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Certain aspects of the present disclosure provide methods and apparatus for signaling a maximum unavailable (away) time for a

device. Certain aspects of the present disclos

Ure provide an apparatus for wireless communications. The apparatus typically

Includes a processing system configured to generate a frame with an indication of a requested unavailable duration, wherein the
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an interface for outputting the frame.
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(87) Abstract: Certain aspects of the present disclosure provide methods and apparatus for signaling a maximum unavailable (away)

time for a device. Certain aspects of the present disclosure provide an apparatus for wireless communications. The apparatus typic -

ally mncludes a processing system configured to generate a frame with an mdication of a requested unavailable duration, wherein the

interface for outputting the frame.

o requested unavailable duration comprises an amount of time for a device to be unavailable to communicate with the apparatus and an
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MAXIMUM AWAY DURATION

CLAIM OF PRIORITY UNDER 35 UK. 119

{8601 The present Application for Patent claims benefit of U.S, Provisional Patent
Application Serial No. 61/98§,867, filed May 5, 2014, and U.S. Application No.
14/703,849, {iled May 4, 2015, both of which are hercby expressly wncorporated by

reference in theiwr entirety.

BACKGROUND
ield of the Invention
{6002 Certain aspects of the present disclosure generally relate to wireless

communications and, more particularly, (o device power management with support for a

max away duration {MAD} element.

Relevant Background

{8003 Wireless commmunication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, ¢lc.
These wirciess networks may be mulliple-access networks capabie of supporting
muliiple users by sharmg the available network resources. Examples of such mulfiple-
access networks include Code Division Mulliple Access (CDMA) networks, Time
Phvision Mulliple Access (TDMA) networks, Frequency Division Multiple Access
(FDBMA) networks, (rthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

{3004 in order to address the desire for greater coverage and increased
communication range, various schemes are bemg developed. One such scheme 15 the

sub-1-GHz frequency range {(e.g., operating m the 902 - 928 MHz range i the United

States) being developed by the Institute of Electrical and Electronics Engimeers (IEEE)

R0Z.11ah task force. This development i1s driven by the desire to utilize a frequency

range that has greater wireless range than other IEEE 802,11 groups and has lower

obstruction josses.
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SUMMARY
{8005} Certain aspects of the present disclosure provide an apparatus for wireless

commuunications. The apparatus typicaily includes a processing system configured io
generate a frame with an wndication of a requesied unavauable duration, wherein the
requested unavaitlable duration comprises an amount of time {or a device to be
unavatlable {o communicate with the apparatus and an  mterface for ouiputting  the

frame.

{3606 {Certain aspects of the present disclosure provide an apparatus {or wireless
communications. The apparatus typically includes an interface for receiving a {rames
froma a plurality of devices with mndications of requested unavailable durations and a
processing sysiem configured to determine, based on the requested unavailable
durations, an amount of tirae for the apparatus to be unavailable to communicate with

the devices and to take one or more actions based on the determuination,

{8607 {ertain aspects of the present disclosure provide a method for wireless
communications by an apparatus. The method typically mcludes gencrating a frame
with an ndication of a reguested upavailable duration, wheremn the requested
unavailable duration comprises an amount of time for a device to be unavatlable to

comrunicate with the apparatus, and outputting the frame for transmission.

{8008} Certain aspects of the present disclosure provide a method for wireless
comnuunications by an apparatus. The method typically mcludes recetving frames from
a plurahity of devices with mdications of requested unavailable durations, determuning,
based on the requesied unavailable durations, an amount of time {or the apparatus to be
unavailable to communicate with the devices, and taking one or more actions based on

the determiination.

{3609} {Certain aspects of the present disclosure provide an apparatus {or wireless
communications. The apparatus typically mmcludes means for gencrating a {rame with
an mdication of a requested unavailable duration, wherein the requestied unavailable
duration comprises an amount of time for a device to be unavailable to communicate

with the apparatus, and means for outputting the frame for transmission,
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HHIE] Certain aspects of the present disclosure provide an apparatus for wireless

comnuunications. The apparatus typically mcludes means for recetving frames from a
plurality of devices with mdications of requested unavailable durations, means for
determuning, based on the reguested unavatlable durations, an amount of time {or the
apparatus to be unavatlable to communicate with the devices, and means for taking one

or more actions based on the determunation.

(6801 1] {ertatn aspects of the present disclosure provide a station.  The siation
typically mcludes at least one antenna, a processing system configured Lo generaie a
frame with an mdication of a requested unavailable duration, wherem the reguesied
unavaiable duration comprises an amount of time for a device to be unavatlable 10
comrnunicaie with the apparatus, and a transmitier for transmutting the frame via the at

least one anienna.

{8012 {crtain aspects of the present disciosure provide an access point. The access
point typically mciudes at least one antenna, an mierface for receiving frames, via the at
feast one antenna, from a plurality of devices with mdications of requested unavailable
durations, and a processing system configured to determine, based on the requested
unavaiiable durations, an amount of time for the apparatus ¢ be unavailable to
comnuunicate with the devices and to take one or more actions based on the

determinaton.

[8813] Certain aspects of the present disclosure provide a computer program
product for wircless communications by an apparatus. The computer program product
typically includes a computer readable medium having instructions stored thereon for
gencrating a frame with an indication of a requested unavailable duration, wherein the
requested unavailable duration comprises an amount of time for a device to be
unavailable to communicate with the apparatus, and oulputting the frame for

{ransmission.

166 14] Certain aspects of the present disclosure provide a compuier program
product {or wireless comrmmunications by an apparatus. The computer program product
typicaily includes a compulier readable medium having mstructions stored thercon for
receving frames from a plurality ol devices with mndications of requested unavatlable

durations determining, based on the requested unavailabie durations, an amount of time
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for the apparatus to be unavaitlable to communicate with the devices, and taking one or

more actions based on the determination.

{301 5] {crtain aspects aiso provide vartous methods, apparatuses, and computer
program products capable of performung operations corresponding to those described

above.
BRIEF DESCRIPTION OF THE DRAWINGS

{3816] S0 thal the manner m which the above-recited features of the present
disclosure can be undersiood in detail, a more particular description, brictly summarized
above, may be had by relerence to aspects, some of which are llustrated 1o the
appended drawings. It 1s 10 be noted, however, that the appended drawings iliustrate
only certain typical aspects of this disclosure and are therefore not 1o be conswdered

limiting of its scope, for the description may admit to other equally effective aspects.

{6017} i, 1 ilustrates a diagram of an example wireicss communications

network, 1in accordance with certain aspects of the present disclosure,

{301 8] FIG, 2 illustrates a block diagram of an example access pomt and user

terounals, i accordance with certamn aspects of the present disclosure.

[8619] FIG. 3 idlustrates a block diagram of an example wircless device, 1n

accordance with certain aspects of the present disclosure.

{3020 FIG. 4 lustrates an exampie troe structure of a relay system, in accordance

with certain aspects of the present disclosure.

(0021} FIGs, S and 6 sllustrale example structures for specifying a maximum away

duration (MAD} , in accordance with certain aspects of the present disciosure.

{6622} FIG. 7 idlustrates a block diagramy of cxampie operations for wireless

communications, 1 accordance with certain aspects of the present disclosure.

18023} FIG, 7A illustrates example means capable of performing the operations

shown 1 FIG. 7.
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|6624] FiG., 8 diustrates a block diagram of cexample operabions for wireless

communications, i accordance with certain aspects of the present disclosure.

{3025 FIG. SA idlustrates example means capable of performing the operations

shown mn FI{G. R,

[3626] FiGs. 9 and 10 idlustrate example exchanges between a station and an 4ccess

point, i accordance with certain aspects of the present disclosure.
DETAILED BDESCRIPTION

{6027} Aspects of the present disclosure provide mechanisms involving certain
selective {ranspussion mechanisms, such as an association process between stations
(“NTA”Y and access pomts (“AP”). By requesting a maximum Ume an access point 18

unavatiable, a station may be abie to help cnsure certain latency requirements are met.

{3028} Various aspects of the disclosure are described more fully hercinatier with
reference to the accompanying drawings. This disclosure may, however, be embodied
iy many different forms and should not be construed as himuited to any specific structure
or {unction presenied 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 in the art. Bascd on the feachings herem one skilied i the
arl should appreciate that the scope of the disclosure s mtended to cover any aspect of
the disclosure disciosed hercin, whether tmplemented independently of or combined
with any other aspect of the disclosure. For example, an apparatus may be mmplemented
or a method may be practiced using any number of the aspects set {forth herein, In
addition, the scope of the disclosure 1s mtended to cover such an apparatus or method
which 18 practiced using other structure, {unclionaiity, 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.

{3029 Although particular aspects are described hercin, many vanations and

permuiations 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
) 2

disclosure 1s notl mtended to be limited lo particular benefits, uses, or objeclives.
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Rather, aspects of the disclosure are mitended to be broadly applicable to different
wirciess technologies, system configurations, nctworks, and transmission protocols,
some of which are illustrated by way of example 1 the [igures and m the {oliowing
description of the preferred aspects. The detailed description and drawings are merely
tustrative of the disclosure rather than limiting, the scope of the disclosure being

defined by the appended claims and equivalents thereof,

AN EXAMPLE WIRELESNS COMMUNICATION SYSTEM

{8636} The technigues described herein may be used for various broadband wireless
comnunication systems, mmcluding communication systems that are based on an
orthogonal multiplexing scheme., Examples of such communication systerns wnclude
Spatial Division Multipie Access (SDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFDMA) systiems, dingle-Carrier
Frequency Division Multiple Access (SC-FDMA)} systems, and so {forth., An SDMA
system may uithize sutficiently different directions to sumultancously transnut data
belonging to mudtiple user terminals, A TDMA system may allow multiple user
terminals to share the same frequency channel by dividing the transmission signal into
different tume slots, each time siot being assigned to different user ternunal. An
OFDMA system utilizes orthogonal frequency division multipiexing (OFDM}, which 1s
a modulation technigue that partitions the overall system bandwidth mio multiple
orthogonal sub-carriers. These sub-carriers may also be called tones, bins, ctc. With
OFDM, ecach sub-carrier may be mdependently modulated with data. An SC-FDMA
systemn may utihize nterleaved FDMA FDMA) to transmit on sub-carriers that are
distributed across the sysiem bandwidth, locahized FDMA (LFDMA) to transnut on a
block of adjacent sub-carriers, or enhanced FDMA (EFDMA)} to transmit on multiple
blocks ol adjacent sub-carners. In general, modulation symbols are sent m the

frequency domam with OFDBM and 1o the time domam with SC-FDMA,

16031} The teachings herein may be mcorporated mio (e.g., maplemented within or
performed by} a varicty of wired or wircless apparatuses {¢.g., nodes). In some aspects,
a wircless node implemented in accordance with the teachings herem may comprise an

access point or an access ternmnal.
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16032 An access pomt ("AP”) may comprise, be implemented as, or known as a
Node B, Radio Network Controller ("RNC7), evolved Node B (eNB}), Base Station
Controller ("BSC”), Base Transceiver Station (CBTS”), Base Station ("BS7),

Transceiver Function ("IF”), Radic Router, KRadio Transceiver, Basic Service Set

(“BSS”), Extended Service Set (“ESS”), Radio Base Station ("RERS”), or some other

ternunology.,

{0633} An access ternmnal (CAT7Y may comprise, be implemented as, or known as a
subscriber station, a subscriber unit, a mobile station (MS), 4 remote station, a remole
termimal, a user termumnal (U7), a user agent, a user device, user eqguiprnent {UE), a user
station, or some other termunology. In some mplementations, an access ierminal may
comprise a cellular telephone, a cordless telephone, a Session Inmitiation Protocol (NIP7)
phone, a wireless local loop ("“"WLL™) station, a personal digital assistant ("PDA™), a
handheld device having wireless connection capability, a Station ("S8TA”), or some
other suitable processing device connected to a wircless modem. Accordingly, one or
more aspects taught herein may be meorporated mto a phone {e.g., a cellular phone or
smart phone), a computer {e.g2., a laptop}, a tabiet, a portable commumication device, a
portable computing device {¢.g., a personal data assistant), an entertainment device
{(c.g., a music or video device, or a satelhile radio), a global posihiomng system (GPS)
device, or any other suitable device that 1s configured to communicate via a wireless or
wired mediurm. In some aspects, the node 18 a wireless node.  Such wireless node may
provide, for cxampie, connectivity for or to a network {e.g., a wide arca network such as

the Internetl or a cellular network) via a wired or wircless communication link.,

{8034} FIG. 1 illustrates a multiple-access multiple-input multiple-output (MIMO}
system 106 with access pomnts and user ternnnals. For simplicity, only one access pomnt
110 1s shown in FIG. [, An access pomnt 18 generally a fixed station that communicates
with the user termmals and may also be referred (0 as a base siation or some other
ternunology. A user terpunal may be fixed or mobile and may aiso be referred to as a
mobile station, a wireless device, or some other termunology.  Access pownt 118 may
communicate with one or more user terminals 120 at any given moment on the
downlink and uplink. The downlink {(i.¢., forward link} 18 the communication hink from
the access point to the user terminals, and the uplink {(Le., reverse link) 13 the

communication link from the user terminais (o the access pomt. A user ternunal may
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also commumcate peer-to-pecr with another user termunal. A sysiern controller 130

couples to and provides coordination and control for the access points,

{3335} While portions of the following disclosure will describe user terminals 120
capable of commumceating via Spatial Division Muliiple Access (SBDMA), for certain
aspects, the user terounals 120 may also melude some user terminals that do not support
SDMA., Thus, for such aspects, an AP 110 may be configured to communicate with
both SDMA and non-SDMA user terminals. This approach may conveniently aliow
older versions of user terminals (“legacy” stations} to remain deployed m an enterprise,
extending thewr uasehul hletime, wihile allowimg newer SDMA user termunals to be

miroduced as deemed appropriate.

{8036} The system 100 employs multiple transmit and nuulitiple receive antennas for
data transnmssion on the downhlink and uplink. The access pomt 110 15 equipped with

N

. antennas and represents the multple-nput (M) for downlink {ransmissions and
the multiple-ouiput (MO} for uplink transmussions. A set of K selected user terminals
128 collectively represents the multiple-output for downlmk transmuissions and the
multiple-mput for uplink {ransmussions.  For pure SDMA, i 18 desired to have

Ngp 2 K 21 1 the data symbol streams for the & user terminals are not multiplexed in

code, frequency or tume by some means. K may be greater than /N, 1f the data

symbol streams can be multiplexed using TDMA techmique, different code channels
with CDMA, disjomt seis of subbands with OFDM, and so on. Each selected user
ternunal transmits user-specific data to and/or recetves user-specific data from the
access pownt.  In general, cach sclected user terminal may be cquipped with one or

multiple antennas {(i.e., V,, 21). The K selected user terminals can have the same or

different number of antennas.

{30371 The SDMA system may be a time division duplex {(TDD) system or a
frequency division duplex (FDD) system. For a TDD system, the downlink and uplink
share the same frequency band. For an FDD system, the downlink and uplink use
different frequency bands., MIMO sysiem 100 may also utilize a single carrier or
multiple carriers for trapsmussion. Each user terminal may be cquipped with a single
antenna {(e.g., in order to keep costs down) or muliiple antennas {(e.g., where the

nAds el mont e e oanorted). The system 100 may also be a TDMA system if the
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user termnals 120 share the same {requency channel by dividing transmussion/reception

into different time slots, each time siot beng assigned to different user terpunal 120,

{3038} FIG. 2 iliustrates a biock diagram of access pomnt 110 and two user erminals

120m and 120x in MIMO systerms 100, The access point 110 is equipped with /&,

antenuvas 2244 through 2241 User terrmnal 120m ¢ equipped with NV, . antennas

252ma through 252mu, and user terminal 120x 1s equipped with N, . antennas 252xa

.

through 252xu. The access point 110 18 a transmutting entity for the downlink and a

recetving ontity for the uphink., Each user terminal 120 18 a transmutiing entity for the
aplink and a receiving entity for the downlink., As used herein, a “transmitling entity” 18
an ndependently operated apparatus or device capable of {ransmutiing data via a
wirgless channel, and a “recetving entity” 18 an idependently operated apparatus or
device capable of recerving data via a wircless channel. In the following description,
the subscripl “drn” denotes the downlink, the subscript “up” denotes the uphnk, N, user
ternunals are selected for simuliancous transmussion on the uplink, N, user {erminals
are selected for simulianeous transmussion on the downlink, N, may or may unot be
equal to Ny, and N, and Ny, may be static values or can change for each scheduling
mterval, The beam-sicering or some other spatial processing technique may be used at

the access point and user terminal,

{3639 {n the uplink, at each user terminal 120 selected {or uplink transmuission, a
transmit {TX} data processor 288 reccives traffic data from a data source 286 and
control data from a countroller 280, TX data processor 288 processes {€.g., encodes,
mntcrleaves, and modulates) the traflic data for the user termunal based on the coding and
modulation schemes associated with the rate selected for the user terminal and provides
a data symbol stream. A TX spatial processor 290 performs spatial processing on the

data symibol stream and provides N, transmit symbol streams for the N, .

“pm

antennas, EBach transoutter unyt (FMTR)} 234 receives and processes {€.g., converts o

-
-~

analog, amphifies, filiers, and frequency upconverts) a respective transmt symibol

stream {o generale an uphink signal, N transmutier units 254 provide N uplink

ui,m Ut mi

signals for transmission from NV antennas 252 1o the access point.

14 m
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[5G40 N, user terminals may be scheduled for sumultaneous transmission on the

upiink, Each of these user ternunals periorms spatial processing on ifs data symbol

stream and transmits s set of transmmit symbol streams on the uplink to the access point.

{3041 At access pomt 10, N, antennas 224a through 224ap receive the uplink

stignals from all N, user terminals transmitting on the uplink, Fach antenna 224
provides a recetved signal (o a respective recerver unit (RCVR)Y 222, Each receiver unit
222 pertorms processing complementary to that performed by transmitter unit 234 and
provides a received symbol stream. An RX spatial processor 240 performs receiver

spatial processing on the N, recetved symbol streams from N, receiver unis 227

and provides N, recovered uplink data symbol streams. The recetver spatial processing
is performed i accordance with the channel correlation matnix mversion (CUMI,
minimum mean square error (MMSE), soft interference cancellation (8IC), or some
other technique. Each recovered uphink dala symbol stream 1s an estimate of a data
symbol stream transpufted by a respective user terminal, An KX data processor 242
processes {e.g., demodulates, dewnlerleaves, and decodes) each recovered uphink data
symbol stream in accordance with the rate used for that stream to obtain decoded data.
The decoded data for each user termunal may be provided to a data sink 244 for storage

and/or a controller 230 {or further processing.

{3842 On the downlink, at access pomnt 110, a TX data processor 218 receives
tratfic data from a data source 208 for N, user terminals scheduled for downlink
transmussion, control data from a controller 230, and possibly other data from a
scheduler 234, The various types of data may be sent on different transport channels.
TX data processor 2180 processes {€.g., eucodes, miericaves, and modulates) the trathic
data for each user ternunal based on the rate selected for that user termunal, TX data
processor 210 provides Ny, downlink data symbeol streams for the Ny, user terminals, A
TX spatial processor 228 performs spatial processing {(such as a precoding or
beamiorming, as described mn the present disclosure) on the Ny, downlink data symbol

streams, and provides N, transmit symbol streams for the N, antennas, Fach

G2
transmuitier unit 222 receives and processes a respective fransnut symbol siream (o

generate a downlink signal. N, transmitter units 222 providing N, downlink signals

o

for transmusston from N, antennas 224 1o the user terminals.
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{3643 At each user termunal 128, N, antennas 252 receive the N - downlink

signals from access point 118, Each recetver unit 254 processes a recerved signal from
an associaled antenna 252 and provides a received symbol stream.  An RX spatial
processor 266 performs receiver spatlial processing on N, recerved symbol streams

>

from N, receiver units 254 and provides a recovered downlink data symbol stream

for the user terminal. The recerver spatial processing s performed in accordance with
the CCMI, MMSE or somge other technigue. An RX data processor 270 processes (C.€.,
demodulates, demterleaves and decodes) the recovered downlink data symbol stream to

abtain decoded data tor the user termunal,

13644 At cach user termmal 120, a channel cstimator 278 estimates the downlink
channel response and provides downlink channel estimates, which may inchude channel
cain estimates, SNR estimates, noise variance and so on. Simularly, a channel estimator
228 estimates the uphok channel response and provides uplink channel estimates,
Controller 280 for each user termunal typically derives the spatial filter matrix for the
user terminal based on the downlink chaonel response matnx £, for that user
teromnal. Controller 230 derives the spatial {ilter matrix for the access point based on
the cifective uplink channel response matrix f,, .+ Controller 280 for each user
terminal may send feedback mformation {e.g., the downlink and/or uplink eigenvectors,
cigenvalues, SNR estimates, and so on) (o the access pomnt. Conirollers 230 and 280
also control the operation of various processing unuts at access pomt 10 and user

ternunal 120, respectively.

{3345} FIG. 3 illustrates various components that may be utilized 1 a wireless
device 302 that may be employed within the MIMO system 100, The wireless device
302 1s an example of a device that may be configured to implement the varicus methods
described heremm.  The wireless device 302 may be an access pomt 110 or a user

terminal 120,

{8046} The wireless device 302 may include a processor 304 which controls
operation of the wircless device 302, The processor 3804 may also be referred o as a
central processing umit (CPUY. Memory 306, which may nclude both read-only
memory {ROM} and random access memory {RAM), provides mstructions and data to

the processor 304, A portion of the memory 306 may also include non-volatile random
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access mermory (NVRAM).  The processor 304 typicaily pertorms logical and
artthmetic operations bascd on program mstructions stored within the memory 306, The
mstructions i the memory 346 may be execulable (o mplement the methods describe

herein.

[6847] The wireless device 302 may also mclude a housing 308 that may mclhude a
transmutter 310 and a receiver 312 1o allow transmission and reception of data between
the wireless device 302 and a remote location. The transmitter 310 and recewver 3172
may be combined mio a transceiver 314, A single or a plurality of transmit aniennas
316 may be attached to the housing 308 and electnically coupled to the transceiver 314,
The wireless device 302 may also mchude (not shown) mulliple transmaitiers, mulitiple

recetvers, and multiple transcetvers,

18048} The wireless device 302 may also mcelude a signal delector 318 thatl may be
used m an effort to detect and quantify the level of signals received by the transceiver
314, The signal detector 318 may detect such signals as total cncrgy, energy per
subcarrier per symbol, power spectral density and other signals. The wireless device

302 may also mclude a digital signal processor (DSP) 320 for use m processing signals,

|8649) The various components of the wircless device 302 may be coupled together
by a bus system 322, which may mclude a power bus, a control signal bus, and a status

signai bus in addition to a data bus.

{3030 in a relay system utithizing low power devices as relays, i may be desirable
to allow relays to enier a low power mode {(e.g., sleep with one or more components
powered down)} whenever possible to reduce power consumption. Further, to keep costs
down, it may be deswrable to use relays with only limited memory, Thus, a relay may be
able to buffer only a small amount of data, and may need to forward the data before

being able to receive more,

(3051} in a multi-hop relay system, such as that shown in FIG. 4, this may present
some challenges on how to conserve power-and still ensure devices are awake at

appropriate times o relay data. In general, all relays 430 (R1-K5) between an AP 410
and a leal STA 420 may need to be able to exit a low power state {(awaken) quickly, o

order to transmiut {relay) data i small chunks.
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18853 Techniques presented herein may be considered part of a power savings

protocol that achieves the above two goals, allowing devices to conserve power and
operate with limited amount memory.  According (o certain  aspects, varnous
mechanisms already defined 1in certain standards {c.g., 802.11 ah)}, for use mm direct
communications between an AP and stations, may be modified and extonded for use i

relay svstems.

FHILR] In various systems, such as IEEE 302.11ah, there may be molivations (o
utihze relay devices 430 between access pomts (APs) 410 and stations 420, For
cxample, the use of relays may be desirable because, even with a polential mncreased
downlink (DL} range with 900MHz {(or other “sub-1GHz) carnier, it may not be
sufficient m applications with remote sensors or scenarios with obstructions in AP 1o
STA path. On the uplink, a STA may have substantially lower transmit power than an

AP, 50 the STA may not be able to reach the AP,

{3054 Koy Characteristics of such systems may mnclude the use of a multi-hop relay
using a tree structure, as shown mn FlG, 4. A relay-node may be formed by any suitable
crifity, such as a non-AP-5TA {(¢.g., any station that lacks the ability to act-or 1s not
currently acting-as an AP} that connects 10 a parent node or an AP-STA that allows
association by child nodes. Node-to-node security may be ensured, for example, by the
configuration of PSK between each pair of nodes. Relay nodes may support 4-address
format with backward learning bridge. In some cascs, automatic configuration and re-
configuration may he achieved, {or example, with a relay node able to attach to a better

"parent node.” A relay node may, thus, monttor the health of the hink to a parent node.

{86355 A relay node may also be configured to enter a low power state (e.g., a sleep
mode with radio components powered down) mn order Lo conserve battery power, In
some cases, a relay node may be configured with scheduled wakeup periods, during
which the relay node may transmit and receive data. To conserve power, however,
rather than exit the low power state each wakeup penod, a relay may decide to exat the
low power state only when one or more conditions are met {¢.¢g., when there has been an

mndication there 1s data for the relay node to transmit or receive ).

{3856 Sonte stations may be sensor devices, Sensor and non-sensor stations may

have different requirements and there may be benelit for providing different access
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parameters {(via dilferent EDCA parameter sets). Such sensor devices may be battery or
powered wireless sensing devices.  As sensor devices may be sensitive 1o power
consumption, sensor devices may also be conligured to enter a low power state in order
to conserve batiery power, thus it may be preferable to configure such devices with
EDCA parameier sets that gives them prionity over other types of devices {¢.g., devices
that are not as senstiive to power consumption. APs may be configured to support

sensor only stations, non-sensor stations, and for both,

(3857 An AP may also be configured to enter a low power stale {¢.g., 4 doze mode
with radio componenis powered down} in order to counserve battery power. In some
cases, an AF may be configured with scheduled wakeup periods, during which the AP

may transmit and receive data.

18058} In general, an AP and NTA may perform simular {e.g., symmetlric or
complementary} operations., Therefore, for many of the techniques described herein, an
AP or STA may perform similar operations. To that end, the following description will
sometimes refer to an “AP/STA” to reflect that an operation may be performed by
cither, Although, it should be understood that even if only “AP” or “STA” 18 used, 1t

does not mean a corresponding operation or mechamsm is limited to that type of device.
MAXIMUM AWAY DURATION (MAD)

[8639] In some systems, an AP/STA may be out of reach of a device or group of
devices 1o receive or transmit at certam infervals for various reasons. For cxample, a
device may be wn a low power state {e.g., sloop or doze) or a list of devices may be
mdicated in a restricted access window {(RAW),  Various other scenarios may also arise

where a device 1s ynavariable to another device.

{3660 Whatever the reason, it may be desirabic to ensure such unavailable
durations are not so long latency requirements are not met, For example, stations may
have uplink latency requirements that nught be difficult to meet if a device is

unavailable for a duration greater than the latency requirement.

[6861] Aspects of the present disclosure may help ensure such latency requirements

are met by allowing a device to communicate a desired maximum unavaiable duration



CA 029451950 2016-10-06

WO 2015/171576 PCT/US2015/029189

Fa 4

15

for a device, reterred 1o herein as a maxumum away duration (MAD). Such a MAD may

be requested 1n a frame, for cxample, during association.

{8862] As noted above, an association request {frame may contain elements defining
characteristics of the sendimmg device. However, current structures may not allow a
device to specify the maximum time the station can be out of reach for a device to send
or receive, Varnous devices may need to communicate or send an update at a particular
rate {e.g., once every 18 mulliseconds). In some cases, this uplink latency requirement

may be critically important {¢.g., 4 heart rate monitor).

{3063 Aspects of the present disclosure, however, may provide signaling
mechanisms (0 enable a device Lo specidy the maxamum fimne the station may be out of
reach for the device. A station may be out of reach for a device {or various reasons
meluding operating m other channels, dozng/sleeping, or operating mn other RAWs, A
MATD element may be utilized to mndicate the uphink latency requirement of a particular

device,

(3864 FIG. 5 illustrates an example of a MAD clement 500 {or mclusion m an
association request/response {rame body, in accordance with certain aspects of the
present disclosure. The MAD ciement 500 may be included m various association
frames mcludmg, bul not hnuted to association request/response, re-association

request/response, probe request/response, and disassociation frames.

{3865 FIG. 6 illustrates an cxample structure of a MAD element ficld 600,
accordance with certamn aspecis of the present disclosure.  As illustrated, the structure
600 may mnclude an element 1D, length, and maximum away duration fields. The
maximum away duration ficid within the MAD <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>