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HIGH EFFICIENCY WIRELESS (HEW) ACCESS POINT (AP
COORDINATION PROTOCOL

Cross-Reference to Related Application(s}

{8061} This application claims benefit of U.5. Provisional Patent Application Serial
No. 61/870,711, fled August 27, 2013, and U.S. Pateut Application Serial No.
14/469.331, filed August 26, 2014, both of which are herein incorporated by reference

i their entirety.
BACKGROUND
i. Field of the Invention

[60662] The present application relates generally to wircless communications and,
more specifically, to systems, methods, and devices for hugh efficiency wireless (HEW)

access point { AP} coordination protocol.
i Description of Related Art

100031 In many telecommunication systems, communications networks are used to
exchange messages among several interacting spatially-separated devices, Networks
may be classified according to geographic scope, which could be, for example, a
metropolitan area, a local arca, or a personal area. Such networks would be designated
respectively as a wide area network (WAN), metropolitan area network (MAN), local
area network (LAN), wireless local area network (WLAN), or personal area network
(PAN). Networks also differ according to the switching/routing techmgue used to
interconnect the vartous network nodes and devices (e.g., circuit switching vs. packet
switching), the type of physical media erployed for transrmssion (e.g., wired vs.
wireless), and the set of communication protocols used {e.g., Internet protocol suite,

SONET (Synchronous Optical Networking), Ethernet, etc,).

10004 Wireless networks are often preferred when the network elements are mobile
and thus have dynamic connectivity needs, or if the network architecture is formed in an
ad hoc, rather than fixed, topology. Wircless networks employ intangible physical
media 0 an unguided propagation mode using electromaguetic waves in the radio,
microwave, infra-red, optical, etc. frequency bands. Wireless networks advantageously

facilitate user mobility and rapud field deployment when compared to fixed wired
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networks,

16005] However, multiple wircless networks roay exist in the same building, 1o
carby buildings, and/or in the same outdoor arca. The prevalence of nmlitiple wireless
uvetworks may cause wnterference, reduced throughput {(e.g., because ecach wireless
network is operating in the same area and/or spectrum), and/or prevent certain devices
from communicating. Thus, improved systems, methods, and devices for

communicating when wireless networks are densely populated are desired.
SUMMARY

[6006] The systems, methods, and devices of the disclosure cach have several
aspects, no single one of which is solely responsible for its desirable attributes. Without
timiting the scope of this disclosure as expressed by the claims which follow, some
features will now be discussed brietfly. After considering this discussion, and
particularly after reading the section entitled “Detailed Description” one will understand
how the features of this disclosure provide advantages that include improved

communications between access points and stations in a wireless network,

10007} Techniques and apparatus arc provided herewn for high efficiency wireless

{ HEW) access point { AP} coordination protocol.

{O00R] One aspect of this disclosure provides a method for coordinating access to a
shared medium by an apparatus. The method generally includes synchronizing with one
or more peer apparatuses based on synchronization messages detected during a listening
time, outputting, for transmission, scheduling mformation to the one or more peer
apparatuses, the scheduling nformation indicating one or more time pertods during
which coordinated access to the shared medium s desired, and ocutputting, for
fransmission, at least some of the scheduling information to devices scrved by the

apparatus.

[6009] (e aspect of this disclosure provides a method for coordinating access to a
shared medium by an access poimnt (AP). The method generally includes receiving, from
another AP, a message to reserve a histening tuime for the other AP to listen to one or
more synchronization messages, taking action to cnsure stations served by the AP do

not urterfere with synchronization wessages during the bistening time, receiving, fror
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the other AP, scheduling wformation indicating one or roore reservation periods during
which coordinated access to the shared medium is desired, and taking action to provide

coordinated access during the one or more reservation periods.

10016} One aspect of thus disclosure provides an  apparatus for wireless
communications. The apparatus typically includes means for synchronizing with one or
more peer apparatuses based on synchromization messages detected during a histening
time, means for outputting, for transmission, scheduling information to the one or more
peer apparatuses, the scheduling information indicating one or more fime periods during
which coordinated access to the shared medium is desired, and means for outputting, for
transmission, at least some of the scheduling information to devices served by the

apparatys,

(80611} Oue  aspect of this disclosure provides an  apparatus for wireless
commmnications. The apparatus typically includes a processing system configured to
synchronize with one or more peer apparatuses based oun synchronization messages
detected during a lhistening time and a transmitter configured to transmit scheduling
information to the one or more peer apparatuses, the scheduling information indicating
one or more time periods during which coordinated access to the shared medium is
desired, and transmit at least sorne of the scheduling information to devices served by

the apparatus.

18012] One aspect of the present disclosure provides a comwputer program product
for wireless communications. The computer program product generally includes a
computer readable roedivm having instructions stored thereon for synchronizing with
one or more peer apparatuses based on synchronization messages detected during a
listening time, outputting, for transmussion, scheduling information to the one or more
peer apparatuses, the scheduling information indicating one or more time periods during
which coordinated access to the shared medium is desired, and ouipuiting, for
transmission, at least some of the scheduling information to devices served by the

apparatus.

[6613] One aspect of the present disclosure provides an access point (AP). The AP
typically wcludes at least one antenna, a processing systewn coufigured to syuchronize

with one or more peer apparatuses based on synchronization messages detected during a



WO 2015/031487 PCT/US2014/052923

Hstening time, and a transmitter configured to trausmut, via the at least one antenna,
scheduling information to the one or more peer apparatuses, the scheduling mformation
wmdicating ove or more time periods during which coordinated access to the shared
medium is desired, and transmit, via the at least onc antenna, at least some of the

scheduling information to devices served by the apparatus.

8014} Nurnerous other aspects are provided inchuding methods, apparatus, systerus,

computer progran: products, and processing systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[6015] So that the manner in which the above-recited features of the present
disclosure can be understood 1n detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated in the
appended drawings. It 18 to be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are therefore not to be considered
Limiting of its scope, for the description may admit to other equally effective aspects.

{8016} FI1G. 1 shows an example wireless conununication systern in which aspects

of the present disclosure may be employed.

{8817] FIG. 2A shows an example wireless communication system in which

multiple wircless communication networks are present.

{8018} FiGG. 2B shows another example wireless communication system in which

multiple wireless communication networks are present.

16619] FIG. 3 shows exemplary frequency multiplexing technigues that may be

cmployed within the wireless communication systems of FIGS, 1 and 2B,

160626} FIG. 4 shows an cxample functional block diagram of an cxemplary wireless
device that may be cmployed within the wireless communication systems of FIGS, |,

28, and 3.

{8021 FIG. 5 shows an example wireless communication systern in which aspects

of the present disclosure may be employed.

{8022} Fi(z. 5A is a represontation of an example management frame that may be
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eraployed within the wireless communication systems disclosed heren.

[6023] FIG., 5B 15 a representation of an example action frame that may be

cmployed within the wircless communication systems disclosed herein.

16024] FIG. 5C is a representation of an example generic advertisement service
(GAS) frame that may be employed within the wircless communication systems

disclosed herein.

{8025] FIG. 51 18 a representation of an example HTC control field that includes a
rescrve bit that may be eraployed within the wireless communication systems disclosed

herein.

[8026] FIG. 6 15 a representation of an example modified restricted access window
(RAW} parameter st (RPS) information clement defined by 802.11ah that may be

emploved within the wireless communication systems disclosed herein

180271 FIG. 7 18 a representation of an example modified advertisement frame
action field and of a transmission opportunity {(TXOP) reservation field format defined
by 802.11aa that may be cmployed within the wireless communication systoms

disclosed herein.

[8028] FIG. 8 1s an exemplary wireless communication system employing time
coordination that may be cmploved within the wireless communication systems

disclosed herein.

18029] FIG. 9 i3 an excmplary wireless communication sysiern employing
frequency coordination that may be employed within the wireless commmunication

systems disclosed herein,

16638 FIG. 10 dlustrates cumulative disiribution functions {CDFs) for downhink
throughput in a regularly spaced network that may be employed within the wireless

communication systems disclosed herein.

{6031 FIG. 11 illustrates an example frame field format for RAW that may be

emploved within the wireless communication systems disclosed herein.

{88321 FIG. 12 iHustrates UL and DL schedule at the start of the power save multi-



WO 2015/031487 PCT/US2014/052923

poll (PSMP)} phase that may be employed within the wireless coromunmication systems

disclosed herein.

160633] Fig. 13 illustrates example operations for coordinating access to a shared
medium by an access pomnt (AP) that way be performed within the wireless

communication systems disclosed herein.

{8034] FIG. 13A illustrates example means capable of performing the operations

shown i FIG. 13, in accordance with certain aspects of the present disclosure,

18033] Fig. 14 illustrates example operations for coordinating access to a shared
medium by an AP that may be performed within the wireless comniunication systems

disclosed herein.

[6036] FIG. 14A illustrates example means capable of performing the operations

shown i FIG. 14, in accordance with certain aspects of the present disclosure.

DETAILED DESCRIPTION

{80371 Various aspects of the novel systems, apparatuses, and methods are
described more fully hereinafter with reference to the accompanying drawings. This
disclosure may, however, be embodied in many different forms and should not be
construed as limited to any specific structure or function presented throughout this
disclosure. Rather, these aspects are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclosure to those skilled i the
art. Based on the teachings herein one skilled in the art should appreciate that the scope
of the disclosure is intended to cover any aspect of the novel systems, apparatuses, and
methods disclosed herein, whether implemented independently of, or combined with,
any other aspect of the disclosure. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set forth herein. In addition,
the scope of the disclosure is intended to cover such an apparatus or method which s
practiced using other structure, functionality, or structure and functionality in addition to
or other than the various aspects of the iovention set forth herein. It should be
understood that any aspect disclosed herein may be embodied by one or more elements

of a claim.

16038] Although particalar aspects are described herein, many variations and
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permutations of these aspects fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects arc mentioned, the scope of the
disclosure is uot intended to be hmited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be broadly applicable to different
wircless technologies, systern configurations, networks, and transmission protocols,
some of which are illustrated by way of example in the figures and in the following
description of the preferred aspects. The detatled description and drawings are mercly
tlustrative of the disclosure rather than limiting, the scope of the disclosure being

defined by the appended clatms and equivalents thereof.

{8039%] Popular wircless network technologies may include various types of wircless
local area networks (WLANg). A WLAN may be used to interconnect nearby devices
together, employing widely used networking protocols. The various aspects described

herein maay apply to any communication standard, such as a wireless protocol.

18040] In some aspects, wircless signals may be transmiited according to a high-
efficiency 802.11 protocol using orthogonal frequency-division multiplexing (OFDM),
direct—sequence spread spectrum (DSSS) commuunications, a combination of OFDM
and DSSS communications, or other schemes. Implementations of the high-efficiency
802.11 protocol may be used for Internet access, sensors, metering, smart grid networks,
or other wireless apphications.  Advaniageously, aspecis of certain  devices
implementing the high-efficiency 802.11 protocol using the techniques disclosed herein
may include allowing for increased peer-to-pecr services {(e.g., Miuracast, WiFi Direct
Services, Soctal WiFL, etc.) in the same area, supporting increased per-user minimum
throughput requirements, supporting more users, providing improved outdoor coverage
and robustness, and/or consuming less power than devices implementing other wircless

protocols.

10041 In some implementations, 2 WLAN includes various devices which are the
components that access the wireless network. For example, there may be two types of
devices: access points {“APs™") and clients {(also referred to as stations, or “STAs”). In
general, an AP may serve as a hab or base station for the WLAN and an STA serves as
a user of the WLAN. For example, an STA may be a laptop computer, a personal
digital assistant (PIDA), a mobile phone, ete. I an exawple, an STA counects to an AP

via a WiFi (e.g., IEEE 802.11 protocol) compliant wireless link fo obtain general
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connectivity to the Internet or to other wide arca networks. In some implewentations an

STA may also be used as an AP,

16042} An access point (AP} may also comprise, be implemented as, or known as
a NodeB, Radio Network Controller ("RNC”), eNodeB, Base Siattion Controller
(“BSC”), Base Transcetver Station ("BTS”), Base Station (“BS”), Transceiver Function

(*“TF”}, Radio Router, Radio Transceiver, or some other torminology.

00431 A station “STA” may also comprise, be implemented as, or known as an
access terminal (“AT”), a subscriber station, a subscriber unit, a mobile station, a remote
station, a remote terminal, a user terminal, a user agent, a user device, user equipment,
or some other terminology. In some iraplementations an access terminal way comprise
a collular telephone, a cordless telephone, a Session Initiation Protocol (“SIF”) phone, a
wireless local loop (“WILL”) station, a personal digital assistant (“PDA”™), a handheld
device having wireless connection capability, or some other suitable processing device
conuecied to a wireless modem. Accordingly, one or more aspects taught heren maay be
incorporated into a phone {(e.g., a cellular phone or smartphone), a computer {e.g., a
laptop), a portable communication device, a headscet, a portable computing device {e.g.,
a personal data assistant), an entertainment device {e.g., a music or video device, or a
satellite radio), a gaming device or systern, a global positioning systern device, or any

other suiiable device that is configured to communicate via a wireless medium.

18044] As discussed above, certain of the devices described herein may iroplement 8
high-efficiency 802.11 standard, for example. Such devices, whether used as an 8TA or
AP or other device, may be used for smart wetering or in a smart grid network., Such
devices may provide sensor applications or be used in home automation. The devices
may instead or i addition be used in a healthcare context, for example for personal
healthcare. They may also be used for surveillance, to enable extended-range Internet
connectivity {¢.g. for use with hotspots), or to itmplement machine-to-machine

communications.

Example Wireless Communications System

[8045] FIG. 1 shows an exemplary wireless communication system 100 in which
aspects of the present disclosure may be eraployed. The wireless conumunication

system 100 may operate pursuant to a wireless standard, for example a high-efficiency
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802.11 standard. The wireless communication system 100 may include an access point

{AP) 104, which communicates with stations (S8TAs) 106.

[6046] A variety of processes and methods may be used for transmissions in the
wireless comrounication systemy 100 between the AP 104 and the STAs 106, For
example, signals may be sent and received between the AP 104 and the STAs 106 in
accordance with orthogonal frequency division multiplexing (OFDMYOFDM access
{(OFDMA) technigues. If this is the case, the wireless communication system 100 may
be referred to as an OFDM/OFDMA system.  Alternatively, signals may be sent and
received between the AP 104 and the STAs 106 in accordance with code division
nwltiple access (CDMA) techniques. If this is the case, the wireless communication

system 100 may be referred to as a CDMA system.

16047} A communication link that facilitates transmussion from the AP 104 to one or
more of the 8TAs 106 may be referred to as a downlink (DL} 108, and a communication
tink that {acililates transmission {rom one or more of the STAs 106 1o the AP 104 may
be referred to as an uplink (UL) 110, Alternatively, a downlink 108 may be referred to
as a torward link or a forward channel, and an uplink 110 may be referred to as a

reverse Hink or a reverse channel.

[6048] The AP 104 may act as a base station and provide wireless communication
coverage in a basic service arca (BSA) 102, The AP 104 along with the STAs 106
associated with the AP 104 and that use the AP 104 for communication may be referred
to as a basic service set (B3S). It should be noted that the wircless communication
systemn 100 may not have a central AP 104, but rather way function as a peer-to-peet
network between the STAs 106, Accordingly, the functions of the AP 104 described

herein may alternatively be performed by one or more of the STAs 106,

[8049] In some aspects, a STA 106 may be required to associate with the AP 104 1in
order to send communications to and/or receive communications from the AP 104, In
one aspect, information for associating 18 included in a broadeast by the AP 104, To
receive such a broadceast, the STA 106 may, for exaruple, perform a broad coverage
scarch over a coverage region. A secarch may also be performed by the STA 106 by
sweeping a coverage region in a lighthouse fashion, for example. Afier recetving the

information for associating, the STA 106 may transmit a reference signal, such as an
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association probe or request, to the AP 104, In some aspects, the AP 104 may use
backhau!l services, for cxample, to communicate with a larger network, such as the

Iuternet or a public switched telephone network (PSTN).

180506] In an embodimoent, the AP 104 includes an AP high-efficiency wireless
component (HEWC) 154, The AP HEWC 154 may perform some or all of the
operations described herein to cnable communications between the AP 104 and the
STAs 106 using the high-effictency 802.11 protocol. The functionality of the AP

HEWC 154 1s described in greater detail below with respect to FIGS, 2B, 3, 4, and S.

{8051 Alternatively or in addition, the STAs 106 may mclude a STA HEWC 156,
The STA HEWC 156 may performn some or all of the operations described herein to
enable communications between the STAs 106 and the AP 104 using the high-
frequency 802.11 protocol. The functionality of the STA HEWC 156 is described in

greater detail below with respect to FIGS. 2B, 3, 4, and 5.

{00521 In some circumstances, a BSA may be located near other BSAs. For
cxample, FIG. 2A shows a wircless communication system 200 m which multiple
wireless communication networks are present.  As tlustrated in FIG. 2A, BSAs 202A,
2028, and 202C may be physically located near cach other. Despite the close proximity
of the BSAs ZO0ZA-C, the APs 204A-C and/or STAs 206A-H may ecach communicate
using the same spectrum. Thus, if a device in the BSA 202C {(e.g., the AP 204(C) is
transmittiog data, devices outside the BSA 202C (e.g., APs 204A-B or STAs 206A-F)

may sense the communication on the medium,

18053] Generally, wircless networks that use a rogular 802.11 protocol {e.g.,
802.11a, 802.11b, 802.11g, 802.11n, etc.) operate under a carrier sense multiple access
(CSMA) mechanismm for medium access.  According to CSMA, devices sense the
medium and only transmit when the medium is sensed to be idle. Thus, if the APs
204A-C and/or STAs 200A-H are operating according to the CSMA mechanism and a
device in the BSA 202C {c.g., the AP 204C) s transmitting data, then the APs 204A-B
and/or STAs 200A-F outside of the BSA 202C may not trausmit over the medium even

though they are part of a different BSA.

{0054] FIG. 2A illustrates such a situation. As tllustrated in FIG. 2A, AP 204C is

transritting over the medivm, The transmission is seused by 8TA 206G, which is in
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the same BSA 202C as the AP 204, and by STA 206A, which 1s in a different BSA
than the AP 204C. While the transmission may be addressed to the STA 206G and/or
ounly STAs 10 the BSA 202C, STA 206A uonetheless may not be able to transmit or
receive communications {(¢.g., to or from the AP 204A) until the AP 204C {and any
other device) 1s no longer transmitting on the medium.  Although not shown, the same
may apply to STAs 2Z06D-F in the BSA 2028 and/or STAs 2068B-C in the BSA 202A as
well (e.g., it the transmission by the AP 204C is stronger such that the other STAs can

sense the transmission on the medium).

HIRRY The use of the USMA mechanism then creates mefficiencies because some
APs or STAs outside of a BSA may be able to transmit data without interfering with a
trausmission made by an AP or STA in the BSA. As the number of active wireless
devices continues to grow, the mefficiencies may begin to significantly affect network
latency and throughput. For example, significant network lateucy issues may appear in
apartment buildings, in which cach apartment unit may include an access point and
associated stations, In fact, cach apartment unit may mclude mulliple access points, as a
resident may own a wireless router, a video game console with wireless media center
capabilitics, a television with wireless media center capabilitics, a cell phone that can
act like a personal hot-spot, and/or the like. Correcting the inefficiencies of the CSMA
mechanism may then be vital to avoid latency and throughput issues and overall user

dissatisfaction.

[0036] Such latency aund throughput issues may not even be confined to residential
arcas. For example, multiple access points may be located in airports, subway stations,
and/or other densely-populated public spaces. Currently, WiF1 access may be offered in
these public spaces, but for a fee. If the inefficiencies created by the CSMA mechanism
are not corrected, then operators of the wireless networks may lose customers as the fees

and lower quality of service begin to outweigh any benefits.

[8057] Accordingly, the high-efficiency 802.11 protocol described herein may allow
for devices to operate under a modified mechanism that mininuzes these inefficiencies
and ncreases vetwork throughput. Such a mechanism 1s described below with respect
to FIGS. 2B, 3, and 4. Additional aspects of the high-efficiency 802.11 protocol are

described below with respect to FIGS, 53-8,
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[6038] FIG. 2B shows a wircless communication systern 250 1o which multiple
wireless communication networks are present.  Unlike the wireless communication
system 200 of FIG. 2A, the wircless communication system 250 may operate pursuant
to the high-efficiency 802.11 standard discussed herein. The wireless communication
system 250 may include an AP 254A, an AP 254B, and an AP 254C, The AP 254A
may communicate with STAs 256A-C, the AP 2548 may communicate with STAs

256D-F, and the AP 254C may cormunicate with STAs 256G-H.

[0059] A variety of processes and methods may be used for transmissions in the
wireless communication systems 250 between the APs 254A-C and the STAs 256A-H.
For example, signals may be sent and received between the APs 254A-C and the STAs

256 A-H in accordance with OFDM/OFDMA technigues or CDMA techuiques.

[8060] The AP 254A may act as a base station and provide wireless communication
coverage in a BSA 252A. The AP 2548 may act as a base station and provide wireless
communication coverage fu a BSA 252B. The AP 254C way act as a base station and
provide wircless communication coverage in a BSA 252C. 1t should be noted that each
BSA 252A, 2528, and/or 252C may not have a central AP 2544, 254B, or 254C, but
rather may allow for peer-to-peer communications between one or more of the STAs
256A-H.  Accordingly, the functions of the AP 254A-C deseribed herein may

alternatively be performed by one or more of the STAs 2S6A-H.

180617 In an embodiment, the APs 254A-C and/or STAs 256A-H include a high-
efficiency wireless component. As described herein, the high-cfficiency wircless
component may ecuable communications between the APs and STAs using the high-
effictency 802.11 protocol. In particular, the high-efficiency wireless component may
cnable the APs 254A-C and/or STAs 256A-H to use a modified mechanism that
minimizes the inefficiencies of the USMA mechanism (e.g., enables concurrent
communications over the medium in sttuations in which interference would not occur).
The high-efficiency wireless component is described in greater detail below with respect

to FIG. 4.

[80662] As illustrated in FIG. 2B, the BSAs 252A-C are physically located near each
other. When, for example, AP 254A and STA 256B are communicating with each

other, the communication may be sensed by other devices in BSAs 252B-C. However,



WO 2015/031487 PCT/US2014/052923

the coramunication may only interfere with certain devices, such as §TA 256F and/or
STA 256G, Under CSMA, AP 2548 would not be allowed to communicate with STA
256E even though such commmunication would not wnterfere with the communication
between AP 254A and STA 256B. Thus, the high-efficiency 802.11 protocol operates
under a modified mechanism that differentiates between devices that can cormmunicate
concurrently and devices that cannot communicate concurrently. Such classification of
devices may be performed by the high-cfficiency wireless component in the APs 234A-

C and/or the STAs 256A-H.

{0863] In an embodiment, the determunation of whether a device can communicate
concurrently with other devices is based on a location of the device. For example, a
STA that 1s located near an edge of the BSA may be n a state or condition such that the
STA cannot communicate concurrently with other devices. As illustrated in FIG. 2B,
STAs 200A, 206F, and 206G may be devices that are in a state or condition in which
they cannot communicate concurrently with other devices. Likewise, 2 STA that is
located near the center of the BSA may be in a station or condition such that the STA
can communicate concurrently with other devices. As illustrated in FIG. 2, §TAs 2068,
206C, 206D, 206E, and 206H may be devices that are n a state or condition in which
they can communicate concurrently with other devices. Note that the classification of
devices s not permanent. Devices may transition between being in a state or condition
such that they can communicate concurrently and being in a state or condition such that
they cannot communicate concurrently {e.g., devices may change states or conditions

when in motion, when associating with a new AP, when disassociating, etc.).

[0064] Furthermore, devices may be counfigured to behave differcntly based on
whether they are ones that are or are uot in a state or condition to communicate
concurrently with other devices. For example, devices that are in a state or condition
such that they can communicate concurrently may commumicate within the same
spectrurn, However, devices that are in a state or condition such that they cannot
communicate concurrently may employ certain technigues, such as spatial multiplexing
or frequency domain multiplexing, in order to communicate over the medium. The
controliing of the behavior of the devices may be performed by the high-efficiency

wircless component in the APs 254A-C and/or the STAs 256A-H.

10665] In an embodiment, devices that are in a state or condition such that they
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carmot comruunicate concurrently use spatial multiplexing technigues to coramunicate
over the medmm. For example, power and/or other information may be embedded
within the preamble of a packet ransrmitted by another device. A device in a stale or
condition such that the device cannot commmunicate concurrently may analyze the
preamblc when the packet is sensed on the medium and decide whether or not to

transimit based on a set of rules.

[6666] In another embodiment, devices that are in a state or condition such that they
cannot communicate concurrently use frequency domain multiplexing techniques to
communicate over the medinm. FIG. 3 shows frequency multiplexing techniques that
may be employed within the wirciess communication systems 100 of FIG. 1 and 250 of
FIG. 2B, Agillustrated n FIG. 3, an AP 304A, 3048, 304C, and 304D may be present
within a wireless communication system 300, Each of the APs 304A, 3048, 304C, and
304D may be associated with a different BSA and include the gh-ethiciency wircless

component described herein,

{88671 As an example, the bandwidth of the communication mediim may be
80MHz. Under the regular 802,11 protocol, cach of the APs 304A, 304B, 304C, and
3040 and the 8TAs associated with each respective AP attemipt to communicate using
the cutire bandwidth, which can reduce throughput. However, under the high-efficiency
802.11 protocol using frequency dowain multiplexing, the bandwidth may be divided
ito four 20MHz segments 308, 310, 312, and 314 {(c.g., channels), as tllustrated in
FIG. 3. The AP 304A may be associated with segment 308, the AP 304B may be
associated with segment 310, the AP 304C may be associated with segment 312, and the

AP 304D may be associated with segment 314,

[6068] In an embodiment, when the APs 304A-D and the STAs that are in a state or
condition such that the STAs can communicate concurrently with other devices {e.g.,
STAs ncar the center of the BSA) are communicating with cach other, then cach AP
304A-D and each of these STAs may communicate using a portion of or the entire
$O0MHz medium. However, when the APs 304A-D and the STAs that are in a state or
condition such that the STAs cannot communicate covcurrently with other devices {e.g.,
STAs near the edge of the BSA) are communicating with cach other, then AP 304A and
ita STAs communicate using 20MHz segroent 308, AP 3048 and its STAs comruunicate

using 20MHz segment 310, AP 304C and its STAs communicate using 20MHz segment
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312, and AP 304D and s STAs communicate using 20MHz segment 314, Because the
segmonts 308, 310, 312, and 314 arc different portions of the communication medium, a
first trausmission using a first segment would vot iuterference with a second

fransmission using a second segment.

18069 Thus, APs and/or 8STAs, even those that are in a state or condition such that
they cannot communicate concurrently with other devices when following | lac or older
protocols, if  they include the high-efficiency wireless component, they can
communicate concurrently  with other APs and STAs without interference.
Accordingly, the throughput of the wireless commmunpication systemm 300 may be
increased. In the case of apartient buildings or densely-populated public spaces, APs
and/or STAs that use the high-efficiency wireless component may experience reduced
latency and increased network throughput even as the number of active wireless devices

mereases, thereby improving user experience,

180761 FIG. 4 shows an exemplary functional block diagram of a wireless device
402 that may be emiployed within the wireless communication systerns 100, 250, and/or
300 of FIGS. 1, 2B, and 3. The wircless device 402 1s an cxample of a device that may
be configured 1o implement the various methods described herein. For example, the
wircless device 402 may comprise the AP 104, one of the STAs 106, one of the

APs 254, one of the 8TAs 256, and/or one of the APs 304,

18071 The wireless device 402 may ioclude a processor 404 which controls
operation of the wireless device 402, The processor 404 may also be referred to as a
central processing unit {(CPU). Memory 406, which may include both read-ounly
memory {ROM)} and random access memory (RAM)}, may provide instructions and data
to the processor 404. A portion of the memory 406 may also mchade non-volatile
random access memory (NVRAM). The processor 404 typically performs logical and
arithmetic operations based on program instructions stored within the memory 406. The
instructions in the memory 400 may be executable to implement the methods described

herein.

18672} The processor 404 may comprise or be a component of a processing system
unmpleraented with one or wore processors, The oue or more processors may be

impiemented  with  any  combination of  general-purpose  microprocessors,
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microcoutrollers, digital signal processors {DSPs), field programmable gale aray
(FPGAs), programimable logic devices (PLDs), controllers, state machines, gated logic,
discrete hardware coraponents, dedicated hardware finiie state machines, or any other

suitable entitics that can perform calculations or other manipulations of information.

{8873] The processing system may also inchude machine-readable media for storing
software, Software shall be construed broadly to mean any type of instructions, whether
referred to as software, firmware, middleware, microcode, hardware description
language, or otherwise, Instructions may include code (c.g., in source code format,
binary code format, executable code format, or any other suitable format of code). The
instructions, when executed by the one or more processors, cause the processing system

to pertorra the various functions described herein.

[80674] The wireless device 402 may also include a housing 408 that may include a
transmitter 410 and/or a receiver 412 to allow transmission and reception of data
between the wireless device 402 and a remote location.  The transmitter 410 and
receiver 412 may be combined into a transceiver 414, An auntenna 416 may be attached
to the housing 408 and electrically coupled to the transceiver 414, The wireless device
402 wmay also include (not shown) multiple transmitters, multiple receivers, multiple

transceivers, and/or multiple antennas.

[B075] The wircless device 402 may also include a signal detector 418 that may be
used in an effort to detect and guantify the level of signals received by the transceiver
414. The signal detector 418 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral deusity and other signals. The wireless device
402 may also include a digital signal processor (DSP} 420 for use in processing signals.
The DSP 420 may be configured to generate a packet for transmission. In some aspects,

the packet may comprise a physical layer data unit (PPDU).

19076] The wircless device 402 may further comprise a user interface 422 in some
aspects.  The user mterface 422 may comprise a keypad, a mucrophone, a speaker,
and/or a display. The user mterface 422 may inclade any element or component that
conveys information to a user of the wircless device 402 and/or receives input from the

USLST.

190771 The wireless devices 402 may further comprise a high-efficiency wireless
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component 424 in some aspecits. The high-efficiency wireless component 424 may
include a classifier unit 428 and a transmit conirol unit 430, As described herein, the
high-ethiciency wireless component 424 may enable APs and/or STAs to use a modified
mechanism that minimizes the inefficiencies of the CSMA mechanism {(c.g., cnables
concurrent communications over the medium in sttuations in which mterference would

not occur).

[8078] The modified mechanism may be implemented by the classifier unit 428 and
the fransmut conirol unit 430, In an embodiment, the classifier unit 428 determines
which devices are in a state or condition such that they can communicate concurrently
with other devices and which devices are in a state or condition such that they cannot
comruunicate concurrently with other devices without additional orthogounalization in
time, frequency, or space. . In an embodiment, the transmit control unit 430 controls the
behavior of devices. For example, the transmit control unit 430 may allow certain
devices to transmit concurrently on the same medium and allow other devices to
fransmit using a spatial multiplexing or frequency domain multiplexing technique. The
transmit control unit 430 may control the behavior of devices based on the

determinations made by the classifier unit 428,

18079} The various components of the wireless device 402 may be coupled together
by a bus system 426, The bus systers 426 may include a data bus, for example, as well
as a power bus, a control signal bus, and a status signal bus i addition to the data bus.
Those of skill in the art will appreciate the components of the wireless device 402 may
be coupled together or accept or provide inputs to each other using some other

mechanism,

{0086] Although a number of separate components are illustrated i FIG, 4, those of
skill in the art will recognize that one or more of the components may be combined or
commonly implemented. For exaruple, the processor 404 may be used to implement not
only the functionality described above with respect to the processor 404, but alse to
implement the functionality described above with respect to the signal detector 418
and/or the DSP 420, Further, each of the components illustrated in FIG. 4 may be

implemented using a plurality of separate elements.

100811 In some implementations, resources and operational modes of APs/STAs in
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networks with dense deployments of multiple BSSs are coordinated to reduce
interference.  In some aspects, one or more dimensions including time, frequency,
space, and power are coordinated between APs/STAs. Iu some aspects, coordination
messages are sent between APs/STAs. In some aspects, specific enhancements to

802.11ah scheduling and 802.11aa coordination protocol are eraployed.

{00821 Coordination can be achieved as explicit communication across APS/STAs
of different BSSs. For example, via messages exchanged over the air or messages
exchanged over a separate communication mean {e.g., cable backhaul connection),
Messages can be exchanged directly between APs, between APs via STAs, directly

between STAs, or between STAs via AP,

100831 Coordination can be achieved as implicit communications/measurements
based on observation of the traffic on the medium.  For example, packets may be

enhanced to carry partial information that can help the coordination

{0084] Coordination final decisions can be made by a central informed controlier, at

cach AP, with a distributed heuristic, or at each STA, based on exchanged info.

[B085] FIG. 5 shows exaruples of coordinated transmissions that may be emploved
within the wireless communication systems 100 of FIG. 1 and 250 of FIG. 2B, FIG. 5
iilustrates  three access points SO4A-C. Each access point 504A-C manages a
correspounding BSS S02A-C. Each access point 304A-C is wn commumication with a
plurality of stations 506. For example, access point 504A is in communication with

stations 306A-C, while access point S04C 1s 1o commumication with stations S06G-H.

18086] In some aspects, the physical location of a station relative to other stations,
its associated access point, and/or other access points may make the station more or less
subjoct to interference. For example, because stations 506D-E are positioned relatively
close to their access point 5048 and relatively far from other BSS’s 502A and 502C,
and access points and stations communicating within those BSS’s, stations 506D-E may
be less susceptible to interference when either of those BSS's communicate. Similarly,
STA 506H may be less susceptible to interference from transmissions generated by
either BSS 502A or 502B.  Because these devices may not be susceptible to
interference, some of the devices may commmunicate concurrently with other devices,

even if a traditioval carvier sense media access mechanism would prevent such
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concurrent transroission. For exaraple, STA 506H may communicate with access point

504C concurrently with access point 5048 communicating with stations 506D or 506E.

{00871 Other stations may be more susceptible to interference, for example, stations
positioned relatively further from thewr access points and/or relatively closer to wireless

devices of other BSSs may be more susceptible to interference.

1308%] The wireless device 402 may comprise an AP 104, a STA 106, an AP 254, 3
STA 256, and/or an AP 304, and may be used to transmit and/or receive
commumnications. That is, either AP 104, STA 106, AP 234, STA 256, or AP 304 may
serve as fransmutter or receiver devices, Certain aspects contemplate signal detector 418
being used by software running on mersory 406 and processor 434 to detect the

presence of a transmitter or receiver.,

{B08%] In a dense BSS scenario as illustrated in Figure 5, significant throughput
gains can be achieved 1f BSSs coordinate their access to the airwaves or maedium in one
or more of time, frequency, space, and power. In some implementations, APs 5044,
504B, and 504C coordinate the usc of resources and operational modes of the shared
medinm to reduce the likelihood that wirgless devices 402 are subject to interference. A
wircless device 402 can be subject to mnterference by either causing interfercuce with
another wireless device 402 or experiencing interference caused by another wireless

device 402.

{0056] In other implementations, one of the APs 504A, 5048, and 504C receives
mstructions from another one of the APs 504A, 5048, and 504C to modify its use or
one of the wircless devices 402 associated with the recetving AP use of the airwaves or
medium to reduce the likelihood that a wireless device 402 1s subject to mterference, In
certain embodiments, the APs 504A, 5048, and 504C exchange information to
coordinate their use of the shared medium. In other embodiments the AP 5044, 5048,
and 504C receives an instruction from another AP 3044, 5048, and 504C on how it

should use the shared medium.

100911 For example, the APs 504A, 5048, and 504C can coordinate access to the
shared medium even when the APs are associated with different BSS 5024, 5028, and
502C. The APs 504A, 5048, and 504C can determine whether one or more wireless

devices 402 15 subject to mterference with another wireless device in the wireless
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network, The APs 504A, 5048, and S04C identily the one or more wireless devices 402
that arc subject to interference via identifying information such as a MAC address. The
APs 5044, 5048, and 504C then receive mformation from cach other on the nature of
the mterference and/or the shared medium. The APs 504A, 5048, and 504C then
modify the use of the shared medium by one or more of the wireless devices 402 to
reduce the likelihood that the wireless device is subject to interference. In some
implernentations, this modification inchudes transmission of one or more messages

S08A, 508B, and S08C between APs as illustrated in Figure S,

{00921 In other cmbodiments, the AP S04A, 5048, and 504C receives an instruction
from another AP 5044, 5048, and 504C on how it should use the shared medium. For
exariple, the AP 504A, 5048, and 504C can receive information associated with the
first or sccond BSSs. The information can include an identification of one or more
wireless devices that are subject to mterference. The receiving AP S04A, 5048, and
504C then modifics, based on the received information, the use of the shared medium to
reduce the likelthood that the one or more wireless devices are subject to interference.
The modification can be to resources including, but not Hmited to, time, frequency, and

space. The modification can be to operation modes ncluding, but not himited to,

{0093] In some implementations where the modification or coordination relates to
time, orthogonal activity periods are scheduled across APs 504A, 504B, and 504C. In
some implementations, scheduling of orthogonal activity periods across APs 3044,
5048, and 504C is only for transmission to a certain subset of wireless devices 402 or
users, Other users can be served at any time., Au excemplary subset is “edge users” or
wireless devices 402 that may suffer interference from neighboring APs 504A, 5048,
and S04C. In some implementations, DL/UL transmissious are aligned across APs

5044, 5048, and 504C. Additional implementations are described below,

Frequency

Eﬁi}%} In some implementations where the modification or coordination relates (o

requency, orthogonal channels are scheduled for transmission use across BSS 3024,
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5028, and 502C. For example, a primary chaunel location s scheduled across APs
5044, 504B, and 504C. In some implementations, orthogonal channels are scheduled
across APs 504A, 5048, and 504C for only a subset of wircless devices 402 or STAs.
Other wireless devices 402 or STAs can be served on any channel. In some
implementations, channels used for DL/UL transmissions are aligned across APs 5044,

5048, and 504C. Additional implementations are deseribed below.
Space

[0085] In some mmplementations where the modification or coordination relates to
spatial domains, orthogonal “beams™ are scheduled across BSS 5024, 3028, and 502C.
In some implomentations, beams are aligned across APs 504A, 504B, and 504C.

Additional implementations are described below,
Power

{0096] In some mmplementations where the modification or coordination relates to
power, coordination is achieved by sclecting transmussion power for DL and UL
transnuissions across APs S04A, 5048, and 504C. Additional implementations are

described below.

Courdination of Resources

106571 Coordination across APs S04A, 5048, and 504C can be achicved as explicit
communications across APs 504A, 504B, and 504C/5TAs 506A-H of different BSS
S02A, 3028, and S02C and/or mmplicit communications/measurements based on
observation of the traffic on the medium. For example, explicit messages {(c.g.,
messages S08A-C) can be sent over the aiv or over a separate conumanication means
such as a cable backhaul. In some implementations, messages are exchanged directly
between APs 304A, 504B, and 504C, between APs S04A, 504B, and 504C via STAs
506A-H, directly between STAs 536A-H, and/or between STAs 506A-H via APs S04A,
5048, and 504C. In some implementations which use implictt communications, packets
are enhanced to carry partial information that can help the coordination. In some
implementations, coordination of final decisions are made by a central informed
controller, with a distributed heuristic at each AP, and/or based on exchanged

information at each STA.

100981 In some implementations of the coordination protocol, APs 504A, 5048, and
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S04C/STAs  506A-H exchange  information on resources  including
time/frequency/space/power.  In some implementations, APs 304A, 504B, and
S04C/8TAs 506A-H exchange wforruation on operation modes jncluding transroission
parameters and access modes. The exchanged information can include positive or
negative requests.  For cxample, a positive request can be for the sender AP 5044,
5048, and 504C to use a requested resources/operation modes. A negative request can
be for the receiving AP 5044, S04B, and 504C to not use the indicated
resources/operation modes.

{00997 In some implementations where time 15 coordinated across APs S04A, 5048,
and 504C, messages exchanged across APs 504A, 504B, and 504C/STAs 506A-H
include positive/negative reguests for one or more of start time, duration, periodicity of
access fime to which the positive/negative request is reforred to, and/or types of alowed
access. For example, types of access can include enhanced distributed channel access
{(EDCA) /backott/schedule parameters such as an arbitration inter frame spacing (AIFS},
contention window min or max {CWoin, CWmax), TXOP limit, and CCA thresholds.

In some implementations, the type of access is traffic QoS such as admission control

{AC), max amount of transmission time and/or byies allowed.

[8166] In some immplementations, the coordination protocol includes a mechanism
that allows APs 5044, S04B, and 504C/STAs 506A-H to reach an agreement on time
usage so that transmissions of neighboring APs 504A, 504B, and 504C/STAs 506A-H
are disjoint in time and/or transmissions to/from a certain set of STAs 506A-H. For
cxample, STAs 506 that are indicated as interfering in the messaging are allocated non
overlapping RAWS/TWTs across neighboring APs 5044, S04B, and 304C. In certain
impicmentations, the interfering wircless device may be an APs 5044, 504B, and 504C.
For example, STAs 506A-H that are *hikely to be mnterfered” or have a weak link or have
limitations on the BW such as edge STA 306A, 506F, 506G are allocated disjoint time
resources. In some implementations UL transmissions (from STAs only) are allowed or
DL transmission (from AP} are allowed, or both i an overlapping restricted access
window (RAW) timing and/or tfarget wakeup time (TWT) timing. In some
implementations, it is preferred that transmissions to/from STAs with same or similar

access modes (QoS/EDCA parameters) happen at the same time while transmissions
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to/from STAs with different access roodes (QoS/EDCA parameters) happen at different

times.

STAs/APs Coordination

{0161} In some mmplementations, APs 504A, 504B, and 504C/STAs 506A-H
exchange requests/respouses for use of resources and operation modes by specific STAs
506A-H/APs 504A, 5048, and 504C, Messages cxchanged across APs 5044, 5048,
and S04C/STAs 506A-H can wmechude positive/negative requests for one or roore specific
STAs 500A-H/APs 5044, 5048, and 504C, For example, the specific STAs 506A-
H/APs 53044, 5048, and 504C can be a number/group of STAs that belong to the AP
sending the message. The sending AP would like to be active in terms of address,
location, and/or a transmussion characteristic such as power, rate, and interference

condition.

10162] In some implementations, the specific STAs 306A-H/APs 5044, 504B, and
504C 1s a group of STAs that include STAs belonging to the neighboring AP that will
receive the message. The specific STAs 506 may be identified in terms of address,
location, and/or transmission characteristic such as power, rate, and interference
condition. In some iruplementations, the wmformation identifies STAs 506 that interfere
with the sending AP operation, or with operation of STAs associated with the

sending AP,

[8163] In some mmplementations, the specific STAs SO6A-H/APs 504A, 5048, and
504C s a group of STAs that indicate operation capability of STAs such as type of
protocols supported (802.11a/m/ac/b), TX/RX parameters supported, and/or type of

operation/traffic supported.

16104] In some umplerventations, the coordination protocol ncludes a mechanism
that allows APs 504A, 5048, and 504C/STAs 506A-H to reach an agreement on which
STAs are allowed access to prevent interfering STAs from using the same resource
and/or to schedule the same resources for STAs that have similar transmission
characteristics. For example, in some implementations, edge STAs 506A, S06F, and
50645 are scheduled at the same time while center STAs 506 B-E, H arc scheduled at the
same time. In some implementations, only STAs with compatible operation modes are

sharing resources.
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[6105] In some umplementations, APs 5044, 504B, and 3504C/STAs 506A-H
cxchange requests/responses for use of resources and operation modes i certain
frequency bands/channels.  Messages exchanged across APs 504A, 5048, and
504C/STAs 506A-H can include positive/negative requests for one or more of a primary
channel, channel(s) used for transmission, allowed transmission BW, allowed mode of
transmission such as direction UL/DL and PHY mode, allowed STAs 506A-H/APs
S04A, 5048, and 304C for transmission in each channel such as inner/outer STAs and

interfering STAs that are allowed/not allowed to transmit.

101061 In certain implementations, the coordination protocol includes a mechanism
that allows APs S04A, 5048, and S04C/STAs 506A-H to reach an agreement on which
STAs are allowed to access such that disjoint primary channels are allocated to
miterfering APs 5044, S04B, and S04C/STAs 506A-H. Allowed transmission BW can
be optimized for reuse by, for example, limiting transmission BW such that independent
resources are avatlable for APs 504A, 504B, and 504C. In some implementations,
different channels/BW are used for STAs in different locations/transmit conditions. For
cxample, center STAs 506 B-E, H can be allowed to use all the BW while edge STAs
S06A, 306F, and 306G use a channel that 1s different from the channel used by edge

STAs 506A, 506F, and 506G in neighboring APs 504A, 5048, and 504C.

Spatial Coordination

18107} In some implermentations, APs 5044, 5048, and S04C/STAs may exchange
requests/responses for use of resources and operation modes in certain spatial domains.
Messages exchanged across APs 504A, 504B, and 504C/STAs 506A-H can nclude
positive/negative requests for one or more of a location of the STA/APs 5044, 5048,
and 504C that can use the shared medium including direction UL/DL. In some
iuplementations, the requesis relate to wdentification of the spatial domain such as
absolute/relative geographical description/positioning or interfering relations between
STA/APs 504A, 5048, and 504C. In other implementations, the requests nclude an
indication of whether beam forming is allowed or which spatial sectors or spatial beams
are to be used. In some implementations, interfering relations betwoen STAs/APs
5044, 5048, and 504C can be based on strength of mterference and/or exact channel

cpresentation.
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16108] In some implementations, the communication protocol includes a
mechanism that allows APs 504A, 5048, and 504C/8TAs to reach an agreement such
that non juterfering spatial domains are used across BSS 5024, 5028, and S02C by, for
example, employing orthogonal sectors, beams, and STAs locations. In some
implementations, simultancous transmissions are TX/RX filtered based on channel state

information recetved by all involved STAs so that cross interference is minimized.

Transmission of Coordination Messages

10109] In some implementations, coordination messages are sent by APs 504A,
3048, and S04C/8TAs 506A-H on a common conirol channel. The comruon control
chanpel can be a commonly identified freguency channel that is common among the
operating BWs of the neighboring APs S04A, 504B, and 504C/5TAs 506A-H. For
example, the channel may be one of the 20Mhz channels out of the 83/160/320 data
operation band or in a band that 1s disjoint from the data operation band such as when
data is exchanged in 2.4GHz and control is exchanged in 900MHz. An advantage of
using 900MHz is the transmission has a greater range than 2.4GHz to reach distant APs
5044, 5048, and 304C. In some implementations, the common countrol channel 1s
statically identified by the standard specifications. For example, a default 20MHz
chanpel for cach allowed operating 20/40/80/160 BSS 5024, 302B, AND 502C
operating channel is used in some mplementations. In some implementations, channels
arc agreed across neighboring APs 504A, 504B, and S04C via a distributed clection
protocol. In some implementations, the coordination messages are sent at a common

time agreed across neighboring APs 504A, 504B, and 504C/5TAs 506A-H.

[6118] In some implementations, coordination messages are sent by APs 5044,
5048, and 504C and relayed by STAs 506A-H to reach neighboring APs 504A, 5048,
and 504C. For example, the coordination messages can be carried by STA-STA or
STA-AP communications across 8TAs S06A-H/APs 504A, 5048, and 504C that are not
associated with cach other. In some implementations, Generic Advertisement Service
(GAS) framcs or other frames are exchanged without an association n place to send
coordination messages. fn other implementations, coordination messages are carried by
STA-STA or STA-AP communications across STAs/APs 504A, 5048, and 504C
associated with each other using, for example, a8 new form of STA-STA or STA-AP

association across BSS 502A, 5028, and 502C.
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6111} In some implementations, the coordination messages used to exchange
information are sent in new frames defined by the IEEE standard such as management
frames 520 {see Figure 5A), action frames 524 (see Figure 5B), and/or GAS frames 526
{sce Figure 5C). The new frames can include HEW parameters 522 that can be
exchanged across APs S04A, 5048, and 504C. In some implementations, only certain
of the existing indications of the new frames are employed. In some implementations
additional indications, such as the HEW parameters 522, are added to the existing

indications already defined by the new frames.

{0112 In some implementations, the coordination messages are embedded in
existing frames by using reserved bits. For cxample, reserved bits 528 can be used to
override the HTC control field 530 w HT or VHT format as is illustrated wn Figure 5D,
In some implementations, parameters related to usage of resources are implicitly

derived by measuring activity ou the resource of interest,

Time Coordination

{8113} In some implementations where time is coordinated between APs 504A,
504B, and 504C, existing communication protocols are used. For cxample, 802.11ah
defines protocols (alternative to hybnd coordination function (HCF) Controlled Channel
Access (HCCAY) for time schedule within BSS 502A, 502B, and 502C with no
coordination using resiricted access window (RAW) and target wake time (TWT).
RAW ts an interval of time advertised by the AP i1 a beacon which is reserved for
access to only a certain group of STAs. In a modification, the group is empty which
prevents all STAs from transmitting at a certain time. TWT is an agreement between
AP and an STA for a time when the STA is to be awake and engage in communication

with the AP, In a modification, the STAs cannot transmit outside the agreed time.

9114} In certain erubodiruents, the coordination protocol allows the exchange of
RAW and TWT parameters across APs 504A, 5048, and 504C so that RAW / TWT
parareter settings can be coordinated across APs 504A, 5048, and 504C. For example,
the set of parameters that define a RAW are listed in the RPS Information element

defined by 802.11ah.

[0115] FIG. 6 1s a representation of a modified restricted access window (RAW)

parameter set (RPS) information element defined by 802.11ah that includes HEW
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pararaeters 602 than can be exchanged across APs 5044, 5048, and 504C. In some
implementations, only certain of the existing indications defined by 802.11ah are
emploved. In some implewentations additional ndications, such as HEW parameters
602, arc added to the cxisting indications already defined by 802.11ah. Within the
coordination protocol, APs S04A, 504B, and 504C can exchange one or more of the
above indications including the HEW parameters 602 per each potential RAW or TWT
or equivalent reservation protocol. The provided parameters may refer to a (positive)
request for the sender AP 504A, 504B, and 504C to use the requested
resources/operation modes or a (negative) request for the receiving AP S04A, 5048, and

504C not to use the indicated time/operation.

[0116] In some implementations, one or more of the above indications is incladed in
the same or similar message as the Transmit Opportunity (TXOP} Advertisement frame
used in 802.11aa. 802.11aa defines a protocol for AP 5044, 5048, and 504C to AP
504A, 504B, and 504C coordination where APs 504A, 504B, and 504C can decode
cach other’s beacons. Protocol messaging is included 1o the beacon or exchanged
though action frames. Messaging can be encrypted with a key known by APs 5044,
504B, and 504C. In some mplementations, the mossages mclude time synchronization
(TSF) and/or requests for the use of an interval of time for medium access {TXOP) that
is always available to the AP. The coordination protocol allows agreement on the
TXOP allocation across APs 504A, 5048, and 5304C. Under 802.11aa, APs 5044,
5048, and 504C exchange information to manage their STAs medium access by using a
mediom access procedure such as HCF Controlled Channel Access (HCCA), Under
HCCA STAs are not allowed to access the medium unless they are polled by the AP
504A, 504B, and 504C. In this way the AP 5304A, 504B, and 504C 18 1n tull control of
medium usage. However, 802.11aa is Hmited in that it only uses AP-AP direct
communications, only allows for tirne allocation of TXOP, and only refers to the use of

HCCA as medium access techniques.

{81171 In some unplementations, APs S04A, S048, and 504C use action frames

defined by 802.11aa to share request/responses about TXOP allocation.

j0118] Fi(z. 7 is a represcntation of a meodified advertisement action frame action
field and of a TXOP reservation field format defined by 802.11aa that includes HEW

parameters 702, In some implementation, additional information, such as HEW
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pararaeters 702, 18 transported via the protocol defined by 802.11laa by means of
modified or new frame formats. In some implementations, additional protocol rules are

also defined as set forth above,

{8119] In some implementations, certain 8TAs from different BSS are allowed (o
transmit at the same time even in cases where the current WiFi1 CSMA procedure would
not allow transmission. For example, “cell center” STAs 802 i FIG. 8 are allowed to
transmit at the same time. Certain STAs from the different BSSs are prevented from
transmitting at the same time even in cases where the current WiFi CSMA procedure
would allow transmission.  For example, “cell edge” STAs 804 in Figure 8 are

prevented from transmitting even if allowed by the current Wikt CSMA procedure.

{8120] Referring to Figures 5 and 8, in some implementations, coordination requires
identification of the STAs/APs that interfere with each other such as cell center STAs
506B-E, 506H, 802 and cell edge STAs 5064, 506F, 506G, 804, communication across
APs/STAs of different BSSs 1o agree on the time schedule, and/or the use of a

scheduling protocol that determines the schedule.

18121} In some implementations, interfered STAs such as cell center STAs 506B-E,
506H, 802 and cell edge STAs 306A, 306F, 506G, 804 are reporied by STAs o the AP,
The mnterfered STA can be identified by its MAC address or a Partial AID (PAID)
address.  In some implementation, STAs report interfered STAs belonging to
neighboring BSSs. In some implementations where the MAC address is not available
because, for example, the address is sent at a high rate, a Partial A{D may be used.
However, a Partial AID may vot be unigue to the STA. To ncreases the uniqueness of
the Partial AID, the neighboring APs 5044, 5048, and 504C can use disjoint PAID
spaces. Access points may exchange signaling to coordinate the selection of disjoint
Partial AID spaces. In some implementations, the reporting STA includes additional
mterference mformation such as signal strength and frequency of interference. In some

implementations, 802, 1 Tk messaging or similar is used.

[8122] In some iraplementations, STAs request to be considered 1 one of at least
two classes such as interfered or non-interfered. The request can be based on the level
of interference experienced from BSS AP/STA packets even without precise

identification of the interference source,
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[6123] In some implementations, mterfered STAs such as cell center STAs 506B-
E, 506H, 802 and cell edge STAs 506A, 506F, 506G, 804 are classified by the AP based
oun throughput/Packet error rate or by messages sent by STAs over the air and collected
by the AP. In some implementations, the messages are sent in management frames with

contention or at scheduled times.

0124} Referring back to Figure 5, a time schedule can be agreed across APs 504A,
5048, and 504C/STAs of different BSS 502A, 302B, and 502C. In some
implernentations, a moditied 802.1laa framework is used. For example, the messages
being sent across APs S04A, 5048, and 504C may include requested interval of time, a
list of STAs that should be silenced during the requested time or that should adopt
certain medium access procedure (imay include AP), and/or the specific settings for the
access procedure, such as QoS/enhanced distributed channel access (EDCA ) parameters
that should be ased during that time, allowed Access Category, clear channel
assessment parameters {CCA and energy detection threshold), maximum transmission
duration, maximum amount of fraffic that can be dehvered, allowed power of

transmission and other transmit operation modes parameters.

10125] In some implementations where time coordination across APs 5044, 5048,
and 504C 1s based on received mformation, the protocol schedules reserved time or
adapts the behavior of the interfering STA. For example, if reserved time 1s granted
based on communication across APs 504A, 504B, and 504C, the requesting AP/STAs
uses the reserved tiroe for transmission to the AP/STAs that would otherwise have
experienced interference. During this time the requesting AP/STAs may access the
medium with favorable access procedurcs. Favorable access procedures include the use
of a less sensitive clear channel assessment or no clear channel assessment at all, the use
of EDCA paramcter settings that result 1n higher priority access to the medium, the use
of a longer transmission, higher maximum amount of traffic delivered, higher power of
transmission, and/or other favorable transmott operation modes. During this time the
requesting AP/STAs may also not defer mediurn access apon detection of packets on
the medium, as it would be requested by 802.11 medium access procedures. AP/STAs
may nstead drop certain detected packets and igoore them, considering the medium
available for transmission. The certain packets may be identified by a Partial AfD, a

MAC address, and/or an explicit indication ermbedded in the PHY preamble.
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16126] In some unplementations, nterfering STAs are forbidden from accessing
during the reserved time or their access is subject to less favorable procedures. Less
favorable access procedwres include the uwse of a more seusitive clear channel
assessment, the use of EDCA parameter settings that result in lower priority access to
the medium, the use of shorter fransmussion, lower maximum amount of traffic
deltvered, lower power of transmission and/or other less favorable transmit operation
modes. During this time mterforing AP/STAs may also defer medium access upon
detection of certain packets on the medium. The certain packets may be all the detected
packets or may be identified by a Partial AID, a MAC address {e/g reforred to an
interfered STA), and/or an explicit indication embedded in the PHY preamble indicating

that deferral must happen.

8127} In some implementations, if the behavior of the interfering STA is adapted to
protect interfered STAs without strict time boundaries, the interfering STAs must use a
more sensitive deferral to frames sent by/to interfered STAs. For frames sent by/to
other STAs deferral may be weaker. In some implomentations, frames sent by/to
interfered STAs can be identified via Partial AID in the PHY header, a MAC address,
and/or specific bits in the PHY preamble. Sensitive deferral may refer to CCA levels,
EDCA parameters, duration of transmissions, and/or use of RTS/CTS. In some
impiomentation, interfered STAs are allowed to use technigues that favor their access by
mdicating with one bit i the PHY header that thew transmission is protected, using

favorable EDCA parameters, and/or using RTS/CTS.

Frequency Coordination

[6128] FIG. 9 is an cxemplary wircless communication system cmploying
frequency coordination. To some impleruentations, cell center STAs 904 use the whole
bandwidth (BW). Cell edge STAs 902 can only be served with BW1 while cell edge
STAs 906 can only be served with BW2. Of course other arrangements are within the

scope of the disclosure that reduces the likelithood of mterference.

[8129] In some implementations, coordination requires identification of the
STAs/APs that interfore with cach other such as cell edge STAs 902, 906. In some
implementations, coordination requires communication across APs/STAs of different
BSS to agree on the channcls schedule. In some implementations, coordination roquires

the use of a scheduling protocol that determines the channel schedule.
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16138 In some unplementations, interfered STAs such as ‘cell center” STAs and
‘coll edge’ STAs are reported by STAs to the AP. The interfered STA can be identified
by its MAC address or a Partial AID address. In some umplerventation, the STA reports
interfered STAs belonging to neighboring BSS and includes a channel indication. In
some implernentations where the MAC address 1s not available because, for example,
the address ts sent at bigh rate, a Partial AID may be used. However, a Partial AlD may
not be unmigue to the STA. To increases the unigueness of the Partial AID, the
neighboring APs can use disjoint PAID spaces. In some implementations, the reporting
STA includes additional interference information such as signal strength and frequency

of interference. In sowe implementations, 802.1 1k messagiog or similar 1s used.

[8131] In some iraplementations, STAs request to be considered 1 one of at least
two classes such as interfered or non-interfered. The request can be based on the level
of interference experienced from BSS AP/STA packets even without precise

identification of the interference source,

181321 in some implementations, interfered STAs such as ‘cell center” 8TAs and
‘cell edge’ STAs are classified by the AP based on throughput/Packet error rate/channel
or by messages sent by STAs over the air and collected by the AP, In some
implernentations, the messages are sent in management frames with contention or at

scheduled times.

18133] Reterring to Figure 5, a {requency schedule can be agreed across APs 504A,
504B, and 504C/8TAs of different BSS 502A, 502B, and 502C. In some
iaplementations, a modified 802.11aa framework is used. For example, the messages
being sent across APs 504A, 5048, and 504C may imclude a requested frequency
channcl, a list of STAs that should be silenced on the requested channel or that should
adopt certain medium access procedure (may include AP}, and/or the specific settings
for the access procedure, such as QoS/enhanced distributed channel access (EDCA)
parameters that should be used on the requested channel, allowed Access Category,
clear channel assessment parameters (CCA and energy detection threshold), maximum
transmission duration, maaximuom arsount of traffic that can be delivered, allowed power

of transnussion and other transmit operation modes parameters.

{8134] In some implementations where frequency coordination across APs 504A,
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5048, and 304C is based on received information, the protocol schedules a reserved
channel or adapts the behavior of the interfering STA. For example, if a reserved
channel is granted based on communication across APs 5044, 5048, and 504C, the
requesting AP/STAs uses the reserved channel for transmission to the AP/STAs that
would otherwise have experienced interference. Interfering STAs are forbidden from
accessing the reserved channe!l or their access i3 subject to transmission parameter
limitations. For example, on the reserved channel the requesting AP/STAs may access
the medium with favorable access procedures. Favorable access procedures include the
use of a less sensitive clear channel assessment or no clear channel assessment at all, the
use of EDCA parameter settings that result m higher priority access to the medium, the
use of a longer transmission, higher maxinum amount of traffic delivered, higher power
of transmission, aund/or other favorable transmit operation modes. On the reserve

channel the requesting AP/STAs may also not defer medium access upon detection of
packets on the medium, as 1t would be requested by 802.1 1 mediom access procedures.
AP/STAs may instead drop certain detected packets and ignore them, considering the
medium available for transnussion, The certain packets may be dentified by a Partial

AID, a MAC address, and/or an explicit mdication embedded in the PHY preamble.

{3135] In some implementations, interfering STAs are forbidden from accessing the
reserved channel or their access is subject to less favorable procedures. Less favorable
access procedures include the use of a more sensitive clear channel assessment, the use
of EDCA paramcter settings that result in lower priority access to the medium, the use
of shorter transmission, lower maximum amount of traffic delivered, lower power of
transonission and/or other less favorable transmit operation modes. On the reserved
channel mterfering AP/STAs may also defer medium access upon detection of certain
packets on the medium. The certain packets may be all the detected packets or may be
wdentified by a Partial AID, a MAC address (¢/g referred to an mnterfered STA), and/or
an explicit indication embedded n the PHY preamble indicating that deferral must

happen.

{8136] If the behavior of the interfering STA is adapted to protect interfered STAs
without strict channel boundaries, the wnterfering STAs uses a lower transnussion BW
and/or a more sensitive deferral to frames sent by/to interfered STAs. For frames sent

by/to other STAs the deferral may be weaker. In some implementations, frames sent
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hy/to interfered STAs can be identified via Partial AID in the PHY header, a MAC
address, and/or specific bits in the PHY preamble. Sensitive deferral may refer to CCA
tevels, EDCA parameters, duration of transmmissions, and/or use of RTS/CTS, In some
impiomentation, interfered STAs are allowed to use technigues that favor their access by
indicating with one bit in the PHY header that their transmission is protecied, using
favorable EDICA parameters, and/or using RTS/CTS. Please note that although

described separately, coordination in timne and frequency may happen simultancously.

Example High Efficlency Wireless {HEW)} Access Point (AP) Coordination
Protoceol
{8137} Techniques and apparatus are provided herein for protocols that may allow
access points {APs) to coordinate periods of time where interference can be controlled
to desired levels. For example, the APs may coordinate resource usage and operation
modes of APs and stations (STAs).  This may useful in networks with densc
deployments of multiple basic service sets {BSSs). The protocol provided herein may
identify specific messaging, scheduling, and coordination.  The technigues provided
herein may provide esnhancements, for example, to the 802.11ah scheduling and

802.11aa coordination protocols described above.

[6138] In an exampic implementation, using the technigues provided hercin may
allow APs to coordimate what frequencies the APs transmit on.  According fo certain
aspects, the “time periods” for coordination may extend for many multiples of the

heacon periods,

{91391 In a dense BSS scenario {e.g., sirntlar to the dense BSS scenario illustrated in
FIG. 5}, potentially significant throughput gains may be achieved if BSSs can
coordinate their transmissions for certain periods of timme, During these times the BSSs
can coordinate the type of traffic they send (e.g., downlink/uplink), which part of the

frequency band they use, and what kind of access parameters they use.

{8140] FIG. 10 is a graph 1000 illustrating cumulative distribution functions (CDFs)
1002, 1004, 1006 for downlink throughput in a regularly spaced network, 1n accordance
with certain aspects of the present disclosure.  As shown in FIG. 19, one curve may
correspond to the CDF 1304 for reuse egual to 1, where all APs send without any

coordination in time or frequency. The top thirty percent (30%) of users may get very
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good throughput (iput), but the bottom fifly percent (50%) of users may be in outage. A
second curve may correspond to the CDF 1306 for reuse equal to 1/3, where APs
coordivale in frequency, but not time. The bottom fifty percent (50%) of users may no
longer be in outage, but the top thirty percent (30%) may not achieve high throughput.
A third curve may correspond to the CDF 1302 for a HEW scheme with 1 1/3 reuse,
where the APs coordinate in both frequency and time. The bottom fifty percent (50%)
may no longer be in outage and the top thirty percent (30%) may still have high
throughput. In aspects, the time and frequency coordination may be performed by the
APs as shown in FIGs. 8 and 9, for example. APs can use time slots {e.g., time periods)
with a lower reuse factor to send o interference sensitive users, User on the cell edge
get served on BW1 or BW2 during even time siots, while users closer to the AP can be

served with the entive bandwidth daring odd time slots.

{9141} Uplink transrmssions may wnlerfere with the downlink transmissions of
neighboring overlapping BSSs (OBSSs). Hence, certain time periods (©.g., slots) may
be allocated for downlink only. This may avoid interference with uplink transmissions
during those times. Alternatively, certain time periods may be set aside for uplink
traffic only, so that the uphink traffic does not wmterfere with downlink traffic during
these times. In aspects, certain time periods may be uplink and downlink. In aspects,

certain time periods may have different reuse factors.

[8142] According to certain aspects, certain time periods may be allocated where
the AP requests that certain nodes 1o OBSSs do not transmit. This may allow nodes that
are sensitive to interference to trapsmit is an environment with less interference.
Converscly, the AP could reguest that only certain nodes from OBSSs transmit during a

reserved time.

[0143] It may be desirable to have time periods where neighboring BSSs are
fransmitting on orthogounal frequency bands (1.c., orthogonalized) in order to reduce
interference.  This may be achieved in a variety of ways. In one example, a maximum
bandwidth (BW} may be specified for a particular time period, and the BSSs may
randoruly choose a channel of this raximom BW. 1o another example, a maximum BW
may be specified for a particular time period, and the BSSs may select a channel for
trausmission by starting with their primary channel and inereasing the channel until the

channel reaches the maximum BW specified. The BSSs may also prenegotiate which
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channel to use when asked to transmit on a chawnel of a particular size. Altervatively, a
“no interference” frequency may be specified for a particular time period, in which case
the BSSs may be free to send on any {requency but the one specified. The time periods
where neighboring BSSs send on different frequency bands may or may not include
additional restrictions on the type of traffic. For example, the time periods may be
restricted to downlink only, uplink only, or uplink and downlink periods. These time
periods may also have additional specifications regarding the way devices are to access
the medium during that time. For example, they may be restricted to use baseline
carricr sensing multiple access (CSMA) with different values of CWmin or to use a

special set of enhanced distributed channel access (EDCA) parameters, eic.

[0144] It may also be beneficial to have time periods with modified deferval rules..
The deferral rules could be such that participating nodes do not need to defer to nodes
that have a BSSID different from thewr own BSSID.  Alternatively, participating nodes
would not need to defer to nodes that have specific BSSIDs. These specific BSSIDs
could be communicated to the other APs n the coordinating messages. The specific
BSSIs would also be communicated to the participating STAs. APs could use these

time periods to allow service for users that are less sensitive to interference.

[8145] According to cortain aspects, it 18 also possible to always allow a certain set
of nodes i a BSS to forgo the normal deferral rules. For example, STAs that are far
from neighboring BSSs may be allowed to forgo deferring to nodes that use a BSSID
differcut from their own. Or, the BESs may be allowed to forgo deferring to nodes that

have a specific BSSID.

[6146] Some of these reserved time periods may also be such that APs and STAs
allowed to use these time periods are granted favorable access to the medium. For
example they could have less sensitive clear channel assessment levels, less stringent
deferral rules, the use of more favorable EDCA parameters allowing faster access to the
mediun, the use of higher power, and or other favorable transmission options. This

could help users of the new protocol not be adversely affected by legacy users.

[8147] Techniques and apparatus are provided herein for allowing APs to
coordivate periods of time where interfercuce may be controlled to various levels.

According to certain aspects, coordination may include time synchronization, intra-AP
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scheduling, and the enforcement of the scheduling within the AP. In aspects, the
coordination may be performed with over the air (OTA) messaging. Time

synchronization and intra~-AP scheduling may be performed with backhaul counection

nessaging.
{3148} Time synchronization wmay be performed in order to maintain
synchronization i time between APs.  According to certain  aspects, time

synchronization may be performed tn a manner similar to social wifi {e.g., using certain
methods from social wifi), For example, all nodes in a coordinating set may listen to a
single {e.g., periodic) message {¢.g., from a single master node} to update their clocks.
According to cortain aspects, a node, which may be within the coordinating set, may be
sclected as the “master” node. The other nodes in the set may update their clocks based
on the clock of the master node. The designated master of the coordinating set may
send out the synchronizing message (e.g., any message with timing wmiormation about
when the message was sent), For instance, the master of the coordinating set may send
out beacons at g particular interval, Other APs in the coordinating set may histen to the
master’s beacon and adjust their clocks based on the timing information in the beacon.
According to certain aspects, the message sent by the master may not be a beacon,
instead, any message having timing information about when the message was sent {e.g.,
according to the Master’s clock} may be used. Other devices (1., “agents”), whether
they be APs or STAs, may be used to relay the masier’s timing message. Therefore,
multiple coordinating sets can be synchronized in time. The timing messages of nodes
may all happen in a particular time window or each node may send its timing messages

at an unrelated time from the other nodes.

{0149] According to certain aspects, methods (e.g., similar to 802.11aa methods)
may be used for timing synchronization. For example, all nodes in a coordinating set
may listen to timing messages from all their members (e.g., there may not be any master
node). Fach node may update its timer so that it docs not lose synch with any merber,
Alternatively, each node may update its timer so that it siays 1o synch with as many
members as possible. For certain systeris (e.g., 802.1 1aa systems), it may be assumed
that APs can hear the beacons of other APs they want to coordinate with, According to
certain aspects, the nodes may update their timers based on a node that is furthest away

in time. According to certain aspects, the nodes may update their fimers to stay in synch
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with as many other nodes as possible. For cach OBSS APs, au AP may listen to the
beacon and may calculate

Tf)ff&ez‘ =7F - TR,

{8150] where Tz, is the timing offset value, 77 1s the value in the Timestamyp field
in the received Beacon frame, and TR is the Beacon frame reception time measured
using the AP’s TSF timer. The AP may also store T,z which may be used for
converting OBSS AP’s time to AP’s time. The AP may also perform drift adjustment.

For cach OBSS AP, the AP may calculate

7, t’i(}ck!)z*gft =T off -7 offzet, (s

[0151] where e 18 the clock drift amount represented as twos complement, in

wicroseconds, Tomes 15 the Tome obtamed from the previous beacon reception, and

Tomsern 18 the T Obtained from the current beacon reception.

101521 According to certain aspects, if max OBSS(Trwao)>0, the AP may

suspend its TSF timer {or the duration of the largest Tepenns.

[8153] According to certain aspects, coordinating sets may each have a Master
which sends out periodic timing information (¢.g., a beacon or other simlar message).
Neodes may belong to multiple coordinating sets, These nodes may listen to the timing
messages of each master. The nodes may set their clocks so that they can stay in synch

with as many masters as possible

{8154] It may be desirable to ensure that the APs can hear the messages that carry
tining information so that the APs may remain n syuc., For example, an AP way listen
for synchronization messages during a quict period for its STAs. According to certain
aspects, the AP may send various messages in order to specify (i.e., reserve) the quiet
pertod. Certain systers (e.g., 802.11aa systems) assume that the APs are in control of
all transmissions and, hence, there may not be any uplink traffic i the BSS to mnterfere
with a beacon reception from another AP in the coordinating set. Social wifi assumes
that all nodes are listening for the timing rocssages. However, this may not be the case
m a HEW system. In HEW, uplink transmuissions may interfere with tirning messages
from other APs. If the AP misses beacons {¢.g., duc to interference from the UL

transmissions), the AP may lose time synchronwzation with the other nodes U 1s
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coordinating with.

[6155] According to certain aspects, the AP way send a broadcast message
eserving the time it will listen (listening time} to timing messages from other APs,
According to certain aspects, this message may inchude the start tiroes and durations that
the AP wants to reserve so it can listen fo timing messages. According to certain

aspects, the message may be sent directly after the beacon.

8136} According to certain aspects, the AP may send a quict clement fo silence
STAs in tts BSS. The quiet element may define an interval during which no
transmission should occur in the current channel, A quict eloment may {e.g., as defined
by the 802.11 standard) include the following fields: element ID, length, quict count,
guiet period, quict duration, and quict offset. In the case where multiple interference
free pertods (1.e., quiet periods) are desired, the AP way send multiple quiet elements to
eserve the multiple periods. Alternatively, the guiet element itself may be modified to
reserve multiple non-cousecutive quiet periods. For example, a field for the number of
quiet periods may be added to the quict element as well as additional fields for quiet
count, quict period, quiet duration, and gquiet offsct. The multiplicity of the ficlds may

be determined by the number of quiet periods desired.

{8157} According to certain aspects, the AP may wake sleeping users only after the
eserved times have passed. The AP may wake users with target wake times (TWT). In
this way, the AP way ensure that STAs do not send during the reserved periods.
According to certain aspects, the AP may use a modified RAW frame or modified
power save nwlti-poll (PSMP) message to reserve the period for histening without
interference.  FIG. 11 illustrates an example frame 1100 field format for RAW, i
accordance with certain aspects of the present disclosure, According to certain aspects,
the AP may include a group ID in the RAW frame to which no STAs belong so that the
STAs sleep during the reserved times. [If there arc multiple time periods that the AP
wants to reserve per beacon frame, then the AP may send a RAW frame before cach of
the muitiple time periods.  Alternatively, the AP may modify the RAW frame to have
multiple reserved periods. For example, the AP way add additional RAW start tivae &
RAW duration fields and a “number of reservations” field. As yet another alternative,
the AP may send multiple consecutive RAW frames to reserve multiple periods for

listening {e.g., 1 for each reservation needed}.
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[6158] According to certain aspects, the AP may send a single PSMP frame to
schedule multiple STAs, for example, instead of sending direct gquality of service
{(30S)(+) contention free (CF)-Poll {e.g., as used m hybnid coordinated function (HCF)
controlied channel access (HCCA)}), This may reduce power consumption by providing
an UL and DL schedule at the start of the PSMP phase so that cach STA may only turn
on its receiver if there is a downlink transmission time (DTT) scheduled for the STA
and cach STA may transmit only if it has an assigned uphink transmission tirae (UTT).
There may be no need to perform clear channel assessmeunt (CCA). The frame format
of an cxample PSMP message 1200 1s shown in FIG. 12, The AP may assign PSMP
PTTs or UTTs to a STA ID corresponding to non-existent STAs, or other reserved STA
ID, in order to make sure the medium is interference free. K can then listen to the
timing messages from the other roembers of the coordinating set without interference
from inside the BSS. If non-contiguous time reservations are desired, the PSMP

message can be modified so that DTTs may be non-contiguous.

Intra-AP Scheduling

[6159] For inira-AP scheduling, scheduling imformation may be corumunicated
across APs. One example of scheduling information to be communicated may be time
allocation of reservation slot which may include: start time, where the start time 1s
measured from {(e.g., from the end of the sender’s beacon time}, duration of reservation,
and periodicity of reservation time—if applicable.  For example, the AP may specity
that the reserved period will occur once daring each of the next “x” beacon periods,
where “x” could be 1-128. Alternatively, the AP may specify that the reserved period

occurs during each beacon period uniil specified otherwise,

{9160] In addition to the tivaing of the reserved slot, another exaruple of scheduling
information that may be communicated across APs may include the type of coordinated
access allowed per reservation ruay also be communicated across APs. According to
certain aspects, the AP may reserve the listening time only for uplink, only for
downlink, or for both uphink and downlink., Accordmg to certain aspects, the AP may
reserve the listening pertod for silence from other members of the coordinated set.
According to certain aspects, the AP may communicate bandwidth information for the
reservation {¢.g., when time coordination s paired with frequency coordination). For

cxample, the AP may specify a particular bandwidth to reserve (i.e., for neighboring
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APs not 1o use during the reserved time) or a maximum bandwidih for its neighbors to
use during the reserved time. According to certain aspects, the AP may specify which
EDCA/backofl/schedule parameters (e.g., arbitrary mterframe space (AIFS), CWmin,
CWmax, TXOP himit, CCA thresholds) the neighboring APs may use during the reserve
fime.  According to certain aspects, the AP may specify access classes during the
reserved listening time. For example, the AP may specify a traffic guality of service

(QoS) {c.g., ACs, max amount of transmit time/byies allowed).

{0161} According to certain aspects, only master nodes can send out scheduling
information {¢.g., send a reservation}. According to certain aspects, there may be only
one master node per coordination set. Alternatively, there may be more than one master
node per coordination set, but not all nodes m the coordination set are master nodes, o
another alternative, all nodes in the coordination set may send out schedule information.
According to certain aspects, non-scheduling nodes (e, nodes that do not send out
scheduling information) may send input to the master node before the master node

sends the schedule,

9162} According to certain aspects, nodes sending out the schedule (1., scheduling
nodes} may make the schedule based on their own needs. In this case, the scheduling
node(sy do not solicit input from other nodes m the coordination seis and do not
request/require responses to the scheduling messages.  According to certain aspects,
nodes sending out the schedule may make the schedule based on input received from
other nodes in the coordination set prior 1o sending the schedule, but may not

equest/require responses from the other nodes before sending the scheduling message.

[6163] According to certain aspects, nodes sending out the schedule may
request/require responses from members of the coordination set.  According to certain
aspects, a node sending a schedule sends the scheduling to, and gets a response to the
message from, cach member in the coordinating set. According to certain aspects, only
nodes that contest the schedule send a response. According to certain aspects, a node
sending a schedule may or may not get responses from other members of the
coordinating set. According to ceriain aspects, a node sending the scheduling message
may send a single scheduling message to all the members of the coordinating set and
may set aside a time penod after the message Lo receive responses from other raembers

of the coordinating set. According to certain aspects, the responses may be scheduled.
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According to certain aspects, the response schedule may be contained 1o the original
schedule message {e.g., the response schedule may be prenegotiated). Responders may
contend for the mediurn {e.g., using standard 802.11 contention methods). According to
certain aspects, responders may send simultancously on different parts of the bandwidth
using OFDMA.  According to certain aspects, responders may send simultaneously
using different spreading sequences. According o certain aspects, the scheduling node

may keep sending uniil it receives 4 response,

[0164] According to certain aspects, scheduling information may be sent out at
predetermined {e.g., prior to transmission of the scheduling information} times—for
example, directly following the beacon period or within a predetermined recurring time
stot where APs can contend to send scheduling messages. Alternatively, the scheduling
messages may be sent during the same period as the timing coordination messages.
This may allow the nodes 1 the coordinating set have already cleared the medium of
interference so they can listen. If the scheduling messages are being sent out at
predetermined times that are difforent from the timing messages, then the APs may
reserve the medium for these times just as they reserved the medium for the timing
messages.  Alternatively, scheduling information may be sent out at times not
predetermined {e.g., whenever the AP wants to send the message and has access to the

medium}.

{8165] According to certain aspects, any combinations of the various aspects and
options described above for which nodes may send scheduling information, whether and
how the scheduling is negotiable, and when the scheduling information is sent may be

used.

[0166] As described above, the scheduling node may receive nput from non
scheduling nodes prior to scheduling. According to certain aspects, the nput may
specify whether extra protection is needed for that node, how much data a node has to
be protected (e.g., how much data in cach QoS class to be protected), what kind of
protection is needed (e.g., downlink only, lower frequency reuse, complete silence from
witerferers, ete.), or if the current schedule provides too much or too little protected

times,

10167} According to certain aspects, non scheduling nodes in a coordination set may
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provide respounse to the scheduling messages sent froro the scheduling nodes. The
responses may include an ACK or NACK to the proposed reservation time. If the
response includes a NACK, the respounse may also include the reason for the NACK
{e.g., conflicts with another reserved time or too many reserved times). The response
may also include an alternative reservation (c.g., aliernative time for rescrvation,

alternative duration for reservation, or alternative type of reservation}.

10168] According to certain aspects, for 802.11aa standard protocols setup, all nodes
in the coordinating set may send scheduling requests.  These requests may be called
transonission opportunity (TxOP) advertisements.  TxOP advertisements may request
stienice from the other nodes in the coordination set {e.z., overlapping BSSs) during the
TxOP. Al nodes in the coordinating set may respond to these scheduling requests.
Responses may include alternate schedule suggestions. A TxOP advertisement frame
may tiocludes category, public action, dialog token, mumber of reported TxOP
reservation, and number of pending TxOP rescrvations, active reservations, and TxOP
reservations. The TxOP reservation ficld may include duration, service iterval (ST,
and start time. The duration subfield may specify the duration of the TxOP in units of
32 us. The SI subficld may contain an 8-bit unsigned integer that specifies the ST of the
reservation in units of milliseconds. The Start Time subficld is the offset from the next
target beacon transmission time {TBTT) to the start of the first SP and may indicate the
anticipated start time, expressed 1u microseconds, of the first TxOP after the TBTT. The
response to TxOP advertisemient frame may include category, public action, dialog

token, status code, schedule conthict, alternative schedule, and avoidance reguest.

[8169] According to certain aspects, a modified TXOP frame may used by HEW
APs to schedunle coordination among other nodes i the coordination set. For HEW,
“shared reservations” may be desirable. Additional fields may be added to the TxOP
reservation frame to enumerate the type of reservation requested. For example, the
tields may specify type of traffic allowed (e.g., UL, DL, or UL and DL), bandwidth mfo
{e.g., reserved bandwidth or maximum bandwidth to use), and/or type of medium access
{e.g., normal EDCA, no backoff, or only certain QoS Classes). According o certain
aspects, the reservation may be looger than a normal TxOP siuce the reservation could
be for more than a single user's data. According to certain aspects, periodicity

information may be added (¢.g., whether or not the reservation happens repeatedly with
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some periodicity).

16176] According to certain aspects, a HEW TxOP reservation frame may include
an octet for duration, an octet for S, four octets for start frame, two bits specifying UL,
BL, or ULADL, three bits specifyiog type of medium access {e.g., bandwidth

information}, and two bits periodicity information.

8171} According to certain aspects, the messages described above for coordination
may be coxchanged between APs via non-OTA mcethods such as  backhaul
communications. For example, the mediun access control (MAC) message may be sent
through a (wireliney “layer 27 network, such as Ethernet or similar. A bridging
operation for the address translation/switching/routing ruay be used where messages are

routed through the L2 network until the destination AP,

{8172} According to certain aspects, thoe MAC message may be sent encapsulated
through a higher layer protocol. For example, LLC preamble may be set to an Ethertype

value corresponding to a Layer 3 or above protocol dedicated to the transport of the

coordination messages.

[0173] According to certain aspects, the protocol may be delegated to higher laver
protocols. For example, the coordination message may not be in the form of a MAC
message, nstead, the MAC manageruent entity may conumunicate with higher layers for

the generation of messages at the higher layer protocol.

16174] According to certain aspects, a mechanism may be i place for an AP to
discover the address of a neighboring AP which is the destination of the coordination
messages.  For example, the AP wmay discover the neighboting AP address through
existing OTA signaling (e.g., beacons, sniffing of frames sent by APs/8TAs), through
an explict OTA discovery protocol {(¢.g., social WiFi or WiFi-D), programmed at

deployment or set by the user though an application.

Inter-AP Scheduling

[0175] For inter-AP scheduling, once an AP knows the reservation times, the AP
may indicate that information to its STAs. H the AP 1s using HCCA, 1 may already be
in full control of the medium. H the AP is not using HCCA, there are varicus methods

reserving the mediurn, According to certain aspects, information may be added to the
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RAW frame. The information may include whether the reservation 1s for DL, UL, or
DE+UL, which bandwidth the reservation is for, the type of channel access (e.g.,

standard access or modified deferral rules), and which EDCA parameters to use.

{8176} According to certain aspects, information may be added to the PSMP frame.
The information may include which bandwidth to use, what kind of channel access to
use during reservation, and what access parameters to use during reservation {e.g.,
which EDCA parameters). The information may be for the whole PSMP reservation, on
a STA by STA basis {e.g.. PSMP has a reservation per 8TA), or based on UL/DL
intervals. According to certain aspects, a management negotiation may be performed
where the AP and its STAs agree on whether the STAs are allowed to transnit on the
medium when not polled by a PSMP request. According to certain aspects, the AP and

STAs may agree on a fime when the PSMP 1s expected

{8177} According to certain aspects, a management negotiation may be performed
where AP and STA agree on whether the §TA 19 allowed to transmit on the medium
when not explicitly given permission to send. Explicit permission to send can be
granted via a RAW, TWT, PSMP, reverse divection grant (RDG), or any other message

sent by the AP which allows certain user to transmit during a given amount of time.

{0178] According to certain aspects, the RAW or PSMP frame may not be modified
to indicate the reservation to the STAs. Instead, the AP may use the frames in 4 manner

{0 indicate the mfiormation,

{8179] According to certain aspects, minimizing primary channel interference may
help with throughput.  However, the closest APs may not coordinate because
coordination is done over the beacons—or other such message—oun the primary
channel. According to certain aspects, the AP may transmit duplicate beacons on the
whole bandwidth., For deunse networks, beacon range may not be of imporiance.
According to certain aspects, APs may choose their closest APs to coordinate with
regardless of primary channel, as loug as operating bandwidth is the same. APs may
detect and decode beacons on multiple channels—possibly simultanecusly. According
to certain aspects, a common coordination channel may be used. Alternatively, beacons
may be sent only on the primary chaunnel, but messages for coordination may be sent on
all the channels. As another alternative, nodes may transmit coordinating messages

only on their primary channels, but they may hsten for coordinating messages on all
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their channels,

[0180] Fig. 13 idlustrates example operations 1300 for coordinating access 1o a
shared medium, in accordance with certain aspects of the present disclosure. The
operations 1300 may be performed, for example, by an AP (e.g, AP 504). The
operations 1300 may begin, at 1302, by synchronizing with one or more peer
apparatuses bascd on synchronization messages detected during a listening tme.
According to certain aspects, the one or more peer apparatus may be in a coordinating
set {e.g., a BSS) or in multiplc coordinating sets. The AP and other peer apparatus may
synchronize to a single time. For example, the AP may select a master, and the AP and

the peer apparatus may synchronize to the master’s time {(e.g., clock).

{8181 According to certain aspects, the AP may transmit a message {¢.g., to the one
or more peer apparatuses) to reserve the listening timoe for listeming o the
synchronization messages. According to certain aspects, the message may be a quict
cleruent, a RAW frame, or a PSMP message. According to certaim aspects, the RAW
frame may indicate a grouplD to which no devices belong.  Alternatively, the RAW
frame may indicate multiple non-consecutive times to reserve for listening. According
to certain aspects, the transmission time of the PSMP message may be used to indicate
listening times to rescrve.  According to certain aspects, the PSMP message may
ndicate a device D corresponding to a non-existent device.  According to certain
aspects, the PSMP message may indicate mmultiple non-consecutive times to reserve for

histening to the synchromzation messages.

[0182] At 1304, the AP may output, for transmission, scheduling mformation to the
one or more peer apparatuses, the scheduling information indicating one or more time
periods during which coordinated access to the shared medium 1s destred.  According o
certain aspects, the scheduling information may include a start time or a duration of the
one or more time periods during which coordinated access to the shared medium 1
desired {e.g., in one or more additional fields included in the RAW frame or PSMP
message). According to certain aspects, the scheduling information may include an
wmdication of a type of coordinated access allowed for the one or wore time penods
{e.g., uplink access, downlink access, or both uplink and downlink access). According
to certain aspects, the scheduling information may include wformation related to a

bandwidth aliowed during the one or more time periods {(e.g., a particular bandwidth to



WO 2015/031487 PCT/US2014/052923
46

use or a maximum bandwidth to be used). According to certamn aspects, the scheduling
information may inchade information relating to one or more types of deferral rules. For
example, a modified deferral rule that allows the one or more peer apparatuses and the
devices served by the apparatus to ignore packets from other peer apparatuscs and
devices that have certain BSS IDs.  According to certain aspects, the scheduling
information may include information relating to achieving favorable access to the

shared medium.

[0183] At 1306, the AP may output, for transmussion, at least some of the
scheduling information to devices served by the apparatus. According to certain
aspects, at least some of the scheduling information may identify a subset of the devices
that should transmit during a scheduled time. According to certain aspecis, the AP way
transmit the scheduling information to the one or more peer apparatuses independently
of 1uput from the one or more peer apparatuses. According to certain aspects, the AP
may solicit input from the one or more peer apparatuses prior to transmitting the
scheduling information to the one or more peer apparatuses.  According to certain
aspects, the AP may wait to receive responses from the one or more peer apparatuses
prior to transmitting the scheduling information to the one or more peer apparatuses,
According to certain aspects, the AP may require responses from the one or more peer
apparatus.  According o certain aspects, the AP may generate the scheduling

mformation based, at least in part, on the responses,

[0184] According to certain aspects, the AP may transnmt the scheduling
information to the onc or more peer apparatuses following a beacon period.
Alternatively, the AP may transmit the scheduling information to the one or more peer
apparatuses within a predetermined recurring time period. According to certain aspects,
the AP may contend to send scheduling messages within the predetermuined recurring
time period. According to certain aspects, the AP may transmit the scheduling
information to the one or more peer apparatuses if the apparatus has access to the shared
medium. According to certain aspects, the AP may transmit the scheduling wnformation
OTA. Alternatively, the AP may transmit the scheduling information via a backhaul

connection.

[0185] According to certain aspects, the AP may transnmt the scheduling

information to the devices served by the apparatus using RAW frame or PSMP
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message. According to certain aspects, the RAW frame or PSMP message may indicate
the one or more time periods are for downlink access, uplink access, or both; a
bandwidth to use during the one or more timie periods, a type of channel access to use
during the one or more time periods; what deferral rules to use, or what EDCA
parameters to use during the one or more time periods. According to certain aspects, the
AP may transmit the scheduling information to the devices served by the apparatus

using a PSMP message.

[8186] According to cortain aspects, the AP may transnut the scheduling
information to the one or more peer apparatuses on-primary channels. According to
certain aspects, the AP may transmit duplicated scheduling information on non-primary
channels. According to certain aspects, the AP may receive synchronization messages
on primary channels and/or on non-primary channels. According to certain aspects, the
scheduling information roay identify the one or more peer apparatuses in OBSSs that

should not transmit during a scheduled time,

{3187] Fig. 14 illustrates example operations 1400 for coordinating access to a
sharcd medium, 1 accordance with certain aspects of the present disclosure. The
operations 1400 may be performed, for example, by an AP {e.g.,, AP 504). The
operations 1400 may begin, at 1402, by receiving, from another AP, a message to
reserve a listening time for the other AP to listen to one or more synchronization

N1CS8aZ08.

{0IRE At 1404, the AP may take action to ensure stations served by the AP do not
mterfere with synchronization messages during the listenung time. At 1406, the AP may
receive, from the other AP, scheduling information indicating one or more reservation
periods during which coordinated access to the shared medium s desired. At 1408, the

UE may take to provide coordinated access during the one or more reservation periods.

{BI8Y] The varipus operations of methods described above may be performed by
any suitable means capable of performing the corresponding functions. The means may
mclude various hardware and/or software component(s) and/or module(s), including,
but not limited to a circuit, an application specific integrated circuit (ASIC), or
processor, Generally, where there are operations illustrated wn figures, those operatious

may have corresponding counterpart means-plus-function components with similar
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numbering. For example, operations 1300 and operations 1400 iflustrated in FIG, 13
and FIG. 14, respectively, correspond to means [300A and means 1400A illustrated in

FIG. 13A and FIG. 14A, respectively.

{9196] For example, means for transmitting may comprise a transmitier (e.g., the
transmuitter 410} and/or an antenna(s) 416 of the wircless device 402 ilustrated in
FIG. 4. Means for receiving may comprise a receiver {e.g., the receiver 412) and/or an
antenna(s) 416 of the wireless device 402 illustrated in FIG. 4. Means for processing,
means {or generating, means for waiting, means for synchronmzing, means {or selecting,
and means for contending may comprise a processing system, which may include one or

more processors, such as the processor 404 ilustrated in FIG. 4.

HIL3 Y In some cases, an interface for outputting a frame may be an actual
trausmitter {¢.g., physical RF front end) or may be an wierface for receiving a frame

{c.g., from a processor} and outputting that frame {(¢.z., to a physical RF front end) for

transmssion,
[0192] As used herein, the term “determining” encompasses a wide variety of

actions. For example, “determining” may include calculating, computing, processing,
deriving, investigating, looking up {e.g., looking up in a table, a database or another data
structure}, ascertaining and the like. Also, “determining” may include receiving {e.g.,
receiving information}, accessing {e.g., accessing data in a memory) and the like. Also,
“deterroining” may include resolving, selecting, choosing, establishing and the like.
Further, a “channel width” as used herein may encompass or may also be referred to as

a bandwidth in certain aspects,

[0193] As used herein, a phrase reforring to “at least one of” a list of iterns refers to
any combination of those items, including single members. As an example, “at least

one of a, b, or ¢” 18 intended to cover: a, b, ¢, a-b, a-¢, b-¢, and a-b-¢,

[9194] The various operations of methods described above may be performed by
any suitable means capable of performing the operations, such as various hardware
and/or software component(s), circuits, and/or module(s). Generally, any operations
iitustrated 1u the Figures may be performed by corresponding functional roeans capable

of performing the operations.
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[6195] The various illustrative logical blocks, modules and circuits described 1o
connection with the present disclosure may be tmpiemented or performed with a general
purpose processor, a digital signal processor (IDSP), an application specilic integrated
circuit (ASIC), a field programmable gate array signal (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, discrete hardware components or
any combination thereof designed to perform the functions described herein. A general
PUIPOSC processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontroller or state machine. A
processor may also be implemented as a combination of computing devices, ¢.g., a
combination of 4 DSP and a microprocessor, a plurality of microprocessors, one ot

MOTe MICToProcessors in conjunction with a DSP core, or any other such configuration.

[6196] In one or more aspects, the functions described may be immplemented in
hardware, software, firmware, or any combination thereof. I nuplemented in software,
the functions may be stored on or transmitted over as one or more instructions or code
on a computer-readable mediurn,  Computer-readable media includes both computer
storage media and communication media including any medium that facilitates transfer
of a computer program fromn one place to another, A storage media may be any
available media that can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or store desired program code in
the form of instructions or data structures and that can be accessed by a computer. Also,
any connection is properly termed a computer-readable medium. For example, if the
software 18 transmitted from a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as mfrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wircless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
mcludes compact dise {CD), laser disc, optical dise, digital versatile disc {DVD), floppy
disk, and Blu-ray® disc where disks usually reproduce data magnetically, while dises
reproduce data optically with lasers. Thus, 10 some aspects, computer readable medium
may comprise non-fransitory computer readable medium {e.g., tangible media). In

addition, in some aspects computer readable medium may comprise transitory computer
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readable medium {¢.g., a signal). Combinations of the above should also be included

within the scope of computer-readable media.

6197} Thus, certain aspects may comprise a computer program product for
performing the operations presented herein.  For exarmiple, such a computer program
product may comprise a computer readable medium having instructions stored {and/or
encoded) thereon, the instructions being oxccutable by one or more processors to
perform the operations described herein. For certain aspects, the computer program
product may include packaging material.  For example, the imstructions may be
executed by a processor or processing, such as processor 404, and stored in a memory,
such as memory 404, illustrated 1n FIG. 4. For example, the computer-readable medium
may have computer executable instructions stored thereou for synchronizing with one or
more pecr apparatuses based on synchronization messages detected during a listening
time, nstructions for transmitting scheduling information to the one or more peer
apparatuses, the scheduling information indicating one or more time periods during
which coordinated access to the shared medium is desired, and instructions for
transmitting at least some of the scheduling information to devices served by the

apparatus,

[0198] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with onc another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions s specified, the order and/or use of specific steps

and/or actions may be modified without departing from the scope of the claims.

{0199] Software or instructions may also be transmitted over a transmission
mediom. For exarple, if the software i3 transmmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
hine (DSL), or wireless techuologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as

infrared, radio, and microwave are included mn the definition of transmission medium.

16208 Further, i should be appreciated that modales and/or other appropriate
means for performing the methods and technigues described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base station as applicable, For

example, such a device can be coupled to a server to facilitate the transfer of means for
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performing the methods described herein.  Alternatively, various wethods described
herein can be provided via storage means {(¢.g., RAM, ROM, a physical storage medium
such as a compact disc {CD) or floppy disk, elc.), such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage nicans to
the device. Moreover, any other sutiable technique for providing the mothods and

techntques described heretn to a device can be utilized.

{82011 It 18 to be understood that the claims are not limited to the precise
configuration and components illustrated above. Various modifications, changes and
variations may be made in the arrangement, operation and details of the methods and

apparatus described above without departing from the scope of the claims.

19202} While the foregoing is directed to aspects of the present disclosure, other and
further aspects of the disclosure may be devised withowt departing from the basic scope

thereof, and the scope thercot 1s determined by the claims that follow,
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CLAIMS

WHAT IS CLAIMED 1Ss:

1. An apparatus for coordinating access to a shared medium, comprising:
a processing system configured to synchronize with one or more peer
apparatuses based on synchronization messages detected during a histening time; and
an interface configured to:
output, for transmission, scheduling information to the one or more peer
apparatuses, the scheduling information indicating one or more time periods
during which coordinated access to the shared medium 18 desired; and
output, for transmission, at least some of the scheduling information to

devices served by the apparatus,

2. The apparatus of claim 1, wherein the one or more peer apparatuses are in one or

more coordinating sets.

3. The apparatus of claima 1, wherein the apparatus and the one or more peer

apparatuses synchronize to a single time.

4. The apparatus of claim 3, wherein:

the processing systom s further configured to sclect one of the apparatus or one
of the one or more peer apparatuses as a master, and

the synchronization comprises setting a time of at least one of the apparatus or

ONe OF MOFe peer apparatuses to a time of the master.

5. The apparatus of claim 1, wherein the interface 1s further configared to output,
for transmission, a message to reserve the listening time for listening to the

synchronization messages.

6. The apparatus of claim 3, wherein the message comprises a restricted access
window {RAW) frame.
7. The apparatus of claim 5, wherein the message comprises a power save multi-

poll (PSMP} message.
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8. The apparatus of claim 1, wherein the scheduling information comprises at least

one of a start time or a duration of the one or more time periods during which

coordinated access 1o the shared mediom s desired.

9. The apparatus of claim 1, wherein the scheduling mtormation comprises an
indication of a type of coordinated access allowed for the one or more time periods,
wherein the type of coordinated access allowed comprises one of: uplink access,

downlink access, or both uplink and downlink access.

10. The apparatus of claim 1, wherein the scheduling wnformation comprises
information related to a bandwidth allowed and a location of the bandwidth during the

one OF ore Hue periods.

It The apparatus of claim 1, wherein the scheduling wnformation comprises
information relating to at least one of!
one or more enhanced distributed channel access (EDCA) paramcters or clear

channpel assessment (CCA) to use during the one or more time periods

12. The apparatus of claim 1, wherein the scheduling wnformation comprises

information relating to one or more types of deferral rules.

13. The apparatus of claim 12, wherein:

at least one type of the one or more types of deferral rules is a modified deferral
rule, and

the modified deferral rule allows the one or more pecr apparatuses and the
devices served by the apparatus to ignore packets from other peer apparatuses and

devices that have certain basic service set (BSS) IDs.

14, The apparatus of claim 1, wherein the outputting for transmission of the
scheduling information to the one or more peer apparatuses 1 independent of input from

the one or more peer apparatuses.

15.  The apparatus of claim 1, wherein the processing system is further configured to

solicit input from the one or more peer apparatuses prior to the outputting, for
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trausmission, the at least some of the scheduling information to the devices served by

the apparatus.

16. The apparatus of claim 15, wherein the processing system is further configured
to wait to recetve responses from the one or more peer apparatuses prior to the
outputting, for transmission, of the at least some of the scheduling information to the

devices served by the apparatus,

17. The apparatus of claim 16, wherein the processing system is further configured

to generate the scheduling information based, at least in part, on the responses.

18.  The apparatus of claim 1, wherein the scheduling mformation is output for

transmission to the one or more peer apparatuses following a beacon period.

19, The apparatus of claim 1, wherein the scheduling information is output for

transmission to the one or more peer apparatuses within a recurring time period.

20. The apparatus of claim 19, wherein the processing system is further configured
to:

contend to send the scheduling information within the recurring time period.

21 The apparatus of claim 1, wherein the scheduling information is output for
fransmission to the one or more peer apparatuses via an over-the-air (OTA) interface or

a backhaul connection.

22.  The apparatus of claim 1, wherein the at [east some of the scheduling
information identify a subset of the devices that should transmit during a scheduled

time.

23, The apparatus of claim 1, wherein outputting, for transmission, the at least some
of the scheduling information to devices served by the apparatus comprises outputting,
for transmission, at least one of a restricted access window (RAW) frame or a power

save nudti-poll {PSMP) message.
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24. The apparatus of claim 23, wherein the RAW frame or PSMP wiessage indicates

at least one of:
the oune or more time periods are for downlink access, uplink access, or both;
a bandwidth to use during the one or more time periods;
a type of channel access to use during the one or more time periods;
one or more deferral rules to use during the one or more time periods; or
one or more enhanced distributed channel access (EDCA) or clear channel

assessment ({CCA)Y parameters to use during the one or more time periods.

"]
Wh

The apparatus of claim 1, wherein:
the interface is configured to:

output, for transmission to the one or more peer apparatuses on prumary
channels, the scheduling information, and

output, for transmission 1o the one ot More peer apparatus ou nou-

primary channels, duplicated scheduling information.

26.  The apparatus of claim 1, wherein the processing system is further configured to

receive synchronization messages on at least one of primary channels or non-primary

channels.
27.  The apparatus of claim 1, wherein the scheduling information identify the one or

pore poer apparatuses in overlapping basic service sets (OBSSs) that should not

transmit during a scheduled time.

28. A method for coordinating access to a shared medium by an apparatus,
comprising:

synchronizing with one or more pecr apparatuses based on synchronization
messages detected during a histening time;

cutputting, for transmission, scheduling information to the one or more peer
apparatuses, the scheduling information indicating one or more time periods during
which coordinated access 1o the shared medium is desired; and

outputiing, for transmission, at least some of the scheduling information to

devices served by the apparatus.
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29. A coraputer program product comprising a computer readable medium having
instructions stored thercon for:
synchronizing with one or more peer apparatuses based on synchronization

messages detected during a listening time;

outputiing, for transmission, scheduling information to the one or more peer
apparatuses, the scheduling information indicating one or more time periods during
which coordinated access to the shared medium is desired; and

outputting, for transmission, at least some of the scheduling information to

devices served by the apparatus.

30. An access point {AP), comprising:

at least one antenna;

a processing system configured to synchronize with one or more peer
apparatuses based on synchronization messages detected during a listening time;

a transmitter configured to:

iransmit, via the at least one antenna, scheduling information to the one or more
peer apparatuses, the scheduling information indicating one or more time periods during
which coordinated access to the shared medium is desired; and

transmit, via the at least one antenna, at least some of the scheduling information

to devices served by the apparatus.
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