DEEP SLEEP MODE FOR MESH POINTS TECHNICAL FIELD: The exemplary and non-limiting
embodiments of this invention relate generally to 5 wireless communication systems, methods,

devices and com uter%rogram products and, even more specifically, relate to WLAN mesh networks
and power s‘g\ﬂﬁé()}?é(gﬁ aues. BACKGROUND: Various abbreviations'?ﬁgflgﬁ'g'égf'gifﬁs?he
specification and/or in the drawing figures are 10 defined as follows: APaccess point

ATIMannouncement traffic indication message MACmedium access control 15 IBSSindependent basic
service set MSDUMAC service d&Ehie &WM&&%%%Wﬁmesh point MESH

DTIMMESH delivery traffic indication message 20 SAPservice access point
TECHNICAL FIELD:
The exemplary and non-limiting embodiments of this invention relate generaily to
5 wireless communication systems, methods, devices and computer program products and,

even more specifically, relate to WLAN mesh networks and power saving techniques.

BACKGROUND:
Varioug abbreviations that appear in the specification and/or in the drawing figures are

10 defined as follows:

AP access point
ATIM announcement traffic indication message
MAC medium access control
15 IBSS independent basic service set
MSDU MAC service data unit
MPDU MAC protocol data unit
MP mesh point
MESH DTIM MESH delivery traffic indication message
20 SAP service access point
STA station
UWB ultra-wideband
WLAN wireless local area network
25 Two publications of interest to the ensuing description include:
{A) Standard ECMA-368, 1st Edition/December 2003, High Rate Ultra Wideband PHY
and MAC Standard: and
30 (B) IEEE  P802.11s"™D1.03, Draft STANDARD Information

Technology-Telecommunications and information exchange between systems-Local and

metropolitan area networks-Specific requirements-Part 11: Wireless LAN Medium



STAstation UWBultra-wideband. WLANwireless local area network 25 Two publications of interest to

the ensuing description include: (A) Standard ECMA-368, 1st Edition/December 2005, High Rate Ultra
Wideband PHY and MAC Standard; and 30

(B)IEEEP8O‘§ﬁi%Q?W13ﬂ§?ﬁOB,DraftSTANDARDforInformation Technology-ﬁ%ﬁélg%?%%}a%ﬁl%%tions and
infounation exchange between systems-Local and metropolitan area networks-Specific

requirements-Part 11: Wireless LAN Medium Access Control (MAC) an ical Layer.(PHY
specifications: Eé@%%ﬂ“ﬁ@t%ﬁgﬁdﬁﬁﬂ%%‘m@lﬂéﬁ@f% W&%&%&%@Sﬁ%&@% be)acon
group (BG) is a gahaf deviges from 5 which a device receives beacons that identify the same beacon
period start time (BP ST) as the device. A beacon period (BP) is the period of time declared by a
device during which it sends or listens for beacons. A beacon period start time (BPST) is the start of
the beacon periogk GaordinationEif devoes thinrdadiexangedandhieved by: thixdexchafige of beacon

frames. Periqdic beacon transmission enables device discovery, supports dynamic 1 ork
organization >and P (%ﬁlgﬁbe%ﬁ%%%%%ﬁhﬁ/?ﬁééﬁb s% Brovi & ?ﬁ%%% Sof] R

sic’timing foF the network and
carry reservationana seheduling intorpmaiidn ) acdessingdhe edilenands descdbed duthe IEEE
P802.11 STM Draft Standard, i section,5.2.9:4 ARTQAUCHON (9, vt time (BPST) is the start of the
beacon period. Coordination of devices within radio range is achieved by the exchange of
heacon frames. Periodic beacon transmission enables device discovery, supports dynamic
10 network organization, and provides support for mobility. Beacons provide the basic
timing for the network and carry reservation and scheduling information for accessing the

medium.

As described in the TEEE P802.11s™ Draft Standard, in section 5.2.9.1 "Introduction to
15 mesh", in WLAN deplovments without mesh services, stations (STAs) must associate
with an AP in order to gain aceess to the network. These STAs are dependent on the AP
with which they are associated to communicate. An example of a non-mesh WLAN
deployment model and device classes are illustrated herein in Figure 1, which reproduces
Figure s1 of the IEEE P802.11s™ Draft Standard.
20
Many WLAN devices can benefit from support for more flexible wireiess connectivity.
Functionally, the DS of an AP can be replaced with wireless links or muiti-hop paths
between multiple APs. Devices traditionally categorized as clients can benefit from the
ability to establish peer-to-peer wireless links with neighboring clients and APs m amesh

25  network.

An example mesh is illustrated in Figure 2, which reproduces Figure s2 of the [EEE
P802.11s™ Draft Standard. Mesh points (MPs) are entities that support mesh services,
i.e., they participate in the formation and operation of the mesh network., An MP may be
30 collocated with one or more other entities (e.g., AP, portal, etc.). The configuration of an
MP that is collocated with an Access Point is referred to as a Mesh Access Point (MAP).

Such a configuration allows a single entity to logically provide both mesh functionalities



15 mesh", in WEAN deployments without mesh services, stations (STAs) must associate with an AP in
order to gain access to the network. These STAs are dependent on the AP with which they are
associated to communicate. An example of a non-mesh WEAN deployment model and device classes
are illustrate® REPEIPHSEigure 1, which reproduces Figure sl of the IEEE PeB21HEPRI%Btaft Standard.
20 Many WLAN devices can benefit from support for more flexible wireless connectivity. Functionally,
the DS of an AP can be replaced with wireless links or multi-hop paths between multiple APs. Devices

traditionally categetizddfarctlionis corimpeltukondm tH apimew eyilblidis fretitoipset Wikkless links

with neighboring,glients apgiAREN %%aggtgﬁnnmg%ﬁa&fa@w%m@%@ is:llustrateshindigure 2,
which reproduces Figure s2 of the IEEE P802.115TM Draft Standard. Mesh points (MPs) are entities

that support meskendisgs eiee Merbypgaaisipdtd m wetfarmiscr iilopertitior o thd meSh network.
An MP may be 3Q.¢allpcated with one or more other entities (e.g., AP, portal, etc.). The configuration
of an MP that is collocated with an Access Point is referred to as a Mesh Access Point (MAP). Such a
configurationallows a single entity to logically provide both mesh functionalities and AP functionalities

simultaneously. SLAS AssialeMith s 109k areRss e tae nelivatkr@nly ¢4P s paftivipate in mesh
functionalities such as path selection and forwarding, etc. Mesh portals %PP% int(ls-rf_age the network

to other IEEE 808 SeehtecuVAK S Satst inLacion s 29 3seq iddh e thork miB& P2 5f the IEEE

P802.11 STM Drafh Standas admeshnetmerk isnand Bk B802k Abhtomprisediefl{EEESOA1 1 links
and control elements to forward frames among the network members. Effecti I%/, thi means that a
rg)é?%ﬁ ﬁgx rnet E e

mesh network apP&atRMCHSHAN BERFAIBREI YIS (e PEP ST ¢ om ¥

10 perspective of other networks and higher layer protocols. Thus, it normally appears as if
all MPs in a mesh are directly connected to the link layer. This functionality 1s transparent
to higher layer protocols. Reference in this regard can be made to Figure 3A, which
reproduces Figure s-3 of the IEEE P802.1 1s™ Draft Standard. It should be noted that
while this Figure shows the forwarding of data over multiple hops, there may also be

15  direct data transfer over a single hop, such as is shown in Figure 3B, wherein the source
and destination of the MSDUs are within a one-hop neighborhood, and where no

forwarding, routing or link metric need be used.

An ATIM period, which may aiso be referred to without loss of generality as an "awake

20 window", is the time period after target beacon transmission time (TBTT) during which
frames delivery initiation messages may be fransmitted. An ATIM frame is used afier a
beacon frame to initiate frames transmission. An IBSS mode has beacons, similarly as in
infrastructure mode. IBSS beacon transmission and infrastructure beacon {ransmission
rules differ. In infrastructure beaconing one AP transmits one beacon, while in IBSS

25  multiple stations compete for a beacon transmission opportunity, and a given station
either receives a beacon from another station in the same IBSS network or transmits a
heacon. Reference in this regard may be had to IEEE 802.11-1999 reaff 2003, sections
11.1.2.1 and 11.1.2.2.

30 802.11s specifies that the ATIM period (awake window) is used after the infrastructure or

IBSS beacon, if the MP operates in power save mode,



10 perspective of other networks and higher layer protocols. Thus, it normally appears as if all MPs in
a mesh are directly connected to the link layer. This functionality is transparent to higher layer
protocols. Reference in this regard can be made to Figure 3A, which reproduces Figure s-3 of the
IEEE P802. MM BP4ftStandard. It should be noted that while this Figurpéjgﬂwgz‘(%??ﬁ”rwarding of
data over multiple hops, there may also be 15 direct data transfer over a single hop, such as is shown
in Figure 3B, wherein the source and destination of the MSDIis are within a one-hop neighborhood,
and where no foargialytreetingeoniinkeametpiconeedthe gresn. B APIVDSEFG WHERITaf also be
referred to withoyt loss of gegarality a8 A 2YAs, 20 AN akbe e AaHar altasaraet beacon
*’r’% Rl oA f

transmission timg? uring w imes delivery initiation messages may be transmitted. An
ATIM frame is usEtibftencktiednon fram SLES it ik g8 Yran s IBnoABIBYS #SEEEhYS beacons,

similarly as in infrasiructure mede, IBSS heaganransmission and infrastructure beacon transmission
rules differ. In inflrastructure beaconing one AP transmits one beacon, while in IBSS 25 multiple
stations compete for a beacon transmission opportunity, and a given station either receives a beacon

from another 5ta§&°§33%@-€o’%§ﬁﬁ%ﬂ%§ AeIWORk of: transMits b bieacen. Relersnse il thisregard may
be had to IEEE 802.11-1999 reaff 2003, sections 11.1.2.1 and 11.1.2.2. 30 802.11s ecitées that the

ATIM period (awBkevWitidow) iisTalsed sferesd iIRSHuda L oriEes BRSO Hinekip Biétates in
power save modg, . 2009/0345R5RGTANR0BI058639 Htie packetsats ihetsynefvtiization of the

group and announces that messages are waiting to be delivered, ‘Sé?ti ns in power save. mgde wake
up periodically to“RéffoR AENPFRIBROM A hBEIB §8F et dik ’ejl%g@g%nr%glf 5P EEScon
packets in infrastiuciuge (B SR 1PTE S8 )onetwipksnB A peweTiconsumption prghiem existsinthe
foregoing and other types of wireless networks that ii%ted to a need to minimize the activity time of

a MP, such as thBAFEHGHR A S e Ehmy T 8Fth “The receiving of the beacons of other MPs

can consume a significant amount of power, especially if the beacons are transmitted 10 separately,
each at its own appointed time. 'Iggﬁe{

ower.consumption problem is pagticularly of cq 1 jn battery
powered MPs. AS CHIEHH R 'e%etﬁ//gﬂﬁrs}‘i ecmeg{otrée 155 gﬂé@ﬂw 2 %\%SP’E’M@{Q

expec o receive all peer MPs beacons, i.e., all
MPs to which thedagal MPdwaseminks abokremainadtivetduring itsiovenbbacom plus tve’ T 15

period time. The abovs-referenced ECMA-368 Standard provides IWO power management modes in
15 period ume,

The above-referenced ECMA-368 Standard provides iwo power manageiment moaes it
which a device can operate: active and hibernation. Devices in active mode transmit and
receive beacons in every superframe. Devices in hibernation mode hibernate for multiple
20  superframes and do not transmit or receive in those superframes. In addition, the ECMA-
368 Standard provides facilities to support devices that sleep for portions of each
superframe in order to save power, To coordinate with neighbors, a device indicates its
intention to hibernate by including a Hibernation Mode IE in its beacon. The Hibernation
Maode IE specifies the number of superframes in which the device will sleep and will not
25  send or receive beacons or any other frames. Section 17.13, "Power Management
Mechanisms”, of the FCMA-368 Standard is incorporated by reference herein in its

entirety.

Three representative publications that generally address power management in IEEE

30 802.11 networks include:

"Optimal ATIM size for 802.11 networks in ad hoe mode", X. Gao et al.. DoCoMo
Commumications Labh USA (2006);



which a device can operate: active and hibernation. Devices in active mode transmit and receive
beacons in every superframe. Devices in hibernation mode hibernate for multiple 20 superframes and

f'o not tf@g%%{fﬁ%g%@%:»tgm%fm%ﬁ@, aaﬁgme@h? @@Mﬁ@%@ta@&@g@@rgovmsdfacitﬁties
o support devices that sleep, for portions of each superframe in order to,save power. To coordinate
with neightitiaal 4R ’rﬁ?ihqtcalf&%ggﬁ?ehhﬁ?%%%gﬁﬁ?e%%ﬁ%ggﬂ% a%‘ig}eg‘ﬁﬁfi b fSGern in its
beacon. THe HMilvetfatibicdion NIE. ZYEEE t0d.nUIME2 it Uberfraémpgoneoh therdBvide will sleep

and will ngg 25 1SEEkORIEARIMEsRRAGO A ARYACHNOr raRaes, SEclinbnk/eL3l. "Power Management
Mechanisms", of the ECMA-368 Standard is incorporated by reference herein in its entirety. Three

representative publications that generally address power management IEEE 30 802.11 networks
include: "SIBHVARRTIM size for 802.11 networks in ad hoc mode", X. Gao et al., DoColvlo

CommunicpéigngedaRd bpd d2RP8oHkm Pate ot Brublitating ditcr2A0 03448 r £612<H 2YAKs "Method
and Apparatus- for Optimal AT ize Set 1 Networks in an Ad Hoc Mode", X. Gao et al.;
and US Pﬁ%ﬂ?ﬁgﬁb ica %TNSm’\%??d%‘/%%%fggﬁg %Q/%ét/%é}l% "Power Management in an IEEE 802.11
IBSS WLAN Using an Adaptive ATIM Window", Z. Zhong et al. SUMMARY The foregoing and other
problems A¢ecodencoimne, aspdathéradvantagas aneseatized Byptheidsé oftetheddmplarylembodiments
of this invenfion, AcGarding 1 af aRReeLEl HsBIRsAR! inyantion, therejizprayidlen 4 mefhqd for

wireless local area network mesh network, comprls_lng: transmitting an indication that a first device will

be active SRFHIFHPAR SR QM YRS BTHY EHETEEETYR FRAT BeRRERF AT RSAP8riod and an
additionakperindssieantitibaowarbeblonnbpsrividsienr pe tictiownd ersendianie iasivreptnalinterval
does not geMpAisRREBRORIADSISSIARPArQds HRthehARvices. AR axRiTation séibasastive time
interval, ca%sin said first device fo en%eiha Io%/.ver jpower mode of ogersaatjg%lygltéle%ggg gé:tti\r/e time
interval. A&88T ﬁ?’dcﬁ’ zﬁ%gzr{%g%ieo&% 1i %aﬁrlevseen?li%\l/%ﬁ ioan’, &re plrovi edan appara?us for
wireless ladaivara® wenaoriterné shenetiwo Hatd sragrishsgy remsd R ensmitting an indication that a first
device will be active only during an active time interval that comprises its own beacon transmission

period and an ARERNALARKC RS P dlleRua ReRca IR AITIZSIORBENad Andhaiindhe active
time interval does hot comprise beacon transmission periods of other devices; means for causing, at
an expiralioFelsptnéosekiE Rk AR RS UbyiCE TP BHIRF aTisy SovERRSBHEBE ofbration until

a next activéisimienndemval. first device will be active only during an active time interval that
comprises its own beacon transmission period and an additional period near to the own
beacon transmission period; and wherein the active time interval does not comprise
beacon transmission periods of other devices; means for causing, at an expiration of the
active time interval, said first device to enter a lower power mode of operation until a

next active time interval.

In an exemplary embodiment, there is provided a method that comprises transmitting a
transmission from a first device to inform at least one second device in a wireless
communication network that the first device will be active only during an active time
interval that comprises a beacon transmission period and an additional period near to the
beacon transmission period and, at the completion of the active time interval, operating in

a lower power mode of operation until a next active time interval.



In an exemplary embodiment, there is provided a method that comprises transmitting a transmission
from a first device to inform at least one second device in a wireless communication network that the
first device will be active only during an active time interval that comprises a beacon transmission

period and an additional period near to the beacon transmission period and, at the completion of the
active time interval, operating in a lower power mode of operation until a next active time interval. In

another exqplaty, SmIRQUMENH RIS RICVISE AN ARDRIAIS B SQTIbTIngS amlielessransiter

and a receiver and a contr configurable to transmit a transmission from a first device to inform at
least one sEEBHEFHVTESTHIE ifBlesS CBTFRiniEdtion FORTSEthSPRE R BelfcBRBE Active only
during an astivettims@intervalahastoimnpesds mboacon irassmssieroperidnyigndmarn addidienal period

near to the heaceRitansMissioAPeroth-Thacaatalaris berthersanfigwable, af aniexpimtion of the

active time [NER i SBBn e, AR SR D NIS! Biper R ehmedt PLaRalanypl a nex

erval. In ye?l_gﬁg)?ﬁea_r exempfary em dement, there is provi et a computer-readable
memory medRRNAARSTTESTHPSE PTG BUETRIIRE 17 B corida 5ol e b O T HER AtiBRs results in
operations thateaimerisetrahsmitting ahtrdivsmission tiremta firstvdevoesto infdnvabisasiane second
device in a wirgless.canynunigation natwork that the first device will be active only during an active
time interval that comprises a beacon transmission period and an additional period near to the beacon
- transmission period and, at the completion of the active time interval, operating in a lower power mode
of operatiofturfil THFERE eV BIIeCbeRiEICHh ASTR ﬁjﬂﬁéﬁ@@bﬁ]bﬂ%‘??‘ﬁ?ﬁﬁ?ﬁﬁﬁl?%f?%ﬁ’is provided
an apparatugcihahcampesessmesnafoiiransmiting e atransotissiothérgm grfirstiaenicedor infonning
at least one, seeand deviea in2duirelssnsammugiaation nenrHiitahtaedrst deviceyiil ke active only

during an active time interval that cgrgprlses a oeaC(in transmissjon. period ar’ig t%ntat%ditgor}al period
near to the BEAEB A trAS LS SH patiSH PR a B p AP At GE P RS P 8 AN S onsive to a
completion éf\tive acilddimetiviternlil, forisenaolipgvehdéimet ideyice B perarizes folcpbwer mode
of operation,ynithadisxbagtivesins indenalaVyBapopaiaingdrbtacclowaispawampededtardirst device
does not recejve a beacon 1SS . ' BRIEF
DESCRIPT?S e@gmﬂf‘? Oﬁgﬁ&%ﬁ@%ﬂltg&%wp%ﬁé %%%\?\é:r%%g%%%gg% %‘gﬁgﬁegproduces Figures 1
of the IEEE p802115TM Draft Standard, and shows a non-mesh IEEE 802.11 deployment model and
device classes. Figure 2 reproduces Figure s2 of the IEEE P802.11 STM Draft Standard, and shows a
mesh containing MPs, MAPs, and STAs. Figure 3A reproduces Figure s3 of the IEEE P802.1 1s Draft
Standard, and shows MAC data transport over a Mesh. Figure 3B depicts an exemplary ad hoc one
hop networking model. Figure 4 illustrates beacon reception, when the deep sleep operational mode in
accordance with this invention is not used; Figure 5 illustrates beacon reception, when the deep sleep
operational mode in accordance with this invention is used;

Sa



WO 2009/034525PCT/1B2008/053639 Figure 6 is a simplified block diagram of a wireless station or
mesh point that is suitable for use in implementing the exemplary embodiments of this invention; and
Figure 7 isparagia flail diagramtihatidepintsredecution of a method, and a result of 5 execution of
computer program instructions, in accordance with the exemplary embodiments of this invention
Figure is a logic flow diagram that depicts execution of a method, and a result of execution of
computerlpr@gltamﬁim&teu@tk@ﬁqﬁm)aeﬁﬂmtﬁmuvﬂkethesep(mvidlaimﬂ&gﬁamﬁﬁnﬂmtsc@mﬂﬂisemvention.
DETAILED DESCRIPTION . In one ect therepf the exemplar ments of IS invention
specity o HEAb S HACRA T ETIP 2 a0 DAL b HEER: P e iGion and
ATIN4 15seﬁrmﬁ&ureélm alhadxemplanneirbocimentsof ﬂhﬁ |rmeeﬁtﬁnrﬁsmeelfoy1arimmbﬁwhlch can be
referred to f %nvemence and not as a rpr tlon asa"d sle bit. The deeg sleep bit may be
used in a WA %3&&6}1?1&8“’1%%“88@3 ;%"H‘P?é?%o fa%‘%%r Thditate’ that e 8 mp stays
active On|§dd§:ti’(ﬁgll‘@aﬁmmM@ﬁ)ﬁ’bﬂﬁﬁtﬁﬁiﬁﬁl&[@iéﬂ Perpdridte Iipberﬂﬁeﬁmthapcbmma to 0 (not
asserted), the MP. receives beacons m all ttl?er MPs, and St?e\éva ve durlré%lts oW fbrs%lcon

transmissiTEAhd ?&Wﬁflﬁgrfgd ﬁ?é%’ra 57 the R A VAU &nuglng itS Beacon

ep slee it'Is sent by tREA
frame tradsmigstorvferite a‘mlr:réow& framer hliﬁﬂﬁmﬁﬁpﬂ)lfﬂml nfmmmgepeectMEslmfewhmﬂvek the MP will

be operat{%én a 25 conven nal manner and c%vn}grtp(iailr bea ons |n Fl ure 4% or whether the

MP will b 3r§ﬁﬁ1§aﬂ?¥h Sp%%eéppﬁwee aNd aktive onfy 6 ﬁﬁngoets 6]V r ce":’%acon f}i’na RTIM times

(as in Figutadidsi gefroralhihet ikamede wedicdtdeioewer mode transition may be, for example, a
mesh 30 data frame (QoS Data frame plus Mesh headers) or a mesh Null frame QoS-Null plus

BRIEF DESCRIPTION OF THE DRAWINGS
In the attached Drawing Figures:

Figure 1 reproduces Figure sl of the IEEE P802.11s™ Draft Standard, and shows a
non-mesh [EEE 802.11 deployment model and device classes.

Figure 2 reproduces Figure s2 of the IEEE P802.11s™™ Draft Standard, and shows a mesh
containing MPs, MAPs, and STAs.

Figure 3A reproduces Figure s3 of the IEEE P802.11s™ Draft Standard, and shows
MAC data transport over a Mesh.

Figure 3B depicts an exemplary ad hoc one hop networking model.

Figure 4 illustrates beacon reception, when the deep sleep operational mode in

accordance with this invention is not used;

Figure 5 illustrates beacon reception, when the deep sleep operational mode in

accordance with this invention is used;



Mesh headers), both of which may be unicast frames. A group-cast frame that contains Mesh headers
may be used to change the power mode as well. For example, a Mesh Beacon frame may be used to
change the power mode. Thus, and in general, a directed frame transmission may be considered as a
unicast mest Qat4FAHE or a mesh-null frame. That is, the frame transmf)s%%lrli)’zt%{%ﬁ[’afég%e a power
mode transition may be beacon frame transmission (or more generally a groupcast transmission) or it
may be a directed frame 5 transmission. Figure 4 illustrates beacon reception when the deep sleep
operational modBigadosrdinseiintbtars Hoentor BB SrsetRivhie ‘Piﬁg ROBR dsEEBEacon
reception when e decp SigeR eRefaiRnalmads R acsaiancenilh ivsdnyeniian is used. Note in
Figure 4 that 10 the MP 1 must be active during its own beacon and ATIM times, and also during the
beacon transmission times of each of MP 2 and MP 3 (assumed in this example to operate with Mesh

DTIM periods (intgryals) A ang.B. figshesiivalynfinissads.eheperatianeambe.santrastedofith that
shown in Figure 5,"'where the MP 1 need be active only during its own beacon and ATIM times. The

resultant savingSTRBENErEorRURTSHoRPE AR RTESHIATHCHht2 9IRS b Hotie FTREPIHE number of
activity periods of MBsi.isreduagd whemdhe deep sleep mode is used. If the MP is operating in the
deep sleep mode (the deep sleep bit is set to 1), the MP may be woken up with a frame, such as the
ATIM frame transmitted during the ATIM period 20 after the beacon transmission of the MP. Note in
this regard that theATIM;perieg istusediaplynionwvakelsp: feamer tsansiissidns., Ehé Afivlfrdme is
currently such a frame with which a sleeping MP. can he informed thdat there ES gslataegc%r it f{ﬂ some peer
MP's buffers. ThE¥HBIATISE - SIRBHTh SUREEHBuIBTBHSH &by staS Bwakes (dctive) for & longer time
period until therezismeivehenfdata tevbaiexchanged with the peer MP. All standard rules 25 and
conventions regarding, for example, service period and additional ATIM period can be applied to
determine when the MP reenters the deep sleep mode. Stated differently, upon reception of such a
wakeup frame from a peer MP, the MP  DETAILED DESCRIPTION

fn one aspect thereof the exemplary embodiments of this invention specify a mechanism
to indicate that the MP is active only during its own beacon transmission and ATIM

15 period duration,

The exemplary embodiments of this invention specify a new bit which can be referred to
for convenience, and not as a limitation, as a "deep sleep” bit. The deep sleep bit may be
used in a WLAN capability field. The deep sieep bit setto 1 (asserted) indicates that the
20 MP stays active only during its own beacon transmission and ATIM period. If the deep
sleep bit is set to 0 (not asserted), the MP receives beacons from all other MPs, and stays
active during its own beacon transmission and ATIM period. Preferably, the deep sleep
bit is sent by the MP during its beacon frame transmission (or in a directed frame

transmission) for informing peer MPs of whether the MP will be operaling 1n a

[
LA

conventional manner, and receiving their beacons (as in Figure 4), or whether the MP
will be operating in the deep sleep mode, and active only during its own beacon and

ATIM times (as in Tigure 5).

In general, the frame to indicate a power mode transition may be, for example, a mesh
30 data frame (QoS Data frame plus Mesh headers) or a mesh Null frame QoS-Null pius
Mesh headers), both of which may be unicast frames. A group-cast frame that contains

Mesh headers may be used to change the power mode as well. For example, a Mesh



operating in the sleep mode will stay awake until the reason for the wakeup has ceased. In 30 a
conventional sleep mode the MP receives beacons and TIM bits from all other peer MPs, and may
also use PS-POLL or other power save mechanisms to initiate data transmission. Note that in this

context otheW@lﬁ’é’gﬁ%’??gqenerally be any neighboring MP, while a peer VS SRRt which this
MP has created a peer link The MP may receive a frame from peer MPs within a link timeout value in

order to maintain the peer link active. The link timeout value is typically comprised of multiple 5 MESH

DT1M periods. (iaciiSiemematibn usphoh Ferardamivg o R R B8R <BESIFhon-deep

sleeping MPs to sgnd:ap ackoewiedosd bame duting te.cribmneniosefdbe.desh-siesmMP. Thus, the
deep sleep MP needs only to listen to the media during its own beacon and 12 TIM period, and to
: ad

receive beacons Héhs fhe FRST ARl 998 QIEE sHe My HIA Fa5y Wady Hme

transmission duripgdhe deep siaer MRs-ATIM:peieshenslicialbrieducastbe dimedhatihe«deep sleep
MP is required to listen to the media, and on the other hand may 15 increase the amount of traffic

during the ATIM FEI8E8Phe, deep sleep MP. The use of these exemplary embodiments can be
beneficial in all 'VLAN MPs which are capable of operating in a power save state. 20 The exemplary
advantages that are realized by the use of these %r%b }diénen of the invention are numerous. For

example, the dedpRuIE &P EEE REHSIES THeSOUP 18 MNiRTIS &Pt eeegt%{)ﬁa%?/nﬁlon\}\?e%eé%%%cﬁgn%?%n by
enabling the MP farstay: agtive anly:duting itsthie atondraitismissiobutime rdecpddition: the dtapd-by
ower consumption in the dee . ' ) [ ' .
powet PUOD ome%. 0520 SISEP LRSIHRN IO £ DR IRAFY eimalRd, FuLiher fp amount of
sleep is no longet a8
10 the MP 1 must be active during its own beacon and ATIM times, and also during the

beacon transmission times of cach of MP 2 and MP 3 (assumed in this example to

operate with Mesh DTIM periods (intervals) A and B, respectively). This mede of

operation can be contrasted with that shown in Figure 5, where the MP | need be active

only during its own beacon and ATIM times. The resultant savings in power consumption

15 are thus significant, as it can be noticed that the number of activity periods of MP 1 s

reduced when the deep sleep mode is used.

If the MP is operating in the deep sleep mode (the deep sleep bit is set to 1), the MP may
be woken up with a frame, such as the ATIM frame transmitted during the ATIM period
20 after the beacon transmission of the MP. Note in this regard that the ATIM period is used
only for wakeup frame transmissions. The ATIM frame is currently such a frame with
which a sleeping MP can be informed that there is data for it in some peer MP’s buffers.
The MP in deep sleep mode should preferably stay awalke (active) for a longer time

period until there is no further data to be exchanged with the peer MP. All standard rules

2
Ly

and conventions regarding, for example, service period and additional ATIM pertod can

be applied to determine when the MP reenters the deep sleep mode.

Stated differently, upon reception of such a wakeup frame from a peer MP, the MP
operating in the sieep mode will stay awake unti! the reason for the wakeup has ceased. In
30 a conventional sleep mode the MP receives beacons and TIM bits from all other peer
MPs, and may also use PS-POLL or other power save mechanisms to initiate data

transmission, Note that in this context other MPs may generally be any neighboring MP,



25 dependent on the number of the links in the MP, and the beacon transmission times of the MPs.
Other potential solutions to reduce the stand-by power consumption of the MP could include

organizing the beacon transmissions times to be close together. An extreme 30 example would be the
UWB beacoM W 4BHath discussed in the ECMA-368 Standard. HowevBF R HSPheacon

organization would cause difficulties related to notifying other MPs that the beacon transmission time
has changed, and can lead to collisions of the beacon frames. Also, if there is more than one MESH
DTIM period in u¥8ilfrfenseatdnsmndhissib e disa bbeotetee s/ mmfiétk-or impossible to organize
due to the differences in the beacon transmission periodicity. 5 It may be preferred in the exemplary

embodiments of this invention that the MP in deep sleep mode wakes up to receive a frame from peer
MPs. although thig§m4y 8188 TRtTesse Folfer condimption e adiblineubsp YeBPEdE in

accordance with this.inxentipr.differs.trom AR hibernation wpR each disslosegintherabousrreferenced
ECMA-368 Standard (UWB). For example, in UWB the device does not send its own beacon during

the hibernation ModeFRIHNEPBIPEXample, in the UWB approach the device informs other devices
before hibernating how long it will stay in hibernation mode. This is clearly different than the approach
taken by the exemplary embodiments.of this invention, where the MP informs 15 oﬁher MPs in beacon
or other directed FMERIRENESTLARIMRREMIETHGRE I BEHERE Sa5S 5 Actva! thaF&s§simplifying
the overall coordination: oitheomeshneivorkiegscesnRefetiande:is TieOe:fh Figuie &dpribystrating a
errr?kﬁ)cl)lgl(argek;:?scgf Y Srms?‘]:h% ME. 9 stallon 20 that s suitable for Use In practicing the exemplary

10 ATIM period, and to receive beacons from peer MPs, which are also operating in the

deep sleep mode.

The frame transmission during the deep sleep MPs ATIM period beneficially reduces the
time that the deep sleep MP is required to listen to the media, and on the other hand may

15 increase the amount of traffic during the ATIM period of the deep sleep MP.

The use of these exemplary embodiments can be beneficial in all WLAN MPs which are

capable of operating i a power save state.

20 The exemplary advantages that are realized by the use of these embodiments of the
invention are numerous. For example, the deep sleep mode enables the MP to minimize
the stand-by power consumption by enabling the MP to stay active only during its beacon
transmission time. In addition, the stand-by power consumption in the deep sleep
operation mode can be readily estimated. Further, the amount of sleep 1s no longer as

25 dependenton the number of the links in the MP, and the beacon transmission times of the

MPs,

Other potential solutions to reduce the stand-by power consumption of the MP could
inciude organizing the beacon transmissions times 1o be close together. An extreme
30 example would be the UWB beaconing approach discussed in the ECMA-368 Standard.
However, this type of beacon organization would cause difficulties related to notifying

other MPs that the beacon transmission time has changed, and can lead to collisions of



20 invention. The station 10 includes a controller, such as one embodied as at least one data
processor (DP) 10A, a computer-readable memory medium (MEM) 10B that stores program
instructions (PROG) 10C, and a suitable radio frequency (.1.:.F) transceiver 10D that enables the
station 10 to"9eANEXdirectional wireless communication with at least oﬂ%f/ﬁfgggf?fgfi%own) with
which the station 10 has links (peer MPs). The PROG | OC is 25 assumed to include program
instructions that, when executedegi/ the associated DP 10A, enable the station 10 to operate in

accordance withtBs&esamipiaiss

Hodithersts B anRIE 32 HeRdnssadiersn ¢

Fdtion 10 may

include some type;of-suiiahle Aardwans-andiorsoftwarabaseddimariunstion 0k useddonwaking up

the station 10, such as by generating an interrupt to the processor 10A, prior to the time it needs to
transmit its 30 bEHEFREEMTAITHGeHTE TSI AREHETbr not the station 10 is operating in the
deep sleep mode. It should be noted that some type of directed frame transmission, and not a beacon

frame transmsission, may be used. to carry the indication of whether or not the

10

20

it may bé preferred in the exemplary embodiments of this invention that the MP in deep
sleep mode wakes up to receive a frame from peer MPs, although this may also increase

pOWer consumption.

The use of the deep sleep mode m accordance with this invention differs from the
hibernation approach disclosed in the above-referenced ECMA-368 Standard (UWB).
For exampie, in UWB the device does not send its own beacon during the hibernation
mode. Further by example, in the UWB approach the device informs other devices before
hibernating how long it will stay in hibernation mode. This is clearly different than the
approach taken by the exemplary embodiments of this invention, where the MP informs
other MPs in beacon or other directed frame transmission whether its mode will be deep

sleep or active, thereby simplifying the overall coordination of the mesh network devices.

Reference is made to Figure 6 for illustrating a simplified block diagram of a MP or
station 10 that is suitable for use in practicing the exemplary embodiments of this
invention. The station 10 includes a controller, such as one embodied as at least one data
processor {DP) 10A, a computer-readable memory medium (MEM) 10B that stores
program instructions (PROG) 10C, and a suitable radio frequency (RF) transceiver 10D
that enables the station 10 tc achieve bidirectional wireless communication with at least
other MPs (not shown) with which the station 10 has links (peer MPs}. The PROG 10C s
assumed to include program instructions that, when executed by the associated DP 104,
enable the station 10 to operate in accordance with the exemplary embodiments of this
invention as described herein. The station 10 may mclude some type of suitable hardware
and/or software based timer function 10E used for waking up the station 10, such as by
generating an interrupt to the processor 10A, prior to the time it needs to transmit its
beacon containing the indication of whether or not the station 10 is operating in the deep
sleep mode. It should be noted that some type of directed frame transmission, and not a

beacon frame transmission, may be used to carry the indication of whether or not the

10



station 10 is operating in the deep sleep mode. When in the deep sleep mode it is assumed that
suitable arrangements are made for reducing or switching off the voltage to various components of the
station 10, thereby reducing overall power consumption of a battery 10F (which is assumed to be
associated Wih % ?t’%ﬁ%zbower conditioning and 5supply circuitry, as is ﬁlléwg\x?ﬁf(ﬂ%ﬁ?ﬁ)eneral, the
exemplary embodiments of this invention may be implemented at least in part by computer software
executable by the DP 10A of the station 10, or by hardwaye, or by a com%inati n of software and
hardware (and fifi#ifgrd{ H?Ooﬁ??]é‘é‘ﬁ%r’é?l,tﬁffed\?ﬁ?ﬁ@%mﬁa@%irﬁéﬁé Brite %{is%%%g vificlude, but are
not limited to, wiselesscammunisRien devices includingphanesn persondlidigitiiiassistants (PDAS)
having wireless communication capaﬁilities, p rta(gle omputers havin] wireless comtmuni{:ation
capabilities, imaga AP EHEREGTIES HRIELH it 8??%@%“&%&866% refesSEsmhiunication
capabilities, gamingedevireshauing wileleds commenicatibwicapabilitteso wusicrsidragezand playback
appliances having Wireless cgmmuniqg}t(ilon capabilities, Internet appliances permitting wireless
Internet access 4 %PB&S%H@,“ S \Ef 'slrg’(‘))‘f]tl ble units or terminals that incorporate combinations
of-such functions. 20 Based on the foregoing it should be apparent that the exemplary embodiments of
this invention prqovide a method, apparatus and computer program product I ﬁ Jower
consumption of Dl\%gl%rég%ﬁﬁééﬁll%amgs%%%%%%%ﬂf&%l%le Vetra%gnlﬁlgcf%:%lf%iﬁggé%\?\}% l%ﬁ%‘é{ge%\é\{xemplary
embodiments, apdarréfervinguerBEigurer? ceemethiodondBreketufitr raoméshonetharkveoniprises
informing other devices, i, e nefork,. &.R33Gp0 1AM lrgpsMmission or in a directed frame
transmission of a%ievice, that the device will be active on?’y uring an active time interval that includes
its own bead6n transmission period and an additional period near to its beacon transmission period

(Block 7A), and af the &nd,of U%ﬁ&%%‘fﬁo@ﬁ?&éﬂ{%‘lf%e%@?ﬂ@J%‘EEIB%Y%{H&Q%PE@Q&R@@“0”

period until a next beacon transmission period (Block 7B). In the method of the previous paragraph,

where the lower potsiesnsotenohispépatisiiose et dbes OPRc RO TIRSHEHEL B HHEBBAEEHS bf other
devices to whichithe device bas links. R ths.methodialitie pravigus-parageaphs, where figdevice

optionally exits the lower power mode of operation period occasionally in order to listen to the beacons
of other devices foraRysiestiopnetnanizisiol g FARIFaifEsItEhcEBuipoagial cameras having

15 wireless communication capabilities, gaming devices having wireless communication
capabilities, music storage and playback appliances having wireless communication
capabilities, Internet appliances permitting wireless Internet access and browsing, as well

as portable units or terminals that incorporate combinations of such functions.

20 Based on the foregoing it should be apparent that the exemplary embodiments of this
invention provide a method, apparatus and computer program product(s) 1o reduce power

consumption of a MP operating in & mesh or mesh-like network.

In accordance with these exemplary embodiments, and referring to Figure 7, amethod for
25 execution in a mesh network comprises informing other devices in the network in a
beacon frame transmission or in a directed frame transmission of a device, that the device
will be active only during an active time interval that includes its own beacon
transmission period and an additional period near to its beacon transmission period
(Block 7A), and at the end of the active time interval, starting a lower power mode of

30 operation period until a next beacon transmission period (Block 7B).

In the method of the previous paragraph, where the lower power mode of operation

11



In the method of the'previous paragraphs, where the device receives data from the other devices to
which the device has links only during the additional period. 10 In the method of the previous
paragraphs, where the additional period corresponds to an announcement traffic indication message
period. FurtRe? #1%8dd6ttfance with these exemplary embodiments, and ré)fémﬁéﬂ?g/ (E?gﬁﬁ?e 8,al5
method comprises (Block 8A) transmitting a beacon transmission or a directed frame transmission
from a first device to inform at least one second device in a wireless communication network that the
first device will HEAeHiJaSRR AMsig LA aREv&tRTE TATSR A Har OIS B 58 % Yﬂgﬁlﬁﬁ%ission
period and an agglitional period near to the beacon transmission period and, (Block 8B) at the
completion of the active time interval, 20 operating in a lower power mode of operation until a next
active time interval. In the method of the previous paragraph, where when operating in the lower power
mode of operatign iihedfitsb devicr dassnobreceireq hhacahdmrimigsiondiprxiheiat least one

second device. 25 In the method of the prevjous paragraphs, further comprising exiting the lower
power mode-of éﬁ&ﬁtilaﬁd&ﬁﬁ%ﬁ%?%?&?%‘ﬁﬁ&%&%%%ﬁ i feRasinedhe:

SRS SE recelve a beacon
transmission frorethe atdeastene seaand-devicadIhimthmmethedabthesprevious paragraphs, where
the first device receives the beacon transmission from the at least one second device for at least
synchronization and link maintenance purposes. In the method of the previous paragraphs, where the
first device has dilitik withhthe athlepstvons seegngidevices andifuithercompisnfiaedbivitizdata, only
during the additignal pefiod, oM. e atleast ane secand dauicedn e isflied of the previous
paragraphs, where the adgllﬁona perfiod corresponds to'a announcement traffic indication message
period. In thE}method of the previous paragraphs, where the first device transmits in the beacon

In the method of the previous paragraphs, where the additiona} period corresponds to an

announcement traffic indication message period.

Further in accordance with these exemplary embodiments, and referring to Figure §, a
15 method comprises (Block 8A) transmitting a beacon transmission or a directed frame
transmission from a first device to inform at least one second device in a wireless
communicaiion network that the first device will be active only during an active time
interval that comprises a beacon transmission period and an additional period near to the
beacon transmission period and, (Block 8B) at the completion of the active time interval.

20  operating in a lower power mode of operation until a next active time interval.

In the method of the previous paragraph, where when operating in the lower power mode
of operation, the first device does not receive a beacon transmission from the at least one
secend device.

25
in the method of the previous paragraphs, further comprising exiting the lower power
mode of operation prior to a start of the next active time interval to receive a beacon

transmission from the at least one second device.
30 In the method of the previous paragraphs, where the first device receives the beacon
transmission from the at least one second device for at least synchronization and link

mamtenance purpeses.

12



10 or other directed frame transmission an indication that the first device will be active only during the
active time interval, or an indication that the first device will be active for a longer period than the active
time interval.  In the method of the previous paragraphs, where the first device transmits in the
beacon 15 oV BH&YHiféted frame transmission an indication of whether ¥ HE WM& ice will not be
active to receive a transmission from the second device after expiration of a period of time
corresponding to an announcement traffic indication message, or (b) the first device will be active to
receive a transmission from the second device after expiration of the period of time corresponding to

the announcemeptirafficipgisatienreassage-2tprdhermnethediel thepeeviousiparagtaphs; where

said wireless communication network is comprised of aMesh network comprising a plurality of mesh
points, and wheﬁ%ﬁ&?ﬁ%@@ﬁﬁ@%ﬁ“@é@%ﬁrl%%Pﬂﬁégsr@%’ﬁal%lg%é’%@eggg&% #igétﬁoﬁ%int. 25 The

various blocks shaywa inkigies Toandé sraynbavawed as method steps, and/or as operations that
result from operation of computer program code, and/or as a plurality of coupled logic circuit elements
constructed to carry out the associated function(s). The exemplary embodiments of this invention also
provide a mesh point gewice shaf-30=0mprisasraiireless thanddiivengenfigurahiefordeanamunication
with other mesh point devices, and that further coméorises a data processor that operates under the

control of a storéd BPSEARTT TRTFHSHIEP MBEI45SiIRE delices in a mesh network, in a beacon or a

In the method of the previous paragraphs, where the first device transmits in the beacon
10 orother directed frame transmission an indication that the first device will be active only
during the active time interval, or an indication that the first device will be active for a

longer period than the active time interval.

In the method of the previous paragraphs, where the first device transmits in the beacon
15 orother directed frame transmission an indication of whether (a) the first device will not
be active to receive a transmission from the second device after expiration of a period of
time corresponding to an announcement traffic indication message, or (b} the first device
will be active 1o receive a transmission from the second device after expiration of the

period of time corresponding to the announcement traffic indication message.

In the method of the previous paragraphs, where said wireless communication network is
comprised of 2 mesh network comprising a plurality of mesh points, and where said first

device and said at least one second device are each a mesh point.

25  The various blocks shown in Figures 7 and & may be viewed as method steps, and/or as
operations that result from operation of computer program code, and/or as a plurality of

coupled logic circuit elements constructed to carry out the associated function(s).

The exemplary embodiments of this invention also provide a mesh point device that
30 comprises a wireless transceiver configurable for communication with other mesh point
devices, and that further comprises a data processor that operates under the control of'a

stored program to inform other mesh point devices in a mesh network, in a beacon ora

13



directed frame transmission, that the mesh point device will be active only during an active time
interval that comprises its own beacon transmission period and an additional period near to its beacon
transmission period. At the end of the active time interval the data processor further operates to initiate
a lower pow& M@ ¥fFbperation period until a 5 next beacon transmissidit BEHOE B5¢HAg the lower
power mode of operation period the mesh point device does not receive through its wireless
transceiver and respond to the beacons of other devices to which the mesh point device has links.
The mesh point &R &y S BaBHAIR etk RSTRTSBRYE! ok STibdsr At sl it asionally
in order to receivg:andiresprnddathe hepsansobainehaavisesiotatlersLaAsArRiZzaion and link

maintenance purposes. The mesh point device receives data from the other devices to which the
device has links BT LRATHEHHE KALHIFRBEIEY RiHere M5 atiBhERFEHSY LB @spSAdE%0 an 15

announcement tetfiedndisationmessege:periadialhe exemplannambedimenis 0pdhis imantion also

provide an apparatus that comprises means for informing other apparatus. in a mesh network, using a
beacon o a QireRESATATE FENEIRETOT P HETRIBAr S B Dot/ SRPUEMAG = HEtive tme
interval 20 that comprises iis-dweribeacandransmissigniperiod agd-anadditionatpecat e to its

beacon transmission gri%)d, and further c mgrses eans,tﬁes?oqfivT %P an end of the active time
interval, for ententig TOWE PEWEF MSae ol Bise At S Herdd (RS A& BSacon transmission period. 25
In the apparatus of the previous paragraph, where the lower power mode of operation period does not

include listening {&the beacon% of other devicegfto W.hi%kg fhe device hascf(iit In the %%paria(}gs of the

. S sh point gevice may optionaydy exit the.iowe er f operatl er
previous paragrapns, uFt er ComprISIn&m ans for occaS|onaﬁﬁ)P§8/exE|?ﬁ19 t?‘le Power pgwer mode of

operation pefioddeclisteniily therbedoons:ofecthkreappar atvis:forab teast synctronizdtion dmask link

maintenance purpos so.ﬂilzrel1 ,&gg %l%pﬁ;\ tus. Eég%h r}g;}ﬁj Ousgsparagraphs, where the apparatus further
comprises means for receiving data from the other apparatus s to which the apparatus has links onl
y

during the additional period, where the additional period corresponds to an announcement traffic

indication messag. perindy, . RIRASLAL DS MAIoYS FXmplay RNNGdimant:. aybgmpigmented in

hardware or special purpose circuits, software, logic or any combination thereof For example, some
aspects may be impletwengethinaddrdwatepwiile vliver dspadistined) b iioplevrentesn firiware or

software which may he executed-y aicantroliericraprReessor or other

The exemplary embodiments of this invention also provide an apparatus that comprises
means for informing other apparatus in a mesh network, using a beacon or a directed
frame transmission, that the apparatus will be active only during an active time interval
20 that comprises its own beacon transmission period and an additional period near to its
beacon transmission period, and further comprises means, responsive to an end of the
active time interval, for entering lower power mode of operation period until a next

beacon transmission period.

25 In the apparatus of the previous paragraph, where the lower power mode of operation
period does not include listening to the beacons of other devices to which the device has

links.
In the apparatus of the previous paragraphs, further comprising means [or occasionally

30  exiting the lower power mode of operation period to listen to the beacons of other

apparatus for at least synchronization and link maintenance purposes.
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10 computing device, although the invention is not limited thereto. While various aspects of the
exemplary embodiments of this invention may be illustrated and described as block diagrams, flow
charts, or using some other pictorial representation, it is well understood that these blocks, apparatus,
systems, teéﬁf?i&%@g’%ﬁﬁethods described herein may be implemented iﬁ?gg%é;??-"ﬁf'ﬁﬂ?ﬁg examples,
hardware, software, firmware, special purpose 15 circuits or logic, general purpose hardware or
controller or other computing devices, or some combination thereof As such, it should be appreciated

that at least som& BEEBEROtLRE RKBIARS PEABBRIM SHE PP M IHEH R BESSFaR%Ed in

various Componestseseieth 28008 aratRRLEHEhHERRRSANE MALISS rEhe 1Wesig: ehiptegiated circuits
is by and large a highly automated process. Complex and _powerful software tools are available for
é\‘?é' f

converting a logitféva HBEIGITIKD A B HRoHIHKBR AFEat HEEITTERGy RSB ARt Bl a
semiconductor siastiate. Heishosaftviade tools can automatically route conductors and locate
components'ﬁon a semiconductor substrate using well established rules of design, as 25 well as
libraries of pre-stored design modules. Once the design for a semiconductor circuit has been
completed the rdaultantdesigrmays ke fabiicated asiorewmaore:inegsaled-airguibadrmiees: Various
modifications and adaptations to the for oinglexem]plary embodiments of this 30 invention may
become apparerPLS AL BRI T TR O A f BF S Toretainb GESERBImA e read in
conjunction with éheaeccom panyipigrdeawingshtbweyerhinyand-allsnodificationsailestilifall within the

.scope of the non-limiting and .exem ary embgdimentsc%this invenltion. . For example, in other
. ward or .sotiyyar I m@/ ¢ CXECYLE a contro} =14 1CTOPTOCCSSOL O 0%6}.
embodiments of];frus Invention the may be ac |ve'”ttnot I déep's eeb5non yw en’it sends its own

beacon, and imaymaraitemptite, réibeinsh ttansmeissions:d fionitatbiendMP Y istichuasupesreMBRs. Further
by example, whitg the. exgPLATY SMRAAIMERLS NAVG:BE G I8S DA BRAVE 08 ed as block
diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatus, systems, techniques or methods described herein may be
implemented in, as non-limiting examples, hardware, software, firmware, special purpose
15 cireuits or logie, general purpose hardware or controller or other computing devices, or

some combination thereof,

As such, it should be appreciated that at least some aspects of the exemplary
embodiments of the inventions may be practiced in various components such as
20 integrated circuit chips and modules. The design of integrated circuits is by and large a
highly automated process. Complex and powerful software tools are available for
converting a logic level design into a semiconductor circuit design ready to be fabricated
on a semiconductor substrate. Such software tools can automatically route conductors and

iocate components on a semiconductor substrate using well established rules of design, as

]
LAY

well as libraries of pre-stored design modules. Once the design for a semiconductor
circuit has been completed the resultant design may be fabricated as one or more

integrated circuit devices.

Various modifications and adaptations {o the foregoing exemplary embodiments of this
30 invention may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.

However, any and all modifications will still fall within the scope of the non-limiting and

15



general context of the IEEE 802.11 system, it should be appreciated that the exemplary embodiments
of this invention are not limited for use with only this one particular type of 10 wireless communication

' system, and that th?%]ma}y be used to advantage in other wireless communication systems. It should
be noted that th&"t&iis*Tonnected,” "coupled,” or any variant thereof mepé?"ngﬁglﬂg% Mection or

coupling, either direct or indirect, between two or more elements, and may 15 encompass the
presence of one or more intemtediate elements between two elements that are "connected” or
"coupled" togeth&F R ST EFEORHERIB BETeen the elements can be physical, logical, or a
combination thereof. As employed herein two elements may be considered to be "connected” or

"coupled together by the yse of one or mgre wires, cables and/or printed electrical connections, as well
as by the se of ECTRIIBAL S BREHY BIicH LU aIEORRHGh Sl BRERS HRVING WaSEiengths i

the radio frequengyeregian viher mMicrawavevediemnandtienapticab (ot waibleanchinvisible)sregion, as
several non-limiti angliiln -exhaustive e Sples. Furthermore, some of the features of the various
non-limiting and fgggh% 3?%@’@%%38%%@5& this invention may be used to advantage without the
corresponding use of other features. As such, the foregoing description should be considered as

merely illustrative, of the principles chin san? exemplary e odimentg of tgi%irgventiqg and not in
limitation thereof% u&i}%ﬁﬁ Kﬁ%&mhé h%gl?or Wirele se%%% l%%%@nléiﬁgr enmggﬁln%t\f\l/oorﬁ? lélomprlsmg:
transmitting an ingieatiorotitatt afitst HEEHEE W bes@etivie Dnlyduringpaniaetivbatithe Sienarval that
comprises its owpheacen eI s ARIR A AR-adsienatReiRAnearpdhe anp egcon
transmission period;

10 wireless communication system, and that they may be used to advantage in other wireless

communication systems.

It should be noted that the terms "connected,” "coupled,” or any variant thereof, mean any
conmnection or coupling, either direct or indirect, between two or more elements, and may
15 encompass the presence of one or more intermediate elements between two elements that
are "connected” or "coupled" together. The coupling or connection between the elements
can be physical, logical, or a combination thereof. As employed herein two elements may
be considered to be "connected" or "coupled” together by the use of one or more wires,
cables and/or printed electrical connections, as well as by the use of electromagnetic
20 energy, such as electromagnetic energy having wavelengths in the radio frequency region,
the microwave region and the optical (both visible and invisible} region, as several

non-limiting and non-exhaustive examples.

Furthermore, some of the features of the various non-limiting and exemplary

oo
N

embodiments of this invention may be used to advantage without the corresponding use
of other features. As such, the foregoing description should be considered as merely
illustrative of the principles, teachings and exemplary embodiments of this invention, and

not in Hmitation thereof,
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and wherein the active time interval does not comprise beacon transmission periods of other devices;
at an expiration of the active time interval, causing said first device to enter a lower power 10mode of
operation until a next active time interval. 2. A method according to claim 1, further comprising: exiting
the lower power mode of operation to receive a beacon transmission from the at least one second
device for at least synchronization and link maintenance purposes. 15 3. A method according to any
of claims 1-X- WM& the first device has a link with the at least one second device, and further
comprising: receiving data, only during the additional period, from the at least one second device. 20
4. A method according to any of claims 1-3, further comprising: transmitting an indication whether the
first device willb&haFifat WiEdps et armsBtive &ﬂ@@ﬁ%‘{ﬁih@%@%ﬁe interval, or the first
device will bedpsmBeagna sigkptoadRiandfmetidevios aitingenperdoshihaluting aativeitiengniaterval,

wherein %he gg%%eg %clariod com[%;ges tg% active time.interval a%ld tge b&ﬁﬁ&n trlansméssion (periods of

the other devices. & qét.cg\mrﬁfé? Saccor ?r?anto Egﬁ'? of claims ?ln where sﬁaamﬁfacésgﬁ%rc‘él area

network meshawtwbrkaortprigeissipiupatiofof mesh points, and where said first device and said at
least one se¢ond eMice AEE.EARN B SREPAINLAR- AR ARRAsAILSfRLIIEEIRRS Ipcab& e network

mesh network, comprising: means for transmitting an indication that a first device will be active only
during an activ¥tifERterval that comprises its own beacon transmission period and an additional
period near tg the:QvuaheasORJERASEISHARPEHNdausing said first device to enter a lower power

10 mode of operation until a next active time interval,

2. A method according to claim 1, further comprising:
exiting the lower power mode of operation to receive a beacon transmission from the at
least one second device for at least synchronization and link maintenance purposes.

15
3. A method according to any of claims 1-2, where the first device has a link with the at
least one second device, and further comprising: receiving data, only during the additional

period, from the at least one second device.

20 4. A method according to any of claims 1-3, further comprising:
transmitting an indication whether the first device will be in a first sleep mode and active
only during the active time interval, or the first device will be in a second sleep mode and
active for a longer period than the active time interval, wherein the longer period
comprises the active time interval and the beacon transmission periods of the other devices.
25
5. A method according to any of claims 1-4, where said wireless local area network mesh
network comprise a plurality of mesh points, and where said first device and said at least

one second device are each a mesh point.
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5and wherein the active time interval does not comprise beacon transmission periods of other devices;
means for causing, at an expiration of the active lime interval, said first device to enter a lower power
mode of operation until a next active time interval. 107. An apparatus according to claim 6, further
comprising: means for exiting the lower power mode of operation to receive a beacon transmission
from the at least one second device for at least synchronization and link maintenance purposes. 158.
An apparatué. Actersrtrolanyiefernlasal 619 WEAEkS Hr SEEe S PR IAK with the at least one

second deviges.anefurthen camprisig:meansdarreceinng dalacriydurinodhiaaddilianal period,
from the at least one second device. 20 9. An apparatus accordin % any of ¢laims f-8, further
bl g i

comprising: ARG AYTORtRAS ARG S h A ASH W BN &R rRE" PR TRt Sfeep mode
and active ondyduningoine ixetive timeriistéruakrardhe first device will be in a second sleep mode and

active foy a lonpenRerdihan e acivedine RISl whereld e AnagiRatad cpmpiisep the active
lime interval and t e_%eacon transmission periods of the other devices. 25 10. An apparatus method
according todksy 8¢\akeiins 6-9, where said wireless local area network mesh network comprise a

plura;:ity thmsgoé&p@é%@ﬁg,wh%%ﬁﬁ}gtmw%%@%ﬁ%%ﬁémsga@w@ea@ﬂded@éﬁ@ﬂe each a
mesn point.
Po! lower power mode of operation until a next active time interval.

10 7. An apparatus according to claim 6, further comprising:
means for exiting the lower power mode of operation to receive a beacon transmission
from the at least one second device for at least synchronization and link maintenance

purposes.

15 8. An apparatus according to any of claims 6-7, where the first device has a link with the at
least one second device, and further comprising:
means for receiving data, only during the additional period, from the at least one second

device.

20 9. An apparatus according to any of claims 6-8, further comprising:
means for transmitting an indication whether the first device will be in a first sleep mode
and active only during the active time interval, or the first device will be 1n a second sleep
mode and active for a longer period than the active time interval, wherein the longer period
comprises the active time interval and the beacon transmission periods of the other devices.
25
10. An apparatus method according to any of claims 6-9, where said wireless local area
network mesh network comprise a plarality of mesh points, and where said first device and

said at least one second device are each a mesh point.
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