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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

(B) IEEE  P802.11s™/D1.03, Draft STANDARD for Information
Technology-Telecommunications and information exchange between systems-Local and

metropolitan area networks-Specific requirements-Part 11: Wireless LAN Medium
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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 categorized as clients can benefit from the
ability to establish peer-to-peer wireless links with neighboring clients and APs in a mesh

25 network.

An example mesh is illustrated in Figure 2, which reproduces Figure s2 of the IEEE
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
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infrastructure mode. IBSS beacon transmission and infrastructure beacon transmission
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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
beacon. 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.
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Mechanisms”, of the ECMA-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 hoc mode", X. Gao et al., DoCoMo

Communications Lab USA (2006);
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20 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. The controller is further configurable, at an expiration of the
active time interval, to cause the first device to enter a lower power mode of operation
until a next active time interval.

25
In yet another aspect thereof these exemplary embodiments provide a computer-readable
memory medium that stores program instructions. The execution of the program
instructions results in operations that comprise transmitting a transmission from a first
device to inform at least one second device in a wireless communication network that the

30 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
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Figure 3A reproduces Figure s3 of the IEEE P802.1 1s™ Draft Standard, and shows MAC

data transport over a Mesh.
25  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;

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

accordance with this invention is used;
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during its own beacon transm ssion and ATI M peri od
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t Wy MBnVinkidncP8nQ 6! Atal 1REitdtdndas a "deep sleep” bit. The deep sleep bit may be
used in a WLAN capability field. The deep sleep bit set to 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 operating in a

25 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 Figure 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 plus
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
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CUFKIEME Waltu Mratnd fr@l¥hididoR. 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 sléep mode should preferably stay awake (active) for a longer time
period until there is no further data to be exchanged with the peer MP. All standard rules
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
operating in the sleep mode will stay awake until the reason for the wakeup has ceased. In
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,



whi ch a sl eeping MP can be infornmed that there is data

for it in sone peer M s buffers. The MP in deep
wab@ep34seitie shoul d preferably stay awake (acti R€)/1B2008/@3639

| onger tine period until there is no further data to

be exchanged with the peer MP. All standard rul es and

convention egardjn far. exa e, service riod and

a 'lfei orrat %ﬁs%flagir) |“gﬁl %@ﬁh g’és g@pﬁlqs S ad%eteg ﬁ%'ne

when the MP reenters the deep sl eep node. Stated

differently, upon reception of such a wakeup frane
f riom MPpway rdvBive tahiearv fropepertr iMEs withinhe ligk deponbdaue in order to

will, stay awake until the reason fqgr the. eup has .
CSBUBEHT T PO GIAEHYS- RSk R e PN ST i of muliple
5 begeapspad plliMsbi ts fromall other peer MPs, and may
al so use PS-POLL or other power save nechanisns to
initiate data transm ssion. Note that in this context
ot her, MPs may . gener al be any nei ghbarjng MP,.whil e
pedie WrplpraentafiqprRion Oﬁmaaﬁal{ﬂﬁggh eﬁﬁgk%?@é(?é%wa%b@@lon'deep
L1 diep EbWRedded FATE dff IR A8TMYRS oMot Heleep s1
a:@%ﬁﬁﬁggﬁggﬁgﬁ%gfﬁg Fn o %efagg mal ntai n ?ﬁg gegr eeeep seeh
| i M. Blatis, the dedieepiMR ntédsealytto listku® the nfeyjpiduahg yts own beacon and
conprised of multiple MESH DTIM per.iQds. Qne ..
10 nﬁn?@mfla@ai e tHpIeHis TeasonTdiaR a?%Mgs,mﬁl@% aisralyq ppegating in the
actl] ' set all non-deep sleeping MPs to send an
ac‘% %F%%nﬁ)eTrane during the ATIM period of the deep
sleep MP. Thus, the deep sleep MP needs only to listen

to the media during its own beacon and ATI M peri od
anBhalg e pesSiBERHS tedsep pleet Vi Ty freci e e tigfell reduces the

?pt‘leﬁlg{ﬂapgle id@eﬂ ﬂ%p%?{?%%hlgﬁ& tmlgfén td @g éﬁ({&%d on the é)ther hand may

ransm ssion ng eep sleep perio

15 benefch i tat hinotdicasfid heidg the Atlieltpetibe of éeplesp elegp MP.
is required to listen to the nedia, and on the other
hand may increase the anpbunt of traffic during the

ATh'l\é & ro'f%%s ng 1tnh T“ar? %%BUL%F HR CQ/E be g&;%ﬁ?i%?in%ﬁl W Ee FEMPs which are
exemnplary Snbodl MEnt § can be beneticial rn all WAN

MRsapuble O opdretiaipaltvedkav@gstat i ng in a power save

state. The exenpl ary advantages that are realized by

the use of these enbodi nents of the invention are

20 TR 8%%@%92@%%5@&%& 18 48684 § 4P WIPELENRRLES kRS 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 is no longer as

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 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



the stand-by power consunption by enabling the MP to
stay active only during its beacon transm ssion tine.
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deep sl eep operation node can be readily esti nated.
Furt her, the anmount of sleep is no | onger as dependent

O B2 DAL et 5 R P P 8922 e escon
Scttdﬁ'éﬁlfégﬁnttﬁnésegéi? Bedod® %@ratfftamtp&weﬁpo@gﬁeut@p&g@mz@aue to the
he MP coul d i nclude organi zing the beacon

t rdaffsnssiintis tehemestranomimsionlpesedicoget her. An extrene
exanpl e woul d be the UWB beaconi ng approach di scussed
in the ECVA-368 Standard. However, this type of beacon

0 rIQﬁ‘ﬁ %é‘ $ePr O gk GRk: gﬁr?értﬂ‘)écﬁhﬁleﬁﬂs‘;& i €It R hniRat the MP in deep

notif ot her MPs th beacon transm ssion ti

h aﬁeep Immuigemb,keam@ tecraceiVeafttameo frool peesh@ssaldfongletﬂmemay)adso increase
frames. Also, if there is nore than one MESH DTI M
péFW@dCWﬁ“H§@0nthe beacon transmi ssion times can

becone very difficult or inpossible to organize due to

the differences in the beacon transm ssion

peTticogiecaft he detp BRyp heoder iaf @rsedndenwithehie )dﬁmﬁnltian wiffers from the
enbodi nent s of thls i nvention that the MP. in

s | bgnatigenREtash disslosed ieide pbevearefargpsd Wp‘é&rsqmrd (UWB).
algfa g%ﬁfehgaeep It {RY il cﬁ:gldeg]géfﬁ&%eﬁ)@yt’?ﬁwﬁ%§&%|rtﬁg thelBernation

use o I n accordance W th

I medd. Fomhet Ibﬁlfeﬁrﬁplé,r iamhd U/ Buppesasatlicaleviap nffﬁlmsh)ther devices before
di scl osed in the abgve-referenced ECMA- 368 St andard
( Unigymatmgrhog iagliewil] siaUndhibaeatippvpeds- dgisds Rlserhs difgrent than the

' t%ﬁpq%h Qa?{%ﬁ ?2 th%%%\%tﬂglabh ?@hﬁggf ik 1@&% nFRA&D ﬂ‘L e M¥ informs

evice' I nforms. ot
desth@edPdeifteacnhirbeiendireagl ﬁtme trem@nikdiomivhéth&tigynaode will be deep
hi bernati on nmode. This is clearly different than the
apPeepaE Activak@arehy sindiNdne msioxpipll spprdinaremelsheneghyiegvork devices.
i nvention, where the MP inforns other MPs in beacon or
ot her directed frame transm ssion whether its node

W RéfeRBcdBaRadd @Efg@le ALY NG tratine b 8plIsiddibloély Hiagrahhef a MP or
overal | coordination of the nesh network devices. )
Re%ft@roenk(é thag igraeigable for yarie psagtising theaseratarn grrtbodlments of this

l I f ! e?he S’[E(l)[lon 1%' cqtrlcgecsta, control'l\é‘tFr) such gst oarge: e(t)nrtao%hed as a{ leas§ one data

e Tﬁ}@@dsﬁfﬁrﬂl}?) OlfOAI, hi §omputer -readable memory medtum (MEM) 10B that stores
program instructions (PROG) 10C, and a suitable radio frequency (RF) transceiver 10D
that enables the station 10 to achieve bidirectional wireless communication with at least
other MPs (not shown) with which the station 10 has links (peer MPs). The PROG 10C is
assumed to include program instructions that, when executed by the associated DP 10A,
enable the station 10 to operate in accordance with the exemplary embodiments of this
invention as described herein. The station 10 may include 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



invention. The station 10 includes a controller, such

as one enbodi ed as at | east one data processor (DP)
wawg/oasedput er - r eadabl e nenory nedi um (MEM RCBIR2068/053639

stores programinstructions (PROG 10C, and a suitable

radi o frequency (RF) transceiver 10D that enables the

statio Q to_achi.ev idir [ I oW e s
cOTMORT A el R Pl RGP RRIR M ONTRE decp slegp prode it is
WhisilinddBatshRdH] Ofrai@eMasts higtiade(feRiudisor switdRingRE@CGhe voltage to
10C is assuned to include programinstructions that,

whanoexemepangnis pf thestationd @i thewly pRlugios overgh ppwet pparsumption of a

station t.o ;operate jn.accordance.w th the exenplary.
eBbES ke o Gt R i SR SR ARCG Sl ol ReFF i tidhing and
SSts%;ap@'&iréﬁhﬁ?ys ik Reliugewapne type of suitable hardware

and/ or software based tiner function 10E used for

waki ng up the station 10, such as by generating an

interrupt .to th rocessor .1 .prior. to the.ti it :
ndB e e EXRR B! O ReREUn LB By AL ek £ RFRsbiegat teastin
Of WS LR EIHuRY st¥Bbark Beechiadld 181thd BPi1DAT&ALARE l0NorttY®ardware, or
deep Sleep node. It should be noted that sone type of

di byec¢eabihatameo ftspBws i apd iherdwaag thnd dirmavapacon fr ame
10transrri ssion, may be used to carry the indication of
whet her or not thestation 10 is operating in the deep
S| ReRndRd e VB dfbddBefl8Pne kRABn TPES: ihéluls bassEmBimited to,
t hat” suitabl e arrangenents are nade for reducing or
swirdhisngnohinitdienvwieivicag encdlwlivaphags, owpeindpitsl asfistahie (PDAs)
station 10, thereby .reducin veral | wer consunption .
o 1 P15 TROPTPUHFAo] ool e PPE CREUUET R iing wircless
W Lo Rt ARINSCDAVERTicC ARALL | ARRT 8NELSURR! &% @ibft8lUdnidfas havi
as Is vvellft I?n(tz:)%n?t‘ia A gegercap%u t he exsen'pl ary : o having
15 enbivelessevnsmodicdtivinscapahiBtied, gamirayddyecs hpviegentedats abmmunication
| east_i.n part by conputer software executable t he .
DFeapehiliges, (pgsic pteraes png cp’lay cly §pp]lg\na%ali1aé/’mg)}mr8 s, communication
CorrbLﬂialll:.i 0 0ter 1e‘§5tatfi%’rebe”6a1'ﬁqﬁilga[\7vd1161 SéeL 111 L&éé@gg%rb? wsing, as well
I nbaggﬁerg’?t?fﬁe various embodfments o tﬁe stati oné 10 &
C ads pom@abledmits btiterminalsrtbit ih¢arpérett dombintioad eSsich functions.
conmuni cati on devi ces includi ng phones, personal
digital assistants (PDAs) having wireless
C [ i b Lt , j: :
20 PR cftht Mk AREH, bR P e SR s of this
demivergonuetidas mdihgil pacanendsohpvengowhinek@ist(s) to reduce power
conmuni cati on ceflpabi lities, gam ng d?vi ces having
Wi FEseR Bt A MPneraing in a 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
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browsi ng, as well as portable units or term nals that
I ncor porate conbinations of such functions. Based on

B R B g R R SRRSOl balesk bR ATR R i o
appakat us and conput er program product(s) to reduce

power consunption of a MP operating in a nmesh or
mesh-1i ke network. In accordance with these exenpl ary

enbodi nment s, d referring to Fi.gure 7, a nethod for

Bt Mmoot koS phgEieh ot B fevie PRITIG senis the lower
deydvi@$nddR otleBePBENBEHod ScasiBRANAR ot dRMR 1ikERASINE HEARRAS of other
or in a directed frane transm ssSion of a device, that

t hievobey farat ldabtl sybehrawzatios apd ik deaintagaren paposase ti me
interval that includes its own beacon transm ssion

peri od and an additional period near to its beacon

' . iy ) .

O L s s R the other
opd&vates anwhieh itlodd avindei Has dinkeoutly dedcgthetadditisnalgsiion

period (Block 7B). In the nethod of the previous

par agraph, where the | ower power node of

opg; : ;

o A heAREDY B TRk R IRLSROR OO Omesponds toan
| i amosundemenheafifietiidichtoh rhéssagerpeviodus par agr aphs, where

the device optionally exits the | ower power node of
operation period occasionally in order to listen to

t hleu ?ﬁ?&%oﬂfan@é Qgﬁ t}ge%é k&R lgugr en%odlirﬁéﬁg, and referring to Figure 8, a
synchroni zation and |in Al ni enance purposes. |n tﬂe
meinbihdd @bmphisespiBdokasrs) patsagitiaphsheavdretransiniaiothenti acdirected frame
receives data fromthe other devices to whic éihe . .
deVinseissipn frpmka 5% devirgrte ngformeatdaft g ﬁswg Vi, In| gy wireless
t héir 11 LIaPug%{io%fnetﬁQS‘ KRSV Y5 RBLRGLAN S iies 8 *tdt]lf{ng an active time
addi t1ona perlodfcorrespon S t0 an announcenent

t riakdri4l than doreplisean bomssagasHesibeferidd e additional period near to the
accordance with these exenpl ar i ments,

Mt [ enbod it and . | .
r ebeseen fgspossmrgreried gnd.4Blask ﬁBﬁ aldbepmrledon @ithraetigafime interval,
tr 1t L e t i i r i r.ect-ed -
R o BRSO ST,y PSP
one second device in a wreless
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

second device.

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.
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

maintenance purposes.
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comuni cation network that the first device will be
active only during an active tine interval that
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addi tional period near to the beacon transn ssion

period and, (Block 8B) at the conpletion of the active

time interval, operating in a | ower power node of

operation until a next active tine interval. In the

meh RiRdmetholl RE tIRY Biious paragagha Mhera e Figst Waeide BRES 8hk MGth the at
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W&E@@ﬁmﬂﬁgﬁ§ﬁ¥§§¥@ﬂnF?%ﬁFﬂﬁﬂo t | east one second
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mai nt enance purposes.In the method of the previous
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¢ e gt B AT 1 e T B et be active nly
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t he previ ous paragraphs, where the additional period

cdongs pordsthno tlixnacineoeadetweval. traffic indication

nmessage period. In the nethod of the previous
par agr aphs, where the first device transmts in the

be gqg@mg{hOQBEﬁfe pg%]\ﬁ&}%l p%%tgg%%%ﬁér@ﬁb%rﬁr%egﬂe #nsmits in the beacon

ication t evice wll be active only
dusriotiger dhrectat frame trhnsn@ sdiont @t malcatiar ofawheithno |(aja]ne st ddvate will not
the first device will be active for | onger peri od
t WCflﬁ%thrE%qlw rasissHndrqr the SFﬁ"’thgV’r?Eta wngra&l%of aperiod of
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r ot directe rame trans SS|8HM first device
i n\dﬂlClait aive @b rauheztefaeran(sﬁ)ssidmefr(ﬁm nis¢ sedend devivd dfter rmplrzim)n of the
active to receive a transm ssion fron1the second
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spcorresponding to an announcement traffic indication

25

30

nessage, or (b) the first device
In the method of the previous paragraphs, where said wireless communication network is

comprised of a 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.

The various blocks shown in Figures 7 and 8 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
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 or a
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itS beacon transm ssion period. At the end of the
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operates to initiate a | ower power de of oqperation X

pe HECRAOT ISV iFReSeESTl Farp deives FYfeste A tﬁ%ww?ghas links
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devi ces to which the nmesh point device has |inks. The

mesh poi nt device may optionally exit the | ower power

mﬂ%eoz;em D&Y alhb O REL 98 96 A ANl Fotife 9F 4 ardtQs that comprises

recei ve and respond to the beacons of ot her “devi ces
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of this invention also provide an apCPar atus that )
cOHIE g 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 for 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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means for informng other apparatus in a mesh network,
using a beacon or a directed frame transm ssion, that
WO b@oapsas at us Wil | be active only during an aeCT/AVB2008/053639
time interval that conprises its own beacon
transm ssion period and an additional period near to
It e trapsm.ssion period, .and,further ri ses
SRR OB Eh BB R D5 AR mecns
| nfberevélingldata fRsh Biciolt@r bAYRAuPOIRTHiOPUR aPparRRERATInR only during
period until a next beacon transm ssion period. In the
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|HW$&%Fﬁ@nF%a$ *"9€acons of ot her devices to which the
5device has links. In the apparatus of the previous
par agraphs, further conprising neans for occasionally
eXitgengral lee vowers egomplarnodbodimeofsenayt bo mplemicoted tiw hardware or
listen to the. beacons of other apparatus for at_|east
oy RETT GHTRRSE RGP 1Rk IR AT SRR lpSREeot) Frengmple, some
ARRALCRA! My BE ihPRuRARY IR USIRAFANRRNh @gﬁa implemented i
appgﬁétusyfu;t er conﬁrises means for r céﬁV?%ﬁb%%?%emene o
f riomwaie onsdferara pyiaciamayp bs ckeuvddi lyha tdrerodlpp aiatopsochesdr or other
i nks anly duri t he additional period, where the
10 o dgMPHBRaTeger ?@gouggﬂ?ee%%mg ijRpt BfnitsH hsusie eWBite various aspects of
{1 b gl itHoi RAEIESINARREKibR thay bR i8RM18 (8 and bBRribed as block
vari ous exéenpl ary enbodi nents nay be inplenented 1 n
haladyane flow dpes) alusipgspas ether pictiriabrepsatitaviineit id weli enderstood
or_any C iination thereof. For exanple, sone aspects
et St RP s Bhiaghy PoTBRGT despBk serein may be
B R R 18R B R Findifing d f i
o R R Bk o P IRR R T0 UGS, Ml el pupose
15 campuits orjogieyganeral pliphsigiadwire or bverdlicd or dthemn@imputing devices, or
limted thereto. Whil e various aspects of the
exXEmsIcamPIAtsBdisHett s of this invention may be
illustrated and descri bed as bl ock di agranms, flow
charts, or using sone other pictorial representation,
| tAd sustel it shodielr b¢ ap@rdchadd these khacksne appeisablishe exemplary
systens, techniques or nethods described herein may be
i (FEIDORBREY f fhe dBVaRgADY MYt Do @raskisemh b aripys @omperients such as
S S  al L reui ts. or. l.ogic
20 SN it THE S SRAEIS YRR R bl B 18 it o
C diighly iangntedd asessOrComplex 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
locate components on 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 resultant design may be fabricated as one or more

integrated circuit devices.

Various modifications and adaptations to 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
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some conbi nation thereof. As such, it should be
appreci ated that at |east sone aspects of the

wez@apbaey enbodi nents of the inventions nmay bBCT/IB2008/053639
practiced in various conponents such as integrated
circuit chips and nodul es. The design of integrated

Ci i [ A lear a _highly autonmated process.
Cﬁ%%ﬁl%ﬁ%ﬁ%b%%ﬁgﬁgﬁﬁﬁégﬁPﬁﬁ?%gtooIs are avail able for

converting a logic |level design into a sem conduct or
circuit design ready to be fabricated on a ) )
s dfresmaplet wrothaugmbpdinentfchis sdofentier Biet\db ey baactive (not in deep

automatically.route conductors and | ocate ¢ onent s ..

o SPL o Sy EREI TRNE Pl el o P Gap dE e R @ msmissions
51 Uk&S offfer 08I, Gibh BpeteNPsas libraries of pre-stored

desi gn nodul es. Once the design for a sem conductor

circuit has been conpleted the resultant design may be

fabrjcaied as.one.or, nore integrated circuit devi.ces. .
Ve A0y B S P A A e en UGG g ve n the
eXRARIAEItSFRP HHTBRER 0011 1thitmi YRR 88 ap¥ciRes 8l the exemplary
apparent to those skilled in the relevant arts in view

of enarslithente gbthisgndhasion apgtioblmited fom useadh bnly conpreetticter type of

wi th the acconpanyi ng draw ngs. However, any and all .

10 PSSR SSSTSY 0 41 iy Y e v 18 AgysBiags e wireless
nombrhitddde Sadexenpl ary enbodi ments of this
i nvention. Fof exanple, in other enbodinents of this
invention the MP may be active (not in deep sleep)

0 n it nds its pwn beacpn, and nmay not attent
© o Theli e i SO PG L bSO Sy GRaE G, mean any
MRS nnEMToh 8 B0l ing AR BrecVY ih&ird R B e RARARNE Y more elemefnts, and may

enbodi ments have been descri bed above i n the genera
15 c cacempassithd preseh&Ed B0 2r thote intesmedinteiclensintuHetdvdea two elements that

appreci ated that the exenpl emhodi ments of this

| T RMBRESH " Fsopleinfoesther. dine aggfwgt% cegtigmiedWesidhe elements

PaLLivg hadicd MQ%CQ‘C or¥ LG SioR QB L&l 08 *c%rre@ﬁnwc%}gnents may

that they may be used to advantage in other wreless 4

c ornesmsicdated om bs Yehaamed "l dr "shipldd] tdethive be dhd dsatof bieor more wires,
"caqnnected, " "coygled,ﬂ or any variant thereof

_tmee“ﬁh%eér??d/@é wrREteAicrteal coupselivng, aereHer tyithedse oy clectromagnetic
20! n&fefg%g guchl%El\é@tﬁﬂnﬁéﬂgtiQéne@rtﬁviﬂg%@eﬁgth?ﬁ%mgio 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
25 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 limitation thereof,
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enconpass the presence of one or nore internediate

el ements between two elenents that are "connected" or
wO coupBesds t oget her. The coupling or connecti oPCheEt20682053639

the el enments can be physical, logical, or a

conmbi nation thereof. As enployed herein two el enents

By gﬁ% onsi dered to be "connected" or "coupl ed"

t oge rr by the use of one or nore wires, cables

and/ or printed electrical connections, as well as by

the use of electromagnetic energy, such as

elg@@?@ﬂhgmeihb energy having wavel engths in the radio

frequency region, the m crowave regi on and the optica

(both visible and invisible) region, as several

non-A dddneapekinen- exhausti ve exanpl es. Furthernore,

some of the features of the various non- limting and

exenpl ary enbodi nents of this invention nay be used to

advanta e W t hout th cor ondi n se ot her

F elrag e ACEEKSIOF e T bR EL B BaskrRaH 1% Snoiond deviee in-
C OR 148 RehrAghiORIR ln%tvi/drf( wat t'h@'ﬁks?f Gcfke @Vhﬁb&{ch{)@brﬂ&/ B8ring an active
teachi ngs and exenpl ary enbodi ments of this invention,

and@maoterval thatebmatisom uememhsﬂsﬁbm/ﬁ‘erwwnd msaddlltmnaménod near to

IS A net hod, sing: transmtting a
tﬂ&ﬁﬁﬁ%@gﬁ@ﬂ$?PﬂﬁPQn??¢§T ddevice to inform at | east

one second device in a wreless conmuni cati on network

that the first device will be active only during an

aciti the compietiont &rthalactiatimeoinfervad espaatheaooa lower power mode of
transni ssi an period and an agﬂltlonal period near to

t hePeHIRRdI 7 AREACUYS Bl B¥FVald: and at the conpl eti on

of the active tine interval, operating in a |ower
power node of operation until a next active tine
i nt. élﬂleaileth(ﬁ“l oﬂ'diaﬁ'rmht\ﬁmde whercdmirating, in Wedbevemderer mode of operation

e | owner node of qperation the
f?}é% %Dﬁéélorwaqce%@iﬁe%oratr%%éwrt Hras e it one second
fr&gg&ye at Ieast one second device. 3. The nethod of

claiml, further conprising exiting the | oner power
node of operation

3. The method of claim 1, 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.

4. The method of claim 3, where the first device receives the beacon transmission from

the at least one second device for at least synchronization and link maintenance purposes.
5. The method of claim 1, 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.

6. The method of claim 1, where the additional period corresponds to an announcement

traffic indication message period.
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prior to a start of the next active tinme interval to

recei ve a beacon transm ssion fromthe at | east one
wa@ewonssdevi ce. 4. The nmet hod of claim3, wherPCT/B2008/053639

first device receives the beacon transm ssion fromthe

at | east one second device for at | east

sy7ncTI'111r qg%tﬁgcf of) Qla ‘i’ méere t{f%hrsf& %?@{:ng grg% O dgg 1911- Bleat the first

net hod
W deklick Rl e abﬁ%énl? derige 8RNt HeN e SnteAAH of 1A H&ﬁ’cratlon that the first
conpri sin rece|V|n data, only during the additiona

palevisd will %@ rﬁtptl‘f‘ﬁefoatl inggsperdghardondiveine mtergal. The

nmet hod of claim 1, where the additional period
corresponds to an announcenent traffic indication

eSS T8E BreRRI0PElatin 1, IGr8BIIRE dolicE {réi'ls'ﬁh‘gs’anma%oﬁ Bﬁwhether (a) the
first device transmts an indication that the first
ddrbicdewidel Wilbeotdest dctize omkaceivara ngnstiissicactromehe sewnd device after
i nt erval r an in %lcatlon that. the first deV|ceH%ﬁJI, .

b “BETIQALOF 87ROl GRJERE BePTSBHTIRGAS AR EMBRICTRCRY e indication
i r}ﬁ@srsé/g%l or &) th-Er}?rsﬂ'ﬂ'ét&/Q@dmﬁfbe%k@ifer@o]recewbec{@an%ﬁs?ssfdnrﬁ(gm the second
device fransnmits an indication of whether
f idestce dBwi ogimiidd ofntbt pheodcf tinve corpespending ® the announcement traffic
tra snlsS|on fromthe second device after expiration

of NYCHEMTBEFSBIC t i me correspondi ng to an announcenent
trafflc i ndi cati on nessage, or (b) the first device
will be active to receive a transm ssion fromthe

s &k dhdmadwidod clainh érwiestpsaidhvielsofontithenipaidnadtvodrktis ceenprised of a
correspondj ng to .the announ nt traffl i ndji cation

E twask comprisiag hBlTORY gl metwar@ﬁi sigisgidijpielerigg and said

cqmage&l@tsb%d%m@% éa% nesﬁﬁa%fﬁ@ of a mesh network

conprising a pluralit poi nts, and where said
first device and sald at Ieast one second device are
eqﬁh a mesh point.. 10. An apparatus, conprising: a

i 10e AILEPYARSSSAMATISINgANd recei ver: and a control | er
configurable to transmt a transn1ssion froma first
device to informat |east one second device in a
wiareitrdss teomemitter aad feotiveetwdr k t hat the first device
will be active only during an active tinme interval
that conprises a beacon transm ssion period

a controller configurable to transmit 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, said controller further
configurable, at an expiration of the active time interval, to cause said first device to enter

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

11. The apparatus of claim 10, where in the lower power mode of operation the first

device does not receive a beacon transmission from the at least one second device.
12. The apparatus of claim 10, said controller further configurable to exit 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.
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and an additional period near to the beacon
transm ssion period, said controller further
wa@eobiogusembl e, at an expiration of the active PCTVEB2008/053639

interval, to cause said first device to enter a | ower

power node of operation until a next active tine

interval. 11. The apparatus of claim 10, where in the

| oner power node of operation the first device does

NOI3. MBE @hpaeatds HeAsEN 1 2 NSOt ki@ RedeRs Me heBd&t transmission

one second device. 12. The apparatus of claim 10, said

cdrem dhe elrledstpnn sgconddevige fartit éeasiosyelironizhigon wweligoweintenance
nmode of operation prior to a start of the next active

t|9ﬁ??ﬁ§erval to recei ve a beacon transnission from

the at | east one second device.13. The apparatus of

claim 12, where the first device receives the beacon

t rlaln Jie QSP&Iﬁiuﬁ |06 wlaithd Oatvheratbt fosialesiee sl admkiveith fherat least one

i zat i d, | i nk_.nai tenanc
o e EEae v RY R it aer Era o © hh edatheonty during the
f | ardﬁitlo‘ilﬁlvﬂe%%d h@smand inKasyhidscbhigs @bvideeast one second
device, and said controller is further configurable to

receive data, only during the additional period, from

t east one second devjce._ 15. The a tus of

h@ ?J.Lffo aPRAEFS A helamydiG | Bhese tB%ra}déHmé‘é]r p@%@ﬁegewnds to an
a%ﬁ@ﬂ%ﬂﬁﬁﬁ?ﬁﬁcﬁﬂcﬁéa&bﬁnﬁ&%ﬁ%@ fiop nmessage period. 16.
The apparatus of claiml re said controller is

further configurable to transmt an indication that

rst devi e wi |l be active only during the active
t ﬁéetflﬂ%f@%ws of gfaig0; Vipre said soptihist ls?w@er Forfteugdls te gansmit an

Wi i i oAb t}{gﬁ é:t’rde@ihé QRIBE 2BRF B ¢ HLEI’?‘% t?lng %6(?\% \A}Tr}éfglterval, or an

time I nterval e appar at us

sandicatomt thal the rfirbsddvitet Wl b anivi dor abdr@et periddathamritie @stive time
i ndi cation of whether (a) the first device will not be
acdPiV¥e!t o receive a transmission fromthe second

device after expiration of a period of tine

correspondi ng to an announcenent traffic indication

mels’s aeapparatso)f clafve 10] whdre sttt c@@rolliet Is firgho Cbrifip@rabte to transmit an
recglve a transm ssion fromthe second device after

exPilicalina vhethep@) Pisrdirgdiepice piilkaotdhs apidedemerchi atmnpmission from
anfo %Sﬁd@é%ce anft%I &p"fra{lgrq})fza%érﬁa ofEme %ggespondmg 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

announcement traffic indication message.

18. The apparatus of claim 10, where said wireless communication network is comprised
of a 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.

19. The apparatus of claim 10, embodied as at least one integrated circuit.

20. A computer-readable memory medium that stores program instructions, the execution

of which result in operations that comprise:
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18. The apparatus of claim 10, where said wreless

comruni cation network i s conprised of a nesh network
wa@oeompnssesehg a plurality of mesh points, and wheCEIERaISH53639

first device and said at | east one second device are

each a mesh point. 19. The apparatus of claim 10,

enbodi ed as at | east one integrated circuit. 20. A

conmput er -r eadabl e nenory nedi um that stores program

| NEdnkti@tin® From tahBrse MG k@ ihBfm VMi16Rt LS Ybdont Mevice in a wireless

operations that conprise:transmtting froma first

d edpingpurtieationfngiwiorktthdtdbe firso devise el de detivecanly duing an active time

wi.rel e omruni cati on netwark that the fi . devi ce

i P g O i et sttt o fre ] priod near o the

t hRhesiPmish$@ordpieacan transm ssion period and an

addi tional period near to the beacon transm ssion

period; and at the conpletion of the active tine

Iu%let é/ 2'01??8 1%%2%%: tgg a%ﬁ?@tl}%tﬁ}l\{ehgq ,\_Agéerg_t?n%-erwgg lg\Beerr nglve(%nmode of

C QIPRHHRh vh B P4 ROl G RIMAY idi&JAUm of cl aim 20, where

when operating in the | ower power node of operation

the first device does not receive a beacon

transm ssion fromthe at | east one second device. 22.

The - ?@%%BW?F—E&?%? alewgﬁabwaﬁ@ap gt 20 vdiens B, en operating in the

F UbHBEPOWATREde M tibh HRGT RV QUREs RAMELci IPHEeaRn transmission

operation prior to a start of the next active tine

i nten via atleast eveievendaddygacon transm ssion fromthe at

| east one second device. 23. The conputer-readabl e

menory nmedi um of claim 22, where the first device

oo e R, b b e (oA iting the

mebwtemares enduid bposestionddior Thestad opilit aext hemadaihheint@ad tdy/receive a
di um of claim 20, where the first device has a |ink

i TERCQTH ST RfFort e & deshenedegPrddevitisd f urt her

conprising receiving data, only during the additiona

period, fromthe at |east one second device. 25. The

c A¥pUhetompaeiatehéabiemomyryraedium odiclath ad mviEde thehigsteletibereceives

addi tional periaqd corresponds to an announcenent o

t rthe pgacop Hap%g@$1%frﬁ@st§@§tée§épp%@cond device for at least synchronization

and link maintenance purposes.

24. The computer-readable memory medium of claim 20, 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.

25. The computer-readable memory medium of claim 20, where the additional period

corresponds to an announcement traffic indication message period.

26. The computer-readable memory medium of claim 20, where the first device transmits
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.
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26. The conputer-readabl e nmenory nmedi um of cl ai m 20,
where the first device transmts an indication that
wWo b@9ofos453t device will be active only during tPeT/ER208/53639
time interval, or an indication that the first device
will be active for a | onger period than the active
time interval.27. The conputer-readabl e nmenory nmedi um
of claim 20, where the first device transmts an
| n2il. T4t compatr-wagihemendly mbduiiof Shairfl €9, valeraht kirsd@dvietQransmits
active to receive a transm ssion fromthe second
ded] wdicafiepel whatherde) the fisft dgvipepilbdotdfe actifgto receive a transmission
co spandi ng, t.0 .an_annquncenent. traf.fic i ndication ..
ot 8RR bl SVRE o SYPEREOR Y Qarfiod @ liie fiponding 1o an
I efifloVcedneint @AYSI0T EHdM0n hicQihot "R (HAEOREL SEYIGAIBE h&lve to receive a
expiration of the period of tine corresponding to the _
anamdssiaariron thefsteandidaice aftérenpinansad the R8iod Phigme corresponding
congﬁter-readablﬁﬁﬁen0§¥twediun1of cl ai m 20, where
saCd HAFOMBELI LS FATHS IEAEFLR HEPHST k is conprised of a
mesh network conprising a plurality of nesh points,
and where said first device and said at |east one
s edbndhe evimpatesirendeble hmemoes mabumt of 2RimAR0apderatsaid, wireless
conprisi.ng: neans.for transnjtti froma first device
£ GrOT PR ERt Ork SRS AT SLLBRT RFBYPRGORTiange pU TR of mesh
CORATHAI SRIWIRAe BRY RSt kel iatnd B84 hi 1esk oAEYdBRI Whibe BR each a mesh
active only during an active tinme interval that
coppni. ses a beacon transmi ssion period and an
addi tional period near to the beacon transm ssion
period; and nmeans, responsive to a conpletion of the
actqg V& ddpaRindsNEGhM@ing:f Or controlling said first
device to operate in a | ower power node of operation
until a next active tinme interval, where when

operati in the | ower power. npde of operation the o

£ IS BV FETIgas R 2 ABL AFvies KTIREBRCE FHSAne épRd device ina
fr R oRimdBeeon APV R . F}%‘E‘ﬁt@ GeMUCE e B! bl VEARRYURL NS an active
of claim?29, said contro 1ing neans ?urt er operable

t otirex irtterivhlehdt compripswdicacondenghisdpepatodand pr adalitidnal geriod near to
sngrg of the next actiye time interval to receive a

be'dt Gh

AOPAREISEPBRCHOG M he at | east one second
devi ce.

means, responsive to a completion of the active time interval, for controlling said first
device to operate in a lower power mode of operation until a next active time interval,
where when operating in the lower power mode of operation the first device does not

receive a beacon transmission from the at least one second device.

30. The apparatus of claim 29, said controlling means further operable to exit 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.

31. The apparatus of claim 29, where the additional period corresponds to an

announcement traffic indication message period.
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31. The apparatus of claim?29, where the additiona
period corresponds to an announcenent traffic

WO p@woatsedn nmessage peri od. 32. The appar at us 0oPCT/IE2008/053639
29, where said transmtting nmeans transmts an
i ndi cation of whether (a) the first device wll not be
aciy e b G6E bfchaiﬁ'{ L) %%%Q i t?%s&ét%@g tn{]eeelr%t?gn%rr}lgts an indication of
device after expiratidn of a period 0O | _ _
C owh&B@qAHhS Girét deide AN ALIKLRENE td teadild £ trhmelisadd @6m the second
message, or (b) the first device will be active to
r edsdicgerfigr expindinnsyi aperiadorh tithe cewespandidevé ee anfquaeement traffic
expi;ration of the perioed qf .ti orresponding to the .
AR Rsoer 27 (PEh: Rl Sayih o A BRALEERO B Y afintmiision from
appar ol Aevick ader2pitdhi6h & fS led pWid®lo®SEme corresponding to the
comruni cation network is conprised of a nesh network
compeirdengnatplifigiadirationohessagsh poi nts, and where said
first device and said at | east one second device are
each a mesh point. 34. The apparatus of claim 29,
e dhe haatdd of RASI290ABereREB G AI QY cShblichtiordRtwdrREs comprised
apparatus of claim 29, where said transmtting neans
t refrengshecbvak oopopssing & phmadity pbmeshi wéitgand wharedhidéusteldvice and

1 SSi . .
f rs%%attléa%p S’IEQ ss’e%mr?c{1 device are each a mesh point.
34. The apparatus of claim 29, embodied as at least one integrated circuit.

35. The apparatus of claim 29, where said transmitting means transmits a groupcast frame

transmission or a directed frame transmission.
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