1 METHOD AND APPARATUS FOR CONTROLLING ENERGY CONSUMPTION DURING
RESOURCE SHARING 5 BACKGROUND Wireless (e.qg., cellular) service providers, for example,
continue to develop more enhanced network services and applications. Consequently, manufacturers
of mobile devices (e.g., cellular phones) are challenged to continually add greater and greater
functional capabilities in smaller 10 and smaller forim factors. Beyond the already advanced telephony
and data capabilities, these devices can include other sophisticated functions and applications. The
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15For example; peer-to-peer ( resource sharing (e.g., content sharing) applications have
emerged as one of the most widely used and popular applications over the global Internet, and thus
have attracted greater interest in deployment within wireless devices. P2P applications, however,
plage a haavyEemarshon energy consumption when actively sharing resources. Consequently,
prolonged use of a P2P application on a wireless device may quickly deplete the 20device's energy
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15  For example, peer-to-peer (P2P) resource sharing (e.g., content sharing) applications have
emerged as one of the most widely used and popular applications over the global Internet, and
thus have attracted greater interest in deployment within wireless devices. P2P applications,
however, place a heavy demand on energy consumption when actively sharing resources.
Consequently, prolonged use of a P2P application on a wireless device may quickly deplete the
20 device’s energy reserve. Therefore, to be competitive, the manufacturers need to address the ever

growing requirement for more approaches for efficient energy management.
SOME EXEMPLARY EMBODIMENTS

25  Therefore, there is a need for an approach for optimizing energy consumption in support of

resource sharing.

According to one embodiment, a method comprises determining scheduling information relating
to when one or more peer nodes can utilize a predetermined level of communication capacity for

30  sharing a computer resource. The predetermined level of communication capacity is configured
to include a maximum available bandwidth allocated to the one or more peer nodes. The method
also comprises initiating transition into an active state for sharing the computer resource
according to the determined scheduling information. The method further comprises initiating a
transition to an inactive state during periods not specified by the scheduling information.
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| a According to another embodiment, a computer-readable storage medium carries one or more
sequences of one or more instructions which, when executed by one or more processors, cause the
one or more processors to at least perform the following steps: determining scheduling information
relating to when one or more peer nodes can utilize a predetermined level of 5 communication
capacity for sharing a computer resource; storing tlhe scheduling infoimation; and initiating a transition
into an active state for sharing the computer resource according to the determined scheduling
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memoryeixerfurtifercbofifigng etfaorinitigite a transition to an inactive state during periods not specified by
the scheduling information. According to another embodiment, a method comprises initiating
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predetermine _ communication capacity for sharing a computer resqurce.is achievable. The
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intervals are configured to con-espond to active states of the one or more peer nodes for participating
in the 15sharing of the computer resource. According to another embodiment, a computer-readable
storage medium can-ies one or more sequences of one or more instructions which, when executed by
one or more processors, cause the one or more processors to at least perform the following steps:
initiating negotiation with one 20 or more peer nodes for one or more time intervals during which a
predetermined level of communication capacity for sharing a computer resource is achievable; storing
the time intervals; generating a control message to specify the time intervals; and initiating
transmission of the control message to the one or more peer nodes, the time intervals corresponding
to active states of the one or more peer nodes for participating in the computer resource sharing.



25 According to yet another embodiment, an apparatus comprises a processor and a memory storing
executable instructions that if executed cause the apparatus to initiate negotiation with one or more
peer nodes for one or more time intervals during which a predetermined level of communication
capacity for sharing a computer resource is achievable. The processor and 30 memory are also
configured to store the time intervals. The processdr and memory are further configured to generate a
control message to specify the time intervals. The processor and memory are further configured to
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configured to correspond to active states of the one or more peer nodes for participating in the

15 sharing of the computer resource.

According to another embodiment, a computer-readable storage medium carries one or more
sequences of one or more instructions which, when executed by one or more processors, cause
the one or more processors to at least perform the following steps: initiating negotiation with one

20  or more peer nodes for one or more time intervals during which a predetermined level of
communication capacity for sharing a computer resource is achievable; storing the time intervals;
generating a control message to specify the time intervals; and initiating transmission of the
control message to the one or more peer nodes, the time intervals corresponding to active states
of the one or more peer nodes for participating in the computer resource sharing.

25
According to yet another embodiment, an apparatus comprises a processor and a memory storing
executable instructions that if executed cause the apparatus to initiate negotiation with one or
more peer nodes for one or more time intervals during which a predetermined level of
communication capacity for sharing a computer resource is achievable. The processor and

30 memory are also configured to store the time intervals. The processor and memory are further
configured to generate a control message to specify the time intervals. The processor and
memory are further configured to initiate transmission of the control message to the one or more
peer nodes, the time intervals corresponding to active states of the one or more peer nodes for
participating in the sharing of the computer resource.

35



5FIG. 3 is a flowchart of a process for controlling energy consumption during resource sharing,
according to an exemplary embodiment; FIG. 4 is a flowchart of a process for controlling energy
consumption during resource sharing using a peer node, according to an exemplary embodiment;
FIG. 5 is a flowchart of a process for negotiating time intervals for resource sharing, according 10 to an
exemplary embodiment; FIG. 6 is a state transitioBadiagram for the modes of operations of a peer
node, according to an exemplary embodiment; FIG. 7 is a diagram of a schedule of time slots for
resource, schigdidling usingan SRISeHICIENEsaSRECS SNaHR0 RIBEACR) aaeRtdingdaanexemplary
embodiment, 121G 345 & dagram.qf Rarswars, al gan bedisedia implemant.an.embodiment of the
invention; 1@ Yis’a d}agramp a chip Letthat can be used to Implement an ermbodiment of the
inventioASHEFERS 21698 Bfiagram of a mobile station (e.g., handset) that can be used to implement
an embodiment of the invention. 20 DESCRIPTION OF PREFERRED EMBODIMENT A method and
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Although.certain embodiments of the invention are discussed with respect tQ resource sharing
invBving SORTH e YRSBHRALS JhATAY BEh SRR DA KR LR UEY (B FRSocol (e.g.
BitTorret) ontan ieheigicsensitive device (i.e., a device with a limited energy source), it is recognized
by one of ordinary skill in the art that the exemplary embodiments of the inventions 35 have
applicabf:iilﬁ)l/ﬁ(f J%ﬁ!@fﬂ?ﬂfdﬁsﬁﬁrfﬁﬁl?ﬁémﬂf@@g’mg any device capable of sharing the resource. It is
contemplated that resource sharing as discussed herein includes, for example, sharing of processor
time or navigation resources in addition to sharing of content. For instance, a peer community may
shafe phoessuradimesty Wsirieaidistmifutedcolimstrtiteg dpplicatiof example, and not by way of

-limitation, in the figures of the accompanying drawings:



WO 2010/086493PCT/F12010/050008 4 whereby instructions and/or data are sent from one peer to
another peer for execution and processing. In the example of sharing navigation resources, a peer
equipped with navigation capabilities (e.g., global positioning satellite (GPS) receiver or other
location-bas&s@tviegiinay share this navigation resource with one or me¢@/StHap/pEep8. 5 FIG. 1is a
diagram of a communication system including peegnodes capable of controlling energy consumption
during resource sharing, according to an exemplary embodiment. As shown in FIG. 1, a system 100
comprises multiple peer nodes (e.g., peer nodes 101la- 101n) having connection with each other
through a Elnrhufit bR RhcrCTBUTHEAR ISt 11 YOR RS TP fisctePlis el seueiMiGapabiliies
and commnsigitewithotiva deng atypot sfarizmagenien in aresinbeymabrénche peer nodes
101a-101rrage any typ@i&g&iﬁiedﬂefdﬂiﬁ@iezmobﬂeaterm@, orperiablestermminabinchisinegnegsktop
computers, | gn%g @sm%ﬁlgsﬁﬂgﬂﬁ@%'% 8&%\%%%@%85}%91{9 tablets, Internet nodes,
commymcﬂgﬂsﬂ Digr | Assstaé:\ts PYA@[ orn%%i N mangn églelrer%zcl)grgdqjtlon the peer
nodes™101a i r‘ﬁa ave a Wired™15 ene)rg sou Sum ug In power a ?er]} ‘a limited
energy so&?&@r‘é@%mélb%iﬁé’klg})l%?’%?ﬁmﬁ”éxemplary embodlments peer nodes 101a 10In that
operate orfidirhited 8meryrsofircprecss, farwimetedsihancdsst onpontable dompoteropeshdmy on battery
power alongharedasionated Agieneydy Seasitive eMusdiiher contemplated that the peer nodes
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According to certaln embo | ents, the system 100 énables the control of energy éonsumption by one
or mdre of tHE FERHTHSL @%m during resource sharing (e.g., sharing a computer resource
according 8 P2p g?efoemyltwﬁsckﬁﬂ@altﬁ&ﬁ@w@@%@@(@r@timﬂéa/p@eha@ﬂﬁpwmd@et@ﬁﬂcal aspect
of most appleaiians:fibodimgnon a device, particularly when the device has a 25 limited energy source
and is opefateds W@@Méx@ﬁ?@% §%%%&M&'§1§MQ@M&E@J%§U&%&§ sliscussad previoysly.
traditional P2P ag%lcanonr% ave ener onsumeg;uqn n%agds that exacerbate the energy supply
problem and limi 15 TI? fese types p ications on energy ‘sensitive devices. By using an
enerdy effitient ﬁéé&ﬁﬁ%@‘%ﬁ’éhﬁf&‘ﬁ?&%lc%% C &SHelfh B IR h AP 0S B R 6 RO RSN during
resource shrirgite dnalie efficibint wsdhef RRPeandddthendonssourcebhdinegt ap flicanonsnn
energy-sensitive devices. Specifically, the system 100 provides a mechanism for sharing resources by
negotiating-gid, gehegduling imerintenimls during whichJheLasaurce.caR heaharadamend.peer nodes
101a-101n at a redetFrmlned conflgurable level of communication resource capacity (e.g., maximum
35 availabf@ anﬁl\?vl?dﬂw) Al o‘t(her times, the peer nodes 101a-101n that are, for instance, energy
sensitive transition to an mactlve state to minimize energy consumption. The approach of alternating
resource shafnGRIMAXIGTUARBERBRHEMBOID&d®IEIperiods results in decreased WO
2010/086493PCT/F12010/050008

A method and apparatus for controlling energy consumption during resource sharing are

disclosed. In the following description, for the purposes of explanation, numerous specific

25 details are set forth in order to provide a thorough understanding of the embodiments of the
invention, It is apparent, however, to one skilled in the art that the embodiments of the invention
may be practiced without these specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in block diagram form in order to avoid
unnecessarily obscuring the embodiments of the invention.

30
Although certain embodiments of the invention are discussed with respect to resource sharing
mvolving computer resources siich as content sharing according to a peer-to-peer {P2P) protocol
(e.g., BitTorrent) on an energy-sensitive device (i.e., a device with a limited energy source), it is
recognized by one of ordinary skill in the art that the exemplary embodiments of the inventions

35 have applicability to any type of resource sharing involving any device capable of sharing the
resource. It is contemplated that resource sharing as discussed herein includes, for example,
sharing of processor time or navigation resources in addition to sharing of content. For mstance,

a peer community may share processor time by using a distributed computing application



5 energy use (i.e., longer battery life) because the cumulative transfer time using this approach is
decreased relative to using a traditional protocol. The system 100 effectively improves the ratio of
energy consumption to the amount of resources 5 shared to achieve greater energy efficiency. The
energy savingapppdaes?exploits the fact that the transfer rate for shared FedgIreEE§¥ & rally has only
a minor effect on energy consumption. However, iia transfer is completely stopped (e.g., when the
peer nodes 101a-101n are in an inactive state), the energy consumption is significantly less. For
instance, a peer node that is a wireless device places its radio into sleep moge when the device is not
actively sﬁ’égﬁﬁﬂ’)le’ggu‘”%{é%nid’(éi.ﬁ’f defArgarf hattive Stats Lt SRS absto Oéh‘?"éﬁ}‘%‘y%‘g example,
the commuorsieztivg. névirie1mobf of sharng POvizatidRCIEdE Bie DPMDFSHBM OIS SHEILALE data
network (napshimyen)ea Wwtehaspaeiwark (netish@rs), ractelephonhadiwaibn(hatdhewiod) orany
combinatiQn, thereqf. It iscantamplatediibal thedatangtyrrk may 15 be any local area network (LAN),
metropolitan area network (MAN), wide area network (WAN), the Internet, or any other suitable
packet-switched network, such as a commercially owned, proprietary packet-switched network, e.g., a
proprietary ¥able brfibiagreptiel e fRBTRYHT A8 F5H Th & tidngs BSERU6RHk FMBIPISeSFSP EXaHSle, a
cellular netwogk emdumaycenipliog verioes sbotimp kgiedingdiuding enplancaebadmeritessfaogivbal
evolution (ERRE): gerefehpackelragine? hetiviea & RRE), ¢ehabaysiedssfon ndlile)cemimunications -
(GSM), Interiel piptsg! é&ﬂ%@ﬁ%ﬂ%ﬁ%@%&ﬂ@a&pﬁm mepilefelpcemimynications system
(UMTYS), etc., as well as any ot e(.swta e erelesstme Jjum, ‘e.%ﬁrrﬁﬂlcrogya e access y\llMAX), Long
Ternt EvolkRfoh PEFES FOHNorRELaNE AViSEAT e Access AY WireleSs fidefity twiki),
satellite, mieHiRs aermse nEhgERT(RPARED) 2akid triecRg, The o TEUFE N PRI IARH%- &En support
resource 2esharingmsing, foheliampisstappeenivpeelkpratocohietgs, Bitfidseentytatm thiswexdample,
resources {8, gosCRMRMRS m&&gﬁﬁéﬁ%a&g%@ﬂhﬁfcﬂmﬁ,m&i m@@iﬁaﬂ@%ﬁ_ﬂar@@w}png the
peer nodeg, 10a: 104 aegoring o E@Eﬁl@%ﬁf&@@é&c%ﬁés-%a BHIAITERD +R disgRNIRK @ protocol

includes a set of fules efining how the peer nodes],01a-101n interact 30 with eac othg)rt ased on
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information..T tually different la of 33 protacals for exchanging information over a
network ar%falé%rc?%é% mctlhsgyé)%é% déygfé%%sﬁfntg%%nrﬁ”e%ﬁgh (OSI) Reference Model. The OSI
Referfhce Model is generally described in more detail in Section 1.1 of the reference book entitled
"Interconnéctiontn s eromthE ditibpdinypiR st Perniaf cpubiis Hied Siplarhinss yoggsumption by

one or more of the peer nodes 101a-101n during resource sharing (e.g., sharing a computer
resource according to a P2P protocol). It is noted that energy use (e.g., battery consumption} is
a critical aspect of most applications running on 2 device, particularly when the device has a
25  limited energy source and is operated without access to a continuous supply of electricity. As
discussed previously, traditional P2P applications have energy consumption demands that
exacerbate the energy supply problem and limit the use of these types of applications on energy
sensitive devices. By using an energy cfficient resource sharing protocol, the system of 100
minimizes energy consumption during resource sharing to enable efficient use of P2P and other
30  resource sharing applications on energy-sensitive devices.

Specifically, the system 100 provides a mechanism for sharing resources by negotiating and
scheduling time intervals during which the resource can be shared among peer nodes 101a-101n
at a predetermined, configurable level of communication resource capacity (e.g., maximum
35  available bandwidth). At all other times, the peer nodes 101a-101n that are, for instance, energy
sensitive transition to an inactive state to minimize energy comsumption. The approach of

alternating resource sharing at maximum bandwidth with inactive periods results in decreased



WO 2010/086493PCT/F120101050008 6 Communications between peer nodes 101a-101n are
typically effected by exchanging discrete packets of data. Each packet typically comprises (1) header
information associated with a particular protocol, and (2) payload information that follows the header
information aM8 ¥IAMEHSS information that may be processed independeRfly/BR2tHgbHWicular protocol.
In some protocols, the packet includes (3) trailer information following the payload and indicating the
end of the payload information. The header includes information such as the source of the packet, its

destination, the length of the payload, and other properties used l:&)%(Bthe protocal. Often, the data in the

payload for¥fé patti aﬂ%’r%%%?‘?ﬁé _a)egeéaﬂga & PRI HAN SRRt PSR P SRBEGI O Sassociated
with a diffeleitateig e rbinh e OgitRefeperiee®Model. The header for a particular protocol typically
indicates a type for the next protocol contained in its payload. The higher layer protocol is said to be
encapsulated in:the 'R)U%H@M%l?Eﬂﬁ%%sﬂkerﬁﬁﬁg_ﬁé&iﬂf'&%%ﬁtﬁ)ﬁﬂ?@ draversing.multinle _
heterogengausstpries: sueh.as he fermet, bpicallinclude 8 pliysical (ayer. 1y heads, a datalink
(layer 2) header, an internetwork ?Fa%r%?%ea&ér anda £ ‘tran%pg t?ﬁayer ﬂ}; hea er, and various
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system 100 is com atible with etxti tinlg] ra;[qcols (e.g., BitTorrent) and can operate in a heterogeneous
P2P com ﬁﬁitylﬂié.&fﬂél BYRSHIR ﬁlnf%yrin(}: Lt rﬁaﬁe'er nodes that are capable of energy efficient
resource sharing and peer nodes that are not; and a P2P community that includes both energy
sensitive ad wanEnargypke tisitienpeeic@bonotesprid tivevesyietaké(achramtdge ehther emergy efficient
approach, thevpaersagdes 4 Qhdnvelvaekindhesresayreewshasinginchidean anergy savigmsedule 105
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networks, code division multiple access (CDMA), wireless fidelity (WiFi), satellite, mobile ad-
hoe network (MANET), and the like. The communication network 103 can support resource

25  sharing using, for example, a peer-to-peer protocol (e¢.g.. BitTorrent).

In this example, resources (e.g., computer resources such as content or processing time) can be
shared among the peer nodes 101a-101n according to P2P sharing protocols (c.g., BitTorrent).
In this context, a protocol includes a set of rules definmg how the peer nodes 101a-101n interact

30  with each other based on information sent over the communication links. The protocols are
effective at different layers of operation within each node, from generating and receiving physical
signals of various types, to selecting a link for transferring those signals, to the format of
mformation indicated by those signals, to identifying which software application executing on a
computer system sends or receives the information. The conceptually different layers of

35 protocols for exchanging information over a network are described in the Open Systems
Interconnection (OSI) Reference Model. The OSI Reference Model is generally described in
more detail in Section 1.1 of the reference book entitled “Interconnections Second Edition,” by
Radia Perlman, published September 1999.



7 configured to trigger the use of the energy efficient resource sharing protocol based on a device's
energy sensitivity designation. The peer identification can take place, for instance, when a resource
sharing request is either initiated or received by the peer node 101. 5The negotiation module 203 then
assists in det@fhiniesees scheduling information to share resources amokg g pedsGeles 101
according to the energy efficient resource sharing grotocol. The scheduling information, for example,
includes one or more time intervals (or slots) in which the resource sharing can be performed at the
predetermined transfer rate (e.g., at a maximum available bandwidth). It is contemplated that the
resource scheduling information is applicable to 10 both single-layered and multi-layered resource
sharing. ASesedthetains tresenmpisingiddayied Otesourtwishilrinfcrcicatesthatdhe peernode 101
serves a sipgletkespuree shacingdequessiatinnetimeicthe jermdmuliblayered aiesauecesihaging
indicates tal@ ReGLA0AS, SEIMES MIIRIGIGaRUIGE BhAENOeRKsRIn S MHllaneosha Jbihspeer node
101 is_engaged in m%tgil-:%ayere resour egharlgg g%g t}\/1\/rt1enr%jo nloa(%h%alcom uter respurce such
as cortent 065?3ﬂ8| B abe erﬁfﬂﬁfjslsee EEFNOaEs f), %Qaséﬁ%aruﬂrﬁ’gol .Orrﬁ'é;ﬁor? HeitEesy multiple
sets of timB'meepbaidnsbgstiatedrwin Weormpiopdelroae e oryrae ehedinmgarihsradtiiitetermined
by the negptidiiah infaduslés203linayithien bhelubsdifyrthairesauicesstariagconrtfghenpelde, 205 to initiate
the CO“ten&&ﬁﬂﬁf@ﬁ,_&ﬁ@%ﬂgﬁ%m}ﬁ\Sa?@h%%@&ﬁl@pyﬁsb&ﬂéﬂ%g@ﬁm@%cme oesaulgessharing
control mogyje. 305 njeradiz With i Reraling.migre module £0TI0009ls 8 AASKALE AL between
rc a h duling

an active resource sharing state an inactive state according to the schedu information and the
enerdy effitiftredauRé ﬂﬁ@rﬁ?@ PROYSCBY Thes Sral theastidne e THoRS I deerbEdvith
respect to Prap®! 2amidy 3ndatiowdrmr tor hiprsebssoferdompitingg Endsgipderburhptibigifiring
resource shasingroaechiding o an axepspiasy embotime iydnone @nbidinmedt{Heckdedgy saving
module 105, performs: e RIaeeRS RO ddsimplemgateddn, foriasianag. aphiRisetdaghiding a
processor gdametony as sowntlG 2 lasten 0, 4he madule 193 deleimings, scheduling
informatioR FEIating 1o w en one or more peer nodes can utllize a prede rmined fevel of
comnainicHBIPaH EaAchy e S 27 a¥Rh ApHtaine Beptmidinrioh siding fekBice. or
single-layeteithrddouthed st Redutimg, Mralghodule 105 determines the scheduling information through
negotiation among, for instance, the two peer nodes (e.g., peer node 10la and peer node 101c which

both contaigy %ﬂo%ﬁgyﬁ@vin%mogukﬁ&%}%@@%dlllshépzag%%&en%@@giwl-aFa{dnwhtb'afxated
resource SChE’ ull?gf, the module 105 determlnessyé%%%:he u

;n% mfggmatlo_n théoug]ktl neg&)tiation
35among alf participating peet hotes, Wa201 SPEPITIIN 1670866088 e rES5tice sharing
accordfing 52T e})(afﬁwz despipdnFtith csPrect OB He P (stEpiBom)iceeltish B¥ibbaifeHHE, it is
contemplatdicibiat tiveumesohnces paring mdyspeeocon b ctechape tblling tto @umyipr gtacotdpragpriate for
Ejhe resouregrbeiRgiphakedad hpersource sRafiNE(8Gs R2PORMRMhiraRsTer). progesdsasaerding to the

etermine edu t intery r . _ gy saving
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shariﬁé is @gﬁ@@]et@oweven to take advantage of the energy efficient approach, the peer nodes 101

involved in the resource sharing include an energy saving module 105 or are otherwise made

compatible with the energy efficient protocol.

FIG. 2 s a diagram of components of an energy saving module for optimizing cnergy
30  consumption during resource sharing, according to an exemplary embodiment. By way of
example, the energy saving module 105 includes several sub-modules to implement an energy
efficient resource sharing protocol. It is contemplated that the finctions of the sub-modules may
be combined or performed by other components or logic of the peer node 101. In exemplary
embodiments, the energy saving module 105 includes a peer identification module 201 for
35  identifying and/or signaling other peer nodes 101 that a particular peer node 101 is capable of
cnergy cfficient resource shaning. The peer identification module 201 may also be used fo
identify and/or signal whether a particular peer node 101 is energy sensitive (e.g., operating with

a limited energy source). Under certain embodiments, the peer wdentification module 201 may be



As discussed previously, exemplary embodiments include the energy saving module 105 in a peer
10node 101 (e.g., hardware such as a wireless handset, laptop computer, etc.). FIG. 4 is a flowchart of
a process for controlling energy consumption during resource sharing using a peer node, according to
an exemplaryveribodisent. In this example, the peer node 101a has initidted/ T 198t over a
wireless network (e.qg., cellular network) within comimunication 15 network 103 and is an energy
sensitive device (e.g., a wireless device operating on battery power) that includes an energy saving
module 105 for supporting the energy efficient resource sharing protocol. The incorporatjon of the
module 10%HABRG M PEET Mt hif S HBEIE R E St IR TSRS OPREIMEE e 105 to
the networorgcmsitivifzadiosystem TIo3 trewidehtifivetipecranodiic] Diacop &utwsEnsSIEHA01, the peer
node 101adpitinfeshariaougstdor 20neesouued shareageThetheseureedshiaring request, for instance, may
be a request to download content from the other peer nodes (e.g., peer nodes 101b-101n). After

R et BeLrals Aaadraniesahethar e Recipde cpniaia g Laduested
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peer 25 ndttessd@diblikOibdrandob0 ke ) tiveniequelstied contentdratisfemproséeds acsorintido a
traditional gRnigptisansienh pratecel withHr ererRy savngHaduies(sieR402) |nothenambeodiments,
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deterh%ineé“&lgﬁiﬁeﬁﬁ?fé’t?ldﬁ?'nboHtéﬂ?a%\%%d@ﬁ‘ébl@f?ﬁ@%ﬂt@?‘fﬂ‘iﬁﬁ%é‘?@lﬂﬁa%ﬁ%ﬁrO tH5r 8§ mined
communicatigridapacthynialigleatcar mraddidi available bandwidth). The step of determining a schedule
of time intervals may include WO 2010/086493PCT/F12010/050008 9 additional peer nodes when

engaged irultilaysredeRaMIGe aebadnlingy fhis.coptemplaed ibabihg.sceduleadims itervals may

vary in duration an numberhbofilsediiﬁ n %g resaurce necessa}rl)c/lt com%l%te theg t%% Et;}%gsfer. Once
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transferre ereby reducing the energy consumption for the content sharing session.

25  FIG. 3 is a flowchart of a process for controlling energy consumption during resource sharing,
according to an exemplary embodiment. In one embodiment, the encrgy saving module 105
performs the process 300 and is implemented in, for instance, a chip set including a processor
and a memory as shown FIG. 9. In step 301, the module 105 determines scheduling information
relating to when one or more peer nodes can utilize a predetermined level of communication

30 capacity (e.g., a maximum available bandwidth) for sharing a resource. For single-layered
resource scheduling, the module 105 determines the scheduling information through negotiation
among, for instance, the two peer nodes {e.g., peer node 101a and peer node 10lc which both
contain an energy saving module 105) engaged in the resource sharing. For multi-layered
resource scheduling, the module 105 determines the scheduling information through negotiation

35 among all participating peer nodes.

Next, the energy saving module 105 initiates a transition into an active state for resource sharing

according to the determined scheduling information (step 303). The module 105 then initiates



10 FIG. 5 is a flowchart of a process for negotiating time intervals for content transfer, according to an
exemplary embodiment. Continuing with the example of FIG. 3, the energy saving module 105 is
implemented in, for instance, a chip set that is configured to perform process 500. In step 501, the
module 105 Wiftiaeé&tsetydtiation among participating peer nodes 101 to sEREFIEHIARENS intervals for
sharing resources at a predetermined level of comgunication capacity (e.g., a maximum available
bandwidth). The module 105 negotiates the time intervals based factors such as pending resource
sharing requests from other peer nodes 101 or the overall network traffic loTaq corr(@;spo %ing to the
pamcipati%ﬁﬁéwﬁwﬁl?ﬁ‘&gﬁﬁ%@s& BramBHs . tHe HELSHAIEE tiME iRtERAI 2 Melude
scheduling-fotegittrebeiigtatiaifdred wempiitedafer ok resornices Birnengap el seadass g @dbdiments,
the module- 0% penssiies e pant dniessage spedifysigradschieditentthhasgdtaled tonerintervals
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node, accSiifE 6o EReABRNSEMBEAMERE WPHNE HEnie Bifeiasing PRFrHb 514 has
completedstite melotinticlvstps wpinitidicuatd chreetostrarshgrisgssismaltording to the energy efficient
resource sharing protocol and is ready to begin the transfer process using a negotiated schedule. As
shown, the, paer.nade 10%aLansitions Depean-aR SriNRISIIGR0L, andRAnNagtve L iFIegR:) state 30
603. While in ﬂl@f tive stéte‘ 601, ﬁh‘e‘ peer node. 1%1? fransfers conter]ft z?t the predetermined level of
communicati ieity (e.9., maximum available’bandwi ) ile“in the inactive state 603, the
icBiish éc%él Ve T AR Ay ATABIE SRRV \Amifé th the inacti h
peer node 101a enters an idle mode to minimize energy use (e.g., a peer node that is a wireless
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5statede03 USRS td o RTHtE S REMERt NS BREnyi YRy Arlrs Sreaniecds time
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exemplaryreabediments Inidhefiexampleotit Ge?, ibecpasrndde #R1laqrgetaiesascieduie
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schedule inc(lgydesfactjvetgme intervals (tl.e. time interyals during whic

ode contaming the reguested content 'does not mchyde oY savh o;&ogﬁgﬁlb‘g%Sharigg can occur
a maximuri SR GRIESHOR EaPamt BT = 6% 21 87 ™ S84 RY 95 LB way oF xamiple, each

activétimestental na Havedd Blgerdaramietishcanes ihaeystintet cbrmtrerdiagie s Eapsend e.g.,
maximum transferrratd: Fotoexbmiplecastiveytimangnfertaty Glebéfins bt lsnndHadivdos.3ts with a
designateq,deansfe e Qfn be configured to wait until a peer node that includes an energy saving
module 105 and has the requested resource becomes available. It is contemplated that the peer
node 101a may determine whether to wait or proceed with a traditional transfer using factors
30 such as energy reserve level, number of available peer nodes, and the like.

Otherwise, if the one or more peer nodes containing the requested content include an epergy
saving module 105 (e.g., peer node 101¢), the content transfer can proceed using the energy
efficient resource sharing protocol according to the steps discussed with respect to FIG. 3 (step
35 407). Under this protocol, the peer node 1012 in conjunction with the peer node 101c¢ (e.g.,
operating in single-layered resource sharing mode) determines a schedule of time intervals to
enable the content transfer to occur at a predetermined communication capacity (e.g., at a

maximum available bandwidth). The step of determining a schedule of time intervals may mclude



15 5 Kilobytes/s, and active time interval 703 begins at 21 s and lasts for | s with a designated transfer
rate of 5 Kilobytes/s. In certain embodiments, a peer node 101.a engaged in single-layered resource
sharing has one set of scheduled time intervals. A peer node 101a engaged in multi-layered resource
sharing has W8at sf&ehtidule time intervals corresponding to each simultBREEIR ¥EEWU#e sharing
stream. 20 The processes described herein for cotrolling energy use during resource sharing may be
implemented via software, hardware (e.g., general processor, Digital Signal Processing (DSP) chip, an
Application Specific Integrated Circuit (ASIC), Field Programmable Gate Arrays (FPGAS??, efc.),
firmware GRASHIORTEBRCEHETEEE. SEas & MBI YA G RSPY RS SSEFOVHMG The SHHEERRISd functions
is detailedthss|dw. Fheddadusnatverdo mentsrsyiclTado @pomwhich Biiehitotit e EFthe
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interactionspkaifvexarmplendpitihvandisosiitmrgnedcfieldsypiazpso andbharzgiadbRieditic voltage,

represent fwp SIAES (Qerbl A AN HYHOD-QINGLRNSNQMmENa can represent digits of a higher

base, A superposition of multiple simultaneous quantum States before measurement represents a
quanl m bit (qubit). A sequence of one or more digits constitutes digital data that is used to represent
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more units:ohintismationycshiftifiggonsiiensiohtpiteobiafarsdadion] andcheamibyiingtiwokotrafiore units of
information, such-asbysadditian ermulinligatioreulegieal apenatians ke QRIEXHUSVSAR (XOR),
and AND. Each operation of 1ih setof P erf'atio.r_hs that can be Berforrpep hy.the processor is

ta‘ﬂte 1%]6 ais may 1nc e.s%ﬁe 1%% o1 C} (a‘ sms% C-1aYCICd OF 11= ag S YCSOUrce s. aémg.
represented to the processor by information called instructions, such as an operation codeof one or
morezaigité’? g@g@aﬁ@h@g@gzmm‘r& the module 105 generates a control message specifying a schedule of

the negotiated time intervals during which the participating peer nodes 101 can complete the

content transfer at the maximum bandwidth (step 503). In step 505, the process then initiates the

fransmnission of the control message to the peer node 101a.

25  FIG. 6 is a state transition diagram for the modes of operations of a peer node, according to an
exemplary embodiment. In the example of FIG. 6, the peer node 101a has completed the
negotiation steps to initiate a content sharing session according to the energy efficient resource
sharing protocol and is ready to begin the transfer process wsing a negotiated schedule. As
shown, the peer node 101a transitions between an active state 601 and an inactive (“sleep™) state

30 603. While in the active state 601, the peer node t01a transfers content at the predetermined
level of communication capacity (e.g., the maximum available bandwidth). While in the inactive
state 603, the peer node 101z enters an idle mode to minimize energy use (e.g., a peer node that
is a wireless handset can place its radio in sleep mode to conserve energy). In exemplary
embodiments, the peer node 101a can transition to the active state 601 on detection of the start

35  of a time interval designated for active content transfer. In other embodiments, the peer node
101a is also configured to transition to an active state based the initiation of a content transfer
apother peer node using the energy efficient resource sharing protocol. The peer node 101a can

then transition back to an inactive state 603 on detection of the end of the active time interval.



15 operations to be executed by the processor 802, such as a sequence of operation codes, constitute
processor instructions, also called computer system instructions or, simply, computer instructions.
Processors may be implemented as mechanical, electrical, magnetic, optical, chemical or quantum
componentsVanioHg#tiers, alone or in combination. 20 Computer systeiETOHKY Hedides a
memory 804 coupled to bus 810. The memory 804psuch as a random access memory (RAM) or other
dynamic storage device, stores information including processor instructions. Dynamic memory allows
information stored therein to be changed hy the computer system 800. RAM allows a unit of
informatiol" B8 § AP X IBEARo M S RIFA N E %Pﬁ/%&%‘éﬁg% SOTBrSHIgh laéjtﬂg’%geiﬁatgﬁfgﬁdently of
informatiodcigrmdighButing oBigadiassies isTisbanbeA oy IBO Bt thadeashy thls prdeed8et 892 to store
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read only memany(RQM) B08.QF Rthen staticStarRes Hevise-rampietviosthe us.8d . fanstaving static
'nform@“"@g#@%‘(?gd'nﬂtinét%‘n%'%% EQ%{:S. QCOC}H?QH e f:k'i;y the computer system 800. Some memory is
composed of volatile sPorage that ToSes fie nfermation stored thereon when power is lost. Also 30
coupled to bus 810 is a non-volatile (persistent) storage device 808, such as a magnetic disk, optical
disk or flagfi@atdy fodistoringinfermétionf mokuding ferstesotionsshitditipe fisists aveasrgheasat computer
system 80Rdsuiernad:aft oratherwisaosgspawetdifarmatibsiiinaudingtisstuatitns; IM@Erayided to
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812, displayglevicedlf-and paining device 816 is eriited dhinithe liysiraied smbediment, special

purpose hgrrgl\lll\{%%bgul%q a&%@ﬁp&"gﬁé‘ﬁﬂ specific integrated circuit (ASIC) 820, is coupled to bus 810.
The special purpose hardware Is configured to perform operations not performed by processor 802

quickty enough for special purposes. Examples of application specific ICs include graphics accelerator
cards for gEmenatingirnatyesitod dispiay 81 40ohgitographicy bsardsries ererfptirgaaing eeeryisting
messages spmnveidavibsdTatwerkiaspeachdecogniianpaneinteiages foapebiatexiarnalsdgvices,
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25  described functions is detailed below.

FIG. 8 illustrates a computer system 800 upon which an embodiment of the invention may be
implemented. Computer system 800 is programmed to carry out the inventive functions
described herein and includes a communication mechanism such as a bus 810 for passing
30  information between other internal and external components of the computer system 800.
Information (also called data) is represented as a physical expression of a measurable
phenomenon, typically electric voltages, but including, in other embodiments, such phenomena as
magnetic, electromagnetic, pressure, chemical, biological, molecular, atomic, sub-atomic and
quantum interactions. For example, north and south magnetic fields, or a zero and non-zero
35  electric voltage, represent two states (0, 1) of a binary digit (bit). Other phenomena can
represent digits of a higher base. A superposition of muitiple simultaneous quantum statcs
before measurement represents a quantum bit {qubif). A sequence of one or more digits

constitutes digital data that is used to represent a number or code for a character. In some



Computer system 800 also includes one or more instances of a communications interface 870 20
coupled to bus 810. Communication interface 870 provides a one-way or two-way communication
coupling to a variety of external devices that operate with their own processors, such as printers,
scanners anexafigb#izks. In general the coupling is with a network linRE7ERHI§E8hnected to a
local network 880 to which a variety of external demMices with their own processors are connected. For
example, communication interface 870 may be a parallel port or a 25 serial port or a universal serial
bus (USB) port on a personal computer. In some embodiments, communications interface 870 is an
integrated @W&@%"M&W&?{@ﬂﬁﬁl%p&%rlsar@?{ﬁffgli’@ﬂti)gc?"l BEFIRETEEE) & ar?:ﬁag}]%%iglephone
modem thztlpeovitlas anamtaaatas-communication connection to a corresponding type of telephone

_ line. In some embodiments, a communication interface 870 is a cable modem that converts signals on
bus 810 info signals fRLigIcoBRRURICAIAN R.1PNREEHAN-O BT iarsamsish cable.eriiempRtisaksignals for

a communicalion SeTnSlonoxe 2, Ioer OBle Pable. As appinep exapRle. communiogfons interface
)

870 may be a’local area >Twor car ata communication connection to a

to provide a
compatibl @RS P FEAE RSt SO ﬁ%?@%tﬁﬁlgé‘srﬁé?f also be implemented. For wireless links, the
communications interface 870 sends or receives or both sends and receives electrical, acoustic or
electromagnetic @5nsignapsrinehydingtinirafecshand opticalsignals, hat eany ipfestvationcsiteams, such
as digital dafa. Eor examRIR inpuitelasshapdnsld devicesaaush@s mehileriglenhongs likegell phones,
the c§5nmun|catlor35£nterfa%§§70&%cludes a rqdlo ban electroor%a?@éatl%tgr%nss,ﬁ%tner aon%(r)ggelver
called & rati6 HHERS EE0P' WS K6 FOBBHSSBE YR 251070580 The term computer-readable
medium isofiseisHrBfametioneraw SR HBRIFCtRALIS te Rt R Rariny h As R AHSH 88 Brocessor
802, includingijhistritctionis ferlexscation. BufRacmégicmORayX2Ke mdrNOrnbiscnalerding, $fut not
limited to, pRnwyQlatirmediamvelalilsmereinandsy RNstissinmedac-Manyaatjaseadiainclude, for
example, QaliGal ol Ql%%‘%ﬂ&n%‘%‘&s%‘&%%?,§ﬁ°&%&§t§3§‘é&&e%@%m¥%ﬁ%‘&&ﬁ%@ inclugle, for,example,

dynamic memory 804. Transmission media include, for example, coaxial cahles, copper wire, fiber
optic Cablé® EEa R TEE tab r Ve INRFSEIR g{c@\f?ht% ut WHEE'SF cAbEE) %ttﬁé‘; S Acoustic
waves andeledtismegaste Wanesioniclising et o rspleabalsaifrare dowate s Sih ARPIERIde
man-maddifiansient. vabiatiansrin theyateplitttendieguencycgiaasel, pdtatizationagnathe opfvsical
properties trapsmitied threnal e iansmissiommedia c emmamigrame£f computer-readable media
include, for example, a floppy disk, a flexible disk, hard disk, magnetic tape, any other magnetic
medium, a CD-ROM, CDRW, DVD, any other optical medium, punch cards, paper tape, optical mark
sheetd) an(f%fﬁéﬁeb%%lgﬁ?eﬂ?ﬁﬁ?ﬁﬂﬂ?spﬁﬁémﬁ%fé’é@?‘?}fﬂé’ﬁlﬁ)ﬁﬁiga@?&%‘ﬁﬁ@g@ﬁe ?Ffﬁtfcia, a
RAM, a PROM ranld5 ERRO MecadEk ABHNDPRONhenystiisr pspsorgaip otuastridfgenatienrrier wave,
or any othefcri@diumdeenvvhiohaicampuiaigan feathfyl Gl usiaiesien chipaget@Bhupobewhich an

embodimegt, f {h,INYEIAR MAY AR IMBERM SR 1f P 2eh AN IRBHAGHBMMACLS: GAISYAuk the
inventive furﬁ;t ons descrlb%a herein 29&%0' n&cll{gggédfordnsta ce tgfeh%roce sor and g&%mory
: > 0 M( o

componenf& G&dRBBE With TeSpact 16 F16. Biieorporatedin one or moroer%ﬁ?srfcaalnﬁl ages. By way
of exafmpleddrprysicHiprerage SRtIIdEs ardhadfyersstsr SHe Brirtr&RRIERale wSPStents,

and/or wires entarstiliohurakassemibtiofe. gTha vageboandicto RO vide iopiados atoré chigraoteristics such
as physicajliatyengids sopservalianelsizaicand/@uibpiiation ofuelentrivakibtRrReton information,
including instructions, that is not changed by the computer system 800. Some memory is
composed of volatile storage that loses the information stored thereon when power is lost. Also
30 coupled to bus 810 is a non-volatile (persistent) storage device 808, such as a magnetic disk,
optical disk or flash card, for storing information, including instructions, that persists even when
the computer system 800 is turned off or otherwise loses power.

Information, including instructions, is provided to the bus 810 for use by the processor from an
35  external input device 812, such as a keyboard containing alphanumeric keys operated by a human
user, or a sensor. A sensor detects conditions in its vicinity and transforms those detections into
physical expression compatible with the measurable phenomenon used to represent information

in computer system 800. Other external devices coupled to bus 810, used primarily for



25 In one embodiment, the chip set 900 includes a communication mechanism such as a bus 901 for
passing information among the components of the chip set 900. A processor 903 has connectivity to
the bus 901 to execute instructions and process information stored in, for example, a memory 905.
The processBIOOBB0Rey*hclude one or more processing cores with 30 eaBRTEHR Wdifigidred to perform
independently. A multi-core processor enables mulfiprocessing within a single physical package.
Examples of a multi-core processor include two, four, eight, or greater numbers of processing cores.
Alternatively or in addition, the processor 903 may include one or more microprocessaors configured in

tandem vid'tHEYNE BEE RYBARHIBIHYE SelidirY dREEE IR SPRsULABREID R IHRTS, Mttithreading.
The procetsod 308 ehalspliso BEBS atadrrpaniserivith BHécHion oresspérddiizb arcbigsonaitsito perform

certain proesssiggifuitetiins ok iaskacuehas pagielimoersigitiesignatyrooe ssaisn(R&d8), 907, or
one or motg, ApRlicAON:SpRsHin ofepiale cicuitsASI(-L AR APSE A0fyricaliuls capigured to
proce real-word, signais (e.g. una).n real time inaepe n .Proce r lmilarly, an
R S Pt Ll R AT i o
functions BYREEK BedSrSTea Ry 47 SAEPIBES Bl PTh dBs SormpHisE s e A cer BB otents to aid

in performingcthesmvemitefinetdustdeseibagiieretinvide berdeoramoratfistdqerdGradmmable gate
arrays (FPGHAY{80! shopsnieng-okamieiconitiiers (not shown), or one or more other special-purpose
computer chips. 5 The processor 903 and accompanying components have connectivity to the

memory 905 via the bus 901. Tge memor .9105 includiiﬁgoth dynamic memor éet o RAI\/h magnetic
disk, Whitale BpriAM S SHEPHRTr SeatbHR R 8 PN CEE ROV Ly P g Aifecutable
instruction®etithshaite tORBEIPSAG tHRIMRAANVESIEHS debigilsBerib i oPha #HBHAGyYS005 10also
stores the datzassoniatet witloprgensrate gdoip tihedelke putiersof #2 imviekdtivenstelpdo-iEck0 is a
diagram ?Eﬁ?é%%&@'%X&%Q%@%ﬁﬁﬁ(ﬁfi&ﬂ’?&m@cQ@i@ﬂ&%%ﬁabﬁi@@@l%ﬂﬁgﬁﬁff@@gﬁaﬁﬁl@ tzef. ;
system of FIG. 1.accor ) e t.Genar / € is.aften define
in terms of Ir cf-gong]c gﬁ%@éﬁ%ﬁpjﬁ r%ggg\g%rg%:?ﬁ'%%%r%e% %%‘ét‘%@% q%érg Qegr\g g‘ﬁltcgc;}r%pg sses all of

the Radlio BYRHHEMRRESCRRTIER e Pths B ARRBhEEReD PSS e Brite 481

processingrsitsaltryarPagi aenpirtel Hal copapows e fofrthe tetoRumes iFRduNs colRiiprertibrUnit (MCU)

1003, a DigitahStgstat Brocasslm@ R InlR0Syand a receiver/transmitter unit including a microphone

gain control unit and a speaker gain control unit. A main display unit 1007 provides a display to the

userin su;tpcr)rrlt otf various Wli?aﬂonﬁﬁo and mobile station fu?qtions. An audio fun ,iongcfibcuitry 1009
a

includes a micfophone 1o ne nlwlfgroﬁﬁé)ﬁlé grnr,% ifier t aﬁcg’moplﬁiég%lglﬁaegéﬁ gfté:ﬁélf%utput from the
microphon®4d44.. ‘FhBtantifified SpRBEREGHAP ol TFofY the TikBpoAB T R fEHos'aY
coder/decedemi@ODEC)LOIE REA iy séctiomaloksican plifiespewarithribiedorve npérseprancy in
order to capunupieatenitBadners and external disks. In general the coupling is with a network link 878
that is connected to a local network 880 to which a variety of external devices with ther own
processors are connected. For example, communication interface 870 may be a paralle]l portora
25 serial port or a universal serial bus (USB) port on a personal computer. In some embodiments,
communications interface 870 is an integrated services digital network (ISDN) card or a digital
subscriber line (DSL) card or a telephone modem that provides an information communication
connection to a corresponding type of telephone line. In some embodiments, a communication
interface 870 is a cable modem that converts signals on bus 810 into signals for a communication
30  connection over a coaxial cable or info optical signals for a communication connection over a
fiber optic cable. As another example, communications interface 870 may be a local area
network (LAN) card to provide a data communication connection to a compatible LAN, such as
Ethernet. Wireless links may also be implemented. For wireless links, the communications
mnterface 870 sends or receives or both sends and receives electrical, acoustic or electromagnetic
35  signals, including infrared and optical signals, that carry information streams, such as digital data.
For example, in wireless handheld devices, such as mobile telephones like cell phones, the
comutunications interface 870 includes a radio band clectromagnetic transmitter and receiver

called a radio transceiver.



base station, which is included in a mobile communication system, via antenna 1017. The power
amplifier (PA) 1019 and the transmitter/modulation circuitry are operationally responsive to the MCU
1003, with an output from the PA 1019 coupled to the duplexer 1021 or circulator or antenna switch,
as known in ¥ 2#0/085¢8P A 1019 also couples to a battery interface and PoWERSHEGASI unit 1020. In
use, a user of mobile station 1001 speaks into thelhicrophone 1011 and his or her voice along with
any detected background noise is converted into an analog voltage. The analog voltage is then
converted into a digital signal through the Analog to Digital Converter (ADC) 1023. The 35 control unit
1003 routes the digital signal into the DSP 1005 for processing therein, such as speech encoding,

channel edésdig, errepyistimepdabld Tﬁ@éﬁéﬁ%n@edrﬂﬁé"@%‘iﬁfﬁaﬁ/%H@éﬂ%ﬁ?‘tﬁ@‘ﬁfr@é@%@éd voice
signals argmenizile thflaynututs togirsepasatély, sihokding sisgratcelular transimissiducprotogblisuch as
global evojution (ERGE). f&%&erﬁkﬂaﬁ}gﬁﬂﬁd}%ﬁﬁﬂﬁ@@ (GPRSN WQ 20L/086493RE4{F12210/050008
o be) i icn Mable OMMIESHons ATk Ipiemet P fcalorpydt'ma@%la&béxax%@ (IMS),
universal mobile tel ’éf as any “Sther swtable wireless

ecommunications system
medium, ngjraﬁ‘i’l%WS\%@%C(Y&%“WW%%T%%&%%?@?}&ﬂﬁﬂ?f’t‘ﬁﬁ?}“r?&’v@g?ks E85E & 8ion
multiple acoeds {CDMAYr wiraleks fidelitycepliRiFosneeiiites, Sher wsitikeblss e enceuwavsighells are then
routed to arequliagh 1826 Wamearbensatiabied, amh reguenayaiepensbtimprismeints dhat occur
during tfa’]ﬁ&ﬂlﬁﬁig%ﬁlgu ithe Al Suchasnhase @{%qa%mmmg%amem@nmﬁé% eaualisiRgthe bit
stream, the m r 1027 co blnesl‘tigg s_ﬂ%oal Wlhel ﬁ{Flcsi nan%% pegr%%gnl] e RF |riltef-{;face 1029.
The r‘[r:dodufg%gtfgﬁﬁgﬁg e} zi't’e% A Wae way Yor i I phase modt?llatlg n order to
prepare th@@ﬁ@ﬁéﬁ“f’ér‘ﬁ%ﬁ%nﬁg%néﬁ% ‘b%?ﬂi%l?f%‘?ff%}&%ﬁﬁ*?e’é“fh’é}%lﬁé wavelBRAPFom the
modulator &822 fittibhndithehsihé dvavesgemerata diyotheymdmmsiremdd83.to QoHie V. th@¥Bsired
frequency phirRRsIissioPshEsignal isthen sen] thseugh:aBh -l Okditenine/ease the sighadlto an
approp“at?aagxyi \ﬁxeédmrgga&ﬂﬁa'c@yar%@a& s &A LIS ActaRS ANRLADIeaAn aeNfepphose gain

is controll from a network base station. The signal is

e%é% rom information receive ];
then i‘iﬁere]a b FEAY 6&’6?{%9@@}% B ARG h SRS T35 TS Histch
impedancé@efbum&ﬂwﬁﬁkﬁﬁeﬁpﬁéﬁ@ﬂtﬁm@sfer Finally, the signal is transmitted via antenna 1017 to
a local base station. An automatic gain control (AGC) can be supplied to control the gain of the final

stages of thﬁ}@@%@inﬁke signglssmayobedonvarded M ihsEntesn Eﬁmﬂéeﬂﬁlﬁﬂhﬁﬂﬂaﬁyh&%h may be
20 anothey C%‘"“' ri ?epzail 0“% ef mOb"erRQ?{éecor a ' NAING & ﬁ@%ﬁmo}% g.Ryblig Ryched

Telephone S tee ony netw rks. VoOice S ransmltted to the mobile

stauo%P1ocﬁfwk@eéﬁ%rdw%ﬁté‘m0fﬁi%ﬁ¥& m%m@a.aegw%ﬁ?& %S&fﬁg?%% Thed i titier (LNA)
1037. A dowincopveltdril 089 lowepsctiraysical packages. By way of example, a physical package
includes an arrangement of one or more materials, components, and/or wires on a structural

assembly (e.g., a baseboard) to provide one or more characteristics such as physical strength,
conservation of size, and/or Hmmtation of electrical interaction.

25
In one embodiment, the chip set 900 includes a communication mechanism such as a bus 901 for
passing information among the components of the chip set 900. A processor 903 has
connectivity to the bus 901 to execute instructions and process information stored in, for
exampie, a memory 905. The processor 903 may include one or more processing cores with

30 each core configured to perform independently. A multi-core processor enables multiprocessing
within a single physical package. Examples of a multi-core processor include two, four, eight, or
greater numbers of processing cores. Alternatively or in addition, the processor 903 may include
one or more microprocessors configured in tandem via the bus 901 to enable independent
execution of instructions, pipelining, and multithreading. The processor 903 may also be

35  accompanied with one or more specialized componenis fo perform certain processing functions
and tasks such as one or more digital signal processors {DSP) 907, or one or more application-
specific integrated circuits (ASIC) 909. A DSP 907 typically is configured to process real-word
signals (e.g., sound) in rea! time independently of the processor 903. Similarly, an ASIC 909 can



25 carrier frequency while the demodulator 1041 strips away the RF leaving only a digital bit stream,
The signal then goes through the equalizer 1025 and is processed by the DSP 1005, A Digital to
Analog Converter (DAC) 1043 converts the signal and the resulting output is transmitted to the user
through the $pf@ak®y02048, all under control of a Main Control Unit (MCU)PKIOBUAHIER 8 be
implemented as a Central Processing Unit (CPU) (dot shown). 30 The MCU 1003 receives various
signals including input signals from the keyboard 1047. The MCU 1003 delivers a display command
and a switch command to the display 1007 %?I to the speec.? output s\gi chinc%convoller, r%spectively.
Further, th NREGSYEE32 REHATRRS ﬁﬂ%ﬂgﬁéo WAL DEHY AEE ARG C AN AKEEE I Eptdhally
incorporatety&HwicafiheDamainied prpRonyES OBl in heatamion tnevsatye ogtieredatedeérious
control furteiensnaqddrest af the stétthprbhe B4 @06 arays (BpEAJiNg ugewiheomplemantation,

perform any,pf merarighyseb e ventionakdigiaharosessina-functions.an tag.yoice signals. Additionally,
DSP 1005 determines the background noise level of the local environment from the signals detected

by WO 2010/086493PCT/F12010/050008 16 microphone 1011 and sets the gain of microphone 1011
to a level SSIBOBEEISEAMHEHSHE TR IR B AAURAP IS SHES rtfs I BrtAERbe’ SatibA'1001. The
CODEC 1bt39t|ublestthma D03 023:descb DA Gy 1043, Reorid R 205 Imsteretts vinliowsiBhata
including caftilacamingtonestntaaodrigaagakie of stvingotkMatadnclodingingsisdatsbreceived
via, e.g., the glohaldnfermel.The sefware module could egidadn RAM B Moy, flashimemery,
reglsﬁgs, o[han‘?/ oth%r fagignag‘f writable storage rgtegiurﬂé(nown_m the art, Th(ﬁ}){@%@gry evice 1051
may be, bAtRSHIRItEY 0, a %?ﬁgale memory, ) , W%%\ff E]Eﬁpﬁ% , ()pllfcal storage, or any
other non-volatile storage medium capable of storing digital data. 10 An optionally incorporated SIM
card 1049 iries, for imtancef impoplant iofoporationyfsuchobisthettel|(dar. prode ekl te carrier
Supplying sgEviGes ShIRCHRION getals, andeeeHbty inioseatinny TheddlMsardedgyservasdprimarily to
dentiy the AU SIAUDGAO0H AL R st nd AR CRRE ddR plsaconialnsamentdor storing
a personal telephone num erc}iregﬁbst y,ﬁéﬁmgssa%es, a@%?user sremfl&%mobll%st%tlo s%ttlngs.
While the FGENE0F LS BEER de5cModTinE8indctdiyiin B HuMBE B SPBSHmERtS Khd™
implementenfompathes inerftibn Ressorasd IMfes BatFeVETs vARBISTBBVIeus earRsEne dhe
equivalentiaksiege meitk, aWich CalhtveitRinit e EURVIeNS of g apfiend dudockaims(DNM AG0R 26features of
the inventign kg expigssed: nsetaiitRMbinalipRsRBANG AR F g anit Sspeaker gain control

unit. A main display unit 1007 provides a display to the user in support of varicus applications

20  and mobile station functions. An audio function circuitry 1009 inchides a microphone 1011 and

microphone amplifier that amplifies the speech signal output from the microphone 1011. The

amplified speech signal output from the microphone 1011 is fed to a coder/decoder (CODEC)

1013.

25 A radio section 1015 amplifies power and converts frequency in order to communicate with a-
base station, which is included in a mobile communication system, via antenna 1017. The power
amplifier (PA) 1019 and the transmitter/modulation circuitry are operationally responsive to the
MCU 1003, with an output from the PA 1019 coupled to the duplexer 1021 or circulator or
antenna switch, as known in the art. The PA 1019 also couples to a battery interface and power

30  control unit 1020.

In use, a user of mobile station 1001 speaks info the microphone 1011 and his or her voice along
with any detected background noise is converted into an analog voltage. The analog voltage is
then converted into a digital signal through the Analog to Digital Converter (ADC) 1023. The
35  control unit 1003 routes the digital signal into the DSP 1005 for processing therein, such as
speech encoding, channel encoding, encrypting, and interleaving. In the exemplary embodiment,
the processed voice signals are encoded, by wunits not separately shown, using a cellular

transmission protocol such as global evolution (EDGE), general packet radio service {(GPRS),



contemplated that these features can be arranged in any combination and order. WO
2010/086493PCT/F12010/050008 17 CLAIMS WHAT IS CLAIMED IS: 1. A method comprising:
determining scheduling information relating to when one or more peer nodes can utilize a
5predetermiiéd 3eifgit6+ Bommunication capacity for sharing a computer ressifigettdieMitiating a
transition into an active state for sharing the compuser resource according to the determined
scheduling information. 2. The method according to claim 1, wherein the scheduling information
includes one or 10 more_time intervals for. sharing the computer resource, the method further

comprising ey SHslify WitPerd o RYPYRGTE RS ek Frode s 1Y BHta iR 9 L Hkh InfOmndESn. 3.
The methdtVsteondiatgaonzahjiofeliammsunipatiorherstonipiding: cte.. ahellirgatethgitonatito an
inactivc_a staxﬁem:ugimg:@e_ﬁpdgmﬁjsmdﬁeddaysthemmwingngmfmrﬁaﬂmnon (MTHhe:twethod
according foany, R Glaimspl 3cduthentemprisings inlatina/e shating afdhe.ermputer resource,

wherejn the sharing is according to a peer-topeer protocol. 5. The method according to any of claims
1-4, wherein the scheduling information includes one or more time intervals for sharing the computer

resource, ARE FRECEFE SRt Ase TS BEOYES BrancEEdactol Ber o SREISERIRA S A BrRbARFY-

dependent impairments that occur during transmission though the air such as phase and
amplitude distortion. After equalizing the bit stream, the modulator 1027 combines the signal
with a RF signal generated in the RF interface 1029. The modulator 1027 generates a sine wave

i0 by way of frequency or phase modulation. In order to prepare the signal for transmission, an up-
converter 1031 combines the sine wave output from the modulator 1027 with another sine wave
generated by a synthesizer 1033 to achieve the desired frequency of transmission. The signal is
then sent through a PA 1019 to increase the signal to an appropriate power level. In practical
systems, the PA 1019 acts as a variable gain amplifier whose gain is controlled by the DSP 1005

15 from information received from a network base station. The signal is then filtered within the
duplexer 1021 and optionally sent to an antenna coupler 1035 to match impedances to provide
maximum power transfer. Finally, the signal is transmitted via antenna 1017 to a local base
station. An automatic gain control {(AGC) can be supplied to control the gain of the final stages
of the receiver. The signals may be forwarded from there to a remote telephone which may be

20 another cellular telephone, other mobile phone or a land-line comnected to a Public Switched
Telephone Network (PSTN), or other telephony networks.

Voice signals transmitted to the mobile station 1001 are received via antenna 1017 and
immediately amplified by a low noise amplifier (LNA) 1037, A down-converter 1039 lowers the

25 carrier frequency while the demodulator 1041 strips away the RF leaving only a digital bit
stream. The signal then goes through the equalizer 1025 and is processed by the DSP 1005, A
Digital to Analog Converter (DAC) 1043 converts the signal and the resulting output is
transmitted to the user through the speaker 1045, all under control of a Mam Control Unit
(MCU) 1003—which can be implemented as a Central Processing Unit (CPU) (not shown).

30
The MCU 1003 receives varions signals including input signals from the keyboard 1047. The
MCU 1003 delivers a display command and & switch command to the display 1007 and to the
speech output switching controller, respectively. Further, the MCU 1003 exchanges information
with the DSP 1005 and can access an optionally incorporated SIM card 1049 and a memory

35  1051. In addition, the MCU 1003 executes various control functions required of the station.
The DSP 1005 may, depending upon the implementation, perform any of a variety of
conventional digital processing functions on the voice signals. Additionally, DSP 1005

determines the background noise level of the local environment from the signals detected by



negotiating with the one or more peer nodes to obtain the scheduling information. 25 6. The method
according to any of claims 1-5, further comprising: initiating a transition into an inactive state during
periods not specified by the scheduling information. 307. The method according to any of claims 1-6,
wherein the $fapeig/ofs¥¢ computer resource is over a communication nét@biAatateddes a
wireless network. 8. The method according to apy of claims 1-7, wherein the predetermined level
of communication capacity includes a maximum available bandwidth allocated to the one or more
35peer nodes. WO 2010/086493PCT/F12010/050008 18 9. A computer-readable storage medium
carrying ofECEIRSE IS B els G g 8F MmisTernatdibrie WRIChSIRTER BeRmpersEy Bhdér more
processorszisatdentiracyrid Gr mroreishscessbrstata 188kt perform the following steps:  determining
scheduling information relating to when one or more peer nodes can utilize a Spredetermined level of

communicatior epRRSilY forShalingi2 SAPHISS tesopIGe: BRrnghe, sahRdHing-nfarmation: and

initiati%g a &r{a}nsition into %n active state for sh ringéhﬁccgmputer resouree a cgrdin to the determined
a

. ald 1Imcilcing ¢ ICoOQUNg tone d& and 1s aADIL Oorme other data nge 1NE IMUSIC a .
scheduling m"forma(%lo%. 10} Iflhécompu‘;(aer readable storage nyeditim accor mg%ocalmaé, wherein

the one or'ff6rEHidtessoticatiota et JoFsnivasgaddinsr 8 asprsingiiatmythe'ataring of
the computenrasotrgeicwhereiy thiees ranng isrdede rdimgetonzgeerktepecn prototolhe memory

device 1051 may be, but not limited 1o, a single memory, CD, DVD, ROM, RAM, EEPROM,

optical storage, or any other non-volatile storage medium capable of storing digital data.

10

An optionally incorporated SIM card 1049 carries, for instance, important information, such as

the cellular phone number, the carrier supplying service, subscription details, and security

mformation. The SIM card 1049 serves primarily to identify the mobile station 1001 on a radio

network. The card 1049 also contains a memory for storing a personal telephone number

15 registry, text messages, and user specific mobile station settings.

While the invention has been described in connection with a number of embodiments and
mplementations, the invention is not so limited but covers various obvious modifications and
equivalent arrangements, which fall within the purview of the appended claims. Although
20 features of the invention are expressed in certain combinations among the claims, it is

contemplated that these features can be arranged in any combination and order.



1511. The computer readable storage medium according to any of claims 9-10, wherein the
scheduling information includes one or more time intervals for sharing the computer resource, and the
one or more processors are caused to perform steps further comprising: negotiating with the one or
more peer nedesote/aisEin the scheduling information. 2012. The computBeTéadEBlIES ¥ rage medium
according to any of claims 9-11, wherein the one Qrymore processors are caused to perform steps
further comprising: initiating a transition into an inactive state during periods not specified by the
scheduling information. 2513. The computer readable storage medium according to any of claims
9-12, wherein the sharing of the computer reso ver a communication network that includes a
wireless n&tark 1S CLABMERdSomputer readable storage medium according to any of claims 9-13,
wherein the 30 predetermined level of communication capacity includes a maximum available
bandwiplt_h aIchaAeQ ) ot@@o g 9igmore peer nodes. 15. An apparatus comprising:_ ~ means for
determining sche u_ﬁng infor atlog?ﬂ%elatln to when one or more peer nodes can 35utlllge a

; noae, < a

predeterminedISTRIPSILCSRALRE ne ot m $ ¢an utl

i EREACRYYBE dhat ;gn SoMputer Feolitce’ Réans for storing the
scheddling infornmatdistrafigdiryahel ROFATHRIGHE & WERFIY OPF TS B RV AT P8TEh3Hhg the
computer reseuiiemceataiigotoitie detaiveined Schédulipgtinfompetiomesive according o the

2010/086493P CHNLZOTVOR0008:k9n o oadldie apparatus according to claim 15, means for initiating
the sharing of the computer resource according to a peer-to-peer protocol.

2. The method according 1o claim 1, wherein the scheduling information includes one or
10 more time intervals for sharing the computer resource, the method further comprising:
negotiating with the one or more peer nodes to obtain the scheduling information.

3. The method according to any of claims -2, further comprising:
initiating a transition into an inactive state during periods not specified by the scheduling

15 mformation.

4. The method according to any of claims 1-3, further comprising: ,
initiating the sharing of the computer resource, wherein the sharing is according to a peer-to-

peer protocol.

5. The method according to any of claims 1-4, wherein the scheduling information includes
one or more time infervals for sharing the computer resource, and the one or more processors
are caused to perform steps further comprising:

negotiating with the one or more peer nodes to obtain the scheduling information.

25
6. The method according to any of claims I-5, further comprising;
injtiating a transition into an inactive state during periods not specified by the scheduling

miormation.

30 7. The method according to any of claims 1-6, wherein the sharing of the computer resource
is over a communication network that includes a wireless network.

8. The method according to any of claims 1-7, wherein the predetermined level of
communication capacity includes a maximum available bandwidth allocated to the one or more

35  peer nodes.



517. The apparatus according to any of claims 15-16, wherein the scheduling information includes one
or more time intervals for sharing the computer resource, and means for negotiating with the one or
more peer nodes to obtain the scheduling information. 18. The apparatus according to any of
claims 15-1Avmzangsigpinitiating a transition into an 10inactive state duriPigigBEa8588specified by
the scheduling information.  19. The apparatus agcording to any of claims 15-18, wherein the
apparatus is included in a handset configured to communicate over a communication network that
includes a wireless network. 15 20. A method comprising: initiating negotiation with one or more

peer nodes fdt oAecBPRYST ArEDIAtEIRTA%S BISARGGRATBHTS PREEEIRISAUERER O Q8RR URiEAtion
capacity forsshating aidompihter vesotatbyisrachisvables Z0geRaratindha eontrobmessergests specify the
time in_tervglg_:( @gg Ritatingdranswissianof _the control message to the one or more peer nodes,

- wherein the U ialehals:casiRaRanAIaRe I AlpteR ALINEANSArOIERGR! AdRR DL Participaling

in the computer resource _sharing. 2521. The method according. to claim 20, wherein the sharing of the
computer resourRETEGUEPY SBAHUTCAIBIF AskvEH ﬂ%‘?@?ﬁé’& BE 3SUPRIEES RSk, 22. The
computer-reagiaphe 8o pakssliieglintoreafisingiéne or more sequences of one or more instructions
which, when exeaitied indrienanmenepracessdrs stausglibeconsior reoegprecesiogsB0io at least
perform the followé'm;ﬁg%mg{gg@gnﬁggg{@lon with one or more peer nodes for one or more time
intervals during which a predetermined level of communication capacity for sharing a computer

resource is achievable; storing the time intervals; 35generating_ a control m,esiage to specify the time
intenvdls: ang10- The computer readable storage medium according to Claim 9, wherein the One or more

processors are caused to perform steps further comprising:
initiating the sharing of the computer resource, wherein the sharing is according to a peer-to-

peer protocol.

15 11. The computer readable storage medium according to any of claims 9-10, wherein the
scheduling information includes one or more time intervals for sharing the computer resource,
and the one or more processors are caused to perform steps further comprising:

negotiating with the one or more peer nodes to obtain the scheduling information.

20 12. The computer readable storage medium according to any of claims 9-11, wherein the
one or more processors are caused to perform steps further comprising:
initiating a transition into an inactive state during periods not specified by the scheduling
information.

25 13. The computer readable storage medium according to any of claims 9-12, wherein the
sharing of the computer resource is over a communication network that includes a wireless

network.

14. The computer readable storage medium according to any of claims 9-13, wherein the
30  predetermined level of communication capacity includes a maximum available bandwidih

allocated to the one or more peer nodes.

15. An apparatus comprising:
means for determining scheduling information relating to when one or more peer nodes can
35 utilize a predetermined level of commmunication capacity for sharing a computer resource;
means for storing the scheduling information; and
means for ipitiating a transition into an active state for sharing the computer resource
according to the determined scheduling mformation.



WO 2010/086493PCT/1?12010/050008 20 initiating transmission of the control message to the one or
more peer nodes, the time intervals corresponding to active states of the one or more peer nodes for
participating in the computer resource sharing. 523. The computer readable storage medium
according towtaim@Bs¥vherein the sharing of the computer resource is oVEF&FEBOMMITAMIRation network
that includes a wireless network. 24. An apparaigs comprising: means for initiating negotiation with .
one or more peer nodes for one or more time intervals 10during which a predetermined level of
communication capacity for sharing a computer resource is achievable; means for storing the time
intervals; means for generating a control message to specify the time intervals; and means for
initiating transmigieayphtiesconttdipessage b thenorferaninvong feehmudes! HeecdBtive intervals
correspondingtq active; qg%&fe;ng_gg@ Sotpeye peer nodes for participating in the computer
resource sharing. 25. The apparatus according to claim 24, wherein the apparatus is included in a
handset configured to share the computer resource over a communication network that includes a
20wireless netivoikie 26paatenisotetinedgramy ebalmmsing frogkesiece hsdREnedRigEéeto cause an
apparatus iRpefenn dghamethad:0fany b thertlainscinBn 26, resc2icwhehithesprognagotistexecuted by

& ProCessQlyn the one or more peer nodes to obtain the scheduling information.

18. The apparatus according to any of claims 15-17, means for initiating a transition into an
10 inactive state during periods not specified by the scheduling information.

19. The apparatus according to any of claims 15-18, wherein the apparatus is included in a

handset configured to communicate over a communication network that includes a wircless

network.
i
20. A method comprising:
initiating negotiation with one or more peer nodes for one or more time intervals during
which a predetermined level of commumication capacity for sharing & computer resource
is achievable;
20 generating a control message to specify the time intervals; and
initiating transmission of the control message to the one or more peer nodes,
wherein the time intervals correspond to active states of the one or more peer nodes for
participating in the computer resource sharing.
25 21. The method according to claim 20, wherein the sharing of the computer resource is over

a communication network that includes a wireless networle.

22, The computer-readable storage medium carrying one or more sequences of one or mose
instructions which, when executed by one or more processors, cause the one or more processors
30 to at least perform the following steps:
injtiating negotiation with one or more peer nodes for one or more time intervals during
which a predetermined level of commumication capacity for sharing a computer resource
is achievable;
storing the time intervals;

35 gencrating a control message to specify the time intervals; and
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initiating transmission of the control message to the one or more peer nodes, the time
intervals corresponding 1o active states of the one or more peer nodes for participating in
the computer resource sharing.

23. The computer readable storage medium according to claim 22, wherein the sharing of

the computer resource is over a communication network that inciundes a wireless network.

24, An apparatis comprising:

means for initiating negotiation with one or more peer nodes for one or more time intervals
during which a predetermined level of communication capacity for sharing a computer
resource is achievable;

means for storing the time intervals;

means for generating & control message to specify the time intervals; and

means for initiating transmission of the control message to the one or more peer nodes, the
time intervals corresponding to active states of the one or more peer nodes for

participating in the computer resource sharing.

25. The apparatus according to claim 24, wherein the apparatus is mncluded in a handset

configured to share the computer resource Over a commmunication network that includes a
wireless network.

26. A computer program comprising program code means configured to cause an apparatus to
perform the method of any of the claims 1-8, 20, or 21 when the program is executed by a
PrOCEssor.



