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SYNCHRONIZATION IN A DEVICE TO DEVICE NETWORK

Claim of Priority under 353 U.S.C. §119

0001} The present Apphication for Patent claims benefit of U.S. Provisional Patent
Apphcation Serial No. 62/108,523 (Attomney Docket number 131725USL), filed
Fanvary 27, 2015, and US. Patent Application No. 15/006,583 {Attorney Docket
number 1517235U8%), filed January 26, 2016, both of which are assigned to the assignee

hereof and hereby expressly incorporated by reference in their entirety herein.
BACKGROUND
Field of the Disclosure

[0002] Certain aspects of the present disclosure generally relate to wircless
communications and, more particalarly, to discovery of services and/or synchronization

mformation for networks, such as those in the sub~1GHz (S1G) band.
Bescription of Related Art

HEEIRY Wircless communication networks are widely deploved to provide various
communication services such as voice, video, packet data, messaging, broadcast, eic.
These wireless networks may be maltiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA)} networks, Frequency Division Multiple Access
{(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
{(SC-FDMA) networks.

{0004} In order to address the desire for greater coverage and increased
communication range, various schemes are being developed. One such scheme is the
sub-1-GHz frequency range {e.g., operating in the 902 - 928 MHz range m the United
States) being developed by the Institute of Electrical and Electronics Engineers (JEEE}
802.11ah task force. This development s dnven by the desire to utilize a frequency

range that has greater wireless range than wireless ranges associated with frequency
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ranges of other IEEE 802.11 technologies and potentially fewer issues associated with

path losses due to obstructions,

SUMMARY

{0005] The systems, methods, and devices of the disclosure cach have several
aspects, no single one of which is solely responsible for its desirable attributes. Without
himiting the scope of this disclosure as expressed by the claims which follow, some
features will now be discussed briefly.  After considering this discussion, and
particularly after reading the section entitled “Detailed Description” one will understand
how the featurcs of this disclosure provide advantages that include improved

conununications i a wireless network.

006} Aspects of the present disclosure generally relate 1o wireless
communications and, more particularty, numerology and frames for discovery of service
and/or synchronization information in neighbor aware networks (NAN) m the sub-

1GHz (§1G) band.

{0007] Aspects of the present disclosure provide an apparatus for wireless
communications. The apparatus generaily includes a processing svstem configured to:
determine occurrence of a first type of discovery window for a network that occurs
according to a first interval, determing occurrence of a second type of discovery window
for the network that occurs according to a second interval shorter than the first interval;
and an interface configured to output, for transnussion in the network, at Ieast one of
time synchronization information or service information during at least one of the first

type of discovery window or the second type of discovery window.

{3008] Aspects of the present disclosure provide a method for wireless
communications by an apparatus. The method generally includes determining
occurrence of a first type of discovery window for a network that occurs according to a
first interval, determining occurrence of a second type of discovery window for the
network that occurs according to a second mterval shorter than the first mterval, and
outputting, for transmission in the network, at least one of time synchronization
mformation or service information during at least one of the first type of discovery

window or the second type of discovery window,
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HEERY Aspects of the present disclosure provide an apparatus for wirgless
communications. The apparatus generally includes means for determining cccurrence
of a first type of discovery window for a network that occurs according to a first
mierval, means for determining occurrence of a second tyvpe of discovery window for
the network that occurs according to a second interval shorier than the first interval, and
means for outputting, for transmission in the network, at least one of time
synchronization information or service information during at least one of the first type

of discovery window or the second type of discovery window.

[0010] Aspects of the present disclosure provide a computer program product. The
computer program product generally includes a computer readable mediuvm having
nstructions stored thercon for determining occurrence of a first type of discovery
window for a network that ocours according to a first interval, determining occurrence
of a second type of discovery window for the network that occurs according to a second
mterval shorter than the first interval, and outputting, for transmussion in the network, at
least one of time synchronization information or service information during at least one

of the first tvpe of discovery window or the second type of discovery window.

[0011] Aspects of the present disclosure provide station.  The station generally
mcludes at least one antenna; a processing system configured to: determine occurrence
of a first type of discovery window for a network that oceurs according to a first
mterval, and determine occurrence of a second type of discovery window for the
network that occurs according to a sccond interval shorter than the first interval; and a
transmitier configured to transmit, via the at least one antenna, at least one of time
synchromization information or service information during at least one of the first type

of discovery window of the second type of discovery window.

0612} To the accomplishment of the foregoing and related ends, the one or more
aspects comprise the features hereinafier fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certamn iltustrative features of the one or more aspects. These features are indicative,
however, of but a few of the various ways in which the principles of varicus aspects
may be employed, and this description 1s ntended to include all such aspects and their

equivalents.
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BRIEF DESCRIPTION OF THE DRAWINGS

HERRY FIG. 1 illostrates a diagram of an example wireless commumications

network, m accordance with certain aspects of the present disclosure,

{0614} FIG. 2 illustrates a block diagram of an cxample access point and user

terminals, in accordance with certain aspects of the present disclosure.

HEBRY FIG. 3 dlustrates a block diagram of an example wireless device, in

accordance with certain aspects of the present disclosure.

{0016} FIG, 4 silustrates an example NAN cluster, in accordance with certamn

aspects of the present disclosure.

0017} FIG. 5 illustrates an example NAN network with overlapping NAN clusters,

in accordance with certain aspects of the present disclosure.

[0013] FIG. 6 illustrates a block diagram of example operations for wircless
commumnications by an apparatus, in accordance with certain aspects of the present

disclosure.

0619} FIG. 6A illustrates example means capable of performing the operations

shown in FIG. 6.

[3020] FIG. 7 is an example time sequence diagram ilustrating an example

discoverv window period, in accordance with certain aspects of the present disclosure.

{60211 FIG. 8 iilostrates an example Short Probe Response frame format, in

accordance with certain aspects of the present disclosure,

{06022} FIG. 9 illustrates an example Short Beacon frame format, in accordance with

certain aspects of the present disclosure.

{0023} FIG. 10 illustrates an cxample Short Management frame format, in

accordance with certain aspects of the present disclosure,

0624} To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical clements that are common to the figures. It 18



WO 2016/123186 PCT/US2016/015067

W

contemplated that elements disclosed i one embodiment may be beneficially utilized

on other embodiments without specific recitation.

DETAILED DESCRIPTION

{0625} VYarious aspects of the disclosure are described more fully hereinafter with
reference to the accompanying drawings. This disclosure may, however, be cntbodicd
i many different forms and should not be construed as Iimuted to any specific structure
or function presented throughout this disclosure. Rather, these aspects are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of
the disclosure to those skilled 1 the art. Based on the teachings herein one skilled in the
art should appreciate that the scope of the disclosure is intended to cover any aspect of
the disclosure disclosed herein, whether implemented ndependently of or combimed
with any other aspect of the disclosure. For example, an apparatus may be mplemented
or a method may be practiced using any number of the aspects set forth herein. In
addition, the scope of the disclosure is intended to cover such an apparatus or method
which ig practiced using other structure, functionality, or structure and functionality in
addition to or other than the various aspects of the disclosure set forth herein. It should
be understood that any aspect of the disclosure disclosed herein may be embodied by

one or more elements of a claim.

06026} Aspects of the present disclosure  generally relate to wircless
commumnications and, more particolarly, numerclogy and frames for discovery of
services and/or synchronization information in neighbor aware networks (NAN), for
example, operating in the sub-1GHz (S1G) band.  As will be described in more detail
herein, different types of discovery windows of different durations and at different
intervals may be defined. A NAN device {e.g., access point (AP} or non-AP station
the NAN} may wake up during one or both types of discovery windows to transmit time

synchromzation information and/or service discovery information.

06271 The word “exemplary” is used herein to mean “serving as an example,
mstance, or dlustration.” Any aspect described herein as “exemplary”™ is not necessarily

to be construed as preferred or advantageous over other aspects.

{0028} Although particular aspects are described herein, many variations and

permutations of these aspects fall within the scope of the disclosure. Although some
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benefits and advantages of the preferred aspects are mentioned, the scope of the
disclosurg is not intended to be limited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be broadly applicable to different
wireless tochnologies, system configurations, networks, and transmission protocols,
some of which are llustrated by way of example m the figures and n the following
description of the preferred aspects. The detailed description and drawings are merely
tustrative of the disclosure rather than hinuting, the scope of the disclosure being

defined by the appended claims and equivalents thercof.

[0029] The technigues described herein may be used for various broadband wireless
communication systems, including communication systems that are based on an
orthogonal multiplexing scheme. Examples of such communication systems include
Spatial Division Multiple Access (SBMA) system, Time Division Multiple Access
(TDMA) system, Orthogonal Frequency Division Multiple Access (OFDMA) syster,
and Single-Carnier Frequency Division Multiple Access (SC-FDMA) system.  An
SDMA system may utilize sufficiently different directions to simultaneously transmit
data belonging to multiple user ternunals. A TDMA svstem may allow multiple user
terminals to share the same frequency channel by dividing the transmission signal into
different time slots, cach time slot being assigned to different user terminal. An
OFDMA system utilizes orthogonal frequency division multiplexing (OFDM). which is
a modulation fechnique that partitions the overall systern bandwidth into mulaple
orthogonal sub-carriers. These sub-carriers may also be called tones, bing, etc. With
OFDM, each sub-carmer may be independently modulated with data. An SC-FDMA
system may wtilize terleaved FDMA (IFDMA) to transmit on sub-carriers that arc
distributed across the system bandwidth, localized FDMA (LFDMA) to transmit on a
block of adjacent sub-carriers, or enhanced FDMA (EFDMA} to transmit on multiple
blocks of adjacent sub-carriers. In general, modulation symbols are sent in the

frequency domain with OFDM and 1n the time domain with SC-FDMA.

{6836 The teachings herein may be incorporated into {e.g., implemeunted within or
performed by) a variety of wired or wircless apparatuses (2.2, nodes). In some aspects,
a wireless node implemented in accordance with the teachings herein may comprise an

access point or an access terminal,

{66311 An access point (“APT) may comprise, be implemented as, or known as a
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MNode B, Radio Network Controller ("RNCY), evolved Node B (eNB), Base Station
Controlier (“BSC”), Base Transceiver Station {("BTS™), Base Station ("BS7),
Transceiver Function (“TF"), Radic Router, Radic Transceiver, Basic Service Sot
{(“B85™), Extended Service Set (“ESS”), Radio Base Station ("RBS8™), or some other

terminology.

[0032] An access terminal (“AT”) may comprise, be implemented as, or known as a
subscriber station, a subscriber unit, a mobile station (MS), a remote station, 3 remote
terminal, a user termmal (UT), a user agent, a user device, user equipment (UE), a user
station, or some other terminology. In some implementations, an access terminal may
comprise a cellular telephone, a cordless telephone, a Session Imbiation Protocol (“SIP7)
phone, a wireless local loop ("WLL™) station, a personal digital assistant ("PDA™), a
handheld device having wireless connection capability, a Station ("STA” such as an
“AP STA” acting as an AP or a “non-AP STA”) or some other suitable processing
device connected to a wireless modem. Accordingly, one or more aspects taught herein
may be incorporated into a phone {(¢.g., a cellular phone or smart phone), a computer
{c.g., a laptop), a tablet, a portable communication device, a portable computing device
{c.g., a personal data assistant), an entertainment device {e.g., a music or video device,
or a satelhite radio), a global positioning system (GPS) device, or any other suitable
device that is configured to communicate via a wircless or wired medium.  In some
aspects, the AT may be a wircless node. Such wireless node may provide, for example,
connectivity for or to a network {e.g., a wide area network such as the Internet or a

cellular network) via a wired or wireless communication link.

AN EXAMPLE WIRELESS COMMUNICATIONS SYSTEM

{0633} FIG. 1 illustrates a systermn 100 in which aspects of the disclosure may be
performed. For example, any of the wircless stations including the access point 110
and/or the user terminals 120 may be m a neighbor aware network (NAN). A wireless
station may wake up during a first type of discovery window having a first duration and
occurring at a first interval and send and/or monitor for time syochronization

information or service information.

[0034] one or both types of discovery windows to transmit time synchronization
mformation and/or service discovery mnformation. different types of discovery windows

of different durations and at different mtervals may be defined.
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[8635] The system 100 mayv be, for example, a multiple-access multiple~-input
multiple-cutput (MIMO)} systern 100 with access points and user termimals.  For
simplicity, only one access point 110 is shown 1 FIG. 1. An access point is generally a
fixed station that communicates with the user terminals and may also be referred to as a
base station or some other terminology. A user terminal may be fixed or mobile and
may also be referred to as a mobile station, a wircless device, or some other
terminclogy. Access point 110 may communicate with one or more user terminals 120
at any given moment on the downlink and uplink. The downlink (1.c., forward link} is
the commumication link from the access point to the user termunals, and the uphink
{i.e., reverse link) is the communication link from the user ternunals to the access point.

A user tenminal may also comunumnicate peer-to-peer with another user terminal.

{0036] A system controlier 130 may provide coordination and control for these APs
and/or other systems. The APs may be managed by the system controlier 130, for
example, which may handle adjustments to radio frequency power, channels,
authentication, and security. The system controller 130 may commumnicate with the APs
via a backhaul. The APs mav also communicate with one another, ¢.g., directly or

mdirectly via a wireless or wireline backhaul.

{6037 While portions of the following disclosure will describe user termmnals 120
capable of communicating via Spatial Division Multiple Access (SDMA), for certain
aspects, the user ternvinals 120 may also include some user terminals that do not support
SDMA. Thus, for such aspects, an AP 110 mayv be configured to communicate with
both SDMA and non-SDMA user terminals.  This approach may conveniently allow
older versions of user termunals (“legacy™ stations) to remain deploved in an enterpnise,
extending their usefol lifetime, while allowing newer SDMA user terminals to be

mtroduced as deemed appropniate.

{0038} The svstem 100 employs multiple transmit and multiple receive antennas for
data transmission on the downlink and uplink. The access point 110 is equipped with
N, antennas and represents the multiple-input (M) for downlink transmissions and
the multiple-output {MOG) for uplink transmissions. A set of & selected user terminals
120 collectively represents the multiple-output for downlink transmissions and the

multiple-input for uphink transmissions.  For pure SDMA, it is desired to have
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N, 2 K =1 if the data symbol streams for the X user terminals are not multiplexed

in code, frequency or time by some means. X may be greater than N, ap i the data

symbol streams can be multiplexed using TDMA technique, different code channels
with CDMA, disjoint sets of subbands with OFDM, and so on. Each selected user
terminal transmits user-speeific data to and/or receives user-specific data from the
access point. In general, cach selected user terminal may be equipped with one or
vultiple antennas (e, NV, >1). The K selected user terminals can have the same or

different number of antennas.

[0039] The system 100 may be a time division duplex (DD} systern or a frequency
divigion duplex (FDD) system. For a TDD system, the downhink and uphink share the
same frequency band.  For an FDD system, the downlink and uplink use different
frequency bands. MIMO system 100 mayv also utilize a single carrier or multiple
carriers for transnussion.  Each user terminal may be equipped with a single antenna
{e.g., in order to keep costs down) or multiple antennas {¢.g., where the additional cost
can be supported). The system 100 may also be a TBMA system if the user torminals
120 sharc the same frequency chanuel by dividing transmission/reception into different

time slots, each time slot being assigned to different user terminal 120,

[6048] FIG. 2 illustrates example components of the AP 110 and UT 120 illustrated
in FIGG. 1, which may be used to maplement aspects of the present disclosure. One or
more components of the AP 110 and UT 120 may be used to practice aspects of the
present disclosure. For example, antenna 224, Tx/RBx 222, processors 210, 220, 240,
242, and/or controller 230 or antenna 252, Tx/RBx 254, processors 260, 270, 288, and
290, and/or controller 280 may be used to perform the operations described herein and

tustrated with reference to Fl{Gs. 6 and 6A.

{0041} FIG. 2 iHustrates a block diagram of access point 110 two user terminals
120m and 120x in a MIMO system 100. The access point 110 is equipped with /Y
antennas 224a through 224ap.  User terminal 120m s equipped with N,Wn antennas

252ma through 252mu, and user terminal 120x is equipped with N, . antennas 252xa

through 252xu. The access point 110 1s a transmitting entity for the downlink and a

receiving entity for the uplink. Each user terminal 120 1s a transmitting entity for the



WO 2016/123186 PCT/US2016/015067

uplink and a recetving entity for the downlink. As used herein, a “transmitting entity” 18
an independently operated apparatus or device capable of transmitting data via a
wirgless chanoel, and a “receiving entity”™ 13 an independently operated apparatus or
device capable of receiving data via a wircless channel. In the following description,
the subseript “dn” denotes the downlink, the subscript “up” denotes the uphink, N, user
terminals are selected for simultaneous transmission on the uplink, N, user terminals
are selected for simultaneous transmission on the downlink, N, may or may not be
equal to Ny, and N,y and N, may be static values or can change for cach scheduling
mterval. The beam-steering or some other spatial processing technigue may be used at

the access point and user terminal.

j6342] On the uplink, at cach user terminal 120 selected for oplink transmission, a
transmit {TX)} data processor 288 receives traffic data from a data source 286 and
control data from a controller 280, The controller 280 may be coupled with a memory
282, TX data processor 288 processes (¢.g., encodes, mierleaves, and modulates) the
traffic data for the user terminal based on the coding and modulation schemes
associated with the rate selected for the user terounal and provides a data symbol
stream. A TX spatial processor 290 performs spatial processing on the data symbol
stream and provides Ny, transmit symbol streams for the N, antermas. Each
transmitter wmt (TMTR) 254 receives and processes (e.g., converts to analog, amplifies,
filters, and frequency upconverts) a respective transmit symbol stream to generate an

uplink signal. Nm,m transmotiter vnits 254 provide N%m uplink signals for

transmission from IV, . antennas 252 to the access point.

[0043] N,p user terminals may be scheduled for simultaneous transmission on the
uplink. Hach of these user teominals performs spatial processing on its data symbol

stream and transmits its set of transmit symbol streams on the uplink to the aceess point.

[0044] At access point 110, N, antennas 224a through 224ap receive the uplink

signals from all ¥, user terminals transmitting on the oplink. Each antenna 224
provides a received signal to a respective receiver unit (RCVR) 222, Each recetver unit
222 performs processing complementary to that performed by transmitter unit 254 and

provides a received symbol stream.  An RX spatial processor 240 performs recetver
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spatial processing on the Nap received symbol streams from Nap receiver units 222
and provides N, recovered uplink data symbol streams. The receiver spatial processing
s performed in accordance with the channel correlation matrix mversion (CCMI),
miminm mean square error {MMSE), soft imterference cancellation (SIC), or some
other techmique. FEach recovered uplink data symbol stream is an estimate of a data
symbol stream transmitted by a respective user terminal. An RX data processor 242
processes (c.g., demodulates, demnterleaves, and decodes) cach recovered uphink data
symbol stream in accordance with the rate used for that stream to obtain decoded data.
The decoded data for cach user terminal may be provided to a data sink 244 for storage
and/or a controller 230 for further processing. The controller 230 may be coupled with

a memory 232,

{0045} Oun the downlink, at access point 110, a TX data processor 210 receives
traffic data from a data source 208 for Mg user terminals scheduled for downlink
transmission, conirol data from a controller 230, and possibly other data from a
scheduler 234, The various tvpes of data may be sent on different transport channels,
TX data processor 210 processes (¢.g., encodes, unterleaves, and modulates) the traffic
data for each user terminal based on the rate selected for that user termunal. TX data
processor 210 provides Ny, downlink data symbol streams for the Ny, user terminals. A
TX spatial processor 220 performs spatial processing {such as a precoding or
beamforming, as described in the present disclosure) on the Vg, downlink data symbol

streams, and provides N, transmit symbol streams for the N gp antennas.  Each

ap
transmitter wit 222 receives and processes a respective transmit symbol stream to
generate a downlink signal. N, transmitter units 222 providing N, downlink
£s ©

signals for transmission from N, ap antennas 224 to the user termmals. The decoded
data for cach user terminal may be provided to a data sink 272 for storage and/or a
controller 280 for further processing.

{0046] At each user terminal 120, N, antennas 252 receive the Nap downlink
signals from access poutt 110, Each roceiver unit 254 processes a received signal from
an associated antenna 252 and provides a received symbol stream.  An RX spatial

processor 260 performs receiver spatial processing on N, . received symbol streams
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from N, receiver units 254 and provides a recovered downlink data symbol stream
for the user terminal. The receiver spatial processing is performed m accordance with
the CCMI, MMSE or some other technique. An RX data processor 270 processes
{c.g., demodulates, deinterieaves and decodes) the recovered downlink data symbol

stream to obtain decoded data for the user terminal.

{6047} At cach user terminal 120, a channel cstimator 278 estumates the downlink
channel response and provides downlink channel estimates, which may include channel
gain estimates, SNR estimates, noise variance and so on. Similarly, at access point 110,
a channel estimator 228 estimates the uplink channel response and provides uplink
channel cstimates. Controller 280 for cach user terminal typicallv derives the spatial
filter matrix for the user terminal based on the downlink channel response matnix Hy, .
for that user terminal. Controller 230 dertves the spatial filter matrix for the access
point based on the effective uplink channel response matrix ., Controller 280 for
cach user terminal may send feedback wformation {(e.g., the downlink and/or aphink
cigenvectors, eigenvalues, SNR estimates, and so on} to the access point.  Controllers
230 and 280 also control the operation of various processing units at access point 110

and user terminal 120, respectively.

{3048} FIG. 3 illustrates various components that may be utilized i a wircless
device 302 that may be emploved within the MEMO system 100, The wireless device
302 is an example of a device that may be configared to implement the various methods
described herein.  For cxample, the wireless device may implement operations 600
lustrated m FIG. 6. The wireless device 302 may be an access point 110 or a user

terminal 120.

[0049] The wircless device 302 may include a processor 304 which controls
operation of the wireless device 302, The processor 304 may also be referred to as a
central processing unit (CPU).  Memory 306, which mav include both read-only
memory {ROM) and random access memory (RAM), provides instructions and data to
the processor 304, A portion of the memory 306 may also include non-volatile random
access memory (NVRAM).  The processor 304 typically performs logical and
arithmetic operations bascd on program instructions stored within the memory 306. The
mstructions in the memorv 306 may be executable to implement the methods described

herein.
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{0656} The wireless device 302 may also include a housing 308 that may mclude a
transmitter 310 and a receiver 312 to allow transmission and reception of data between
the wireless device 302 and a remote node. The transmitier 310 and receiver 312 may
be combined into a trapsceiver 314, A single or a plurality of transmit antennas 316
may be attached to the housing 308 and electrically coupled to the transceiver 314, The

wireless device 302 may also mclude {(not shown) multiple transmitters, mudtiple

receivers, and multiple transceivers.

06511 The wircless device 302 may also include a signal detector 318 that may be
used i an cffort to detect and quantify the level of signals received by the transceiver
314, The signal detector 318 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The wireless device

302 may also include a digital signal processor {BSP) 320 for use in processing signals.

0652} The various components of the wireless device 302 may be coupled together
bv a bus system 322, which may include a power bus, a control signal bus, and a status

signal bus in addition to a data bus.

Example Neighbor Aware Network

HEERY Due to the increasing popularity of location-enabled {¢.g., GPS-enabled)
mobile devices, neighbor aware networks (WANs} are emerging. A NAN generally
refors 0 a notwork for compmuucation betwoon stations (5TAs) that are locaied in
relatively close prosinniy to cach other. A NAN provides a mechanism for devices o
synchronize the time and channel {e.g., within a 510 band} on which they converge fo

faciitate the discovery of service that have been made discoverable on exasting devices

or new devices that enter the environment,

{0054] As used borein, a NAN discovory window generally refors 1o the time
{and possibly channell on which NAN dovices converge {eg., for advertising/
discovering services or synchronization nformation). A colloction of NAN devices
{o.g., Wik capable or other tvpe wireless devices that support NAN protocels and
which moay be NAN Master or NAN pon-Master) that are syachronized o the sane

discovery window schedule may be roferred 1o as a NAN clusier.
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[6655] FIG. 4 idustrates an example NAN cluster 400, i accordance with centain
aspects of the present disclosure. NAN Devices 410 {e.g., such as AP 110 or user
terminal 120} that are part of the same NAN Cluster 400 may participate in the NAN
Master Sclection procedure. Depending on changes in the NAN Cluster 400, such as
changes to which NAN Devices 410 are part of the NAN Cluster 400 and/or changes to
thetr Master Ranks, different NAN Devices 410 may be elected to become NAN

Devices in Master role at different times.

{6056} In some cases, a NAN IB may be used to signifyv a set of NAN parameters
{c.g., applwable to devices that are members of a NAN cluster or network of NAN
chistersy, A MNAN network may, thus, refer 1o a collection of MAN clusters that share

the same MAN D

{8657} FIG. 5 illustrates an example NAN network 300 with overlapping NAN
clusters 400y (of NAN devices 410;) and 400, {of NAN devices 410}, 1n accordance
with certain aspects of the present disclosure.  Although not shown in FIG. 5, a NAN
device may participate in more than one overlapping cluster.  Also not shown, a NAN
device may operate concurrently in a NAN network with other types of WiFi networks
{o.g.. STAx in different homes or buildings as part of independent LAN: with different
external network connections) such as a wireless local area network (WLAN) or Wik1

Direct.

[6058] NANs generally vtilize a discovery window to advertise the existence of
devices, services offered by the NAN, and synchronization mformation. During the
discovery window, the NAN Devices are available {make themselves available} with
high probability for mutual discovery. During imtenim peniods the devices may be
asleep or involved with other activities, for example, communicating on other networks,
possibly on a different channel. A NAN device that creates the NAN cluster may define

a series of discovery window start times {(DWSTs).

{0059] NAN Devices participating in the same NAN Cluster are synchronized 1o a
common clock. During a discovery window, one or more NAN Devices transmit NAN
Synchronization Beacon frames to help all NAN Devices within the NAN Chaster
synchronize their clocks. A timing synchronization function {(TSF) keeps the timers of

all NAN Devices in the same NAN Cluster synchronized. The TSF i a NAN Cluster
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may be implemented via a distributed algorithm and NAN Beacon frames can be
transmitted according to the algorithm. A relative starting point or "time zerg" may be
defined as the first DWST. According to certain aspects, all devices in the NAN may
wake up at the first discovery window (DW0), which may be defined, for example, as
the discovery window in which the lower 23 bits of the TSF are zero. During
subsequent discovery windows, certain NAN devices may choose to be awake (e.g.,
wake up if 18 a power save mode} or not be awake (o.g.. enter or remain in 3 power
save).  Such synchronization may, thus, decrease the discovery latency, power

consumption, and medium occupancy that would otherwise occur.

0060} The NAN synchronization procedure 1s typically separate from the service
discovery messaging.  Although a NAN Device transmiis not more than one
Synchronization Beacon in a discovery window, multiple NAN Service Discovery
frames may be transmitted by a NAN Device in a discover window. NAN Service
Discovery frames enable NAN Devices to look for services from other NAN Devices

and make services discoverable for other NAN DBevices.

0061} Conventionally, for the 2 4GHz and 3GHz bands, DWETs have an interval
of 512 time units {TUs), meaning the discovery windows are 5312 TUs apart, and the
length of the discovery period 1s 16TUs. Also, for the 2.4GHz and 5GHYZ bands, NAN
synchronization and discovery beacon frames are based on a Beacon management frame
format and NAN service discover frames are based on vendor spectfic public action

frame formats.

[03062] Communication in the unlicensed sub-1GHz {§1G) band provides extended
range tor WiFi networks, compared to conventional WiFi networks operating in the
2.4GHz and 5GHz bands, and may also have lower energy consumption. Medium
access control (MACQC) layer and physical (PHY} fayer protocols for wireless local arga
networks {WELANg) in 51G have been defined (o g., in the 802.11ah standard). NAN
protocol for discovery in the $1G band can vield extended range of discovery, including

targe sensor deployments and outdoor extended ranges.

18063] Accordingly, techmiques and apparatus for numerology and frames for NANs

in the S1G band are desirable.
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EXAMPLE NUMEROLOGY AND FRAMES FOR NEIGHBOR AWARE
NETWORKS (NAN) IN THE SUB-1GHz (581G) BAND

{0064} Aspects of the present disclosure provide, for neighbor aware networks
{NAN) operation in the sub-1GHz band (e.g., 900GHz), at least two different types of
discovery windows of different durations and occurring at different intervals. A NAN
device (e.g., AP or non-AP station in the NAN) may wake up during onc or both types
of discovery windows to transmit or monitor for time synchronization information
and/or service discovery nformation. The time synchronization information may be
used to update an internal clock of the receiving device and the service information may

be used 1o determine what services are avatlable within the NAN.

{0065] According to certain aspects, for communications in the SI1G band, NAN
numerology (generally referring to the duration of discovery windows and intervals at
which they occur) may be scaled by a factor of times 10 (relative to other bands). For
example, as mentioned above, typical NAN numerclogy for the 2 4GHz and 5GHz
bands, uses a discovery window with a duration of 16TUs that occurs every 512TUs.
Thus, i order to scale the numerology by a factor of 10, S1G NANs may use discovery
windows with a duration {(width) of 160TUs {(ie., 16TUs x 10 = 160TUs) that occurs
every 5120 TUs (Le., 512TUs x 10 = 51207TUs). However, this approach may have a

latency for discovery.

{0066} According to cortain aspects presented herein, ticred discovery windows
may be used. Using thus tiered approach, different discovery windows occurring at
different intervals may allow for synchronization {and/or service) information to be

obtained with less latency.

[3067) FIG. 6 hustrates example operations 600, in accordance with certain aspects
of the present disclosure. The operations 600 may be performed by an apparatus, for

example a NAN device {¢.g., such AP 110 or user terminal 120}

[0068] The operations 600 begin, at 602, by determining the occurrence of a first
type of discovery window for a network (e.g., a NAN) that occurs according to a first
nterval (e.g., 8192TUs), based on the first interval and a time synchronization fonction
{TSF) used by devices in the network., The first type of discovery window may also

have a first duration {(e.g., 60TUs).
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{8069} At 604, the NAN device may determine the occurrence of a second type of
discovery window for the network that occurs according to a sccond interval
{e.g., 512TUs) shorter than the first interval, based on the second interval and the TSF.
The second type of discovery window may also have a sccond duration (¢.g., 16TUs)

which may be shorter than the first duration.

[0076] Optionally (as indicated by the dashed lines), at 606, the NAN device may
obtain, from at least one other apparatus associated with the network, at least one of
time synchronization information or service information during at least one of the first
type of discovery window or the second type of discovery window. According fo
certain aspects, the time synchronization information may be used by the NAN device

to update an internal clock.

{8671} At 608, the NAN device may output, for transmission 1n the network, at least
one of time synchronization information or service information during at least one of
the furst type of discovery window or the second type of discovery wmdow. For
example, the first tyvpe of discovery window may be used for transmitiing/receiving time
synchronization information {(e.g., which may be sent by a Master NAN device or a

Synch NAN device).

66721 In some cases, a NAN device may cuiput time synchronization and/or
service mformation dunng one or both discovery windows without obtaining such
mformation from another apparatus. For example, an mnitiating NAN device {e.g., a first

member of a cluster), may output such information without discovering it from another

apparatus.
{6673} According to certain aspects, a frame with time synchronization information

may be transmitied in cach of the first type of discovery window. According to certain
aspects, the second type of discovery window may be used for transmitting service

mformation {¢.g., by any of the devices in the NAN),

{8674} In ong exampie, a NAN device mayv be in a jow power state. The NAN
device may determine to exit the low power state to transmit the frame during at least
one of the first type of discovery window or the second type of discovery window.
According to certain aspects, the NAN device may exit the low power state to transmit a

frame with service information during only a subset of the sccond tvpe of discovery
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window. According to certain aspects, the NAN device may exit the low power state to
obtain a frame duaring the first type and/or the second type of discovery window. For
example, the NAN device may obtain a frame including service information and
determine services available in the NAN based on the service information. In one
example, the NAN device may exat the low power state in a subset of the second type of
discovery windows 1o obtain frames with service information. Transmitting on only a
subset of discovery windows may allow for greater power savings and, in some ¢ases,
may allow for different devices to be assigned differont discovery windows to avoid

possible collisions.

[B075] FIG. 7 1s an example time sequence diagram 700 illustrating an example
discovery window period, in accordance with certain aspects of the present disclosure.
As shown in FIG. 7, according to one example implementation, a NAN syne beacon
702 may be sent i a first type of discoverv window baving a furst duration and
occurring according to a first mterval, and NAN service discovery frames 704 may be
sent in a second tvpe of discovery window having a second short duration and occurring

according to a second shorter interval.

{0076] Different types of frame formats may be used for NAN syne beacons 702
and NAN service discovery frames 704, According to ceortain aspects, NAN devices
may use a Short Probe response frame format as the NAN beacon for time

synchronization.

G677} FIG. 8 illustrates an example Short Probe Response frame format 800 which
may be used a NAN synchronization or discovery beacon, in accordance with certain
aspects of the present disclosure. For example, the Al field mav include the source

address {¢.g., the address of the NAN device sending the beacon).

[BG75] As tllustrated in FIG. 8, the A2 ficld may mclude the NAN Cluster 1D, In
some cases, the group bit n the address field may be set to 1 to indicate that the frame is
addressed to a group. The NAN beacon may, in some casgs, be 46 octets.
Alernativelv, with different length fields, the NAN beacon may be 40 octets and have a

transmission time of 880us.

[0079] Alernatively, a Short Beacon format may be used. FIG. 9 illustrates an

example Short Beacon frame format 900 which may be used a NAN synchronization or
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discovery beacon, in accordance with cerfamn aspects of the present disclosure. As
tlustrated, according to certain aspects, the SA field may be set to the NAN Cluster D,
while the source address may be carried in the attnbutes. In some cascs, the length of

this NAN beacon may be 40 bytes and have a transmission time of 800pus.

[3089] According to certain aspects, NAN devices may use a short management
frame format for service discovery frames in a 51G NAN. FIG. 10 is an example Short
Management Frame format 1000, in accordance with certain aspects of the present

disclosure.

6081} According to certain aspects, the A2 field may be set to the Cluster ID orto a
shorter identification of the Chuster ID {e.g., a Cluster Association 1D or AID). By
using a shorter Cluster AID, this approach may save 12 bytes {which may save 160us at
600Mbps). ¢ Cluster AID mayv be defined, for example, as a 2 byte Hash of the
Cluster 1D, Alternatively, the short identification of the Cluster 1D mav be the last 2
bvtes of the Cluster ID. in some cases, this may result 1 a frame with a length of 50

bvtes with a transmission fime of Ims.

{06082} According to certain aspects, using the numerology and frames described
herein for NANs operating in the S1G band may balance rapid discovery with low
power utilization and may cnable large sensor deplovments and outdoor extended
ranges. The DWO may perout around 40-60 discovery frames to got through within the
window and other discovery windows may permit 10-12 frames to get through within
the window. In some cases, to further reduce discovery time, devices may be
configured to scarch ouly certain channels within a given operating band. For example,
devices operating 1n a certain couniry or region may search a corresponding channel or

subset of channels within an operating band.

[O083] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method sieps and/or actions may be mierchanged
with one another without departing from the scope of the claims. In other words, unlesgs
a specific order of steps or actions is specified, the order and/or use of specific steps

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

[0084] As used herein, a phrase reforring to “at least one of” a list of ttems refers to

any combination of those items, including single members. As an example, “at least
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one of a, b, or ¢” i3 mitended to cover a, b, ¢, a-b, a-c, b-c, and a-b-¢, as well as any
combination with moltiples of the same clement (e.g., 3-a, a-a-a, a-a-b, a-a-c, a-b-b,

a-¢-¢, b-b, b-b-b, b-b-¢, ¢c-¢, and ¢-c-¢ or any other ordering of a, b, and ¢}

HEERY As used herein, the term “deternuning” encompasses a wide varety of
actions. For exampie, “determining” may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a table, a database or another data
structure), ascertaining and the like.  Also, “determining” mayv include receiving
{¢.g., recetving information), accessing {¢.g., accessing data in a memory) and the like.
Also, “determining” may include resolving, selecting, choosing, establishing and the

like.

{0086} In some cases, rather than actually transmitting a frame, a device may have
an interface to output a frame for transmission. For example, a processor may output a
frame, via a bus mnterface, to an RY front end for transmission. Similardy, rather than
actually recctving a frame, a device may have an mterface to obtain a frame received
from another device. For example, a processor may obtain {or receive) a frame, via a

bus mierface, from an RF front end for transmussion.

{06871 The various operations of methods described above may be performed by
any suitable means capable of performing the corresponding functions. The means may
nclude various hardware and/or software componeni(s) and/or module(s), including,
but not limited to a circuil, an application specific integrated circut {ASIC), or
processor. Generally, where there are operations tllustrated in figures, those operations
may have corresponding counterpart means-plus-function components with similar
numbering.  For example, operations 600 illustrated 1n FIG. 6 correspond to means

G600A lustrated m FIG. 6A.

{D088] For example, means for receiving and means for obtaining may be a receiver
{¢.g., the receiver unit of transceiver 254} and/or an antenna(s) 252 of the user ternunal
120 itlustrated in FIG. 2 or the receiver {¢.g., the recetver unit of transceiver 222} and/or
antennads) 224 of access point 110 illustrated in FIG. 2. Means for transmiiting and
means for outputting may be a transnutier {¢.g., the transmitter unit of transceiver 234)

and/or an antennafs) 252 of the user termunal 120 ilustrated in FIG. 2 or the transmiitter
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{¢.g., the transmutter umit of transceiver 222) and/or antenna(s) 224 of access point 110

illustrated in FIG. 2.

[B089] Means for placing, means for generating, means for including, means for

determining, means for exiting,

and means for updating may comprise a processing
system, which may include one or more processors, such as the RX data processor 270,
the TX data processor 288, and/or the controller 280 of the user terminal 120 illustrated
in FIG. 2 or the TX data processor 210, RX data processor 242, and/or the controiler

230 of the access point 110 ilhustrated in FIG. 2.

6090} According to certain aspects, such means may be implemented by processing
systems configured to perform the corresponding functions by implementing vanous
algorithms {c.g., in hardware or by exccuting software instructions} described above.
For example, an algorithm determining occurrence of a first type of discovery window
for a network that occurs according to a first interval, an algorithm for determining
occurrence of a second tvpe of discovery window for the that occurs according to a
second interval shorter than the first interval, an algorithm for obtaining, from at least
one other apparatus associated with the network, at least one of time synchromization
information or service information during at least one of the first type of discovery
window or the second type of discovery window, and an algorithm for cutputting, for
transmission m the network, at least one of the time synchronization mformation or the
service information during at least one of the first type of discovery window or the

second type of discovery window.

HEB The various illustrative logical blocks, modules and circuits described in
connection with the present disclosure may be maplemented or performed with a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device (PLD)}, discrete gate or transistor logic, discrete hardware components, or any
combination thercof designed to perform the functions described hercin. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontroller, or state machine, A
processor may also be implemented as a combmation of computing devices, ¢.g., a
combination of a DSP and a mucroprocessor, a plurality of microprocessors, one or

MOTe MICTOPTOCcEssors in conjunction with a DSP core, or any other such configuration.
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16692] If implemented in hardware, an example hardware configuration may
comprise a processing system i a wireless node.  The processing system may be
mmplemented with a bus architecture.  The bus may inchide any number of
interconnecting buses and bridges depending on the specific application of the
processing system and the overall design constraints. The bus may link together various
circuits including a processor, machine-readable media, and a bus interface. The bus
nterface may be used to connect a network adapter, among other things, to the
processing system via the bus. The network adapter may be used to implement the
signal processing functions of the PHY layer. In the case of a user termmal 120 (see
FIG. 1), a user mterface {c.g., kevpad, display, mouse, iovstick, etc.) may also be
connected to the bus. The bus may also hink various other circuits such as timing
sources, peripherals, voltage regulators, power management circuits, and the like, whic

arc well known in the art, and therefore, will not be described any further. The
processor may be implemented with one or more gencral-purpose and/or special-
purpose processors.  Examples include microprocessors, microcontroliers, DSP
processors, and other civcuitry that can execute software. Those skilled m the art will
recognize how best to implement the described functionality for the processing sysiem
depending on the particular application and the overall design constraints imposed on

the overall system.

{0093} If implemented 1o software, the functions may be stored or transmitied over
as one or more instructions or code on a compuier-readable medium. Software shali be
construed broadly to mean instructions, data, or any combination thercof, whether
referred o as software, firmware, middleware, microcode, hardware description
language, or otherwise. Computer-readable media include both computer storage media
and communication media mcluding any medium that facilitates transfer of a computer
program from one piace to another. The processor may be responsible for managing the
bus and general processing, including the execution of software modules stored on the
machine-readable storage media. A computer-readable storage medium may be coupled
to a processor such that the processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium may be integral to the
processor. By way of example, the maching-readable media may include a transmission
ting, a carrier wave modulated by data, and/or a computer readable storage medium with

mnstructions stored thercon separate from the wireless node, all of which may be
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accessed by the processor through the bus interface. Alternatively, or in addition, the
machine-readable media, or any portion thereof, may be integrated into the processor,
such as the case may be with cache and/or general register files. Examples of machine-
rcadable storage media may include, by way of example, RAM (Random Access
Memory), flash memory, ROM {(Read Only Memory), PROM (Programmable Read-
Only Memory), EPROM (Erasable Programmable Read-Only Memory), EEPROM
{Electrically Erasable Programmable Read-Only Memory), registers, magnetic disks,
optical disks, hard drives, or any other suitable storage medium, or any combination
thercof.  The machme-rcadable media mav be embodied in a computer-program

product.

j3394] A software module may comprise a single instruction, or many instructions,
and may be distributed over several different code segments, among different programs,
and across multiple storage media. The computer-readable media may comprise a
number of software modules. The software modules include nstructions that, when
executed by an apparatus such as a processor, cause the processing svstem to perform
various functions. The software modules may include a transmission module and a
receiving module. Hach software module may reside in a single storage device or be
distributed across multiple storage devices. By way of example, a software module may
be loaded mto RAM from a hard drive when a triggering event occurs.  During
exccution of the softwarc module, the processor may load some of the instructions into
cache to increase access speed. One or more cache lines may then be loaded mto a
general register file for execution by the processor. When referring to the fumctionality
of a software module below, it will be voderstood that such functionality is

implemented by the processor when executing instructions from that software module.

[0095] Also, any counnection is property termed a computer-readable medivm. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (BSL), or
wirgless technologies such as infrared (IR}, radic, and microwave, then the coaxial
cable, fiber optic cable, twisted pair, DSL, or wircless technologies such as mfrared,
radio, and microwave are included n the definition of medium. Dhisk and disc, as used
herein, include compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),

floppy disk, and Blu-ray® disc where disks usually reproduce data magnetically, while
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discs reproduce data optically with lasers. Thus, in some aspects computer-readable
media may comprise non-transitory computer-readable media {¢.g., tangible media). In
addition, for other aspects computer-readable media may comprise transitory computer-
readable media {c.g., a signal}. Combinations of the above should also be mcluded

within the scope of computer-readable media.

{0096} Thus, certain aspects may comprise a computer program product for
performing the operations presented heremn.  For example, such a computer program
product may comprise a compuier-readable medium having instructions stored {and/or
encoded) thercon, the instructions being executable by one or more processors 1o

perform the operations described herein.  For example,

B

mstructions for determining
oecurrence of a first type of discovery window for a network that occurs according to a
first nterval, instructions for determining oocurrence of a second type of discovery
window for the that occurs according to a second interval shorter than the first interval,
mstructions for obtaining, from at least one other apparatus associated with the network,
at least one of time svachronization information or service information during at least
one of the first tvpe of discovery window or the second tvpe of discovery window, and
mstructions for outputting, for transmission n the network, at least one of the time
synchromization information or the service mformation during at least one of the first

type of discovery window or the second type of discovery window.

{6697} Further, it should be appreciated that modules and/or other appropnate
means for performing the methods and techniques described herein can be downloaded
and/or otherwise obtamed by a user terminal and/or base station as applicable. For
example, such a device can be coupled to a server to facilitate the transfer of means for
performing the methods described herein.  Altematively, various methods described
herein can be provided via storage means {e.g., RAM, ROM, a physical storage medium
such as a compact disc {CD} or floppy disk, etc.). such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage means {o
the device. Moreover, any other suitable technique for providing the methods and

techniques described herem to a device can be utilized.

{0098} It is to be understood that the claims arc not limited to the precise

configuration and components itliustrated above. Various modifications, changes and
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variations may be made n the arrangement, operation and details of the methods and

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



WO 2016/123186 PCT/US2016/015067

26
CLAIMS
WHAT IS CLAIMED IS:
1. An apparatus for wircless communications, comprising:

a processing svstem configured to:

determing ocourrence of a first type of discovery window for a network
that occurs according to a first interval, and

determine occurrence of a second type of discovery window for the
network that oceurs aceording to a second interval shorter than the first interval;
and
a tirst interface 1s configured to output, for transmission in the network, at least

one of time synchromization information or service information during at least one of

the first type of discovery window or the second type of discovery window.

2. ¢ apparatus of claim 1, further comprsing:

a second mterface configured to obtain, from at least one other apparatus
associated with the network, at least one of the time synchronization information or the
service mformation during at least one of the discovery window of the first type or the

discovery window of the second tvpe.

3. The apparatus of claim 1, wherein the processing system is further configured to
determine, based on at least one of a location or a region associated with the apparatus,
a subset of one or more channels within an operating band to use for obtaining the time

synchronization information or the service mformation.

4, The apparatus of claim 1, wherein the processing system is configured fo:
determine occurrence of the discovery window of the first type based on the first

interval and a time synchronization function {TSF} used by devices in the network, and
determine occurrence of the discovery window of the second type based on the

second interval and the TSF.

5. The apparatus of claim 1, wherein the network comprises a neighbor aware

network (NAN).
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6. The apparatus of claim 1, wherein:

the discovery window of the first type is for communicating at least the time
synchronization mformation, and

the discovery window of the second type is for communicating at least the

service information.

7. The apparatus of claim 1, wherein:
the discovery window of the first type has a first duration,
the discovery window of the second type has a second duration that is shorter

than the first duration.

3. ¢ apparatus of claim 1, wherein the time synchronization information and the

service information are communicated within the via a sub-1GHz (51G) band.

9. The apparatus of claim 1, wherein:

the processing system is contigured o generate a frame mncluding the time
synchronization mformation or the service mformation, and

the first interface 1s configured to output the frame for fransmission during at
least one of the discovery window of the first tvpe or the discovery window of the

second type.

10, The apparatus of claim 1, whercin the processing system is configured to
generate a frame mcluding the time synchromization information to be output for

transrussion i each occurrence of the discovery window of the first tvpe.

11, The apparatus of claim 10, wherein the processing system is configured to:
piace the apparatus in a first power state, and
exit the first power state to transmit the frame during at least one of the

discovery window of the first type or the discovery window of the second type.

12, The apparatus of claim 1, wherein the processing system is configured to:
generate a frame including the service information,

place the apparatus in a first power state, and



WO 2016/123186 PCT/US2016/015067

28

exit the first power state to transmit the frame durmg only a subset of

oceurrences of the discovery window of the second type.

13, The apparatus of claim 12, wherein the processing system is configured to
generate the frame based on a short probe response frame format, a short beacon frame

format, or a short management frame format.

14.  The apparatus of claim 12, wherein an identification ot a group of apparatuses n

the network 1s included in an address field of the frame.

15, The apparatus of claim 12, wherein a source address of the apparatus is included

n an optional elements ficld of the frame.

16.  The apparatus of claim 12, wherein a short identification of a group of
apparatuscs in the network, generated based on longer identification of the group of

apparatuses, 1s included n an address field of the frame.

17.  The apparatus of claim 16, wherein the short identification comprises a hash of
the longer identification or one or more least sigmficant bytes of the longer

identification.

18, The apparatus of claim |, wherein:

the apparatus further comprises a second inferface configured to obtain, during
at least one of the discovery window of the first type or the discovery window of the
second type, a frame including the time synchronization information; and

the processing system is configured to update an internal clock based on the time

synchromzation mformation.

19, The apparatus of claim 18, wherein the processing system 1s configured to;
place the apparatus in a first power state, and
exit the first power state to obtain the frame during at least one of the discovery

window of the first type or the discovery window of the second type.



WO 2016/123186 PCT/US2016/015067

29

20.  The apparatus of claim |, wherein:

the apparatus further comprnises a second interface configured to obtain, during
at least one of the discovery window of the first type or the discovery window of the
second tyvpe, a frame including the service information; and

the processing system is configured to determne services available in the
network, based on the service information and decide whether to attempt to join the

network based on the determined services.

21.  The apparatus of claim 20, wherein the processing system is configured to:
place the apparatus in a first power state, and
exit the first power state to obtaim the frame during at least one of the discovery

window of the first type or the discovery window of the second type.

22.  'The apparatus of claim 21, wherein the processing system is configured to
exit the first power state to obtain the frame duning only a subset of occurrences

of the discovery window of the second type.

23 A method for wircless communications by an apparatus, comprising:

determining occurrence of a first type of discovery window for a network that
gocurs according to a first interval;

determining occurrence of a second type of discovery window for the that occurs
according to a second interval shorter than the first interval; and

oufputiing, for transmission in the network, at least one of time synchronization
mformation or service information during at least one of the first type of discovery

window or the second tvpe of discovery window.

24, The method of claim 23, further comprising:

obtaining, from at least one other apparatus associated with the network, at least
one of the time synchronization information or the service imformation during at least
one of the discovery window of the first type or the discovery window of the second

type.

25 The method of claim 23, further compnsing determining, based on at least one

of a location or a region associated with the apparatus, a subset of one or more channels



WO 2016/123186 PCT/US2016/015067

3
p—

within an operating band to use for obtaming the time synchronization information or

the service information.

26, The method of claim 23, wherein:

the occurrence of the discovery window of the first type is determined based on
the first interval and a time synchronization function {T5F) used by devices in the
network, and

the occurrence of the discovery window of the second type is determined based

on the second nterval and the TSF.

27, The method of claim 23, wherein the network comprises a neighbor aware
network (NAN).
28, The method of claim 23, wherein:

the discovery window of the first type 1s for conununicating at least the time
synchronization mformation, and
the discovery window of the second type 1s for communicating at least the

service information.

29. The method of claim 23, wherein:
the discovery window of the first type has a first duration,
the discovery window of the second type has a second duration that is shorter

than the first duration.

30.  The method of claim 23, wherein the time synchronization information and the

service information are communicated within the via a sub-1GHz (51G) band.

31 The method of claim 23, further comprising:

generating a frame including the time synchronization iformation or the service
mformation, and

outputting the frame for transmission during at least one of the discovery

window of the first type or the discovery window of the second type.
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32, The method of claim 23, further comprising generating a frame including the

time synchronization information to be output for transmission i cach occurrence of the

discovery window of the first type.

33, The method of claim 32, further comprising:
placing the apparatus in a first power state, and
exiting the first power state to transmit the frame during at least one of the

discovery window of the first type or the discovery window of the second type.

34, The method of claim 23, further comprising:
generating a frame including the service information,
piacing the apparatus 1o a first power state, and
exiting the first power state to transmit the frame during only a subset of

oocurrences of the discovery window of the second type.

35.  The method of claim 34, further comprising generating the frame basedon a
short probe response frame format, a short beacon frame format, or a short management
frame format.

36.  The method of claim 34, wherein an identification of a group of apparatases in

the network 18 included in an address field of the frame.

37, The method of claim 34, wherein a source address of the apparatus 18 included in

an optional elements field of the frame.

38.  The method of claim 34, wherein a short identification of a group of apparatuses
in the network, generated based on longer identification of the group of apparatuses, is

included in an address field of the frame.

39, The method of claim 38, wherein the short identification comprises a hash of the

longer identification or one or more least significant bytes of the longer identification.
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40.  The method of claim 23, further comprising:

obtaming, during at least one of the discovery window of the first type or the
discovery window of the second type, a frame including the time synchronization
mformation; and

updating an internal clock based on the time svnchronization information.

41. The method of claim 40, further comprising:
placing the apparatus in a first power state, and
exiting the fivst power state to obtain the frame during at least one of the

discovery window of the first type or the discovery window of the second type.

42, The method of claim 23, further comprising:

obtamning, during at least one of the discovery window of the first tvpe or the

o0

discovery window of the second type, a frame including the service information;

determining services available in the network, based on the service information;

and

deciding whether to attempt to join the network based on the determined
SETVICES.
43, The method of claim 42, further comprising:

placing the apparatus in a first power state, and
exiting the first power state to obtain the frame during at least one of the

discovery window of the first tvpe or the discovery window of the second type.

44, The method of claim 43, further comprising:
exiting the first power state to obtain the frame during only a subset of

occurrences of the discovery window ot the second type.

45, An apparatus for wircless communications, comprising:

means for determining occurrence of a first type of discovery window fora
network that occurs according to a first mterval;

means for determining occurrence of a second type of discovery window for the

that occurs according to a second nterval shorter than the first mterval; and
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means for outputiing, for transmission in the network, at least one of time
synchronization information or service information during at least one of the first type

of discovery window or the second type of discovery window.

46. ¢ apparatus of claim 45, further comprising:

means for obtaining, from at least one other apparatus associated with the
network, at least one of the time synchronization information or the service mformation
during at least one of the discovery window of the first tvpe or the discovery window of

the second tvpe.

47.  The apparatus of claun 45, further comprising means for determining, based on
at ieast one of a location or a region associated with the apparatus, a subset of one or
more channels within an operating band to use for obtaining the time synchronization

information or the service nformation.

48, The apparatus of claim 43, wherein:

the occurrence of the discovery window of the first type 1s determined based on
the first interval and a time synchronization function {T8F) used by devices in the
network, and

the occurrence of the discovery window of the second tvpe s determined based

on the second interval and the TSFE.

49, The apparatus of claim 45, wherein the network comprises a neighbor aware
network (NAN).
50.  The apparatus of claim 45, wherein:

the discovery window of the first tvpe is for communicating at least the time
synchromization formation, and
the discovery window of the second type is for communicating at least the

service mnformation.

51.  The apparatus of claim 45, wherein:

the discovery window of the first tvpe has a first duration,
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the discovery window of the second type has a second duration that is shorter

than the first duration.

52, The apparatus of claim 45, wherein the time synchronization information and the

service information are communicated within the via a sub-1GHz (51G) band.

53.  'The apparatos of claim 45, further comprising:

means for gencrating a frame mchiding the time synchronization information or
the service information, and

means for outputting the frame for transmission during at least one of the

discovery window of the first type or the discovery window of the second type.

54.  The apparatas of claim 45, further comprising means for generating a frame
mnchuding the time synchronization information to be output for transmission in cach

occurrence of the discovery window of the first type.

55.  The apparatus of claim 534, further comprising:
means for placing the apparatus in a first power state, and
means for exiting the first power state to transmit the frame durmg at least one

of the discovery window of the first tvpe or the discovery window of the second type.

56.  The apparatus of claim 45, further comprising:

means for generating a frame meluding the service mformation,

means for placing the apparatus 1n a first power state, and

means for exiting the first power state to transmit the frame during only a subset

of occurrences of the discovery window of the second tvpe.

57.  'The apparatos of claim 56, further comprising means for generating the frame
based on a short probe response frame format, a short beacon frame format, or a short

management frame format.

538,  The apparatus of claim 56, wherein an identification of a group of apparatuses in

the network 1s ncluded i an address field of the frame.
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59, The apparatus of claim 36, wherein a source address of the apparatus is include
int an optional clements field of the frame.
60.  The apparatus of claim 56, wherein a short identification of a group of

apparatuses in the network, generated based on longer identification of the group of

apparatuses, 18 included in an address field of the frame.

61, The apparatus of claim 60, wherein the short identification comprises a hash of

the longer identification or one or more least significant bvtes of the longer

identification.
62. ¢ apparatus of claim 45, further comprising:

means for obtaming, during at least one of the discovery window of the first type
or the discovery window of the second type, a frame mchuding the time synchronization
information; and

means for updating an intemal clock based on the time synchronization

information.

63, The apparatus of claim 62, further comprising:
means for placing the apparatus in a first power state, and
means for exiting the first power staie to obtain the frame during at least one of

the discovery window of the first type or the discovery window of the second tyvpe.

64.  The apparatus of claim 45, further comprising:

means for obtaining, during at least one of the discovery window of the first type
or the discovery window of the sccond type, a frame including the service information;

means for determuning services avatlable m the network, based on the service
information; and

means for deciding whether to attempt to jon the network based on the

determined services.

o)
A

The apparatus of claim 64, further comprising:

means for placing the apparatus in a first power state, and
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means for exiting the first power state to obtain the frame during at least one of

the discovery window of the first type or the discovery window of the second type.

66.  The apparatus of claim 63, further comprising:
means for exiting the first power state to obtain the frame during only a subset of

oecurrences of the discovery window of the second type.

67. A computer readable medium having instructions stored thereon for:

determining occurrence of a first tvpe of discovery window for a network that
oceurs according to a first interval;

determining occurrence of a second type of discovery window for the that occurs
according to a second miterval shorter than the first mterval; and

outputting, for transmigsion 1n the network, at least one of time synchronization
information or service information during at least one of the first type of discovery

window or the second tvpe of discovery window.,

68. A station, comprising:

at lecast one antcona;

a processing system configured to determune oceurrence of a first tvpe of
discovery window for a network that occurs according to a first interval, and determine
oocurrence of a second type of discovery window for the that occurs according o a
second interval shorter than the first interval; and

a transmitter configured to transmit m the network, via the at least one antenna,
at least one of time synchronization information or service information during at least

one of the first type of discovery window or the second type of discovery window.
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INTERVAL

l K604

DETERMINE THE OCCURRENCE OF A SECOND TYPE OF DISCOVERY
WINDOW FOR THE NETWORK THAT OCCURS ACCORDING TO A
SECOND INTERVAL SHORTER THAN THE FIRST INTERVAL

l 606
__________________________ 5%

| OBTAIN, FROM AT LEAST ONE APPARATUS ASSOCIATED WITH THE
| NETWORK, AT LEAST ONE OF TIME SYNCHRONIZATION INFORMATION |
| ORSERVICE INFORMATION DURING AT LEAST ONE OF THE FIRST

| TYPE OF DISCOVERY WINDOW OR THE SECOND TYPE OF DISCOVERY |
| WINDOW |

1 /608

OUTPUT FOR TRANSMISSION IN THE NAN, AT LEAST ONE OF TIME
SYNCHRONIZATION INFORMATION OR SERVICE INFORMATION
DURING AT LEAST ONE OF THE FIRST TYPE OF DISCOVERY WINDOW
OR THE SECOND TYPE OF DISCOVERY WINDOW

FIG. 6
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| DURING AT LEAST ONE OF THE FIRST TYPE OF DISCOVERY WINDOW
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MEANS FOR QUTPUTTING FOR TRANSMISSION IN THE NETWORK, AT
LEAST ONE OF TIME SYNCHRONIZATION INFORMATION OR SERVICE
INFORMATION DURING AT LEAST ONE OF THE FIRST TYPE OF
DISCOVERY WINDOW OR THE SECOND TYPE OF DISCOVERY WINDOW
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