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of U.S. Provisional Patent Application Serial No.

60/ 786, 464, filed on March 27! 2006, entitled "A

Met hod of Power Control Algorithmfor DFMA Systens”

the entirety of which is incorporated herein by
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this arena are constantly changi ng, inproving, and

Algsirighm gfar nDEMsA heystdnay’'nthe ortércyuoh widehnis| ioggrporated herein by
%e crl Hc%es t he amount of digital data bei ng enpl oyed

SUCH"4s Internet information that is now communi cat ed

to nobile wirel ess systens. Many systens currently

deliver such digital information where there is a

plurality of design staf¢KERQUND | ne how to deliver

flesi rgﬂ}ggji gital content to respective users. One such
Standard i ncludes | EEE 802. 20 that defines design

e0aE! | née fubjecnittchheldgy syt ngenthadlly toorommuciaitédns systems and

[ pes of dat 0004] In gen

variqus t | ] ral, the
gihedp Wé’)s/@@éft PRSICHRITY {Oguien Hidomefioan st gaplgy power control
SRRGAHch&ab fhgﬁ'gaft@ IntdriGede bt n VA1 4R Bl SarffwidIn @igfiven cell.

I nterface r—1 nteroperabl e packet-data nobile

br oadband wirel ess access systens. Typically, such

@i;t egs operate in licensed frequency bands bel ow 3.5
7, S8 Pl‘“éeak data rates per user in excess of 1
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human interaction. From cell phones to text messaging systems, communications
technology in this arena are constantly changing, improving, and evolving into other
forms. One such technology includes the amount of digital data being employed such
as Internet information that is now communicated to mobile wireless systems. Many
systems currently deliver such digital information where there is a plurality of design
standards to define how to deliver desired digital content to respective users. One such
standard includes IEEE 802.20 that defines design guidelines for wireless systems that
communicate various types of data.

[0004] In general, the guidelines set forth in 802.20 are intended as a specification
for the PHY and MAC layers of an air interface for interoperable packet-data mobile
broadband wireless access systems. Typically, such systems operate in licensed
frequency bands below 3.5 GHz, support peak data rates per user in excess of 1 Mbps,
support vehicular mobility classes up to 250 Km/h, and cover cell sizes commensurate
with ubiquitous metropolitan area networks.  This includes targeting spectral

efficiencies that employ sustained user data rates with numbers of active users

significantly higher than achieved by existing mobile systems.



wi th ubi quitous netropolitan area networks. This
i ncludes targeting spectral efficiencies that enploy

wemrAixded user data rates with nunbers of actPUBUSZET/665293

significantly higher than achi eved by existing nobile
systems. [ 0005] Qther features2of 802.20 include the

enabl enent for worl dw de depl oynent of cost effective,
spectrum efficient, always on and interoperable nobile
[0dad bar@thw feetuessofaliResinsiyidt @nsseriableatede fortwoorbbddde gsployment
vgriou§ user needs. ese needs inchgde nmobi ] e and
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networks. [0006] The technical feasibility of 802.20
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bndeeRtigay sprieny aweatly um depleneregieed fielich Thgse systems use
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Commerci al deploynent of cellular wirel'ess networks in
bahdsctures eAbedtht sr tedtpiol dgeesdrve beassudesssiudly rtestalsandiirployed over

ir interfa support for high,reljapility networks is
PEALANAATE TR oo Maihe dubN QyARAnd el Shegsanments,
freka@blel NC &R ECiM deBlogHichedt cARSAraNir SERNEAK Giks S4B BSlicensed
802.20 relates to how a given wirel ess cel

o menlcogbaecstdsmeastratesqilirbare pitcrgace sappArh Eirdugl rohiabilify setworks
cell. an n | ], may inmpact on one or
ﬁﬁ#g“%ﬁﬂggﬂ%%FF@?ﬁ%ﬁﬁé%gﬁ%gﬁﬁ%% how to specify the

poooNt  abnd steof antavgaeyithatrrémyekign caudads bychosae’8(2r20 relates to
nore wireless terminals in the cell and the inpact . . .
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Lnﬂi 1?6% ?ﬁ@@zﬁrefe@é &e?} rnof irg%{&? Bﬁllone blt rnio§e &ﬁé’tj Jeﬂp.l ®hisncludes how to

control the anount wer generated In
specify the amount of interference that may be caused by one or more wireless terminals

in the cell and the impact these terminals may have on other terminals operating in
adjacent cells. In general, it is desirable to control the amount of power generated in
any one cell to mitigate interference in other cells that are within a given proximity and
how the cells may be impacted. Also, terminals within any given cell may impact other
terminals within the same cell since it may not be possible to have perfect orthogonality
within the cell thus causing some leakage or interference within the cell. Currently, one
method proposed by 802.20 involves controlling the amount of power that is transmitted
within the cell. This method involves controlling the relative power spectral density
from user equipment within the cells. A problem with this method is that there is no

feedback or communications to determine whether there is an impact from one cell or



any one cell to mtigate interference in other cells

that are within a given proximty and how the cells
woreap7hedidpact ed. Al so, terminals within any gP@BENS281/065293

may i npact other terminals within the sane cell since

it may not be possible to havé perfect orthogonality

within the cell thus causing sone | eakage or

interference within the cell. Currently, one nethod

pioipes edsdyyn 8QRtI@Otd meladvy eewenspectod] | dengtyt dvatralyohiert nofy be more

IS transmtted wthin.the cell. This

wer tha t hod
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'- : i jthin the cells. A
%g%?%#%h%ﬁpeﬁigiwﬁgﬁhdg%%c%ﬂhat there is no feedback
or conmuni cations to determnm ne whether there is an

i npact fromone cell or angh@m@so, in addition to
relative power spectral d ' ntrols there nmay be

[0o08] ef et forewit prdsntd @ GRBLMEd stiithadBERbri6ls embodiments in
I nterference between cells and/or the potential for

prsice td erende avipasksi widergindenre oélspme SYMERYT [tiopogipodiments.  This
foll ow ng presents. .a sinplified sunmar f var.io »
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gtgsglqgﬁ(g{thgh? gnbadi pppt s disclosed herein. Its sole

purpose 1s 8 present some concepts in a sinplified
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Wetnicousa esh odidioandometipzas andereeds to hat Node i andaiomedor more
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status paraneters including whether or not there are
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t 1 ndicates the genera
by the cell. From these and other parameters, interference can be mitigated between

cells by employing the parameters to reduce transmit power at the respective devices
operating within a given cell. By reducing transmit power in view of the determined
parameters, the noise impact between cells can be mitigated as well as the impact by
such factors as signal leakage between devices.

[0010] In an embodiment, a power control component employs the load indicator
and another parameter such as power headroom, where such headroom can be a
function of a reference signal plus the maximum deliverable power by a given terminal.
Based on such parameters, power transmissions can be tailored at the transmitting
device in the cell to reduce the impact on devices within the cells or devices associated

with other cells. In another embodiment, a power density control component controls



notion of load in the cell, where a | oad indicator nmay
signal the interference experienced by the cell. From

wo b@ga1ane ot her paraneters, interference can PE&I/US2007/065293
mtigated between cells by enploying the paraneters to
reduce transmit power at the flespective devices
operating within a given cell. By reducing transmt
power in view of the determ ned paraneters, the noise
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reduce the inpact on devices within the cells or
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referred to as absol ute power spectral density at the
devi ce. Based on this conbi nati on of povver headr oom

and/ or absol Uﬁﬁl ‘fﬁfs can a(g@‘fiﬁﬁh

operating in a given ce ust a gl ven%‘t%?ansmt

a2}y ouwRigut id @ schictkeaticttbock duaglahe111utstra[1fgep@mecolntrohcornponents
¥\nrel e s network. [0011] To the acconplishnent of the

BRIYH'TY AP Fel at ed ends, certain illustrative

ftmtiggl mgnt S R %%d%?&%gﬂagﬁﬁluﬁ%tﬁl{g% RS OPRREL doRR oMb Bess.

| owi ng description and the annexed draw ngs.
M9dde adpect s eaﬂewdn@grmtlllmrwhg warlatus pewagrscantroliockss having

be practiced, all of which are
?Ihgtésﬁgg%p%er%ecéﬁé? YRR DESCRI PTION OF THE
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Il lustrating power control conponents for a wirel ess
pecwsrk. [0013] Fig. 2 is a flowdiagramillustrating
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[0002] Fig. 7 is an illustration of an exemplary communication system (e.g., a
cellular communication network) implemented in accordance with various aspects.
[0003] Fig. 8 is an illustration of an exemplary end node (e.g., a mobile node)
associated with various aspects.

[0004] Fig. 9 is an illustration of an exemplary access node implemented in
accordance with various aspects described herein.

[0005] Fig. 10 is an illustration of a system for controlling power in accordance with
a wireless terminal.

[0006] Fig. 11 is an illustration of a system for controlling power in accordance with

a base station.



process. [0016] Fig. 5 is a diagramillustrating
conbi nati ons of power control conponents. [0017] Fig.
W®@2003/18406 agram il lustrati ng power control andP@DUE2007/065293

spectral density control considerations for wreless
networks. [0002] Fig. 7 is anJillustration of an

exenpl ary communi cation system(e.g., a cellular

comuni cati on network) inplenmented in accordance with
various aspects. [ODESTAHLED DESCGRHTIONuUstration of

xempl ary end node (e.g., . bi | e node) associ ated .
m’ﬁl varsi§is£agdpetaods @s@&?il%@rgnﬁtlgaf&}g %litqr ¢Cg R Grvireless
%ét%)vﬁﬁi s%%&m(@}ﬁa/gpé%%ﬁﬁem%rumseﬁqﬂ& %Qt[v%orﬂo%.gj?& ghd aa{iagdimem, a

various aspects described herein. Fig.

sthad fof tarstallatg powafina systemdteorkcio proaiidd. nfhpomthod includes
i,n accordance. with a wreless ternmnal..[0006] Fig. .11 .
1o el TR BN PTGy L T GHCR IR PR RS pOTRIE wireess
{cPmARE M IRBE Qi ot 1BadplRaeted htht Yircldsd A iEDwWRERGRE Bhd Prameter
[ 0001] Systens and nethods are provided for mtigating

Isnesepdiate@nigh iah leashionelodes wigelawr kelby Thenmetdipd iingludes adjusting
LB oS Bk By 15 POk By foEparamcr o e

Wall §la@fetdre tinaihkthics cipbedih@at thelliensidt foWler daaled@strolled in view

determning a relative power paraneter at a wreless

flled) ERSORUCPOE SRCHBh PRIt B sl e angtigr embodiment, along
o v vi '

GRG0 DB S EEDEIRAEY i pover o

baadjottéein view elf e sdattwd powctspedtrat dadity padandes. adj ust i ng

rapsmt power. of .the wreless device in view of the .
P2} veA&s%é_rmp%rsa 67104 g moaama%eélﬁgt aptvorhy? “system,
anpthe l[ik@ RO GhERIMY: tof Rt E@@Smrﬁp&%[at&ia@ntﬁ , either hardware, a

controlled 1n view of an absol ute power spectral
deninetyorpaf dmedwesre dml sofitwhrcy softerast er sodviwd i ineertecution.  For

along with relative power .and, absol.ute power spectral.
BTy saPRARLAY Bt iF tiop Jafed: e bee 2 pLeE S ping on »
Fﬂo@ws&f, ApFRbAbE, Ve DB a8PaekiablcdeNEidhY JTa8E@BBIGY, -a program,

0002] As used in thi's application, the ternms '
andderp @nepmputer. neByonRy " of' slwstiatipn. hedt emeanpliRetiar gunning on a

%](g[}rlﬁ\?l\gfr%gﬁotng c{egfcg and I KEPLL e d %rﬁ‘}go%%nfa nbhé bt rn%'ré Iaoer{lponents
may reside ’within a process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or more computers. Also,
these components can execute from various computer readable media having various
data structures stored thereon. The components may communicate over 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 wired or wireless network such as the Internet).

[0003] Fig. 1 illustrates a wireless network system 100 having control components
for mitigating interference within the system. The system 100 includes a plurality of
cells illustrated at reference numerals 110 through 120, where each of the respective
cells include a station (reference numerals 124 through 130) that communicates over
wireless networks (reference numerals 134 through 140) to one or more user devices

(reference numerals 144 through 150) within the respective cells. The user devices 144-



conmbi nati on of hardware and software, software, or
software in execution. For exanple, a conponent may
wWhego7hw416 s not limted to being, a process ruP@li/O§2001065293

a processor, a processor, an object, an executable, a

thread of execution, a prograﬁ1 and/or a conputer. By

way of iIIustration, both an application running on a

comuni cati ons device and the device can be a

tahponieniude Qristatialhipaey opopdmerdSs aynuasiadeg vib\tibé such as a cell

cess and/or thread of execution and a.conpone may

B oR TSP g O @S&%&P@S Reldf o e gm0 orh

bet ween two or nore conputers. Also, these conmponents
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nponent's nma e over
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one or re. data packets (e.g., data fromope :

%ﬁw@ﬂ? T ineragtd RLmitPhPatdtateér UBEHRT latiyp, dgvice power and
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W red of ‘i reless network such as e I nternet

f@008kompguents 160 arst FHY e e miccetcdss aneigmnlkrnsﬁosteeanple that is

] REPBTEI it G Toy 0t B ook Aoy & LTy For example, the

stRGdH B may ?fo@il ditof pahl&@ldf%ombbye%w %oeﬁldadr 176 afeREe devices
nuneral s 110 through 120, where each of the respective

t#d. Ivéheraas Itlmis;atapnst%t m@:n el@lpl@[veﬂleqrq:@rtﬁmmf abmpoments 160 and/or 170
: Ir}[el hdﬁ%l%g 12#2 l%eni eﬁlllastgre é% (%?\[ezeig W 1 gSl eth%%n:l]l%g V\freeport a set of

p&ﬁlﬁleﬁﬁé\/ 4l6Rs wWithed edqBagondam rtﬂthSmihéiéntvhﬂﬁﬂ gie dBfdctive cells 110-
within the respective cells. The user devices 144-150
bath Thies adespseibay wrtingarely 133(?13129 FRRITQIS a\whangedg @ user device’s 144-

?%Qﬁf a{rhﬂkgmp gX{N&e ﬁﬁdjf gp @soﬁﬁ&% vaf&'% Of¥ethe SREP ldE\%Ee s absolute

per sonal assi's devi ces,

ﬁ@wérosﬁehtral[ agnp4y, hile nﬁhandsubldl H@nIZO ﬁn]pmm]ﬁe Chmigeoﬂn the device
npanent 160 (or conponen&)) I.s provided to co tr%

B'e%}lt BPWEhAY (fOBYMHkAtIAg snipahakiey on, el load ag jg lescribed in more

gani b9bw! S based upon a relative transmt power of the

devi ces. In another enbodi nent, a power contro

005 fn € r@en%?a@lgr a erﬂ'og&ye'r ggﬁ’tr&l%oﬁl\%gh&ﬁé é@@ \Qﬁc{ Fﬁ?v(ve for controlling

ion devi ce power and an a solu
p@vmposmaﬁ ttad cetle r1$0¢1§zo pabake teemitigsobtaafceshcuibtiveeheells and/or
devi ces. ﬁ power conﬁrol conmponents 160 and 170 can

pRerEsERncet ‘é(& s dafVal g rt%ﬁ“oﬁiérpréﬁ%gﬁ%“l §MP{QygPagageters that are

ﬁﬁﬁﬁzﬁge@&{@%ﬁﬁﬁ%é@@ %e‘élvxf?e%nttﬂg QHGEhs 13- sh€fimes referred to as
devi ces 144- . For exanple, the station 124 ma

Boti¢ By aatilasmmqwt tscodsviofs tErpiheht gent6d, eobld/1d0-12PMQperate with
mtlterknow?erdgg %hat another cell may also be within proximity and thus be a potential
for interference. Thus, the stations 124-130 operating a given cell 110-120 may
communicate some general status parameters including whether or not there are any
devices 144-150 currently communicating in the given cell. Thus, one parameter that
may be communicated between cells 110-120 indicates the general notion of load in the
cell, where a load indicator bit for example, may signal that at least one device 144-150
is communicating in the cell. From these and other parameters, interference can be

mitigated between cells 110-120 by employing the parameters to reduce transmit power

at the respective devices 144-150 operating within a given cell. By reducing transmit



144, whereas the station 126 may enploy all or
portions of conponents 160 and/or 170 with user

wa@lew7aes1646. 1 n general, the user devices 144PQB0S1007/065293

termnals) report a set of paraneters along with a
request for data transm ssion’within the respective
cells 110- 120. Thus, a respective serving cel
110- 120 controls a change in a user device's 144- 150
pelatinwacw roﬁlﬂlﬁsmidtemﬁnﬁf pamdters, theeinglasobaritvecrv edligel 108120 can be
the user deyice's absol po spectral, densit

TG aece e Tarsen by %Uﬁbffmw élﬁaﬂgl@alf%et%éween devices

Lol L dAsSitenR@per by communicating information on
9&% ﬁfgoad asrgllsendescrl bed in nore detail below [0005]
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tdermariinoax éadivbrebleamnver g sateat doginss 1941380 Basagnast sugh parameters,
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k3w adoec tH’é:aleIﬁBtO@rh 66V16@| Wwithiythalcsis & daviédii d3sociated with other
pr oxi m ty and thus be a potential for interference
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g1 614 s iENEn b FOPRED r%@ﬂﬁ&ﬁ QIR JROWeB sBoGUAT sty devices
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colanienmgigaiengteifarenbe cell. From t hese and ot her

paraneters, interference can be mtigated between

o7 110isTd@dujatehpboyem@ntrbkbcqpayonnsts ¢ 68 ahd)pds\eeiwpectral density
transmt power at the respectiv deV| ces 144-1
B(Bgrro pp]ﬁ@ownfsn ﬂ) %langl?q,gﬁnl&lgf: Wl y?XIISéI&gd’p éods to control power in a
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ust%tgsl ] %getl?otd tthgteco%ttr%isl r%f]a%lvel %éw%g’ 80‘{961‘9 %1g. 3 illustrates a method that

controls absolute power spectral density and relative device power, and Fig. 4 shows an
existing method that controls relative power spectral density, where Fig. 5 illustrates

control combinations that can be utilized from the methods depicted in Figs. 2-4.

[0008] Before proceeding, one or more of the following considerations may be
applied when applying the power control components 160 and/or 170. As noted above,
the components 160 or 170 can be provided as a power control algorithm for frequency
division multiple access (FDMA) systems, for example. Generally, these components
160 and 170 are employed to reduce inter-cell interference and provide scheduler

flexibility within cells to allocate bandwidth to different users, where the scheduler is



t he maxi num del i verabl e power by given devices
144-150. Based on such paraneters, power transm ssions

w@aw7bedt@i | ored at the transmtting device 14BCWB82001065293

the cell 124- 130 to reduce the inpact on devices

within the cells or devices a$sociated with other

cells. In another enbodi nent, the power density

control conponent 170 controls the power headroom
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control algorithmfor frequency division nultip
dosessd @FDNN)Y by stened th ampésuzanp laemeBedalpgy liy actdndmee with the

conponent 60 and 170 are enpl oyed to reduce
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di fferent users, where the schedul er |senpla%ed at "t he
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Noise-Ratio (SNR) is maintained at the base station or Node-B based on a periodically
transmitted signal and/or based on Quality of Service (QoS) of transmitted traffic. At
220, the user equipment (UE) or device periodically reports a power headroom
parameter based on the reference signal transmit (Tx) power. Generally, the power
headroom is a function of the UE maximum Tx power and any load indication
commands decoded from the other non-serving cells. At 230, the base station grants an
uplink assignment to the UE. For instance, a Node-B grants an uplink assignment
which can include the following information:

[0011] a. Bandwidth;

1. Number of tones



assunptions may be utilized: Typically, each device

144-150 has a single serving cell 110-120 in the
waplornk4dthannel . The serving cell 110-130 is tR@EI/U8100y065293

not aware of interference caused by the transm ssion

fromits devices 144-150 to oPher cells. Generally,

each cell broadcasts an uplink |oad indicator (e.gqg.

bit signaling busy or not) in the downlink channel to

a respedii Packesfarmadevi ce 144-150 in a periodi c manner.

Al'so, in general, each device 144-150 decodes | oad

i ndi cator bits PG $Fgandepedulatiol 120 in its candidate
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spectral density (PSD) acc ingly. [0009] Figs. Z,
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a reference Signal-to- hblse-détlo (SNR) i s maintained

at tfNe basEhamal phiy BherNagatorrnsada® on a periodical ly
transmtted signal and/or based on Quality of Service

(QS) of transmtted traffic. At 220, the user
eﬁ&jgﬁgﬂtrgqgs,or device periodically reports a power
ﬁbagroon1p aneter based on the reference signa

transmt (Tx) power. Generally, the power headroomis

a function oA(trhe =URAGExilvum TX(dower gdRg (anyF), Oad 1))

i ndi cati on commands decoded fromthe other non-serving

cells. At 230, the base station grants an
Assuming that the UE transmits with constrained power on the reference

bandwidth, the maximum SNR per modulation symbol can be written as:

Es i Es i .
—= = | = +  A(,1)
Nl max Nl ref

The scheduler at the station or Node B can now flexibly allocate bandwidth to

different users where:

W pgsign (0 Assigned bandwidth for UE i
TF .. (i) = Assigned transport format for UE i

assign

ES i Es i W;ef
L R Ty
Nt assign Nt max Wassign (Z)




upl i nk assignnment to the UE. For instance, a Node-B
grants an uplink assignnent which can include the
W0 oio7awi4ng i nformation: [0011] a . Bandwi dt h; PCT/US2007/065293

Nurmber of tonesb. Packet format i . Packet size and

nodul ation At 240, the UE tralsnits the formatted

packet in accordance with the assignnent at 230 with

the indicated maxi mumtransmt power. The foll ow ng
exanpTeuse quditdsgipscduser pamwigeldta 0 thd pavedr iatee givon dy:

detail wth respect to the process 200. [0012] The

follow ng no a by Pref { ZuRefier ence
Tx power” “figsr ZﬁJE [ gtffc(f n) fa(ﬁ)jlta W ef I)I]Re(lf e)r e%ce bandw dt h

[;bc’;(lfpi)a IZI) il?t'i%'v%)rﬁnl%e;gxa: %ﬁ}é}’)@({ ecﬁrafﬁeﬁmtga(igﬁagé\;\&él?a Brocgys 300 for

irales$ indBvdrkEX i Sﬁrﬁllaf- hhthmc&smpomai@lve paseds 300 includes
headr.oom for UE L(i, = Effective | oad indicator
EOHIRAE FaRIeEgac Skl fﬁﬁ%@ base sfatipn at §{hchj oRtrey t?r&k? process 300,

ngg% 1§ Qd\;aﬁ%&{ i %%HRS‘P at D thf gl\ﬁ@cglvése %C UEOFE gﬂ ahdltlonal

nction to take previous and current referenc
pavebic, namelyathe oumnxim(aB)lokved TRposrepyygn per nodul ati on
synbol for user i N = Thermal plus other interference

PSD r t/@orts All,t) = A(i,t-1) -
f(|_(:l\/t)’e ffi@?pef f Iot) Pef g:,t2|)) (Alssum'Z]g that the

UE transmts vvlth constrai ned power on the reference
[ndiv dtwiith tthe ad@dixomal moSNRap@r ofmadhitiradm aitlos)edbid pewer, the base
be witten as: The sglg%tgul er at the station or Node B

HatoheNeled pnycoatrrbbetfidhd i dwilyend thy wreiver & ke figm cach
ﬁ?{%?lﬁed dset, Q@ex%h)lllya 263 3h0 rh?g Pang Sﬁlltllhdl‘ftert éJEroces-EF%Sl)O described

Assi gne nsport Tornat or UE I T ,
assiegMenalgeat BOatherhabs stdaodm gentst dAveupd okeassigement tgitheWE which
?e}{l include bandwidth and a packet format as previously described. At 340, the UE
transmits the formatted packet in accordance with the assignment at 330 with the
indicated maximum transmit power and the additional parameter of maximum allowed
transmit power.

[0015] Fig. 4 illustrates a relative power spectral density (PSD) control process 400
for a wireless network. At 410, a reference PSD is maintained at a base station or Node-
B based on a periodically transmitted signal and/or based on QoS of transmitted traffic.
At 420, the UE periodically reports the reference PSD delta and an associated
bandwidth, where the Tx PSD is a function of the reference PSD and any load
indication commands decoded from the other non-serving cells; and the associated
bandwidth is computed from the maximum transmit power and the Tx PSD. At 430, the
base station or Node-B grants an uplink assignment including the following
information:

[0016] a. Bandwidth

L. Number of tones
b. Packet format

1. Packet size and modulation
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[0013] Fig. 3 illustrates a power spectral density
w@ R®Di1ont rol process 300 for wrel ess networRGI/US2007/065293

Simlar, to the process 200 above, the process 300

i ncludes maintaining a referehce signal at the base

station at 310. In contrast to the process 300, there

is avariation in control at 320 that involves the UE

Aepd0} thedJBrraadadits it ahckeain addoedannarethythet dseignmentnuith the Tx

l.o Tx power given as:. 0-,0 -io. { ( (.)/1 [0014],6 . .

%th&ﬁ% AV RE GHAMPI FBRHREY BF alfovrf%féi fRutthusirate peere detail with
tation or Node-B can control both the

fré)%ﬁ\%ég %Egr(?%%eé‘r(@éei ver (Rx) SNR from each schedul ed

[d7] GdfterfalldyingaotasioB8Cnaapply340 are similar to the

process 200 descri bed above. Nanely, at 330, the base

stg@at i.qn _gr [ ignment to the UE which

ct;%efi(lﬁcl udg@ ez%@%%f%ﬁ%acket format as

pr@yi@ust yTdelRgpitbed/E At 340, the UE transmits the

for t ed [ | assi gnment at

ggﬂﬁgmg)t h_tﬁ\gfe%f% Fc%@gggl%%rgg?nor}@%{%&ﬁ%tpomr and the

addi (i) orral Apsocaatet dx windwadth fom &t Lowed transmi t

power. [0015] Fig. 4 illustrates a relative power

spectral density (PSD) control process 400 for a

W rel EE%U%&W#% At 410, a reference PSDis

mai ntai ned at a base station or Node- B based on a

periodi caldy =t ransis-tied si goial)-and) o, th&sdds on) QS of

transmtted trafgf:i E‘ At 420, the UE periodically

reportszI@g ref e PSD delta and an associ at ed

bandwi dt h, whereéPtl@e Tx PSD is a function of the

reference PSD and any | oad indication conmands decoded

fhom t he ot her non-serving cells; and the associ ated

paRGW-dth is conputed fromthe maxi numtransnit power

and the Tx PSD. At 430, the base station or Node-B

grants an uplimk@assignment including the follow ng

i nf or faton= | y(a]loé"gcqgande dth i . Nunber of tones

b. Packet fornmats

The reference PSD is defined as:

By ()

VI/ref

(Dref(i) =

The scheduler uses the following criteria to allocate bandwidth to different users

with the following constraint:

Wosign(D) = Assigned bandwidth for UE i < W, (i)

Thus, each assigned UE sets its transmit PSD to @, (i) and transmits data at the

power level given by:
IDaSSigned (Z) = (sz (Z) ) Wassign (Z) < Pma.x (Z)

It is noted that the base station or Node-B does not control the absolute value of the Tx

PSD from each UE. Instead, it controls the difference in Tx PSD from the reference



i . Packet size and nodul ati onAt 440, the UE transmts
t he packet in accordance with the assignnment with the

wa200P$241The fol | owi ng exanpl e equati ons are pPOWUSA7/065293

toillustrate nore detail with respect to the process
400. [0017] The follow ng notkkions can apply: Fref
(i) = Reference PSD for UE i f tc(i) = Tx PSD for UE i
Apsd (i, t) = Reference PSD boost (dB) for UE i at
PEDE Morédklcall} regakiispdiffateadesTbetbeanmdwavetir kofites], AlsolutcTever
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id’lﬁlEQﬁGGes@,eE depittodoinsFighe, d’LtfffZ@[ PO®Er tdhtrbs aﬁ@oil ra@oltife&ransmit
referencePSD. Mdre details regarding differences
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e ow Wt

be descr respect to
p0551ble to employ a single component such as the power controls 510. In another

example, the power controls 510 and the power controls 520 may be utilized. In still yet
another example, power controls 510, 520, and 530 may be employed concurrently to
reduce user device power and mitigate interference in the wireless network or across
networks. As can be appreciated, various combinations of the components 510, 520,
and 530 can be employed at different times or according to different applications.
[0019] Fig. 6 illustrates power control and power spectral density control
considerations 600 for wireless networks. It is noted that:

The process or algorithm 200 controls the relative UE Tx power;

The process or algorithm 300 controls the relative UE Tx power and the
absolute Tx PSD; and

The process or algorithm 400 controls the relative UE Tx PSD. In the
following description, differences between these respective process are analyzed.
[0020] Without loss in generality, it can be assumed that the reference Rx SNR for
all users is approximately the same (e.g., same channel, same erasure/error rate). In a
typical scenario, this need not be the case and the Rx SNR can vary as a function of the
exact channel. Further, it can be assumed that the maximum Tx power of each UE is
the same (e.g., same UE class across the network). At 610, isolated cells are considered
where power control differences are considered at 620 for isolated cell. The following
provides an example analysis for power control 620:

[0021] In process 200 above, each UE reports:



[0018] Fig. 5, power control conponent conbi nations
500 are illustrated. In this enbodinent, it is shown
WO bar/1v2a1é ous conbi nati ons of control al gorit hPGI/U82001@65293
i npl enented or dynami cally sel ected between respective
base stations and associ ated ikser devices or
equi pnent. At 510, power controls are shown and are
generally related to the processes depicted in Fig. 2.
At 520, power controPs (empl oy absolute transmt power
spect %4’Bd€nsi19§1061@ é((lcgjtrol s as depicted in Fig. 3,
and at 530, PSD contr@l's’are provided that enpl oy
relative transmitter PSD controls. Thus, in one case,
hid ths upREIshRgantcat BRREIOMaA Si ngl e conponent such as
t he power controls 510. In another exanple, the power
contrEI s 510 and ,t he power controls 520 rmé@be
r

utilizéd.|In stillEsyet apot exanpl 0 ontrols
510, 520, ) and %3 fus:! beperégﬁ@yeg g.gn@%lﬁfwntl(yﬁto
reduce usér*devi ce pofer and mtigate interference in
the wirel ess network or across networks. As can be
Bpgh seigatdEaker vasntitssdatoathhpdwansvedbivich®yconponent s

510, 520, and 530 can be enployed at different tines

or according to different,applications. [0019] Fig. 6

il us%fsateeg)gpémﬁlgefédgtlsgl )ano: pgaep’t pectral density
control considerations 600 for wireless networks. It
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the rolarrs oot d ol fafefl St bl Moo
Hontval thetube spetifit Tk AWEvakies popedirgngponhiee bdislodidth alldoation and
PSD;, and The process or algorjithm 400 controls the

F) bﬁtilgr}wélywenfrszﬂqﬂsgthelnﬁoqq%%g%nswamlw&ddescr i ption,

di fferences between these respective process are

2Ry zed\t pBD20] FigV tthdBD |dof$eenaes ganaroabiderggd where athe Hellowing
assuned that. the .reference Rx SNR for all users is

%aﬁl?pg%‘ B Rddhe (e.g., same channel, sane
erasure/error rate). In a typical scenario, this need

not b thh®@SOasatrahdgdtithnReadBNRE cgrortsary as a functi on

of the exact channel. Further, it can be assuned that

t he maxi nrum Tx power of each UE is the same (e.g.,

sane WE ¢l@sandcrigss) t he -petwork). At 610, isol ated

cells are considered wher®:ffdwer control differences

are considered at 620 for isolated cell. The foll ow ng

RhOYIFRS 8B SXATRL&nARAL YSi s Tor power control 620:

. . . P .
Passigned (Z) = q)tx (Z) ) anssign (Z) = anssign (Z)

W)
Wassign (Z) < th (Z)
= Passigned (Z) < P

The equality holds if and only if:
VVassign (Z) = sz (Z)

Thus, the UE does not transmit at maximum power, unless it is assigned the transmit

bandwidth that it reported to the scheduler associated with the base station.



[0021] In process 200 above, each UE reports:and the
uplink assignment is such that: <] W JW i vy j>B
W@ MoyN1BEach assi gned user transnmits data at thRCPpUSEN7/065293
| evel given by: p assigned avV ) <- rp ref av' Al
oD(M/1 - rp mi Va' t( Therefore, each user could
transmt at current nmaxi num all owed power. However,
the user specific Tx PSD varies dependi ng upon the
[92djv dtAx &40 of Big. on imadcatlaimtdrterdéricg bt lcgngduntd othkesdthicffollowing
the process 300 is enployed. [0022] At 630 of Fig. 6,
2558 ?F‘F%‘%Wpﬁyé consi dered where the follow ng
exanpl e anal ysis is provided:
The transmit PSD from a UE when process 200 or 300 is applied can be written

as:

P assign (Z)
Wassign (Z )

Pma_x .loff(L(i,t))/IO

Wassign (Z)

Q.0 =

The transmit PSD from a UE when process 400 is applied can be written as:

P_.() . .
CDZX(i) _ ref 'IOAM(Z,Z)/IO ‘loff(L(z,z))/IO
ref

Generally, both schemes result in identical PSD if:

. P (it W,
A, f) = 10%log, [LeabD) L jguieg, [

Pref (Z’ t assign (Z)

However, the process 200 or 300 place no UE explicit restriction on the choice of the

assignment bandwidth, whereas in process 400:

VI/assign (Z) S PL&X.
@, ()
Generally, process 300 controls both UE Tx power and PSD, and does not place any
restriction on the Node-B’s choice of bandwidth assignment. The uplink feedback
overhead is similar in process or algorithms 300 and 400, and is smaller for algorithm or

process 200.

[0007] With reference to Fig. 7, illustrated is an exemplary communication
system 700 (e.g., a cellular communication network) implemented in accordance with
various aspects, which comprises a plurality of nodes interconnected by
communications links. Nodes in exemplary communication system 700 exchange
information using signals (e.g., messages) based on communication protocols (e.g., the

Internet Protocol (IP)). The communications links of system 700 may be implemented,



In the PSD control algorithm each UE reports: (I, )
and WLx (1) = - - The uplink assignnent is such that:
wewoassdgned ( Vi) =f V (i) -W assign ( V iPOI/YS2007/065293
tr r s - .y assignav) ) W (1) Wn (1) W (X =
Passigned (Vi/ < Pmax The equBlity holds if and only
if: W assign (Vi) =
for example, using wires, fiber optic cables, and/or wireless communications
techniques. Exemplary communication system 700 includes a plurality of end nodes
744,746, 744°, 746°, 744, 7467, which access communication system 700 via a
plurality of access nodes 740, 740°, and 740”. End nodes 744, 746, 744°, 746°, 744>,
746 may be, e.g., wireless communication devices or terminals, and access nodes 740,
740°, 740” may be, e.g., wireless access routers or base stations. Exemplary
communication system 700 also includes a number of other nodes 704, 706, 709, 710,
and 712, used to provide interconnectivity or to provide specific services or functions.
Specifically, exemplary communication system 700 includes a Server 704 used to
support transfer and storage of state pertaining to end nodes. The Server node 704 may
be an AAA server, a Context Transfer Server, a server including both AAA server
functionality and Context Transfer server functionality.
[0008] Exemplary communication system 700 depicts a network 702 that
includes Server 704, node 706 and a home agent node 709, which are connected to an
intermediate network node 710 by corresponding network links 705, 707 and 708,
respectively. Intermediate network node 710 in network 702 also provides
interconnectivity to network nodes that are external from the perspective of network 702
via network link 711. Network link 711 is connected to another intermediate network
node 712, which provides further connectivity to a plurality of access nodes 740, 740°,
740" via network links 741, 741°, 7417, respectively.
[0009] Each access node 740, 740°, 740” is depicted as providing connectivity
to a plurality of N end nodes (744, 746), (744°, 746), (744", 746”), respectively, via
corresponding access links (745, 747), (745°, 7477), (7457, 747”), respectively. In
exemplary communication system 700, each access node 740, 740°, 740 is depicted as
using wireless technology (e.g., wireless access links) to provide access. A radio
coverage area (e.g., communications cells 748, 748°, and 748”) of each access node 740,
740°, 7407, respectively, is illustrated as a circle surrounding the corresponding access
node.
[0010] Exemplary communication system 700 is presented as a basis for the
description of various aspects set forth herein. Further, various disparate network
topologies are intended to fall within the scope of the claimed subject matter, where the
number and type of network nodes, the number and type of access nodes, the number

and type of end nodes, the number and type of Servers and other Agents, the number



Thus, the UE does not transmt at maxi mum power,
unless it is assigned the transmt bandw dth that it

WO 2poniBde t o t he schedul er associ ated w t h t heP@EES2007/065293
station.[0023] At 640 of Fig. 6, inter-cel
interference is considered whkre the fol |l owi ng exanpl e
anal ysis can apply: The transmt PSD froma UE when
process 200 or 300 is applied can be witten as: (Vi)/
amd §pxsf hks/] ar(d the intyrcbdikcagisy betwictr) nddes niayatigen frorP8iat of

Ly g 55 400 PR P Pt o
é&hf%gﬁé%iﬁ%ﬁ W Exénﬁbl{lf\g%ﬁfﬂnﬁﬁﬁ?ﬁ@p s¥dtémADE ﬁlag'bet&mif_tedl-gr dombined.
10*10g10 [- - - L Wassign (l) However, thé process 200
Aiso301 lpdatior onplatiment pf thei funeteatl intiticom tbantthericmay be varied.

e assign t _bandw dt h,, wher.eas | rocess, 400:
Rl 1> S B BE M e oms P LSRR b B EaipieRade
Rabkia Qvi%%_%ioﬁ@ﬁsfp@&t@.c Exé’fﬁ%ﬂaf}ﬁéifd_rﬂo@ta 800 nRR behf apparatus that may
Node- B's choice of bandw dth assignnent. The uplink

bewstdas knpoes dlcthd cndnedesi/Ar 746n 74t o K8 s749, B slebickadgn Fig. 7.

d , j S [ f j eSS .
300 A0 99D Loy DAY IR, SR GEEn mrc

830, @XReMihplitYoueMMALBif£RtY40ANnE Yisehesy 800 cdipl@l togéther by a bus 806.

cel lul ar communi cation network) inplenented iIn ] )

Aseudinghe sangusicopRenlis obadiods 800kt erchargsrinfoagation, signals
[, 0 j n t ' i

Pl Ly o b SR G 55, 530, ST D08 may b

kxetod ngéde aicaisimgtl08n usi ng signals {e.g., nessages)

Fﬂ%sﬁ]d on C8&5‘{.1rr1:lllensis %grtnirncl)lrrllicg{iglg %%equasce {8§0 %fdvi(ieg%l mechanism by which
the internal components of the end node 800 can send and receive signals to/from
external devices and network nodes (e.g., access nodes). Wireless communication
interface 830 includes, for example, a receiver module 832 with a corresponding
receiving antenna 836 and a transmitter module 834 with a corresponding transmitting
antenna 838 used for coupling end node 800 to other network nodes (e.g., via wireless
communications channels).

[0013] Exemplary end node 800 also includes a user input device 842 (e.g.,
keypad) and a user output device 844 (e.g., display), which are coupled to bus 806 via
user input/output interface 840. Thus, user input device 842 and user output device 844
can exchange information, signals and data with other components of end node 800 via
user input/output interface 840 and bus 806. User input/output interface 840 and
associated devices (e.g., user input device 842, user output device 844) provide a
mechanism by which a user can operate end node 800 to accomplish various tasks. In
particular, user input device 842 and user output device 844 provide functionality that
allows a user to control end node 800 and applications (e.g., modules, programs,
routines, functions, efc.) that execute in memory 810 of end node 800.

[0014] Processor 804 may be under control of various modules (e.g., routines)
included in memory 8§10 and may control operation of end node 800 to perform various
signaling and processing as described herein. The modules included in memory 810 are

executed on startup or as called by other modules. Modules may exchange data,



Internet Protocol (I1P)). The comrunications |inks of

system 700 nmay be inpl enented, for exanple, using
wowReea124ié ber optic cables, and/or wireless  PCI/US2007/065293

comuni cations techni ques. Exenplary comruni cation

system 700 includes a pluralith of end nodes 744, 746,

744' , 746', 744", 746", which access comuni cation

system 700 via a plurality of access nodes 740, 740",

arfickm&4ion, anldrsibnasdelsen A&doutddi 6oddlds may 480 shatd data and Griformation

y be, e.g.., wreless c i cation devices Or
%?W%?&P@fi- Mﬁdm%%ég 915 %ﬁ@%@,ma2f41@cl}lﬁqaélgnﬁla§g/%}ml module

glgand%ﬂaghg§§nﬁgqﬁ§§81qputers or base stations.
Exenpl ary conmuni cati on system 700 al so includes a

HoiBer of Bignelingicoe®! 7Odule B0B comdds pidtOssingndlafin@ to receiving

used to provjde interco ctivity o rqQvi de.

SRERna e N TE ok MsRvapanaer ntdcctisBlof Rl iiiiion storage.
R%eAmRl, ahy Fﬁ%emﬁg. A h i o &Y B S 0] 41 iREILHELSSat inF8YAfon such as,
704 used to support transfer and storage of state

frerinsganee mgranecteiidstaivgi @gd/orhheswferaratinn dgeatigaopgyrapen ghthe end
n 0“n Hcel %g irp\élglrcglaﬁ ﬁ%‘%%&ﬁ X/tgorigo"il rd%tfa %rl 4 .Sn?ar \éiﬁ‘.r’l%l?/g%‘ing{g\@a.&ﬁtog )i(l%formation

1 u (0] rver unctio

Transd. sindsedy édenfifiogionantdkinbityon) 20 OBdrafixeMifétyation 818 (e.g.,
comrunj cati on system 700 de%i cts a network 702 that

i 8 2l FEFCIROUOCCHY AR SR T6SIARNE OBPHIHAS ISHRTECn e
el bR RS RS s R bl PR Sy B 0L fe 14

08, updaspeafipvatiyn infodertion @il & tied/bedpwationabaéoriihbon A18).
k 702, al so provi dﬁs [ ntergonnectivi ty ton eté/}%rk

{
H46E ¢ nac Fig & PERUEFA RYBHPR RESDET LY iheesH RO
RESINRE e d BRactbRIaREI WRE Kadidu¥isgecklde sVl WRkeid | E%erﬂpl%r%rzaccess

is connected to another I nternedi ate network node
whdecHOpnaybdesafparatisartilizoh aeaty arictof ata@sangdes 740, T4’ 610”7

ccess. node 40, 740' . 740" via network links 74
3TN Lehsnfidgny et b BER e By 4,
K&Qfork/ﬁl‘ﬂ&ﬁet{:v%ﬂdmlrﬁw 2@Endod A RkNEEAMEEIdnVihteYat @93,
plurality of N end nodes (744, 746), (744', 746')

paupled togetbenby & it iArepdingly.arations eospoments gf agsesssrpde 900
Lénnégc%hén?%? foZnAl%cldn GEARs and &adia ﬁug‘b%%: Thé Lo onents 904, 906,
Fespec |g\/ell,ly. o exenpr ary comfuni cati on sysPem :

e 8(; 920,030 thostRestHdde F8@may B4 Wocated i€ & hegsigs902si ng
wi rel ess technol ogy {e.g., wreless access links) to .
B0dY] de acbleteork/mtemgiwork saifaagd28 meeyvides agnechanism by which the

SATOEAEL A0S, RLLS 08107 808 451 sty o
dévicestand hetdvogls nadasi Neheorklinteolendonigntetfecac@Oriesipdesdi regeiver
31%831%5922 and a transmitter module 924 used for coupling access node 900 to other
network nodes (e.g., via copper wires or fiber optic lines). Wireless communication
interface 930 also provides a mechanism by which the internal components of access
node 900 can send and receive signals to/from external devices and network nodes (e.g.,
end nodes). Wireless communication interface 930 includes, for instance, a receiver
module 932 with a corresponding receiving antenna 936 and a transmitter module 934
with a corresponding transmitting antenna 938. Wireless communication interface 930

may be used for coupling access node 900 to other network nodes (e.g., via wireless

communication channels).



node. [0010] Exenplary comrunication system 700 is

presented as a basis for the description of various
waspeaimicet forth herein. Further, various di BEED81087/065293

network topologies are intended to fall within the

scope of the claimed subject Watter, where the nunber

and type of network nodes, the nunber and type of

access nodes, the nunber and type of end nodes, the

[0erBEr andPitogpsond04Sardeecantahdf edrivas nAglaids $¢.gt hautines) included

nunberand type of |inks, and the inferconnectivity .

Betamer %86@§tfﬁlﬁ>9paﬁa$l%Pf e Oas00b 0 65 ZFigus Signaling and

%g)%gé_ PioC athl AL BYS LT dLAn %ae%&? 8o hix %’eg:xe&:ted on startup or as

diti naIIy, functional entit depicted In
ealbdﬂvlyauﬂ}ermmﬁuiﬁs |theamaymeqyﬂeenmmnm39 16e Modul ¢sevkhyoxchange
ed. .Al so

I ti | t of t
FilhabIOGRANON 404 FiEBas PR hreHitmo R gy o Ja s faddata and
[0 dkkiofrivahen 8xédukdds tH R 8 o P&k agpRdTRh Moty ©Nd oNBERsB}de 900 may

(e.g., a nobile node) associated with various aspects.
mehdpladityte Mrnagedent mutm%lmdainslami@géiwot metulggd\t4be
¢§§9sp%§g§§¥o pl Cot?fth tsQ %1 u es nogr%%gz % a,lsZ)A'nGl%luZ rA]S&atﬁ ?\ganagement

epicte

&Q@9ﬂ31@ﬂ1dldl%551@lamh@/m&6[da$€o9&5 a wrel ess comunication
i nterface 830, a user i Eut/output i nterface 840 and

ly 810S@HUMR @%gefr@g 2goptRls fyerogessing af rgeiyed
Ié’l%fé%l? @mfegﬁ%ﬁgﬁ&sqtfs?& él%ggoaﬁ ngﬁf\:/sslgggﬁf?l@ 8@%& H%%g and retneval

8tk Maﬁ)@en&ﬁODatﬁfﬂlOS 18 enf foe ntanoe &n&(ﬁﬁdtﬂﬁ:ﬂ!at&bmlfm&hed such as
inside a ho 802 012 el ess conmuni cat i

thesks %@ﬂs%%%?% etQL g’cﬁ%%‘h?z-yﬁ:i‘g RIBSAtRAT BRdS Fae Pored in

s e mal ne‘%@gﬂkorﬂﬁ@t §ta@é Nfaﬁ@%e%%t RREEI B0 ntAMEaR Qn@/e{drnodlfy

receive signals to/fromexternal devices and network
RateNlajagegient dade 88 nodes). Wrel ess conmuni cati on

351, S BECHET mp Pl GRSt e RES S g e Fortrom

EAPRSIES bl @rwit@eid|c8mBRhiMibA ie€Q% 088 RAMEH/FBm other network nodes
transmtting antenna 838 used for coupling end node

80U nebvaskfirrtprnaistanls ikefeng 920 28 ngeessagy fonithasiopergtions such as basic

%3@%{@%& i A &E‘%ﬁé@&nemﬂ 13%%5{1&1%}%% 851[9 o9& udes, for

es a u

keyiae Jenamddardised do ﬁ‘@dt‘dlﬁ@\ﬁn@&sﬁéﬂfhnﬁﬁ a@mgnrdbr&ﬂbrab’a)sw
whi ch are coupled to bus 806 via user |nput/out ut
PRI &g aled sth!er netpgk-refpses dathpigh a8 8ig addrasn of %m%@&nagement

%&y,tcogﬁgﬁtﬁﬁo@ﬂ&ormatlon for basic network communications.

Signaling/Control module 914 may access and/or modify Signaling/Control data 915.
[0001] It is noted, that for a multiple-access system (e.g., FDMA, OFDMA,
CDMA, TDMA, efc.), 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



can exchange information, signals and data wi th other
conponents of end node 800 via user input/output
w0 piognizte 840 and bus 806. User input/output PEIE/ESHATES293
840 and associ ated devices (e.g., user input device
842, user output device 844) Wovide a nmechani sm by
whi ch a user can operate end node 800 to acconplish
various tasks. In particular, user input device 842
ainchity S@STOLIL, Rligital evinae pBebésqorOVDARS)f diyital ergah] pyoctdsatg devices

| d de 80 d
(RS, Gubamietdls JgHandevirouIPagY. RoRCOTBRmMARE. gus arrays
E}WA ngd&:ﬁofs cHﬁt’i@[eYs %Qrcpr:mﬁfb@leﬁo%c&?%ceisggl her electronic

roce may be under control of various mddul es
(etsglesignedita prefymithe fundeachsi deserdred rhyre&il, Or ardmiramtion thereof.

oI eratjon of ode 8 t erfo ar,iou
GRBREI T 187 ahaol P Bectutitgeteic dby duRhir demtritbidffin may be
M%@l&ed RéitH g ulcl (@%”erbfce%ﬁ&saﬁﬁlcﬁéi@& 4h& doOdh)Sthat pathorm the
or as called by other nodul es. Mdul es may exchange

tacaonsndesentad bercinantihe Befiradrs mﬁ@ﬂwn@xé@u&t@r@d ivVstemery units and
TRy aleg Sha e darh. Aadebolar Il i RAQGHS he processor or

end n

smgmal ke eC prviceBbr, nadeth@h &hge atndaxs bg rb@hmﬁtgﬁ@a@imblryo&oupled to the
data 814. [Q015] Slgnallng/control nodul e 812 controls
PIOSREQSYIA YU QUSIPEaRg awlin@z«y@umh?gaﬂand sendi ng signal s
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RAFLAAES B SRRt PO BTN e iy ot o
glsormehideabmponéms eff fncedgorBa,

[0022] Fig. 11 is an illustration of a system 1100 for controlling power in
accordance with a base station. The system 1100 relates to a wireless communications
apparatus to control transmitted power and includes logical component 1102 for
generating load parameters associated with one or more wireless network cells. This
can include a base station transmitter for example. At 1104, a logical component is
provided for determining a reference signal based on a signal to noise ratio (SNR) or a
quality of service parameter (QoS). This can include a processor component at the base
station to determine the reference signal, for example. At 1106, a logical component is

provided for communicating the load parameters and the reference signal to facilitate

adjusting power in a wireless network. This can include a memory for storing the



coupl ed together by a bus 906. Accordingly, various
conponents of access node 900 can exchange

WO pdoonneté on, signals and data via bus 906. ThRCT/US2007/065293
conmponents 904, 906, 910, 920, 930 of the access node
900 may be |ocated inside a h%hsing 902. [0017]
Net wor k/ i nternetwork interface 920 provides a
mechani sm by which the internal conponents of access
padec) Ataln 08 entbganaticommemicues prayidddsfot adjiistmg pexice basat on an

evji ces and networ k.nodes. Ne rk/i.nternet wor k }
f%??f)@? _B%‘@GTWGCW%F%&@%H}G&? ei Caﬁﬁ%ﬂ?%’ Yy e]%%tegnlnal that
Eécggﬁ?gb 6@&rﬁ£§9&$@sx§%ﬁya%%@er§.0f coupling access node

t her networ odes (e.g., via copper wires or
fa00¢f opVha Hasrbesi) dedoribed ebaveciopimes anipbary ientbedinagnds. It is, of

930 al s rayj des .a nechani sm by.whi ch the j.nter.na

oG D50 <o bt Lo TS g B ORGSO R ifgmponents or

FlethoabRgle/fé RIFHEES 6F BcriIRYitEE SmBHEmMRELVBUthon8 @t @8dinary skill in
e.g., end nodes). Wrel ess conmuni cation interface

(art ARl udesgniZegthat mepy higrgher gomboitioey amb dernautgBms wirg possible.

conrespondi ng. r.ecei vi.ng. antenna ,936 and a .
AERURERE el dt BB IR LR IO G o0 v trations,
odiTRaiibis ang varik@siRahA 381 whmethe Spiric emakbdpe af theppended claims.
interface 930 may be used for cpuPIing,access node 900

Fertharmere, det her &teiodat the gprm yingludpsejsedsed in cither the detailed
1.C i ) n 0: 4. ..

S B L ARR O Rt I e O BE Bt ur ¥ HRlncy similar o

the tommYcymPiing ont fToohprepgr’ at imerpafcdebes smplaged 90@ ttamsitional

peg{orn1various signaling and processing. The nodul es

PR Bded?ih memory 910 may be executed on startup or

as called by other nodul es that may be present in

menory 910. Modul es may exchange data, information,

and signals when executed. Mdul es nmay al so share data

and i nformati on when executed. By way of exanpl e,

menory 910 of access node 900 may include a State

Managenent nodul e 912 and a Signaling/ Control nodul e

914. Corresponding to each of these nodul es, nenory

910 al so includes State Managenent data 913 and the

Si gnal i ng/ Control data 915. [0019] State Managenent

Modul e 912 controls the processing of received signals

fromend nodes or other network nodes regarding state

storage and retrieval. State Managenent Data 913

i ncludes, for instance, end-node related information

such as the state or part of the state, or the

| ocation of the current end node state if stored in



sonme ot her network node. State Managenent nodul e 912
may access and/or nodify State Managenent data 913.

WO 0®20]248i gnal i ng/ Control nodul e 914 control s P¢BEUS2007/065293
processing of signals to/fromend nodes over wreless
comuni cation interface 930 ald to/from ot her network
nodes over network/internetwork interface 920 as
necessary for other operations such as basic wreless
function, network managenediLABMS. Signaling/ Contro
data 915 includes, for exanple, end-node rel ated data
regardi ng wi rel ess channel assignnent for basic.
dper afimethod iy contrlbing peWwe iR -arveif gl ess AICHArK, COUHHISHE: t he
address of support/mnagenent servers, configuration
i nf or deieinuningarrelotivé powent werrketecrauvir dessidenise;

Si gnal i ng/ Control nodul e 914 may access and/or nodify
Si gnatdcaigingonibad pardeictr 8tlthe WiklB4 fletite, itls load patameteatssociated
for a nultiple-access stem (e.qg., FDVA, OFDVA, CDMA,
Wﬁ&ﬁfkéﬂémfPﬂWﬂVwﬁgp%cég ﬂ&nals can transmit
concurrently on the uplink. For such a system the
pi | ot 2 uBmEEesHEPONET ehilf ddrelisb AgYies MapwRf the relative power
' h estimation techni ques nmay be

E%%%k%ﬁ&%gggé&ﬁﬁgggﬂﬁlé pi | ot subbands for each

term nal span the entire operating band (possibly

except for the band edges). Such a pilot subband

t I irable to.obtain. f L
3 ver ShY et B aBrim deRiREp oy elhiing YESH R nayuss in view
Bﬁ&ﬁﬁﬁoﬂﬁy(ﬂ@ﬂ%ﬁ&hﬁﬂ&ﬁkﬁ?pQMnM&ﬁjOUS means. For
exanpl e, %ese echni ques may be inplenmented in

har dwar e, software, or a conbination thereof. For a
har dwar e i npl enentati on, the processing units used for

hann ' [ j it o
Foon" e RSPy E: KIRLSTRLA LA Bl By n view
of gidlalvepogepspeptralaRasior garg38s) , di gi tal signal
processi ng devi ces (DSPDs), programrmabl e |ogic devices

(PLDs), field programmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,

qi Cr OPhLORREDA P cla%h,efheq)eﬁpﬁagée’fgétﬁr 4Rkdosiatesk 9N e dath Bit, the data

performthe functions descri erein, or a

biv atsiopiatadovitht heirelots dfvi@ORthdRgcant orpf atherrveireless cell.

i mpl enentation, the techni ques described herein nmay be
i npl enmented with nodul es (e.g., procedures, functions,
and so on) that performthe functions described

her ei Mhe MRthod Aff tivah @, ARHE cTmyride: &tENRE a rofof@I¥kibnal at the
units and executed by processors. The nenory unit may
péclespdeiient ed wit hin the processor or

6. The method of claim 5, the reference signal is based on a signal to noise ratio

(SNR) or a Quality of Service (QoS) parameter.

7. The method of claim 5, further comprising generating a power headroom

parameter based on the reference signal.

8. The method of claim 1, further comprising receiving an uplink assignment.



external to the processor, in which case it can be
comruni catively coupled to the processor via various
WOore@ns12$6 i s known in the art. [0021] Fig. 10 PGI/EHS2007/065293
illustration of a system 1000 for controlling power in
accordance with a wireless tetrinal. In general, the
system 1000 is related to a wirel ess connunications
apparatus to control transmtted power. This includes
a |l ogi cal component 1002 for receiving | oad paraneters
associated with wirel ess network cells. For exanple,
ohi s Theh@thod ©f dhem &, theaplivke bsstdnngdat includegbMdwalitiSad packet
term nal or other receiver conmponents. At 1004, a
indefmedionconponent is provided for generating a power
headr oom par aneter based on a received reference
signal. This could include a processor associated with
a wreless termnal. At 1006, a |ogical conponent is
pd.ovi Ghemkthodadiclagh ion fprhenesmrdsedtramsnping tlenpacket ihfoadation
araneters d t he powe dr oom. araneter Thi s.can
T SEAESS B A G iV o B R By e ver.
a power control algorithmfor exanple. At 1008, a
| ogi cal component is provided for adjusting power
based on an absol ute power spectral density paraneter,
v\ber eTh@hﬁt}ﬁa@ﬂbﬁl@anf@h%@cdrﬂﬁh#&%ere@m enelfatin ABording to
gprlthnl [0022] Fig. 11 is an lustration of a
HdeldewingGaudtion: control | i ng power in accordance with a
base station. The system 1100 relates to a wrel ess
communj£At i.ong 2ppar at us (L@, tgqn%qol (i1, pnﬁmlf)?d power
and i ncl'udes | 0gi cal cohponent tor“génerating
| oad paraneters associated with one or nore wrel ess
net wowvkeredldes EqUipimenciaUH #el ude a base station

transmtter for exanple. At 1104, a |ogical conponent
i Sef?ﬂfbvrdé{‘ff?rﬁtfce@ BYMEnfoRd B 1 i lence si gnal based

on @ si gnaleférenBYaf@widal i 0 (SNR) or a quality of
service par anet er_ (QoS) processor

Thij an include a
compbherit MixIHE Tadavet fi %ﬁ @6566@{1 b it
r}gageﬁ)enee Maxgimam, alfoored X groplee forAUELiDGmea | ogi cal

conmponent is provided for comrunicating the |oad P
Pasaupt ef MBAukGHhELBICTE GoskanaliobA LRAUH § L8 €log,| ~== @.0)
adjustlng power in a wreless network. This can P, (i,t)

| obchl e dBERE e it ”ﬁaﬁﬁpﬁaﬁiﬁrs ower
baséd)oa dhnetimmotoutmep pemdendispec tommamte s Tk yopar asreteem (dB)

Thi g(fan 'Pﬁﬁ&ti’cﬁﬁetoataléé 151%%%§§anh%ﬁl%n@?éfe&ﬂ%bo@9d it s duhS(dB)
pomg; bas%g on such ]ﬁnete

X energy per ation symbol for user i

N, = Thermal plus other interference PSD

t



[ 0001] What has been described above incl udes
exenpl ary enbodinents. It is, of course, not possible
W@ 00dessné be every concei vabl e conbi nati on of PCT/US2007/065293
conmponents or net hodol ogi es for purposes of descri bing
the embodi ments, but one of ofdinary skill in the art
may recogni ze that many further conbi nations and
pernmut ati ons are possi ble. Accordingly, these
¢bodiThentethodrof claivh dn dfaathtoceenirisiiped adrinising b maximum SNR per
alterations, nodifications and variations that fal
medniaton penkglipey the foltpwapg s8U410nt he appended cl ai ns.
Furthernore, to the extent that the term"includes" is
used ym ejther the detailed description or the clains,
such £e%%iis #n{ggﬁgd to bEiincl usive in a manner
si m | aVit bt he t mCoOnpri sing” as "conprising” is
i nterpreted when enployed as a transitional word in a
claim CLAIMS 1. A nethod for controlling power in a
wirel 838 net work, conprising: deternining a relative
power paraneter at a wireless device; receiving a | oad
paranmeter at the wireless device, the | oad paraneter
associated wth | east one. ot her, wig el ess cell; and
2d ustrng t ramoieey gEero SR ARt BEu%Ea Ce |
Vi ew oW, t ke Tlelratl plas poveerinfeafcenmet &SDand t he | oad
paraneter. 2. The nethod of claim1, further

nprising adjusting.the transmt pqower.in view of an_.
Lbsol Eﬁ%ﬂ%mfagr#g EE%PaH‘“&%%WRﬁS lipgttine bagdwigh according to
mRtbesly Ak cgh@idis:2, further conprising adjusting the

transmt power in view of a relative power spectra
density parameter. 4. The nmethod of claim1, the | oad

par amet/Br..i® assorsiened bandwidih &gt HEbit, the data bit

associ gred W th a\\oheh esasfey krfat Tl g At | east one
ot her wi ¥8l'ess cell.” 5. The nethod of claim1, further
conpr €i,ny receiVifhg|a reference siignal  at the

wirel __;Eevic%. he ﬁbtﬂﬁﬁo%fggré%_ 5, the

ref erence’“si"gnal N's' ed on a sigrdf 'to noise ratio
(SNR) or a Quality of Service (QS) paraneter. 7. The
met hogpefe. claim5, further conprising generating a
power headr oom

W. = Reference bandwidth
E,; = Rx energy per modulation symbol for user i
N, = Thermal plus other interference PSD.

14. The method of claim 13, further comprising at a power level given by the

following equation:

Passigned (Z) < Pref (Z’ t) ) 1 OA(ZIJ)/IO = Pmax (Z’ t) ) IO*f(L(l'J))/lo

15. The method of claim 13, further comprising generating a power parameter

according to the following equation:

PG t)‘lo—f(L(i,z))/IO‘

max



par anet er based on the reference signal. 8. The nethod

of claiml1, further conprising receiving an uplink
was®rgmIent . 9. The nmet hod of claim 8, the upliP&I/US2007/065293

assi gnnment includes bandw dth and packet information.

10. The nethod of claim9, fwther conprising

transmtting the packet information in accordance with

an assignnment and with an indicated nmaxi numtransnit

p@wer A witelesshvemmainieations appasdtug, tomptigihgrer conpri si ng

reporting information according to the follow ng

equat h eRRmofy that Ytofes Adddt pakdmeters édeitell)froh & RiRdess network; and

(U),Pref (i,t-1)) ; where User Equipnent is UE and

Pref § erc)assor fiai &ﬁﬁ@(}@th@fomimét&rs bl alpoder héd¥Fodm WMrameter

Ref erence bandw dt (0 Maxi mum Tx power for

vecattobpowiE cutnuabf & Minglasaiserminghxi num al | owedTx power

for UEi at time t A(i,t) = Maxi num supportable Tx

power headroomfor UE i = 10*lo0gl10 - --- L(i,t) =

Ef fective load indicator command for UEi at tine t /

(7) —TE@W@%Ie@mcdr@mﬁﬂll@aticﬁladpﬂ)ﬁﬁﬂu@ af elaing O6aRARertcdmpXising a

power reduction (dB) -) = Function to take preV|ous

ERTEPQGRY terponirelithe pawer %wtpf therwirelewdemingl dpycdmn an ghgolute

dnfesymbol for user i N = Thermal
gﬁﬁég%tﬁgﬂdgﬁggpgtreﬁ%e PSD12. The nethod of claim 11,

further conprising determ ning a maxi num SNR per
nodul ati on synbol per the follomﬁng equati on: where Es

Rx dul t f i N= ..
Thor mahe LRSS o ine pBaiHas peeiiim 58 Fouther rampeiging ¢
&Lrﬁlbdﬁe&?to &H{rblhﬁé PG@%ﬂtﬁltr&ﬁt@ WGB! tBoni RAMINE i relative

according to | om ng equations: ass gn (i) =
pewsérginedrab dﬁmwmaramemr UE |

19. The wireless communications apparatus of claim 16, the power headroom
parameter is based on a signal to noise ratio (SNR) or a Quality of Service (QoS)

parameter.

20. The wireless communications apparatus of claim 16, the memory stores data

based on an uplink assignment.

21. A wireless communications apparatus to control transmitted power, comprising:

means for receiving load parameters associated with wireless network cells;

means for generating a power headroom parameter based on a received reference

signal; and

means for adjusting power based in part on the load parameters and the power

headroom parameter.



TFass gn {i) = Assigned transport format for UE i

where Wef = Reference bandwi dth E = Rx energy per
woremalisiton synbol for user i N = Thermal pl usPCI/bi82007/065293

interference PSD . 14. The nethod of claim 13, further

conprising at a power |evel given by the follow ng

equation: Pass ned (j) 15. The nethod of claim 13,

further conprising generating a power paraneter

az.cor Thagirtkest fenmohicavens gpeguat odelaing 2 1,Guitber/cofnpfising means

/1.16.. Awireless co ni cati ons appar at us,

ﬁﬂlﬂ#@%@@weﬁﬁi&v& pluig Repves Sp?fggf‘%%\saﬁ@%réﬁ@wr-
received froma wireless network; and a processor that

Shpl opgmadhing rgadnbirapadisidiay ingrigackinssxesutida dsggptions stored
&%fe%ﬁeé er r%gngcont rol power output of a wireless
erm haﬂ .p }

"The wi rel ess comruni cati ons appar at us of
claim16., .further conprisi n@g?a [o0)

Vi ] @ G on§nt t 0. clontrﬁl )

the pHElMERISET msFe 19d Bifp FArEEOPE L @ Bitelea tshvark:
absol yte power spectral densit araneter.. 18. The .

wi r ol SRR RS B efd}&m%%a@sef? o KieRivEE refprgpegsignal; and
conprising.a conmponent to control the power output of

t he mmnélrogl% RABYGHiha Witslesedevae Respdingtartan thelgad bits and the

SRRRLS g{,vegﬁggﬁlg%r'par ameter. 19. The wirel ess

comruni catt ons apparatus of claim 16, the power
headr oom paraneter is based on a signal to noise ratio
(SNR) or a Quality of Service (QS) paraneter. 20. The

i rel S conmmuni cati ons. a r at claiml1l6, the ..
o The parEe Rty SeauE R LA Mt 2oMaSiog Omsoling
{s\ooaérra% kIRSWir&1eSBeRicE BhicAnh MUPRSIBIYDWeP sFRRAI ®insity parameter.
ransmitted power, conprising: nmeans for receiving

| oad paraneters associated with w rel ess network
cells;

25. The machine readable medium of claim 24, further comprising controlling

power at the wireless device based on a relative power spectral density parameter.

26. A processor that executes the following instructions:
analyzing load information received from a wireless network;

generating a power headroom parameter based on a received reference signal;

and

controlling power based on the power headroom parameter and the received

reference signal.

27. The processor of claim 26, further comprising controlling power based on an

absolute power spectral density parameter.



means for generating a power headroom paraneter based
on a received reference signal; and neans for

w@oeajoasia4ng power based in part on the | oad parkCEUS2087/065293
and the power headroom paraneter.22. The wirel ess
comuni cati ons apparatus of ciim 21, further
conprising neans for adjusting power based on an
absol ute power spectral density paraneter. 23. A
machi ne readabl e medi um havi ng nachi ne execut abl e
i nstructions stored thereon, conprising: receiving one
or nore load bits relating to activity in a wireless
network; determining a relative power paraneter based
on a A?rﬁ@ch&@ﬂ)rrcéﬁt%lﬁﬁ%ﬁov%rgﬂ?&hia RSt RH 1@l W) B sRRWERS K,
at a wireless device based in part on the load bits
eordptisyeg:r el ati ve power paraneter. 24. The machi ne
readabl e nedi um of claim 23, further conprising
cont r gickiving pelative ppwth@rametet, ess devi ce based on an
absol ute power spectral density paraneter. 25. The
machi penckgiadallbad paekinttdt Gbmcd Risesddon fod Whelkess network, the load
conprising controlling power at the w rel ess device
pagwgtenpssaeipter ayitha lgpstene abacrirdess gelvsindy par anet er .
26. A processor that executes the follow ng ' '
i nst r eningnsatingaorgssithggwirelass natwerkrieam die base steirerdadepesing to
a W rel ess network: .generating a power headroom
B G I OO b A RELRG ¥ B RS oo TR IPR gt
control ling power based on the power headroom
paraneter and the received reference signal. 27. The

rocessor of clajm 26, further conprising controlling

over Thagethodef sltraBs ofuiiher sommssngrastpyticyggsicrgps thewircless
RALBAEISic8f af BB ol 8l spEQRH: Oy PIrAONG! T rom a

ase station in a wrel ess networ npri si ng:
receiving a relative power paraneter; generating a
| oad paraneter froma base station in a wirel ess

gﬁtemgiﬁ%{nte&}%pé?gggg ?g ?ﬁ%&gﬁz@aﬂ?’p%%%gago%jm%iga inagtaclro%gJl e wireless

network in view of a relative power spectral density parameter.

31. The method of claim 28, the load parameter is associated with a data bit, the data

bit associated with a wireless device in the at least one other wireless cell.

32. The method of claim 28, further comprising generating a reference signal for at

least one wireless device.

33.  The method of claim 32, the reference signal is based on a signal to noise ratio

(SNR) or a Quality of Service (QoS) parameter.



comuni cating across the wireless network fromthe
base station according to power |evels associated with
WO b@7nel4ad i ve power paraneter and the | oad parBeEUS2007/065293
29. The nethod of claim28, further conprising
communi cating across the wirel%ess network in view of
an absol ute power spectral density paraneter. 30. The
nmet hod of claim 28, further conprising comuni cating
across the wireless network in view of a relative
power spectral density paraneter. 31. The nethod of
claim 28, the |load paraneter is associated with a data
bit, the data bit associated with a wireless device in
the at |east one other wireless cell. 32. The nethod
of claim 28, further conprising generating a reference

na i-ce. 33. The
%%?hoéWLg&' aln?%%laﬁﬁﬁsﬁ%%g#g%ggﬂ§¥%%§| i's based on a
?quzj)g;:ll Hlaer%la %ha‘ta stg%t Il%d pardt etgrss t@%&%%llne:r%éq Igc%%sgear%fr&gss network;

appar atus, conprising: a nennry that stores | oad
paraneters to be generated across a wi rel ess network;

and a, BFREQSFMat EdhihufieABIHMe CeHdesard@ers A8 sP A INRI QS Betwork,
across the wireless network, the processor generates a

thefpepasnee genaypias a relfenenfresslgrmb they eﬁcﬁnml@yﬁdtvh@ thedehd parameters to

neters 0 ad ust .power in the wreless network.
g(g Wer 1n t S net Vl?
FRe é ANt cat i ons apparatus of cl ai m 34,

t he reference srgnal is enployed to determ ne an
absolute power spectral density paraneter to further

just power in the wirel ess networ wrel e
%%mmﬁh%yrrrk?ﬁecoawamartws £BP B PBrlarnr %éhr rqf%rsni?oiwl is

SHUBLLEL D 0L 08, 400, DTS e o

pewaersn filor wotdeesrmetwonkg a ref erence signal based on a
signal to noise ratio or a quality of service
paraneter; and nmeans for comuni cating the | oad
paraneters and the reference signal to facilitate

36l UshiiBelBRWBMnUhicatidhs B} RSSuNBLORIE! transmitted power, comprising:
means for generating load parameters associated with one or more wireless

network cells;

means for determining a reference signal based on a signal to noise ratio or a

quality of service parameter; and

means for communicating the load parameters and the reference signal to

facilitate adjusting power in a wireless network.

37.  The wireless communications apparatus of claim 36, further comprising means

for adjusting power based on an absolute power spectral density parameter.

38. A machine readable medium having machine executable instructions stored

thereon, comprising:

generating one or more load bits relating to activity in a wireless network;



37. The wirel ess communi cati ons apparatus of claim 36,

further conprising nmeans for adjusting power based on
w@arooabsahat e power spectral density paranet er. PGBUSW07/065293

machi ne readabl e medi um havi ng machi ne execut abl e

i nstructions stored thereon, nprising: generating

one or nore load bits relating to activity in a

wi rel ess network; determning a rel ative power

par amgétermibagedchivapswedgraeamacshagetdn a adfekence signal; and

conmuni cating the load bits and the relative power

par anedr@fuRichdFEStha I0Mdels 888 tHaLWENK pbWerl RedrhdtéddcRoss a wireless

power controls 1n the wireless network. 39. The

neeRrne faalitbpeversantion o7 thevaraksssgetwoukt her

conprising controlling power based on an absol ute

power spectral density paraneter. 40. A processor that

executes the follow ng instructions: analyzing | oad

Bof or irht mavhine cadytdd nfedam af siained & ertietcampkising controlling

%enerat%fg a refFrence Si naL based on a signal to

OF St PHALIOSQIUR BT PP Tl dypity @agHIctet er ;. and

transmtting the |load informati on and the reference

signal across a wireless network to facilitate power

control in the wireless network. '
40. A processor that executes the following instructions:

analyzing load information received from a wireless network;

generating a reference signal based on a signal to noise ratio or a quality of

service parameter; and

transmitting the load information and the reference signal across a wireless

network to facilitate power control in the wireless network.



