FLOW BASED FAI R SCHEDULI NG I N MULTI - HOP W RELESS

NETWORKS CROSS- REFERENCE TO RELATED APPLI CATI ONS
wQOWHsoDni s applicati-on clains the benefit of POT&SS2006/034248

Provi si onal Application Seri gA No. 60/730, 146, filed

Cct ober 24, 2005, entitled TE CONTROLLED FLOW BASED

FAI R SCHEDULI NG I N MULTI HOP W RELESS NETWORKS, " and

U.S. Provisional_ Application Serial No. 60/730,213,

FLOW GASEI TATR RO DILING TN GI @R MO LRSS

BASED FAI R SCHEDULI NG | W RELESS NETWORKS, "

the entirety of these w are incorporated

herein by reference. BACKGROUND |. Field [0002] - The

foll owi ng description relates generally to wrel ess

communi caigRMSS- RMFEME@(IRELJA@EWAMLIMHMS ng

communi cation in a multi-hop wireless network
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raphic range or cell and, as a nobile device is
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these geographlc cells. To achieve virtually
uni nterrupted conmmuni cati on, the nobile device is
assi gned resources of BAEKIGROUNTB entered and is
de- assi gned resources of the cell it has exited.
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conmuni cati on path between a sender and a recipient
wher ei n anot her device acts as a relay node to
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regardless of whether the user is mobile or stationary. Wireless communication
networks enable communication between a mobile device and with a base station or
access point. The access point covers a geographic range or cell and, as a mobile device
is operated, the mobile device may be moved in and out of these geographic cells. To
achieve virtually uninterrupted communication, the mobile device is assigned resources
of a cell it has entered and is de-assigned resources of the cell it has exited.
[0004] In a multi-hop topology, a communication or transmission is transferred
through a number of hops instead of directly to a base station. A hop as referred to
herein is a particular segment or leg of a communication path between a sender and a
recipient wherein another device acts as a relay node to facilitate conveyance of the
communication. In cellular systems, resource contention is typically on a per “cell”
basis and fairness of resource sharing is handled per base station. In multi-hop wireless

networks, resource contention may be over a large number of nodes. Traditional
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[0008] According to some embodiments is a method for supporting data

communications. The method includes receiving at a parent node a desired throughput
per data sink associated with each child node. The child node being communicatively
coupled to the parent node. The method also includes determining a time each child
node should be scheduled based on the desired throughputs and determining whether the
parent node is an obstruction based on the determined scheduled times. The method
also includes determining a throughput for supporting each data sink if the parent node
is an obstruction.

[0009] In accordance with some embodiments is an apparatus for supporting
data communication. The apparatus can include a receiver, a scheduler and a value
adjuster. The receiver can receive a desired throughput per data sink associated with

each child node that is communicatively coupled to a parent node. The scheduler can be



[0009] In accordance with sonme enbodi nents is an

apparatus for supporting data comuni cation. The
wappeEriaees can i nclude a receiver, a schedul er PanaS2006/034248

val ue adjuster. The receiver,can receive a desired

t hroughput per data sink associated wth each child

node that is conmmunicatively coupled to a parent node.
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included is a means for determining whether the parent node is an obstruction based on
the determined scheduled times and a means for determining a throughput for
supporting each data sink if the parent node is an obstruction.

[0013] According to some embodiments is a method of supporting data
communications. The method includes receiving at a root node a desired throughput per
data sink associated with each parent node. The parent node being communicatively

coupled to the root node. The method also includes determining a time fraction each
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datcdv@dhilr@chtion. The apparatus comprising a means for receiving a desued

throughput per data sink associated with each parent node. A means for determining a
time fraction each parent node should be scheduled based on the desired throughput and
a means for determining a scheduling policy based on the time fraction each parent node
should be scheduled are also included in the apparatus.

[0018] In accordance with some embodiments is a method of supporting data
communications. The method includes receiving at a parent node a desired throughput
per data sink associated with each child node and determining at least one of a transmit
power and a receive power associated with each child node based on the desired

throughput. The child node being communicatively coupled to each parent node. The
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throughput. The processor further configured to determine whether a parent node is an
obstruction based on at least one of the determined transmit power and the receive
power and to determine a throughput for supporting each data sink if the parent node is
an obstruction.

[0022] In accordance with some embodiments is an apparatus for supporting
data communication. The apparatus comprising a means for receiving at a parent node a
desired throughput per data sink associated with each child node ard a means for

determining at least one of a transmit power and a receive power associated with each
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determined transmit and receive powers.

[0026] In accordance with some embodiments is a processor for supporting data
communication. The processor being configured to receive a desired throughput per
data sink associated with each parent node. The parent node being communicatively
coupled to a root node. The processor further configured to determine at least one of a
transmit power and a receive power associated with each parent node and determine a
scheduling policy based on at least one of the determined transmit and receive powers.
{0027} According to some embodiments is an apparatus for supporting data

communication. The apparatus comprising a means for receiving at a root node a
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ends, one .or nore enbodi nents conprise the features
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annexed drawi ngs set forth in detail certain
bajdd faissekadoleg.aspect s and are indicative of but a few
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communications through rate controlled multi-hop scheduling.

[0034] Fig. 6 illustrates a flow chart of a methodology for determining
throughput based on a maximum fairness concept.

[0035] Fig. 7 illustrates a flow chart of a methodology for supporting data
communications through power controlled multi-hop scheduling.

[0036] Fig. 8 illustrates a flow chart of a methodology for finding a common
throughput for children under an obstruction node.

[0037] Fig. 9 is system for suf)porting data communications in multi-hop

wireless networks from the perspective of a parent node.



wo 200704y features will becone apparent from tpg f9hdsR%2¢
detai |l ed description when considered in conjunction

with the drawi ngs and the discl osed enbodi nents are

intended to include all such aspects and their

equi val ents. BRI EF DESCRI PTFTON OF THE DRAW NGS [ 0029]

Fig. 1 is a representation of a nulti-hop

conmuni cati on systemin accordance with the various
[0088bodi mehigs 1Qisstevisteanion syrnorting drimequupppication in a wireless
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t echni ques. 032] EFig. 4 .illustrates another
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a et hodology for supporting data communi'cati ons
comipupigghon mteewirdnssmebverdt ofalphirakityf sofesdiotn the pgraestie of a
N)Fég 6 illustrates a flow chart of a nethodol ogy for

% %%n’ ni ng throughput based on a nmaxi num fairness
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met hodol ogy for supporting data comuni cations throug
mulizhep WirsHss epmuasnispilen SIS BIRENdE @rFasdancE Jotgmepy grorgof the
. flow chart of a nethodol ogy for finding
dlsgﬂocgzéc?srﬁ%ﬁoﬁﬁéﬁﬁlgﬁghput for children under an obstruction
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network of  a plurality of nodes fromthe perspective
employead oemjurstien wilboBOyarkiug systams sndumethids desolosdi hreesin. - -
“of a 'systemfor supporting data conmunications in

mul ti-hop wireless networks fromthe perspective of a

parent node. [0040]GEDSSARY OF TR®MSr enbodi nent of a

system for supporting data communication in a wreless
[0(}%! wor k é‘prv‘aaréﬁml@f Plaja faw ol apaeeast Beinportipaaess e
%&n?s root node. [0041] Fig. 13 illustrates a system
that facilitates flow based fair scheduling in a
[0045] Reverse Link = Data flow is from the access terminals to the wired

terl

access point.

[0046] Leaf Node = An access point node that only has access terminals
communicatively coupled to it on the forward link.

{06047} Parent Node = An access point node that has at least one other access

point node communicatively coupled to it on the forward link.

[0048] Child Node = An access point that can receive data on the forward link
from another access point is considered a child node of that access point.

[0049] Root Node = Wired access point.

[0050] Sub-Tree for a Node = The set of all data sinks and access points to

which the node can send data on the forward link using one or more hops.
[0051] Data Sinks and Data Sources = Access terminals are data sinks on the
forward link and data sources on the reverse link. The wired access point is the data

source on the forward link and the data sink on the reverse link.



-hop wirel ess conmuni cati on environment_in
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enbodi ments. [0042] Fig. 14 is an illustration of a
systemthat facilitates coorgdination of flowbased fair
scheduling in accordance w th various enbodi ments
[0043] Fig. 15 illustrates a wreless comruni cation
envi ronnent that can be enployed in conjunction with
the various systens and net hods descri bed herein.

GLOSSARY OF TERMS HRg441 g Eﬂiﬁ@t‘kﬁ*ﬂb Data flow is

froman access point to t access termnals. [0045]
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[0047] Parent Node = An access gm nt node that has at
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send data on the forwar usi ng on nmore hops.
ﬁm@]a qoatbana&onwhamdwafaaatd sBiware softwake cEssfttverenn mataition.
data sources on

k
Fof e strefl e R S ob imoued rfimg HrdodeRt g h o
pr&coEEa FHacésB6y, bR bYREN an bxtutable, 4 NRcdliRd fRx8dution O ploBim,
reverse |ink. DETAI'LED DESCRI PTI ON [ 0052] Vari ous

angipp 8 gPmpRies By ovayohilisgetion bathantapphedtionawening on g khemputing

‘ mde@{c@%@ﬁé cobﬁ)uhﬁg abfkd QWY C%%%:il’&‘l&t '(81 Iqrféﬁ)(%? gg%lg Qs can

nuner ous speci

redide Wﬁhmm WocEss ahdopiheaad &€ erecution anti compaicat @agbehcalized on
be evident, however, that

Ong nggﬁ%aﬁ wei?tpgweﬁﬁlyg“@gg é}'%l@f MQESCFORRRURIEt It aidition, these
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ructures an
structures stored thereon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal).
[0054] Furthermore, various embodiments are described herein in connection
with a user device. A user device can also be called a system, a subscriber unit,
subscriber station, mobile station, mobile device, remote station, access point, base
station, remote terminal, access terminal, handset, host, user terminal, terminal, user
agent, data sink, or user equipment. A user device can be a cellular telephone, a
cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop
(WLL) station, a Personal Digital Assistant (PDA), a handheld device having wireless
connection capability, or other processing device(s) connected to a wireless modem.

[0055] Moreover, various aspects or features described herein may be

implemented as a method, apparatus, or article of manufacture using standard



diagramformin order to facilitate describing these

enbodi nent s. [0053] As used i n this appl i cation, the
woeomsivonponent , " "nodul e, "system " and t hecriuse006/034248

are intended to refer to a clgnputer-rel ated entity,

ei ther hardware, firmnvare, a conbi nation of hardware

and softvvare sof t war e, or software in execution. For

exanp a,conmponent may be, but is not limted to
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[0058] It should be understood that in the tree, nodes 104 and 106 are shown as

E 1

parent nodes, but they can also be in communication with access terminals. For
example, access point 104 can be in communication with access point 108-112 and also
an access terminal (not shown) at substantially the same time. In such a manner, the
access terminal is in direct communication with access point 104. It should also be
understood that some or all of the access points or nodes can be access terminals that

serve as relay nodes for other terminals. Thus, the configuration illustrated is for



but are not Iimted to magnetic storage devices (e.g.,

hard di sk, floppy disk, nmagnetic strips. . .), optical
wdizeks¢wig., conpact disk (CD), digital versaprCraseiosk34248

(DVD). . .), smart cards, ap flash menory devi ces

(e.g., card, stick, key dri v .). [0056] Various

errbodi ments will be present ed |n terrrs of systens that

i nclude a nunber of conponents, mdul es,. and t
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end devices. As illustrated, access point or root node
linkg2 s the only wired access point and may be wired to
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Vi ng he tree, access point 104 is the
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is the parent of children access points 114 (whose

[0064]1 dr en Syrem Hidinplaes ningpacesss tarppinala A 48-134 thuhs dhgee are nine
rofl e B0 i UR0REL gt ey e 00

are shown
shpald ®etconfiglesd toatisurtelaefpir sharirg faedoardes a@rommmmaﬂbwm The

W th access.termnals. For exa SS. pol .nt
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to%aagnﬁﬁlgqﬁsﬁﬁm g{‘ c@owsubst antial I'y
the sane tine. In such rranner t he access term nal

[0062]i n di rAcillustoateds aiftoat from amourcea(wéstsofrjnfomati@x) to dlata sink
houl d be under st ood_th he .
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node 102 and the intended recipient or sink is access terminal 126 (forward link), the

communication traverses to access node 104, then to access node 112, then to sink or
access terminal 126. The flows from root node 102 to the other access terminals (data
sinks) 118-134 traverse through three hops in a similar manner. For a reverse link (e.g.,
from access terminal(s) 118-134 to root node 102), the communication traverses in an
order that is reverse than that traveled for a forward link. It should be understood that a
multi-hop wireless network could have more or fewer hops than those shown and
described and that different access terminals may have a different number of hops.
[0063] In the detailed description, various aspects and embodiments may be

described in the context of a Code Division Multiple Access (CDMA) system. In
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configuration illustrated is forexanple purposes only
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matter to the illustrated cqaflguratlon [0059] A
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lows fromroot node 102 to the ot her access
comtmwaps (data sinks) 118-134 traverse through three

[ ' ner,.. For reverse
00T, o da Bl R b Sy oS BimsRsiecint B st drGsibice figos)
sclesdintitig diseiplindistioRYRE® & HGbPdtheduling, the goal is to provide all flows

the same throughput unless the throughput for one or more flows may be improved

without reducing the throughput for any other flows. In addition to EGoS, other
fairness metrics such as weighted grade of service and proportional fairness may be

implemented.
[0066] The following notations will be utilized in the following discussion for

sender-based scheduling or rate control. A, is the number of access terminals (data
sinks) associated with AP 7 (Access Point 7). U, is the common throughput of access

terminals (data sinks) associated with AP 7. R, is the instantaneous transmission rate to

15$100s §hmdadh bedecwilt bapsswded ¢ feh power with the — ~ -



order that is reverse than thathtraveleﬁt{oaog forward
ink. It should be understood that a nu -
W(lwzzrr)](;msml network could have nmore or fewer hopBCTIUE2006/034248
t hose shown and descri bed anq that different accesz3
termnals may have a differen? nunber of hops. [0063]

' description, various aspects and
ot o oy c n the context of a Code

ST B e 22
T equency T euder gt mlEp Rhdthesenedes I v mmeive notations

frequency reuse (e.qg., no

apeaiilibe insFigul .t aneously without any static
o for explanation purposes, a

i tioning) and, _ ! |
[6@‘@ cont ﬁga 35?111}5@61;@@ {agbﬂwam& lialn dorﬂgﬂf{cgﬁnglﬁg@)vggg P?WS from
B AR MR A il Tl U 06k D, B2, 341 26, o, and
2OMBhs yesesstermiiavie 204000 devELLRSE. Falk ﬁkébgelc‘z?%sg %ﬁg\} 202.is the

' ~» Wile these inventive aspect:
d&éﬁ%&%ﬁ’ﬁs@e“% , 220 236251 arel 20t s Edodestied divedtys,

ol ] i inlyl - readi | ppreci ate that
O BB A R S S
it 8 30 ot s,
EO T RO L
fermmiy For&Reails, diAKE dwitdil Age A appkications.
0064] Schedul ing wi thin system a !
te[}ygglglg, i te anthersmessspbiatl Einisenode 239 i§ eor&iderefdr@ﬁ?a&érﬂ Bo8d that
_—y gheduled r r ﬁontroLIed schedul 1 ng
15%&&%%1.@ i aive O% Z?irlg/%g,[ﬁr@%\ygﬁy 0 p@rchélggérﬁ.gqsmfylog@l EPYses,
10 Q&IDMA.,,neamzkremfdrmefd@m%ﬁgituh?%f&-%t?\%gf&%%bﬁs”@ﬁ@%%ﬁndéﬁna )
R R i RO AL A
' . i Rl Cl1 . ass ti.on on ti .
eVERMAE uhdy IS Sonsidied el RES ﬂ?ﬂwse@% shitte forawde 234 is
shown af 2%%epti on at any given time (e.g., pure Tine
i Vi sion | tipl ex (TDM . For exenp| ary pur pOSGS,' t he .
[0(5369 erse |1%|Y$ﬂ§t lilgﬁfrqﬁes&ewgg W@l@@mpgﬂﬂemd@ﬁmm tiBgbs fair
L . i tions from man
A L1 Tt oY e AR B0%s C-R Sl 30 thatcan
CORRBIated 84 chmmusdtativelxtcoumledtwicth & asht 268384 thigh R %H% or
PRt L LA e AR SRR LR A
o or boltl(ﬁﬁa ? ok\ié’r %"‘f"'. ﬁ ?ﬁ%ﬂ@@ﬁewﬁf &cqesyterrama )
anc.l }Jlrﬁ(c;r:nr)érﬂpﬁrne?ag%drbr@) ggg.s,g&@cgﬂr?s lltzegrll}g‘%g %‘?2&1 gﬂgl boefa @é?' $ipk gr a data

sou { jedtionifloay. i System BeONEs bel dOuIEa S 2 trec-lik
A ool g Buseiiphilos Iotzb}}ilsge Al | e Do treclike
corSipRegidh isBeilartd hedQfkE gt SPsHY R described with reference to the

above figures. It should be understood that while the illustrated communication route

includes three hops, in some embodiments the communication route can include more
or fewer hops between access terminal(s) 302 and root node 304. For example, access
terminal 302 can communicate directly with root node 304 or access terminal 302 can
communicate with root node 304 through a single leaf node 306.

[0070] Leafnode 306 can include a transmitter/receiver 310 that can be
configured to receive data from, and send data to, its children (e.g., access terminal(s)
302) and/or its parent node 308). For rate-controlled multi-hop scheduling, the

information can include the number of access terminals 302 under leaf node 306 and a
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204- 220 are data sinks. The wired access point 202 is
a8t he data source. Nodes 222, 224, 226, 228, and 230 are
| eaf nodes that directly communi cate with the access
term nals 204-220. It should be understood that access
term nals could also co nicate with node 232,
however, the definitionf & leaf node, as used
herein, is that a | eaf nodé%g?g& comruni cates with
access termnals on the fori l'ink. For exanple, on
the forward Iink, node 222 is sending data to the
access terninals, not to another. access- point.- Thus; -~ -
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begerviad gen bacrpress¢d®E81 A- sub-tree for-Node 232 is
illustrated at 236, which is all the nodes and
term nal s under node 232. Assum ng node 232 is a root
and descending the tree, everiything under it is
considered to be a sub-t Qg.)%%kemﬂse, the sub-tree
for node 234 is shown at//Z3 69] Fig. 3
illustrates a wireless co iGation system 300 that
utilizes fair scheduling teéhhi dues. System 300
i ncl udes one or nore access termnals 302 that can
conmuni cate (e.g., conmmunicatively coupled) with a
[003dt noddoBBpowhr cangilolledmudir-hop sehethdalz detabmsnagios, leaf node
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transmit power needed by access terminal(s) under it. As illustrated, the receiver can

calculate a transmit power associated with each child node based on a determined
throughput. However, in some embodiments, the receiver determines a receive power
associated with each child node based on a determined throughput. The receiver can
reiteratively (e.g., through up/down commands) cause the transmitter to change its
transmit power. Thus, achieving the desired receive power. It should be noted that
receive power is the transmit power times the channel gain. A carrier-to-interference
(C/T) ratio is the ratio of the amplitude of a radio frequency carrier to the amplitude of
interference. The C/I ratio, as measured at the receiver, is a function of the receive

power. Thus, the receiver can control its C/I ratio by controlling its receive power.



and one or nore parent nodes 308. Access termninal 302
can be a data sink or a data source depending on the
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tree-like configuration simjar to the configuration
shown and described with reférence to the above
figures. It should be under st ood that while the
tion route includes three hops,
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[0077] The rate may also be modified based on other factors in order to provide

flow based fair scheduling throughout system 300. Value adjuster 316 may also adjust
the target throughput available to each access terminal 302 and thereby the required
transmit power from the terminal if an ascending node (e. g., parent node 308, root node
304) determines that there is a violation of a peak power constraint and/or a rise-over-
thermal constraint. In this example, data flow is from access terminal to the root node.
An intermediate node (e.g., parent node 308) might need to know if there is ébottleneck

upstream and slow down the throughput it is receiving from its children accordingly.



reiteratively {e.g., through up/down commands) cause

the transmtter to change its transmt power. Thus,
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noted that receive power is.the transmt power tines

t he channel gain. A carrier-to-interference {CV)

ratio is the ratio of the anplitude of a radio

frequency carrier to the anplitude of interference.
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node 308 do not need to convey the throughput
evplytion dete oaly (EY-DO) technology, general packet radio service (GPRS),
enhanced data GSM environment (EDGE), high speed downlink data packet access

(HSPDA), analog and digital satellite systems, and any other technologies/protocols that

-

may be used in at least one of a wireless communications network and a data
communications network.

[0080] With reference now to Fig. 4, illustrated is another embodiment of a
system 400 that provides flow based fair scheduling. System 400 is similar to the
systems described in conjunction with the preceding figures. System 400 includes one

or more access terminal 402 that can communicate with a root node 404. The
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410 can also be configured to receive from its children (e.g. leaf node(s) 406 under it) a

=3

calculated transmit power needed by the access terminal(s) 402 under respective leaf
node(s) 406.

[0083] Parent node 408 includes a scheduler 412 and a calculator 414 that can
individually determine whether parent node 408 is an obstruction. During rate
controlled multi-hop scheduling, scheduler 412 receives the number of children and
throughput information for each leaf node 406 under parent node 408. The fraction of
time each leaf node 406 needs to be scheduled to meet its throughput requirements is
determined and the sum of all fractions of times for all leaf nodes 406 under parent node

408 is determined. If the sum of all fractions of time is less than or equal to one, parent
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[0886] | Forpowercon ol schelaufmgf, ShIEG 6 494 BAL ﬁé‘&orﬂ‘fgﬁiféd to
determine if'the transmit power requested by each child node meets a C/I ratio. Such a
determination can be based on the number of children and the throughput to each child.
According to some embodiments, this determination can be performed by obtaining a
threshold value and mapping that value to a desired C/I value. The C/I value can be
stored in the look-up table 418, for example, and can be found by locating the
throughput. Once the C/I value is determined, the power control problem can be solved
to determine the transmit (or receive) power that will achieve the C/I value.

[0087] In accordance with some embodiments, information can be obtained
periodically concerning available headroom to peak transmit power from all the

children. There are two constraints that should be considered, which are the maximum
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until the sumof the thr ough%ut s is less than or
404 it can determine or compute the sustainable throughput for data sinks (access

terminals 402) in the tree.

[0090] In some embodiments, the root node 404 determines the final throughput
value and communicates the determined value to its child nodes. Each child node can
adjust its respective scheduling time fractions, as appropriate, based on the final
threshold value received from root node 404. The time scale over which the fractions
are met can depend on the application and the rate at which the channel changes.

[0091] In accordance with some embodiments, the nodes can scale back the total

throughput they receive from respective child nodes if such node(s) is not able to obtain
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can be used to maintain the received power within an

will [be baiser apyregisias wislntrseroncetth sha fave chasts ofifigs: 5+8. oWbila for
R bR B BB B Sl
setidsTBfbldcks,4eisngbe understood and appreciated that the claimed subject matter is
not limited by the number or order of blocks, as some blocks may occur in different
orders and/or concurrently with other blocks from what is depicted and described
herein. Moreover, not all illustrated blocks may be required to implement the
methodologies described hereinafter. It is to be appreciated that the functionality
associated with the blocks may be implemented by software, hardware, a combination
thereof or any other suitable means such as device, system, process, and component.
Additionally, it should be further appreciated that the methodologies disclosed
hereinafter and throughout this specification are capable of being stored on an article of

manufacture to facilitate transporting and transferring such methodologies to various



reached, the parent node 408 can automatically

apportion reverse link capacity according to the needs
wofod7lsorodes under the parent node 408. [ 0088pcrfustdve/o34248
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each! nltulicP shotldbe s¢ e&usfeds to meet its specified throughput can be expressed as:

[0097] In some embodiments, the throughput may be calculated without
considering constraints within the network, including the constraints of any parent
nodes. The leaf node(s) can give each of its child nodes a similar throughput. However,
in accordance with some embodiments, one or more child node can be given a different

throughput. Therefore, the throughput can be divided equally or it can be adjusted



transmt to the parent. This can be accommobdat ed by
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threshold is utilized to swwtch off the flow The sane

thresholds, or different thresholds, can be used to
switch on the flow and/ or<i pcrease the rate of the

flow. [0094] In view of the'/exenplary systenms shown

and descri bed above, methddol ogi es that may be

I mpl emented in accordance with the di scl osed subject
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article of
ascending node up to a root node. After determining the throughput for each child, the

_.L)

information is sent to the parent node, at 508. If the node determining the throughput
for each child is the root node, the information is not sent to a parent node, at 508.
[00101] The method 500 can be repeated with the next ascending node in the tree
calculating the scheduling time of its child nodes. It is to be understood that this act can
be recursive such that any number of ascending nodes can calculate the scheduling time
of its child node(s) and determine whether it is an obstruction until a root node (wired
node or data source) is reached. The root node can determine a scheduling policy based
on the time fractions calculated, at 510. This scheduling policy can be implemented

without notifying the child nodes of the policy or, in accordance with some
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lowiest Eoughput Yalug. Fhscrapationston this gan heowressed ass chi | d
nodes a simlar throughput. However, in accordance
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given a different throughputM fgherefore, the
t hroughput can be divi ded; eqa-aLHy or it can be
adj ust edaccording to a QJaI [ t& of Service (QoS)
metric, for exanple. In sonme enbodi ments, the

[00105] At 608, a determination is made whether the sum of the fractions of time
is less than unity or one. Ifit is less than one (“YES”), it indicates that afier assigning
the identified lowest throughput value U to all data sinks under this obstruction node,
there is spare capacity remaining that can be distributed among the other data sinks that
have a higher throughput requirement. At 610, the identified lowest throughput is
assigned to the child nodes whose data sinks specified the lowest throughput (as



t hroughput of each child node can be cal cul at ed
utilizing a maxm n fairness concept, which wll be
wdizemsemd in nore detail bel ow. [0098] At 506PCThS2006/034248
node determnes if it is a thtleneck or obstruction
within the tree. This can bé established, for exanple,
based on an equal grade of service throughput of its
child _nodes and the fraction of tine its child nodes
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itself in the tree is determned utilizing,
Cam&ﬁpne@n@kﬁﬁwrthOngrfm concept, at 510, which will

be discussed in detail with reference to Fig. 6. The

determ nati on whether this node is an obstruction can

be repeated for each aseending node.up to a root node.

After deternmining the tHr® for each child, the
information is sent to the ai('eét node, at 508. If the
node determ ning the throughpdt™for each child is the

root node, the information is not sent to a parent
node, at 508. [00101] The nethod 500 can be repeated
[opid7p t he mRtimAsstndiing eaaﬁanms sdhatie®R SRl ltr?et Au8inable
the scheduling tine of its child nodes. It is
understood that this act can bedBSéurS|ve such thatz
fs

thegnghpwreb 61 2,ahn be exprdisad as g esMc’an,c alThalvatter ol and U is
scheduling time of its child node(s) and determ ne

paﬂ%@ TR the%bbt?uc@lﬁn 99?(5 foUd faPdht egtsh&hla bk (ﬁgfedM Ehe ViISESF 1

or data source) Is reac e root e can
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2). Child node 1 has five access terminals that specified a throughput of one and child
node 2 has three access terminals that specified a throughput of two. Assume that
parent node cannot find fractions of time summing to less than or equal to one based on
these specified values. Parent node first assigns all eight access terminals the
throughput of one (which is the lowest throughput) and makes a determination whether
it can support this value. Ifit can support that value for all eight access terminals, the
throughput value of one is assigned to the access terminals under child node 1 (e.g., the
data sinks under child node 1 receive their specified throughput). Next parent node
determines what value (between one and two) it can give to the access terminals under

node 2. In such a manner the access terminals under node 2 do not get the throughput



wi t hout notifying the child nodes of the policy or, in

accordance wth soneenbodi nents, the root node can
weent/osie1 schedul i ng policy information to itsPChiusen06/034248
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aut omat ed and/ or dynam c cafcul ati on of scheduling

time can be enployed in connection with soms
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IS spare capacity remaining that can be distributed
[08hi®hg t hdJmeghalrtangat thragighiss ithhe tree can be accommodated by

associating weights to the number of users (e.g., data sinks) when determining the

sustainable throughput to children. For example, a node has two children with M; and
M, data sinks, rates R; and R, and the parent node desires to provide w; times more

throughput to data sinks on child 1 compared to child 2. This can be obtained by
solving f, = wlMl% > /o =M2% and f, + f, =1. A similar approach can be
1 , 2

utilized for the power control case described below.

[00111] h illustrates a flow chart of a methodology 700 for supporting data
communications such as through power controlled multi-hop scheduling. In the
following detailed description for illustration purposes, the reverse link will be

described and it should be assumed that all children transmit simultaneously to their



have a hi gher throughput requirenent. At 610, the

identified | owest throughput is assigned to the child
woadegseose data sinks specified the | owest thcowghpans4248

(asdeterm ned at 604) and tE t child node is renoved

fromfurther consideration. thod 600 can return to
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required C/I ratio, denoted by 7 =[y, y, ---¥,]. In CDMA systems, for example, this

may be accomplished by the use of an “outer loop” power control wherein the C/I target

is raised or lowered based on frame/bit error rate performance. The goal is to compute

powers p=[p, p, ---p,] so that each user achieves its target C/I while meeting the

peak power and ROT constraints. The solutions can be obtained by solving the

following equations:



manner. [00109] To further illustrate, the follow ng
WO 2001/60Usi on is provided with reference agai PGIGUEP/032248
In particular, this discussion will focus on the
sub-tree 236 for node 232. ?uppose that anong all the
data sinks 204, 206, 208, 210, 212, and 214 in this
sub tree 236, data sinks 204 and 206 specified the
| owest throughput. For si I|C|ty, assume that data
sinks under a condbp@ed+Adfie haVREIE he sane
t hroughput. Each of the nodes 222, 224, and 226
communi cate their throughput needed to node 232, which
then conputes the gptlonh ti.me_j 3& houl d schedul e
each of the nodes 1 224,926 in Her to meet those
requirenents. b e Miact r’lons ‘sumid2a val ue greater
than unity, nod&?2 2 determines.if iit ¢an support the
| owest throughput, nely zfat of d?ta si nks 204 and
206, for all data %@'20 7214 1f" he fractions sum
to less than unity, then it assrgns the requisite
t hroughput to data sinks 204 and 206, determ nes the
to schedul e node 222 and conti nues
“ﬂt&fgé?g??%%%gﬁ$?l t can do better for nodes 224 and
226 To do so, it chooses the smaller of the data sink
t hroughputs from 208, 210, 21@% and Agsuning 208
needs a snalpéuuﬁﬁpamdﬁput PeahPov e %¥§am.r 214, node
232 attenpts to assign the throughput of 208 to al

remai ni ng data}éjnk&mGZUS 21E%Oitﬁgwg?ﬁ0214) I f node

232 still has C‘apﬁ‘“T' to—spa I's assi gnnent,
it assigns the rerral ning capacity to 210, 212, and

214. If there is no spare capacrty, node 232 finds a
conmon t hr pughput for d 08, - - oamnde.
 Tho pawet eamtiohequafipn ¢t b f@ﬁ% ?d*ﬁﬁ%??@ﬂﬁool
10] Unequal target throughputs in the tree can be
accommodat ed by associ ating wei ghts to the nunber of
users (e.g., data srnkg) mﬁén+ erm ning the
sust ai nabl e throughp t'to For exanple, a
node has two children vwhﬁjz éﬁ?gQ data sinks, rates
R1 and R2 and the parent node #Hésires to provide W
times nore throughput to data sinks on child 1
conpared to child 2. This can be obtained by solving 1
W/in, f2-2/pdfx+g2=1 Asinlar
approach can be / k\ Wh¢BK:E1ﬂTTrzed for the power
control case described below. 7

[00114] If one or both constraints are violated by the computed power values, the
requested rates by children, or equivalently, the requested C/I values cannot be
sustained. In this situation, the parent can determine a feasible lower set of rates to all-
children. The sustainable rate to each child can be determined to attain maxmin fairness
for each flow, which will be described with reference to Fig. 8.

[00115] Referring now to Fig. 7, at 702, a particular node (e.g., parent node, root
node) receives a throughput specified by its child node(s), which are communicatively
coupled to the parent (or root) node. The received throughput can be a desired
throughput per data sink associated with each child node. At 704, a transmit power and

a receive power associated with each child node is determined based, in part, on the



[00111] h illustrates a flow chart of a nethodol ogy

700 for supporting data comruni cati ons such as through
woawerseont rol | ed mul ti-hop scheduling. In thePCT/US2006/034248

foll owi ng detail ed descripti n for illustration

pur poses, the reverse |ink be described and it

shoul d be assuned that all chlldren transm t

simul taneously to theirparent and are power controlled
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control " oops to each transmtter. The ROT constraint
demmanpit shednlingpoliey bassd enntlieast oe abihe |dbty:nnmed frosamit and

s _and t he Io ver 0 a solu
et AR Py AR AR e fhicHis SRhedpiie poticy
lnﬁﬁﬁgmﬁinﬁQhﬁ&gbgm mechani sms ot her than those shown
and descri bed can be utilized to acconplish power

[08W T r ol . FigRiiluptrates aflowshrhgl # methodelesy ﬁ@?rfqraﬁrélﬂtgcﬁ
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requeste e parent
begs, %It@ﬂ”b,lli}&nitﬁhzmg an assignment set of nodes in consideration to include all

child nodes under the obstruction node. At 804, the child node, whose data sinks need

the lowest throughput among the remaining child nodes under consideration, is

identified and its value can be recorded. This can involve initializing an assignment set

Stobeequalto {M,;,U;} containing the requirements of ail children, and defining U

to be equal to min U; and C to b equal to arg min U ;- The value can be recorded,

stored, maintained, or the like in a retrievable format. The power control problem can
be solved, at 806, with the assumption that all data sinks in the sub-tree were assigned
the lowest throughput value (as determined at 804).



required ¢/ |1 ratio, denoted by g g 2 - gk ] . In COVA

wo ®¥Fés8iE. for exanple, this may be acconpli shed RpodsBs24s
use of an "outer | oop" power control wherein the I

target is raised or |owered,pased on frane/bit error
rate performance. The goal Ts to conpute powers P =Ilpl
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sumihdﬁedatesmkrﬁmnghmltua/@thmmdpl ed to the parent (or

10QUF8E oot tp SFeEA e SR SO BRORE o RO ERP R or
thdyEnotAliol4ed with &N uhlnngﬁ O”fien thd BEEhYS tRROERput is

associ ated with each chil de i s determ ned based,
~ assignedde ell dafa smké i theitiee anderdhe eenstrainingghgdmode, at 812 This

B A e .

e sustal na I oug Vi ng

[08120] r ol [he lnhalmmomﬁﬁ@bseargon,ewnerb thd remaisngetdldtdodes
t he node has neasured the other cell interference

unges Repsideratiomer RaplyFsh fe@eﬁeme theelakhnagle Ftese date sinkeaeed the

10\?%2 l%%l?ﬁt O@ger}ggtgf) g(? béﬁf é)}‘mﬁﬁeow s\i‘ﬁﬁ%ﬁ fallg't samb Warfdet until

allcchﬂdnb@selde arsigngd Mthramghput vdlneom each chil d node/ The

ate fromeach c can
(04T o HHEQH PUalE FOH PR THRE Ao g atots Hiyiiiig?
witdiig bbbk OR S8 URS Par§RclioVAb4#ént node. It should be understood that
the systems that will be described with reference to Figs. 9 through 12 are represented

as functional blocks, which can be functional blocks that represent functions
implemented by a processor, software or combination thereof.

[00122] System 900 can be implemented in a wireless device and can include a
means for receiving 902 that can be configured to receive a desired throughput per data
sink associated with each child node. The child node is communicatively coupled to a
parent node. The means for receiving 902 may comprise a receiver or may be
implemented in a processor. Also included is a means for determining a time each child
node should be scheduled 904, which may comprise a scheduler or may be implemented
in a processor. Such a determination can be made based on the desired throughputs. A
means for determining whether the parent node is an obstruction 906 can determine

whether the parent node is an obstruction based on the determined scheduled times. The



[00116] At 706, a determ nation is nmade whether this
node is an obstruction. Such determ nation can
woanwicder1 whet her constraints are viol ated. ThPeTaam0b034248
determ ned by solving the poyer control problem and
eval uating the peak power constraint and the ROT
constraint. If this node is not an obstruction (e.qg.
traints are not violated) ("NO'), the met hod
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Mean: %or receiving 1102 may comprise a receiver or may be implemented in a

;_

processor. The child node is communicatively coupled to the parent node. A means for
determining a transmit power and/or a receive power 1104 can be configured to
determine a transmit power or a receive power associated with each child node based on
the desired throughput. Means for determining a transmit power and/or a receive power
1104 may comprise a calculator or may be implemented in a processor. In accordance
with some embodiments, either or both transmit power and receive power can be
determined. Also included in system 1100 is a means for determining whether the

parent is an obstruction 1106 that can be configured to determine whether the parent



conputed so that the constraints are nmet. This can
i nvol ve solving the two constraint equations,
wdizewusewd above, and choosing the smaller of POE/USMYG6/034248
val ues. Both constraints are {ion-decreasn ng in the
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obstruction can
accordance with one or more of the disclosed embodiments. System 1300 can reside in

an access point and/or in a user device. System 1300 comprises a-receiver 1302 that can
receive a signal from, for example, a receiver antenna. The receiver 1302 can perform
typical actions thereon, such as filtering, amplifying, efc. the received signal. The
receiver 1302 can also digitize the signal to obtain samples. A demodulator 1304 can
retrieve information bits from the received si gnals and provide them to a processor
1306.

[00127] Processor 1306 can be a processor dedicated to analyzing information
received by receiver component 1302 and/or generating information for transmission by

a transmitter 1312. In addition or alternatively, processor 1306 can control one or more
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sigﬁh‘?@ffrgﬁso%% of tore user devices 1404 by a receive antenna 1406, and transmits

to the one or more user devices 1404 through a transmit antenna 1408, However, one
antenna can be utilized to both transmit and receive the signal according to some
embodiments.

[00130] Base station 1402 comprises a receiver 1410 that receives information
from receive antenna 1406 and is operatively associated with a demodulator 1412 that
demodulates received information. Demodulated symbols are analyzed by a processor
1414 that is coupled to a memory 1416 that stores information related to the number of

data sinks in a particular flow, a measured throughput rate, a computed throughput rate,
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transmission over the wireless channel. The downlink signal is then transmitted through

(_Q-l

an antenna 1525 to the terminals. At terminal 1530, an antenna 1535 receives the
downlink signal and provides a received signal to a receiver unit (RCVR) 1540.
Receiver unit 1540 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1545 obtains N received symbols and provides received pilot symbols to a
processor 1550 for channel estimation. Symbol demodulator 1545 further receives a
frequency response estimate for the downlink from processor 1550, performs data

demodulation on the received data symbols to obtain data symbol estimates (which are



an access point and/or in a user device. System 13|00
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menory
and the hke ) multiple terminals can transmit concurrently on the uplink. For such a

system, the pilot subbands may be shared among different terminals. The channel
estimation techniques may be used in cases where the pilot subbands for each terminal
span the entire operating band (possibly except for the band edges). Such a pilot
subband structure would be desirable to obtain frequency diversity for each terminal.
The techniques described herein may be implemented by various means. For example,
these techniques may be implemented in hardware, software, or a combination thereof.
For a hardware implementation, the processing units used for channel estimation may be
implemented within one or more application specific integrated circuits (ASICs), digital

signal processors (DSPs), digital signal processing devices (DSPDs), programmable



synbol nodul ator 1310 and a transmtter 1312 that
transmts the nodul ated signal. [00129] Fig. 14 is an
woRkbargseati on of a system 1400 that facilitat eBCT/US2006/034248
coordi nation of flow based fai.r scheduling in
accordance with various enbodinents. System 1400
conprises a base station or access point 1402. As
402 receives signal (s) from
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[OOQ%P What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned -
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Furthermore, to
the extent that the term “includes” is used in either the detailed description or the

claims, such term is intended to be inclusive in a manner similar to the term



synbol, a pilot synmbol, or a signal value of zero. The

pil ot synbols may be sent continuously in each synbol
weoeni7edo19The pil ot synbols can be frequency di PCEiUSZ006/034248

mul ti pl exed (FDM, orthogonalfrequency division

mul ti pl exed (OFDM), tinme division nultiplexed (TDV,

frequency division nmultiplexed (FDM, or code division

<l ti-nl exed. (CDM) . LOOlSﬁ% A transmtter unit (TMIR)
%.b)h@{el eigsveC mgf%mgowaﬁe ctef hsn emplayed as y budioriahvord in a
ctai@. or nore anal og signals and further conditions
(e.g., anplifies, filters, and frequency upconverts)
the anal og signals to generate a downlink signa
suitable for transm ssion over the wreless channel.
The downlink signal is then transmtted through an
antenna 1525 to the termnals. At termnal 1530, an
antenna 1535 receives the downlink signal and provides
a received signal to a receiver unit (RCVR) 1540.
Receiver unit 1540 conditions (e.g., filters,
anplifies, and frequency downconverts) the received
signal and digitizes the conditioned signal to obtain
sanpl es. A synbol denodul ator 1545 obtains received
synbol s and provi des received pilot synbols to a
processor 1550 for channel estimation. Synbol

denodul ator 1545 further receives a frequency response
estimate for the downlink from processor 1550,
perfornms data denodul ation on the received data
synbols to obtain data synbol estimates (which
areestinmates of the transnitted data synbols), and
provi des the data synbol estinates to an RX data

- processor. 1555, which denodul ates {i.e., synbol. .. . .. .

demaps), deinterl eaves, and decodes the data synbol
estimates to recover the transmitted traffic data. The
processi ng by synbol denodul ator 1545 and RX data
processor 1555 is conplenentary to the processing by
synbol nodul ator 1515 and TX data processor 1510,
respectively, at access point 1505. [00134] On the
uplink, a TX data processor 1560 processes traffic
data and provi des data synbols. A synbol nodul ator
1565 receives and nultiplexes the data synbols with
pil ot synmbols, performs nodul ation, and provides a
stream of synbols. Atransmtter unit 1570 then

recei ves and processes the stream of synbols to
generate an uplink signal, which is transmtted by the
antenna 1535 to the access point 1505. [00135] At
access point 1505, the uplink signal fromterm na

1530 is received by



the antenna 1525 and processed by a receiver unit 1575

to obtain sanples. A synbol denodul ator 1580 then
wonrorasews t he sanpl es and provides recei ved PCrms2006/034248

synbol s-and - - data synbol ,estinmates for the uplink.

An RX data processor 1585 p?Zcesses t he data synbol

estimates to recover the traffic data transmtted by

term nal 1530.. A processor 1590 perforns channe

estimation for each acti velA&Si nal transnitting on

t he uplink. [00136] Processors 1590 and 1550 direct

Yo PR trol, coordinate, nanage, . . .) operation

Vdﬁﬁlggggggﬂ%bint 1505 and term nal 1530, respectively.

Respective processors 1590 and 1550 can be associ at ed

wi th menory units_(ngt shown) that store program codes
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may dstermindng Whetbestbs patset modeheampdbsomcisarbirsedion fierdeteanined
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st r uktamhéningy taolgpdefr s@ipottideteadh Hath Rirk!i S t node is an

diversity for each termnal. The techni ques descri bed
obEEYIoR- may be i npl emented by various neans. For

exanpl e, these techniques may be inplenented in

har dwar e, software, or a conbination.thereof--For-a -~ """

2. har dEimrmeethovbbfaiEnt hidetenmirtiiea fime eedséhill node sBould be sdhetuled
annel .estjnption may be inplenented within e or
onfl dPApAG A Grb PR Ioge {5 IR B AP (PSS (RSO
aséin@irodlods L Ak rdvt @6@SSors (DSPs), digital signal
processi ng- devi ces (DSPDs), progranmabl el ogi c devi ces

(PLDs), field progranmabl e gate arrays (FPGAs), :

5 or B Sl SRRD] B Bl Shg erhyifns Hediermingd troughput
foﬂﬁlril)‘gﬁﬁﬂigtebﬁl d4m ik @ﬂlﬁg\?&‘éﬁﬁﬂdﬂ@@s Hestirletidd tod root node.
0

c i nation thereof. th software, inplenmentation can
be through nodules (e.g., procedures, functions, and

. f . i i R
450, B e BEILRLE 06 LUIGHISES- AL RO ISl o

ware co
theroet nodeg tHeyschddalipg pokosio based pAGhadeerhfibél thiQFhP] fot t
derstood that the enbodi nents descri bed

IS 1.0 be .
S“W@F@F%eﬂﬁggﬁél | ement ed by hardware, software,
firmvare, m ddl eware, m crocode, or any

5. The method of claim 1, if the parent node is an obstruction further comprising:

identifying the child node whose at least one data sink needs a smallest
throughput;

assigning the smallest throughput to the at least one data sink associated with
each child node;

determining a fraction of time each child node should be scheduled based on the

assigned smallest throughputs; and



conmbi nation thereof. Wen the systens and/ or nethods
are inplenented in software, firmvare, m ddl eware or
waizergsoide, program code or code segnents, thepCmag2(06/034248
stored in a nmachi ne-readabl e dium such as a storage
conponent. A code segnment may represent a procedure, a
function, a subprogram a program a routine, a
subrod%y ne.. aia.:iir]%)dul e, a_ software package, a class, or

any COnbITAEs Yigpareiisiode sianohstrution dasadrancthe ses of die assigned
spratigdt AFosglpueent s. A code segnejitmay be coupled to

anot her - code- segnent or a hardware circuit by passing
and/or receiving information, data, argunents,

ara 10} ontents.. I nformation,
6gf g\lj\?%t%{sﬁhop?ggrfgﬁ%?legr THPL CYIPRYIBS: may be passed,

f or weletdamniningy if tHedd s Fhirk @ ' it e .means, ..

i ncl udi. n IIym)ry shglr)i ng%ﬁgggggﬁ%rgéﬂogg?é ?oc;c%gr??)structmn; and
pass P??@%ng% P CRRAsHs e ohild rodes WHISA 3Qh sfnks néed a

el dhpet BichdMh SRR Lak LR« Lle. techni ques descri bed
herei n rrgy biel | ng%%&n%j%?esglaaﬁt#:m%s (e.g.,
procedures, functions, and so on) that performthe
functyjons .descri bed herein. The software codes may be
7'storlgh pﬁﬂ‘ﬁ’éﬁgF 4 3; fusthgheprenrising: ed by processors. The
IMe MD#isgi gt ol thEBMalR&t § i.t.hi n the prqcessor_or
. %gt er nal tgg t heapr ogg@lsgglp,ﬁﬂpglgev% @ﬁmgg%m?%)atg%t o data sink

Frigremeliestvoylyo f thelparentiriode by 10 @ $BStrdcibRUIN
wn in the art. [00140] What has

beer HRERE AR Aie VHRER st Bheioh sk apcdsribe omaliot o

thﬂrdghpliltrfﬁﬁﬁmns[derétﬁ),n; of course, not possible to
descr.i be. every concei vabl e conbi nati on of conponents

~or ndeHEYBESgiestelildimoda mhoseat lest desdita ik geddinextsmallest—

nthﬁlgﬁ}ﬁﬂmmﬂﬁg?ﬁ?&ﬂedﬂs’ but one of ordinary ski

inthe art nmay r ognlozgs’that many further

contrissigning tiee rexd spelio¥ttheducBps: t6 theVatid BHSh 0%11,' PRALS
wiﬁ{gaCBOSSi'bl e. Aﬁcor di ngl y,gﬁ?lﬁe deescriabe e:dn%o [ rresrsl§%ated
at SR RIS hida@ndtace al | such alterat i ons,

nodideteg@bdi F3Ob VRl | hat fal it hin, the
spirit andﬁgsliope &&{tnzé%%gg% égmgfgﬁl'lrg\_é\ﬁq:q?}opw&e@ﬁh@l’uled
baged antfbe assignet nexizmalest theughphtnehades” is used in

eit det.ai | ed description or the clainms, such

ter %g{e‘s?hﬂ‘ﬁ‘%geﬁ‘b%paf i BETS i 9bFiotipn basedmiias i of tha rassigned
nextonidilestttefont rising” as "conprising” is interpreted

when enployed as a transitional word in a claimCLAl M5

What is claimed is: 1. A nmethod of supporting data
8. COMpyy hfeﬂ{ddq{f'cla%gq? (V'h%rleﬂgdetermining a throughput for supporting each

data sink if the parent node is an obstruction is based on a maxmin fairness concept.

9. The method of claim 1, determining whether the parent node is an obstruction
comprising;

determining if the sum of time each child node should be scheduled is less than
or equal to unity; and

determining that the parent node is not an obstruction if the determined sum of

time is less than or equal to unity.

10.  The method of claim 1, wherein at least one parent node is a terminal.



receiving at a parent node a desired throughput per

data sink associated with each child node, the child
waaoE/seiong conmuni catively coupled to the parear/usewe34248

determining a tine each chil d,node shoul d be schedul ed

based on the desired throughgats; det er mi ni ng whet her

the parent node is an obstruction based on the

determ ned schedul ed tines; and determning a

t hroughput for supporting each data sink if the parent

Inode Arsaparddisto gj,;ﬂpb' od of claiml,

det er ni nri%ﬁfg a tifm? eggﬁ%ﬁ%%‘gﬁé&s ot P &S chedul ed

and JdEERaLYAT thatgeogtves hdesiteddhmpapiepit paodhea disk addociated with each

| . t f h di d t
B e e S

conpraisshatiglep tiey Héﬁbﬁﬂin&@@&iﬂﬁ%ﬁéﬂ@lﬁﬁ%&d@ %ﬁ&ﬁ&] B gcshfeglir;]led based on

upporting each data sink if the parent node’|
t%%@ﬁ@pﬂi{hir%hpgts and defermiperewhetherthe paretithmde 0f arctRirieton based

i ceceiving a schedul in olicy from
oh iid di8& ché‘(%lﬂ&i tﬁrﬁgsé 81&41 g g p y

t he root node, e sC ing policy is based on the

det erivaleddivkteotighgdeterniings SHRRGHHLTEr 8BPHtAB LA K sin ;
g‘%’ Thg1 net haqd of .claim1l, if thef)par en 5no%g ?%hs%{t]né(smklfthe
PEEREITEES THOSHPEYY conpri sing: identifying the child
node whose at |east one data sink needs a snall est

t hr oughput; assigning the smallest throughput to the
12t | éheeprormiusieficdhaini Tk firtime compednyh tran@eby mlmdﬁrgvides the

d %%]'] 1.0 a fractign of time each chi node
é{ ou %&{§g %lgtcfg?%‘&’p%%&a%hd%tﬁémléé%? Kpdaodgral | est

t hroughputs; anddetermning if the parent node is an
1fbst uction based on the sum of the assigned small est

hr otighpesiuse! cigie 12 theaeoepter dirthiomrdeivisin sétRAuling policy from - -

“thg%mriog' . 10iRg if..there is spare capacity if
P et o, M LR Th g oty R ot drigmaibed Graugput for
suphertwpaach dadpsinkty to the child nodes whose data sinks

need a throughput higher than the assigned snall est
t hr oughput .
14. The apparatus of claim 11, the value adjuster determines the throughput for

supporting each data sink based on a maxmin fairness concept.

15. A computer readable medium comprising instructions that upon execution cause
an apparatus to:

receive at a parent node a desired throughput per data sink associated with each
child node, the child node being communicatively coupled to the parent node;

determine a time each child node should be scheduled based on the desired
throughputs;

determine whether the parent node is an obstruction based on the determined
scheduled times; and

determine a throughput for supporting each data sink if the parent node is an
obstruction.



7. The method of claimb5, further conprising:

assigning the smallest throughput to the child node
wohow@sai| east one data sink needs the smal | eBCT/US2006/034248

t hroughput if the parent nodgois not an obstruction;

removing the child node whosé”at | east one data sink

needs the small est throughput from consideration;
| east One data

dentdfyin next. chil d node whose at
llg in kt'Ilr%l 8821%3%%%@"1@%@%@% of clpiny by dlminstrictions fuethed GHusE the
apprhitls ROSESide AFSdAigh mall &gt Lhropghput . 1o
the at, |east one data sitﬁiougg’é%g?rastu&o@“gﬁa@a‘g%gnklfthe
PRIgRERqterig an phstrcionie;a met mudei ni ng a fraction of tine
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tiﬁeiﬁe&y&ﬁm@de'g“lo%ﬁy_t han or equal to unity; and
determi ning that the parent node is not an obstruction
if the determined sumof tine is |ess than or equal to
nit e nethod of claim]l, wherein at |east one
18l|c§ar e)rgip r%cgﬁfg IiPoé,r Sgpqogﬁpﬁ, ﬁa&f‘ cqmmupication; Mepraeessarbeing configured
tosupporting data comruni cation, conprising: a receiver
that receives a desired throughput per data sink

- assJETAYRY anarent Bedan dasited thmoughpuoperdaiaGaild A66d dfated-with cach
C r that determ nes
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chaBLE R R F0he BB s s et bep s

atine ea
t he dgtesmined: tithe eactiivhild Sod@dshodRE Y SThaET: sLI§ thte:%%ﬁgeal

r.ent node is an obstruction based on the detér
thlga%}g’dltﬁﬁ’ed tinmes; and a value adjuster that determ nes
a t ldeeufine whetiRl tRYARN: hbdldis 38 ShxHala, 31 olnf’[het ge(?rermined

scheduled times; and

_ determine a throughput for supporting each data sink if the parent node is an
obstruction.



parent node is an obstruction. 12. The apparatus of

claim1l, further conprising a transmtter that
wonrovicde®it he det erm ned t hroughput for suppor PCIESE@6/34248

data sink to a root node. 13.,.The apparatus of claim

12, the receiver iurther receives a scheduling policy

fromthe root node, wherein the scheduling policy is

based on the determ ned throughput for supporting each

data sink. 14. The apparatus of claim 11, the val ue

18dj usTterprélek®: B Bafn for ,supporting each

data.éigL based on aqﬁﬁggﬂéﬁﬁggﬁgﬁgggeggﬁcept. 15. A

conp ity theehild sodewhosmat teaptrdnsidats simSidede S kRRTost f3dughput;

upon [ se _an paratus to: receive at a
ggr ent %rg{g% Sglglc]‘gsg :djrrg‘ﬁgakpﬂf&fgﬁ plleast epe dafe sinkiapdociated with each
caddoedeat ed with each child node, the child node being

co nti catively coupled to the parent node; determ ne
a ti MECERER 2dkiction abiime saabuahild beds sttvatt besthb@getbR8d on the

a§s@ed@ﬁﬂafl&qtﬁr8ﬁ%ggpbﬁ(§; det ermi ne whet her the parent
b

node is an obsttuctfon based on the determ ned
schedefrraine lﬂfhsparamdiodeﬁﬁn’ﬂlﬂﬁu@tidnrﬁ'a%@mfﬁg shlof the assi gned
e

i.n ach data sink if the parent no I's an
S%g@?g?% l}ggﬂlstiﬁ. The conputer readabl e nmedi um of claim
15, the instructions further cause the apparatus to

Z(gr ovide the determ ned throughput for supporting each
at al§ piRCesson dfelqiar I8n furtheribeing coutigabst ouct i on to a
r oot coppyt er. readabl e nmedi um of claim
12 o i%l}]es r%%ﬁqgﬁoélg% oy the Rpsywhesetat &ast dne data sink
nesds thetsmatiek trsughbuoirshed pebitgiRal 1 t.he
apparatus _to; . determ nelwi%f the gu&g@g’?cﬁsﬁlﬁéﬁ%&ch child
__nodd®EN¥a s Bid sedewhosedt lesst arsslataink wedeheatnatiest -

‘thwm'h it FRRS rmpe that the parent node is not an
obgtl?luucti o%(qll%%é% e{?gﬂﬂet ermned sumof tine is |l ess than
' dat
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or ddendify e oexirhild nodBwhéselft RESESHRIdafA
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assign the next smallest throughput to the at least one data sink associated with
each remaining child node;
determine a fraction of time each remaining child node should be scheduled
based on the assigned next smallest throughputs; and
determine if the parent node is an obstruction based on the sum of the assigned

next smallest throughputs.

21.  An apparatus for supporting data communication comprising:

means for receiving at a parent node a desired throughput per data sink
associated with each child node, the child node being communicatively coupled to the
parent node;

means for determining a time each child node should be scheduled based on the
desired throughputs;

means for determining whether the parent node is an obstruction based on the

determined scheduled times; and



receive at a parent node a desired throughput per

dat a- si nk-associ ated with each child node, the child
waaoE/seiong conmuni catively coupled to the parear/usewe34248

determine a tinme each child de shoul d be schedul ed

based on the desired through det er m ne whet her

the parent node is an obstructlon based on the

deterntne? schedul ed tinmes; and determ ne a throughput

for JUEBSTidtramine & twerahprkior supposingsamelntiata et if the parent

n@b§kﬁﬂﬁﬂ%@ﬁﬁéﬁ The processor of claim 18, further

being configured to: identify the child node whose at

| east one data sink needs a snallest throughput;

h |
285t o B BT Qi il e oo dorrstmateg oty o

sippectingsach Hathisik iLMe sched

bﬁst?aed on the aSSI gneg)afs‘e?rylu?délgg& ?%ﬁ%h%%?%mlgﬂﬁs e%n‘oughput
O TREIn fimespegnsapt. node is an obstruction based

on the sumof the assi gned snmal | est throughputs. 20.

The processor of claim 18, further being configured

23.0: Agséthod bherppomink @sta doﬁﬁﬂtiﬂéh%hs &ﬁneﬁﬁ%ﬁch' | d node

whose at. | east one data sink needs t | est
t hr o{?gjﬁ‘tiﬁtg e f?cﬁélos@a dpgired dlarouglspun per data mls hs"suﬁbﬂe@ With each

pafrelﬂﬁmqetaﬁi " at least o ta sink
needs the small1 est ﬁ%@& ﬁl%m[uc?t}vg %%qu toghnode;
i dendgterpining @)tuna:ihadtxdnleadepm&iﬁd@&hduﬁﬁﬁé sc%&lé’@ﬁa%ed on the
m%g@#gﬂ&ggé & iXt smal | est throughput fromrenmain
e A s gn the next snall est throughput to

the ddterh@is} 2 QORISR SpSit C
]g]ﬁ)l ni ng c | | d nodegelp erm ncgeil 1']}1€1%1r81<;1.|‘30 € ﬂHB?C%IHaﬁeélt node
ng chil d. node .shoul d .be .schedul ed.based .on. R,

the assi gned next small est throughputs; and determ ne
if the parent node is an obstruction based on the sum

24of {Te mahodoRdaineXd, @6 trSUPHBHAMR UES sink is a throughput for

supporting each data sink associated with a parent node.

25.  The method of claim 23, further comprising notifying each parent node of the

determined scheduling policy.

26.  An apparatus for supporting data communication, comprising;:

areceiver that receives a desired throughput per data sink associated with each
parent node, said parent node being communicatively coupled to a root node; and

a scheduler that determines a time fraction each parent node should be scheduled
based on the desired throughput and establishes a scheduling policy based on the time

fraction each parent node should be scheduled.

27.  The apparatus of claim 26, further comprising a transmitter that transmits the

determined scheduling policy to each parent node.

28. A computer readable medium comprising instructions that upon execution cause

an apparatus to:



2 1. An apparatus for supporting data conmunication

wo 080%0ie3l Ng: neans for receiving at a parent prgAR606/034248
desi red throughput per data sink associated with each
child node, the child node i ng communi catively
coupled to the parent node; nmeans for determning a
time each child node should be schedul ed based on the

desired thr ouoghp ts; nmeans faqr determ ning whether the
par BiSEiVRGHR1Q iesited irpeshpyhRE dlaktsininesserited itheach

ax%ﬁﬂ%i‘l@' &tk }%dré?ﬁ%odé‘ﬁggg 2Rt caﬁ'fél? ESgIEQ the F3E QUERPUL
for supporting eac ta sink parent node 1$ an
obstletagnine a tingPfractios eagipeareit meodo Shomlchbmchﬁdulemlmed pn the

t. or detern1n|ng a throughput for supporting
dﬁ%ﬁ@ﬁmaﬁq§> R if the parent node is an obstruction

det gstermiag a%ﬂﬁa&ﬁﬁ%ﬁ&ﬁ@%s%ﬁ%e Pitn A PRSIl Pirém B8 8e
concept. od of supporting data
S %@@h@ﬁﬂ@éﬂﬁ@ns conprising: receiving at a root node a
desi red throughput per data sink associated with each
parent node, said parent node bei ng communi catively
29 courhe dohputehead b0 mediia: ofbddiar 18, teigsttuctionefufthacdausdthe
each parent node shoul d be scheduled based on the
apRfsl OPrevEs therstermingdschrduingpaiqgo sack prrenfinode;
policy based on the tine fraction each parent node
shoul d be schedul ed, 24. The nethod of claim 23, the
30des A mdcdskordugsypportmgrdatiatommsuméation, the phocessgh peitig tarfigured
to: .supporting each data sink associated with a parent
'node. 25. The nethod of claim 23, further conprising

not idokive@ @@1@&& tﬂa@du%ﬁ utwi 8at® ink RSsodRLQY Wit 8£Eh parent node, said
schedul i ng policy apparatus for supportlng

pmat@@mmommtlvghmuplgdma r(@tﬂ@%| ver -t hat-- e e s
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deﬁﬁﬂﬂMﬁugmﬁnw&My coupled to a root node; and a
schedul er that determnes a tine fraction each parent

nod eiSHBGE @ sa@@&a&a@lwdvaﬁ%@wh@ ﬁlmqwféacal@@.eaféwarent node
sh&ﬁ&ﬁﬁ%ﬂ%&ﬁle&nd establ i shes a scheduling policy based
on the tine

31.  The processor of claim 30, further being configured to communicate the

determined scheduling policy to each parent node.



fracti on each parent node should be schedul ed. 27. The

apparatus of claim26, further conprising a
worenTdsImdi er that transmits the determ ned scheduluSe®e/034248
policy to each parent node. %g A conmput er readabl e
medi um conprising instructio t hat upon execution
cause an apparatus to:receive at a root node a desired

hro er. data sink associated with each parent
3tr%bde%gg%lﬁéraglasrf%?“pHB%’é‘gﬂéTat@nﬁBWm@&Dmébmgnoupl ed
to t hecanofr réRflgng & et Sedne ' action each .

g%r ent. node should be gchedﬁ%&#ﬁ%s‘%&S&W?%QCI%SEWF@&aCh
p %‘E&?ﬁbut; and determ ne a scheduling policy based on

the {4 Lon. each parent node shoul d be

sched uelagS df.(OE ggg | ﬁem %gaot%g ?“é?thne%‘ﬁ Brientasieshewd be setieduled

bagd onltles dasired thetuchpst: bad t her cause t he apparatus to
£hpat;

provi de gtgeddet erm ned scheduling policy to each
par ek detepning sshedidiog pplicy baspdon thertimelgi@ion each

pmmaégpgdkpgeSghggulﬁgocessor bei ng configured to:
recei ve a desired throughput per data sink associated

wi th each parent node, said parent node being
-- - determne

O MM iye c | edt p_a root node;
20T B B SRR WiBmie dssod Hooishphepes dhmiied
thixaghplitdor § [ : : deternine a
schedul | ngdp gcc))l i g;ﬁﬁggﬁgg%g%ﬁ}é&%@%@gﬁ%%?Fl?td}?g%ach
parent node shoul d be schedul ed. 31. The processor of

341 al 3o df r..bei configured to comuni cate the

det or Moy dfg»hﬁrgou 1?%%88?%?8“@&@%%@31 node. 32.

An apgraving aisa parentSiede @ dbding Leation . :
ea&g@y&?i ng: .reans for r ece; Jﬁ‘ﬁ’gggﬁ‘ggg &rHé%Q{dﬁP%ﬁaﬁtﬁﬂtW“h
B Fi@ odesteifehildnode hmg.cmnmﬁnelyaoqmdmmieﬁépmﬁ%de;~ -

or d@eker action each parent node

should b eﬂﬂégc]%tg%ﬁ P%% (%gds%%ls%t RORET gRS FeLve RPBagtsseaiated with
cagihehildteds bassd odebedesirad tigowgtpahiedul i ng pol i cy based on

thedgﬂe .fracltliﬁm 1$ach parent node shoul d be
schd&§ieriming whether the parent node 1s an obstruction based on at least one of

the determined transmit power and the receive power; and

determining a throughput for supporting each data sink if the parent node is an
obstruction.

35.  The method of claim 34, further comprising providing the determined
throughput for supporting each data sink to a root node.

36.  The method of claim 35, further comprising receiving a scheduling policy from

the root node, the scheduling policy is based on at least one of the determined transmit

power and receive power.



33. The nethod of claim32, wherein the desired
t hroughput per data sink is a throughput for
weuppmseiong each data sink associated with a pRCEMIS2006/034248
node. 34. A nethod of support4i ng data comuni cati ons,
conprising: receiving at a pa?ent node a desired
t hr oughput per data sink associated with each child
de,.sai d, chi node bei ng coj nmuni catively coupl ed
o earlgf? rﬁ%h%&?% &@%34’—1:“1@]@? EPWPTIFING deterthipagt if etrleasd bn@of a peak
povan StistraROWRI 2 AR HREA i @8g9ci ated Wit h
each child node based o%%?lx%ngtg%ﬁ{lgéf@%?%mﬁ%’ﬂhePeakpower

cqBttEARihRsaCialed whtbrthe trenspet powerad ehd SseaRePIS k] Chh@int is
agﬁvg?ﬁ%do@iﬂ%tétgla%t .one of the determ ned transmt power
and the tecelve pOWeR®™Snd determining a throughput

for supporting each data sink if the parent node is an

3gbstr ction. 35. The method of claim34, further

onpri %h%" Ry, ﬁhﬁlkeﬂ eQmpmsmgeistaHﬁgbiug ggndx_lr_ﬁhlﬁ lsustainable
{HUR \ %7 ENK L0 a rol n . . e
PR P R ol BAE s b B sRIL oy f el gt peak
PSWReehsirigt gl rise ovér thefnid) €oris@int ROHASItdghe schedul i ng
policy is based on at |east one of the determ ned
transmt power and receive power.37. The nethod of
38l ai mhéthetHodIJrlos 15 termning if at |east
one of a peak pom%?%g%?}%i lrngllgﬁ? ?%aﬁ(gng Spﬁtggatg?/&m%%@l“hal
CRBPHEYRGI nt is violated, wherein the peak power

const g | S associated.with the transmt power and

t he %‘f@égévﬁer t PR cating aodarsecand @ssimintzguation; thd a

t ot athoosiagiawthallemilue ehe Jd16ed BRAAGLOf ¢! ai m 37,

further conprising establishing a nmaxm n sustai nabl e
~.throughput. for at |east one data. sink. under each child
amoderid . f,the peak power constraint and

ri se ov%f?ﬁ.lto hg?%1n9g2’n@{tp%ficﬁf‘%fl§ln\gfol ated. 39. The

et hesthbdishiol i ther 38k spatet APhie T Akiier BRI BnBhel ANk Ed; ang

constrai ’

throu .%ﬁlut conprising: solving a firs
equalPERng ihe atscapaatytowthar shitd nedps associatedanich the parent node.

choosing a small er value of the sol ved equations. 40.
The method of claim37, further conprising:
4lest abicimethedyof dlaittha, ehe seak potver cBasint 6 asdochfld B tRfonila

raints is,violated: an
notdl::‘ Gn& 81%%‘}56 over tﬁennal constraint 1s associated with the parent node.

42..  The method of claim 34, determining at least one of transmit and receive powers
and determining whether the parent node is an obstruction are repeated for each

ascending node until a root node is reached.

43.  An apparatus for supporting data communication, comprising:

areceiver that receives a desired throughput per data sink associated with each
child node, said child node being communicatively coupled to a parent node;

a calculator that determines at least one of a transmit power and a receive power
associated with each child node based on the desired throughput and determines
whether the parent node is an obstruction based on at least one of the determined

transmit power and the receive power; and



assigning the spare capacity to other child nodes
associated with the parent node. 41. The nethod of

wobhei7rs@id] t he peak power constraint is associ RUeaSMob/34248
the child node and the rise g er thermal constraint is
associated with the parent n The net hod of
claim 34, determ ning at | east one of transmt and

recel V&1.P0 et erm ni ng whet her the parent node
is af ‘geta\rﬁﬁ’cg?‘?r g‘?ﬁt é‘i‘(’jlé‘:t? a pagughput for seprontimseaeh dataginkad the
parent hod® ik @RbbdiRRGoA S reached. 43. An apparatus for
supporting data comruni cati on, conprising: a receiver
that receives a desi red throughput per data sink

4AS S OGh ach child node, said child node being
conmﬁII n?éﬁ? | ve Of %el ﬂggu”{tgeréowmg atepgamitter gk cothminicates

tmmerdmalrtmdugﬁpmtfoﬂ SrtiaP8adf d S r and a
recei ve power associ a?gd ngt?] a?z}]§1ﬁlgﬂ1ﬂoot cyVeased on
the desired throughput and determ nes whet her the

b d on at | east one of

4par e el on
t he gieli3 g m n ed fﬁaalﬁg% O SHBY e Fecsiws gisghedyling policy from
therrdet nealeutbe acjedsligy pdlitstis 5Rb&64 8t Rad BHO H%g ldgtlegrﬂfglﬁd transmit

orting each data sink if the parent no
pg‘&%ﬁ%&f’?g‘ﬁpoﬂvﬂ The apparatus of claim43, further

conprising a transmitter that communicates the
determ ned t hroughput for supporting each data sink to
4@ r obhe spatatusias, claiimet3a HratakiiligordirtidraietBriithes ﬁi*h? least onje ofa

1 recei ves a schedulin olic rom
PR B bl i 4 Beven hepor c@ystragnvdgg%m%mmpeak
powe cofistiadivg i€l@sedi e Q&tht recel v
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3RS agropiatedi wissa tmalacceltmveone of .a peak power
constraint and a rise over thernmal constraint is

vi ol ated, wherein the peak power constraint is

47asso!&|camadtewdahaulé1meﬂiuﬁﬂ§dﬂ1 nwﬁgu@@l@ {
I ernR1 constraint is assoclls ated W th a Hl% aé chu%\?gcause
anpé’ A% A conput er readabl e nmedi um corrprl si ng
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receive at a paren
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caclecldidumdp B ASHOGdsHEE thridhdtut,

determine whether the parent node is an obstruction based on at least one of the

determined transmit power and the receive power; and

determine a throughput for supporting each data sink if the parent node is an
obstruction.



each child node based on the desired throughput;

determ ne whet her the parent node is an obstruction
woasw@dsont at | east one of the determ ned transRCT/US2M6/034248

and the receive power; and de%ernine a throughput for

supporting each data sink i f %he parent node is an

obstruction. 48. The conputer readable nmediumof claim

47, the instructions further cause the apparatus to

Het er Fiaroniutesreadeblstmestiem of chaimdZkthp instmctooms Stntladr oause the

I . | cagonstraint is vialated,.

Rhafhath BRI i BT e R AR R e S g thermal

dostrdintie sioldted) aietei t geble pbweecoaviedint 8 88sdBiated with the transmit

constraint . is associated wth a total receive power.

pRyer #pd the s ov e thergad sensiraimd i aspecrted with mtats! rec¢ive power.

instructions further cause the apparatus to establish

a maxm n sustai nabl e throughput for at |east one data

4. nk Thedempater Ineadhb]lgdne_bddldﬂ of tlafi Ahlg,eths linsﬁﬁﬁidihﬁ fiirkteer pARK the

owe onst.raint and rise over thermal constraint is

PPBiee & Sstakdich & mypisRinsusFingle thyopaipnt ongt lgatt ane data sink under

ORBhN Kodleii P4 1o Mokl bEHE '

receive a desi ratgg&tlﬁ%gg épa%tpog\gk e%g'fﬁgﬂli %J%ﬁﬁgeg%%glthg{rggl

Gpnstrpiede ioddied-d node; detepnine at | east one of a

transmt power and- a receive power associated-wth

each child node based on the desired throughput;

et erArprugessbeidn sippodridal @l caffBnicsticH) t1RIbEdd&dribBihg configured
based on at | east one of the determ ned transmt power

Y9nd the receive power; and determ ne a throughput for
supp i ' iqf. t ent . nade i.s )
bt rct o R B0 dphifer s oS, LSRG UBR ol moce
- bei ngletromirieg teask dne od @ tensrhin @pi?vér«»zﬁid-dﬁ@ﬁﬁepdﬁleelfafsso%iatedwith-» .-
ak .power constraint .and a rise over thernmm
%@hé}lﬁﬂvﬁ? bf‘%eg\f’rn&ﬁ%_a%séﬁeg%{@?@%tt he peak power
CONsdefthrfiine whedR? @ Partinehod it Bn bH&rchidN B4l off QY'Rhst %ﬁg of the
the rise over thermal constraint I's associated wth a
detsrmined grapsnyié ppworand tberecdive ppweacesdor of cl ai m 50,

furt ing,.confiqgured to.co nj cat.e the determ ned
OBl OO 01 T LE B e g el B
obsikectios. An apparatus for supporting data

communi cati on conprising: neans for receiving at a
parent node a desired throughput per data sink

51.  The processor of claim 50, further being configured to determine if at least one
of a peak power constraint and a rise over thermal constraint is violated, wherein the
peak power constraint is associated with the transmit power and the rise over thermal

constraint is associated with a total receive power.

52.  The processor of claim 50, further being configured to communicate the
determined throughput for supporting each data sink to a root node.



associ ated with each child node, said child node being
communi catively coupled to each parent node; neans for
wdeb@rosining at | east one of a transmit power BAWUS2006/034248
recei ve power associ ated w thgeach child node based on
the desired throughput; neans for determ ning whet her

the parent node is an obstruction based on at | east
power and the receive

e o rmned.transmt
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PRt Ith sach childwore gaidichdd ppde biing catamanicatively coupled to each

fdesat i ons, conprising: receiving at a root node a
desired t hroughput per data sink associated with each
par emecans fle deteamthippatdedst meler DeAiRMitGRNE FhE/tdURL ¥)o¥ver
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t hroyahp r data sink is a throughput for
supportl érjllfqor g gtg e @‘FWLB@BH‘E’P@%IH& eaeh datpsink fifthe parent
nodatis .anoBstridaenmet hod of cl ai m 55, further conprising

noti fyi ng each parent node of the determ ned

schedul ing policy. 58. An apparatus for supporting

sgat aTge | | risi.ng: a receiver that

recei ve%ﬁggﬁﬁcg%n}ﬁ{gﬁémflgper data si nk associ ated

wi th each parent node, said parent node being

sgommyni Ctﬁtévﬁé[% coupled to a root node; and a
Otal ctiB'8P¢ PHSUPPering datapemmyni¢agians, comprigihgt r ans i t

and fee6&@in d| ith each rent .node

and ot bl RRR ST S0R E8 ML pB3E B seninied g cach
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The &Q&?{iﬁlgs ]§f (G| %hgw 58, .further conprising a ’

t r ansii Pt ers fhSest OBRAL FrSHiband Tsceivappviess asseciatod avithreach
pataitewds;ad schedul ing policy. 60. A conmputer readable
medi um conprising instructions that upon execution
caus¥termining a scheduling policy based on at least one of the determined transmit

and receive powers.

56.  The method of claim 55, the desired throughput per data sink is a throughput for

supporting each data sink associated with a parent node.

57.  The method of claim 55, further comprising notifying each parent node of the

determined scheduling policy.

58.  An apparatus for supporting data communication, comprising:

areceiver that receives a desired throughput per data sink associated with each
parent node, said parent node being communicatively coupled to a root node; and

a calculator that determines at least one of transmit and receive powers
associated with each parent node and establishes a scheduling policy based on at least

one of the determined transmit and receive powers.



an apparatus to: receive at a root node a desired

t hroughput per data sink associated with each parent
waadE/ose@i d parent node bei ng conmuni cativel y eouiSeme6/034248

to the root node; determ ne 35 | east one of transmt

and receive powers associated with each parent node;

and determ ne a scheduling policy based on at | east

one of the determined transmt and receive powers. 61.

The conputer readabl e nmedi um of claim 60, the

5%nst riiheiapparaths of blafm S8UGAKLNS t nicate

4 e schedul i ng policy to eachn%gl?gl %ﬂr@g%lﬁtegmommumcates
R rEbpar n?‘ﬁ'ﬁ’ & dptisBrinpd schedelingmmiicuni cati on, the
processor being configured to: receive a desired

t hroughput per data sink associated with each parent

%Rode A mmltmmlﬂmeth}nh@oﬁ@l‘i@i@l@"ﬁh’éﬂr’u@ﬁ&ﬂs‘iﬁé’tﬁg‘éﬂ Hﬂ%cﬁﬂon cause
aﬁ%g@a:&ﬁ?{o-mde; dete_rm ne at | east one of tr nsm and

recelr ve powers associated with each parentI node; and f
det erdteive afa h BEkide8 ki at, | east _one o

t he det erni nggdﬁfﬁ rgggnign&%@ghlggy%@gfge% d%ge\ﬁél?lge.‘ss%%‘i‘te &h each
PHEB g8 ofridparent atode Being ﬁWcaﬁﬁlﬁ Gotﬁﬂétl;] fodh¥ 1%@% ﬁ@deé

co ' chedul i n icy to each parent node.
64%&2%%2?12 %é %P%P @%ﬁg&%ﬁﬁﬁc%@wm@w with each
pyemmodsjamg: neans for receiving at a root node a
desi etd t.hroughput per data sink associated wth each
par efit RS sdkfplingpdlicy basedonine laagt anerafiin dsdrint@dyransmit
arepdiPipdwerk. he root node; neans for deternmning at

| east one of transmt and receive powers associ ated

wi th each parent node; and neans for determmng a
| east one of the

ch lin olic ased on at . C i
65&:?1&[:% cr?gg?"f?éf‘f@é’g’_’é‘?ﬂﬂ%éé elaire 6f.dhe instructions further cause the - - -

apparatus to communicate the scheduling policy to each parent node.

62. A processor for supporting data communication, the processor being configured
to:

receive a desired throughput per data sink associated with each parent node, said
parent node being communicatively coupled to a root node;

determine at least one of transmit and receive powers associated with each
parent node; and

determine a scheduling policy based on at least one of the determined transmit

and receive powers.

63.  The processor of claim 62, further being configured to communicate the

scheduling policy to each parent node.

64.  An apparatus for supporting data communication comprising:
means for receiving at a root node a desired throughput per data sink associated
with each parent node, said parent node being communicatively coupled to the root

node;
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means for determining at least one of transmit and receive powers associated
with each parent node; and

means for determining a scheduling policy based on at least one of the

determined transmit and receive powers.



