figure 7E illustrates an RU allocation configuration of a 160 MHz

representation RU allocation

110100000000.

configuration is

[00132]
operating channel 702 including two unavailable 40 MHz sub-bands 506. The

Figure 7F illustrates an RU allocation configuration of a 160 MHz
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bit representation 501 for this RU allocation configuration is 12 bits:

100000000010.

[00133]
channel RU allocation configurations described above with reference to Figures

The table below summarizes the various 160 MHz operating

7A-F, all of which are supported by the first embodiment;

Total RUs aggregated | Unavailable Support in first
Bandwidth (tone sizes) sub-bands embodiment
Allocated
140 (60+80) 242+484+996 One 20 MHz Supported

band using >= 8 bits
120 (40+80) 484+996 One 40 MHz Supported

band using >= 10 bits
120 (60+60) 24244844242 Two bands of 20 | Supported

+484 MHz each using >= 12 bits

100 (40+60) 484+242+484 Two bands: 40 Supported

MHz and 20 MHz | using >= 12 bits
100 (20+80) 242+996 One band of 60 Supported

MHz using >= 10 bits
80 (40+40) 4844484 Two bands: Supported

40+40 MHz using >= 12 bits

[00134] Figure 8A illustrates an RU allocation configuration of an 80 MHz

operating channel 802 including a single unavailable 20 MHz sub-band 504. The
bit representation 501 for this RU allocation configuration is 8 bits: 01001000.

[00135]
operating channel 802 including two unavailable 20 MHz bands 504. The bit

Figure 8B illustrates an allocation configuration of an 80 MHz

representation 501 for this allocation configuration is 8 bits: 01000001.
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[00136] The table below summarizes the various 80 MHz operating channel
RU allocation configurations described above with reference to Figures 8A-B, all
of which are supported by the first embodiment:

Total RUs Unavailable Support in first
Bandwidth aggregated sub-bands embodiment
Allocated (tone sizes)
60 (20+40) 242+484 One 20 MHz Supported

band using >= 6 bits
40 (20+20) 2424242 Two bands of Supported

20 MHz each using >= 8 bits

[00137] Second Embodiment — Large-Size RU Allocation #2

[00138] In a second embodiment, as in the first embodiment, the portion
of frequency spectrum being allocated is an operating channel, the bit
representation is applicable to cases in which multiple large-size RUs are
allocated to a single target STA, and each sub-band has a bandwidth of 20 MHz.
However, in the second embodiment, each binary value is one bit, and each
binary value corresponds to an unavailable 20 MHz sub-band or an available 20
MHz sub-band.

[00139] Concatenated together, this results in a bitmap bit representation
for the RU aggregation of a bit length equal to the number of 20 MHz sub-bands
in the operating channel. Thus, for example, a 320 MHz operating channel can
be allocated using a bit representation of 16 bits in length, whereas a 160 MHz

operating channel can be allocated using a bit representation of 8 bits in length.

[00140] In the described second embodiment, a binary value of “0”
indicates an unavailable 20 MHz sub-band, and a binary value of “1” indicates
an available 20 MHz sub-band. It will be appreciated that these binary values

can be arbitrarily reversed in different embodiments.
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[00141] In Figures 9A-B, a 320 MHz operating channel 902 is shown in two
RU allocation configurations. In each case, the operating channel consists of
four sub-blocks of the operating channel, each sub-block of the operating
channel consisting of four consecutive 20 MHz sub-bands. However, it will be
appreciated that the second embodiment is equally applicable to operating
channels of arbitrary size, e.g. 240 MHz, 160 MHz, or 80 MHz.

[00142] According to an example aspect of the second embodiment,
interpretation rules may be applied to the encoding and decoding scheme to
improve compatibility. An unavailable 20 MHz sub-band may not cross the 20
or 40 MHz boundaries within a given sub-block of the operating channel, or the
80 MHz boundary between sub-blocks of the operating channel. An unavailable
40 MHz, 60 MHz, or 80 MHz portion of spectrum (i.e. two, three, or four
contiguous 20 MHz sub-bands) may not cross the 80 MHz boundary between
sub-blocks of the operating channel. Furthermore, two contiguous available 20
MHz sub-bands (i.e. a 40 MHz portion of spectrum that can support a 484-tone
RU) may not cross the 40 MHz boundary within a given sub-block of the

operating channel.

[00143] Two examples of bit representations for RU allocations according
to the second embodiment are shown in Figures 9A-B. It will be appreciated
that the bitmap bit representation of the second embodiment may be used to
encode arbitrary RU allocation configurations of arbitrarily sized operating

channels.

[00144] Figure 9A illustrates an RU allocation configuration of a 320 MHz
operating channel 902 including a single unavailable 20 MHz sub-band 504. The
bit representation 501 for this RU allocation configuration is 16 bits:
10111111111111,

[00145] Figure 9B illustrates an RU allocation configuration of a 320 MHz
operating channel 902 including two unavailable 20 MHz sub-bands 504. The
bit representation 501 for this RU allocation configuration is 16 bits:
0111111111101111.

[00146] Third Embodiment — Small-Size RU Allocation
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[00147] In 802.11ax, RU allocation for small-size RUs (26-, 52- and 106-
tone) is specified per 20 MHz band. Thus, multi-RU aggregation of small-size
RUs can also be indicated per 20 MHz band, i.e., a multi-RU allocation scheme
for 802.11be may operate with the constraint that multiple RUs cannot be
combined across 20 MHz band boundaries. Therefore, multi-RU aggregation for
any operating channel with bandwidth larger than 20 MHz can be defined as a
concatenation of a separate RU aggregation configuration for each individual 20
MHz band in the larger operating channel.

[00148] In a third embodiment, the bit representation is applicable to cases
in which multiple small-size RUs are allocated to a single target STA, and the
portion of frequency spectrum being allocated is a 20 MHz band. As in the
second embodiment, each binary value is one bit, and each binary value
corresponds to an unavailable sub-band or an available sub-band. However, in
the third embodiment, each one-bit binary value corresponds to a sub-band
with the bandwidth for a 26-tone RU, with nine such sub-bands making up the
20 MHz band.

[00149] With reference to the drawings, Figure 10 illustrates several
example RU sizes and corresponding allocation bit representations 501 for
small-size resource units of a 20 MHz band 1002 in accordance with a first
aspect of the third embodiment. Nine sub-bands are shown, with three example
RU sets of RUs: at the top 1004, a 26-tone RU is shown in each sub-band; in
the middle 1006, a 26-tone RU is shown in the middle (fifth) sub-band, flanked
on the left and right by two pairs of 52-tone RUs; and at the bottom 1008, a
26-tone RU is shown in the fifth sub-band, flanked on the left and right by two
106-tone RUs.

[00150] Thus, in the first aspect of the third embodiment shown in Figure
10, the 20 MHz band is allocated using a bitmap bit representation of 9 bits
(b0, ..., b8) to indicate the RU allocation configuration. A binary value of O for a
given bit (e.g. b0) indicates that the corresponding sub-band (e.g. the first sub-
band on the left) is unavailable. A binary value of 1 for a given bit (e.g. bl)

indicates that the corresponding sub-band (e.g. the second sub-band from the
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left) is available. It will be appreciated that these bit values could be reversed

in some embodiments.

[00151] Interpretation rules may be applied to the encoding and decoding
scheme of the third embodiment to improve compatibilityand resolve
ambiguities. Reading from the left, if four adjacent bits (e.g. b0 through b3)
are encountered that are all coded as available (bOblb2b3 = 1111), this
indicates a 106-tone RU spanning those four sub-bands. Similarly, if two
adjacent bits (e.g. bl and b2) are encountered that are both coded as available
(bib2 = 11), this indicates a 52-tone RU spanning those two sub-bands.

[00152] In some embodiments, to increase compatibility, the fifth sub-
band cannot be used by a 52- or 106-tone RU: the fifth bit (b4) therefore either
indicates an unavailable sub-band (b4=0) or a single available sub-band
supporting a 26-tone RU (b4=1). In some embodiments, the encoding and
decoding of the allocation bit representation will resolve ambiguities by
assuming allocation of the largest available RU as bits or sub-bands are
analyzed, starting from the left. Combining these two features, a bit
representation of 111111101 would be coded as a 106-tone RU (1111),
followed by a 26-tone RU (1) using the fifth sub-band, followed by a 52-tone
RU (11), followed by an unavailable sub-band (0), followed by a 26-tone RU
(1). It will be appreciated that these rules could be altered in some
embodiments: the rule could be applied starting from the right side, or with
some other priority or sequencing of the bit or band analysis, or different
assumptions could be made about the conditions under which 106-, 52-, or 26-

tone RUs are allocated to which sub-bands.

[00153] Figures 12A-E show example allocations of multiple small-size RUs
within a 20 MHz band 1002 according to the first aspect of the third embodiment

described above.

[00154] Figure 12A illustrates an allocation configuration for small-size
resource units of a 20 MHz band 1002 including two available sub-bands
capable of supporting 26-tone resource units 1022. The bit representation 501
for this allocation configuration is 9 bits: 010001000.
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[00155] Figure 12B illustrates an allocation configuration for small-size
resource units of a 20 MHz band 1002 including five available sub-bands
capable of supporting 26-tone resource units 1022. The bit representation 501
for this allocation configuration is 9 bits: 101010101.

[00156] Figure 12C illustrates an allocation configuration for small-size
resource units of a 20 MHz band 1002 including two available sub-bands
capable of supporting 26-tone resource units 1022 and two pairs of available
sub-bands capable of supporting 52-tone resource units 1024. The bit
representation 501 for this allocation configuration is 9 bits: 011101110.

[00157] Figure 12D illustrates an allocation configuration for small-size
resource units of a 20 MHz band 1002 including one available sub-bands
capable of supporting 26-tone resource representation 501 1022 and one set
of four sub-bands capable of supporting an available 106-tone resource unit
1026. The bit representation for this allocation configuration is 9 bits:
111110000.

[00158] Figure 12E illustrates an allocation configuration for small-size
resource units of a 40 MHz band 1002 including four available sub-bands
capable of supporting 26-tone resource units 1022 and four pairs of available
sub-bands capable of supporting 52-tone resource units 1024. The bit
representation 501 for this allocation configuration is 18 bits:
011101011;110101110 (representing a band spanning two 20 MHz spectrum
bands).

[00159] In a second aspect, the third embodiment may use an encoding
scheme wherein the fifth sub-band in order by frequency is not available for
allocation. According to this aspect, the bit representation has eight bits instead
of nine, as the availability or unavailability of the fifth sub-band does not need
to be represented in the bit representation. The binary values and constraints
imposed in the second aspect of the third embodiment may be identical to those

described for the first aspect of the third embodiments above.

[00160] Figure 11 illustrates several example RU sizes and corresponding

allocation bit representations 501 for small-size resource units of a 20 MHz band
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1002 in accordance with a second aspect of the third embodiment. Eight sub-
bands are shown in addition to the immutably unavailable fifth sub-band 1010.
Three example RU allocations are shown: at the top 1004, a 26-tone RU is
allocated to each sub-band; in the middle 1006, two pairs of 52-tone RUs are

allocated; and at the bottom 1008, two 106-tone RUs are allocated.

[00161] The example allocation configurations of Figures 12A, 12C, 12E are
supported by the second aspect of the third embodiment. The bit representation
for the allocation configuration of Figure 12A is 8 bits: 01001000. The bit
representation for the allocation configuration of Figure 12C is 8 bits: 01111110.
The bit representation for the allocation configuration of Figure 12E is 16 bits:
01111011;11011110.

[00162] PHY Data Unit Header Encoding

[00163] In some embodiments, the bit representation may be included in
a header of the physical layer protocol (PHY) data unit (PPDU). Figure 13
illustrates an example physical layer protocol data unit format for exchanging
information through a wireless medium of the communication network of Figure
4. The header includes a universal signal (U-SIG) field 1302 and an extreme
high throughput signal (EHT-SIG) field 1304. In some embodiments, the bit
representation for availability of sub-bands in each separated 80 MHz sub-block
of the operating channel or RU allocation is included in the universal signal field
1302. In some embodiments, the bit representation for availability of sub-bands
in each separated 80 MHz sub-block of the operating channel or RU allocation
is included in the extreme high throughput signal field 1304. Generating,
transmitting, receiving, and decoding the PPDU and its header are described in

the Example Processing System section above.
[00164] General

[00165] The present disclosure provides certain example algorithms and
calculations for implementing examples of the disclosed methods and systems.
However, the present disclosure is not bound by any particular algorithm or
calculation. Although the present disclosure describes methods and processes

with steps in a certain order, one or more steps of the methods and processes
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may be omitted or altered as appropriate. One or more steps may take place
in an order other than that in which they are described, as appropriate.

[00166] Through the descriptions of the preceding embodiments, the
present invention may be implemented by using hardware only, or by using
software and a necessary universal hardware platform, or by a combination of
hardware and software. Based on such understandings, the technical solution
of the present invention may be embodied in the form of a software product.
The software product may be stored in a non-volatile or non-transitory storage
medium, which can be a compact disk read-only memory (CD-ROM), USB flash
drive, or a hard disk. The software product includes a number of instructions
that enable a computer device (personal computer, server, or network device)
to execute the methods provided in the embodiments of the present invention.

[00167] Although the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions
and alterations can be made herein without departing from the invention as
defined by the appended claims. It will be appreciated that two or more of the
various embodiments, aspects, and examples described herein may be
combined in a single system, device, or method that supports and implements
the various configurations described herein as appropriate in a given context.

[00168] Moreover, the scope of the present application is not intended to
be limited to the particular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in the specification.
As one of ordinary skill in the art will readily appreciate from the disclosure of
the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein may be utilized
according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture,

compositions of matter, means, methods, or steps.



