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(57) Abstract: Embodiments of an access point (AP), station (STA) and methods of communication are generally described herein.
The AP may transmit a trigger frame (TF) that requests uplink sounding frames from stations (STAs). The AP may receive the uplink
sounding frames multiplexed in accordance with an orthogonal frequency division multiple access (OFDMA) technique or space-divi-
sion multiple access (SDMA) technique. The AP may transmit downlink sounding frames multiplexed in accordance with an OFDMA
technique. The AP may transmit downlink location measurement reports (LMRs) that include per-STA arrival times of the uplink
sounding frames and a departure time of the downlink sounding frames. The AP may transmit another TF that requests transmission of
uplink LMRs. The uplink LMRs may include per-STA location information based on the per-STA arrival times of the uplink sounding
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ACCESS POINT {AP), STATION (STA) AND METHODS TO EXCHANGE
SOUNDING FRAMES AND CONTROL INFORMATION FOR LOCATION
MEASUREMENT

U

PRIORITY CLAIMS

{0001 This application claims priority to United States Provisional
10 Patent Application Serial No. 62/464,110, filed February 27, 2017 and to United
States Provisional Patent Application Serial No. 62/464, 004, filed February 27,

2017, which are incorporated herein by reference in their entirety.

i5 TECHNICAL FIELD

[B8002] Embodiments pertain to wireless commumications. Some
embodiments relate to wireless local area networks (WLANs}) and Wi-Fi
networks including networks operating in accordance with the IEEE 802,11

20 family of standards. Some embodiments relate to communication in accordance
with IEEE 802. 11ax networks and/or IEEE 802.11az networks. Some
embodiments relate to measurement of location information, including
measurement of round trip ime (RTT). Some embodiments relate to channel

sounding.

BACKGROUND

[0003] In some cases, an access point (AP) may communicate with one
30 or more stations {STAS) to exchange data and/or other information. The AP may

utilize location information of the ST As for various functions related to the

communication, such as scheduling of uplink data transnussions and/or

downlink data transmissions. Various control frames, such as sounding frames,
i
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may be exchanged to enable deternunation of the location information. At least
a portion of the available ime resources and frequency resources may be utilized
to exchange the control frares. Accordingly, the amount of data that can be

exchanged between the AP and the STAs in those resources may depend on an

5  efficiency for the exchange of control frames. Therefore, there is a general need
for methods and systems to enable determunation of location information in these
and other scenarios.

10 BRIEF DESCRIPTION OF THE DRAWINGS

{8004] FIG. 1 illustrates a wireless network in accordance with some
embodiments;
[8005] FiG. 2 illustrates an example machine in accordance with some
15 embodiments;
[B006] FIG 3 illustrates g station (8TA) in accordance with some
embodiments and an access point (AP) 1 accordance with some embodiments;
8007} FIG. 4 is a block diagram of aradio architecture in accordance
with some embodiments;
20 [0008] FIG. S illustrates a front-end modile circuitry for use in the radio
architecture of FIG. 4 1 accordance with some embodiments;
[0009] FIG. 6 illustrates a radio IC circuitry for use in the radio
architecture of FIG. 4 in accordance with some embodiments;
[6019] FIG. 7 1llustrates a baseband processing circuitry for use in the
25 radio architecture of FIG. 4 in accordance with some embodiments;
[8011] FIG. 8 illustrates the operation of a method of communication in
accordance with some embodiments;
[8012] FiG. 9 illustrates the operation of another method of
comnumication in accordance with some embodiments;
30 [0013] FIG. 10 illustrates example frames that may be exchanged in
accordance with some embodiments;
9014] FIG. 11 illustrates example frames that may be exchanged in

accordance with some embodiments;

b2
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[0015] FiGs. 12A-B illustrate an example trigger frame (TF)in
accordance with some embodiments;
[0016] Fi1Gs. 13A-B illustrate example frames that may be exchanged

in accordance with some embodiments;

U

{8017] FiGs. 14A-B illustrate an example TF in accordance with some
embodiments;

[8018] FiG. 15 illustrates an example null data packet announcement
(NDP A} frame and an example sounding dialog token in accordance with some
embodiments; and

10 {06619 FIG. 16 illustrates an example TF 1 accordance with some

embodiments.

i5 DETAILED DESCRIPTION

{0020} The following description and the drawings sufficiently dlustrate
spectfic embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, elecirical, process, and other
26 changes. Portions and {eatures of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
{0021} Fi(3 1 illustraies a wireless network 10 accordance with some
embodiments. In some embodiments, the network 100 may be a High Efficiency
25  {HFE) Wireless Local Area Network (WLAN) network. In some embodiments,
the network 100 may be a WLAN or a Wi-Fi network. These embodiments are
not lmiting, however, as some embodiments of the network 100 may include a
combination of such networks. That is, the network 100 may support HE
operation in some cases, non-HE operation in some cases, and a combination of
30  HE operation and non-HE operation in some cases.
[6022] Referring to FIG. |, the network 100 may include any or all of the
components shown, and embodiments are not limited fo the number of each

component shown in FIG. 1 and are also not himited to the types of components

-
3
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shown in F1G. 1. Embodiments are also not limited by the example network 100
m terms of the arrangement of the components or the connectivity between
components as shown. In addition, some embodiments may include additional
components.

{8023} In some embodiments, the network 100 may include an AP 102
{which may be a master station i some ernbodirsents) and may nclude any
number (including zero) of stations (8TAs) 103 and/or HE devices 104, In some
embodiments, the AP 102 may receive and/or detect signals from one or more
STAs 103, and may transmit data packets to one or more 8TAs 103, These
embodiments will be described in more detail below. In some embodiments, the
AP 102 may receive and/or detect signals from one or more HE devices 104, and
may transmit data packets to one or more HE devices 104,

[8024] It should be noted that embodiments are not limited to networks
that include APs 102, however, as other base station components may be
mcluded in some embodiments. Such components may or may not be arranged
to operate in accordance with a standard, in some embodiments. As an example,
an Evolved Node-B (eNB) arranged to operate in accordance with one or more
Third Generation Partnership Project (3GPP) standards, mncluding but not himited
1o 3GPP Long Term Evolution (L TE) standards, may be used in some cases.
[8025] In some embodiments, the STAs 103 may be arranged to operate
in accordance with one or more IEEE 802.11 standards, including but not limited
to 802.11ax and/or 802.11az. These embodiments are not limiting, however, as
other mobile devices, portable devices and/or other devices, which may or may
not be arranged to operate in accordance with a standard, may be used in some
embodiments. As an example, a User Equipment (JE) arranged 1o operate in
accordance with one or more Third Generation Partnership Project (3GPP)
standards, including but not hmited to 3GPP LTE standards, may be used in
SOME Cases.

{0026} The AP 102 may be arranged to commurucate with one or more
of the components shown in FIG. 1 in accordance with one or more IEEE 802.11
standards (including 802.11ax, 802.11az and/or others), other standards and/or
other commumication protocols. It should be noted that embodiments are not

limited to usage of an AP 102. References herein to the AP 102 are not Himiting
4
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and references herein to a master stafion are also not linnting. In some
embodiments, an STA 103, an MU operation device {device capable of MU
operation), an HE device 104 and/or other device may be configurable to operate

as @ master station. In some embodiments, operations that may be performed by

U

the AP 102 as described herein may be performed by the STA 103, an MU
operation device, an HE device 104, a device that is configurable {0 operate as
an AP 102 and/or a device that 1s configurable to operate as a master station.
[0027] In some embodiments, the STA 103 may be configured to operate
as an HE device 104, References herein (o an STA 103 or to an HE device 104
10 arenot limiting. Although descriptions herein may refer to performance of one
or more techniques, operations and/or methods by an STA 103, it is understood
that some or all of those techniques, operations and/or methods may be
performed by an HE device 104, in some embodiments. o addition, it s
understood that some or all of those techniques, operations and/or methods may
15 be performed by an STA103 configured to operate as an HE device 104, in some
embodiments.
[6028] In some embodiments, communication between the AP 102 and
the §TAs 103 and/or communication between the STAs 103 may be performed
in accordance with one or more standards, such as an 802.11 standard (including
20 Jegacy 802.11 standards), a 3GPP standard (including 3GPP LTE standards)
and/or other standards. These embodiments are not imiting, however, as other
comnmmnication techniques and/or protocols {which may or may not be included
in a standard} may be used for the commumication between the AP 102 and the
STAs 103 and/or the communication between the STAs 103, in some
25  embodiments. Embodiments are not hmited to communication as part of a
network. In some embodiments, communication between two or more STAg
103 may not necessarily mvolve a network. In some cases, at least a portion of
the communication may include direct commmunication between the STAs 103,
[0029] It should also be noted that the AP 102 may operate as an STA
30 103, in some embodiments. Some fechniques, operations and/or methods may
be described herein in terms of communication between two STAs 103, but such
descriptions are not limiting. Some or all of those techniques, operations and/or

methods may be applicable to scenarios in which an STA 103 and an AP 102
5

o
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comnmmnicate. In addition, some techniques, operations and/or methods may be
described herein in terms of communication between an STA 103 and an AP
102, but such descriptions are not limiting. Some or all of those techmques,
operations and/or methods may be applicable 1o scenarios in which two or more

STAs 103 communicate.

U

[8036] In some embodiments, one or more of the STAg 103 may be
legacy stations (for mstance, a non MU operation device and/or device not
capable of MU operation). These embodimenis are not linuting, however, as an
STA 103 may be configured to operaie as an HE device 104 or may support HE

10 operation, in some embodiments. The AP 102 may be arranged to conmmunicate
with the STAs 103 and/or the HE devices 104 in accordance with one or more of
the TEEE 802.11 standards, including 802.11ax, 802. 11ar and/or others. In
accordance with some embodiments {including but not imited to HE operation
embodiments), an AP 102 may operate as a master station,

15 0031 In some embodiments, the AP 102 may be arranged to contend
for a wireless medium {e.g., during a contention period) to receive exclusive
control of the mediurm for an 802.11 air access control period (1.e., a
transnussion opportunily (TXOP)). The AP 102 may, for example, transmif a
master-sync or control transmission at the beginning of the 802.11 air access

20 control period (including but not limmited to an HE control period) to indicate,
among other things, which STAs 103 and/or HE devices 104 are scheduled for
commumication during the 802.11 air access control period. During the 802.11
air access control period, the scheduled STAs 103 and/or HE devices 104 may
conmimunicaie with the AP 102 in accordance with a noun-~-contention based

25  multiple access technique. This is unlike conventional Wi-Fi communications in
which devices communicate in accordance with a contention-based
communication lechnigue, rather than a non-contention based multiple access
technique. During the 802.11 air access control period, the AP 102 may
comnmnicate with 8T As 103 and/or HE devices 104 using one or more MU

30  PPDUs. During the 802.11 air access control pertod, STAs 103 not operating in
accordance with HE operation may refram from coromurnicating in some cases.
In some embodiments, the master-sync transmission may be referred to as a

control and schedule transmission.
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[0032] In some embodiments, the multiple-access technique used during
the 802.11 air access control period may be a scheduled orthogonal frequency-
division multiple access (OFDMA) technigue, although this is not a requirement.

In some embodiments, the multiple access technique may be a fime-division

U

muktiple access (TDMA) technique or a frequency-division muliiple access
{(FDMA) technique. In some embodiments, the multiple access technique may be
a space-division multiple access (SDMA) technique including a roulti-user (MU)
multiple-input multiple-output (MIMO) (MU-MIMQO) technique or combination
of the above. These multiple-access technigues used during the 80211 air access
10 control period may be configured for uplink or downlink data coramunications.
9033] The AP 102 may also commumicate with STAs 103 and/or other
legacy stations in accordance with legacy IEEE 802.11 communication
iechniques. In some embodiments, the AP 102 may also be configurable to
cornmuricate with the STAs 103 and/or legacy stations outside the 802.11 air
15 access control period in accordance with fegacy IREE 802,11 communication
techniques, although this is not a requirement.
[6034] In some embodiments, communication (including but not imited
to conmumumication during the conirol period) may be configurable to use one of
20MH?z, 40MHz, or 80MHz contiguous bandwidths or an 80+80MHz (160MHz)
20 non-contiguous bandwidth. In some embodiments, a 320MHz channel width
may be used. In some embodiments, sub-channel bandwidths less than 20MHz
may also be used. In these embodiments, each channel or sub-channel of a
commumication may be configured for transmitting a number of spatial streams.
[8035] In some embodiments, multi-user (MU) techniques may be used,
25 although the scope of embodiments is not limited in this respect. As an example,
MU techniques included in 802.11ax standards, 802.11az standards and/or other
standards may be used. In accordance with some embodiments, an AP 102, STA
103 and/or HE device 104 may generate an MU packet in accordance with a
short preamble format or a long preamble format. The MU packet may comprise
30 alegacy signal field (L-51G) followed by one or more MU signal fields (HE-
SIG) and an MU long-traiming field (MU-LTF). For the short preamble format,
the fields may be configured for shorter-delay spread channels. For the fong

preambie format, the fields may be configured for longer-delay spread channels.

oy
7
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These embodiments are described in more detail below. It should be noted that
the terms “HEW™ and “HE” may be used interchangeably and both lerms may
refer to high-efficiency Wireless Local Area Network operation and/or high-
etficiency Wi-Fi operation.

8036} In some embodiments, the STAs 103, AP 102, other mobile

U

devices, other base stations and/or other devices may be configured to perform
operations related to contention based communication. As an example, a
commumication between an STAs 103 and an AP 102 may be performed in
accordance with contention based technigues. As ancther example, a

10 commumication between multiple STAs 103 may be performed in accordance
with contention based technigues. In these examples and other scenarios, the
STAs 103 and/or AP 102 may be arranged to contend for a wireless medium
{e.g., during a contention period} to receive exclusive control of the medium for
a transmission period. For instance, the transmission period may mclude a

15  transmission opportunity (TXOP), which may be included in an 802.11 standard
and/or other standard.
(80371 It should be noted that embodiments are not limited to usage of
contention based techniques, however, as some commumnication {such as that
between mobile devices and/or communication between a mobile device and a

20 base station} may be performed in accordance with schedule based techniques.
Some embodiments may include a combination of contention based techruques
and schedule based techniques.
[0038] In some embodiments, communication may be performed in
accordance with any suitable multiple-access technigues and/or multiplexing

25  technmigues. Such communication may include, but is not limited to,
communication between muitiple STAs 103 and/or communication between an
STA 103 and an AP 102, Accordingly, one or more of orthogonal frequency
division multiple access {OFDMA), orthogonal frequency division multiplexing
{OFDM)}), code-division multiple access (CDMA), time-division multiple access

30 (TDMA), frequency division multiplexing (FBMA}, space-division muliiple
access {SDMA), multiple-input multiple-output (MIMO), multi-user (ML)
multiple-input multiple-output (MIMO) (MU-MIMGO) and/or other techniques

may be employed in some embodiments.
3
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[0039] In some embodiments, channels used for communication between
STAs 103 and/or APs 102 may be 2.16 GHz, 432 GHz, 6.48 GHz, 8.72 GHz
and/or other suitable value. In some embodiments, channels used for
communication between STAs 103 and/or APs 102 may be configurable to use

one of 20 MHz, 40MH?z, or 80MH?z contiguous bandwidths or an 80+80MHz

U

{160MHZz} non-contiguous bandwidth. In some embodiments, a 320 MHz»
channel width may be used. In sorme embodiments, subchannel bandwidihs less
than 20 MHz may also be used. In these embodiments, each channel or
subchannel may be configured {or transmutting a number of spatial streams, in

10 some embodiments. The values given above may be part of an 802,11 standard,
in some cases, although embodiments are not limited as such. These
embodiments are not imiting, however, as other suitable bandwidths may be
used in some embodiments. In addition, embodiments are not limuted to channel
iypes or channel sizes that are included 1n a standard.

15 0040 As used herein, the term "circuitrty” may refer to, be part of, or
mclude an Application Specific Integrated Circuit (ASIC), an electronic circuit,
a processor (shared, dedicated, or group), and/or memory (shared, dedicated, or
group} that execute one or more software or firmware programs, a combinational
fogic circuit, and/or other suitable hardware components that provide

28 the described funclionality. In some embodiments, the circuitry may be
implemented in, or functions associated with the circuitry may be implemented
by, one or more software or firmware modules. In some embodiments, circutry
may include logic, at least partially operable in hardware. Embodiments
described herein may be implemented into a svstem using any suitably

25  configured hardware and/or software.
8041} FiG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments. The machine 200 is an example machine
upon which any one or more of the techruques and/or methodologies discussed
herein may be performed. In alternative embodiments, the machine 200 may

30 operate as a standalone device or may be connected {(e.g., networked) o other
machines. In a networked deployment, the machine 200 may operate m the
capacity of a server machine, a client machine, or both in server-client network

environments. In an example, the machine 200 may act as a peer machine in
9
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peer-to-peer (P2P) (or other distributed) network environment. The machine 200
may be an AP 102, STA 103, HE device 104, User Equipment {UE), Evolved
Node-B (eNB), mohile device, base station, personal computer {PC), a tablet PC,
a set-top box (8TB). a personal digital assistant (PIDA), a mobile telephone, a
smart phone, a web appliance, a network router, switch or bnidge, or any
machine capable of execuling instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only a single machine s
tHustrated, the term “machine” shall also be taken to include any collection of
machines that mdividually or jointly execute a set {or multiple sets) of
mstructions to perform any one or more of the methodologies discussed herein,
such as cloud computing, software as a service (8aa8), other computer cluster
configurations.

[8042] Examples as described herein, may include, or may operate on,
logic or a nurnber of components, modules, or mechanisms. Modules are
tangible entities {(e.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged {e.g., internally or with respect to exiernal entities such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems (e.g., a standalone, client or server computer
system} or one or more hardware processors may be configured by firmware or
software (e.g.. instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may
reside on a machine readable medium. In an example, the software, when
executed by the underlving hardware of the module, causes the hardware fo
perform the specified operations.

{8043] Accordingly, the term “module” is undersiood to encompass a
iangible entity, be that an entity that is physically consiructed, specifically
configured {(e.g., hardwired), or temporarily {e.g., transitorily} configured {e.g..
programmed} to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in fime. For example, where the modules comprise a general-purpose

hardware processor configured using software, the general-purpose hardware
10
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processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, (o
constituie a particular module at one instance of time and to constitute a different

module at a different instance of time.

U

{8044] The machine {&.g., computer sysiem} 200 may include a hardware
processor 202 {e.g., a central processing unit (CPU), a graphics processing unit
{GPU), a hardware processor core, or any combination thereof), a main memory
204 and a static memory 206, some or all of which may comimunicate with each
other via an interlink {e.g., bus) 208. The machine 200 may further include a
10 displav unit 210, an alphanumeric input device 212 (e.g., a kevboard), and a user
mnterface (Ul) navigation device 214 {(e.g., amouse). In an example, the display
unit 210, input device 212 and Ul navigation device 214 may be a touch screen
display. The machine 200 may additionally include a storage device {e.g., drive
unit) 216, a signal generation device 218 (e.g., a speaker), a network interface
15 device 220, and one or more sensors 221, such as a global positioning system
{GPS) sensor, compass, accelerometer, or other sensor. The machine 200 may
mclude an output controlier 228, such as a serial {e.g., universal serial bus
{(1JSB), parallel, or other wired or wireless {e.g, infrared (IR), near field

communication (NFC}, eic.} connection to communicate or control one or more

o

peripheral devices {e.g., a printer, card reader, etc.).

[0045] The storage device 216 may include a machine readable medium

222 on which is stored one or more sets of data structures or instructions 224

{e.g., software} embodying or utilized by any one or more of the techniques or

functions described herein. The mstructions 224 may also reside, completely or

25  atleast partially, within the main memory 204, within static memory 206, or
within the hardware processor 202 during execution thereof by the machine
200. In an example, one or any combination of the hardware processor 202, the
main memory 204, the static moemory 206, or the storage device 216 may
constitute machine readable media. In some embodiments, the machine readable

30 medium mav be or mav include a non-transitory computer-readable storage

mediunm.

8046] While the machine readable medium 222 is illustrated as a single

medium, the term "machine readable medium” may include a single medium or
11
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multiple media (e.g., a ceniralized or distributed database, and/or associated
caches and servers) configured 1o store the one or more instruclions 224, The
term “machine readable medium” may include any mediuro that is capable of
storing, encoding, or carrying instructions for execution by the machine 200 and
that cause the machine 200 to perform any one or more of the techniques of the
present disclosure, or that 1s capable of storing, encoding or carrying data
structures used by or associated with such instructions. Non-limiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may include:
non-volatile mernory, such as semiconductor memory devices {e.g., Electrically
Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM); and CI3-ROM and DVD-ROM

disks. In some examples, machine readable media mav include non-transitory
machine readable media. In some examples, machine readable media may
mclude machine readable media that is not a fransitory propagating signal.
8047} The instructions 224 may further be transmitted or received over
a communications network 226 using a transmission mediom via the network
mterface device 220 utilizing any one of a murnber of transfer protocols (e.g.,
frame relay, imternet protocol (IP), transmission control protocol (TCP), user
datagram protocol {UDP), hypertext transfer protocol (HTTP), etc.). Example
communicaiion networks may include a local area network {LAN), a wide area
network (WAN), a packet data network (e.g., the Internet), mobile telephone
networks {e.g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE 802.16 family of
standards known as WiMax®), IEEE 802.15 .4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Maobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 220 may include one or
more physical jacks (e.g.. Ethernet, coaxial, or phone jacks} or one or more

antennas 1o connect to the communications network 226, In an example, the
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network interface device 220 may include a plurality of antennas to wirelessly
communicaie using at least one of single-input muliiple-cutput (SIMQO),
multiple-input multiple-output (MIMO), or multiple-input single-output (MISO)
techniques. In some examples, the network interface device 220 may wirelessly
communicate using Multiple User MIMO techniques. The term “transmission
medium” shall be taken to include any intangible medium that is capable of
storing, encoding or carrying instructions for execution by the machine 200, and
mcludes digital or analog commumications signals or other intangible medium to
facilitate communication of such software.,

[6048] FI1G. 3 illustrates a station (8TA) in accordance with some
embodiments and an access point (AP} in accordance with some embodiments.
1t should be noted that in some embodiments, an 5TA, HE device and/or other
mobile device may include one or more components shown in any of FIG. 2,
FIG. 3 (as in 300) or FiGs. 4-7. In some embodiments, the STA 300 may he
suitable for use as an STA 103 as depicted in FIG. 1, although the scope of
embodiments is not limited in this respect. In some embodiments, the STA 300
may be suttable for use as an HE device 104 as depicted in FIG. 1, although the
scope of embodiments is not limited i this respect. It should also be noted that
in some embodiments, an AP or other base station may include one or more
components shown in any of FIG. 2, FIG. 3 (as 10 350) or FIGs. 4-7. In some
embodiments, the AP 350 may be suttable for use as an AP 102 as depicted
FIG. 1, although the scope of embodiments is not limited in this respect.

{0049] The STA 300 may include physical layer circuitry 302 and a
transceiver 305, one or both of which may enable transnussion and reception of
signals to and from components such as the AP 102 (FIG. 1}, other STAs or
other devices using one or more antennas 301, As an example, the physical
fayer circuitry 302 may perform various encoding and decoding functions that
may include formation of basehand signals for transmission and decoding of
received signals. As another example, the transceiver 305 may perform various
transmission and reception functions such as conversion of signals between a
baseband range and a Radio Frequency (RF) range. Accordingly, the physical
tayer circuitry 302 and the transceiver 305 may be separate components or may

be part of a combined component. In addition, some of the described
13
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functionality related to transmission and reception of signals may be performed
by a combination that may inclhude one, any or all of the physical layer circuitry
302, the transceiver 303, and other components or layers. The STA 300 may

also include medium access control (MAC) layer circuitry 304 for controlling

U

access to the wireless medivm. The STA 300 may also include processing

cireuitry 306 and memory 308 arranged {o perform the operations described

herein.

{0050] The AP 350 may include physical layer circuitry 352 and a

transceiver 355, one or both of which may enable transmission and reception of

10 sigunals to and from components such as the STA 103 (FIG. 1), other APs or
other devices using one or more antennas 351, As an example, the physical
laver circuttry 352 may perform various encoding and decoding functions that
may inchude formation of baseband signals for transmission and decoding of
received signals. As another example, the transceiver 355 may perform various

15  transmission and reception functions such as conversion of signals between a
baseband range and a Radio Frequency (R¥F) range. Accordingly, the physical
fayer circuttry 352 and the transceiver 355 may be separate coroponents or may
be part of a combined component. In addition, some of the described
functionality related o {ransmission and reception of signals may be performed

28 by a combination that may include one, any or all of the physical laver circuitry
352, the transceiver 355, and other components or layers. The AP 350 may also
mclude medium access control (MAQ) laver circuitry 354 for controlling access
to the wireless medium. The AP 350 may also include processing circuitry 356
and memory 358 arranged to perform the operations described herein.

25 (D051} The antennas 301, 351, 230 may comprise one or more
directional or ommidirectional antennas, including, for example, dipole antennas,
monopole antennas, patch antennas, loop antennas, microsirip antennas or other
iypes of antennas suitable for transnussion of RF signals. In some multiple-input
multiple-output (MIMO) embodiments, the antennas 301, 351, 230 may be

30 effectively separated {o take advantage of spatial diversity and the different

channel characteristics that may result.

9052} In some embodiments, the STA 300 may be configured to

communicate using OFDM and/or OFBMA communication signals over a
14
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multicarrier communication channel. In some embodiments, the AP 350 may be
configured to communicaie using OFDM and/or OFDMA communicaiion
signals over a multicarrier communication channel. Accordingly, in some cases,
the 8TA 300 and/or AP 350 may be configured 1o receive signals in accordance
with specific commumication standards, such as the Institute of Electrical and
Electronics Engineers (IEEE) standards including TEEE 802.11-2012, 8021 In-
2009, 802.11a¢-2013 standards, 8021 lax standards (and/or proposed standards),
802.11ay standards (and/or proposed standards) and/or other, although the scope
of the embodiments 1s not limited in this respect as they may also be suitable to
transmit and/or receive communications m accordance with other techniques and
standards. In some other embodiments, the AP 350 and/or the STA 300 may be
configured 1o receive signals that were transmitted using one or more other
modulation techniques such as spread spectrum modulation (e.g., direct
sequence code division multiple access (IDS-CDMA) and/or frequency hopping
code division multiple access (FH-CDMA)), ime-division multiplexing (TDM)}
modulation, and/or frequency-division multiplexing (FDM) modulation,
although the scope of the embodiments s not limited 1o this respect.

(8053] In some embodiments, the STA 300 and/or AP 350 may be a
mobile device and may be a portable wireless comumumnication device, such as a
personal digital assistant (PDA), alaptop or portable computer with wireless
cornmunication capability, a web tablet, a wireless telephone, a sroartphone, a
wirgless headset, a pager, an instant messaging device, a digital camera, an
access point, a felevision, a wearable device such as a medical device{e.g., a
heart rate monitor, a blood pressure monitor, efc.), or other device that may
recetve and/or transnut information wirelessly. In some embodiments, the STA
300 and/or AP 350 may be configured to operate in accordance with 802.11
standards, although the scope of the embodiments is not imited in this respect.
Mobile devices or other devices in some embodiments may be configured to
operate according to other protocols or standards, including other IEFE
standards, Third Generation Partnership Project (3GPP) standards or other
standards. In some ernbodiments, the STA 300 and/or AP 350 may include one

or more of a kevboard, a display, a non-volatile memory port, nmultiple antennas,

~
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a graphics processor, an application processor, speakers, and other mobile device
elements. The display may be an LCD screen mchuding a touch screen.
[6054] Although the STA 300 and the AP 350 are each illusirated as

having several separate functional elements, one or more of the functional

U

elements may be combined and may be tmplemented by combinations of
software~configured elements, such as processing elements including digital
signal processors (DSPs), and/or other hardware elements. For example, some
elements may CoOMprise one or more miucroprocessors, DSPs, field-
programmable gate arrays (FPGAs), application specific mtegrated circuits
10 {ASICs), radio~frequency integrated circuits (RFICs) and combinations of
various hardware and logic circuitry for performing at least the functions
described herein. In some embodiments, the functional elements may refer o
ofnte OF more Processes operating on one or more processing elements.
[B055] Embodiments may be implemented in one or a combination of
15 hardware, firmware and software. Embodiments may also be implementad as
mstructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable siorage device may include any non-transitory

mechanism for storing information in a form readable by a machine {e.g.. a

o2

computer). For example, a computer-readable storage device may include read-

only memory (ROM), random-access memory {RAM), magnetic disk storage

media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.

25 {0956] It should be noted that in some embodiments, an apparatus of the
STA 300 may include various components of the STA 300 as shown in FIG. 3
and/or the example machine 200 as shown in FIG. 2 and/or varnous components
shown in FIGs. 4-7. Accordingly, techniques and operations described herein
that refer to the STA 300 {or 103) may be applicable to an apparatus of an STA,

30 o some embodiments. In addition, technigues and operations described herein

that refer to the STA 300 {or 103) may be applicable to an apparatus of an HE

device, in some embodiments.
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[0057] It should also be noted that in some embodiments, an apparatus of
the AP 350 may include various componenis of the AP 350 as shown in FIG. 3
and/or the example machine 200 as shown in FIG. 2 and/or various coraponents
shown in FiGs. 4-7. Accordingly, techniques and operations described herein
that refer to the AP 350 {or 102) may be applicable to an apparatus of an AP, in
some embodiments. In addition, an apparatus of a mobile device and/or base
station may nclude one or more components shown in FIGs. 2-7, in some
embodiments. Accordingly, techniques and operations described herein that
refer 1o a mobile device and/or base station may be applicable {0 an apparatus of
a mobile device and/or base station, 1 some embodunents.

[8058] FiG. 4 1s a block diagram of a radio architecture 400 in
accordance with some embodiments. Radio architecture 400 may mclude radio
front-end module (FEM) circuitry 404, radio IC circuitry 406 and baseband
processing circuitry 408, Radio architecture 400 as shown ncludes both
Wireless Local Area Network (WLAN) functionality and Blustooth (BT)
functionality although embodiments are not so limited. In this disclosure,
“WLANT and “Wi-Fi” are used interchangeably.

[8059] It should be noted that the radio architecture 400 and components
shown i FIGs. 5-7 support WLAN and BT, but embodiments are not linmuted to
WLAN or BT. In some embodiments, two techuologies supported by the radio
architecture 400 may or may not include WLAN or BT. Other technologies mayv
be supported. In some embodiments, WLAN and a second technology may be
supported. In some embodiments, BT and a second technology may be
supported. In some embodiments, two technologies other than WLAN and BT
may be supported. In addition, the radio architecture 400 may be extended to
support more than two protocols, technologies and/or standards, in some
embodiments. Embodiments are also not himited 1o the frequencies illustrated in
FIGs. 4-7.

{8060 FEM circuitry 404 may include a WL AN or Wi-Fi FEM circuitry
404a and a Bluetooth (BT) FEM circuitry 404b. The WLAN FEM circuitry
404a mav include a receive signal path comprising circuitry configured to
operate on WELAN RF signals received from one or more antennas 401, to

amplify the received signals and to provide the amplified versions of the
17
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received signals to the WL AN radio IC circuitry 406a for further processing. The
BT FEM circuitry 404b may include a receive signal path which may include
circuttry configured to operate on BT RF signals recetved from one or more

antenmas 402, to amphify the received signals and to provide the amplified

U

versions of the recetved signals to the BT radio IC circuitry 406b for further

processing. FEM circuitry 404a mayv also include a transmit signal path which

may include circuitry configured to amphty WLAN signals provided by the

radio 1€ circuitry 406a for wireless transnussion by one or more of the antennas

401, In addition, FEM circuitry 404b may also inclade a transmit signal path

10 which may include circuitry configured to amplify BT signals provided by the
radio IC circuitry 406b for wireless transmission by the one or more antennas.
in the embodiment of FIG. 4, although FEM 404a and FEM 404b are shown as
being distinct from one ancther, embodiments are not so limited, and inchude
within their scope the use of an FEM (not shown) that mcludes a transoit path

15  and/or a receive path for both WLAN and BT signals, or the use of one or more
FEM circuitries where at least some of the FEM circuitnies share transmit and/or
recerve signal paths for both WLAN and BT signals.
[8061] Radio IC circuitry 406 as shown may include WLAN radio IC
circuitry 406a and BT radio IC circuitry 406b. The WL AN radio IC circuitry

20 406a may mclude areceive signal path which may include circuitry to down-
convert WELAN RF signals received from the FEM circuitry 404a and provide
baseband signals to WLAN baseband processing circuitry 408a. BT radio IC
circuitry 406b may in turn include a receive signal path which may include
circuttry to down-convert BT RF signals recetved from the FEM circuitry 404b

25  and provide baseband signals to BT baseband processing circuiiry 408b. WLAN
radio IC circuitry 406a may also include a transmit signal path which may
mclude cireuitry to up~convert WLAN baseband signals provided by the WLAN
baseband processing circuitry 408a and provide WLAN RF output signals to the
FEM circuitry 404a for subsequent wireless transnussion by the one or more

30 antennas 401. BT radio IC circuitry 406b may also inchude a transmit signal

path which may include circuitry o up-convert BT baseband signals provided by

the BT baseband processing circuitry 408b and provide BT RF output signals to

the FEM circuitry 404b for subsequent wireless transmission by the one or more
18
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antennas 401, In the embodiment of FIG 4, although radio IC circuitries 406a
and 406b are shown as being distinet from one another, embodiments are not so
himited, and include within their scope the use of a radio IC circuitry {not shown)

that includes a transimit signal path and/or a receive signal path for both WLAN

U

and BT signals, or the use of one or more radio 1C circuitries where at least some

of the radio IC circuitries share transmit and/or receive signal paths for both

WL AN and BT signals.

[0062] Baseband processing circuity 408 may include a WLAN

baseband processing circuttry 408a and a BT baseband processing circutiry

10 408b. The WLAN baschand processing circuttry 408a may include a memory,
such as, for example, a set of RAM arrays in a Fast Fourier Transform or Inverse
Fast Fourter Transform block {(not shown} of the WLAN baseband processing
circuitry 408a. Fach of the WLAN baseband circuitry 408a and the BT
baseband circuitry 408b may further include one or more processors and control

15 logic to process the signals received from the corresponding WLAN or BT
recetve signal path of the radio IC circuitry 406, and {0 also generate
correspondimmg WLAN or BT baseband signals for the transroit signal path of the
radio IC circuitry 406, Each of the baseband processing circuitries 408a and
408b may further include physical laver (PHY) and medium access control layer

26 (MAQC) circuttry, and may further interface with application processor 410 for
generation and processing of the baseband signals and for controlling operations
of the radio I circuitry 406.
[0063] Referring still to FIG. 4, according to the shown embodiment,
WLAN-BT coexistence circuitry 413 may include logic providing an imterface

25  between the WLAN baseband circuitry 408a and the BT baseband circuitry 408b
o enable use cases requiring WLAN and BT coexistence. In addition, a switch
403 may be provided between the WLAN FEM circuntry 404a and the BT FEM
circuitry 404b to allow switching between the WLAN and BT radios according
to application needs. In addition, although the antennas 401 are depicted as

30 being respectively connected to the WLAN FEM circuiiry 404a and the BT FEM

circuitry 404b, embodiments inchude within their scope the sharing of one or

more antennas as between the WL AN and BT FEMs, or the provision of more

than one anienna connecied 1o each of FEM 404a or 404b.
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[0064] In some embodiments, the froni-end module circuitry 404, the
radio IC cirautry 406, and baseband processing circuitry 408 may be provided
on g single radio card, such as wireless radio card 402, In some other

embodiments, the one or more antennas 401, the FEM circuitry 404 and the

U

radio IC circuitry 406 may be provided on a single radio card. In some other
embodiments, the radio IC circuitry 406 and the baseband processing circutry
408 may be provided on a single chip or integrated circuit (IC), such as 1C 412.
[0065] In some embodiments, the wirelass radio card 402 may include a
WLAN radio card and may be configured for Wi-Fi communications, although
10 the scope of the embodiments 15 not linuted in this respect. In some of these
embodiments, the radio architecture 400 may be configured to receive and
transmit orthogonal frequency division multiplexed (OFDM) or orthogonal
frequency division multiple access {OFDMA) commumnication signals over a
multicarrier communication channel. The OFDM or OFDMA signals may
15 compnse a plurality of orthogonal subcarriers.
[6066] In some of these mullicarmer embodiments, radio architecture 400
may be part of a Wi-Fi communication station {STA) such as a wireless access
point (AP), a base station or a mobile device including a Wi-Fi device. In some
of these embodiments, radio architectire 400 may be configured to transmit and
20 receive signals in accordance with specific communication standards and/or
protocols, such as any of the Tnstitute of Electrical and Electronics Engineers
(IEEE) standards including, 802.11n-2009, IEEE 802.11-2012, 802.11n-2009,
802.1%ac, and/or 802.11ax standards and/or proposed specifications for WLANS,
although the scope of embodiments is not limited in this respect. Radio
25  architecture 400 may also be suitable to transnut and/or receive commumnications
in accordance with other techniques and standards.
18067] In some embodiments, the radio archifecture 400 may be
configured for high-etficiency (HE) Wi-F1 (HEW) communications in
accordance with the IEEE 802.11ax standard and/or IEEE 802.11az standard. In
30 these embodiments, the radio architecture 400 may be configured to
commumicate in accordance with an OFDMA technique, although the scope of

the embodiments is not limited in this raspect.

20
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[0063] In some other embodiments, the radio architecture 400 may be
configured to transmut and receive signals transmiited using one or more other
modulation techriques such as spread spectrum modulation (e.g., direct

sequence code division multiple access (DS-CDMA) and/or frequency hopping

U

code division multiple access (FH-UDMA}), time-division multiplexing (TDM)

modulation, and/or frequency-division multiplexing (FDM) modulation,

although the scope of the embodiments is not limited in this respect.

[0069] In some embodiments, as further shown in FIG. 4, the BT

baseband circuitry 408b may be compliant with a Bluetooth (BT) connectivity

10 standard such as Bluetooth, Bluetooth 4.0 or Bluetooth 5.0, or any other tleration
of the Bluetooth Standard. In embodiments that include BT functionality as
shown for example in Fig. 4, the radio architecture 400 may be configured to
establish a BT synchronous connection oriented (SCQO) Hink and or a BT low
energy (BT LE) link. In some of the embodiments that include functionality, the

15 radio architecture 400 may be configured fo establish an extended SCO (eSCQO)
link for BT communications, although the scope of the embodiments is not
himted 10 this respect. In some of these embodiments that include a BT
functionality, the radio architecture may be configured to engage in a BT
Asvnchronous Connection-Less {ACL) communications, alihough the scope of

28 the embodiments 13 notl limited in this respect. In some embodiments, as shown
m FIG. 4, the functions of a BT radio card and WLAN radio card may be
combined on a single wireless radio card, such as single wireless radio card 402,
although embodiments are not so limited, and include within their scope discrete
WLAN and BT radio cards.

25 {0970] In some embodiments, the radio-architecture 400 may include
other radio cards, such as a cellular radio card configurad for celhular {e.g., 3GPP
such as LTE, LTE-Advanced or 5G communications).

[0071] In some IEEE 802.11 embodiments, the radio architecture 400
may be configured for communication over various channel bandwidths

30 including bandwidths having center frequencies of about 900 MHz, 2.4 GHz, §

GHz. In some embodiments, the bandwidths may be about | MHz, 2 MHz, 2.5

MHz, 4 MHz, SMHz, 8 MHz, 10 MHz, 16 MHz, 20 MHz, 40MHz, $0MHz

{with contiguous bandwidths} or 80+80MHz (160MHz}) {with non-contiguous
21
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bandwidths}. In some embodiments, a 320 MHz channel bandwidth may be
used. In some embodiments, the bandwidths may be about 2.16 GHz, 432 GHz,
6.48 GHz, 8.72 GHz and/or other suitable value. The scope of the embodiments
is not limited with respect to the above center frequencies or bandwidths,

however.

U

[8072] FI1G. 5 illustrates FEM circuitry 500 in accordance with some
embodiments. The FEM circuitry 500 1s one example of circuitry that mav be
suitable for use as the WLAN and/or BT FEM circuitry 404a/404b (FIG. 4),
although other circuitry configurations may also be suitable.

10 [6973) In some embodiments, the FEM circuitry 500 may include a
TX/RX switch 502 to switch between transmit mode and receive mode
operation. The FEM circuitry 500 may include a receive signal path and a
transtit signal path. The receive signal path of the FEM circuitry 500 may
include a low-noise amplhifier (LNA) 306 to amplify received RF signals 303 and

15 provide the amplified recetved RF signals 507 as an output {e.g , to the radio IC
circuitry 406 (FIG. 4)). The transmit signal path of the circuitry 500 may include
a power amplifier (PA) to amphfy input RF signals 509 {e.g., provided by the
radio IC circuitry 406}, and one or more filters 512, such as band-pass filters
{BPFs}, low-pass filters (LPFs} or other types of filters, to genarate RF signals

20 515 for subsequent transmission {(e.g., by one or more of the antennas 401 (FIG.
4.

[0074] In some duai-mode embodiments for Wi-Fi commumication, the
FEM circuitry 500 may be configured to operate in either the 2.4 GHz frequency
spectrurn or the 5 GHz frequency spectrum. In these erobodiments, the receive

25 signal path of the FEM circuitry 500 may include a receive signal path duplexer
504 to separate the signals from each spectrum as well as provide a separate
LNA 506 for each spectrum as shown. In these embodiments, the transmat signal
path of the FEM circuitry 500 may also include a power amplifier 510 and a
filter 512, such as a2 BPF, a LPF or another tvpe of filter for each frequency

30 spectrum and a fransmit signal path duplexer 514 1o provide the signals of one of
the different spectrums onto a single transmit path for subsequent transmmission

bv the one or more of the antennas 401 (FIG. 4}. In some embodiments, BT
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commumications may utilize the 2.4 GHZ signal paths and may utilize the same
FEM circuitry 500 as the one used for WLAN communications.

[8075] FI1G. 6 llustrates radio 1C circuitry 600 in accordance with some
embodiments. The radio IC circuitry 600 is one example of circuitry that may be

suitable for use as the WLAN or BT radio IC circuitry 406a/406b (FIG. 4),

U

although other circuttry configurations may also be suitable.
[8076] In some embodiments, the radio IC circuitry 600 may include a
receive signal path and a transmit signal path. The recetve signal path of the
radio IC circuitry 600 may include at least mixer circuitry 602, such as, for

10 example, down-conversion mixer circuitry, amplifier circuitry 606 and filter
circuitry 608. The transmit signal path of the radio IC circuitry 600 may include
at least filter circuitry 612 and mixer circuitry 614, such as, for example, up-
conversion mixer circuitry. Radio IC circuitry 600 may also mnclude synthesizer
circuitry 604 for synthesizing a frequency 603 for use by the nuxer circuitry 602

15  and the mixer circuitry 614, The nuxer circuitry 602 and/or 614 may each,
according to some embodiments, be configured to provide direct conversion
functionality. The latter type of circuitry presents a much simpler architecture as
compared with standard super-heterodyne nuxer circuitries, and any flicker noise
brought about by the same may be alleviated for example through the use of

20 OFDM modulation. Fig. 6 illustrates only a stmplified version of a radio IC
circwitry, and may include, although not shown, embodiments where each of the
depicted circuitries may nclude more than one component. For instance, mixer
circuitry 620 and/or 614 may each include one or more muxers, and filter
circuitries 608 and/or 612 may each include one or more filters, such as one or

25  more BPFs and/or LPFs according to application needs. For example, when
mixer circuitries are of the direct-conversion type, they may each include two or
MOTe Mixers.
[08077] In some embodiments, muxer circuitry 602 may be configured to
down-convert RF signals 507 received from the FEM circutry 404 (FIG. 4)

30 based on the synthesized frequency 603 provided by synthesizer circuitry 604,
The amplifier circuitry 606 may be configured to amplify the down-~converted
signals and the filter circuitry 608 may include a LPF configured to remove

unwanted signals from the down-converted signals to generate outpui baseband
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signals 607. Output baseband signals 607 may be provided to the baseband
processing circuitry 408 (FIG. 4) for further processing. Tn some embodiments,
the output baseband signals 607 may be zero-frequency baseband signals,
although this is not a requirement. In some embodiments, mixer circuitry 602
may comprise passive mixers, although the scope of the embodiments is not
hmited in this respect.

[8078] In some embodiments, the mixer circuitry 614 may be configured
to up-convert input baseband signals 611 based on the synthesized frequency
605 provided by the svuthesizer civcuitry 604 to generate RF output signals 509
for the FEM circuitry 404, The baseband signals 611 may be provided by the
baseband processing circuitry 408 and may be filtered by filter circuitry 612. The
filter circuitry 612 may include a LPF or a BPF, although the scope of the
embodiments 15 not limited in this respect.

[8079] In some embodiments, the mixer circuitry 602 and the mixer
circuitry 614 may each include two or more mixers and may be arranged for
guadrature down-conversion and/or up-conversion respectively with the help of
synthesizer 604. In some embodiments, the mixer circuitry 602 and the mixer
circuitry 614 may each include two or more nuxers each configured for image
rejection (e.g., Hartley image rejection). In some embodiments, the mixer
circuitry 602 and the mixer circuitry 614 may be arranged for direct down-
conversion and/or direct up-conversion, respectively. In some embodiments, the
mixer circuiiry 602 and the mixer circuitry 614 may be configured for super-
heterodyne operation, although this is not a requirement.

{0080} Mixer circuttry 602 mav comprise, according to one embodiment:
guadrature passive mixers {e.g., for the in-phase (1} and quadrature phase (Q}
paths). In such an embodiment, RF input signal S07 from Fig. 6 may be down-
converted to provide T and Q baseband outpul signals {0 be sent to the baseband
PrOCEsSor,

[0081] (Quadrature passive muxers may be driven by zero and ninety
degree time-varving L switching signals provided by a quadrature circuitry
which may be configured to receive a LO frequency (fio) from a local oscillator
or a synthesizer, such as LO frequency 605 of synthesizer 604 (FIG. 6). In some

embodiments, the LO frequency may be the carrier frequency, while in other
24
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embodiments, the LO frequency may be a fraction of the carrier frequency (e.g.,
one-half the carrer frequency, one-third the carrter frequency). In some
embodiments, the zero and ninety degree time-varving switching signals may be

generated by the svnthesizer, although the scope of the embodiments is not

U

himited in this respect.

[8082] In some embodiments, the LO signals may differ in duty cycle

(the percentage of one pertod in which the LO signal 1s high)) and/or offset (the

difference between start points of the period). In some embodiments, the LO

signals mav have a 25% duty cycle and a 50% offset. In some embodiments,

10 each branch of the mixer circuitry {e.g., the in-phase (I} and guadrature phase
{{3) path) may operate at a 25% duty cycle, which may result in a significant
reduction is power consumption.

[8083] The RF input signal 507 (FI(G. 3) may comprise a balanced
signal, although the scope of the embodiments is not limited in this respect. The

15 1and Q baseband output signals may be provided to low-nose amplifier, such as
amplifier circuttry 606 (FIG. 6) or to filter circuitry 608 (FIG. 6).

[6084] In some embodiments, the output baseband signals 607 and the
mput baseband signals 611 may be analog baseband signals, although the scope
of the embodiments is not limited in this respect. In some altemate

28 embodiments, the output baseband signals 607 and the mput baseband signals
611 mav be digital baseband signals. In these alternate embodiments, the radio
1C circuitry may include analog-to-digital converter {AD{C) and digital-to-analog
converter {DAC) circuitry.

[6085] In some dual-mode embodiments, a separate radio IC circuitry

25  may be provided for processing signals for each spectrum, or for other spectrums
not mentioned here, although the scope of the embodiments 1s not linmted in this
respect.

[0036] In some embodiments, the synthesizer circuiiry 604 may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of

30 the embodiments is not limited in this respect as other types of frequency

synthesizers may be suitable. For example, synthesizer circuitry 604 may be a

delta-sigma synthesizer, a frequency multiplier, or a synthesizer comprising a

phase-locked foop with a frequency divider. According to some embodiments,
25
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the synthesizer circuitty 604 may mclude digital synthesizer circuitry. An
advantage of using a digital synthesizer circuitry ts that, although it may still
include soroe analog components, its footprint may be scaled down much more

than the footprint of an analog synthesizer circuitry. In some embodiments,

U

frequency input into svnthesizer circuity 604 may be provided by a voltage
controlied oscillator (VCO), although that 1s not a requirement. A divider control
mput may further be provided by either the baseband processing circuitry 408
{(FIG. 4) or the application processor 410 (FIG. 4) depending on the desired
output frequency 6035, In some embodiments, a divider control input {e.g., N}
10 may be deternmined from alook-up table (e.g., within a Wi-Fi card) based on a
channel number and a channel center frequency as determined or indicated by
the application processor 410.
{8087} In some embodiments, synthesizer circuitry 604 may be
configured to generate a carrier frequency as the output frequency 605, while in
15 other embodiments, the output frequency 605 may be a fraction of the carrier
frequency (e g., one-half the carrier frequency, one-third the carrier frequency).
In some embodiments, the output frequency 503 may be a LO frequency (fio).
[5088] FiG. 7 illustrates a functional block diagram of baseband
processing circuitry 700 in accordance with some embodiments. The baseband
20 processing circutiry 700 1s one example of circuitry that may be suitable for use
as the baseband processing circuitry 408 (FIG. 4), although other circuitry
configurations may aiso be suitable. The baseband processing circuitry 700 may
include a receive baseband processor (RX BBP) 702 for processing receive
baseband signals 609 provided by the radio IC circutry 406 (FIG. d)and a
25 transnut baseband processor {(TX BBP) 704 for generating transmit baseband
signals 611 for the radio IC circuitry 406. The baseband processing circuitry 700
may also include control logic 706 for coordinating the operations of the
baseband processing circuitry 700.
[0089] In some embodiments (e g.. when analog baseband signals are
30 exchanged between the baseband processing circuitry 700 and the radio IC
circuitry 406}, the baseband processing circuitty 700 may include ADC 710 to
convert analog baseband signals received from the radio IC circuitry 406 to

digital baseband signals for processing by the RX BBP 702. In these
26
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embodiments, the baseband processing circuitry 700 may also include DAC 712
to convert digital baseband signals from the TX BBP 704 {0 analog baseband
signals.

[9090] In some embodiments that communicate OFDM signals or

U

OFDMA signals, such as through baseband processor 408a, the transmit

baseband processor 704 may be configured to generate OFDM or OFDMA

signals as appropriate for transnussion by perforraing an inverse fast Fourier

transform (IFFT). The receive baseband processor 702 may be configured 1o

process recetved OFDM signals or OFDMA signals by performang an FFT. Tn

10 some embodiments, the receive baseband processor 702 may be configured to
detect the presence of an OFDM signal or OFDMA signal by performing an
autocorrelation, to detect a preamble, such as a short preamble, and by
performing a cross~correlation, to detect a long preamble. The preambles may be
part of a predetermuined frame structure for Wi-Fi communication.

15 0091 Referring back to FI(G. 4, in some embodiments, the antennas 401
(FIG. 4) may each comprise one or more directional or ommidirectional antennas,
mcluding, for example, dipole antennas, roonopole antennas, patch antennas,
loop antennas, microstrip antennas or other types of antennas suitable for
transmussion of RF signals. In some multiple-input muttiple-cutput (MIMO}

28 embodiments, the antennas may be effectively separated to take advantage of
spatial diversity and the different channel characteristics that mayv result.
Antennas 401 may each include a set of phased-array antennas, although
embodiments are not so himited.

[8092] Although the radio-architecture 400 15 illustrated as having

25  several separate functional elements, one or more of the functional elements may
be combined and may be implemented by combinations of software-configured
elements, such as processing elements mcluding digital signal processors
{DSPs), and/or other hardware elements. For example, some elements may
comprise one of more microprocessors, DSPs, field-programmable gate arrays

30 (FPGAs), application specific integrated circuits {ASICs), radio-frequency

mtegrated circuits {RFICs) and combinations of various hardware and logic

circuitry for performing at least the functions described herein. In some
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embodiments, the functional elements may refer to one or more processes
operating on one or more processing elements.

{093} Erobodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
mstructions stored on a compuier-readable storage device, which mayv be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information in a form readable by a machine (2.g., a
computer}. For exarmple, a computer-readable storage device may include read-
only memory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with mstructions stored on a computer-readable storage device.
[8094] In accordance with some embodiments, the AP 102 mayv transnut,
during a transmission opportunity (TXOP) obtained by the AP 102, a first trigger
frame (TF) that requests uphnk sounding frames from a plurality of 8§TAs 103,
The AP 102 may receive the uplink sounding frames from the STAs 103 during
the TXOP. The uplink sounding frames may be multiplexed in accordance with
an OFDMA technique or space-division multiple access technique (SDMA).

The AP 102 may transimit downlink sounding frames during the TXOP. The
downlink sounding frames may be full-band or multiplexed in accordance with
an OFDMA technique. The AP 102 may transmit, during the TXOP, downlink
location measurement reports (LMRs) that include per-STA arnival times of the
uplink sounding frarmes and a departure time of the downlink sounding frames.
The AP 102 may transmit, during the TXOP, a second TF that requests
transmussion of uplink LMRs by at least one of the §TAs 103, The uplink LMRs
may nchide per-STA location information based on the per-STA arrival times of
the uplink sounding frames and the departure time of the downlink sounding
frames. These embodiments will be described in more detail below.

[0095] Fi(3. 8 illustrates the operation of a method of communication in
accordance with some emboduments. It is important to note that embodiments of
the method 800 may include additional or even fewer operations or processes in

comparison to what is illustrated in FIG. 8. In addition, embodiments of the
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method 800 are not necessarily linuted to the chronological order that is shown
m FIG. 8 In describing the method 800, reference may be made to FiGs. 1-7
and 9-16, although 1t 1s understood that the method 800 may be practiced with

any other suitable systems, interfaces and components.

U

{0096} in some embodiments, an AP 102 may perform one or more
operations of the method 800, but embodiments are not limited to performance
of the method 800 and/or operations of it by the AP 102, In some embodiments,
an STA 103 may perforn one or more operations of the method 800 (and/or
similar operations}. Accordingly, although references may be made to
10 performance of one or more operations of the method 800 by the AP 102 1n
descriptions herain, it is understood that the 8TA 103 may perform the same
operation(s), similar operation{(s} and/or reciprocal operation{s), in some
embodiments. In some embodiments, an HE device 104 may perform one or
more operations of the method 800 {and/or similar operations). Accordingly,
15  although references may be made to performance of one or more operations of
the method 800 by the AP 102 m descriptions herein, it is undersicod that the
HE device 104 may perform the sarme operation(s), similar operation(s} and/or
reciprocal operation(s}, in some embodiments
{8097] In addition, the method 800 and other methods described herein
20 may refer to STAs 103 or APs 102 operating in accordance with an 802.11
standard, protocol and/or specification and/or WLAN standard, protocol and/or
specification, in some cases. Embodiments of those methods are not limited to
just those STAs 103 or APs 102 and may also be practiced on other devices,
such as a User Equipment (UE), an Evolved Node-B (eNB) and/or other device.
25  In addition, the method 800 and other methods described herein may be
practiced by wireless devices configured fo operate in other suitable types of
wireless commumication systems, including systems configured to operate
according to various Third Generation Partnership Protocol (3GPP) standards,
mcluding but not linuted to Long Term Evolution (LTE). The method 800 may
30 also be practiced by an apparatus of an STA 103, an apparatus of an AP 102, an
apparatus of an HE device 104 and/or an apparatus of another device, 10 some

embodiments.
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[00938] It should also be noted that embodiments are not limited by
references herein (such as in descriptions of the methods 800, 900 and/or other
descriptions herein) to transmission, reception and/or exchanging of elements

such ag frames, messages, requests, indicators, signals or other elements. in

U

some embodiments, such an element may be generated, encoded or otherwise
processed by processing circuitry (such as bv a baseband processor included in
the processing circuitry) for transmmssion. The transmission may be performed
by a transceiver or other component, in some cases. In some embodiments, such
an element may be decoded, detected or otherwise processed by the processing
10 circntry (such as by the baseband processor). The element may be received by a
transceiver or other component, in some cases. In some embodiments, the
processing circuitry and the transceiver may be included in a same apparatus.
The scope of ernbodimnents is not linited m this respect, however, as the
iransceiver may be separaie from the apparatus that comprises the processing
15 circutry, in some embodiments.
[0059] At operation 805, the AP 102 may contend for a transnussion
opportunity (TXOP) to obtain access to a channel. In some erobodirsents, the
AP 102 may contend for a TXOP during which the AP 102 is to control access

to the channel. In some embodiments, the AP 102 may contend for a wireless

o2

medium during a contention peniod to receive exclusive control of the medium
during a pertod, including but not limted to a TXOP and/or HE control period.
The AP 102 may transnut, receive and/or schedule one or more frames and/or
signals during the period. The AP 102 may transmit and/or recetve one or more
frames, signals and/or other elements during the period. However, it should be
25  noted that embodiments are not limited to scheduled transmission and/or
reception. Embodiments are also not limited to transmission and/or reception in
accordance with the exclusive control of the medium. A frame, signal and/or
other element may be transmitted/received in contention-based scenarios and/or
other scenarios, in some embodiments. Any suitable contention methods,
30 operations and/or technigues may be used, which may or may not be part of a
standard. In a non-limiting example, one or more contention methods,
operations and/or techniques of an 802.11 standard/protocol and/or W-LAN

standard/protocol may be used.
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[00100] At operation 810, the AP 102 may transmit a trigger frame (TF).
In some embodiments, the TF may request uplink sounding {rames from a
plurality of STAs 103, In some embodiments, the TF may indicate that one or

more STAs 103 are to transmit uplink sounding frames. In some embodiments,

U

the TF may be transmitted during the TXOP. In some embodiments, the TF may

mclude {and/or indicate) a location measurement report (LMR) type parameter

that indicates when the AP 102 1s 1o transmit downlink LMRs (1o be described
below). The scope of embodiments is not imited in this respect, however, as the

TF may not necessarily include the LMR type parameter in sorme embodiments.

10 (69101} In some embodiments, the TF may indicate mformation to be
used by the STA 103 to exchange one or more frames, signals and/or other
elements with the AP 102, In some embodiments, the TF may indicaie
mformation to be used by the STA 103 to exchange one or more frames, signals
and/or other elements with the AP 102 during the TXOP, although the scope of

15 embodiments is not Himited in this respect. Example information of the TF may
mnclude, but 18 not limited to, time resources to be used for transmission and/or
reception, channel resources (such as resource units (RUs) and/or other) to be
used for transmission and/or reception, identifiers of STAs 103 that are to
transmit, identifiers of $TAg 103 that are to receive and/or other information.

20 Additional examples of such information will be given below. It should be
noted that embodiments are not limited to usage of the TF, and some
embodiments may not necessarily include the usage of the TF.

[00102] In a non-limiting example, the TF may indicate a specific
allocation of RUs of the chanmel to be used by one or more agssociated STAs 103

25 for transmission of frames, signals and/or other elements. In another non-
himiting example, the TF may indicate one or more RUs of the channel to be
used by one or more associated STAs 103 for transmission of frames, signals
and/or other elements and may further mdicate one or more RUs of the channel
to be used by one or more unassociated STAs 103 for transnussion of frames,

30 signals and/or other elements. In another non-limiting example, the TF may

mdicate one or more RUs of the channel to be used by one or more unassociated

STAs 103 for transmission of frames, signals and/or other elements. In another

non-limiting example, the TF may indicate information related to uplink
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transmission by associated STAs 103, unassociated STAs 103 or a combination
thereof. For instance, the TF may be configurable (o allocate at least a first RU
to a particular associated STA 103 and may be further configurable to allocate at

least a second RU for unassociated STAs 103, ¥t should be noted that multiple

U

STAs 103 may be supported. For imstance, the TF may allocate one or more

RUs to each of multiple STAs 103 for {ransmissions, in some cases.

[00163] At operation 815, the AP 102 may receive one or more uplink

sounding frames. At operation 820, the AP 102 may determine one or more

uplink channel estimates based at least partly on the uplink sounding frames. At

10 operation 825, the AP 102 may deternine one or more arrival times of the uplink
sounding frames. It should be noted that some embodiments may not
necessartly inchude all operations shown in FIG. &
[80104] In some embodiments, the aplink sounding frames may be
received from the STAs 103 during the TXOP. Tn some embodiments, the

15 uphnk sounding frames may be multipiexed in accordance with an OFDMA
technique or SDMA technique, although the scope of embodiments 18 not hmited
in this respect. In some embodirents, the AP 102 may determine per-STA
arnival times of the uplink sounding frames. In some embodiments, the uplink
sounding frames may include one or more uplink null data packets (NDPs). In

20 some emnbodiments, the uplink sounding frames may be uplink NDPs, In some
embodiments, the uplink sounding frames may be based on one or more uplink
NDPs.
{00105} In a non-limiting example, the AP 102 may determine the arrival
times of the uplink sounding frames based at least partly on one or more channel

25  estimate. For instance, the channel estimate(s) may be based on uplink sounding
frame(s), although the scope of embodiments is not limited in this respect.  In
another non-hmiting example, the AP 102 may determine the arnval times of the
uphink sounding frames based at least partly on one or more correlation
operations between the uplink sounding frames and one or more predetermined

30 symbol patterns. Additional operation{s) may be used, in some embodiments, in

addition to or instead of the correlation operation(s).

[90106] At operation 830, the AP 102 may transmit a frame to indicate

that the AP 102 is to transmit one or more downlink sounding frames. In some
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embodiments, the frame may be an NDP announcement (NDPA) frame,
although the scope of embodiments 1s not limited in this respect. In some
embodiments, the AP 102 may transnut the frare duning the TXOP.

{80107} In some embodiments, the AP 102 may transmit an LMR type

U

parameter that indicates when the AP 102 is fo transmit downlink LMRs. In

some embodiments, the AP 102 may transrut an LMR type parameter that

mcludes information related to transmission of the downlink LMRs by the AP

102. The AP 102 may include the LMR type parameter in one or more frames,

examples of which are given below.

10 [06108] In anon-himiting example, the AP 102 may mnclude the LMR type
parameter in the TF transnutted at operation 810, In another non-limiting
example, the AP 102 may include the LMR type parameter in the frame (NDPA
and/or other frame) transmitted at operation 830. In another non-limiting
example, the AP 102 may include the LMR type parameter in an STA

15  information field of an NDPA. In another non-limiting example, the AP 102
may include the LMR type parameter in the TF transmuited at operation 810, but
may not necessarily include the LMR tvpe parameter in the frame transmitted at
operation 830. In another non-limiting example, the AP 102 may include the
LMR type parameter in the frame transmitted at operation 830, but may not

20 necessarily include the LMR type parameter in the TF transmitied at operation
R10. In some embodiments, the AP 102 may include the LMR parameter in one
or more of: the TF transmitted at operation 810, the frame transmitted at
operation 830 and/or other frame.

[60109] In some embodiments, the TF may include the LMR tvpe

25  parameter in a common information portion of the TF, although the scope of
embodiments is not limited in this respect. In some embodiments, the TF may
mclude a minimum waiting tirse that the STAs 103 are to wait o receive the
downlink LMRs, and a maximum waiting time that the STAs 103 are to waitto
receive the downlink LMRs. The nunimum waiting time, maximum waiting

30 ume and/or other information may be included in the common information

portion of the TF in sorme emboduments, although the scope of embodiments is

not limited in this respect. In some embodiments, an LMR tvpe mav be included

in a per-user information field of the TF. Inclusion of the LMR type in the per-
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user information field may enable indication of different LMR tvpes to different
STAs 103, in some cagses.

{601 10] In anon-limiting example, a first value of the LMR type
parameter may indicate immediate LMR feedback, wherein the AP 102 15 {0

transmit the downlink LMREs in the TXOP after transmission of the downlink

U

sounding frames. A second value of the LMR type parameter may indicaie
delayed LMR feedback, wherein the AP 102 1s to transmit the downlink LMRs
i a subsequent TXOP (including but not limited to a next TXOP). A third value
of the LMR type parameter may indicate aggregated LMR feedback, wherein the
10 downlink LMRs are included in a null data packet announcement (NDPA) (1o be
described below). Embodiments are not limited to the assignmenis in this
example. Embodiments are also not limited to usage of three values for the
LMR type parameter. In some embodiments, possible values of the LMR type
parameter may include one or more of the example values given above. In some
15 embodiments, possible values of the LMR type parameter may inchude one or
more values in addition to any mumber (including zero} of the example values
given above. In some embodiments, possible values of the LMR type parameter
may not necessanly include all three example values given above.
{00111} In some embodiments, when immediate LMR feedback is used, it
28 may be assumed that a computation time for the AP 102 to compute arrival
iime(s) is low enough to enable the AP 102 to transnut LMR(s) after SIFS of the
DL NDP. Ifthe STA 103 does not receive the EMR, the STA 103 may request a
new round of measurement phase. In some embodiments, when defayed LMR
feedback s used, the DL NDP and downlink LMRs may be transmitted mn two
25 different TXOPs. The AP 102 may use a channel! estimate based on a received
UL NDP to calculate an arrival time of the UL NDP. When the arrival time 18
available, the AP 102 may transmit the information in an LMR to the STA 103,
To avoid scenartos in which the STA 103 may wait for a long time and/or an
mdefinite time, the AP 102 may set minimum and maximum waiting times for
30 the STA 103. The STA 103 may begin to wait for the EMR report after the
minimum waiting time. I after the maximum waiting time, the STA 103 has not
received the LMR, the 8STA 103 may request a new round of measurement

phase. In some embodiments, when aggregated LMR feedback 1s used, the AP
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102 may aggregate the LMR with the DL NDPA frame. In some cases, the AP
102 may have a sufficient computation capability to finish the arrival time
determination betore the transmission of the DL NDPA. In addition, the AP 102
may be able to predict a departure time of the DL NDP. The LMR may be
aggregated with the DL NDPA frame. H the STA 103 does not receive the LMR,

U

the STA 103 may request a new round of measurement phase.
[00112] At operation 833, the AP 102 may transnut one or more downlink
sounding frames. In some embodiments, the downlink sounding frames may be
transmuited during the TXOP. In some embodiments, the downlink sounding

10 frames may be transnutted to the STAs 103 during the TXOP. In some
embodiments, the downlink sounding frames may be multiplexed in accordance
with an OFDMA techmique, although the scope of embodiments is not Himited in
this respect. In some embodiments, a full-band transmission of the downlink
sounding frames may be performed, although the scope of embodiments 1s not

15 limuted in this respect. In some embodiments, the downlink sounding frames
may include one or more downlink NDPs. In some embodiments, the downlink
sounding frames may be downlink NIDPs. In some embodiments, the downlink
sounding frames may be based on one or more downlink NDPs. In some
embodiments, the AP 102 may transmut an NDPA to indicate that the AP 102 is

28 o transmit one or more downlink NDPs, and may {ransmit the one or more
downlink NDPs.
[00113] In some embodiments, the AP 102 may include a sounding dialog
token. In anon-limiting example, the sounding dialog token may be included in
the TF transnutted at operation 810. For instance, the sounding dialog token

25  may beincluded in a trigger dependent cormmon information field of the TF orin
a irigger dependent user information field of the TF. In some embodiments, the
sounding dialog token may indicate a measurement sequence to be used by at
least one of the STAs 103 to determine the round trip time between STAs 103
and AP 102. Other information related 1o the downlink sounding frames may be

30 ncluded, in addition to or instead of the measurement sequence.
[00114] At operation 840, the AP 102 moay transrot one or more downlink
LMRs. In some embodiments, the AP 102 may transmit the downlink LMRs

during the TXOP. In some embodiments, the downlink LMRs may be
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multiplexed in accordance with an OFDMA technique, although the scope of
embodiments is not imited in this respect.
[60115] In a non-himiting example, the downlink LMRs may mclude per-

STA arrival times of uplink sounding frames. The downlink LMRs may include

U

other information, in some cases, in addition to or instead of the per-STA arrival
iimes of the uplink sounding frames. Information mcluded in the downlink
LMRs may include, but is not limated to, one or more of’ per-STA arrival titnes
of the uplink sounding frames, a departure time of the downlink sounding
frames, multiple departure tirnes of the downlink sounding frames and/or other
10 nformation. In some embodiments, the AP 102 may transmit the downlink
LMR(s) in accordance with a value indicated by the LMR type parameter,
although the scope of embodiments is not limited in this respect.
{00116} At operation 845, the AP 102 may transmit a TF. In some
embodiments, the AP 102 may transroit the TF at operation 845 to request
15 transrmssion of uplink LMRs by the STAs 103, although the scope of
embodiments is not limited in this respect. In some embodiments, the TF
transmutted at operation 845 may be transmitted during the TXOP, although the
scope of embodiments is not limited in this respect.
{00117] In some embodiments, the TF {ransmitted at operation 810 may
26 be afirst TF and the TF transmitted at operation 845 may be a second TF.
Accordinglv, the TF transmutted at operation 845 may be referred to in
descriptions herein as the “second TF” for clarity, but it 1s understood that such
references are not limiting. For instance, in some embodiments, the transmission
of the TF at operation 810 may not necessarily be performed. fn such
25  embodiments, some or all of the operations, properties and/or other aspects
described herein for the “second TF” may be applicable to the TF transmitied at
operation 84S,
[00118] In some cases, the second TF may be transmitted after
transmission of the downlink LMRs, although the scope of embodiments is not
30 limited in this respect. In some embodiments, the second TF may be a different
tvpe of TF than the first TF. For instance, a TF type parameter included in the

second TF may indicate that the second TF is a TF that requests transmission of
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uphink LMRs. 1t should be noted that embodiments are not linuted to usage of a
TF type for etther the first TF or the second TF.

{0071 19] In some embodiments, the second TF may include a trigger type
field in a common information portion of the second TF. A value of the trigger
tvpe field may indicate a request for transmission of the uplink LMRs by the
STAs 103, For instance, a particular value of the trigger tvpe {ield may be
reserved for such an indication.

{00120 In some embodiments, the second TF may be configurable to
request transmission of uplink LMRs from STAs 103 that are unassociated with
the AP 102, In some embodiments, the second TF may request transmission of
uplink LMRs from one or more §TAs 103 that are associated with the AP 102
For instance, the second TF may include one or more user information fields that
mnclude association identifiers (AIDs) for STAg 103 that are associated with the
AP 102, In some embodiments, the second TF may be configurable to request
transmission of uplink LMRs from associated STA(s) 103, unassociated STA(s)
103 or a combination thereof. In some embodiments, the second TF may
mdicate resource units {RUs) 1o be used by STAs 103 for OFDMA {ransmussion
of the uplink LMRs.

801821} At operation 850, the AP 102 may receive one or more uplink
LMRs. In some embodiments, the uplink LMRSs may be recetved during the
TXOP. In some embodirnents, the uplink LMRs mav be received from the
STAs 103, In some embodiments, the uplink LMRs may be received in
accordance with an OFDMA technique. Accordingly, the STAs 103 may
transmut the uplink LMRs in accordance with an OFDMA technique.

{80122} In some embodiments, the uplink LMRs may include per-STA
location information. In a non-limiting example, the per-STA location
mformation may include round trip time (RTT) measurements from the STAs
103. For a particular STA 103, the RTT may be based on a first difference
between an arrival ime of a downlink sounding frame at the particular STA 103
and a departure time of the downlink sounding frame from the AP. The RTT for
the particular STA 103 may be further based on a second difference between an
arnival time of an uplink sounding frame at the AP 102 and a departure time of

the uplink sounding frame from the particular STA 103, In some embodiments,
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the uplink LMK may include the departure time of the uplink sounding frame
and the arrival time of the downlink sounding frame.
[60123] In some embodiments, the deternunation of location information

or range information {such as the RTT in the example above) may be performed

U

at the 8TA 103, In some embodiments, the determination of location

mformation or range information {such as the RTT in the example above) may

be performed at the AP 102, In some embodiments, the deternunation of

location information or range information (such as the RTT in the example

above) may be performed at either or both of the STA 103 and the AP 102

10 {00124] At operation 855, the AP 102 may deternune range information
or location information for one or more STAs 103, It should be noted that some
embodiments may not necessarily include operation 855. For instance, the
uphnk LMRs may include the range information or location information and the
AP 102 mav not necessarily determine the range information or location

15  information. Accordingly, in some cases, the STAs 103 may determune the
range information or location information and may transmit it to the AP 102, In
other cases, the AP 102 mav determine the range information or location
mformation based at least partly on timing indicated in the uplink LMRs. In
some cases, one or more STAs 103 may transmit the range information or

20 Jocation information, and the AP 102 may determine the range information or
location nformation for one or more other STAs 103
[00125] It should be noted that in the example above and in other
operations described herein, timing information (such as arrival times, departure
times, time differences and/or other) may be given in anv suttable urit. For

25  instance, picoseconds, microseconds, milliseconds, and/or other unit may be
used. In some embodiments, a suttable reference time (such as a system
reference time, a reference time of the STA 103, a reference time of the AP 102
and/or other) may be used to indicate the departure time, arrival time and/or
difference between times.

30 [00126] In some embodiments, sounding waveforms may be included in

the uplink sounding frames and/or downlink sounding frames. The sounding

waveforms may be based on training symbols, in some cases, aithough the scope

of embodiments is not limited in this respect. Uplink channel state mformation
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{CS1) may be determuned at the AP 102 based on sounding waveform(s}
transmuited by the STAs 103, in some embodiments. Downlink channel state
mformation (CSI) may be determined at an STA 103 based on sounding

waveform(s) transmitted by the AP 102, in some embodiments,

U

{00127} At operation 860, the AP 102 may transmit downiink data to one
or more STAs 103, In some embodiments, the downlink data may be
iransmitted in accordance with an OFDMA techuique, although the scope of
embodiments is not limited in this respect. At operation 865, the AP 102 may
transmut downlink data to one or more STAs 103, In some embodiments, the
10 wplink data may be received by the AP 102 in accordance with an OFDMA
technique, although the scope of embodiments is not limited i this respect. In
some embodiments, the uplink data may be transmitted by one or more STAS
103 i accordance with an OFDMA technique, although the scope of
emnbodiments is not linuted m this respect. In some ernbodirsents, the AP 102

15 may schedule the uplink data and/or downlink data of operations 860-865 based
at least partly on range information or location information of one or more STAs
103,

{80128} In some embodiments, the AP 102 may perform one or more
operations as part of a positioning protocol for determination of the per-STA

20 location information. For instance, the AP 102 may transmit one or more of the
first TF, the downlink sounding frames, the downlink LMRs, the second TF
and/or other element(s} as part of the positioning protocol. The AP 102 may
receive the uplink sounding frames and/or other elemeni(s) as part of the
positioning protocol.

25 [998129] In some embodiments, an apparatus of an AP 102 may comprise
memory. The memory may be configurable to store the arrival times of the
uphnk sounding frames. The memory may store one or more other elements and
the apparatus may use them for performance of one or more operations. The
apparatus may include processing circuitry, which may perform one or more

30 operations (including but not limited to operation(s} of the method 800 and/or

other methods described herem). The processing circuitry may include a

baseband processor. The baseband circuitry and/or the processing circuitry may

perform one or more operations described herein, including but not limited to
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decoding of the uplink sounding frames. The apparatus of the AP 102 may
mclude a transceiver. In some embodiments, the transceiver may receive one or
more elements (such as the uplink sounding frames and/or other). In some

embodiments, the transcetver may transmit one or more elements (such as the

U

first TF, the downlink sounding frames, the downlink LMRs, the second TF

and/or other). The transceiver may transmut and/or receive other frames,

messages and/or other elernents, 1n some embodiments.

[00130] FiG. 9 illustrates the operation of another method of

communication in accordance with some embodiments. Embodiments of the

10 method 900 may include additional or even fewer operations or processes in
comparison to what is illustrated in FIG. 9 and embodiments of the method 900
are not necessarily limited to the chronological order that is shown in FIG. 9. In
describing the method 900, reference may be made {o any of FIGs. 1-16,
although 1t is understood that the method 900 may be practiced with any other

15  suitable systems, interfaces and components. In addition, embodiments of the
method 900 may be applicable to APs 102, STAs 103, HE devices 104, UEs,
eNBs and/or other wireless or mohile devices. The method 1300 may also be
applicable to an apparatus of an AP 102, STA 103, HE device 104 and/or other
device, in some embodiments.

26 {08131 In some embodiments, an STA 103 may perform one or more
operations of the method 900, but embodiments are not linuted to performance
of the method 900 and/or operations of it by the STA 103, In some
embodiments, the AP 102 may perform one or more operations of the method
900 {and/or similar operations). Accordingly, although references may be made

25  to performance of one or more operations of the method 900 by the STA 103 in
descriptions herein, it is understood that the AP 102 may perform the same
operation(s}, simnilar operation{s} and/or reciprocal operation{s), in some
embodiments. In some embodiments, an HE device 104 may perform one or
more operations of the method 900 (and/or simmilar operations). Accordingly,

30 although references mav be made o performance of one or more operations of

the method 900 by the STA 103 1n descriptions herein, it 1s understood that the

HE device 104 may perform the same operation(s), similar operation{s) and/or

reciprocal operation(s}, in some embodiments.
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[00132] It should be noted that the method 900 may be practiced by an
STA 103 and may include exchanging of eleruents, such as frames, signals,
messages and/or other elements with an AP 102, The method 800 may be
practiced by an AP 102 and may include exchanging of elements, such as
frames, signals, messages and/or other elements with an STA 103, In some
cases, operations and techniques described as part of the method 800 may be
relevant to the method 900, In some cases, operations and techniques described
as part of the method 900 may be relevant to the method 800. In addition,
embodiments of the method 900 may include one or more operations that may be
the same as, sirmlar to or reciprocal to one or more operations of the method 800
{and/or other operation(s} described herein}. For instance, an operation of the
method 900 may include reception of an element (such as a frame, block,
message and/or other) by an 8TA 103 and the method 800 may include
iransmission of a same or similar element by the AP 102, fn addition, one or
more operations included in the method 800 may be the same as_ or similar to,
one of more operations included in the method 900.

[00133] In addition, previous discussion of various technigues, operations
and/or concepis may be applicable to the method 900, in some cases, including
location information, positioning protocol, TF, downlink sounding frame, uplink
sounding frame, channel estimation, RTT, armmival ime, departure time, NDP,
NDPA, LMR, contention for access, TXOP, OFDMA transmission, OFDMA
reception and/or others.

{00134} At operation 905, the STA 103 may receive a first TF. In some
embodiments, the first TF may request an uplink sounding frame. In some
embodiments, the first TF may be received during a TXOP obtained by the AP
102.

[00135] At operation 910, the STA 103 may transmit an uphnk sounding
frame. In some embodiments, the 8TA 103 may transmit the uplink sounding
frame in accordance with an OFDMA technique. In some embodiments, the
STA 103 may transmut the uplink sounding frame during the TXOP. In a non-
himting example, the uplink sounding frame may be or may be based on an

NDP.
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[00136] At operation 215, the STA 103 may receive a frame that indicates
that the AP 102 is {0 transmit one or more downhink sounding frames. In some
embodiments, the frame may be recetved during the TXOP. In a non-limiting

example, the frame may be an NDPA

U

180137} At operation 920, the STA 103 may receive a downlink sounding
frame. In some embodiments, the STA 103 may receive the downlink sounding
frame in accordance with an OFDMA techmique. In some embodiments, the
STA 103 may receive the downlink sounding frame during the TXOP. In anon-
himiting example, the downlink sounding frame may be an NDP. In another

10 non-limiting exarople, the downlink sounding frame may be based on an NDP.
{00138} At operation 925, the STA 103 may determine a downlink
channel estimate. At operation 930, the STA 103 may determine an arrival time
of the downlink sounding frame based on channel estimate. At operation 935,
the STA 103 may receive a downlink LMR.

15 |00139] At operation 940, the STA 103 may receive a second TF. In
some embodiments, the STA 103 may receive the second TF during the TXOP.
in some embodiments, the second TF may include an arrival tiroe of the uplink
sounding frame at the AP 102 and/or a departure time of the downlink sounding
frame from the AP 102. In some embodiments, a trigger type field may be

26 ncluded in the second TF. A value of the trigger type field may mdicate a
request, by the AP 102, to receive per-STA range information or location
mformation from multiple STAs 103 multiplexed in accordance with an
OFDMA technique.

{00140] In some embodiments, another frame may be used by the AP 102

25 to transmut the arrival ime of the uplink sounding frame at the AP 102 and/or the
departure time of the downlink sounding frame from the AP 102. For instance, a
downlink EMR may mclude such information.

[00141] At operation 943, the STA 103 may deternune location
mformation of the STA 103. At operation 950, the STA 103 may transimit an

30 uplink LMR. In some embodiments, the STA 103 may transmit the uplink LMR

in accordance with an OFDMA technigue. The uplink LMR may include range

mformation or location information of the STA 103, timing information of the

STA 103 and/or other information. At operation 955, the STA 103 may receive
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downlink data. In some embodiments, the STA 103 may receive the downlink
data in accordance with an OFDMA technique. At operation 960, the STA 103
may transmoit uplink data. in some embodiments, the STA 103 may transmit the

uplink data in accordance with an OFDMA technique.

U

180142} In a non-himiting example, the STA 103 may determing range
mformation or location information based on one or more of. a departure time of
the uplink sounding frame from the STA 103, the arnival time of the uplink
sounding frame at the AP 102, the departure time of the downlink sounding
frame from the AP 102, and the arrival time of the downlink sounding {rame at
10 the STA 103. Forinstance, the STA 103 mav determine the location
mformation hased on: a first difference between the arrival time of the uplink
sounding frame at the AP 102 and the departure time of the uplink sounding
frame from the STA 103; and a second difference between the arrival time of the
downlink sounding frame at the STA 103 and the departure time of the downlink
15  sounding frame from the AP 102. For example, an RTT may be determined
based on a sum of the first difference and the second difference.
{00143} In some embodiments, a trigger type field may be included in the
second TF. A value of the inigger type ficld may indicate a request, by the AP
102, to receive per-STA location information from multiple STAs 103
20 multiplesed 1o accordance with an OFDMA technique. The STA 103 may, if the
irigger type field indicates the request to recetve the per-STA location
mformation, transmit an uplink LMR that includes the location information. The
uplink LMR may be transmitted in accordance with an OFDMA technique, in
some embodiments. The uplink LMR may be transnutted during the TXOP, in
25 some embodiments.
{00144] FIG. 10 illustrates example frames that may be exchanged in
accordance with some embodiments. FIG. 11 illustrates example frames that
may be exchanged in accordance with some embodiments. FIG. 12 iHustrates an
example trigger frame (TF) in accordance with some embodiments. FIG. 13
30 llustrates example frames that may be exchanged in accordance with some
embodiments. FIG. 14 illustrates an example TF n accordance with some
embodiments. FIG. 15 illusirates an example null data packet announcement

{NEPA) frame and an example sounding dialog token in accordance with some
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embodiments. FIG. 16 tHustrates an example TF i accordance with some
embodiments. 1t should be noted that the examples shown m FIGs. 10-16 may
tustrate some or all of the concepts and techniques described herein in some
cases, but embodiments are not linuted by the examples of FIGs. 10-16. For
instance, embodiments are not limited by the name, number, tvpe, size, ordering,
arrangement and/or other aspects of the frames, signals, fields, data blocks,
operations, fime resources and other elements as shown in FiGs. 10-16.
Although some of the elements shown in the examples of FIGs. 10-16 may be
mncluded in a standard, such as 802.11, 802.11ax, 802, 11az, WLAN and/or other,
embodiments are not lirnited to usage of such elements that are included in
standards.

180145} Referring to FIG. 10, duning the TXOP 16035, the AP 102 may
transtoit a TF 1012 and may receive one or more UL NDPs 1014, The TF 1012
and UL NDPs 1014 may be exchanged during an UL sounding part 1010,
although the scope of embodiments is not limited in this respect.

{00146} During the TXOP 1005, the AP 102 may transnut a DL NDPA
1022 and may transmit one or more DL NDPs 1024, The DL NDPA 1022 and
the DL NDPs 1024 may be exchanged during a DL sounding part 1020, although
the scope of embodiments i1s not limited in this respect.

{60147} During the TXOP 1005, the AP 102 may transmit a second TF
1032 and may receive one or roore uplink LMRs 1034, The second TF 1032 and
the uplink LMRs 1034 may be exchanged during an LMR feedback part 1030,
although the scope of embodiments is not limited in this respect.

{00148] Although FIGs. 10, 11 and 13 illustrate usage of UL NDP, DL
NDPA, and DL NDP, it is understood that embodiments are not limited to these
particular frames. In some embodiments, an uplink sounding frame may be
used, and the frame is not imited 1o a UL NDP. In some embodiments, a
downlink sounding frame may be used, and the frame 15 not limited to a DL
NDP. In some embodiments, a frame to indicate the downlink sounding frames
{and/or DL NDP) may be used, and that frame is not limited to a BL NDPA.
{60149} Inaddition, in FIGs. 10, 11, and 13, various frames may be
exchanged in accordance with a separation in time between consecutive frames.

For instance, two frames may be separated by a short infer-frame spacing {SIFS},
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such as 1013 in FIG. 10, Embodiments are not limited to this particular spacing,
as any suitable spacing may be used.
[00150] Referring to FIG. 11, various frames mav be exchanged between

the AP 102 and an STA 103, The AP 102 may transmit the TF 1105 The STA

U

103 may transmit the UL NDP 1110, In some embodiments, the TF 1105 may

request transmussion of UL NDP frames from one or more 8TAs 103, In some

embodiments, the STA 103 may transmit the UL NDP 1110 in response to

reception of the TF 1103, The value “t1” indicated by 1130 may be the same as

or similar 1o a departure tme of an uplink sounding frame described elsewhere

10 herein, although the scope of embodiments 1s not linuted 1o this respect. The AP
102 may receive the UL NDP 1110, The value 12”7 indicated by 1132 may be
the same as or simiar 1o an arrival time of an uphink sounding frame described
elsewhere herein, although the scope of embodiments 1s not limited in this
respect.

15 {00151 The AP 102 may transmit the NDPA 1115, The AP may transmit
the DL NDP 1120, In some embodiments, the NDPA 1115 may indicaie that the
AP 102 15 to transmit one or more DL NDPs (such as 1120). The value “t3”
mmdicated by 1134 may be the same as or similar to a departure time of a
downlink sounding frame described elsewhere herein, although the scope of

20 embodiments is not limited 1o this respect. The STA 103 may receive the DL
NDP 1120, The value “t4” indicated by 1136 may be the same as or sirnilar to
an arrival time of a downlink sounding frame described elsewhere herein,
although the scope of embodiments 1s not limited in this respect
[00152] A single STA 103 1s shown for clarity, but it 15 understood that

25  multiple STAs 103 may be supported in some embodiments. In some
embodiments, the TF 1105 may be transmitted by the AP 102 1o request UL
NDPs from multiple STAs 103, The UL NDP 1110 transmitted by the STA 103
may be multiplexed in accordance with an OFDMA techmuque, and one or more
other §TAs 103 may also transmit UL NDP(s) concurrently to the UL NDP

30 1110, The NDPA 1113 may indicate transmission of BL NDPs to multiple

STAs 103, The DL NDP 1120 transmitted by the AP 102 may be full-band or

multiplexed in accordance with an OFDMA technique, and the AP 102 may
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transmit a DL NDP to one or more other STAs 103 concurrently to the DL NDP
1120,
[00183] In some embodiments, an RTT measurement may be based at

least partly on arrival times and departure times. The times (1, 12, 13, and 14 in

U

the example of FIG. 11 may be used to illustrate an RTT measurement. In a

non-limiting example, the RTT measurerment may be based on a first difference

{14 — t1) between the arnval time (14) of the DL NDP 1120 at the 8TA 103 and

the departure time (11) of the UL NDP 1110 from the STA 103, The RTT

measurement may be further based on a second difference (13 — 12) between the

10 departure time (13) of the DL NDP 1120 from the AP 102 and the arrival time
{12) of the UL NDP 1110 from the STA 103. In some cases, the RTT
measurement may be determinad as {(td4 - t1) — (13 — 12)). Embodiments are not
himited to this particular equation, as other similar or equivalent computations
may be performed, in some erobodiments.

15 [00154] In some embodiments, the STA 103 may provide the AP 102 with
t1 and 14 (and/or the difference (14 — t1)), and the values of {2 and 13 may be
known (and/or deternunable) at the AP 102, Accordingly, the AP 102 may
determine the RTT.

80155} In some embodiments, the AP 102 may provide the 8TA 103 with

20 12 and 13 {and/or the difference (13 —{2)), and the values of {1 and t4 may be
known (and/or determinable) at the STA 103, Accordingly, the STA 103 may
determine the RTT.

HERLY FIG. 12 includes FIG. 12A and FIG. 12B. Referring to FIG. 12,
the example TF 1200 may include conwnon information 1205 and may further

25  include user information 1210 for one or more STAs 103, The common
mformation 1205 may mclude a trigger type 1215, Example assignments of the
irigger type 1215 are shown in the table 1220, Embodiments are not limited {o
these particular cases and are also not hmited to the assignioent shown i the
table 1220. In some embodiments, one or more of the parameters 1205, 1210

30 and 1215 may be used to commumnicate information from the AP 102 o one or

more STAs 103, including but not lirnited to information described herein.

{80157} FIG. 13 includes FIG 13A and FIG 13B. Referring to FIG. 13,

examples 1300, 1330, and 1360 illustrate different technigues for
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communication of downlink LMRs from the AP 102 to one or more STAs 103,
The example 1300 illustrates immediate LMR feedback, wherein the AP 102
transnuts the downlink LMRs 1325 1n the TXOP 1303 after transnussion of the

DL NDP(s) 1320, The example 1330 illustrates delayed LMR feedback,

U

wherein the AP 102 transmits one or more frames during the TXOP 1335 (such

as the downlink LMRs 1350 and/or others shown), and transmits the downhink

LMRs 1355 10 a subsequent TXOP 1337, The example 1360 illustrates

ageregated LMR feedback, wherein the downlink LMRs are included in the

NDPA 1385,

10 [06158] FIG. 14 includes FIG. 14A and FIG. 14B. Referring to FIG. 14,
the example TF 1400 may include trigger dependent conmmon mformation 1410.
The trigger dependent common information 1410 may include one or more of an
LMR type 1412, a minimvum waiting time 1414, and a maxiroum waiting time
1416, The nuniroum waiting tirne 1414 may indicate a munimur time for which

15 the 8TA 103 1s to wait 1o receive downlink LMRs, although the scope of
embodiments 1s not limited in this respect. The maximum waiting time 1416
may indicate a maximurn time for which the STA 103 1s to wait to receive
downdink EMRs, although the scope of embodiments 15 not limuted in this
respect. Example assignments of the LMR type 1412 are shown in the table

26 1420, Embodiments are not himited (o these particular cases and are also not
himited to the assignioent shown in the table 1420, Tn some embodiments, one or
more of the parameters 1410, 1412, 1414, and 1416 may be used to
commumicate information from the AP 102 to one or more STAs 103, including
but not limated to information described herein,

25 {08159] Referring to FIG. 15, the example NDPA 1500 may include a
sounding dialog token 1510. The sounding dialog token 1510 may include a
sounding dialog token number 1515, In some embodiments, reserved bits 1528
of an STA nfo field 1520 of the NDPA frame 1500 may be used to indicate a
measurement report type (such as an LMR type}. In some embodiments, one or

30 more of the parameters 1510, 1515, 1520 and 1525 may be used to communicate

miormation from the AP 102 t0 one or more 8TAs 103, including but not himited

to information described herein.
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[00160] Referring to FIG. 16, the example TF 1600 may include common
mformation 605 and may include trigger frame user imformation 1610, The
trigger frame user information 1610 may include tngger dependent user

mformation 1615, In some embodiments, a measurement report type (such as an

U

LMR type) may be indicated in the trigger dependent user info field of a TF
{such as the field 1615 of TF 1600}, In some embodiments, one or more of the
parameters 1605, 1610 and 16135 may be used to commounicate information from
the AP 102 to one or more STAs 103, including but not imited to information
described herein.

10 (08161 In some embodiments, a sounding dialog token field may be used
to identify measurement report feedback. In some embodiments, the sounding
dialog token may be included m the trigger dependent common info field 1603
{for this case, each 8TA 103 mav report the LMR corresponding to the same
measurernent sequence identitied by the token). In some embodiments, the

15  sounding dialog token may be included in the trigger dependent user info field
1615 (for this case, each STA 103 may report the LMR corresponding to the
measurement sequence identified by the token).

{90162} In Example 1, an apparatus of an access point (AP) may comprise
memory. The apparatus may further comprise processing circuitry. The

20 processing cirauiry may be configured to encode, for transmussion during a
iransrission opportunity (TXOP) obtained by the AP, a first trigger frame (TF)
that requests uplink sounding frames from a phurality of stations (8TAs). The
processing circuitry may be further configured to decode the uplink sounding
frames received from the STAs during the TXOP. The processing circuitry may

25 be further configured to encode, for ransmission during the TXGOP, downlink
sounding frames. The processing circuiiry may be further configured to encode,
for transmussion during the TXOP, a second TF that requests transmission of
uplink location measurement reports (LMRs) by at least one of the STAs of the
plurality. The processing circuitry may be further configured to decode the

30 uplink LMRs received during the TXOP. The uplink EMRs may include per-

STA location information based on per-STA departure times of the uphink

sounding frames and per-STA arrival times of the downlink sounding frames.
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The processing circuitry may be further configured to store the per-STA location
mformation in the memory.
[80163] In Example 2, the subject matier of Example 1, wherein the

processing circuitry may be further configured to encode the second TF to

U

mclude a trigger type field in a common mformation portion of the second TF.

A value of the trigger type field may indicate a request for transmussion of the

uphink LMRs by the STAs.

[00164] In Example 3, the subject matter of one or any combination of

Examples 1-2, wherein the second TF may be configurable (o request the

10 transmussion of the uplink LMRs from STAs that are unassociated with the AP,
[00165] In Example 4, the subject matier of one or any combination of
Examples 1-3, wherein the processing circuitry may be further configured to
encode the second TF to include one or more user information fields that include
association identifiers {AlDs) for STAs of the plurality that are associated with

15 the AP
[90166] In Example S, the subject matier of one or any combination of
Examples §~-4, wherein the per-STA location information may include round trip
fime {(RTT) measurements from the STAs.
{00167] In Example 6, the subject matter of one or any combination of

20 Examples 1-5, wherein the processing civcuitry may be further configured to
decode the uplink LMRs received in accordance with an OFDMA techmque.
[00168] In Example 7, the subject matter of one or any combination of
Examples 1-6, wherein the processing circuntry may be further configured to
encode the second TF to indicate resource units {RUs) o be used by the STAs

25 for OFDMA transmussion of the uplink LMRs.
{00169] In Example &, the subject matter of one or any combination of
Examples 1-7, wherein the processing civcuitry may be further configured to
encode the first TF, the downlink sounding frames, and the second TF for
transmission as part of a positioning protocol for deternunation of the per-8TA

30 location information. The processing circuitry may be further configured to

decode the uplink sounding frames as part of the positioning protocol.

{90176] In Example 9, the subject matier of one or any combination of

Examples 1-8, wherein the processing circuitry may be further configured to
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encode, for transmission during the TXOP, downlink LMRs that include per-
STA arrival times of the uplink sounding frames at the AP and a departure timne
of the downlink sounding frames from the AP,
{90171} In Example 10, the subject matter of one or any combination of
Examples 1-9, wherein the processing circuitry may be further configured to
determine uplink channel estimates based on the uplink sounding frames. The
processing circuitry may be further configured to deternune the arrival times of
the uplink sounding frames based at least partly on the uplink channel estimates.
[90172] In Example 11, the subject matier of one or any combination of
Examples 1-10, wherein the uplink sounding frames may include uplink null
data packets (NDPs). The downlink sounding frames may include downlink
NDPs.
[80173] In Example 12, the subject matter of one or any combination of
Examples 1-11, wherein the processing circuitry may be further configured to
encode, in a trigger dependent common information field of the first TF orin a
trigger dependent user information field of the first TF, a sounding dialog token
that indicates a measurement sequence 1o be used by at least one of the STAs to
determine a round frip time between the 8TAs and the AP.
{00174] In Example 13, the subject matter of one or any combination of
Examples 1-12, wherein the processing circuitry may be further configured to
encode the downlink sounding frames for transmission n accordance with an
OFDMA technique.
[00175] In Example 14, the subject matier of one or any combination of
Examples 1~13, wherein the processing circutiry may be further configured to
decode the uplink sounding frames multiplexed in accordance with an
orthogonal frequency division multiple access {OFDMA) technique or space-
division multiple access (SDMA) technique.
[60176] In Example 13, the subject matter of one or any combination of
Examples 1-14, wherein the apparatus may further include a transceiver to:
transimit the first TF, the downlink sounding frames, and the second TF: and
recetve the uplink sounding waveformos.
{90177} In Example 16, the subject matter of one or any combination of
Examples 1-15, wherein the processing circuitty may include a baseband
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processor to; encode the first TF, the downlink sounding frames, and the second
TF, and decode the uplink sounding frames.

[00178] In Example 17, anon-transitory computer-readable storage
medium may store instructions for execution by one or more processors to
perform operations for communication by a station (8TA). The operations may
configure the one or more processors to decode a first trigger frame (TF) that
requests an uplink sounding frame, the first TF received during a transmission
opportunity (TXOP). The operations may further configure the one or more
processors to encode the uplink sounding frame for transmussion during the
TXOP. The operations may further configure the one or more processors to
decode a downlink sounding frame received during the TXOP. The downlink
sounding frame may be multiplexed in accordance with an OFDMA technigque.
The operations may further configure the one or more processors to determine an
arrival time of the downlink sounding frame at the STA. The operations may
further configure the one or more processors to decode a second TF received
during the TXOP. The second TF may include an armval time of the uplink
sounding frame at the AP and further includes a departure tirne of the downlink
sounding frame from the AP. The operations may further configwre the one or
more processors to determine location information based on a departure time of
the uplink sounding frame from the STA, the arrival time of the uplink sounding
frare at the AP, the departure tiroe of the downlink sounding frame from the
AP, and the arrival time of the downlink sounding frame at the STA.

[00179] In Example 18, the subject matier of Example 17, wherein the
operations may further configure the one or more processors to decode a trigger
tvpe field in the second TF. A value of the trigger type field may indicate a
request, by the AP, to receive per-STA location information from multiple STAs
muttiplexed in accordance with an OFDMA technique. The operations may
further configure the one or more processors to, if the trigger type field mdicates
the request (by the AP) to receive the per-STA location imformation, encode (for
transimission in accordance with an OFDMA technique during the TXOP) an
uplink LMR that includes: a departure time of the uplink sounding frame and an

arrival time of the downlink sounding frame, or the location information.
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{00180 In Example 19, the subject matter of one or any combination of
Examples 17-18, wherein the operations may further configure the one or more
processors to determuine the location information based on: a first difference

between the arrival time of the uplink sounding frame at the AP and the

U

departure time of the uplink sounding frame from the STA, and a second

difference between the arrival time of the downhink sounding frame at the STA

and the departure tirne of the downlink sounding frame from the AP,

[00181] In Example 20, the subject matter of one or any combination of

Examples 17-19, wherein the operations may further configure the one or more

10 processors to encode the uplink sounding frame for transnussion in accordance
with an orthogonal frequency division multiple access {OFDMA) technique or
space-division multiple access (SDMA) technique.

[80182] In Example 21, a method of commumication by an access point
{AP) may comprise encoding, for transmission during a transnussion opportunity

15 (TXOP) obtained by the AP, a trigger frame (TF} that indicates: that a plurality
of stations {(STAs} are to transmit uplink sounding frames, and a location
measurement report (LMR) type pararmoeter that indicates when the AP 15 to
transmut downlink LMRs that include per-STA arrival times of the uplink
sounding frames. The method may further comprise decoding the uplink

20 sounding {rames received during the TXOP, the uplink sounding frames
multiplexed 10 accordance with an orthogonal frequency division multiple access
(OFDMA} technique. The method may further comprise determining the per-
STA arrival times of the uplink sounding frames. The method may further
comprise encoding the downlink LMRs for transnission during the TXOP.

25 {09183] In Example 22, the subject matter of Example 21, wherein a first
value of the LMR type parameter may indicate immediate LMR feedback,
wherein the AP is to transmut the downlink LMRs in the TXOP after
iranstmission of the downlink sounding frames. A second value of the LMR type
parameter may indicate delayed LMR feedback, wherein the AP is to transmit

30 the downlink LMRs in a subsequent TXOP. A third value of the LMR type

pararoeter may indicate aggregated LMR feedback, wherein the downlink LMRs

are included in the NDPA.

U
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[00184] In Example 23, the subject matter of one or any combination of
Examples 21-22, wherein the method may further comprise encoding the
downlink sounding frames for transmission during the TXOP in accordance with
an OFDMA technique. The method may further comprise encoding the
downlink EMRs to include the per-STA arrival times of the uplink sounding
frames and a departure time of the downlink sounding frames.

{001 85] In Example 24, the subject matter of one or any combination of
Examples 21-23, wherein the method may further comprise decoding, from the
STAs, uplink LMRs that include per-STA Jocation information. The per-STA
location mformation may nclude per-STA departure times of the uplink
sounding frames from the STAs and per-STA arrival times of the downlink
sounding frames at the STAs.

[00186] In Example 23, the subject matter of one or any combination of
Examples 21-24, wherein the method roay further comprise encoding the TF fo
mclude the LMR type parameter in a comimon mformation portion or the per
user information field of the TF.

[00187] In Example 26, the subject matter of one or any combination of
Examples 21-235, wherein the method may further comprise encoding the TF to
mclude, in the common information portion or the per user information field of
the TF: a miniroum waiting time that the STAs are to wait to receive the
downlink LMRs, and a maximum waiting time that the STAs are to wait to
receive the downlink LMRs.

{00188} In Example 27, an apparatus of an access point (AP) may
comprise roemory. The apparatus may further comprise processing circuitry.
The processing circuitry may be configured to encode, for fransmission dwring a
transmission opportuntty {TXOP) obtamed by the AP, a trigger frame (TF) that
requests uplink sounding frames from a phurality of stations {(STAs). The
processing circutiry may be further configured to decode the uplink sounding
frames received during the TXOP, the uplink sounding frames multiplexed in
accordance with an orthogonal frequency division mudtiple access (OFDMA)
technique or space-division multiple access (SDMA) technique. The processing
circuitrty may be further configured to determine per-STA arrival times of the

uplink sounding frames. The processing circuitry may be further configured to
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encode a null data packet announcement (NDPA) for transmission during the
TXOP, wherein the NDPA indicates: that the AP is to transmit downlink
sounding frames during the TXOP, and a location measurement report (LMR)

tvpe parameter that indicates when the AP is to transmit downlink LMRs that

U

include the par-STA arrival times of the uplink sounding frames.

[00189] In Example 28, the subject matter of Example 27, wherein a first

value of the LMR type parameter may indicate immediate LMR feedback,

wherein the AP is to transmut the downlink LMRs in the TXOP after

transmission of the downlink sounding frames. A second value of the LMR tvpe

10 pararoeter may indicate delayed LMR feedback, wherein the AP is to transomt
the downlink LMRs in a subsequent TXOP. A third value of the LMR type
parameter may indicate aggregated LMR feedback, wherein the downlink LMRs
are included in the NDPA,
[00190] In Example 29, the subject matter of one or any combination of

15 Examples 27-28, wherein the processing circuitry may be further configured to
encode the downlink sounding frames for transmission doring the TXOP in
accordance with an OFDMA technigue. The processing circuitry may be further
configured to encode the downlink LMRs to include the per-STA arrival times
of the uplink sounding frames and a departure time of the downlink sounding

28 {rames.
[00191] In Example 30, the subject matter of one or any combination of
Examples 27-29, wherein the processing circuitry may be further configured to
encode the LMR type parameter in an STA mformation field of the NDPA.
[00192] In Example 31, an apparatus of a station {STA) may comprise

25  means for decoding a first trigger frame (TF) that requests an uplink sounding
frame, the first TF received during a transmission opportumity {TXOP). The
apparatus may further comprise means for encoding the uplink sounding frame
for transnussion during the TXOP. The apparatus may further comprise means
for decoding a downlink sounding frame received during the TXOP. The

30 downlink sounding frame may be multiplexed in accordance with an OFDMA

technique. The apparatus may further comprise means for deternuning an arrival

time of the downlink sounding frame at the STA. The apparatus may further

comprise means for decoding a second TF received during the TXOP. The
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second TF may include an arrival time of the uplink sounding frame at the AP
and may {urther inchude a departure time of the downlink sounding frame from
the AP. The apparatus may further comprise means for determining location

mformation hased on a departure time of the uplink sounding frame from the

U

STA, the arrival time of the uplink sounding frame at the AP, the departure time
of the downlink sounding frame from the AP, and the arrival time of the
downlink sounding frame at the STA.

[00193] In Example 32, the subject matter of Example 31, wherein the

apparatus may further comprise means for decoding a trigger type field in the

10 second TF, wherein a value of the trigger type field indicates a request, by the
AP_to receive per-STA location mformation from multiple 8T As multiplexed in
accordance with an OFDMA technique. The apparatus may further comprise
means for, if the trigger type field indicates the request (by the AP} to receive the
per-STA location information, encoding (for transmussion i accordance with an

15  OFDMA technique during the TXOP) an uplink LMR that includes: a departure
time of the uplink sounding frame and an arrival time of the downlink sounding
frame, or the location mformation.

[00194] In Example 33, the subject matter of one or any combination of
Examples 31-32, wherein the apparatus may further comprise means for

20 determining the location mformation based on: a first difference between the
arnval time of the uplink sounding frame at the AP and the departure time of the
uplink sounding frame from the STA, and a second difference between the
arrival time of the downlink sounding frame at the STA and the departure time
of the downlink sounding frame from the AP.

25 {09195] In Example 34, the subject matter of one or any combination of
Examples 31-33, wherein the apparatus may further comprise means for
encoding the uplink sounding frame for transmission in accordance with an
orthogounal frequency division multiple access {OFDMA) technique or space-
division multiple access (SDMA} technigque.

30 [60196] The Abstract is provided to comply with 37 C.F.R. Section

1.72(b) requiring an abstract that will allow the reader to ascertain the nature and

gist of the technical disclosure. It is submitted with the understanding that it will

not be used to limit or interpret the scope or meaning of the claims. The

~
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following claims are hereby mncorporated into the detailed description, with each

claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed 1s:

1. An apparatus of an access point { AP), the apparatus comprising:
memory; and processing circuitry, configured to:

encode, for transmission during a transmission opportunity {TXOP)
obtained by the AP, a first trigger frame (TF) that requests uplink sounding
frames from a plurality of stations (§TAs};

decode the uplink sounding frames received from the STAs during the
TXOP:

encode, for transmission during the TXOP, downlink sounding frames;

encode, for transmission during the TXOP, a second TF that requests
iransmission of uplink location measurement reports {LMRs) by at teast one of
the STAs of the plurality;

decode the uplink LMRs received during the TXOP, wherein the uplink
LMRs include per-STA location information based on per-STA departure times
of the uplink sounding {rames and per-STA armival times of the downlink
sounding frames; and

store the per-STA location information i the memory.

2. The apparatus according to claim 1, the processing circuttry further
configured 1o

encode the second TF to include a trigger type field in a common
mformation portion of the second TF,

wherein a value of the trigger type field indicates a request for

transmussion of the uplink LMRs by the STAs.

3. The apparatus according to claim 1, wherein the second TF 1s
configurable to request the transmission of the uplink LMRs from STAs that are

unassociated with the AP.

4 The apparatus according to claim 1, the processing circuitry further

configured {o:
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encode the second TF to include one or more user information fields that
mclude association identifiers (AlDs) for STAs of the plurality that are

associated with the AP

U

5. The apparatus according to anv of claims 1-4, wherein the per-§TA
Jocation mformation includes round inp time (RTT) measurements from the

STAs.

6. The apparatus according to claim 1, the processing circuitry further
10 configured to decode the uplink LMRs received 10 accordance with an OFDMA

technigque,

7. The apparatus according to claim | or 6, the processing circuilry
further configured to encode the second TF to indicate resource units (RUs) to be

15 used by the STAs for OFDMA transmission of the uplink LMRs.

8. The apparatus according to claim 1, the processing circuitry further
configured to;
encode the first TF, the downlink sounding frames, and the second TF for
20 transwission as part of a positioning protocol for determunation of the per-STA
focation nformation; and

decode the uplink sounding frames as part of the positioning protocol.

9. The apparatus according to claim 1, the processing circuitry further
25  configured to;
encode, for transmission during the TXOP, downiink LMRs that include
per-STA arrival imes of the uplink sounding frames at the AP and a departure

time of the downlink sounding frames from the AP

30 10. The apparatus according to any of claims 1, 8, and 9, the processing
circuttry further configured to:
determune uplink channel estimates based on the uplink sounding frames;

and
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determine the arnival times of the uplink sounding frames based at least

partly on the uplink channel estimates.

11. The apparatus according to claim 1, wherein:
the uplink sounding frames include uplink null data packets (NDPs}, and

the downlink sounding framses include downlink NDPs.

12. The apparatus according to claim 1, the processing circuitry further
configured to:

encode, 1n a tnigger dependent common information field of the first TF
or in a trigger dependent user information field of the first TF, a sounding dialog
token that mdicates a measurement sequence to be used by at least one of the

STAs to determine a round trip ime between the STAs and the AP,

13. The apparatus according to claim 1, the processing circuitry further
configured to:
encode the downlink sounding frames for transnmussion in accordance

with an OFDMA technique.

14. The apparatus according to any of claims 1 and 11-13, the processing
circuitry further configured to:

decode the uplink sounding frames multiplexed m accordance with an
orthogonal frequency division multiple access (OFDMA) technigue or space-

division nmultiple access (SDMA) technique.

15. The apparatus according to claim 1, wherein the apparatus further
mcludes a transceiver to:

transnt the first TF, the downlink sounding trames, and the second TF,
and

recetve the uplink sounding waveforms.

16. The apparatus according to claim 1, wherein the processing circuitry
includes a baseband processor to:
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encode the first TF, the downlink sounding frames, and the second TF;
and

decode the uplink sounding frames.

17. A computer-readable storage medium that stores instructions for

U

execution by one or more processors {0 perform operations for communication
by a station (8TA), the operations to configure the one or more processors o
decode a first trigger frame (TF) that requests an uplink sounding frame,
the first TF received during a transmission opportunity (TXOP);
10 encode the uphink sounding frame for transmission during the TXOP;
decode a downlink sounding frame received during the TXOP, the
downlink sounding frame multiplexed in accordance with an OFDMA
iechnique;
determuine an arrival time of the downlink sounding frame at the STA;
15 decode a second TF received during the TXOP, wherein the second TF
mcludes an arrival time of the uplink sounding frame at the AP and further
mcludes a departure time of the downlink sounding {rame from the AP; and
determune location information based on a departure time of the uplink
sounding frame from the STA, the arrival time of the uplink sounding frame at
20 the AP, the departure time of the downlink sounding frame from the AP, and the

arrival time of the downlhink sounding frame at the STA.

18. The computer-readable storage medium according to claim 17, the
operations to further configure the one or more processors 1o
25 decode a trigger tvpe tield in the second TF, wherein a value of the
irigger type field indicates a request, by the AP, 1o receive per-STA location
mformation from multipte STAs multiplexed 1n accordance with an OFDMA
technique; and
if the trigger type field indicates the request, by the AP, to receive the
30 per-STA location mformation:
encode, for fransmssion in accordance with an OFDMA

technique during the TXOP, an uplink LMR that includes:
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a departure time of the uplink sounding frame and an
arrival time of the downlink sounding frame, or

the location mnformation.

19. The compuier-readable siorage mediuom according to claim 17, the
operations to further configure the one or more processors (o
determine the location information based on:

a first difference between the arrival time of the uplink sounding
frame at the AP and the departure time of the uplink sounding frame from the
STA, and

a second difference between the arrival time of the downlink
sounding frame at the 5TA and the departure time of the downlink sounding

frame from the AP.

20. The computer-readable storage medium according to any of claims
17-19, the operations 1o further configure the one or more processors 1o

encode the uplink sounding frame for transmission in accordance with an
orthogonal frequency division multiple access {OFDMA) technigue or space-

division multiple access (SEMA) technique.

21. A method of commumication by an access point (AP), the method
comprising:
encoding, for transmission during a transmussion opportunity (TXOP})
obtained by the AP, a ingger frame (TF) that indicates:
that a plurality of stations (ST As) are to transmit uplink sounding
frames, and
a location measurement report {LMR) type parameter that
mdicates when the AP is 1o transmit downlink LMRs that include per-STA
arrival times of the uplink sounding frames;
decoding the uplink sounding frames received during the TXOP, the
uplink sounding frares multiplexed in accordance with an orthogonal frequency

division multiple access {OFDMA) technigue;
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determining the per-STA arrival times of the uplink sounding frames;
and

encoding the downlink LMRs for transnussion during the TXOP.

22. The method according to claim 21, wherein:

a first value of the LMR lype parameter indicates immediate LMR
feedback, wherein the AP is to transnut the downlink LMRs in the TXOP after
transmission of the downlink sounding frames,

a second value of the LMR type parameter indicates delayed LMR
feedback, wherein the AP is to transmit the downlink LMRs in a subsequent
TXOP, and

a third value of the LMR tvpe parameter indicates aggregated LMR
feedback, wheremn the downlink LMRs are included in the NDPA.

23. The method according to claim 21, the method further comprising:

encoding the downlink soonding frames for transmussion during the
TXOP in accordance with an OFDMA technigue; and

encoding the downlink LMRs to include the per-STA arrival times of the

uplink sounding frames and a departure time of the downlink sounding frames.

24. The method according to anv of claims 21-23, the method further
comprising:

decoding, from the STAs, uplink LMRs that include per-STA location
formation,

wherein the per-STA location information includes per-STA departure
times of the uplink sounding frames from the STAs and per-STA arrival times of

the downhnk sounding frames at the STAs.

25. The method according to claim 21, the method further comprising:
encoding the TF to include the LMR tvpe parameter in a common

mformation portion or the per user information field of the TF.

26. The method according to claim 25, the method further comprising:
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encoding the TF to include, inn the common information portion or the per
user information field of the TF:
a minimum waiting time that the STAs are to wait to receive the
downlink EMRs, and
a maximum waiting time that the STAs are to wait o receive the

downlink LMRs.

27. An apparatus of an access point (AP}, the apparatus comprising:
memory; and processing circuitry, configured to:
encode, for transruission during a transruission opportunity (TXOP)
obtained by the AP, a trigger frame (TF) that requests uplink sounding frames
from a plurality of stations (STAs);
decode the uplink sounding frames received during the TXOP, the uplink
sounding frames multiplexed i accordance with an orthogonal frequency
division multiple access (OFDMA} technigue or space-division multiple access
(SDMA) technique;
deternune per-STA arrival times of the uplink sounding frames;
encode anull data packet announcement (NDPA) for transmission during
the TXOP, wherein the NDPA indicates:
that the AP is to transmit downlink sounding frames during the
TXOP, and
a location measurement report (LMR) type parameter that
indicates when the AP 1s to transmit downlink LMRs that inchude the per-STA

arrival tirnes of the uplink sounding frames.

28. The apparatus according to claim 27, wherein:

a first value of the LMR lype parameter indicates immediate LMR
feedback, wherein the AP is to transnut the downlink LMRs in the TXOP after
transmission of the downlink sounding frames,

a second value of the LMR type parameter indicates delayved LMR
feedback, wherein the AP is to transmit the downlink LMRs in a subsequent

TXOP, and
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a third value of the LMR type parameter indicates aggregated LMR

feedback, wherein the downlink LMRs are included in the NDPA.

29. The apparatus according to claim 27, the processing circuitry further

U

configured {o:

encode the downlink sounding frames for transmission during the TXOP
in accordance with an OFDMA technique; and

encode the downlink LMRs {o include the per-STA arrival times of the
uplink sounding {rames and a departure time of the downlink sounding frames.
10

30. The apparatus according to any of claims 27-29, the processing
circuitry further configured to:

encode the LMR type parameter in an STA information field of the

MNDBPA.
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