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BACKGROUND
L. Field
[06002] The following description relates generally to wireless communications,

and more particularly to frequency hopping for control channels.

1L Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as, for example, voice, data, and so on. Typical
wireless communication systems may be multiple-access systems capable of supporting
communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power, ...). Examples of such multiple-access systems may
include code division multiple access (CDMA) systems, time division multiple access
(TDMA) systems, frequency division multiple access (FDMA) systems, orthogonal
frequency division multiple access (OFDMA) systems, and the like. Additionally, the
systems can conform to specifications such as third generation partnership project
(3GPP), 3GPP long term evolution (LTE), etc.

[0004] Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile

device may communicate with one or more base stations via transmissions on forward



types of comruni cation content such as, for exanple, voice, data, and
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SUMMARY

[0006] The following presents a simplified summary of one or morc
embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.

[0007] In accordance with one or more embodiments and corresponding

disclosure thereof, various aspects are described in connection with facilitating



enbodi nents in order to provide a basic understandi ng of such

enbodi mrents. This summary is not an extensive overview of al

contenpl ated enbodi nents, and is intended to neither identify key or
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The wirel ess_co icat|lons appar at us cghn i ncl ﬁ%e at, | east one

processor coBf M8 Glseapelidnistmifag e gernshsantol setayg fqifeed device

having a pl Yikdiky ahe hépetipanaymbl ocks reserved for control data,
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[ 0010] Yet awmotthedamgpeagthbolelofibasiwidthahaingd ghwlitonfiiredusntyi binsks reserved
apparatus t (?i:[ control data, based at least in part on a hopping pattern, the hopping pattern includes
hopping frequencies within one of the plurality of frequency blocks over a time period.
The wireless communications apparatus can also include a memory coupled to the at
least one processor.
[0010] Yet another aspect relates to a wireless communications apparatus that
transmits control data according to a hopping pattern. The wireless communications
apparatus can include means for mapping control data to one of a plurality of portions of
available frequency pre-assigned for use with control data,  The wireless
communications apparatus can further include means for hopping within the portion of
available frequency to map additional control data to provide frequency diversity.
[0011] Still another aspect relates to a computer program product, which can
have a computer-readable medium including code for causing at least one computer to
generate control data for a first device. Code can also be provided causing the at least
one computer to map the control data to a portion of bandwidth reserved for control data
based on a hopping pattern, the hopping pattern is a function of available bandwidth of

the wireless communications network and of the first device. Moreover, code can be



transmts control data according to a hopping pattern. The w rel ess
communi cati ons apparatus can include neans for mapping control data
to one of a plurality of portions of avail able frequency pre-assigned
for use WWP2HBMEBEA data. The wirel ess conmuni cati ons EPABHOES1EAN
further include nmeans for hopping vvithig the portion of available
frequency to map additional control data to provide frequency
diversity. [0011]Still another aspect relates to a conputer program
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t he determ rﬁ@ﬂ“hoppi n@ncﬁh@rt @ppct relates to a wireless communications apparatus. The

wireless communications apparatus can include at least one processor configured to
receive control data from a plurality of devices on a signal having reserved frequency
blocks for transmitting control data, the control data utilizes one of a plurality of
hopping patterns based on device bandwidth capabilities. The wireless communications
apparatus can also include a memory coupled to the at least one processor.

{0015] Yet another aspect relates to a wireless communication apparatus for
interpreting control data utilizing various hopping patterns. The wireless
communications apparatus can comprise means for receiving bandwidth capability
information regarding a device. Additionally, the wireless communications apparatus
can include means for determining a hopping pattern utilized by a device transmitting
control data based at least in part on the bandwidth capability information as well as
means for interpreting control data from a signal transmitted by the device based at least
in part on the determined hopping pattern.

[0016] Still another aspect relates to a computer program product, which can
have a computer-readable medium including code for code for causing at least one
computer to receive a signal having a plurality of frequency blocks reserved for
communicating control data. Furthermore, code can be provided that causes the at least

one computer to determine a control data hopping pattern for at least one device based



[ 0014] Anot her aspect relates to a wirel ess comuni cati ons appar at us.
The wirel ess communi cati ons apparatus can include at |east one
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hoppi n attern., [0 | n. accor ce wi.th anoth aspect
apBgr a? ug e Qﬂr Beg obf g\]}zéglam?snclgl cg.a] ou(ramg descrlpt?on ang the annexed dr&v{f}ngs set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is an illustration of a wireless communication system in
accordance with various aspects set forth herein.
[0020] FIG. 2 1s an illustration of an example communications apparatus for
employment within a wireless communications environment.
[0021] FIG. 3 is an illustration of an example wireless communications system
that effectuates transmitting and receiving control data,
[0022] FIG. 4 is an illustration of example control frequency block utilization.
[0023] FIG. 5 is an illustration of example asynchronous control frequency
block utilization,
[0024] FIG. 6 is an illustration of an example methodology that facilitates
mapping control data according to a hopping pattern.
[0025] FIG. 7 is an 1llustration of an example methodology that facilitates

interpreting received control data.



wi rel ess commruni cati on systemincluding a processor configured to
recei ve bandwi dth capability information regarding a device. The
process can al so be configured to determ ne a hopping pattern
utilized BYO200888%B@e transmitting control data based aPCTEEXHO8AAIPart
on the bandw dth capability infor matlonéand interpret control data
froma signal transmtted by the device "based at |least in part on the
det erm ned hopping pattern. Additionally, the appar atus can conpri se
a menory cou Ied to the processor. [0018] To i shnent Q t he
foregoi ng aH®26kl at edEnds!s 3hdlugiriogy ofngt &x %6’? ﬁt@‘”&%gﬁ‘? fé‘@ Hafrs
features hefr@ﬁsﬂﬁ&fhg"coﬁtwl hytdqgc%@(ﬁh%)%da Rpgineakdrgul arly pointed out in
the clains. The foll ow ng description and the annexed draw ngs set
forth in def®RF] cert aflf. Plis erstlluatrdtipn of e exaeplosystorethati@cibatasantarpreting
enbodi ”e“tsrccl%é&n%&ﬁ&ﬁ%s are indicative, however, of but a few of

t he various wa the principles of various enbodi nents may
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accordance wktefh vari ous aspects set fort h herein. [0020] FIG 2 i s an
Illustration of an ex | e communi cations apparatus faqr enpl oy
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i | Tustrati og,ofdiRnoSX@PPing pMdrg! €ss communi cations system that
effectuates transmtting and receiving control data. [0022]FIG 4 is
an il ustraf®@8] of exBlplld iscwntitlpitratipe g aneyabple sistemi thitzatermats control

data based on a determined utilized hopping pattern.

DETAILED DESCRIPTION

[0031] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) can be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.

b1

[0032} As used in this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, cither hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component can be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component can be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thereon. The components can 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,



[0023]FIG 5 is an illustration of exanple asynchronous control

frequency block utilization. [0024]FIG 6 is an illustration of an
exanpl e net hodol ogy that facilitates mappi ng control data according
to a hoppiW@2§980%%¢e¢n. [0025]FIG 7 is an illustration 8ETHR2085@MF1e
met hodol ogy that facilitates interpretigg received control data. 6

[0026]FIG 8 is an illustration of an exanple nobile device that
facilitates transmtting control data according to a hopping pattern
[0027]FIG 9. is an illustration of an exanﬂle systemthat facilitates
i nterpreti newtr;buted system, and/or across a network such as the Internet with other systems by
way of the signal).
[0033] Furthermore, various embodiments are described herein in connection

with a mobile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user
device, or uscr cquipment (UE). A mobile 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, computing device, or other processing device connected to a
wireless modem., Moreover, various embodiments are described herein in connection
with a base station. A base station can be utilized for communicating with mobile
device(s) and can also be referred to as an access point, Node B, or some other
terminology.

[0034] Moreover, various aspects or features described herein can be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture™ as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), ezc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, efc.).
Additionally, various storage media described herein can represent one or more devices
and/or other machine-readable media for storing information. The term “machine-
readable medium” can include, without being limited to, wireless channels and various
other media capable of storing, containing, and/or carrying instruction(s) and/or data.
[0035] Referring now to Fig. I, a wircless communication system 100 is
illustrated in accordance with various embodiments presented herein. System 100
comprises a base station 102 that can include multiple antenna groups. For example,
one antenna group can include antennas 104 and 106, another group can comprise
antennas 108 and 110, and an additional group can include antennas 112 and 114. Two
antennas are illustrated for each antenna group; however, more or fewer antennas can be

utilized for each group. Base station 102 can additionally include a transmitter chain



received control data. [0028]FIG 10 is an illustration of an exanple
wi rel ess network environnent that can be enployed in conjunction with
the various systens and net hods described herein. [0029]FIG 11 is an
i |1 ust rat Mh2098/08886%exanpl e system that maps control daPEI/HEWOYEIHY to
a hopping pattern. [O030]FIG 12 is an |llustration of an exanple
systemthat interprets control data based on a determ ned utilized
hoppi ng pattern. DETAI LED DESCRI PTI ON [ 0031] Vari ous enbodi nents are
now described with reference to the draw ngs, wherein |ike reference
numer al s ar &dus &epeiver elegipreaeh of bichetadniBitg cHPRIISG HoRMralifyhof pramponents
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one or nor emghiptetirsede¢sodulatornpdenbetimeiete ahtenironeleor as whiabe gprotciated by
enbodi rrent(s]) ¢aNn l‘i)e HRr.act i ced without these specific details. In

ot her instafices, c\%BIH-knovm structures and devices are shown in bl ock
di agram f or [086] or derBdsosthaai 102t@h eoslemaicubiwith oo @r ioramsldle devices such

?gt(;(r)rgloggm 155'15 r[ng]g%ﬂe@}soe%i gggclil 0 Hé aev?’ epif«ll;l(;: gxl.fé)v%’r, i;[ geto Lg ra.t}g;ieciated that base
station 102 can communicate with substantially any number of mobile devices similar to
mobile devices 116 and 122. Mobile devices 116 and 122 can be, for example, cellular
phones, smart phones, laptops, handheld communication devices, handheld computing
devices, satellite radios, global positioning systems, PDAs, and/or any other suitable
device for communicating over wireless communication system 100. As depicted,
mobile device 116 is in communication with antennas 112 and 114, where antennas 112
and 114 transmit information to mobile device 116 over a forward link 118 and receive
information from mobile device 116 over a reverse link 120. Moreover, mobile device
122 1s in communication with antennas 104 and 106, where antennas 104 and 106
transmit information to mobile device 122 over a forward link 124 and receive
information from mobile device 122 over a reverse link 126. In a frequency division
duplex (FDD) system, forward link 118 can utilize a different frequency band than that
used by reverse link 120, and forward link 124 can employ a different frequency band
than that employed by reverse link 126, for example. Further, in a time division duplex
(TDD) system, forward link 118 and reverse link 120 can utilize a common frequency
band and forward link 124 and reverse link 126 can utilize a common frequency band.
[0037] Each group of antennas and/or the area in which they are designated to
communicate can be referred to as a sector of base station 102. For example, antenna
groups can be designed to communicate to mobile devices in a sector of the areas
covered by base station 102. In communication over forward links 118 and 124, the
transmitting antennas of base station 102 can utilize beamforming to improve signal-to-
noise ratio of forward links 118 and 124 for mobile devices 116 and 122. Also, while
base station 102 utilizes beamforming to transmit to mobile devices 116 and 122
scattered randomly through an associated coverage, mobile devices in neighboring cells
can be subject to less interference as compared to a base station transmitting through a

single antenna to all its mobile devices. Moreover, mobile devices 116 and 122 can
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the other end of the frequency to achieve a frequency diversity; for a 10MHz device, for
example, this hop cannot typically be achieved where the hop spans more than the

10MHz. Thus, in such a network where the network bandwidth is greater than the



[ 0036] Base station 102 can comruni cate with one or nore nobile

devi ces such as nobile device 116 and nobil e device 122; however, it
is to be appreciated that base station 102 can conmunicate with
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can be to a frequency different from the initial frequency but still in the range of the

initial edge dedicated to control data. For example, in a 20MHz 3GPP LTE network
having 3MHz at each edge available for control data (leaving 14MHz for other data),



bandwi dt h of a portion nobile devices, alternative hopping can be
used to achieve different frequency diversity for the control
channel s of the portion of devices. In one exanple pursuant to the
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such as a 3%’1%/&%5&%%%? Io¢ dﬂﬁg‘rate mobile devices (not shown)). Base station 302 can

transmit information to mobile device 304 over a forward link channel; further base
station 302 can receive information from mobile device 304 over a reverse link channel.

Moreover, system 300 can be a MIMO system. Additionally, the system 300 can



a portion of comrunicati ons apparatuses capable of |esser bandw dth
than that of the network, the control channels can be asymmetrically
structured at the edges of the avail able bandwdth. It is to be
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communicating control data for devices having substantially the same or greater

bandwidth capabilities than the current bandwidth utilized by the base station 302 and



13 that for nobile devices 304 having | ower bandw dth capabilities.
Thi s can be advantageous in a 3GPP LTE network configuration as
descri bed supra, for exanple. It is to be appreciated, in this
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channe! analyfef w3Afiz6 A HREEOM AR YA HmARELIORHnck Ve baRTEL"
that relate to e control data I's can ase on, or exanpl e

t he specifi canmumsatmnnfqrmammecamsbbdiﬁy tHetvhiopping(4 fo &mbs’é‘qmmleylge phthe
decoder 310 e COptro ata for rther use se
station 302 or&itex dt%f’ehh vvhgﬂle mbOconatpp 3116;1?%} fi%pr@ﬂate mpfemtencglﬁ
be used to abﬂ)pi)@gi‘sﬂleﬁﬂdhimﬁaﬂﬁig freqiﬁudi}Cdﬁreﬂ:sz tfemebilaTialieatioa g multlple

channel if necessary, _Furth is to be appreciated that
cont ol chafPRePUITAT. oSTRSEICPEt %ImPB’lfb@‘?"h‘& ¢ cendla %@é&%ﬂn&rwﬁta i fhe

frequency, taithethAsclt9ne s dfipndeyi ces are hopping locally 14

wi thin a capabl e bandwi dth, the reserved control channel frequency or
frequenci es (€3] be | oBBRTEwCvibE CaitiTam pynobiy Wheee 304 therkase giaiiombfiZecan
bandw dth. [1D051] o lr@:fctq@ 'l@\%ratgﬁn(%{hg co%trolac@ﬂmltﬁ i R)nﬁ)éfﬁh'mne the
control structure 400 utilfzing ping patterns tfor devices having
di spar at e batmehmrdtdf thapabrdllcthamsela withinwihe dlaedsiddo mAsninersttoned sthe ebmioslk
is illustrat d The ]fcol nt r. ol tyucture 4100 utn i zes fhte eggsea gf Etmhe
bandwi dth t§ %“F‘Slﬁ&?ﬁ SRR ST S PLTOmPHYY P5 B B VRS ¢ 50 5PEAGT A0
rep[1 esen':1 C astwiotlt beduaviod| qiphtde davﬂt?sl’ \A}?eﬁ%t'w@lﬁ( plediviiis mcﬂ@%i@ﬁﬁwh@m aree
V\ntlntetran inter ichis 1.0 ns S

the total b&PRIWA &ﬁﬁm’ieL a‘%y Oga?ﬁﬁl @W@%ﬁ??ﬁntdﬁﬁméloi tﬂhet P?ﬁdfn&ké%‘at
402 and 404988 iDghedbSd At aHiy cdnhR R8¢ 3510Mh Pfé fhe ZBedifbatiBsSsent to
example. It is to be appreciated that subst anti al time period

or frequencyhe(molilel degita 81 Subreaemtly b detedsn 31@8@?“5’90 dbe egndrof pata for
tinme periodg,dQ, ﬂ&twﬁtﬂﬂ%ﬁ% b?a%é?eﬁm‘ﬁ%@! Fo%’;{a?rfb‘!'c? "wther}ﬁe B&-H:Bi Hzﬂa Est(ﬁéﬂfﬁéié e

can OocCccur over nore an | t two ti eri OdS
it can be used to allocate additional 1esources to the commumcatlons channel if

necessary. Furthermore, it is to be appreciated that the control channels are not limited

to being at the edges of the frequency, rather as long as the devices are hopping locally



transmtting at sufficient frequency to hop across the bandw dth for
control frequency diversity purposes. Devices labeled A, B, D, E, G
H J, and K are not so capable w thout sone guard tinme; however,

t hese devW@2008/88934r ansnit across a single control freBUBHBPOKGW1 | n
this regard, fromthe first tinme perlo to t he second, devices | and
L, which are in the top edge control fr quency, hop to the bottom
edge control frequency; however, devices G and H hop to a frequency
above, and devices J and Kto a frequency below, but not all the way
to the bot t BHiadgeralic Padvgah, tevessesd corfrrl chanshirequshs seegencaincan
edge to thepd Qpy @@aﬁ,btfaﬁ@ﬂg%gwﬁer  RELHAGHE Baddialext while devices A
and B hop to a requency the way to the top edge,
and D and E[06p to a Tﬂmq@@n@g tbeFl@w4 Thaawplet $Hmclropmisngpnirgl structure 400

e bandw aPhia BB pERANR T MR TITNe LHREN bl QP GIRNOIE
avai | abl e bairdssdidmrfiaticdtioas Aawbrkeis iflwtraeonShe Wontve btmffﬁreﬂ@()llﬂﬂjﬁeb ﬂhb

is to be ap eci ted t he cont.rol ch neI ed to
being at t hEASEHgs s bt dey ARyt cpntfal ditias ThofT R8st MavE el 40 o
hoppi ng | ocaJpheécﬁMcbﬁ&dl cRarm@RIFH! £vhrndyd &mcs fd@@icés%ro‘ﬁ@éjwﬁﬁlﬂttﬁ@ﬁansfcr
channel frequency or frequencies can be | ocated substanti al | & bibe

anywher e i ntipénteryal (Whiahe's Bdasminthis. ex%@?'@bﬁh%@@ﬁbaﬁd@ﬁd@@ﬁ
d th
Vo a1 el thef el PAREWLLAN {rBl40f Bt BO L SRAINEHE dobpel SRkl

t he control thd;dwxmeﬂes fteedo otapprciated tthad substantiall aby)ttlmrmeeidg@x ftmuency

coul 4 b oS MR B S BRIl N B g6 98

i Il ustrat edequal. aMsesaptieth@ivpeifg sifiige canbddcat oSl Mioed thae J@Oﬁvcuﬂimb penidaig
hoppi ng patterns for devices having di sparate bandw dt |I|t
inawrele C‘E}H’i?l}[i?fbjé’tgii Wshoﬁéfl\fﬁf"?‘sm*?g‘@ E‘H}WF‘G}'W&%S@EP g ‘gﬁ@“m ers

utilizes thgnede®iss &ed ihc PRAGWESHsdOot m@?ﬁﬁoﬁes%@%ﬂm{a’c@@t a. The

four boxes at 502 and at 50% represent con channels for a variety
of devi ces; [987] ces H@pﬂbh@éawlﬁhldﬁ‘“@%elétbP]@ﬁSCerLtFm@ﬂd rt ¥ apgblhiath

is 1.0 nB | I

contr ol cha{r%?lﬁespgﬁlgg )éggg% %f %&@eﬁﬁitﬁ hopfbi@g)‘gé g}eh)fa g‘?‘g Wantﬂ{c]qﬁhgi&f
in this exafpkmwity Ii'aumoh@r nﬁc*ecesdehﬂlttrbé Ba\D g @,ulFIf 0 candnltilaye doff ioecma’ole
bandwi dth ca tﬁblt| ities ve con%h chan $ar at e %est qf
the bandwi df'A %01 E’t“ar 1m%fp PELTa s A ess"ﬁ s APy aﬂi}gf’ R
period or fﬁewa;cwgetmmhs ﬁgﬁﬂdfomﬂﬁtﬂrﬂltlrﬁdmh&mm): se@nd ivitselandr1d

the tine periods do not have to Mbr eqv the ho
struct ur epca'hwgéew %ﬁ? é%fﬁiﬁfeﬂlﬂ%lfyst% tef 08@%68&% CCE)r@r Sgref%%

than just opgw&RR db{;'icé‘o @ Eiﬁ’d‘ﬁfﬂoﬁ% QBe&deﬁEy hpdkveranaldbvias 1G8RIKChteqhiRy
numbers and metrics used in th igure are chosen for the ur poses of

expl anat i onbelpgoBgmphall meswwaﬁw hottomendpe ebikiyisel &yices Cland E hogrdipm the
are capabl e bt i f i

o o 200! el ARSI AGlh (h0 5L Rt BRUERSHIRTCHONLRER oy
cl ass can hepadomiemly dhoegumnaowt sl the siaggioethe dge edde, tthé handl bohfo a

Thus, C, L, .F, and.l, all hin the.t fro firnst ti
interval to THETSELERY: gﬂ'éﬁp,&he OPIHIE B 1 ?an?%ief ldign tltfﬂ%lﬁer’tcﬁe
b(ﬁt t OmI edgedlcxif}hlﬁ? ,witioat fchﬁ@it%ld 1€y Wnﬂ@[cﬁli tcﬁpdbﬂgi%ﬁldfgtﬁe ﬁﬁdn[%&[evib@@tvﬂ@lle
channel s, and the .devices do not op .beyond capacity.

to be appre8PER8d ltgﬁ]a‘*l"a &Rl§ E@d&“dtﬁ rlihe TYeFep f‘tré’ﬁnﬁ?ﬁ\lfg’eém%er@rlpésr it is to

bandw dt h Cﬁ@@ppﬂe&lheéd QﬁatQHéTEQtEtﬁﬂ ch%eneare%wmea no tblein a%ﬁéTEh 8Sthe
the hop required is substanti al | er than stem bandw dt h.

[ 0055] As t h&requspey, rethereas dgngead dlec ge@@m aréélom@morcaﬂy wﬁ iy 3fcéllﬁb1fd‘wﬁ?!é§h
to transm t seoptloly g@ﬁtﬂ)l'ﬁrﬂ %ﬂé eggégmg'o% b MEndbs? Ba E% 480G ekt @%‘t@&%

regi on dedicated to contr e smatler t
anywhere in the available bandwid’sh. As depicted, for 10 MHz capable devices, the

utilized bandwidth for control channels is less than 10 MHz as it is shown as less than

half of the 20 MHz bandwidth. Thus, the control channels need not be at the very



16 edge and the remainder (1.2 MHz) to the top edge. It is to be
appreci ated that the nunbers are nerely for exanple; substantially
any nunber or size of frequency, allocation, or the |ike can be
utilized WO eMBAE8%B&gard. [0056] Referring to Figs. 6-7, PAREVRYEHIAIles
relating to providing control channel h%pping for devices in a

W rel ess conmuni cati on networ k havi ng d%sparate bandw dt h
capabilities are illustrated. Wile, for purposes of sinplicity of
expl anati on, the methodol ogi es are shown and descrlbzgﬁgsﬁa serles of

acts, it isbewpmhedsenbeircaniddg meved apsp dengasder tofhsrach DRSS Ryhepsis

are not I|nkﬁggmpyn%ﬂgzgqggg&gﬁlgcts, as sone acts may, in accordance
wi th one or nore enbodi nents, occur in different orders and/or

concurrent! 0088k h ot hlﬁowafutrsng‘ toomig. fatillsiteiad Bne seloplerdspedronongicantrol
For examl e (hgsesgiLiag | Robe. Bilott b HOASKSKRAL APaaRPERGAAY

that a nethg ouggy cou be represe as‘a series o
interrelatedqﬁbﬁﬂw$noﬁ“emﬁﬂs&nmsmmhnmsbnau@ﬂstﬁh@c@nm@smmmmbﬁﬂémmhn%

" accor dandE GEETETSRG POHRUP 4> GBI FEHPL e 0BBY ToRL RIS DU By ¢

illustrated rdp'%cs@ntr&hmcmahm}s iﬁ@@v&ﬂi@}? of @@sdcst@bﬁgs Iﬁd’p&ﬂ}%ﬁhﬁtﬂ‘n{nﬁﬁc transfer
control data accordlagtto a hopping pattern fo devi ce having | ower

t hr oughput tiFgnnterel (rerighois K- Gep eriber Frample) tEf‘eEPt% P%&Wlﬁ@a& £0 M%\%ﬁi the
t hr oughput E&?‘H)l IoRarfn@@Uk r‘jﬁﬁj aﬁc‘P 55'43 BarPiiiNe %ﬂf&'@tﬂtﬂaﬁawﬁh\aﬁ% lig tlhE‘ example.

non- adj acent frequenci es. 2, a specification Is received
regar di ng tFaﬂ@mn@&Ln@V@@thﬁhgdﬂﬁ@mmﬂyahﬁbnnwbMKWn@hu@m@yh%%OQW-h%ﬁe

SPec 1 S L SO SHE T ARRSCBLRY % AOM Spplnsladino

conmmuni cat i eibstaatiallyndsr tﬁfi@ peﬁmiCbEt ijlualcgil(ﬁ)mraa(ﬁ/er ctmwmb freqrenab) cut baused
di sparate deV|ce etc. contr dat.a can be ﬁ?ed to. _one or

more symbol @nbfhe; fae cPS’H? f‘?te}éfdéﬁ% etﬂ%@k MBIty a Bing PIHHIC R

for exanpl egcdiieoRl Ofidee thih GRE R%ATRE Spericdd (@g ahoreNBae @R e hop in a
avai |l abl e frequency. [0058] 7606, a hop can be nade, IocaIIy wi_t hin

the control tighweiksiemtine cmtfsmrél) fap é@m@tﬁfbthwbeﬁ 8d ppiricy Heeddp phe gure are
channel . As g&Qﬁ(hQﬁgvﬁagﬁgggﬁ Bn within the control channe

allows a device wt h capability to nake the hop
rat her than {0&&45“ ri nglra th@penamptehede@tcmarla@@e CofLit fe aadal.| &bl eapable of

bandw dth, in one %r’rpAl Srgent lge ncy an%gE\)lcets%b X8y l?’ne’ E,gb glaﬁaan(&gﬂ

be mapped t §F4BiHa nore spar |ch’ was na
within the Q&deéﬁbesfg‘r@tﬁm& M thelBhe K],assl dan ihsp tentind fra@mmey:ina :H'mglé bdxge of the

capabl e devi ces can o and fro of the th while t
non- capabl e a&@wé@s ﬂBlﬁ é\nlt‘I‘F r?“‘éld %Bbﬂ]e t4ih %"? FP“E: Fh s inférval'
devices, fornhexRBR, andcam.be, di @t IH QUEﬁﬂKt KopewlhiMahe 86@8n edge. Thub, the
proportlonally or othermnse 059 Now referring to Fig,

net hodol ogy fr@BencH aliversilyi i mamt@ge fw@plﬁfcétcpﬁgleis and the devices do not have to
hop beyond capacity. It is to be appreciated that device C, L, T, and 1 can have a

smaller bandwidih capability as compared to the network in this example as the hop
required is substantially smaller than the system bandwidth.

[0055] As the top frequency edge requires room for only four devices to
transmit control data in this example, the size of the frequency region dedicated to
control data can be smaller than the bottom frequency, which requires room for eight
devices. As mentioned, the control frequency edges can be partitioned based at least in
part on the size needed for device capabilitics. For example, if 3.6 MHz is desired for
total control channel allocation, the channels at the edges can be split proportionately to
the devices utilizing the channel. Since there are twice as many similarly capable

devices in the bottom edge, twice the bandwidth (or 2.4 MHz) can be allocated to that



control data fromcontrol channels with devices using disparate

hoppi ng patterns is illustrated. At 702, control data channels are
recei ved, for exanple, by determning position within the bandw dt h.

I n one exaYHRWOYPPRE@ control data channels are at a topPaRYSHOIEGHAL
edge of the bandw dth and span a certai n | ength thereof At 704, it is
det erm ned whet her the device for which ' control information is sought
is a system bandw dth capabl e device (e.g., whether the device
transmts at |east the sanme |evel as the networkzq If so, then it is

det er mi ned B85t andnibe devaiader {opsMHE) & fiecPRrdss r dolidAdy BPECiied fhanthe
transm tting ao0t Lol nfdalia @ ezgrﬁ?lel Luﬂg%tﬂildﬁwg Ifumibsr GELEBE MM EERS),
the device hops wthin a single frequency bl ock when transmtting
control dat atl@taﬂcmsr thwkﬂgaﬂbﬂlélllﬁﬁmrthmm@in the rel evant control

control da SN pe JSORHEE BGPER BT AL RRR [line o bEHiD Foyol

wi |l be apptlemneit l&@ptngaffor devicacmod dmmb whimuoiatiar newok hsfec tisparate

noppi ng. pat PREN L P PHTSE Bt T EHanl: [ AREFCa Oy s oLE i,

a wrel €ss Qﬁmﬁtld@ﬁiglc@laﬁc IMEHMRNK d @81 BRI 2 sB8Sh. o fAbts U Rdo BeliRichstoddRd
termto "infer" or "inference" refers generally to the process of

reasoni ng apeiecided that Brermefjodalegiessargmot Hited 8y dikg OEaR Pl Hirep some acts
and/ or. USer w0 Ro53hndd! wiPIEE YAMLOSmBSUFRRALIERE: 1 BiFRNENbRANARS
data. Inferente can enployed to 1dentify a specific context or
action, or ccamugetrtbfr\antleofaelpamifa@n Ithat yhcmnsandl dssaribed herewr  For axample.fthyse
exanpl e. bi |l ist that t he co

of 5 pr oban i1 SgFL R iR Bl LA ARG e Bt b Bl 4

consi derati ba r@fresﬂﬁécﬂi agincerssedtt mterchicdr @neeorcarna| sehrefien dtae diagram.

t echni ques | oyed fo osi ng higher-1level events froma set of.
bvents ands SI0%rEs hos TR TAERL Ade Mot TSI (amBERERt DRl B
events or agidoffasicd WPbh R Sehor@EmBRERENEd events and/ or stored event
data, whether or not the events are correlated in close tenporal

proximty, H9§7het heFurping tovEig H. aIHHStH%ﬂdaISC@)rfﬁet’ﬂ@%%néo%rth%e@@frl?ﬂes
event and dghanifik ol GRPHEACERE db 0NN AXATRYC: dONEe RbvifBldy
nmet hods pr eseI?lst eg ggcgvterocgn |nc? gé : hn[% er encersa pert%?n\;&r{% toer
utilizing athrmpghpwthatheewmorkdm@mdﬂpmtdlmhet hieleatt @ Ihwpr ﬂn'r(tughputathan is
dedi cat ed fre 1re 13h 1% rossco% rof Cf?anne flﬁen He Ca,lcesf frequenc At 602, a
further il1Us |onpan|n efence ‘can nade W th T %‘ i

det er mi ni ng s;&ecffﬁtpmmgs patii-ad megasda bylnﬁmt'tfn@nﬁjﬁtrbl dimg 1dea/|cm&rd1 drequency
properly receive control. data therefr.o 006 8 is an
i|lustrati oﬁfgalr A heoBrHiEcion; @B BSoetH L%Ec% %@%&?ﬂag Y SAETEP LR Hgne 2
control dat g1268 N8 phRoMMBr&N solRkLs PABPLNGHRRL LoMMSnicAR heidiavice
800 18 conprises a receiver 802 that receives a signal from for

i nstance, alM@edy odisaprigrisaics Abtboshbdisparatpdeties: vl tA S04 afontiet dagnendis
(e.g., filtengyeAgRLb gf‘ fipre < WHL@Q;@ chﬁt’rolq' uéncglgfoc ¢5 a6 dissibR Bteor
and d| gitizes {)ehe condi tion Si gn to ob es Recei ver 802
can conpri séoraxgsplodThablock, &@dnqmmpkcacand@mndnﬂ faigedf eadible tegyentiol s
and provide to a sor 8 6 fo nel t| mat rOCess
806 can be éﬁ(gsg]cesso Pé@dl 2 hPet nto nall?'nael lf/)%% ﬂH err%(ﬁ rSﬁ&PégeWC’Hl y
recei ver 80Zrequuibprivgesigrfai thegeontrbochmhélonAd déschbe&insmcasth@mmbymmm the
transmtter 816, processor, that ntrol s, one or re co

mobi 1 6 devi CONBHOREHAGHS 4 d5tish B G eraR By e SRR B AT B
recei ved by {{8G84WE& dg@@c%a to&ﬁ@@t’h&t &pe loN fHRIABY bR bah@wvidill, 3N S8 SELRE @Y.,
transnitter 816, and controls one or nmore conponents of nobile device

800. [ 00631 FEBPIId e AtR98 somirehdnts e bd WARICH YO epmpr Mew diemty SBpls to
that is

which the hop was made within the control frequency block. It is to be appreciated that
capable devices can hop to and from edges of the bandwidth while the non-capable
devices hop within a given block. The non-capable devices, for example, can be

distributed to a given edge proportionally or otherwise.



operatively coupled to processor 806 and that can store data to be
transmtted, received data, information related to avail able

channel s, data associated with analyzed signal and/or interference
strengt h, Wor@BRMé%N rel ated to an assigned channel, BEWYS2008/8/1&71 or
the Iike, and any other suitable inf orrrf7ti on for estimating a channel
and communi cating via the channel. Menor'yy 808 can additionally store
protocol s ancUor al gorithns associated with estimating and/ or
utilizing a_channel (e.g.,_ performance based, capacity based, etc.).

[0064] 1t wi [9058k appridey atfedingHatFig-nk agnethodalesye’ (0ghy. facikiaies iytemogipe
described h e E4dTRIAD r r
or can incl E(gﬂog ﬁnﬁ&ﬁaﬁl&gg ghn ﬁ’é&%h\l\}ﬂg (au u){m d@‘&f&\’é)h@%‘]dg‘??%% bl
il lustrati ofl uswtdd nétt M02nianaol dafa chamebl &t |rb®lwénf§>tr)€><@mpiei bic detdeniningd

o (Eprany PSR v dR PR, Pt B oo R BT

Vol ati | e nmesmt Yottan edg’ecbﬂde Hscmﬂdmm and epm aenmdiy |éfgAMheraokii oﬂtt Mt $t as

ext er nal ca he il ratjon. nd not.limtation,

a avarl abl SRy RS SR 4 S Rb B e RS RAR N Aot
RAM ( DRAM) , p&¥RGNG QA DR%& RV (€ SDRAMher SRURLR: dahsnifsal aSRRAMMDRR as
SDRAM), enhanced S ESDRA Synchl i nk DRAM ( SLDRAM , and direct
Ranbus RAM {BRRAENgK). TH’éoﬁﬁwgrlg/ lssmer@mnefiﬁbatstb%jd@e%e Bypstte deiforer fraspensys
is intended QERY b t n

ot her sui ta fogkstcypesh%?gmlmngh&%d gdt%gtl ?%ncgggcgr %ggéhgiﬁe@% (ﬁl tha the
oper ati vel ydc‘ouqohqu withia ctanglnd’reqdatca Wedk when 8a@nitiag aemelr aa:tegt 708

control dat nt r.ol 2 than ca nt ol
e To oot st B, PeTRRTRRSY RRCkhad R e TRG,a g 8
exanpl e, 18op ixevioonk7ol, tldﬂio&trdl&fala’\@h b8ﬂ@teﬁﬁiﬁecgﬁidhﬁlﬂlz@i’ fgeranplte
control dat endtogdewceth is.in co nication with the

i

to. s

mobi | e devi z@ﬁgbo (orltg” E%&P%FF@“&@JF%}“ A49QEIBEH PG) ORfaPa MO&R aspects
i nclude, fogcRXBEMh@einAterHeY @ vehade HeAAkdRE HABAME ﬁ%ﬂgﬁﬁg gatdenad
from ot her conponents, the processor 806, etc. Once% ata is

defi ned, t hé&rcontrelothassphiyensresieby &daviping MiElzasdcogmpuniggjiopseetwork as
processor 8 e Y 4 t

b “por t1 ons torrPEL AL TRAF ek, BROGAPES Chitey SRR R G TR e
previ ousl y, ptdtes crfanasnmcg t&d@ltwtrlmﬁemmggstaesrmfpbe n:gstqmlatetnerrmnrmt;ntvdrmd@h usére
data is sen on a parat e control  frequenc for nt| eri ods.
For - exampl oo ChahabTIogs dofepurebi S A YR SR et 13
at the syst @ﬁﬂph}@rﬂ&i\kb ditiléhtifﬁvaﬂspecﬁﬁtﬁ chgrpxtcan afl;ﬁﬁlurora@lhO@&emtﬂ tai ploBability

dedi cated caontrol, fre uenc bl ocks. wher e, t he i ] e devicge
800 | acks t NEUERHEMONESHEES fak SN Hg{ﬁeﬁafrﬁfea%e% %Brobﬁmgstwoﬂ?ﬁfr @5t the
symbol napp%ém&;@n&%mebM& Hﬂtﬁbﬂﬁoﬁ 6%9@&@)&t?xlté?@dﬁbﬁb‘éd%n@ct)ﬁﬁdie@mon
frequency and map data to Sé ols in the disparate freq uengy In th
regard, theof ldéfQLPélﬁcﬁy’e@tﬁvéﬁ range edh alse refee Sefopladaes renpdayed dp afa”tl%psmg
[ 0066] Mor eo

definition é%%%@%gﬁgﬁﬂgt e byge?ﬁﬁe:%g&h% %ﬁwggé?fgec%gh qgfa%ggé gésﬁlts in the
bandwi dt h capabiuttidn dsewhards coaewns fromhesehoboliservadvvanes B0Or otored event
anot her devi,ge, nicated by a separate device

Shation or oRRLp BT oEEhE unl fe SEREREY T RN € paRb SRalR” B3y pher
l'i ke. Mobi | ¢hederhts endB@da &drhd frothvht bedeveangehisad dataRpetudsat or 814 and

transmtter 816 that respectively rmdul ate and transmt si
for inst ancﬁ‘ma I base ét’%’cf?ﬁ% to éﬁo"c"ﬂ@? “nBbY PE “EPé‘?n“Eegmdétpéese‘%Fil ﬁB‘E:‘@hcan

depicted as 1Mdégnﬁﬁﬁér1ﬂ¥‘e?entéso '%k[ttzhﬁin race9ss 80Roppids bé?tteh? i%@ example

appreciated that the control data i ner 81(% contp mapper

812, denpduMdeter BOIP wikin grdcdisatad &te@mensmr @aﬁsswdwatﬁ@ fr@ﬁuetnﬁl@s By way

processor 8 r

1 st rati on otk HidktrRlch, B AREERR! A o thack W Hbgart 9 ReiEhing % Aot
patiern used by a transmitting device to properly receive control data therefrom.

[0062] Fig. 8 is an illustration of a mobile device 800 that facilitates

transmitting control data according to one or more hopping patterns. Mobile device 800



interpreting control data according to a hopping pattern. The system
900 conprises a base station 902 (e.g., access point, ...) with a
receiver 910 that receives signal (s) fromone or nore nobile devices
904 t hr oud¥O 200p0898& ity of receive antennas 906, and aPETHRYASRXIE
924 that transmts to the one or nore n&bile devi ces 904 through a
transmt antenna 908. Receiver 910 can Teceive information from
receive antennas 906 and is operatively associated with a denmpdul ator
912 that denodul ates recei ved informatjon. dul ated synbol s ar?
anal yzed byCempisstsissivenyls tb%%@ﬁ&f&ﬁﬁ@éﬁ@ﬁﬁm? T ipYancRer f5FQreaYga (not
descri bed ap{ﬁ)\éﬁl)%érﬁﬁ@g?élgdlt&tigﬂsgon 8o, 0. ARGeMNLGDIIfiG, QO¥RIATertO e%) the
menory 916 that stores information related to estinating a si gnal
(e.g., pil ote)Celst:d elggetlharaindigmrzes o conditipifedrségnebtosehtzingemplesafgoaieer 562

transm tt ed q?pr{sﬁce&lsr@%u ato r%dlotlﬂht] gand ﬂo%ﬁfa?o) Te g:ﬁéfcd( ﬁfft%l?oisd fcpﬁlrogfd%

base stati on and/ or any er suita

rel ated to penf o aipagessoe SOGrfmoctmnamitemmsnmdPfacmsbn 80rs caebe fagprbdessor
herein. Pr oggﬁsor 914 If furtl_&[ oupI ed 2 cont r ol ghannel di vi der
918 that def&fiFed® JBPDFES AT Eh Y off SEHEmA0E  Tidtr ST 5E

control dat sfamehtian f&ﬁiah%mﬁ&ﬁﬁﬁ@kraﬁdﬂﬂh&r@'ﬁ 9B ctH@t theBnkklS 68 &t morc
control data from s:?%nal s recei ved over the communi cati on channel

[ 0068] Accor EPTHRPIEB!S 41 Tesbakpsierice SR wWirraopropsratiniant RAth perlyzeo 1fogagiion
speci fy por ?éc@ﬂ@%g}‘; red&Reodt %bn%ﬁ?ets 1ﬁ6§naru‘°oﬁ%r\%qsr‘{ﬂ%&o&Qﬁiérsﬁhn@e’f}ts% and
conmuni cati on gse can be’ edges of the bandwidth (such as in
a 3GPP LTE c@nmltguwmmcomonamb sibsbiterdevigk BY0.any Iocatl on in the
bandwi dt h. ortl cifli d rd-

speci ficati @r@ real Oﬁ%lr)rlee éjg‘r? i s‘@r%a %noﬁgdip(?%@ 90 o& %e mgrg g?%tthat is
devi ces or oppdrureky ampmdneptosesse:t&aé a‘ﬁdbbz&@anestbieydatattbd)ectmmmmbd abaived|
anal yzer 92Q can_.be utilized to r. i ontrol data, fr

FFanem st ofee BRRBYOHaHF EL iy BLl Sy lninodus cig npiyged signal
control chapp@br Akakiacd qt&%@thc tiforfrtibn f¥Red fdenCRSEAC cheiied RASE datdbr
t he specification generated g the control channel divider 918 and/ or
based on hopsilig, gt oher puiableplopptiondorrsiimaiag ewnngl gnd comyuygating
appreci ated, RR4NY 808 GRAMdIRIGARRS Isfor& SrYcolP RS IRYHERR
904 or the bggg{es%}{a&t?on 90? E’gon est ab |§h?ﬁ§ Scom(li)run?lccatl ons fedh
channel s, orssotined wiitheespmetimpatadr atiliziop Richumel(a. tisrfarmadnee bagsd, capacity
station 902 bas He hfppi ng pattern can be at | east one descri bed

her ei n. Upon g s%ef ni ng the hopping pattern used in conmunicati on,

t he control [@%dhnel analijlZer afp2@iacainthapihe elatal adrel(y.gy, emamoeyéoshéescnbed
control dat fromtg grmurlitgatlon channel . Furthernore, alt &legtg h
depi cted as "BEIMEs8p&TateVeT ﬁ]‘?ﬁ“@o%r‘&c‘é@%lﬁ“ 1ACMPRYs 08 G2 pgude” bot
appr eci at ed ybhale s foRRIMNOMeMBAN Y wo ¥f Ue§:338, an€ A6t lidlatiohami@blatile
anal yzer 920, denodul ator 912, and/or nodul at or '922 can be part of
the process&EOm @p wglugs piead bt aaseny (D), s rrowrmmablso §61 M (PRAY).
shows an exa[ephaly (BLEsERTSH EPRIOM, SKetiem,10uic B M EEPROR), or
comuni cati on syst'e 000 depicts one base station 1010 and one _
mobi | e devi dlesil6BGofor Vshﬂw oEmbryewdnt piclugio wewlem, aciess ingemapy KBAM), which
appreci at ed _t hat Syst 00 can i cI ude S aﬁgﬁn
and/ or nor e *¥fidh ¢ eéna CB? e deviee, yv%%r%Mfugt (tﬁlji?) Paélﬁa%t E‘gls@t@é ations
and/ or nobi lagaitkeleiia amngmmgu&uﬁsiyaﬂtrmaiukm SR AM)pdyneinid RARDDHE AMin

exanpl e base station_10 bi VI ce 0 i | ow. |
addi ti on, 1 &% f%%@%@ﬁé@ i S e SPRANDBR S5BARPoptencad
mobi | e devi GBRIG0 m&m@ @yn&mﬁksmtmrs s(UBrgm?] am @mectSR%bus RAM
t echni ques/ confi ?\Eratl ons (Figs. 4-5) and/or ods (Figs. 6-

descri bed héPBRAM)p fTé%éumifm@WeS% p%lﬂ@sgu%m%@%@%mtmﬁés t}@trem,fénto
21 [ 0070] At BB S LAhb @ Beth® Hhiteh kR tifds€ afiBld kiRl sBtaBTPRE oPnefiBh2

streans
10065] Processor 806 can further be operatively coupled to a control data definer

810 that generates control data and a control symbol mapper 812 than can map the

control data to symbols according to a hopping pattern, for example. In one example,



provided froma data source 1012 to a transmt (TX) data processor
1014. According to an exanple, each data streamcan be transmtted
over a respective antenna. TX data processor 1014 formats, codes, and
i nterl eav®ORHEO§BES fi ¢ data stream based on a parti cuPEF/UEYEHG371
schenme selected for that data streamto, provi de coded data. [0071] The
coded data for each data stream can be ltiplexed wwth pilot data
usi ng orthogonal frequency di vision multiplexing (OFDM techni ques.

Additionall or al t er nat ve the pilot synbols c n be f equ ncy
di vi si on mul hei ppiexd élﬂ"a(‘%ﬁw &Oﬁ?ﬁgaihew%?ﬁerﬁmqom Efo(s 16 s

di vi si on nmuld i Rlo@xRehidaGEMivith ThE ndbliOUedat 80d @ﬁﬂ@gﬁ%é Mex@ce‘}nQ‘H@ Bt

pattern that is processed in a known manner and can be used at nobile
devi ce 1050dats cew irichee.cfor breammde, AES @@digreCQThﬁ‘omﬂwtm pha sasdbepgatipredafiem
coded data ]:)%1 &% ngrﬁ% ahe Jo‘é@s@&r %} 699&{%1%‘2& i Beffhred, Y TR0l symbol
mapped) base |cu ul"ati’'on schene (e.g., binary

phase-shift rriagp'ermgn ()Bﬁ’lﬂhé)ed 8q2;ddzrthe proeespdretdé-fahefatpleg i apprdpQRSK) map the

(v onny ot Bk EeaBobeb Bitone R, MRS (BT e oadatpgibed

synbol s. Th@rcdﬂi@y,r filsCsanGocliagutilang drachpial pRrd BY warehhdaita isicheama
can be determ ned by instructiogns performed or I_Qrow ded by processor

1030. [ 0072[sAdatsr@nirak TemIcBYN{G| LBvenolime perieit aF it Perpls: ¢4KTepibe mobile
provi ded tod@vJeXSM MQ:aBﬁlQQ%?%Qﬁmﬂag%Qm 1@@ ﬁ?/ogﬁanfwﬁ&mfh Macaé%&)h@an

nodul ati on synbols (e.g., rocessor 1020 t
provi des NTogvd aérasy mnltlskerﬁ@dm@ rcerarn% frequasgPy broghs nileweves, \(JHWFh)e nlfojﬁzlza

t hrough 102 r esso0 S
beanf orm ng%\%\‘gf ﬁ?ds/?atcgé)p%e@ag?ﬁfgﬁﬁ&%%k? %%r%{:lg%@ "’(ptgiér?(g(a§ a}rll%gcﬁgm? E B&l
antenna fro mappnrcsm tirehapywitiah theSrdgeervy black s aiffessht fr[:@@ﬂ&j zEalothap data to
transmtter 10 recei ves an rocesses . a respe stream.to
bt ovi de. one B0 iR oG] HAPES st FUFEREY (ol C e DO pRIty can be
anplifies, &,fdgéleécsforammmgg@nverts) the anal og signals to provi de a
nodul at ed SI‘%&éh suitable for transm ssion over the M MO channel

I

Furt her, at edMSregHan 35 MEBiAnES 4he APHTob data Topuing pHies §Himipogan

are_transmi gt %@néréthearﬂmr&%%mé%%ageh r&%ﬁd&ﬁaﬂéapawlﬁ%eﬁafdseshae in
[0074] At nobi I'e devi ce the transmtted nodul ated signals are

recei ved by tiNRmebitcedavies 8_005)2an@ﬂ1¢rodﬁgwe,1mnum¢ﬂﬂect biea seppedty devied, gerdl as

L2, 220 SN0 Bk U] Aol SRS bS5 ol B

anplifies, aaﬂcdmommghérs:)m@risessapﬂ@dlﬂam Signdliranahigert§ IHabat trdvpectively
modulate and transmit signal to, for instance, a base station, another mobile device, etc.
Although depicted as being separate from the processor 806, it is to be appreciated that
the control data definer 810, control symbol mapper 812, demodulator 804, and/or
modulator 814 can be part of the processor 806 or multiple processors (not shown).
[0067] Fig, 9 is an illustration of a system 900 that facilitates receiving and
interpreting control data according to a hopping pattern. The system 900 comprises a
base station 902 (e.g., access point, ...) with a receiver 910 that receives signal(s) from
one or more mobile devices 904 through a plurality of receive antennas 906, and a
transmitter 924 that transmits to the one or more mobile devices 904 through a transmit
antenna 908. Receiver 910 can receive information from receive antennas 906 and is
operatively associated with a demodulator 912 that demodulates received information.
Demodulated symbols are analyzed by a processor 914 that can be similar to the
processor described above with regard to Fig. 8, and which is coupled to a memory 916

that stores information related to estimating a signal (e.g., pilot) strength and/or



22 conditioned signal to provide sanples, and further processes the
sanples to provide a correspondi ng "received" synbol stream [0075] An
RX data processor 1060 can receive and process the NR recei ved synbol
streans fMEMIBOFPEIei vers 1054 based on a particul ar rBEEPHEPS/H51371
processi ng techni que to provide NT "detgcted" synmbol streans. RX data
processor 1060 can denodul ate, deinterl’@ave, and decode each detected
synbol streamto recover the traffic data for the data stream The

processing b data processor 1060 is conplenentary to that
per f or med PR TopE RS SpiEle A8 By be 3B oK ra%ee\&d&oaa@gé&é%f@ a4 (or
base statiop 4l@18 thQDABEA ?1?99%?]’, an@8P AL RGN GRbIYatRa S NS

whi ch precoding matrix to utilize as discussed above. Further,
processor 1pF®mwing thoreriduateetions rad dunsdony sk forhsiwage  Emeprspis? Hgis further
mat 11 X T nde AL, AoARg e GiAl Yis A L 0Dk OOFELING. L VBN Redkibk
nmessage can conprise various types of information regarding e
communi cat i chranhélnkseawed/for cdrrel dee end edodadlachabnet analyZkn 820 ¢hee care distark
nmessage can b rqQcessed by a TX, dat rocessor. 1038, which al so
recei ves trg%ﬁpgﬁﬁgﬁgmégwa rﬁﬁﬁ%ng%%h WHRERREPTm a data source
1036, nodul arpes) by a Agdidial & anl 886l aRd bt Bardyl Hivalasvl8 ket Specify
1054a t hrough 1054r, and transmtted back to base station 1010.

10078] At bak@tisrsfitgpdvidtohataerareried for sentel dracempuifrigh heee edviecd
Lo ] LSRR PSR RAR 04 £00ty p ACE i tlda,
processor ledplacaticaxiy e tbanteidibey &he eoftionk cate ¢ ageciigdabaspd ondyrdgoded
oo e G838 Ut IRC oRIBERNIR, 00 R BLARERSDE, G aghed
t he beanf or comgpnests,grt.s .Subsequently, the control channel analyzer 920 can be utih’zeg to
retrieve control data from transmissions sent by mobile devices 904 or other devices.
The control channel analyzer 920 can retrieve the control data based on the specification
generated by the control channel divider 918 and/or based on hopping patterns for the
mobile devices 904. It is to be appreciated that hopping patterns can be specified by
mobile devices 904 or the base station 902 upon establishing communications channels,
or otherwise pre-coded or configured within the base station 902. The hopping pattern
can be at least one described herein. Upon discerning the hopping pattern used in
communication, the control channel analyzer 920 can appropriately retrieve the control
data from the communication channel. Furthermore, although depicted as being
separate from the processor 914, it is to be appreciated that the control channel divider
918, control channel analyzer 920, demodulator 912, and/or modulator 922 can be part
of the processor 914 or multiple processors {not shown).
[0069] Fig. 10 shows an example wireless communication system 1000. The
wireless communication system 1000 depicts one base station 1010 and one mobile
device 1050 for sake of brevity. However, it is to be appreciated that system 1000 can
mclude more than one base station and/or more than one mobile device, wherein
additional base stations and/or mobile devices can be substantially similar or different
from example base station 1010 and mobile device 1050 described below. In addition,
it is to be appreciated that base station 1010 and/or mobile device 1050 can employ the
systems (Figs. 1-3 and 8-9), techniques/configurations (Figs. 4-5) and/or methods (Figs.

6-7) described herein to facilitate wireless communication there between.



[ 0079] Processors 1030 and 1070 can direct (e.g., control, coordinate,
manage, etc.) operation at base station 1010 and nobil e device 1050,
respectively. Respective processors 1030 and 1070 can be associ at ed
wi th meno™MO30898%3¢9d 1072 that store program codes andPEBUE2008/051371
Processors 1030 and 1070 can al so perf%m conputations to derive
frequency and inpul se response esti mat for the uplink and downli nk,
respectively. [0080]It is to be understood that the enbodi nent s

descri bed herel n can be_ i npl epent ar dvva firmware,

mi ddl ewar e, [478k ocode?t 8 ?Seaﬂﬁtl%ﬁrﬁﬁﬂéﬁ g‘h dlaﬁ‘e Fr QFrﬁlé‘iad%&iﬂ%ls is
i npl ement at hRidel ROnPI QLS ARY 04D S tr&RMiNETX) %&dlpme@e?mad A¥cbiid to
one or nore application specific integrated Circuits (ASICs), digital

si gnal pr oces sxmepl¢.D8Fls fata girgdne ghn b¢ GaaimIped s S mg)egfem @é@neD jta
pr ogr anmabl roc&%rclﬁ'ﬁt"ko%@%ts( P&r&%ﬁ) and lrﬁ&‘i’ca%soﬂ{ca{mﬁ@'a"atagééﬁn%&%){ on_a
(FPGAs), prbcessors, con S, mcro-control , M Croprocessors,
ot her el ect patitdanmiing sclmegsakedted Gor pleat tlam sir¢dnetof ponade anlsd dgscr i bed

ok enent ed W5 Eof a8 CHRY A “ohh AT UGB B OhiHur GLOGR." B 4

code or codemﬁggﬂm@bﬁal ﬁohﬁ%c?@iﬂnb@q ﬁmrp&ﬁtmgrtmmpmmﬁm@aela@.henal yor
medi um such as a storag onent. A _code segnent can. represent
procedure, AlgiHpelomhe aﬁ%@ajgﬁab G beaft ?ﬂ‘k?@‘?yaﬁ%‘”séf’nr Buttipiaed 4FDM), time

subrouti ne, B Ripl HVEr & RREkREGon Fuflh d (EDMYIYT fd RN
of |nstruct§%hsgmlddgt%e§%§8£t%§es or prog?am sl?gct%errgnt@n Aﬂéégménﬁa@

segment cantipicalp apbinedn data patern dhat doprecessagniarit knern andvaeiinaroan &F ueed at
by passing %%%{Iggiew&:cﬁ):jﬁ 't&‘gs[nh{lieoéhra%e'l PéEPﬁn‘!é‘t $he I%{J%[EEQ& S%otthﬁ i?éeffeg _951%,

or menory conten ion, ar par anmeters
can be passéd, catiordumargiean aan tierxamﬁﬂattd édlg. usymlg)lamppsdbl teadad en melmﬁcular

[l Ui ng ey SSCLA: TESERRS, BaSe keI GSS! I kK

techni ques deggs (ORSKhaphikeGAR REing (M-PSK), M-quadrature amplitude modulation
(M-QAM), etc.) selected for that data stream to provide modulation symbols. The data
rate, coding, and modulation for each data stream can be determined by instructions
performed or provided by processor 1030.
[0072] The modulation symbols for the data streams can be provided to a TX
MIMO processor 1020, which can further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1020 then provides Ny modulation symbol streams to Ny
transmitters (TMTR) 1022a through 1022t. In various embodiments, TX MIMO
processor 1020 applies beamforming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.
[0073] Each transmitter 1022 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters,
and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Further, Ny modulated signals from transmitters
1022a through 1022t are transmutted from Ny antennas 1024a through 1024t,
respectively.
[0074] At mobile device 1050, the transmitted modulated signals are received
by Ny antennas 1052a through 1052r and the received signal from each antenna 1052 is
provided to a respective receiver (RCVR) 1054a through 1054r. Each receiver 1054

conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the



i npl enented with nodules (e.g., procedures, functions, and so on)
that performthe functions described herein. The software codes can
be stored in nmenory units and executed by processors. The nmenory unit
can be i mY@AWHIEIWi t hin the processor or external toPtRESHIHEEEHor,
in which case it can be comuni cati vel y%%goupl ed to the processor via
various neans as is known in the art. 83]Wth reference to Fig.

11, illustrated is a system 1100 that maps control data to
frequenC|es re as d for . ontr se accor dj i,n
pat tern. FoPSwk r? S o reide oo eénafi@r@e BperELe Spra o d
wthin a bag&—r@ ,redggl@g’r@n%w,gg@m etc. is to be appreciated

that system 1100 i s represent ed as incl udi ng functi onal bl ocks, which
can be funcilGAkl bl odRE Kate Pressses 90 foan desearssandnpypesse thce i byceived
processor, N Ram@ TP RALVAD fBENRRL b - parribhlb™REGY: pra¥ak
1100 i ncl udg}gha Iog?%lgl Ogromé)e ll%n]l 1102 of e{ ectri garlu corrponlenrtg t%%ttg1
can act in tohjigectd @wwc}éon d@ccaﬁiie;aymh@glstradmﬂgr ®pidalg He@RsacalPol can
i ncl ude an Iec ri.cal onen na ontirol, dat

ol ol 1ty ofeBonS RerfPBRLTR gBhc JRRRLAR: S IR eclBl 840 @i Qe
W t h cont r olatd @érathd 494 stréami. Exapiptasing he RpOd:tta prgcnbr fOBeduedmpiciaanarpe

e cont i quitIPORTEE] Puaf RUBAgEe b A ol diiverarins (R0 of bas

control dat gatifipfoidevi ces that cannot communicate 24 over the entire
bandw dt h, hoppi ng from one edge to another may not be possible

wi t hout som®8hr d t i freroqessor AEF0 canqgriedicallyr drigieng Whigh Prsaering Mgkixste
an electri Cﬁhh&ogg)gggﬁgsec; %Fox)%‘?pl%ﬁ!?e }"’EFJE!:QOF h§71P L t?r%u‘?afte qvah LR Rk
frequency to map additional control data to provi requency

di versity 1ib@8sagéormmpsangH matﬁkmndeheoﬂﬁﬁn&a'@ntorahﬁgurtlam on nenti oned

above, devi gﬁf’ ot c bl e of Blgplgl g rom.one. ed Ige. rese rvefl.ffor ation
control dat ? guenc ¢ 67VFe 7540 f)aﬂ'l ‘ﬁod“%}fﬁ &Q,Pjsr R T - S
single edgerég@rcmgeﬁeroom:ﬁzrne@tlemwk Ahyer fiet i¢ceivdd dBa bpcane ah@ﬁaefqatle@l
t hat capabl e devi ces, however, n hop acros dg S If t he. ban%gr X
Addi ti onal | wesegeferm%%?se&wan dafé PSR IYP ﬂf whakgreceresf 2

instructi 0n%orfaofrun%%padt@grefaﬁraqfdnpyaataeeeeé 20 mbiid 1 Be® be 6 tiddefkor 1080,
conponents 1104 and 1106. Wile shown as being external to menory

1108, it i s cewlitiened hadrassraiigrst Wara greughr 1036y andfraginaitied bagk|to base station
conponents } éﬂf and 1106 can exist within menory 1108. [0084] Turning
to Fig. 12, ustrated is a system 1200 receives and interprets

control dat #0FBOM devAtease ation | Hils fha mandelardpmEnaly fwat mebilsddviced 050 are

irel 200 b
Stati on. mOBTFBCtoW dBronir 102 of TP RR B o dspi Reea o ayd e 1958°

i ncl udes f udemb@nabr b4 kad pfmbbecahy Y520, @Sﬁrﬁrocfemtll)ﬂm&) bﬂﬂbﬂiﬁi@ﬁé‘&d&.e
by a processo , software, ng ti.on t ereo Ef’g 1
Syst em 1200 iR 58S tranmar gopries hoé 2 Farf er»e PYSiaf 03 cFPr‘b@FF@ﬁ%Ss

that facili gl &unhe®imesge aNdetbritlifd RRRM IPRGoINE ne@M fPhsedBt doterk@Ehe @e
groupi ng 1202 can include an el ectrical conmponent for receiving
bandwi dt h c&pamiorning wemghdt nat i on regardi ng a device 1204. Thus, the
devi ce can al uat 0, Wi u e
W rel ess co&rrruﬁ)/cati Oﬁ%oﬁsﬁ%\a&@ﬁ@%}hﬁ?@ﬁl %ah:hzrgga@%’cfg%/?%leéédr]%\%/%g’glg%eagg’
bandw dt h capabideiaivest baa sbﬁoad@l@m&ﬂmhmmdwephbﬂemmcﬁmm 8hspettare

can’ i nol ude PAReBPEC AR car WEiahatios R CrEF Ronihg E5haRb N B nak:

utilized by p@ogdﬁﬂlc@@estamarasm tRroddgsoep NI30aind dave chasladpafodzﬁaﬁﬁputamomfot
on the bandw dth capability information 1206. qut rlws re ard h‘r ;P|n£g
patterns cafeBe dTegBRIHednch ARBYSOACPRBS CAPHIAIEN Y |

described syphgetivEQr exanple, if a device has |ower bandw dth

capability than that utilized by other network conponents for
[0080] It is to be understood that the embodiments described herein can be

implemented in hardware, software, firmware, middleware, microcode, or any

combination thereof. For a hardware implementation, the processing units can be



[ 0085] What has been descri bed above includes exanples of one or nore
enbodi nents. It is, of course, not possible to describe every
concei vabl e conblnatlon of conponents or nethodol ogi es for &fses

of descri BYAGBHESEX or ement i oned enbodi ments, but one SFTP OW 1§71
skill in the art may recogni ze that ma further conbinations and

pernut ati ons of various enbodi nents are possi ble. Accordingly, the
described enbodi nents are intended to enbrace all such alterations,

nodi fi cati ons .and f‘ tions that f mnthpp the spirit. %oge.qf
t he appended¥FEFHEd WERNORE CRBIES anp Cf‘[“ﬂé SPSETIHPTeBREE TRwity 8), digita

"includes” L1§n&l$1ﬁﬂcdb§br§|(lbgpd) HRgadsEl | Rebed@sC HiRtds ADSPDs], HRogh@hiaBle

such termis intended to be inclusive in a manner simlar to the term
"conprisi ng'logspsdevmﬁﬂﬂrl%ﬁ)n@eid Pogranrashly gate A dRP GApk pipeersers. gntrollers,

transitiona cgntjrcﬂlc?s %gl— occésBrs! TdmELAMBn{ERLN B‘laq %-EHE '\g%qﬂc

ARE AS FOLL or transmtting control ain
wirel ess coﬁmmhmua&&mﬁsdhetmmoMianﬁmmmdnﬂgﬁm@enerat|ng control data

for a first ce; t he contr | data.to ortion of
bandui at n v SBHLSS | oWaen e nRREAR®aEOTHb AR it SRR L,

hoppi ng pat tddlcwge ar fmnﬂﬁko&m pedgra aotabl eodmmngwictishthef, dahebcvitsred @53
communi cati ons, .net . of the first device; qggoéransn1tt|n t he

mapped cont FBFD 18%1f<£8f M 516 Bl SiF1da ¢ Sto8E8 CRBPRRSH TSGR fFPresent
pattern. 24 plhedim!t Damc@dn, Gl @bpfodrart Bravah| ARhBndandwicdtife, afmddige, a
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first edge birdvhae @xcsit dmbssvindidr.receiving information, data, arguments, parameters,
or memory contents. Information, arguments, parameters, data, efc. can be passed,
forwarded, or transmitted using any suitable means including memory sharing, message
passing, token passing, network transmission, etc.
[0082] For a software implementation, the techniques described herein can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes can be stored in memory units and
executed by processors. The memory unit can be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as 1s known in the art.
[0083] With reference to Fig. 11, illustrated is a system 1100 that maps control
data to frequencies pre-assigned for control data use according to a hopping pattern. For
example, system 1100 can reside at least partially within a base station, mobile device,
etc. It is to be appreciated that system 1100 is represented as including functional
blocks, which can be functional blocks that represent functions implemented by a
processor, software, or combination thereof (e.g., firmware). System 1100 includes a
logical grouping 1102 of electrical components that can act in conjunction. For
instance, logical grouping 1102 can include an electrical component for mapping
control data to one of a plurality of portions of available frequency pre-assigned for use
with control data 1104, For example, the portions of frequency can be specified
throughout the available bandwidth, For instance, a 3GPP LTE configuration reserves

the edges of available bandwidth for control data. For devices that cannot communicate



4. The nmethod of claim3, where the first portion of bandwi dth is one
of two edges of the bandw dth pre-assigned for transmtting control
data. 5. The nethod of claim4, the two edges of bandw dth are of

di spar at e V&Q 2W8/089869 The et hod of claim |, the avail abPETHEHEHRWIH of
the first device is greater than or su tantlally equal to that of
the wirel ess communi cati ons network and the hopping pattern for the
control data includes hopping fromthe portion of bandw dth to which

t he control dat ed, tao a different rtion t he b ndw dt.
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[0084] Turning to Fig. 12, illustrated is a systern 1200 receives and interprets
control data from devices using disparate hopping patterns in a wireless
communications network. System 1200 can reside within a base station, mobile device,
etc., for instance. As depicted, system 1200 includes functional blocks that can
represent functions implemented by a processor, software, or combination thereof (e.g.,
firmware). System 1200 includes a logical grouping 1202 of electrical components that
facilitate receiving and interpreting the control data. Logical grouping 1202 can include
an electrical component for receiving bandwidth capability information regarding a
device 1204. Thus, the device can be evaluated and compared to the bandwidth utilized
by the wireless communications network. In this regard, devices having less bandwidth
capabilities can be assigned hopping patterns with shorter hops to maintain frequency
diversity. Moreover, logical grouping 1202 can include an electrical component for
determining a hopping pattern utilized by a device transmitting control data based at
least in part on the bandwidth capability information 1206. In this regard, hopping
patterns can be discerned based on the difference in bandwidth as described supra. For
example, if a device has lower bandwidth capability than that utilized by other network
components for communication, hopping can take place within a single frequency block
reserved for control channels rather than across multiple frequency blocks. Further,
logical grouping 1202 can comprise an clectrical component for interpreting control
data from a signal transmitted by the device based at least in part on the determined

hopping pattern 1208. Therefore, the control data can be analyzed for utilization



data are at each edge of the system bandw dth. 12. The wirel ess
comuni cati ons apparatus of claim 11, where the frequency bl ocks are
substantiallg t he same size. 13. The wirel ess comuni cations

appar at us Y7 2¥p/859%6911, wherein the hoping pattern incl BEEYSHEHGILHG
from one frequency block reserved for ntrol data at the edge of the
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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
“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.



18. The wi rel ess comuni cations apparatus of claim 17, further

i ncl udi ng nmeans for conmmuni cating where the plurality of portions of
avai |l abl e frequency pre-assigned for use with control data exist at
t he edges of associ ated bandwi dth. 19. The wirel ess conmuni cati ons
apparatus of claim18, further including: means for hopping from one
edge of the bandwidth to the other to achieve frequency diversity.
20. The wirel ess conmuni cati ons appar#zus of claim 18, the sizes of
the por Lans Ol PLRNRRONS: AVERHERCKRALEraBRIANt [ al Iy equal . 21, The
Wi rel ess ‘contruni cati ons apparatus of any one of clainms 17 to 20,
further including neans for transmtting the mapped control data.

22. The Wi I elsg8hol BPTEALHiGIRE doRtFud dARP Ak RdddsScoRuddaonORevedd inBhdiigh® 17 to
21, the control data i]ndcl ?deg aacknpvvl edgenent (ACK) and/or channel
qual ity (CQLEFRIWFPEET B8R 7= 25 % onput er progr am pr oduct ,

i ncl udi ng: a meprnEuiearminigiad il pertipned bardwidth cdserdi frg contrd data faged ocahesiingg at
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for causi ng the at [ east one conputer to map the control data to a
portion YHTEEhERKCEEH reserved for control data based on a hopping
pattern, the vhoppingghepapdeerontdl gatato & sepatl deyive gtordingad thalddppndradwi dt h of
the wirel ess communi cations network and of the first device; and
code for_causing the at |east one conputer to transmt the nmapped
control H#Hat a H®™ghed et ld@@r%‘éb‘%wm He B h e TREHPE "R B ERRET 24,
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the wirejg [ Wola kil . is greater than that of the first
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devi ce an Ing pattern the control data includes hopping
wi thin the portion of bandwi dth to which the control data was mapped.
3 The method of claim 2, where the portion of bandwidth is at a first edge of'the system bandwidth,
4. The method of claim 3, where the first portion of bandwidth is one of two edpes of the bandwidth

pre-assigned for transmitting contral data,

5. The method of claim 4, the two edges of bandwidth are of disparate size,

6. The method of claim 1, the available bandwidth of the first device is greater than or substantially
equal to that of the wireless communications network and the hopping pattern for the control data includes
hopping from the portion of bandwidth to which the control data was mapped to a different portion of the

bandwidth.

7. The method of any preceding claim, the first device is a mobile device and the second device is a

base station.

8. The method of any preceding claim, the control data includes acknowledgement (ACK) andfor

channel quality (CQY) information.

9. The method of any preceding claim, further including inferring the hopping pattern based on the

available bandwidth of the wireless communications network and of the first device,

10. A wireless communications apparatus, including:



25. A wireless comunication apparatus, including: a processor

configured to: map control data for a device in a wireless
comuni cations network to one of a plurality of portions of avail able
frequency pre-assigned for use with control data; and hop

according to a hopping pattern, wherein the hopping pattern includes
hopping within the portion of available frequency to map additi onal
control data to provide frequency div®rsity and wherein the hoppi ng

pattern is a function of ayail.able bandw dth, of the.w .
cormuni cat i o< HEFREF LR '%lfed?%meapﬁce"g?@\é\{l;ag"éﬁ%fmi@qg"rxrr%gr%lrm &%gf)aﬂ%rised to

t he pr ocesewte sympgs of Fandwitthodvitar plutdityenl fidamenegplestsyesersed ferpnarofdagrppsed at
devi ces |bliih g;%bﬂ%déb&% SEN khe RGRRL PBeR FLILEE Rspping figherelésP@hin bRGEHYI Ng a

si gnal havin | ur ty of, frequency hl ocks reserved.for :
co%rruni ‘E"imrl?g"fgrf)‘ﬁf”%ﬁo%ﬁ%ﬁr;a“me period a"@e‘%??’?ﬁ ﬁF"rﬁ’ﬁm%lpac%nﬁisF gﬁn&%gfamﬁ%%epi ng
patt er n Haodwidi ofltteadrtless menntheigitions netryord angi of te éeyise; @einmuni cat i ons net wor k
based at | eagi,ehfly RAPILd 10 B3R Ve diestrpabi i ties of the device,
wherein the hoppihg pattern is a function of avail abl e bandw dth of
the wirel ess communi cati ons network and of the at |east one device;

and decodi ng Thirgireanbnoiniddmappeacrotiing 18, ohtrhge tkave@ryrhlogdeskropkirngntrol

PALLErN. 4aa are at each edge of the system bandwidth,

12, The wireless communications apparatus of claim 11, where the frequency blocks are substantially the
same size.
13. The wireless communications apparatus of claim 11, wherein the hoping pattern includes hopping

from one frequency block reserved for contrel data at the edge of the frequency to the other.

14. The wireless communications apparatus of any one of claims 10 to 13, the at least one processor

further configured to transmit the mapped control data according to the hopping pattern.

15. The wireless communications apparatus of any one of claims 10 to 14, the control data includes

acknowledgement {ACK) and/or channel quality (CQI) information.

16. The wireless communications apparatus of any one of claims 10 to 15, the at least one processor
further configured to infer the hopping pattern based on the availabie bandwidth of the wireless

communications apparatus and of a utilized communications channel,

17, A wirgless communications apparatus that transmits control data according to a hopping patiern,
including:

means for mapping control data for a device in a wireless communications network to one of a
plurality of portions of available frequency pre-assigned for use with control data; and

means for hopping according to a hopping pattern, wherein the hopping pattern includes hopping
within the portion of available frequency to map additional control data to provide frequency diversity and
wherein the hopping pattem is a function of available bandwidth of the wireless communications network and

of the device.



27. The nethod of claim 26, the hopping pattern includes at |east one
of hopping across the plurality frequency bl ocks or hopping within
one of the plurality of frequency bl ocks for given tine periods. 28.
The net hod of claim 27, the hopping within one of the plurality of
frequency bl ocks is chosen for the hopping pattern for devices

| acki ng bandw dth capability to hop across the plurality of frequency
bl ocks. 29. The nethod of any one of28clains 26 to 28, further
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capabilities, eac roup ] in a different frequency bl ock of
t he pl urdetethy plyaliy Pgaﬁ!ewcwavmab'e krequencypye-asyigned foBYsh igh eoptrab g sistabthe qdprs
di spar atgaskdcR@uBMGMdth] ocks are sized according to the actual nunber
of devices within the group or a predicted nunber of devices within
the group. 31. The nethod of any one of clains 26 to 30, the signal
has t he Br eqiisavdspledsicoukusicelisoh apperatnd of cdping bin furtey ineleding: posi ti oned at each

edge of the g hop i%f?rmr#m\eﬁeégebﬁﬁes;ammmaihs&ﬁqrm&aﬁpﬁaqrxﬁammny.
i ncl udi ng: aF east one processor configured to receive

control data froma plurality of devices in a wireless comunication
net wor k 28n aThd vjrekés chrenninivgtionepprans df daine dlidn gies dlipokyork of aviikdniwinty ng
control LBanfallfeqg@ntrol data utilizes one of a plurality of hopping
patterns ased on device bandwi dt h capabilities and wherei n hopping
pattern for each device is a function of avail able bandw dth of the
W r el ess2iconfrunvigiisiconsunivedonapparaundfl 0f oteloécldies/i?¢e20, fantdr iaclwimgowesns for

coupl ed t;agsrgittﬂggtggmgpggggmrg]nj?‘a_processor. 33. The wireless
comuni cat1 ons apparatus of claim 32, the at | east one processor

further configured to interpret the control data fromthe signa
based at22 eaghe wirelegsabihm@iicatidi€aphqpiongy paiof @dims 17131, the control data includes

acknowledgement {ACK) and/or channe! quality (CQI} information.

23 A computer program product, including:

a computer-readable medium including:

code for causing at least one computer to generate control data for a first device;
code for causing the at least one computer 1o map the control data to a portion of bandwidth reserved for
control data based on a hopping pattern, the hopping pattern is a function of available bandwidth of the
wireless communications network and of the first device; and

code for causing the at least one computer to transmit the mapped control data to a second device

according to the hopping pattern.

24, The computer program product of claim 23, the available bandwidth of the wireless communications
network is greater than that of the first device and the hopping pattern for the control data includes hopping

within the porticn of bandwidth to which the control data was mapped.

25. A wireless communication apparatus, including:

a processor configured to:

map control data for a device in a wireless communications network to one of a pluratity of portions
of available frequency pre-assigned for use with control data; and

hop according to a hopping pattern, wherein the hopping pattern includes hopping within the portion
of available frequency to map additional control data to provide frequency diversity and wherein the hopping

pattern is a function of available bandwidth of the wireless communications network and of the device; and



34. The wirel ess comruni cati ons apparatus of claim32 or 33, the
hoppi ng pattern includes at | east one of hopping across the reserved
frequency bl ocks or hopping within one of the reserved frequency

bl ocks for given tinme periods. 35. The w rel ess comuni cati ons
apparatus of claim 34, the hopping within one of the reserved
frequency blocks is utilized as the hopping pattern for devices

| acki ng bandwi dth capability to hop a¥ross the reserved frequency

bl ocks. 36. The wi cations apparatus of any one of
clains 32 to*8 ,”¥%ﬁ&%§§F§§§¥H§ﬁe processor further configured to
group the devices by bandw dth capabilities, each group utilizes a

hoppi ng pat t arkrbh@at deRaRFingMohtib &taaroﬁhidfe\fs@f@mﬁang‘mmﬂﬁmwngtphmx ifudibhdie
reserved fre ni_cat.i paLatus

uency bl ocks. ]
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apparatus for interpreting control data utiIizing vari ous hopping
atterns, includ means for receivin ndwi dt h ca I|t
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transmtting control data based at |least in part on the bandw dth
capability information, wherein the hopping pattern is a function of

avai | abl 3. barfdsmneted oblein Ba tw?%lnégéh*%@ﬁﬂmﬁP&‘é@ﬂwﬁ%eqw‘éfwiﬁ ISHeEFEHP Phe

devi ce; wdpping pattern for deliiEe Mikif gl dwith 1052 biey itd T@p €000as thodluraldt ol fréquenay elocgd. gnal
transmtted by the device based at |east in part on the determ ned
hoppi ng pattern. 40. The wireless communi cati ons apparatus of claim
39, the HbppiThgmpadobioy oparétitiiesd uls. fuahesincliding epritedspreh ipnee itias@ntp!

pl ural i t ¥aid vy@eHRAGEagabitiek 320 brob R pSiigRalifeeaetiedy biodk ccaaFRHitcat | ng
control data or(%opplng within one of the plurality of frequency

e bl
bl ocks i R Ven T ne periods. 41. The w rel ess comuni cati ons

apparatus of claim40, the hopping within one of the plurality of
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| ower bandw d apabl !y g. % al util lzeg X the wrel ess
edicted number 0 the group.

conmuni ¢ ?Vfca Wlthgl rou? ?I a devices within

31 The method of any one of claims 26 10 30, the signal has the frequency blocks dedicated to control

data positioned at each edge of the signal,

32 A wireless communications apparatus, including;

at least one processor configured to receive control data from a plurality of devices in a wireless
communication network on a signal having reserved frequency blocks for transmitting control data, the
contral data utilizes one of a plurality of hopping patiemns based on device bandwidth capabilities and
wherein hopping pattern for each device is a function of available bandwidth of the wireless communications
network and of the device; and

a memory coupled to the at least one processor.

33 The wireless communications apparatus of claim 32, the at least one pracessor further configured to

interpret the control data from the signal based at least in part on the hopping pattern,



31 42. The wirel ess conmuni cati ons apparatus of claim40, further

i ncluding means for grouping the device with one or nore devices
transmtting control data by the bandw dth capability information,
the group hops within a disparate frequency block of the plurality of
frequency bl ocks than other groups of devices. 43. The wreless
comuni cati ons apparatus of claim42, the disparate frequency bl ocks
are sized according to the actual numer of devices within a
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group. 44. W reless co ni cations appar at of a one of
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dat a posives eiedriak. each edge of the signal. 45. A conputer program
product, including: a conputer-readabl e nedi um i ncl udi ng:

code for causing at |east one conputer to receive a siﬁnal having a
pl ural i t¥- of Thevarglssseyrusicaiorsrpagass PLARM 3o e BPRRLKINENT H e E8HYF of
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a control dafa hquﬁqg pattern for at | east one device in a wireless
communi c&ET on et Workbased at |east in part on bandwi dth
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of avai | gbl erhaRAMAhim @ caldLapPiriRloESS o QPIRHA 284 I50ASat R W blscedd Of
the at |east 0@5 gevice' ﬁgd _dgodqwfpr causing.th% at I%as%]pne
conput er " BREEIEA EFRIP BB P UA SRR EEh Gt BOP HE RS S IIE REET
hoppi ng ipag wigin.difefent fEeng dlphudl de repaned frammenpy Watvet of cl ai m 45, the
hoppi ng pattern includes at |east one of hopping across the plurality
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according to the actual number of devices within the respective group or a predicted number of devices

within the respective group.

38 The wireless cornmunications apparatus of any one of claims 32 ta 37, the signal has the reserved

frequency blocks dedicated to control data positioned at each edge of the signal.

39. A wireless communications apparatus for interpreting control data utilizing various hopping patterns,
including:

means for receiving bandwidth capability information regarding a device in a wireless
communication network;

means for determining a hopping pattern utilized by a device transmitting control data based at least
in part on the bandwidth capability information, wherein the hopping pattern is a function of available
bandwidth of the wireless communications network and of the device; and

means for interpreting control data from a signal transmitted by the device based at least in part on

the determined hopping pattern.

40. The wireless communications apparatus of claim 39, the hopping pattern includes at least one of
hopping across a plurality frequency blocks of the signal reserved for communicating control data or hopping

within one of the plurality of frequency blocks in given time periods.

4], The wireless communications apparatus of claim 40, the hopping within one of the plurality of
frequency blocks is chosen for the hopping pattern for devices having lower bandwidth capability than that
utilized by the wireless commiunications apparatus,



47. A wirel ess conmunication apparatus, including: a processor
configured to: receive bandwi dth capability information regarding a
device in a wirel ess conmuni cati ons network; determ ne a
hoppi ng pattern utilized by a device transmtting control data based
at least in part on the bandwi dth capability information, wherein the
hoppi ng pattern is a function of avaL%able bandwi dth of the wreless
communi cati ons network and of the devi'ce; and I nterpret

control data froma signal transmitted by the device based at |east
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with one or more devices transmitting control data by the bandwidth capability information, the group hops

within a disparate frequency block of the plurality of frequency blocks than other groups of devices.

43, The wireless communications apparatus of claim 42, the disparate frequency blocks are sized
according to the actual number of devices within a respective group or a predicted number of devices within a

respective group.

44, The wireless communications apparatus of any one of claims 39 to 43, the signal has frequency

blocks dedicated to control data positioned at each edge of the signal,

45, A computer program product, including:

a computer-readable medium including:

code for causing at least one computer to receive a signal having a plurality of frequency blocks
reserved for communicating control data;

code for causing the at least one computer to determine a control data hopping pattern for at least one
device in a wireless communication network based at least in part on bandwidth capabilities of the device,
wherein the hopping pattern is a function of available bandwidth of the wireless communications network and

of the at least one device; and

code for causing the at least one computer to decode the control data according to the determined
hopping pattern.

48. The computer program product of claim 45, the hopping pattern includes at least one of hopping

across the plurality frequency blocks or hopping within one of the plurality of frequency blocks for given
time periods.

47. A wireless communication apparatus, including:

a processor configured to:

receive bandwidth capability information regarding a device in a wireless communications network;

determine a hopping pattern utilized by a device transmitting control data based at least in part on the
bandwidth capability information, wherein the hopping pattern is a function of available bandwidth of the
wireless communications network and of the device; and

interpret control data from a signal transmitted by the device based at least in part on the determined

hopping pattern; and a memory coupled to the processor,



