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SYSTEMS AND METHODS FOR TRANSMITTING AND RECEIVING
DISCOVERY AND PAGING MESSAGES

CROSS REFERENCE TO RELATED APPLICATIONS
[0081]  This application claims benefit under 35 U.S.C. § 119(¢e) to U.S.
Provisional Patent Application No. 61/570,704 entitled “SYSTEMS AND METHODS
FOR TRANSMITTING AND RECEIVING DISCOVERY AND PAGING
MESSAGES” filed on December 14, 2011; the disclosure of which is hereby

incorporated by reference in its entivety,

FIELD

[0002] The present application relates generally to wireless conununications,
and more specifically to systems, methods, and devices for trapsmitting and receiving
discovery and paging messages.

BACKGROUND

[0003] In meany telecommunication Systems, communications networks arc
used to exchange messages among several interacting spatially-separated devices.
Networks may be classified agcotding to geographic scepe, which could be, for
example, a metropolitan area, a local area, or a personal area. Such notworks would be
designated respectively as a wide area network (WAN), metropolitan area network
(MAN), Iocal area network (LAN), wireless local area network (WLAN), ot parsonal
area network (PAN). Networks also differ according to the switching/routing technique
used to interconnect the various network nodes and devices (e.g. circuit switching vs.
packet switching), the type of physical media employed for transmission (e.g, wired vs.
wireless), and the set of communication protocols used (e.g. Internet protocol suite,
SONET (Synchronous Optical Networking), Ethernet, ete,),

[0004]  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. Wireless networks employ intangible
physical media in an unguided propagation made using electromagnetic waves in the
radio, microwave, infra-red, optical, etc. frequency bands. Wireless networks
adventageously facilitate user mobility and rapid feld deployment when compared to
fixed wired networks.
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[6005] The devices in a wircless noctwork may (ansmit or receive
information between one ather. The information may comprise packets, which may be
referred to 2s data units. The packets may inchide overhead information (e.g., header
information, vacket properiies, etc.) that helps in routing the packel (hrough the
network, identifying the data in the packet, processing the packet, etc., as well az data,
for example user data, multimedia content, efc. as might be carrled in a payload of the
packet, Additionelly, packets may be used to introduce two different devices
communicating on a communication medium. The communication medium may be

shared by multiple devices seeking to access the communication medium.,

SUMMARY

{00D6] The systems, methods, devices, and computer program products
discussed herein each have several uspects, no single one of which is solely responsible
for its desirable atiributes. Without limiting the scope of this invention as expressed by
the claims which follow, some features are discussed briefly below, Afier considering
this discussion, and particularly after reading the section entitled “Detailed Description,”
it will be understoad how advantageous features of this invention include reduced power
consumption when introducing devices on a mediwn,

[0067] One aspect of this disclosute provides a method of wireless
communicstion performed by an apparatus. The method includes: transmitting a
discovery packet during & first discovery interval of a plurality of discovery intervals,
the discovery packet advertising 2 service provided in e wir¢less communications
network, the plurality of discovery intervals comptising recurring time intervals when a
plurality of devices are configured to transmit and receive discovery packets; and
receiving a paging packet from a first device during = first paging interval of a plurality
of paging intervals, the paging packet indicating interest in the setvice, the plurality of
paging intervals comprising recurring time intervals when the plurality of devices are
confignred to transmit and receive paging packets, the plurality of paging intervals not
overlapping the plurality of discovary intervals.

[0008]  Another aspect of this discloswe provides a method of discovering
devices in a wireless communication system performed by an spparatus. The method
includes: receiving a discovery packet from a first device during a first discovery

interval of & phorelity of discovery intervals, the discovery packer advertising a service
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provided by the first device in a wireless communications network, the plurality of
discovery intervals comprising recurring time intervals when g plurality of devices are
configured to transmit and recefve discovery packels; and transmitting a paging packet
1o the first device during a first paging interval of a plurality of paging intervals, the
paging packet indicating interest in the service provided by the first device, the plurality
of paging intervals comprising recuvrring time intervals when the plurality of devices are
confighred to transmit and receive paging packets, the pluality of paging intervals not
overlapping the plurality of discovery intervals,

[0009]  One aspect of this disclosure provides an apparstus operable in a
wireless communication system. The apparatis includes a trapsmitter and receiver, The
transmitter is configured to transmit a discovery packet during a first discovery interval
of a plurality of discovery intervals. The discovery packet advertises a scrviee provided
in a wireless communications network, and the plurality of discovery intervals include
recurring time Intervals when a plurality of devices are configured to fransmit and
receive discovery packets. The receiver is configured to receive a paging packet from a
first device during a first paging interval of a pluzality of paging intervals. The paging
packet indicates interest in the service, and the plurality of paging intervals comprising
recurring time intervals when the plurality of devices are configured to transmit and
receive paging packets. The plurality of paging intervals do not overlap the pluraiity of
discovery intervals,

[0010)  Another aspect of this disclosure provides an apparatus operable in a
wireless communication system. The apparams includes a receiver and transmitter. The
receiver is configured o receive a discovery packet from a first device during a frst
discovery interval of a plurality of discovery intervals. The discovery packet advertises
a serviee provided by the first device in 2 wireless communications network, and the
phaality of discovery intervals include recurring time intervals when a pluality of
devices are configured to fransmit and receive discovery packets. The transmitter is
configured to fransmit a paging packet to the first device during a first paging interval of
a plurality of paging intervals. The paging packet indicates interest in the service
provided by the first device, and the plurality of paging intervals includs recurring time
intervals when the plurality of devices are configured to transmit and receive paging
packets. The plurality of paging intervals do not overap the plurality of discovery

intervals,
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[D011] One aspect of this disclosure provides an apparaius operable in a
wircless communication syslem.  The apperatus includes: means for transmitting a
discuvery packet during & first discovery interval of a plurality of discovery intervals,
the discovery packet advertising a service provided in a wireless communications
network, the plurality of discovery intervals comptrising recurring time intervals when a
plurality of devices are configured to transmit and receive discovery packets; and means
for receiving a paging packet from a first device during a first pagicg interval of a
plurality of peging intervals, the paging packet indicating interest in the service, the
plurality of paging intervals comprising recurring time intervals when the plurality of
devices are configured to trensmit and receive paging packets, the plurality of paging
intervals not overlapping the plutality of discovery intervals,

foo12) Another aspect of this disclosure provides an apparatus opereble in a
wircless communication system. The apparatus includes: means for receiving a
discovery packet from a first device during a first discovery interval of a plurality of
discovery intervals, the discovery packet adverising a service provided by the first
device in a wireless communications network, the plurality of discovery intervals
comprising recurring time intervals when a plurality of devices are configured to
transmit and receive discovery packets; and means for {ransmitting a paging packet to
the first device during a first paging interval of a plurality of paging intervals, the paging
packet indiceting interest in the service provided by the first device, the plurality of
paging intervals comprising recurring time intervals when the plurality of devices are
configured to transmit and receive peging peckets, the plurality of paging intervals not
overlapping the plurality of discovery intervals,

[0013) One aspect of this disclosure provides a non-trensitory computer-
readable medivm comprising instructions that when executed cause an apparatus to:
transmit a discovery packet during a first discovery interval of & plurality of discovery
intervals, the discovery packet advertising a service provided in s wireless
comumunications network, the phuality of discovery intervals comprising recurring time
intervals when a plurality of devices are conflgured to transmit and receive discovery
packets; and receive a paging packet from a first device during a fivst paging interval of
a plurality of paging intervals, the paging packet indicating interest in the service, the
plurality of paging infervals comprising recurring time intervals when the plurality of
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devices are configured to transmit and receive paging packets, the plurality of paging
intervals not overlapping the plurality of discovery infervals.

[0014]  Another agpect of this disclosure provides a non-transitory computer-
readable medivin comprising instructions that when executed cause an apparatus tor
receive a discovery packet from a first device during a first discovery interval of 2
plurality of discovery intervals, the discovery packet advertising a scrvice provided by
the first device in a wireless communications network, the plurality of discovery
intervals comprising recurring time intervals when a plurality of devicas are configured
10 trensmit and receive discovery packets; and transmit a paging packet to the first
device during a first paging interval of a plurality of paging intervals, the paging packet
indicating interest in the service provided by the fixst device, the plurality of paging
intervals comprising recurring time intetvals when the plurality. of devices are
configured to iransmit and recsive paging packets, the plurality of paging intervals not
overlapping the plurality of discovery intervals,

BRIEF DESCRIPTION OF THE DRAWINGS

{0015] FIG. 1 illustrates an example of a wireless communication system in
which aspects of the present disclosure may be employed.

[0016]  FIG. 2 shows a functional block diagram of a wireless device that
may be employed within the wireless communication system of FIG. 1.

[0017]  FIG. 3 illustrates an exemplary communication timeline in a wireless
communication system in accordance with aspects of the present disclosure.

{0018] FIG, 4 illustrates an exemplary communication timeline in a wirsless
corununication system in accordance with aspects of the present disclosura,

[0019]  FIG, 5 illustrates an exemplary communication timeline in & wireless
communication system in accordance with aspects of the present disclosure,

[0020]  FIG. 6 illustrates an exemplary comumunication timeline in a wireless
conununication sysism in accordance with agpects of the present disclosure.

[(0021]  FIG. 7 illustrates an exemplary communication timeline in a wireless
communication system in uccordance with aspects of the present disclosure.

[0022])  FIG. 8 illustrates an exemplary communication timeline in a wireless

communication system in accordance with aspects of the present disclosure,
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(0023]  FIG. 9 illustrates an exemplary communication (imeline in a wireless
communication system in accordance with aspeets of the present disclosure,

[0024]  FIG, 10 illustrates an exemplary discovery packet in accordance with
aspects of the present disclosure,

[0025]  FIG. 11 illustrates another exemplary discovery packet in accordance
with agpects of the present disclosure.

[0026]  FIG, 12 illustrates an exemplecy pagiig request packet in acoordence
with aspects of the present disclosure,

[0027]  FIG. 13 illustrates an exemplary registration action frame in
accordance with aspects of the present disclosure.

[0028]  FIG. 14 illustrates an exemplary paging forwarding action frame in
accordance with aspects of the present disclosure.

[0029]1  FIG. 15 illusirates an exemplary paging response forwarding action
frames in acoordance with aspeocts of the present disclosure.

[0030]  FIG. 16 i3 a graph illustrating an example cutmdative distribution
functiorn for successfully transmitting a discovery packet by contention in accordance
with aspects of the present disclosure. |

[0831] FIG, 17 is anothor graph ilustraling an example cumulative
distribution fumction for successfully transmitting a discovery packet by contention in
accordance with aspects of the present disclosute.

{6032]  FIG. 18 is a yet another graph illusttating an example cumulative
distribution function for successfully transmitting a discovery packet by contention in
accordance with aspects of the present disclosure.

[0033]  FIG. 19 is an additional graph illustrating an exemple cumulative
distribution function for suecessfully irensmitting a discovery packet by contention in
accordance with aspects of the present disclosurs.

[0034)  FIG. 20 is a graph illustrating an example probahility of success
funetion for successfully transtitting a discovery packet by random slot selection in
accordance with aspscts of the present disclosure.

[0035]  FIG, 21 isa flowchart of an exemplary process of discovering devices
in a wircless communication system in accordance with aspects of the present

disclosure,
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[0036]  FIG. 22 is a functional block diagram of an exemplary wireless
device that may be employed within the wireless communication system of FIG, 1.

[0037]  FIG, 23 is & flowchart of an exemplary process of discovering devices
in a wireless communication system in accordance with aspects of the present
disclosure.

[0038] FIG. 24 is a functional block diagram of an exemplary wircless
device that may be employed within the wireless communication system of FIG. 1,

[0038]  FIG. 25 is a flowchart of an exemplary process of discovering devices
in & wireless communication system using an access point in accordance with aspects of
the present disclosure.

[0040] FIG. 26 is 8 functional block diagram of an exemplary wireless
device that may be employed within the wircless communication system of FIG. 1.

[0041]  FIG. 27 is a flowchart of an exemplary process of discovering devices
in a wireless communication system using an access point in accordance with aspects of
the present disclosure.

[0042)  FIG, 28 is a functional block diagram of an exemplary wireless
device that may be employed within the wireless communication system of FIG. 1.

[0043]  FIG. 29 is a flowehart of an exemplary process of discovering devices
in a wireless communication system using &t access point in accordance with aspects of
the present disclosure.

[0044]  FIG, 30 is a functional block disgram of an exemplary wireless

device that may be employed within the wireless communication system of FIG, 1.

DETAILED DESCRIPTION

[0045]  The word "exemplary" is used herein to mean "serving as an
example, instance, or illustration.” Any embodiment described herein as "exemplery” is
not necessarily 10 be construed as preferred or advantageous over other embodiments.
Various aspecrs of the novei systems, apparatuses, and methods are described more fully
hereinafter with reference to the accompanying drawings. This disclosure may,
however, be embodied it many different forts and shonld not be construed as limited to
any specific structure or funetion presented throughout this disclosure. Rather, these

aspects arc provided so that this disclosure will be thorough and complese, and will fully
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convey the scope of the disclosure 1o thosz skilled in the art. Based on the teachings
herein one skdlled in the art should appreciate that the scope of the disclosure is intended
to cover any aspect of the novel systems, apparatuses, and methods diselosed herein,
whether implemented independently of, or combined with, any other aspect of the
invention. For example, an apparatue may be implemented or a method may be
practiced using any number of the aspeets set forth herein. Tn additon, the scope of the
invention is infended 1o cover such an apparatus or method which is practiced using
other structure, functionality, or structure and functionality in addition to or other than
the varicus aspects of the invention set forth horein. It should be understoed that any
aspect disclosed herein may be embodied by one or more elements of a claim.

[0046] Although particular aspects are described herein, many varfations and
permutations of these aspects fall within the scope of the disclosure, Although some
benefits and advantages of the preferred aspects are mentioned, the scope of the
digclosure is not intended to be limited to particvlar benefits, uses, or objectives,
Rather, aspects of the disclosure are intended to be broadly applicable to different
wireless technologies, system configurations, networks, and transmission protocols,
some of which are illusirated by way of example in the figures and in the following
description: of the preferred aspects. The detailed description and drawings are merely
illustrative of the disclosure rather than limiting, the scope of the disclosure being
defined by the appended claims and equivalents thereof.

{0047]  Popular wirsless network techinologies may include various types of
wireless local area networks (WLANs). A WLAN may be used {0 interconnect nesxby
devices fogether, employing widely used networking protocols. The various mspects
described herein may apply to any communieation standard, such us a wireless protocol.

[0048]  In some aspects, wireless signals in a sub-gigahertz band mny be
transmitted according to the 802.11ah protocol using orthogonal frequency-division
muitiplexing (OFDM), direct-sequence spread spectrum (DSSS) communications, a
combination of OFDM and DSSS communications, or other schemes. Implementations
of the 8C2.11ah protocol may be used for sensors, metering, and smart grid networks,
Adventageously, aspects of certain devices implementing the 802.11ah protocol may
consume less power than devices impiementing other wireless profocols, and/or may be
used to transnlit wireless signals across a relatively long range, for example about one
kilometer or longer.
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[0049]  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: mccess points (“APs”) and clients (also referred to as statioms, or
“STAs"). In general, an AP may serve as a hub or basc station for the WLAN and a
STA serves as a user of the WLAN, For example, & ¥ 1'A may be a laptop computer, a
personal digital assistant (PDA), & mobile phone, ete. In an example, & STA conneots to
an AP via a WiFi {s.g,, [EEE 802.11 protocol suck as §02.11ah) compliant wireless link
to oblain general connectivity o the Internet or to other wide ares networks. In some
implementations a STA may also be used as an AP,

[0050]  An access point (“AP”) may algo comprise, be implemented as, or
known as a NodeB, Radio Network Conirolier (“RNC™), eNodeB, Basc Station
Controller (*BSC"), Bass Transceiver Station (¥BTS”), Base Station (“BS™),
Transceiver Function ("TF™), Radio Router, Radic Transceiver, or some other
terminology.

[06051] A station “STA" may also comprise, be implemented as, or known as
an access terminal (“AT"), a subscriber station, a subscriber unit, a2 mobile station, a
remote station, a remote terminal, a user terminal, a user apent, a user davice, user
cyuipinenl, or svmne other teoninology. In soms implementslioas an access lemninsl
may comprige a cellular telephone, a cordless telephone, & Sesslon Initiation Protacol
(**SIP™) phone, a wircless local loop ("WLL™) station, a personal digite]l assistani
("PDA™, a handheld device having wirsless connection capability, or some other
snitable processing device connected 1o a wireless modem. Accordingly, one or more
aspecis tanght herein may be incorporated into a phone (e.g.. a cellular phone or
smartphone), & computer (e.g., & laptop), a portable commmnnication devics, o headset, &
portable computing device (e.g., & personal data assistant}, an entertainment device (s.g.,
a music or video device, or a satellite radio), a gaming device or gystem, a global
positioning system device, or any other suitable device that is configured 1w
communicate via a wirgless medinm,

[0052]  As discussed above, certain of the devices described herein may
implement the 802,11ah standard, for example, Such devices, whether used a5 2 3TA or
AP or other device, may be used for smart metering or in a smart grid network. Such
devices may provide ssnsor applications or be used in home automation, The devices

may instead or in addition be used in & heelthcars context, for example for personal
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healthcare. Thoy may also be used for surveillance, to enable extended-range Internet
conneetivity (e.g. for use wilh hotspois), or to implement machine-to-machine
communications.

[0053]  FIG, 1 illustrates an example of a wireless communication system
100 in which aspects of the present disclosure may be employed. The wireless
communication system 100 may operate pursuant 1o & wireless standard, for example the
802,11ah standard. The wireless communication syslem 100 may include an AP 104,
which communicates with STAs 106, In some aspects, the wireless communication
systetn 100 may include more than one AP, Additiondlly, the STAs 106 may
cominunicate with other 8TAg 106. As an example, a first STA 106a may communicate
with a second STA 106b. As another example, a first STA 106a may communicate with
athird 8TA 106¢ although this communication Hnk is not illustrated in FIG, 1,

[0054] A variety of processes and methods may be nsed for transmissions in
the wireless communication system 100 between the AP 104 and the STAs 106 and
between an individual STA, such as the first STA 106s, and another individual STA,
such ag the second STA 106b., For example, signals may be sent and received in
accordance with OFDM/OFDMA techniques. If this is the case, the wireless
communication system 100 may be referved to as an OFDM/QFDMA system,
Alternatively, signals may be senl and received between the AP 104 and the $TAs 106
and between an individual STA, such as the first STA 106a, and another individual
BTA, such as the second STA 106b, in accordance with CDMA techniques. If this is
the case, the wireless communication system 100 may be referred to as a CDMA
system.

[0055] A communication link that facilitates transmission from the AP 104
to onc or more of the STAs 106 may be referred to as a downlink (DL) 108, and a
communication lnk that facilitates transmission from one or more of the STAs 106 to
the AP 104 may be referred to as an uplink (UL) 110. Alternatively, a downlink 108
may be referred to as a forward link or o forward channel, and an uplink 110 may be
referred to as a reverse link or a reverse channel.

[B056] A communication link may be sstablished between STAs. Some
cotnmunication links between STAs are illustrated in FIG. 1. As an example, a
communication link 112 may facilitate (ransmission from the first STA 106a to the

45 j t03.10.2013 02:16:52
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second STA 106b. Another communication link 114 may facilitate transmission from
the second STA 106b to the first STA 106a.

[0057] The AP 104 may act as 2 base station snd provide wireless
comrunication coverage in a basic service arsa (BSA) 102, The AP 104 along with the
$TAs 106 associated with the AP 104 and that use the AP 104 for communication may
be referred to as a basic service set (BSS). E should be noted thet the wireless
communication systern 100 may not have a central AP 104, but rather may function as a
peer-to-peer network between the 8TAs 106, Accordingly, the functions of the AP 104
described herein may alternatively be performed by one or more of the $TAs 106.

[0058]  FIG. 2 illustrates various components that may be utilized in =
wireless davice 202 that may be employed within the wireless communication systen
100, The wireless device 202 is an examplo of a device that may be configured to
implement the various methods described herein, For example, the wireless device 202
may comprise the AP 104 or ons of the STAs 106.

[0039]  The wireless device 202 may include a procegsor 204 which controls
operation of the wireless device 202. The processor 204 may also be referred to as &
cetitral processing unit (CPU). Memory 206, which may include both read-only
memory (ROM) and random access memory (RAM), may provide instruetiony and data
to the processor 204, A portion of the memory 208 may also include non-volatile
random access memory (NVRADM). The processor 204 typically performs logical and
arithmetic operations based on program instructions stoted within the memory 206. The
instructions in the memory 206 may be executable to implement the methody described
herein.

[0060]  The progessor 204 may comprise or be a component of a processing
system implemented with one or more processors. The one or more processors may be
implemented  wifh any combination of general-pwpose mictoprocessors,
mierocontrollers, digital signel processors (DSPs), field programmable pate amay
(FPGAs), programmable logic devices (PLDs), controllers, state machines, gated logic,
discrete hardwaro components, dedicated hardware finite state machines, or any other
suitable entities that can perform caloulations or other manipulations of information.

[6061]  The processing system may also include machine-readable media for
storing software, Software shall ke construed broadly to mean any type of instructions,

whether referred to as software, firmware, middleware, microcode, hardwere deseription
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language, or otherwise. Instructions may includec code (e.g., in source code format,
binury code format, executable code format, or any other suitzble format of code), The
instructiony, when executed by the one or more processors, cause the processing system
to perform the various functions described herein,

{0062]  The wireless dovice 202 may also include a housing 208 that may
include a trangmifter 210 and/or a recaiver 212 to allow transmission and reception of
data between the wireless device 202 and a remote location, The transmitter 210 and
receiver 212 may be combined into & transceiver 214, An antenna 216 may be attached
to the housing 208 and electrically coupled to the transceiver 214, The wircless device
202 may also include (not shown) multiple transmitters, multiple receivers, multiple
trenseeivers, and/or multiple antennas. )

[0063]  The transmitter 210 may be configured to wirelessly transmit packets
having different packet types or functions. For example, the transmitter 210 may be
configured to transmit packets of different types generated by the processor 204. When
the wirelass device 202 is implemented or used as an AP 104 or STA 106, the processor
204 may be configured to process packets of a plurality of different packet types. For
example, the processor 204 may be configured 1o determine the fype of packet and o
process the packet and/or fizlds of the packet accordingly, When the wireless device
202 is implemented or used as an AP 104, the processor 204 may also be configured fo
select and generate one of & plurality of packet types, For example, the processor 204
may be configured to generate a discovery packet comprising a discovery message and
1o determine what type of packet information ta use in a particular instance.

[0064]  The receiver 212 may be configured to wirclessly rcosive puckets
having different packet types. In some aspects, the receiver 212 may be configured 1o
detect a type of a packet recelved and to process the packet accordingly.

[0063]  The wircless device 202 may also include a signal detestor 218 that
may be used to detect and quantify the level of signals received by the transceiver 214.
The signal detector 218 may detect such signals as total energy, energy per subcarrier
per symbol, power spectral density and other signals. The wireless device 202 may alsc
include a digital signal processor (DSP) 220 for use in processing signals. The DSP 220
may be configured o generate a packet for transmission. In some aspects, the packet

may comprise a physical layer data unit {PPDU),
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[0066]  The wireless device 202 may further comprise a user interface 222 in
some aspects. The user interface 222 may comprise a keypad, a microphone, a speaker,
and/or a display, The user interface 222 may inelude any element or component that
conveys information to a user of the wireless devics 202 and/or receives input from (he
user,

[0067] The various components of the wireless device 202 may be coupled
together by a bus system 226, The bus system 226 may include a data bus, for example,
as well as a power bus, a control signal bus, and a status signal bus in addition to the
data bus. The components of the wireless device 202 may be coupled together or accept
or provide inputs to each other using some other mechanism,

[0068]  Although a number of separate components are fllustrated in FIG. 2,
onc or more of the components may be combined or commenly implemented, Tor
example, the processor 204 may be used to implement not only the functionality
described above with respect to the processor 204, but also to implement the
functionality described above with respect to the signal detector 218 and/or the DSP
220. Further, each of the components illustrated in FIG. 2 may be implemented using a
plurality of separate elements,

[0069]  To ensure proper communication between devices such as AP 104
and the 8TAs 106, the AP 104 or STAs 106 may require information regarding
characteristics of the AP 104 or STAs 106, For example, the 8TA 106 may require
timing information about the AP 104 in order to synchronize timing of communication
between the STA 106 and the AP 104, Additionally or altematively, the STA 106 may
require other information such as a media access control MAC) address of the AP 104,
an identifier of the busic service set (BSS) served by the AP 104, ete. The 8TA 106 may
determine whether it needs such information independently, such as through software
running using memory 206 and processor 204,

[0070] The AP 104 or STA 106 may have 2 plurality of operational modes,
For example, the STA 106 may have a first cperational mode referred 1o as an active
mode, normal operation mode, or full power mode, In the active mods, the AD 104 cr
STA 106 may always be in an “awake” state and actively transmitivreceive data with
another STA 106, Further, the STA 106 may have a second operational mode referred
to as a power-save mode or sleep mode. In the power-save mode, the AP104 or STA
106 may be in the “awake™ state or & “doze” or “slecp” state wherc the AP 104 or STA
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106 does not actively transmit/receive data with enother 8TA 106, For sxample, the
receiver 212 and possibly DSP 220 and signal detector 218 of the STA 106 may operate
using reduced power consumption in the doze state, Further, in the power-save mode, a
8TA 106 may occasionally enter the awake state to listen o messages from an AP 104
(¢.g., paging messages) that indicate to the STA 106 whether or not the STA 106 needs
to "wakc up” (e.g., enter the awzake state) ar a certain time so as lo be able fo
transmit/receive data with the AP 104 or another STA,

[0071]  FIG. 3 illustrates an exemplary communication timeline 300 in a
wireless communication system where davices may communicate via a channel, The
exemplery communication timeline 300 may include a discovery interval (DI) 302 of a
time duration AA, a paging interval (PT) 304 of a fime duration AB, and an overall
interval of a time dursfion AC, In some espeets, comumunications may oceur via other
channels as well. Time increases horizontally across the page over the time axis.

[0072]  During the DI 302, APs or STAs may advertise through messages,
such as discovery packets, services (e.g., features of applications shared by APs or
STAS) that are provided in the wireless communication system. APs or STAs may
further listen to broadeast messages transmitted by other APs or STAs. Tn some aspects,
a STA may register with an AP or STA during or outside of the DI 302. Adfter
registering, the AP or STA may transmit or receive messages on behalf of the registered
STA. In some aspects, ths duration of DIs may vary over time. In other aspects, the
duration of tha DI 302 may remain fixed over a period of thme.

[0073]  The end of the DI 302 may be separated fiom the beginning of the
subscquent PI1 304 by & first remainder period of time as iflustrated in FIG. 3. The end
of the PI 304 may be scparated from the beginning of a subsequent DI 302 by a
remainder period of time having the seme or different length as the first remainder
period of time.

[0074]  During the PI 304, APs or STAs may indlcate Interest in one or more
of a phwality of services advertised in a broadcast message by transmilting paging
request messages, such as paging request packets or paging packets. APs or STAs may
lister: 1o paging request messages transmitted by other APs or 3TAs.  In some aspests,
the duration of the PI 304 may vary over time. In other aspscts, the duration of the PI
304 may remain constant over a period of time. In some aspects, the duration of the PI
304 may be shorter than the duration of the DI 302.
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[0075]  The overall interval of duration AC may measure the period of time
from the beginning of ohe DI 302 to the beginning of a subsequent DI 302 as {llustrated
in FIG, 3. In some aspects, the duration of the overall interval may very over time, In
other aspects, the duration of the overall interval may remain constant over a period of
tune. At the conclusion of the overall interval of duration AC, another overall interval
may begin, including a DI 302, a PI 304, and the remainder intorvals, Consecutive
overall intervals may follow indbﬁnitaiy or continue for a fixed pericd of time,

[0076] A STA may enter a sleep or power-save mode when the STA is not
transmitting or listening or expecting 1o soon iransmit or listen, As an example, the
STA may sleep during periods other than the DI 302 or P1 304, The STA in the sleep
mode or power-save mode may awake or retwn to normal operation or full power mode
at the beginning of the DI 302 or PI 304 to enable transmission or listening by the STA.
In somge aspects, the STA may awake or return to normal operation or full power mode
at other times when the STA expects to communicate with another device, or as a result
of receiving a notification packet instructing the STA. to awake. The STA may awake
early to ensure that the STA receives a transmission.

[077]  FIG. 4 illustrates an exemplary communication fimeling in a wireless
communieation system whore devices muy communicate via a channel. The exemplary
communication timeline 400 may include a DI 402 of & time duration AA, a PI 404 of a
time dwration AB, and an overall interval of a time duration AC. Time increasss
horizentally across the page over the ime axis. As illustrated in FIG. 4, the beginning
of 2 PI 404 may immediately follow the end of a DY 402, The end of the PI 404 may be
separzted from the beginning of & subsequent DI by a remainder period of time equal to
AC less the sum of AB and AA.

[0078]  FIG, 5 illustrates an exemplary communication timeline 500 in a
wireless communication system where devices may communicate via a channel., The
exemplary communication timeline 500 may include a DI 502 of a time duration AA, a
PI 504 of a time duration AB, and an overall interval of a time duration AC, Time
incraases horizontally across the page over the time axis. During the DI 502, APs or
STAg may fransmit discovery packets (DPs), Dwing the PI 504, APs or STAs may
transmit paging request packets (PRs). A DP may be & packet configured to advertise a
plurality of services provided by-a STA or AP and to indlcate when the paging interval
is for the device that transmits the DP. The DP may have & fixed c.ar variable size and
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include a data frame, management frame, or management action frame. The DP may
carty information generated by a higher layer discovery protocol or an application-based
discovery protoeol. The PR may have a fixed or verisble size and be & packet
configured {o indicate interest in at least one of the plurality of services provided by an
AP or 8TA.

[0079] The communieation channel may be cleared of davices
communicating using legacy protocols during the DT 502 and PI 504 of packets, in some
aspeets, by transmitting special clear to send (S-CTS) frames. A 8-CTS frame may
instruct devices using legacy protacols to refrain from sending data for a given time,
However, the 5-CTS may still allow devices to send discovery packets and paging
raquest packets,

H080] The APs and 8TAs may contend for use of the channel during the DI
502 and PI 504 to determine which APs and/or STAs may transmit DPs or PRs at a
perticular time. In some aspects, the coniention method utilized may in¢lude carrier
sense multiple access (CSMA). CSMA may be a probabilistic Media Access Control
(MAC) protocol in which an AP or 8TA verifies the absence of other traffic before
trangmitting o packet on the shared transmiesion channel. In other aspects, the
contention method utilized may ineluds CSMA with collision avoidance (CSMA/CA).
Under the CSMA/CA approach, if the channel may be sensed as busy, transmisgion may
be deferred for an interval, The deferred interval may be random or determined using
another scheme such as an interval Iookup table, CSMA/CA may be the default 802.11
MAC approach, Utilizing a contention approach may provide the tenefit of enabling
fixed overhead to scale linearly with the number of devices in the wircless
communicetion system as opposed 1o scaling based on the number of devices squared.
Additionally, a contention approach may be used to determine when devices may
transmit packets outside of the DI 502 or PI 504, In some cases, a contention approach
may further provide beneficial flexibility particularly when the clecks of communicating
devices may not be tightly synchronized.

[0081]  The siart and end of the DI 502 and PI 504 may be known via various
methods to each STA desiring to transmit & discovery packet or a paging request packet,
In some aspects, each 8TA may synchronize ifs clock with the other Al's or 5TAs and
thereby also receive an indication of the T} 302 and F1 504 start time and DI 502
duration and PI 504 duration, In other aspects, a device mey send a signal such as a 8-

Duration: 93.10.2&3 02:09:27 - 03.10.2013 02:45:05. This page 28 of 108 was completed at £3.10.2013 02:18:58
Received at the EPO on Oct 03, 2013 02:45:05. Page 28 of 108



Cct-02-2013 04:06 PY Qusicomm EHE E45-38984 287108

11340111 17 Marked-Up Version

CTS signael to clear the channel or medinm of legacy communications, such as
communications that may conflict or not be compliant with aspects of the present
disclosure, and indicate the beginning and duration of the DI 502 or PI 504 period, as
well as additional information about the DI 502 and FI 504 durations.

[0082]  As an example, FIG. 5 depicts that devices may contend fo transmit
three discovery packets on the channel during the DI 502, The three discovery packets
may be transmiited by up to three different STAs. If the three discovery packets are
transmitted by more than one STA, the STAs may use a CSMA/CA approach to
determine which packet may be transmitted at a particular time. The STAs may have
synchronized clocks and may have previously communicated a shared DI 502 duration
such thar each STA may be aware of the approximate DI 502 start and end time. In
some aspects, each STA desiring to transmit a discovery packet may select a random
initial trensmission time within the DI 502 to attempt to transmit a discovery packet or
packets. Tn other aspects, the STA may selest & predstermined or scheduled initial
{ransmission time. Before transmitting, each STA may sense the medium for a period of
time fo determine whether 2 communication may be currently in progress on the
channel. In some aspects, the 8TA may sense the medium for approximately 25 ps, IF
the medium may be clear, the STA may wransmit a discovery packet such as discovery
packet (DF) 512. If the medium may not be clear, the 3TA may delay transmitting the
discavery packet for a delay period, The delay period may be random in some espects
while calculated or predetermined in other aspects, After the delay peried, the STA may
again sense the medium, and if the medium may be clear, the STA may transmit the
discovery packet, If the medium may not be clear, the STA may repeat the delay and
sense process until the discovery packet may ke successfully sent,

[0083] The process of sending a paging request packet during the PI 504
may similar to the process described above with respect to transmitting a discovery
packet during the DI 302. As an example, FIG, 5 depicts that devices may contend fo
trangrait three paging request packets on the chammel during the P! 504, The three
paging request packets may be transmitted by up to three different STAs. If the thrco
discovery packets are transmitted by more than one STA, the STAs may use a
CSMA/CA approach to determine which packets may be transmitted at a particular
time, The STAs may have synchronized clocks and may have previously communicated
& shared Pk 504 duration such that each STA may be aware of the approximate PI 504
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start and end time. Tn some aspects, cach STA desiring to transinit a paging request
packet may select a random initial transmission time within the PI 504 to attempt to
transmit its paging tecuest packet or packets. Before transmitting, each STA may sense
the madium to determine whather a communication may be currenty in progress on the
channel, In some aspects, the STA may sense the medium for approximately 25 ps. I
the meditm may be clear, the STA may transmit a paging request packet such as paging
request packet (PR) 514. If the medium may not be clear, the¢ 5TA may delay
transmitting the paging request packet for a delay period. The delay period may be
random in some aspects while caleulated or predetermined in other aspects, After the
delay period, the STA may again sense the medivm, and if the medinm may be clear, the
STA may transmit the paging request packet. Tf the medium may not be clear, the STA
may repeat the delay and sense process until the pmging rcquest packet may be
successiully sent.

[0084] STAs interested in services advertised via discovery packets, such as
at least one of the plurality of services advertised in DP 512, may awake or ramain
awake during the M 502 and process discovery packets to determine if a particular
discovery packet may contein information about one or more of a phurality of services of
interest provided by a device, After the DI 502 period, STAs not plaming to
communicate information may enter a sleep or power-save mode until the next time the
STAs plan to communicafe. In some aspects, a STA may enter the sleep or power-save
mode until the STA communicates information with another device outside of the DI
302 or FI 304. In some aspects, the STA may enter the sleep or power-seve mode until
the beginning of the next PI1 504. At the beginning of the PI 504, the interestsd STA
may awake 10 transinit a paging request packet ta the provider of the service,

[0085]  STAs weiting for responses to a transmitted discovery paclet, such as
the plurality of services advertised in DP 512, may awake or remain aweke during the PI
504 and process paging request packets, such gs PR 514, to determine if a particular
praging request packet indicates interest by another device in at least spe of plurality of
services provided by the STA. After the Pl 504 period, STAs not planning to
communicate information may enter a sieep or power-save mode unlil the next time the
STAs plan 10 communicate. In some aspects, & STA may enter the sleep or power-save
mode until the STA may communicate additional information with another device
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outside of the DI 502 or PI 504. In some aspects, the STA may enter the sleep or power-
save mods until the beginning of the next DI 502.

[0086]  As cxamples, the duration AC of the overall interval may equal
approximately one to five seconds in some aspects. In other aspects, the vyerall interval
may be less than one second or tmore than five scconds, The duration AA of the DI 502
may equal approximately 16 ms in some aspects while more or less than 16 ms in other
aspects. The duration AB of the PI imay equal approximetely the duration AA in some
aspects. In other aspects, the duration AB may be more or less than the duration AA.

[0087]  FIG. 6 illustrates an exemplary communication timeline 600 in a
wireless communication system. The exemplary commumication timeline 600 may
inciude a DI 602 of & timo duration AA, a PI 604 of a time duration AB, and an overall
interval of a time duraticn AC. Time increases horizontally across the page over the
time axis,

(0088]  As shown in FIG. 4, the DI 602 may include DI slots, such as DI slot
616, and the PI 604 may include PI slots, such as PI slot 618. The DI slots or PI slots
may facilitate a seheduled approach to access of a channel or medinm during the DI 602
or the PI 604, respectively, The DI slots may cach heve a same duration that is known
by devices in a wireless communications network, and PI slots may further cuch have a
sare duration that is known by devices in a wireless communications network, The DI
slots and the PI slots may have different durations in some aspects and the same
durations in other aspects. The DI slots may represent periods of time when particular
$TAs or APs may trensmit a discovery packet ot when a STA may transmit a
registration request packet to an AP, For example, a STA may be assigned to transmit a
discovery packet during DI slot 616. The PI slots may represent periods of time when
particular STAs or APs may transmit paging request packets. For example, another
STA may be assigned to transmit a paging request pasket during PI slet 618, The DI
and PI slots may have a duration equal to the time to transmit a discovery packet or
paging rzquest packet, respectively, plus a point coordinetion function interface space
(PIFS) thme.

[0085] The DI slots and PI slots may be assigned to STAs or APs using a
hash caleulation of device MAC IDs in some aspects. Random time-varying parametets
may be added to the hash function so that twe MAC ID’s may not repeatedly collide
nver time. Collaborative mechenisis, such 25 sensing the medium and taking an empty
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slot, may be further utilized to determine or assign slots, In some aspects, if a device
wwy sense the medium as busy for a PIFS time of approximately 25 ps before the start
of one slot, the device may abandon or delay transmission of a discovery packet or a
paging request packet during the slat.

[00907  Each S5TA or AP ¢ommunicating or planning to communicate on the
channel may transmit a discovery packet at Jeast once every particular period to notify
other devices of the STA or AP*s presence on the channel, Additionally, as discussed in
with respect 10 FIG. 5, STAs or APs may enter & sleep or power-save mode during
certain times, such ay during particular intervals discussed in FIG, 5.

[0091]  FIG. 7 illustretes an exemplary communication timeline 700 in a
wireless communication system. The exemplary communication timeline 700 may
inglyde a DE 702 of & time dwration AA, a Pl 704 of a {ime duration AB, and an overall
mtervel of a time duration AC. Time increases horizontally across the page over the
time axis. The DI 702 and PI 704 may be slotted a3 depicted in FIG, 7.

(0092]  The beginning of the DI 70Z may begin with the transmission of a
discovery start frame (DSF) packet 720 by & STA or AP, The DSF packet 720 may be
transmitied by contentlon. In some aspects, the DSF packet 720 may be a discovery
packet with a frame conteol value indicating that the packet iy a SF packet. The DSF
packst 720 may prevent other traffic from comununicating on the channel until a
subsequent discovery packet (DP) is transmitted on the channel or during the DI 702. In
other aspects, the DSF packet 720 mey be & clear o send (CTS) frame. The CTS frame
may carry a Social WiFi BSSID in the address field. The duration of the DI 702 may be
previously communicated fo devices in some aspects while devices may sense the end of
the DI 702 based on the absence of communicaiion on the channel for a period of time
in other aspecrs,

[0093]  The beginning of the PI 704 may begin with the transmission of a
paging stert framme (PSF) packet 722 by a STA or AP, The PSF packet 722 may be
transmitted by contention, In some aspects, the PSF packet 722 may be & paging recuest
packet with a frame control value indicating that the packet is a PSF packet, The PSF
packet 722 may prevent other traffic from comununicating on the chammel until a
subsequent paging request packet (PR) iz trapnsmitted on the chammel or during the PI
704. Ir other aspects, the PSF packet 722 may be a clear to send (CTS) frame, The
CTS frame may carry a Social WiFi BSSID in the address field. The start or duration of
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the PI 704 may be previously communicated to devices in some aspects while devices
may sense ihe sfart or end of the FI 704 based on the presence or absence of
communication on tha channel for a period of time in other aspects.

[0094]  In eddition, as discussed with respeot to FIG, 5, STAs or APs may
enter a sleep or power-save mode during certain titmes, such as during particular
intervals.

[0095]  FIG. 8 illustrates an exemplary communication timeline 800 in a
wireless communication sysiem. The exemplary commmunication timeline 800 may
include a DI 802 of & Ume duration AA, a PI 804 of a time duration AB, and an overall
interval of a time duration AC. Time increases horizontally across the page over the
time axis. The DI 802 may be slotted while the PL 804 may be unslotted as shown in
FIG. 8. In other aspects, the DI 802 may be unslotted while the PI 804 may be slotted.

[0096] The beginning of the DI 302 may bepgin with the transmission of one
or more S-CTS packets 824 by a STA or AP, In some aspects, the S-CTS packet may
be a CTS frame with a frame control value indicating that the frame is a 8-CTS packet.
The 8-CTH packet may prevent legacy traffic from communicating on the channel
during the DI 802, The start or duration of the DI 802 may be previously communicated
1o devices in some aspects while devices may sense the start or end of the DI 802 bascd
on the ptesence or zbsence of communication on the channel for a period of time in
other aspects, The exemplary timeline may further include a time duration AD
beginning at the transmisgion of the first S-CTS and ending at the end of the DI 802,

[0097]  The beginning of the PI 804 may begin with the transmission of a
PSF packet by a STA or AP. In some aspects, the PSF packet may be a paging request
packet with & fiame control value indicaling that the packet is a PSF packet, The PSF
packet may prevent other traffic from communicating on the channel until a subsequent
paging request packet (PR) is iransmitted on the channel or during the PI 804, In other
aspects, the PSF packet may be a clear to send (CT8) frame. The CTS frame may vamry
a Social WiFi BSSID in tae address field. The start or duration of the PI 804 may be
previcusly communicated to devices in some aspeets while devices may sense the start
or end of the PI 804 hased on the presence or absence of communication on ibe channel
for a period of time in other aspects. In yet other aspects, the PI 804 may begin with the

transmission of one or more 5-CTS packets by a device. The paging request packets
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transmitted during the P] 804 may be sent using a contention approach as disenssed with
respect to FIG. 3.

[1098] Additionally, as discussed with respect to FIG. 5, 8TAs or APs may
enter 2 sleep or power-save mode during cortain times, such as during partcular
intervals outside of a discovery interval or paging interval,

[04199] FIG. 9 illustrates an exemplary communication timeline 500 in a
wireless communication systern, The exemplary communication timeline 900 mey
include a DI 902 of a time duration AA, a P1 904 of & time duration AB, and an overall
interval of a time duration AC, Time increases horizontally across the page over the
tirne axis. The DI 902 and PI 904 may be slotted in some agpects as depicted in FIG, 9.
Tn other aspects, the DI 902 or FI 904 may be unslotied as discussed with respect 1o FIG.
3, and 8T As or APs may contend to communicata en the channet,

[0160]  An AP may be used to send and receive messages on behalf of one or
more STAs in the wireless communication systems, STAs may regisier with the AP
before the AP may send or receive messages on behalf of & STA or before STAs may
receive other services provided by the AP. The regisimtion process may include the
STA sending a registration request packet providing information zbout services
provided by the 3TA ar services desired by the STA from other devices, The AP may
then trunsmit access point discovery packets (ADPs) or access point paging request
packets (APRS) on behalf of the 8TAs, among other services.

[0101]  An AP may be used to wake STAs from a sleep or powerssave made,
Since the AP may tansmit messages on behalf of STAs, STAs assoclated with the AP
may enter a sleep or power-save mode wuntil the AP may wake the STAs with
information that a discovery packet of inferest or paging request message was received.
The AP may use an 802,11 TIM message or broadcast TIM interval negotiztion
procedure, for instance, to determine when to wake STAs from the sleep or power-save
mode,

[¢102]  An AP may be used to forward information to STAs so that STAs
may communicate directly with other STAs or APs. Singe the AP may communicate
discovery packets or paging request paokels on behalf of STAs, the AP may directly
receive responses 1o the packets on behalf of STAs. The AP may then forward
discovery packet or paging request packet informetion to the STA whom the AP acted
on behalf of. The forwarded information may be transmitted in the form of a pagine
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forward action frame o ¢ paging response forward aotion frame, or the like, In some
aspects, if the STA may be unable to contact the other STAs or APs after attempting to
contact for a time-out period, the STA may terminate attempts to communicate with the
other STAs and APs,

[0103]  Asillustrated in FIG. 9, an AP may transmit an ADP 928 during a DI
902 or APR 930 during a PI 904 on behalf of a 8TA. When the AP may receive n
discovery packet of interest to 8 STA or paging request packet for a 8TA, the AP may
wake the STA from the sleep or power-save mode by sending an AP TTM message 932
outside of the DI or PI. In some aspects, packets transmitted outside of the DI or PI may
be transmitied using a contention approach. The AP may then lransmit a paging
forward action frame (PF) 934 or 4 paging response forward action frame (PRF) 936 to
the STA notifying the STA of the received discovery packet of interest or paging request
packet for the 8TA. The 8TA may subsequently communicate éirectly with the sender
of the discovery packet or the paging request packet. In some aspects, the AP may
additionally or alternatlvely send the PF 934 or the PRF 936 to the sender of the
discovery packet of interest or the paging request packet, enabling the sender to directly
cornmunicate with the STA.

(0104]  FIG, 10 illusirates an cxemplary discovery packet 1000, As shown,
the exemplary packet 1000 may inslude seven fieldw: an 1lam/ac/aly PHY preamble
Feld 1050, a frame control fizld 1052, a control (I) ficld 1054, a duration field 1056, a
control (IT) field 1058, an expression fleld 1060, and a cyclical redundancy check field
1062, FIG, 10 firther indicates an example size in octets of cach of the fields 1050-
1062,

[0105]  The frame control field 1052 meay include at least information abhoul a
type and subtype of the packet, The frame control field 1052 may assist a parser in
comreetly processing and distinguishing a discovery packet from one or more legacy
packets. The legacy packets may include any packet not configured to be a discovery
packet in some aspects. The control (1) field 1054 and the control (II) field 1058 may
include control information, such as an 11 bits slot numbsr, | bit indicator that more
data follows so that 2 STA may send additional inessages afler a DI, or 1 bit indicator
that mor¢ data is available so that a STA with more data to advertise may awake or
remain awake afler the DI to receive poll requests. In some aspects, the duration field
1056 may beremoved.
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[0106] In an example, the DI may have a maximum duration of 16 ms. The
transmission time of the discovery packet may be 48 ps (6Mbps al 20MHz, 11a/g
preamble), plus a 25 ps PIFS. Accordingly, the total number of discovery slots in eight
DIs over 8 seconds may be approximalely 1750 discovery slots.

[0107]  FIQ. 11 illusirates an exemplary discovery paecket 1100. The
cxcmplary discovery packet 1100 may include the ssme ficlds as the discovory packet
1000 except for he addition of a thne stamp field 1164. As shown, the exemplary
packet 1100 may include ¢ight fields: an 1le/m/ac/ah PHY preamble field, a frame
control field, a confrol () field, a duration field, a time stamp field 1164, a control (II)
field, an expression field, and a cyclical redundancy check ield. FIG. 11 further
indicates an example size in octets of each of the fields. The time stamp field 1184 may
enable 8TAs to synchronize and adjust their clocks to the highost timo stamp received,
for instance.

[0108)] In en example, the DI may have a maximum duration of 16 ms. The
transmission time of the discovery packet may be 52 ps (6Mbps at 20MHz, 1la/g
preamble), plus 77 ps PIFS. Accordingly, the total number of discovery slots in eight
Dls over 8 acconds may be approximately 1650. In other aspects, the discovery packet
may inchude have one or more different fields or values.

[0109]  FIG. 12 illustrates an exemplary paging request pacleet 1200, which
may include the same fields as the discovery packet 1000 except for the addition of a
source MAC address field 1266 and the signature field 1268 in place of the expression
field 1060. As shown, the exetnplary packet 1200 may inciude eight fields: an
1la/n/ac/ah PHY preamble field, a frame control field, a control (I) field, a duration
field, a control (IT) field, a source MAC address field 1266, a signature fleld 1268, and a
cyclicel recundancy check field. FIG. 12 further indicates an example size in ootets of
cach of the fields.

{0110]  The paging request packet may be addressed to the sender of tie
discovery packet. The signature field 1268 may include the destination address and the
sender MAC address, A bit in control (I} or contrel (II) may indicate the expected
response, such as a frame including she responder’s MAC address snd/or additional
discovery information.

[0111]  In an example, the transmission time of the paging request packet
may be approximately 77 us (52 us (6Mbps at 20MHz, 1la/g preamble) plus 25 us
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PIFS). Fer 25 paging slots (~ mumber discovery slots/10), the paging interval may be
approximately 2 ms. '

[0112]  FIG. 13 illustrates an exemplary registration action frame 1300 that
may be used to register 2 STA at ar AP. As shown in FIG. 13, the exemplary
registration action frame 1300 may include five fields: & category field 1370, an action
field 1372, a device signature field 1374, o gervice seerched fleld 1376, and an
additional information ficld 1378, FIG. 13 finther indicates an sxample size in octets of
each of the fields 1370-1378. The additlonal information field 1378 may indicate
information that may be sent outside of a PI. In some aspects, the information sent
outside of the PI may be transmitted using a contention approach,

[0113] FIG. 14 illustrates an exemplary paging forwarding action frame
1400 to forward to a STA a paging request received by an AP, as discussed with respect
1o FIG. 9, As shown in FIG. 14, the exemplary paging forwarding action frame 1400
may include five fields: & category feld, an action field, a MAC address requesting STA
field 1480, a signature in paging request field 1482, and an additional information fleld
1484. FIG. 14 further indicates an example size in ectets of each of the fields,

[0114]  FIG. 15 illuatrates en exemplory paging response forwarding action
frame 1500 1o forward information (o a 8TA regarding a paging response received by un
AP. As shown in FIG. 15, the exemplary paging forwarding action frame 1500 may
include five fields: a category field, an action field, a MAC address of STA from paging
response field 1586, a sipnature STA sending paging response field 1588, and an
additional information fleld 1590. FIG. 15 further indiestes an examplz size in octets of
¢aich of the fields.

[0115) FIG. 16 is a greph 1600 illusireting an example cumulative
distribution function for successfully transmitting a discovery packet using CSMA. In
this example, the discovery packet size was 30 octets, The contention window equaled
15, The DI ranged from 5.4 ms (the lefimost funetion shown on the graph 1600) to 17
me (the rightmost function shown on the graph 1600) for 100 8TAs. These values may
corrospand to 1.1 times to 2 times the time required to transmit 100/200 discovery
packets plus PIFS. In addition, it was assumed that there are no hidden nodes in the
wireless communication system (e.g., the STAs are aware of or see each other), Baced
on the graph 1600, a DI duration of approximately 2 times the time to transmit the DPs
may result in greater than 80% success when sending discovery packets,
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[0116] FIG. 17 is a graph 1700 illustrating an example cumulative
distribution function. for successfully transmitting a discovery packet using CSMA, In
this example, the diseovery packet size was 30 octets. The contention window equaled
15. DIranged from 18,7 ms (the leflmost functiun shown on the graph 1700) to 54 ms
(the rightrost function shown on the graph 1700) for 200 STAs. These values may
correspond to 1.1 times to 2 times the time required ta transmit 100/200 discovery
packets plus PIFS, In addition, it was assumed that thers are no hidden nodes in the
wireless communication system (e.g., the STAs are aware of or see esch other), Rased
on the graph 1700, a DI duration of approximately 2 times the time to transimit the DPs
may result in greater than B0% success when sending discovery packets.

[0117]  FiGs, 18 and 12 are graphs 1800, 1900 illustrating an example
cumuletive distribution functions for sucoessfully transmitting a discovery paclet using
CSMA, The example values and assumptions used to prepare these graphs 1800, 1900
were the same as those used to prepare the graphs of FIGs. 16 and 17. Based on these
graphe 1800, 1900, it can be seen that increasing or decreasing the contention window
may have a limited impact on successfully transmitting a discovery packet using CSMA.,
However, increasing the contention window value may slightly improve the probability
of sucoessfully transimitting a discovery packet,

[0118]  FIG. 20 is a graph 2000 iflustrating en example probebility of success
for successfully mansmitting a discovery packet by random slot selection. In this
cxample, it was assumed that there are no hidden nodes in the wireless communication
systein (e.g., the S8TAs are aware of or see each other). Based on the graph 2000, if a
random glot may be selected, a ratio of 5 times the number of STAs as slots may result
in a greater than 80% chanee of successfully transmitting a discovery packet.

[0119]  FIG. 21 is a flowchart of an exemplary process 2100 of discovering
devices in & wireless communicetion system in accordance with aspects of the present
disclosure. The process 2100 may be used to introduce two devices as discussed in the
description of FIGs. 5, 7, and 8, for example. Although the process 2100 is described
below with respect to the elemonts of the wireless device 202, other components may be
used W implement one or more of the steps described herein,

[03120] At block 2105, a diseovery packet may be fransmitted during a first
discovery interval of a plurality of discovery intervals. The discovery packst may be

configured to advertiss one or more services provided in 2 wireless communications
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networl, such as one or more services provided by the transmitting device. The
plurelity of discovery intervals may inciude recurring time intervals when multiple
devices are configured 1o transmit and receive discovery packets. The transmission may
be performed by the transmitter 214, for example.

[0121] At block 2110, a paging packet may be received from a frst device
during a first paging interval of a plurality of paging intervals, The paging packet may
be configured to indicate interest in ot least one of the services provided by the
transmitting device. The plurality of paging intervals may include recutring time
intervals when the multiple cevices are configured to wansmit and receive paging
packets. The plurality of paging intervals may not overlap the plurality of discovery
intervals. The receiving may be performed by receiver 212, for example.

[0122]  FIG. 22 is a functional block diagrem of an exemplary wircloss
device 2200 that may be employed within the wireless communication system of FIG. 1,
The wireless device 2200 may nclude a transmitter 2205 for transmitting a discovery
packet during a first discovery interval. The transmitter 2205 may be configursd to
perform one or more functions discussed above with respect {o block 2105 of TIG. 21.
The transmitter 2205 may correzpond to transmitter 210, The wireless device 2200 may
further include a recetver 2210 configured to receive a paging request packet from a irst
device during a first paging interval. The receiver 2210 may be configured to perform
one or more functions discussed abhove with respect to block 2110 of FIG. 21. The
receiver 2210 may correspond to receiver 212,

[0123] Morepver, in one aspect, means for transmitting a discovery packet
during a first discovery interval may comprise the transmitter 2205, In another aspect,
means for receiving a paging request from a first device during a first paging interval
may comprise the receiver 2210,

[0124]  FIG. 23 is a flowchart of an exemplary process 2300 of discovering
devices in 2 wireless communication system in accordance with aspects of the present
disclosure, The process 2100 may be used to introduce two devices as discussed in the
description of FIGs. 5, 7, and §, for example. Although the process 2300 is deseribed
below wi-th respect to the elements of the wireless device 202, other components may be
used to implement one or more ot the steps describéci herein,

[0125]  Atblock 2305, a discovery packet may be received from a first device
during a first discovery interval of a plurality of discovery intervals, The discovery
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packet may be configured to advertise one or more services provided by the first device.
The plurality of discovery intervals may include recurring time infervals when multiple
devices ars configured to transmit and receive discovery packets. The receiving may be
performed by reseciver 212, for example.

[0126] At blogk 2310, a paging packet may be transmitted to the first devies
during a first paging intervel of & plurality of paging intervals. The paging packet may
be corfigued to indicaie inlerest in et least one of the services provided by the first
device. The plurality of paging intervals may include recurring time intervals when the
multiple devices are configured to transmit and receive paging packets, The
trapsmission may be performed by the transmitter 214, for example,

[0127]  FIG. 24 is a functional block diagram of an exemplary wireless
device 2400 that may be employed within the wireloss communication system of FIG, 1,
The wireless device 2400 may include a receiver 2403 for receiving a discovery packet
from a first device during a first discovery interval. The receiver 2405 may be
configured 1o perforin one or more functions discussed ebove with respect o block 2305
of TIG, 23, The receiver 2405 may correspond to the receiver 212. The wireless device
2400 may further include a transmitter 2410 configured to fransmit a peging request
packet w0 (e fml devies during s first paging interval. The transmitter 2410 may be
confipured to perform one or more functions discussed above with respect to block 2310
of FIG, 23. The transmitier 2410 may correspond to transmitter 210,

[0128]  Moreover, in one aspect, means for receiving a discovery packet from
a first device during a first discovery interval may compzise the receiver 2405, In
another aspest, means for transmitting a paging request packei to the first device during
a first paging interval may comprise e transmitter 2410,

[0129]  FIG. 25 is a flowchart of an exemplary process 2500 of discovering
devices in & wireless communication system using an aceess point in accordance with
aspects of the present disclosure. The process 2500 may be used to introduce two
devices as discussed in the deseription of FI@G. 9, for exemple. Although the process
2500 is described below with respect to the elements of the wireless davicc 202, other
components may be used to implement one or more of the steps described herein.

[013%] At block 2505, a registration packet may be received from a first
device at an access point. The registration request packet may be configured 10 enable

the access point to transmit a discovery packet, The discovery packet mey be
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configured 1o advertise one or more services provided by the {irst device in a wireless
communications network, The tecelving may be performed by ieceiver 212, for
example.

[0131) At block 2510, the first device may be registered at the eccess poinl
based on the registration packet. The registration process may be completed using
processor unit 204, and the registration information may be stored in memory 206, for
example,

[0132] At block 2515, a discovery packet may be trensmitted from the access
point during a first discovery interval of a plurality of discovery intervals. The plurality
of discovery intervals may include recurring time intervals when multiple devices are
configured to transmit and receive discovery vackets, The transmission muy be
performed by the transmitter 214, for example.

[0133] At block 2520, a paging packet may be received from a second
device at the access point during a first paging interval of a plurality of paging intervals,
The paging request packet may be configured to indicate interest in at least one of the
services provided by the firgt device. The plurality of paging intervals may include
recurring time inlervals when the multiple devices are configured to trangmit end
receive paging packets. The plurality of paging intervals may not overlap with the
plurality of discovery intervals. The receiving may be performed by -eceiver 212, for
example.

[0134] At block 2525, a notification packet may be transmitted from the
accoss point, The notification packet may be configured to enable the first device and
{l1e second device to communicate directly. The transmission may be performed by the
transmitter 214, for example,

[0135]  FIG. 26 is a functional block diagram of an exemplary wireless
device 2600 that may be employed within the wireless communication system of FIG. 1.
The wireless device 2600 may include a processor 2605 configured to register the first
device based on the registration packet. The processor 2605 may be configured to
perform one or more functions discussed above with respect to block 2510 of FIG. 25.
The processor 2605 may correspond to the proeessor upit 204. The wircless device
2600 may further include & iransmitter 2610 configuted to transmit the discovery packet
during & first discovery interval and transmit a notification packet configured to enable

the firat device and the second device fo communicate directly, The transmitter 2010
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may be configured to perform one or more functions discussed above with respect to
blocks 2515 and 2525 of FIG. 25. The transmitter 2610 may correspond to fransmilter
210. The wireless device 2600 may further include a receiver 2615 configured to
receive a registration request packet from a first device and & paging request packel fom
a second device at the access point during a first paging interval, The receiver 2615 may
be configured to perform one or more functions discussed above with respect 1o blocks
2505 snd 2520 of FIG. 25. The receiver 2615 may correspond to receiver 212.

[0136]  Moreover, in one aspeci, means for receiving a registration packe:
from a first device and receiving a paging request from a second device during a first
paging imtervel may comprise the receiver 2615, In another aspect, means for
registering the first device based on the regisiration request packet may comprise the
processor 2605, In yet another aspect, means for wansmitiing the discovery packet
during a first discovery interval and transmitting a notification packet configured 10
enable the first device and the second device to communicate directly may comprise the
wansmittar 2610,

[0137] FIG. 27 is & flowchart of an exemplary process 2700 of discovering
devices in a wireless communication system using an access point in accordance with
agpects of the present disclosure. The process 2700 may be used to introduce Two
devices as discussed in the description of FIG, 9, for example. Although ths process
2700 is described helow with respect fo the elements of the wirsless device 202, other
components may be used to implement one or more of the steps desoribed hergin,

[0138) At block 2703, a registration reguest packet may be received from a
first device at an access point, The seglstration request packet mey be configured to
indicate interest in al least one of the services provided by another device in a wireless
communications network. The receiving may be performed by receiver 212, for
example.

[6139] At block 2710, the first device may be registered at <he access point
based on the registration request packet. The registretion process may be completed
using processor unit 204, and the registration information may be stored in memory 206,
for example,

[0140] At block 2715, a discovery packet may be received from a second
device at the access point during & first discovery interval. The discovery packet may be

configured 1o advertise one or more services provided by the second device. The
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plurality of discovery intervals may inelude recurring time intervals when multiple
devices are configured to transmit and receive discovery packets, The receiving may be
performed by receiver 212, for example,

[0141] At block 2720, a notificalion packel may be trensmitted from the
access point. The notification packet may be configured to enable the first device and
the second device to communicate directly, The transmission may be performed by the
transmitter 214, for example.

[0142]  FIG. 28 is a functional block diagram of an exemplary wireless
device that may be employed within the wireless communication system of FIG. 1. The
wireless device 2800 may include a processor 2805 configured to register the first
device based on the registration packet. The processor 2805 may be configured to
perform one or more funetions discussed above with respect to black 2710 of FIG. 27.
The processor 2805 may correspond to the processor unit 204. The wireless device
2800 may further include 8 transmitter 2810 configured to transmit a notification packet
configured to enable the first device and the second device to communicaie directly.
The transmitter 2810 may be configured to parform one or more functions discussed
above with zsgpect to block 2720 of FIG. 27. The transmitter 2810 may correspond to
trapsmitier 210, The wireless device 2800 may futther include a receiver 2815
confipured to receive a registration request packet from a first device and a discovery
packet from & secord device during a first discovery interval of a plurality of discovery
intervals, The plurality of discovery intervals may inclade recuiring time intervals when
multiple devices are configured to transmit and receive discovery packets. The raceiver
2815 may be configured o perform one or more functions discussed above with respect
to blocks 2705 and 2715 ol FIG, 27, The receiver 2815 may correspond so receiver 212,

[0143]  Moreover, in one aspect, means for receiving a registration packet
from a fimst device and receiving a discovery packet from a second device during a
discovery interval may comiprise the receiver 2815. In ancther aspect, means for
registering the first device based on the registration request packet may comprise the
processor 2805, In yet another aspect, means for tramsmitting a notificetion packet
configured to enable the first device and the second device to communicate directly may
cormprise the transmitter 2810,

f0144]  FIG. 29 is a flowchart of an exemplary process 2900 of discovering

devices in a wireless communication system using an aceess point in accordance with
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aspects of the present disclosure. The process 2900 may be used to introduce two
devices as discussed in the description of FIG. 9, for example, Although the process
2900 is described below with regpect 1o the elements of the wiraless deviee 202, other
components may be used to implement one or more of the steps described hetein,

[0145] At block 2905, a registration request packet may be transmitted from
& Fst device to an access point. The regisivation request packet may be configured to
register the first device at the access point and enable the access point to trausr.r'uit a
discovery packet during a first discovery interval of a plurality of discovery intervals.
The discovery packet may be configured to advertise one or more services provided by
the first device, The plurality of discovery intervals may include recurring time intervals
when multiple devices are configured to fransmit and receive discovery packets.
Further, the registration paclet may be configured fa register the firet device at the
access point and indicate interest in one or more services provided by a different device.
The transmission may be performed by ‘he transmitter 214, for example,

[0146]  Atblock 2910, a notificetion packet may be received from the access
point or & second device. The notification packet may be configured to indicete interest
in nt least one of the services provided by the first device and enable the first device and
the second devics to communicais directly, Further, the unotification pecket may be
configured to indicate that the second device provides at least one service indicated of
Intarest to the first device based on the registration packet. The receiving may be
performed by receiver 212, for example.

[0147]  FIG. 30 is a fonetiona] block diagram of an exemplary wireless
device 3000 that may be employed within the wireless comumunication system of FIG. 1.
The wirsless device 3000 may inelude a transmitier 3005 for transmitting a ragistration
packet from a first device to an access point, The transmitter 3005 may be configured to
perform one or more functions discussed above with respect to block 2005 of FIG. 29.
The transmitter 3005 may correspond to the transmitter 210. The wireless device 3000
may further include a receiver 3010 configured to receive from the access yoint or a
second device a notification packet configured to indicate interest in at least one of the
services provided by the first device or that the second device provides at least one
service indicated of intarest to the first device based on the registration packet. In
addition, the notification packet may enable the first device and the second device fo

communicate directly, The receiver 3010 may be configured to perform one or more
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functlons discussed above with respect to block 2910 of FIG. 29. The receiver 3010
mzy correspond to receiver 212,

(0148]  Moreover, in one aspect, means for transmiiling a registration request
packet to an access point may comprise the tansmitter 3005, In enother aspect, means
for rzceiving from the access point or a second device a notification packet may
comprise the receiver 3010,

{0149]  As used herein, the term “determining” encompasses 2 wide vatiety
of actions. For example, “determining” may include calenlating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a table, & database or another data
struciure), ascertaining and the like. Also, “determining” may include receiving {c.z,,
receiving information), accessing (¢.g., accessing data in & mernory) and the Jike. Also,
“determining” may include resolving, selecting, choosing, establishing and the like.
Further, a “channel width™ as used herein mey encompass or may also be referredtoas a
bandwidth in certain aspecls.

{01507  As used herein, a phrase referring to “af Isast one of” a list of items
refers to any combination of thosa itetns, including single membets. As an cxample, “at
least one oft 8, b, or ¢” is intended to cover: a, b, ¢, #-b, a-c, b-¢, and a-b-e.

{0151]  The wvarious operations of methods described above may be
performed by any suitable means capable of performing the operations, such as various
hardware and/or sofiware component(s), circuits, and/or module(s). Generally, any
operations illustrated in the Figures may be performed by corresponding functional
means capable of performing the operations.

[0152] The variousz illustrative logical blocks, modules and eircuits deseribed
in conncction with the present disclosure may be implemenied or performed with a
general purpose processor, 2 digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array signal (FPGA) or other
programinable logic device (PLD), discrete gate or transistor logic, discrete hardware
components or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alterative, the
processor may be any commercially available processor, controller, microcontrolier or
state machine, A processor may also be implemented as 2 combination of computing

devices, e.g, a combination of a DSP and a microprocessor, a plurality of
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migroprocessors, one or more microprocessors in gonjunction with a DSP core, or any
other such configuration.

[0153]  In one or more aspeets, the functions deseribed may be implemented
in hardware, software, firmware, or any combination thereof, If implemented in
software, the functions may be stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Computer-readable media includes both
computer storage media and communication media including any medium that
facilitates transfer of a computer program from 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 computeraeadable media can comprise RAM, ROM,
EEFROM, CD-ROM or other optical disk storage, magnetic disk storage ot other
magmetic storage devices, or any other medium that can be uscd 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 commection is properly termed a computer-readable medium, For
example, if the softwate is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscxiber line (DSL), or
wireless technologies such &s infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wircless technologies such as infrared, radio, and
nictowayve are included in the definition of medium. Disk and disc, 2s used herein,
includes compact dise (CD), laser disc, optical dise, digital versatile dise (DVD), floppy
disk and blu-ray disc where disks usnally reproduce data magnetically, while discs
reproduce data optically with lagers. Thus, in some aspects compuier readable medium
may comprise non-transitory computer readable medium (e.g., tangible meadia). In
addition, in some aspects eomputer readable mediura may comprise {ransitory computer
readeble medium (e.g., 2 sipnal). Combinations of the above should alse be included
within the scope of computer-readable media

[0154]  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 one another without departing from the scope of the claims, In other
words, unless a specific order of steps or actions is specified, the order andfor use of
specilic stops and/or actions may be modified without departing from the scope of the

claims,
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[0155]  The fanctions described may be implemented in hardware, software,
firmware or any combination thereof. If implemented in software, the functions may be
stored as one ot more instructions on a computer-readable medium. A storage media
may be any available media that can be acoessed by a computer. By way of example,
eand not limitation, such oomputer-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
pragram code in the form of instructions or data structures and that can be accessed by a
computer, Disk and disc, as used herein, include compact disc (CD), laser disc, optical
disc, digital versafile disc (DVL), floppy disk, and Blu-ray® dise where disks usually
reproduce daia magnetically, while discs reproduce data optically with lasers.

[6156]  Thus, certain aspects may comprise & computer program produet for
performing the operations presented herein. For example, such a computer program
product may comprise a computer reacdable medium having instructions stored (and/or
encoded) thereon, the instructions being executable by one or more processors 1o
perform the operations described herein. For certain aspects, the computer program
product may include packaging material.

[01587] Software or instructions may also be transmited over a ransmission
medinm. For crample, if the software is transmitted from a website, server, or other
remoie source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies 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 in the definition of ransmission medivm,

[0158]  Puwrther, it should be usppreciaied that modules andfor other
appropriate means for performing the methods and techniques described herein can be
downloaded and/or otherwise obtained by a user terminal and/or bese station as
applicable. For example, such a device can be coupled to & server to facilitate the
transfer of means for performing the methods described herein.  Alternatively, various
methods described herein can be provided via storage means {e.g., RAM, ROM, a
physical storage medium such as g compact dise (CD) or floppy disk, ete.), such that a
user terminal end/or base station can obtain the various methods upon coupling or
providing the storage means to the device. Moreover, any cther suitable technigue for
providing the methods and techniques described herein to a device can be utilized.
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[0159] It is to be understood that the claims are not limited to the precise
configuration anc components illustrated above. Various modifications, changes and
varistions may be made in the arrangement, operation and details of the methods and
apparatus described above without departing from the scope of the claims.

[0160]  While the foregoing is dirested to aspects of the present disclosure,
other and further aspects of the disclosure may be devised without departing fram the
basie scope thereof, and the scope thereof is determined by the claims that follow.
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CLAIMS

1. A method of wireless communication performed by an
apparatus, the method comprising:

receiving an indication of a first start time for a first dis-
covery interval of a plurality of discovery intervals, a
first duration for the first discovery interval, a second
start fime for a first paging interval of a plurality of
paging intervals, and a second duration for the first pag-
ing interval;

transmitting a discovery packet during the first discovery
interval of the plurality of discovery intervals, the dis-
covery packet advertising a service provided in a wire-
less communications network, the plurality of discovery
intervals comprising recurring time intervals when a
plurality of devices are configured to transmit and
recerve discovery packets, the plurality of devices being
aware of the first start time and the first duration; and

receiving a paging packet from a first device during a first
paging interval of a plurality of paging intervals, the
paging packet indicating interest in the service, the plu-
rality of paging intervals comprising recurring time
intervals when the plurality of devices are configured to
transmit and receive paging packets, the plurality of
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devices being aware of the second start time and the
second duration, the plurality of paging intervals not
overlapping the plurality of discovery intervals.

2. The method of claim 1, wherein the discovery packet is
configured to advertise a first service provided by the appa-
ratus, and the paging packet is configured to indicate interest
in the first service provided by the apparatus.

3. The method of claim 2, further comprising:

determining when to transmit the discovery packet based

on contention for a wireless communication medium;
and

delaying the contention until after a delay period deter-

mined based at least in part on a random value.

4. The method of claim 2, wherein the apparatus is config-
ured to enter a power-save mode at times other than the
plurality of discovery intervals and the plurality of paging
intervals unless the apparatus is scheduled to communicate at
times other than the plurality of discovery intervals and the
plurality of paging intervals.

5. The method of claim 2, wherein said transmitting the
discovery packet during the first discovery interval comprises
transmitting the discovery packet during a first sub-interval of
a plurality of sub-intervals of the first discovery interval, each
sub-interval being of a same duration that is known by the
plurality of devices.

6. The method of claim 5, further comprising determining
the first sub-interval based on contention for a wireless com-
munication medium.

7. The method of claim S, further comprising determining
the first sub-interval based on a scheduled sub-interval
received from another device.

8. The method of claim 2, wherein said receiving the pag-
ing packet from the first device during the first paging interval
comprises receiving the paging packet during a scheduled
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sub-interval of a plurality of sub-intervals of the first paging
interval, each sub-interval being of a same duration that is
known by the plurality of devices.

9. The method of claim 2, wherein the discovery packets
transmitted during the plurality of discovery intervals have a
fixed size and comprise at least one of a data frame, a man-
agement frame, and a management action frame.

10. The method of claim 9, wherein the discovery packets
transmitted during the plurality of discovery intervals com-
prise a timestamp field configured to enable the plurality of
devices to synchronize clocks.

11. The method of claim 2, wherein the discovery packets
transmitted during the plurality of discovery intervals include
discovery information generated by a higher layer discovery
protocol or an application-based discovery protocol.

12. The method of claim 2, wherein the paging packets
transmitted during the plurality of paging intervals have a
fixed size and comprise a source address field and a recipient
address field.

13. The method of claim 2, wherein a wireless communi-
cation medium is cleared of transmissions other than discov-
ery packets during the plurality of discovery intervals, and the
wireless communication medium is cleared of transmissions
other than paging packets during the plurality of paging inter-
vals.

14. The method of claim 13, further comprising transmit-
ting a packet comprising a clear to send frame to clear the
wireless communication medium of transmissions other than
discovery packets during the first discovery interval and indi-
cate a start of the first discovery interval.

15. The method of claim 1, further comprising;:

receiving a registration packet from a second device, the

registration packet configured to enable the apparatus to
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transmit the discovery packet, the discovery packet con-
figured to advertise a first service provided by the second
device; and

transmitting a notification packet configured to enable the

first device and the second device to communicate
directly,

wherein the paging packet is configured to indicate interest

in the first service provided by the second device.

16. The method of claim 15, further comprising;:

fransmitting a power-save message configured to mstruct

the first device to enter a power-save mode; and
transmitting an awaken message configured to instruct the

first device to leave a power-save mode, the awaken

message comprising a traffic indication message.

17. The method of claim 15, wherein said transmitting the
notification packet comprises transmitting the notification
packet to the first device.

18. The method of claim 17, wherein the notification
packet comprises a page forward frame configured to forward
the paging packet received from the second device.

19. The method of claim 15, wherein said transmitting the
notification packet comprises transmitting the notification
packet to the second device.

20. A method of discovering devices in a wireless commu-
nication system performed by an apparatus, the method com-
prising;:

receiving an indication of a first start time for a first dis-

covery interval of a plurality of discovery intervals, a
first duration for the first discovery interval, a second
start time for a first paging interval of a plurality of

paging intervals, and a second duration for the first pag-
ing interval;
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receiving a discovery packet from a first device during the
first discovery interval of the plurality of discovery inter-
vals, the discovery packet advertising a service provided
by the first device in a wireless communications net-
work, the plurality of discovery intervals comprising
recurring time intervals when a plurality of devices are
configured to transmit and receive discovery packets, the
plurality of devices being aware ofthe first start time and
the first duration; and

transmitting a paging packet to the first device during a first

paging interval of a plurality of paging intervals, the
paging packet indicating interest in the service provided
by the first device, the plurality of paging intervals com-

- prising recurring time intervals when the plurality of
devices are configured to transmit and receive paging
packets, the plurality of devices being aware of the sec-
ond start time and the second duration, the plurality of
paging intervals not overlapping the plurality of discov-
ery intervals.

21. The method of claim 20, further comprising;:

determining when to transmit the paging packet based on

contention for a wireless communication medium; and
delaying the contention until after a delay time determined
based at least in part on a random value.

22. The method of claim 20, wherein the apparatus is
configured to enter a power-save mode at times other than the
plurality of discovery intervals and the plurality of paging
intervals unless the apparatus is scheduled to communicate at
times other than the plurality of discovery intervals and the
plurality of paging intervals.

23. The method of claim 20, wherein said receiving the
discovery packet during the first discovery interval comprises
receiving the discovery packet during a first scheduled sub-
interval of a plurality of sub-intervals of the first discovery
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interval, each sub-interval being of a same time duration that
is known by the plurality of devices.

24. The method of claim 20, wherein said transmitting the
paging packet to the first device during the first paging inter-
val comprises transmitting the paging packet during a first
sub-interval of a plurality of sub-intervals of the first paging
mterval, each sub-interval being of a same time duration that
is known by the plurality of devices.

25. The method of claim 24, further comprising determin-
ing the first sub-interval based on contention for a wireless
communication medium.

26. The method of claim 24, further comprising determin-
ing the first sub-interval based on a scheduled sub-interval
recetved from another device.

27. The method of claim 20, wherein the discovery packets
transmitted during the plurality of discovery intervals have a
fixed size and comprise at least one of a data frame, a man-
agement frame, and a management action frame.

28. The method of claim 20, wherein the discovery packet
from the first device indicates a start of the first paging inter-
val.

29. The method of claim 20, wherein the discovery packet
includes discovery information generated by a higher layer
discovery protocol or an application-based discovery proto-
col.

30. The method of claim 20, wherein the paging packets
transmitted during the plurality of paging intervals have a
fixed size and comprise a source address field and a recipient
address field.

31. The method of claim 20, wherein a wireless commu-
nication medium is cleared of transmissions other than dis-
covery packets during the plurality of discovery intervals, and
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the wireless communication medium is cleared of transmis-
sions other than paging packets during the plurality of paging
mtervals.

32. An apparatus operable in a wireless communication
system comprising:

a transmitter configured to transmit a discovery packet
during a first discovery interval of a plurality of discov-
ery intervals, the discovery packet advertising a service
provided in a wireless communications network, the
plurality of discovery intervals comprising recurring
time intervals when a plurality of devices are configured
to transmit and receive discovery packets, the plurality
of devices being aware of a first start time for the first
discovery interval and a first duration for the first dis-
covery interval; and

a receiver configured to receive an indication of the first
start time, the first duration, a second start time for the
first paging interval, and a second duration for the first
paging interval, and receive a paging packet from a first
device during a first paging interval of a plurality of
paging intervals, the paging packet indicating interest in
the service, the plurality of paging intervals comprising
recurring time intervals when the plurality of devices are
configured to transmit and receive paging packets, the
plurality of devices being aware of a second start time for
the first paging interval and a second duration for the first
paging interval, the plurality of paging intervals not
overlapping the plurality of discovery intervals.

33. The apparatus of claim 32, wherein the discovery
packet 1s configured to advertise a first service provided by
the apparatus, and the paging packet is configured to indicate
interest in the first service provided by the apparatus.
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34. The apparatus of claim 33, further comprising a pro-
cessor configured to:

determine when to transmit the discovery packet based on

contention for a wireless communication medium; and
delay the contention until after a delay period determined
based at least in part on a random value.

35. The apparatus of claim 33, wherein the apparatus is
configured to enter a power-save mode at times other than the
plurality of discovery intervals and the plurality of paging
intervals unless the apparatus is scheduled to communicate at
times other than the plurality of discovery intervals and the
plurality of paging intervals.

36. The apparatus of claim 33, wherein the transmitter is
configured to transmit the discovery packet during a first
sub-interval of a plurality of sub-intervals of the first discov-
ery interval, each sub-interval being of a same duration that is
known by the plurality of devices.

37. The apparatus of claim 36, further comprising a pro-
cessor configured to determine the first sub-interval based on
contention for a wireless communication medium.

38. The apparatus of claim 36, further comprising a pro-
cessor configured to determine the first sub-interval based on
a scheduled sub-interval received from another device.

39. The apparatus of claim 33, wherein the receiver is
configured to receive the paging packet during a scheduled
sub-interval of a plurality of sub-intervals of the first paging
interval, each sub-interval being of a same duration that is
known by the plurality of devices.

40. The apparatus of claim 33, wherein the discovery pack-
ets transmitted during the plurality of discovery intervals have
a fixed size and comprise at least one of a data frame, a
management frame, and a management action frame.
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41. The apparatus of claim 40, wherein the discovery pack-
¢ts transmitted during the plurality of discovery intervals
comprise a timestamp field configured to enable the plurality
of devices to synchronize clocks.
42. The apparatus of claim 40, wherein the discovery pack-
ets transmitted during the plurality of discovery intervals
include discovery information generated by a higher layer
discovery protocol or an application-based discovery proto-
col.
43. The apparatus of claim 33, wherein the paging packets
transmitted during the plurality of paging intervals have a
fixed size and comprise a source address field and a recipient
address field.
44. The apparatus of claim 33, wherein a wireless commu-
nication medium is cleared of transmissions other than dis-
covery packets during the plurality of discovery intervals, and
the wireless communication medium is cleared of transmis-
sions other than paging packets during the plurality of paging
intervals.
45. The apparatus of claim 44, wherein the transmitter is
further configured to transmit a packet comprising a clear to
send frame to clear the wireless communication medium of
transmissions other than discovery packets during the first
discovery interval and indicate a start of the first discovery
interval.
46. The apparatus of claim 32, wherein
the receiver is further configured to receive a registration
packet from a second device, the registration packet
configured to enable the apparatus to transmit the dis-
covery packet, the discovery packet configured to adver-
tise a first service provided by the second device; and

the transmitter is further configured to transmit a notifica-
tion packet configured to enable the first device and the
second device to communicate directly,
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wherein the paging packet is configured to indicate interest
in the first service provided by the second device.

47. The apparatus of claim 46, further comprising:

transmitting a power-save message configured to instruct
the first device to enter a power-save mode; and

transmitting an awaken message configured to instruct the
first device to leave a power-save mode, the awaken
message comprising a traffic indication message.

48. The method of claim 46, wherein said transmitting the
notification packet comprises transmitting the notification
packet to the first device.

49. The method of claim 48, wherein the notification
packet comprises a page forward frame configured to forward
the paging packet received from the second device.

50. The method of claim 46, wherein said transmitting the
notification packet comprises transmitting the notification
packet to the second device.

31. An apparatus operable in a wireless communication
system comprising:

a receiver configured to receive an indication of a first start
time for a first discovery interval of a plurality of dis-
covery intervals, a first duration for the first discovery
interval, a second start time for a first paging interval of
a plurality of paging intervals, and a second duration for
the first paging interval, and receive a discovery packet
from a first device during the first discovery interval of
the plurality of discovery intervals, the discovery packet
advertising a service provided by the first device in a
wireless communications network, the plurality of dis-
covery intervals comprising recurring time intervals
when a plurality of devices are configured to transmit
and receive discovery packets, the plurality of devices

being aware of the first start time and the first duration;
and
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a transmitter configured to transmit a paging packet to the
first device during a first paging interval of a plurality of
paging intervals, the paging packet indicating interest in
the service provided by the first device, the plurality of
paging intervals comprising recurring time intervals
when the plurality of devices are configured to transmit
and receive paging packets, the plurality of devices
being aware of the second start time and the second
duration, the plurality of paging intervals not overlap-
ping the plurality of discovery intervals.

52. The apparatus of claim 51, further comprising proces-

sor configured to:

determine when to transmit the paging packet based on
contention for a wireless communication medium; and

delay the contention until after a delay time determined
based at least in part on a random value.

53. The apparatus of claim 51, wherein the apparatus is
configured to enter a power-save mode at times other than the
plurality of discovery intervals and the plurality of paging
intervals unless the apparatus is scheduled to communicate at
times other than the plurality of discovery intervals and the
plurality of paging intervals.

54. The apparatus of claim 51, wherein the recetver 1s
configured to receive the discovery packet during a first
scheduled sub-interval of a plurality of sub-intervals of the
first discovery interval, each sub-interval being of a same time
duration that is known by the plurality of devices.

55. The apparatus of claim 51, wherein the transmitter is
configured to transmit the paging packet during a first sub-
interval of a plurality of sub-intervals of the first paging
interval, each sub-interval being of a same time duration that
is known by the plurality of devices.
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36. The apparatus of claim 55, further comprising a pro-
cessor configured to determine the first sub-interval based on
contention for a wireless communication medium.

57. The apparatus of claim 55, further comprising a pro-
cessor configured to determine the first sub-interval based on
a scheduled sub-interval received from another device.

38. The apparatus of claim 51, wherein the discovery pack-
ets transmitted during the plurality of discovery intervals have
a fixed size and comprise at least one of a data frame, a
management frame, and a management action frame.

59. The apparatus of claim 51, wherein the discovery
packet from the first device indicates a start of the first paging
interval.

60. The apparatus of claim 51, wherein the discovery
packet includes discovery information generated by a higher
layer discovery protocol or an application-based discovery
protocol.

61. The apparatus of claim 51, wherein the paging packets
transmitted during the plurality of paging intervals have a
fixed size and comprise a source address field and a recipient
address field.

62. The apparatus of claim 51, wherein a wireless commu-
nication medium 1is cleared of transmissions other than dis-
covery packets during the plurality of discovery intervals, and
the wireless communication medium is cleared of transmis-

sions other than paging packets during the plurality of paging
mntervals.
63. An apparatus operable in a wireless communication
system comprising:
means for receiving an indication of a first start time for a
first discovery interval of a plurality of discovery inter-
vals, a first duration for the first discovery interval, a
second start time for a first paging interval of a plurality
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of paging intervals, and a second duration for the first
paging interval,

means for transmitting a discovery packet during the first
discovery interval of the plurality of discovery intervals,
the discovery packet advertising a service provided in a
wireless communications network, the plurality of dis-
covery intervals comprising recurring time intervals
when a plurality of devices are configured to transmit
and receive discovery packets, the plurality of devices
being aware of the first start time and the first duration;
and

means for receiving a paging packet from a first device
during a first paging interval of a plurality of paging
intervals, the paging packet indicating interest in the
service, the plurality of paging intervals comprising
recurring time intervals when the plurality of devices are
configured to transmit and receive paging packets, the
plurality of devices being aware of the second start time
and the second duration, the plurality of paging intervals
not overlapping the plurality of discovery intervals.

64. An apparatus operable in a wireless communication

system comprising:

means for receiving an indication of a start time and a
duration for a first discovery interval of a plurality of
discovery intervals, the start time and the duration
shared among a plurality of devices;

means for receiving a discovery packet from a first device
during the first discovery interval of the plurality of
discovery intervals, the discovery packet advertising a
service provided by the first device in a wireless com-
munications network, the plurality of discovery inter-
vals comprising recurring time intervals when a plurality
of devices are configured to transmit and receive discov-
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ery packets, the plurality of devices being aware of the
first start time and the first duration; and

means for transmitting a paging packet to the first device
during a first paging interval of a plurality of paging
intervals, the paging packet indicating interest in the
service provided by the first device, the plurality of
paging intervals comprising recurring time intervals
when the plurality of devices are configured to transmit
and receive paging packets, the plurality of devices
being aware of the second start time and the second
duration, the plurality of paging intervals not overlap-
ping the plurality of discovery intervals.

05. A non-transitory computer-readable medium compris-

ing instructions that when executed cause an apparatus to:

receive an indication of a start time and a duration for a first
discovery interval of a plurality of discovery intervals,
the start time and the duration shared among a plurality
of devices;

transmit a discovery packet during the first discovery inter-
val of the plurality of discovery intervals, the discovery
packet advertising a service provided in a wireless com-
munications network, the plurality of discovery inter-
vals comprising recurring time intervals when a plurality
of devices are configured to transmit and receive discov-
ery packets, the plurality of devices being aware of the
first start time and the first duration; and

receive a paging packet from a first device during a first
paging interval of a plurality of paging intervals, the
paging packet indicating interest in the service, the plu-
rality of paging intervals comprising recurring time
intervals when the plurality of devices are configured to
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transmit and receive paging packets, the plurality of
devices being aware of the second start time and the
second duration, the plurality of paging intervals not
overlapping the plurality of discovery intervals.

66. A non-transitory computer-readable medium compris-

ing instructions that when executed cause an apparatus to:

receive an indication of a start time and a duration for a first
discovery interval of a plurality of discovery intervals,
the start time and the duration shared among a plurality
of devices;

receive a discovery packet from a first device during the
first discovery interval of the plurality of discovery inter-
vals, the discovery packet advertising a service provided
by the first device in a wireless communications net-
work, the plurality of discovery intervals comprising
recurring time intervals when a plurality of devices are
configured to transmit and receive discovery packets, the
plurality of devices being aware of the first start time and
the first duration; and

transmit a paging packet to the first device during a first -
paging interval of a plurality of paging intervals, the
paging packet indicating interest in the service provided
by the first device, the plurality of paging intervals com-
prising recurring time intervals when the plurality of
devices are configured to transmit and receive paging
packets, the plurality of devices being aware of the sec-
ond start time and the second duration, the plurality of
paging intervals not overlapping the plurality of discov-
ery intervals.



