METHODS AND APPARATUS FOR NO SE ESTI MATION IN A
COVMUNI CATI ONS SYSTEM C ai mof Priority under 35
WO2@7C14963119 [ 0001] The present Applicati on foPCRPESENT/060062
clainms priority to Provisional Application No 60
756,071 entitled "Method and Apparatus of Noi se and
Interference Estimation in an!OFDM Communi cati on
Systent filed January 3 2006. and assigned to the
assi gnee hereof and hereby expressly incorporated by
r ef er eviger HODS ANBACKERANNL FiFEI RINISR2ES TiM Amnesent A
application rel at eg@eneUaICA 10N Resapamat i on of
comuni cation sy stens, and nore particularly, to
met hods and apparatus for noise estimation in a
CRILSN Fadiinuider SEANBRagk gy ound [0003] Data networks,
such as wirel ess comuni cation networks, have to trade
Hi1bet iderrrespiApplestionSrdhtae alafor paowiyngPert epsnl daplication
ﬁ%ﬂ%{ﬁ'%é{ bfieént{ﬂ%:g V%-Peﬁgaﬁf%ld%fgﬁ@?s Y§ ':? & arf flﬂe?fe?elt;ﬁ@l{%ﬁ? mation i
or exanpl e, e di'stributi'on of nultihedi a content”to
an DFDgE usibeti cofonr Bsaut Cllel jamiaed 3 prbabidEagRybe @sthe assignee
és_ub_&r_i_ber s) is a conpl i‘ca%ed problem Therefore it is
eregl 30GGFRLAREPTEEHY HEOCHRY ReAANTHEEPFHGBHE, cont ent
retailers, and service providers to have a way to
di stribute content and/or other network services in a
fast and efficient mannéAGRIRGUMREh a way as to
',%ease bandw dth utilization and power efficiency
F 4} In current content delivery /media distribution
§0003| eMBrheRadent hifRicaich RPAed SRlerdiyTB (SEHYRESH & &mmunication
packed into a transm ssion frame and delivered to
setineie sind rmerengarworhFole mxdnps end appomus ot aviserestimation in a
network may utilize Othogonal Frequency D vision
R}WWFBIIL%B}(?I%S@&%B:DM to prov ide conmmuni cati ons between
a network server and one or nore nobile devices This
t echnol ogy provides a plurality of subcarriers that
Brekgrodnflated with data representing services to be
figloby e ask Oyet sl LOUELON DENAGK @S ArLEADSILE 1o rade off
v eform Thus, the ability to recéive and accurately
peroees satvhes tonaosiadd thavetiapin gahenhiuneselytws yebdidédhe a large
sy stemwi || er,to‘rn{00835]_ TH&_‘ ignal to . . ‘
PW%@%If@rtéﬁea@ﬁﬁoi%% PRI (e AR IR Betiptdintaatent to o large
hiRREL @Nfesource timited portable devices (subscribers) is a complicated problem,
Therefore, 1t 1s very important for network administrators, content retatlers, and service
providers to have 4 way to distribute content and/or other network services in a fast and
efficient manner and 1o such a way as to increase bandwidth utihzation and power
efficiency.
{0004} In current content deliveryv/media distribution systems, real time and non real
time services are packed mto a transmission frame and delivered to devices on a
network,  For example, a commmunication network may utilize Orthogonal Frequency
Division Multiplexing (OFDM) to provide communications between a network server
and one or more mobile devices. This technology provides a plurality of subcarriers
that are modulated with data representing services to be delivered over a distribution
network as a transout waveform. Thus, the ability to receive and accurately process the

transmit waveform determines how well the system will perform.



paraneters that characterize the signal quality and
the receiver performance in a conmuni cation system
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power divided by the power of noise and interference.

[0006] The estimation of the gignal power is well
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deternuned so that the performance of the network can be determined and/or optinuzed.

SUMMARY
{0009}  In one or more aspects, a noise estimation system is provided that operates to
provide noise estimates i a communication systent.  For example, the system is
operable to provide a signal to mterference and notse ratio in an OFDM communication
system. In an aspect, the system operates to measure noise and interference power at
unmodulated subeasrriers. The measured values are then used to determine a SINR of
the communication system as experienced by a receiving device. As a result, the

performance of the communication system can be determined and/or optimized.



t he communi cation system as experienced by a receiving
device. As a result, the performance of the
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optim zed.[001 O] In an aspect, a nethod for noise

and interference estimation is provided. The nethod

conprises identifying one or fore unnodul at ed

subcarriers in a received waveform processing the one
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and interference ‘

pertorm a method for providing a noise and interference estimation.  The method
comprises identifying one or more unmodulated subcarriers in a received waveform,
processing the one or more unmaodulated subcarniers to produce a demodulated ountput,
and determining a noise vanance based on the demodulated oufput.

j0015} in stitt another aspect, a method for providing a noise and imterference
estimation is provided. The method comprises generating an OFDM transmission frame
that comprises one or more unmodulated subeariers, encoding location iformation

associated with the one or more unmodutaied subcartiers into the transmission frame,

and transmitting the transmission frame.



estimation is provided. The nmethod conpri ses
generating an OFDM transm ssion franme that conprises
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i nformati on associated with the one or nore
unnodul ated subcarriers into the transm ssion frane,
and transmtting the transm séion franme. [001 6] Ot her
aspects will becone apparent after review of the
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10024} FIG. 7 shows an aspect of a noise estimation system,

DETAILED DESCRIPTION
[0025} In one or more aspects, a noise estimation system is provided that operates to
determine noise estimates in a communication network, For example, in an aspect, the
power fevels at known unmodulated subcarniers in an OFDM communication system
are measured to determine noise variance at a receiving device. The determined noise
variance 1s used to determine a SINR that indicates the performance of the
communication system, Furthermore, the ability to estimate the noise variance also has
advantages with respect to system performance optimization as well.  In particular,
vartous algorithms that perform functions such as channel estimation or log likelihood
ratio (LLR} computations can benefit from accurate noise variance estimation, which

results in better performance.



advantages with respect to system perfornmance
optim zation as well In particular, various algorithns
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log likelihood ratio (LLR) conputations can benefit
from accurate noi se variance estimation, which results
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some number of known unmodulated subcartiers.  Aspects of the noise estimation
system utilize these known unmodulated subcarriers to measure noise and interference
power at a receiving device.

j0029} FIG. 1 shows a network 100 that comprises an aspect of & noise estimation
system. The network 100 comprises mobile devices 102, 104, 106, a server 108, and a
communication network 110, For the purpose of this description, 1t will be assumed
that the setwork 110 operates to provide communications between the server 108 and

one or more of the mobile devices using OFDM technology: however, aspects of the



power at a receiving device. |0029} FIG 1 shows a

network 100 that conprises an aspect of a noise
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devi ces 102, 104, 106, a server 108, and a

conmuni cati on network HO For the purpose of this

description, it wll be assunBd that the network H O

operates to provide comuni cati ons between the server
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any other type of suitable coutent or service. Thas, the services may comprise video,
audio or other information formatted in any suitable format,
j0034]  The content is input to transmission logic 116, which processes the conternt
to produce a transmission frame as described above.  The transmussion logic 116
operates 10 transmit the transmission frame over the network 110 as g fransmit
waveform using OFDM technology, as shown by path 118, In addition to modulated
subcarriers comprising data and other mformation, the tfransmit waveform comprises
unmodulated subcarriers at known locations. For example, the unmodulated subcarriers
may be contained in one or more special symbols, such as TDM pilot symbols,
WIC/AI symbols or PPC symbols.



audio or other information formatted in any suitable
format. [0034] The content is input to transm ssion

wo o@i7a1408%5 whi ch processes the content to prodRCEUS2007/060062

transni ssion frame as descri bed above. The

transm ssion logic 116 operates to transmt the

transmission frame over the nétwork 110 as a transmit

wavef or m usi ng OFDM t echnol ogy, as shown by path 118

fowzapdi tihon 4s@eAD REAThNS UGanTddalaSedC QMREIRING Bal@ansmission

and ot her information, the transmt waveformconprises

Unme ¢ atedeteuneed AP KEOuN kA clkMICRD BaEPBRBINESF R Yatiphe netwark

d e ;

?Tc%lfe%‘sl{gfe"%%gﬁﬁee zﬁ%%?&ﬁfmﬂq S the B@fﬂ&%@é Qh@cﬁj,gngf@ iNGe Nvic/LIC

mmca@mmaoom RR&asyn‘mm ﬁatﬂa@ﬂsmﬂ | e amt}as peedct, thdcations
ocations of unmpdul ated subcarriers in th

E"r BB RO AP RERES dFe APt R ber T BB CRRE IR rﬁ‘SW’(L% g the network

dey i O&s {'?llxﬁ@mn%iﬁa}&f)&? Wet fadsBEs N6 YREK 1180 rises subcarrier
exanpl e t\h ['ocations of the unnodul atéd subcarriers

oratidre eWo@@L 18D shatbalesater & Immdﬁ stubc&:hez teaiigesnfommdthe in the

net wor k g In. oher as t he ocatlons?

EWPFSHUH’%& ?i?“keubc@‘Fr PEFE D"&%’i’é’m PG LS AIRTE dbe docation of
LAn S@QIAEE Sull Ari e i @k WRE K is6¥oh FREnL XBIR] B.is his@le to dynamically
aspect, the transm ssion |logic 116 conprises

subwanichier the d@a’attifmnoienn@d@rlatréombﬂatxe@p@r deeansgussion frame to

??\,g&%erw l'é,b;ﬁ, o {:r:}\e] n’gl ?q'ﬁ xu)lp!na 3,{]5'(, ot ﬁhé{j tr%it ?céﬂu%s pwgtuggwdulatcd
fidbchilerd mﬁy alsbehd amahingoaed nungRdyloie duRAIE @chhR:e, dulh as by

the transm ssion frame. Thus, it is ?OSSI ble to
Hwa*rﬂf@&thtyl%ﬁfﬁmm%ﬁ@m W] B2l baw BROSIHAERIUI at ed

ngﬁﬁr ri- ﬁlresﬁeﬁlgstih? récreﬁ@ﬁ | QB \(ﬁ%ﬁﬁfh@ﬁt%ﬁt‘ﬂ%‘?ﬁ} Io%ic 122 The
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eceives the transmt waveformat estination |ogic 122
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EEisIn PR SUb e akser | wioe DY nS gt ca-ipipfre TOM.
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For exanple, the systemutilizes the fact that not all

brliknesybosal date QF DM trbols ahamich Whobersbearders are modulated
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iseé s in

ﬂ’@théN@;ko}Qmaﬁd» RRQI kol s vvh| ch are used for
chrom zation and ot her purposes. Unlike the nornma
DNb&y Hises yumpep g hb%‘ Fer Are HecwsBir @@ﬁ@dtaﬁféﬂ ), the

E&%ﬂxﬂt@ﬂj output should be zero if there is no additive noise and/or interference.
Any non-zero values at these ummodulated subcarriers are due to noise andfor
interference expentenced at the receiving device. The variance of the recetved noise and
interference can be estimated by computing the variance of the demodulated output at
these null subcarriers. By dividing the recetved signal power by the vanance of the
received notse, the SINR of the communication svstem as expenenced by the device
102 can be detenmined.

j0038] In an aspect, the location of the unmodulated subcarriers is known in

advance. For example, the estimation logic 122 at the device 102 knows that the



by data, these special synbols conprise a nunber of

known unnodul ated subcarriers (i e , they do not carry
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subcarriers are processed (or "denodul ated " ), the

denodul at ed out put should be zero if there is no

addi ti ve noi se and/or interfefence. Any non-zero

val ues at these unnodul ated subcarriers are due to
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repedulitag sehogriess i anyoldvmdiranasisbion. Thopdba sglection logic 124
e T L T
d24lyopeicall pshdngirget ect the | ocation of unnodul at ed

ubcarriers. Foy exanple. the selection logic 124 |
aPE: _es('itcs theclge’ e Sl iRtk s O RETe ABT ﬁf‘@aﬂmedw the
Ak efiBhN8odiBe 1h9CHQR:OT ot NRANRAU! Ab&d QUBGALK! 86S measure
I n anot her”aspect, 'the selection |ogic 124 operates to
resgineiaheeljosat.i dnscofred kgnainmedu iptied dswbuoiaed ifmps modulated

I n an. out-of-band transm ssiqn. S,.the selectio e
P e Pt B 418 B S s STRE Neblsda o coF PR by dividing
gRMReul-at SdnFURGAETHCHR MBS IR Fdr@GRlRRSHARF®.  Similarly, the
dynam cal | y changi ng. | 0040 Once the |ocations of the

SRR dlistebasebns uh dagqureeys calr be deterisdndd, byt Reidag ithasizon power
Q0i.¢¢ 122 operates to dempdulate fhes beartiers to .. .
3089 142 PREFAL S8 BTSSR0 AR SR Bover
pavepotdinalsqusaeker mefathll rbounmdihiaiee dubcarriers are distributed over

the entire OFDM signal bandwidth so that it will be possible to compute the distribution
of the noise/interference power vs. frequency. The computed SINR values can be used
as an mdicator of the signal quality andfor for scaling the LLR values as a decoding
metric. In a system with feedback, e g. OFDMA systems, computed SINR values can
be used for rate adaptation and bin energy/bit loading to improve svstem capacity.

{0041} Therefore, aspects of a nolse estimation system operate to determine a SINR

by performing one or more of the following functions at 4 transmitting device,

a. Encode content/services into an OFDM transmission frame that comprises

known unmodulated subcarriers.



subcarriers, which may be data synbols. The SINR val ue

can be conputed by dividing the received signal power
whyoorhetoseasured i nterference/ noi se power. Si nPCHDE2007/060062

the SINR distribution vs. frequency can be conputed

the by dividing the signal power received at different

frequenci es by the neasured i At er f er ence/ noi se power

at corresponding frequencies. Preferably, the
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over a network to receiving devices [0042| Therefore,
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LiMRaRLd. an&e aOfesy peth@l%' %e nh M G4 GRhYie ﬂax@{mﬁgﬁ‘x ‘eceiver

gﬁcfne%?gh

receiver I'n an aspect he unno carrlers are
epanion. di Stuthdyotoed dmerwtthe &ntIL%ﬁr@alQﬂmIMI sihcal dcowsiting  the
a deterp%natlon of .the. q0| selinterference djstribution

PRSI O E AR BT SO P FEPIHE MPIRBHBY R  FEeIver
[RAG] VerrRerber MAGS: tiey NRIRE cRehiHRL kPRRYSI@M o officiently
oper ates by takl ng advant age of the
determine noise variance and corresponding SINR levels at a receiving device. It
should be noted that the noise estimation svstem is not limited to the implementations
described with reference to FIG. 1, and that other implementations are possible.
j0045} FIG. 2 shows an aspect of a transmission frame 200 for use in a noise
estimation system. For example, the transmission frame 200 may be used in a forward
link only (FLO) communication system. The frame 200 comprises time division
multiplex (TDM) pilot signals 202, WIC symbols 204, LIC symbols 206, frequency
division multiplex (FDM) pilot signals 208, overhead information symbols (OIS} 219,
data symbols 212, and PPC symbols 214 The data symbaols 212 are used to transport

services from a server o recet ‘u"lﬂg devices.



properties of the special OFDM synbols that are
constructed to conprise unnodul ated subcarriers As a

WO e®al114963 here is no disruption of the nornmal PCT/US2007/060062

transmtter/receiver operation Furt hernore the system

is resource efficient since conputing the

noi se/interference variance i straj ght forward and

sinple to inplenment in a receiver [0044] Therefore,
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Hihiora A ko
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B tlm ¥ StamooRmexamplie: rtheanddPM sy é%s@rQQoﬁiQW{)z that
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THREAUTOM BYHiN0 RnQED EsnpHRdeY! ﬁv@@%fpaneé"os abrapiei b é%mzmwns
BB SR 4 LLPBERety PSSR s MBS0 4 10
Fhe. unrmdaf qﬂ@@qﬁn@&ﬁw 40 Spedfds ©anRbdlce aﬁﬁnéﬁ@ﬁzﬁh waveform 404
Ec?n\{;\gxgm?g et; Itqrgfg&me}[]s}{(m frame that 1s input to FFT logic 406

{0051}  The FFT logic 406 operates o transform the time domain waveform 404 to
produce a frequency domain wavetonm 408 that comprises symbols having a plurality
of subcarriers. The frequency domam waveform 408 is input to channel estimation
logic 410 that operates 1o provide channel estimates. The frequency domain waveform
412 15 also input to data demodulator 412 that operates to demodulate modulated
subcarriers in data symbols to produce data that 1s passed to nser applications.

{0052} The frequency domain waveform 408 is also input to estimation logic 414
For example, the estimation logic 414 is suitable for use as the estimation logic 122

shown in FIG. 1. The estimation logic 414 comprises subcarrier selection logic 416.



power received at these subcapier locations i due to
noi se and interference. f0049] FIG 4 shows an aspect
w@booa/116xi ver 400 for use in a noi se estinatiPCI/BEYRDEON0062
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Ioglc 414 conprises subcarrier selection |ogic 416. The
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determ nation | ogic 505, and signal to noise

S0 adertifiss ikswwn unmodulated subcarriérs in special symbols included in the
received waveform 312, For example, the known unmodulated subcarriers may be pant
of TDM, WIC, LIC, PPC or any other symbol in a recetved waveform 812 For
example, the known unmodulated symbols may be part of TDM symbols as tHustrated
in FIG. 3. The subcarnier selection logic 502 provides a selection signal 316 1o the
demodulator that indicates the location of the snmodulated subcarriers.

{00356} In another aspect, the subcarrier selection fogic 502 operates to determine the
location of unmodulated subcarriers by decoding the received waveform 512, For
example, in an aspect, the location of the unmodulated subcarriers is encoded into the

recetved waveform S12 by the transmission logic 116, In another aspect, the selection



| ogic 510. [0054} The signal power determ nation |ogic
504 conprises any suitable hardware and/or software
WO bav/1oppes at es to receive a frequency donai n WewETS2007/060062

512 conprising a plurality of subcarriers and
determ ne signal power For exanple the frequency
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sel ection signal 516 identifies subcarriers in special

SYAIGE. 9N ian aﬂﬁf@t theSanad do nave fgermisanon Isaicgomeragsoe divide the
SRR SRS R e, SRR s c0uee 2,

psey m natanompleagm DO8: estimation svstem comprises a computer program
having one or more program instructions (“instroctions”) stored on a computer-readable
medium, which when executed by at least one processor, provides the functions of the
noise estimation svstem deseribed herein. For example, instructions may be loaded mto
the estimation logic 500 from a compuler-readable media, such as a floppy disk,
CDROM, memory card, FLASH memory device, RAM, ROM, or any other type of
memory device. In another aspect, the instructions may be downloaded into the
estimation logic 500 from an external device or network resource.  The mstructions,
when execuated by the estimation logic 500 operate {o provide aspects of a noise

estimation system as described herein,
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OPELAL RS cds Oy eceive the variance 522 and the signal
power i i cator 514 and conputers a SI NR 524. For
exanpl e, in an aspect, the signal to noise
et er.m natl ic 510 operates to divide the signal
S8§i§§r‘ Bi‘ﬁ‘cﬁy %ﬁl‘l ance 522 to determine the SINR
fiod2) | OB dheddt ASREGIpeck NBeNOIrBRcEAbleMBhhOMh S5 0% operates to
conprises a conputer program having one or nore
perbyran ¢ mmm ﬁt}om;m(utt s BRIGE 1] @@mse) bsedroadresnved unmodulated
nput er u
R AR e Pt S R BT BT i
[ic3E est t\ﬂﬁéd: Rue¥S e descri besh s 1. thEBfcRReARR] &umples of
Instructions may be | oaded'into the estimtion |ogic
BQFeci 41 apmBocoaPItiesmITRAdaRb I nTedudHEN caT e, THRPPY frequency
di sk, CDROM nenory card, FLASH nemory device, RAM
mxn@ﬁb@ﬁwwh &f ggap@d ofe ndinoel kpsviecsansfornatidohews.
aspect the instructions may be downl oaded into the
estimation logic 500 froman external, device or
network resource. The i r}gtr@g__tw;"opg. """"""" xWhen executed by
the estimation |ogic 500 opghat® to provi de aspects of
a noi se estimation system as described herein.[0061 ]
Thus, the estimation |ogic 500 operates to deternine

Hgodt vdFi disc éu%ﬁaam KFICE10m, TEgRTSA? c ks dACEtedortRe awbearriers
)ﬁgter {Ahgoc %&sh%ﬁ m} ng’uli]ag%cggx\ﬁc%%e TS %nstqg lﬂe%tlgzcv c%th?a(?n then the
hirel SUERIAtQ0e dRchbal Rk ety bORHENENAk 1P ?oiﬁfﬁﬁm expression.

possible wthin the scope of the aspects For exanpl e,
the functions of estimation | ogic 500 may be enbodied

in a conputer programthat sg%(ﬁ;:ﬁt ed by one or nore

processors. Noise Varia fce”

[0065] 1t should be noted that other possible mmplementations of this algonithm as
well as other noise and interference variance estimations are also possible. In the case
of WIC/LIC symbols, only selected subcarniers may be ummodulated. In an aspect, an
interlace 1s defined that identifies selected subcarriers in the symbol. For example,
interlace O defines a collection of subcarriers with indices of the form 8m {where m =
0,1,2....511) Ths collection of subcarriers 1s modulated with non-zero energy, while
all the remaining subcarriers in the symbol are unmodulated subcarriers, For reduced
implementation  complexity as well as providing sufficiently reliable noise and

interference estimation, the estimation logic S00 operates to compute the noise and



[0062] In one or nore aspects, the variance
determ nation | ogic 508 operates to perform an

W@bk@oni4ohim t 0 conpote a noi se vari ance based 0OPCT/US2007/060062

recei ved unnodul at ed subcarriers. The following is a
description of one aspect of the algorithm [0063] It

will be assuned that y. yl1. .**y v correspond to the

time domain sanples of a special symbol that is

ke firéifcke ehriafed Odedl dhl W DBWREEd G aliidre iSteriddee sKedrrdiponds to
frequency domain subcarrier can be obtained via a

gibsariete WROUnses ©of dhe ffomm s +Polwiere . s £ 0662] apd whe.L2.511)
g ﬁa{rler sel ection qulc 502 has |d§nt|f|ed t he

ey itategages R P Bl EBleERi eSioNE TSthiBddPheed variance
SHBERLLELNR dafk ShEDT SAUBRCY, (BRI ell hen the noi se

and interference variance estimate can be obtai ned

{{]ﬂéﬁ} t hdflifold Eiwwgmex&p&pes@ D metlcdOgB] de tprehdukck base estimation

SRSt Eab e SE R rEloor LR hR LA briindne method 600

Yaddsameeh@sl:i mati ons are al so possible. n the case of
W CYLI C synbol s, only selected subcarriers nmay be
[9FBHUI adiddock ¢02an t8 Rl tYavaivTNNS Ercrkied g cavpiisred transmission

L i T R

s«tpb@farﬂré Sﬁz&n\&i tavéfBeh deSedfveting of erieBirofwhie OF DM metwork. For
Fg This col |l ection of subcarriers is
mﬂmiaﬂ%fwt\ HeIY bV aYeE By DRl wavelern R shown in FIG. 5
L | NI NG SHACARS R Rochfbrt BELRY RO e 5 LANPAN c?eﬁ&ﬁ’nned In an
ubcarriers. For reduced | nplenentation conplexit
weplett, de yerooubdiogg: SO fdeciidat thy imcahmablr éammm&hmnﬂi submm ers in
Lnterference .esti ?Zt on the es | ogi g 500 d
UBcrur VO SORbILD. Rb CHUTRE. I CHPARERCETgER dfdecared at
hasercanly iRRpd M QEIBER o tfe haWI8AHE SkDIRE |aﬁ§i§u§x n to the selection
corresponds to subcarriers with indices of form 8m
ha_s; $ahelnersttep .—33;1:@ t}anhimmnm of @igc_l_z,nznaildalg() btgu_mﬂﬁmrr frg encoded
in Iace 1N ces. can.be sen for oo oo
It Bl SRGTORH pERR Bicouh B R Rl 188is 8087 Fhablzgrespect, the
RRGis¥dIahs uasoi@hied [0P&Bli ekl ploveRaWs tah Q@é{ﬁﬁﬁt 0@k 582 in an
met hod 600 for providi n? a noi ae estimati on system For
exafpired wremestanmil# onThogrlectsmolasie GAT PRpEHIRY t gletermine the
&%&E(ﬁ{s *%t h\% A xtx&ﬁ%tg? QS §§Qﬁ' *pl% Qieh\% I%)anlipiéa‘ﬁemauons and
6 ransmt waveformis-recelve
s ek szﬁs ﬁletnansrgnss a6 theandentifiyd tg S@ado@ of thbaehsodulated
that contain one or nore unnodul ated sub-carriers In
c@8ect the transmt waveformis received at a
agore TLamansdd Y Lﬂx%‘idQQJ FQhc @Mr@g—mk@ﬁe& BGEI M dulated).
ransmit waveformrra e wave orm5230vvn|n
Fﬂ @& adpect, EMB@]G&NM@I f'dkﬁknmac% fohkodobtd tie winodulated subcarriers
@ pmguceahe emodulated lﬁgtgagt %Z?ﬂ OLec}; %££1Ql%dt}1e YefBdutator 506 receives the
selection signal 516, which idenufies the locations of unmodulated subcarriers to be
processed.
0070} At block 608, a variance of the demodaolated output is deternmuned, For
example, the vanance determination logic 508 operates to determine the vanance of the
demodulated output 520 to produce the variance output 822, In an aspect, the variance
determination logic 508 operates to perform the noise vanance algonthm described

above to determine the variance output 522,



aspect, the selection logic 502 identifies the
| ocati on of the unnodul ated subcarriers in the
W e@nsmos3 wavef orm 512. For exanpl e, the unnmodedEHUSH07/060062

subcarriers are located at fixed |ocations in special
synbol s of the waveform 512 that are known to the
sel ection logic 502. In anot hey aspect, the locations
of the unnodul ated subcarriers are encoded into the
waref or mSiRcandodacaged fve hessaliat than ok sivB@2vaveform is
I n anot her_ aspect, t he Iocatlons of the unnodul at ed
deipenred ery AR @ SpRGy |““d33(§’—3ﬂé)| pﬁ@ﬂs dreppingiion degie H opprates to
g%.ay%ggg 3fé Q?‘Q\gl ﬁaéé&g: :i‘lmi i ?% v %dt“ F‘Sﬁ gogﬁt ﬂ‘% ubif9 &y suitable
wnmndmiated subcarriers in any of the above

enment ati ons andjﬁrOV|des the sel ection signal 516

{l}?a?i i deMt PorediPha Plodadt drerpmetheltypipnddincht @ signal to noise
§é{ AREA G Dgic PPHerbs B &Q&nﬁﬁ)@tu RJQQP@%B@H“}%Q auancﬁ output

carriers are processed (I ulat'ed
é%?pemct thet henzdemmm\&{f orf o@@:@suopbr &teesmxb p@eﬁoém at énhhael by the

unnmodul at ed..subcarriers, t ce the denodul at ed
BHIPGE OBpht * é&P%S?QHﬂ%hE g‘ﬁ@{ ag dul ator 506 recei\ es

fd@ﬁspel 0 uk Offe Sl TR 6(LErer M ©NickdRMtd 4 h&iSe L®ance and SINR of a
ocati ons of unnodul ated subcarriers to be processed.

foomopicatorbivaskl B0Bperenead i)’aﬁgg,w: ng Hevigke nib slerhidd bejnoted that the
ﬁé{h@)ﬁ rﬁdrqs dxutxcg t@&ﬂi%gbglgglﬁmrcg i tag& élggt g?l:p:ggg chtf. H!él{)nb deletions,
M@ﬁﬂnaﬁlﬁl{ﬁls% ot&tee ndRipdubhad etkhe lﬁidﬁtﬂd &0art @opitadugRid e scope of
vari ance output 522. In an aspect, the variance

Hetaspasisnat i on | ogi ¢ 508 operat es to performthe noise

y{arl gﬂgglghtg-gut 6@%&%@?& arl&? 3 egtg&%ﬁ%eg&}m 700€ The noise

poinveitioass gemdtited:omted imea:rsddéﬁyﬁud 1&&&%&10& rrmmsdulakd subcarriers,

determ ned In an aspect e signal
BEEw P ALY BBy 15%5@&%8\5@5»@@@%% tIBF L) fer determining &

§&ng@aémaewaa A OF708 D&y LB BHhMGL éﬁ@mﬁ‘or m 512 usi ng
any suitable technique | 0072] At" block 6 0 a SiINRis

ﬂ@f’é} i fedn abmcanhtag\pmcst 70’?tdmm;msgnﬁ&h stlocanodrsietection logic 502, the

det er ation | ogic er s,to det ne the
BSa D]& CPH}@H%E’a% n%eé“ %‘?%%‘t Qéézthgﬁaee}nﬁ ﬁﬂg?mﬁé\%b? variance
Bedibrmi AT I8, add@e Sl ARA0POWRSri o1 el @fstﬁll wi glask @ermination
the variance output 522 to determ ne the Sl NR 524.

[cg07819. THasnotlee aseechodhe 60OE pERat & arcoiadempmphdyaat least one
Eg)ggzﬁmy aby @I‘l’b‘y‘* g(p%éftst!et Wp%&{: evgg@*ﬂ'aﬁg 'i(hg) g&gé\eﬂn%ﬁzag a noise
Edﬁmanbh Bystem as described herein.

{0076}  Therefore various illustrative logics, logical blocks, modules, and circuits
described in connection with the aspects disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP), an
application specific integrated circut (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or trausistor logie, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, 1 the altemative,
the processor may be any conventional processor, controfler, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g. a combmation of a DSP and a wmicroprocessor, a plurality of

=



nmet hod 600 represents just one inplenentation and the
changes, additions, deletions, conbinations or other

woree7fil4ves i ons of the nethod 600 are possi bl e »ET/DE2907/060062

the scope of the aspects [0074} FIG 7 shows an aspect

of a noise estimation system 700. H e noise estination
system 700 conprises neans (75’2) for identifying

unnodul at ed subcarriers neans (704) for processing the
widraghsb &k ed, subsapbes Gicrdaf8sdrd 96 rodiefcida il MINYede, or any
noi se variance, and means (708) for determining a SINR
pOOTSEh canfigirasect , the means 702 comprises the

@}gﬂ%fr ;g@‘%ﬁig‘l gﬁt&l ’ga}hl’ﬁfgi é:lgggt%mt {lfg glﬁ'%%ﬁg%‘_yé\géimn W ﬁh the aspects

ﬁihﬁ owelriicai o eneiceembaidd dnedilgdn GahiB8ranmd atsh@waran Sdu'l é) 8\@(.1)1(:&
conprises the signal to nQise determ nation |ogic

51
P A RFRSERSF- %ébééf"“@ﬁ‘é\‘“ﬁ’ééiﬁ@‘fﬁ@? 7oEoIFEe SENBRY é‘é“%yn RAM
RbnloP@SHLQD %ﬂﬁ&‘iesli@ﬁ Ci‘ﬁ@lf!"lbgur Eﬁ}f’\b@d eXRHhe E‘E@ﬁ‘(}?\m memory,
I nstridctions to provide aspects of a noise éstimat
sypstem asadescki bedmheshéd mi %l\l QOU/BR{FNEreEf oweothar f@us 01 storage

e KEvub BoRilea M “CORRGE: FOREAIHTRE: SORLEL S the processor
‘;'ih:%%eﬁ&ﬁt_dpﬁ)@éﬂ@hﬂuﬁi&iéacbﬁxnb:ﬁ’%'n@ﬂ@'ﬂh@ Gn@RviREidBFARDL fle storage

a general purpose processor, digital signal
preoices sbr the BBEatien tl@ﬁpfpmagmrkednms pewi el iptegrl &g ﬂ@t m dcessm The

BB sl Bun Gng PRI Re 4P F IR Al iy Toside in

titeanghetgr thed alierdabel Sie%;ba{sﬁiw&{nﬁ BORPeNLNhedimanyy reside as

conbi nation thereof desi gned to performthe functions

HETEI WEPOREHE T Wigéﬁ@?%‘l pur pose pr ocessor may be a

maﬁ Qgpr O5RSERLriptRiAt of H@ JJQ%QN&%P ;?mvfd{%g tBTRGRRIRAG person
y be any con enti onal. processo

sHideh oot rdod toangkeosr &k atue prmmhnm»eenﬁopr A&eiesO mcﬂ&ymatn&om these

g&epgltr:gtl}%gﬁg%% { ? éﬁggg:%g;%' n¥ of. C gpdx;ti gggygg:g@n%gi principles
BLitHea! Hetdln @, tﬁ%&ﬁh@@ §§§I‘RE§¢1 9&@ 05 . P4LEinstant messaging service or
m Croprocessors I'n conjunct i n with a DSP core, of any

mt‘yh@emcsa& chrebanflilg umamuowpapm fivid @hews Met}bsutaftpai timgtthiel the spirit
8 < DPE L Y B o e AT LE B T PR e dimited to
e Ap&ad bNAKE hERAUbE: RX@CH BekoitdahPrAGES sehpotosshtadt with the
conbi nation of the two. A software nodul e nmay reside

prangRAlRs magdongvel f feawresmdivsloyed e lhrenrdhy wERRORF ey . is used

5\55 ngfmég_&ﬁé‘w 6 | Stb@&% ghg? qﬁ &m {I%M{L TRY ?ﬁ{l‘\% ation.”  Any

any ot
aspect described herein as “exemplary™ is not nes,-esmnl} to be construed as preferrved or

advantageous over other aspects.

{00797 Accordingly, while aspects of a noise estimation system have been
illustrated and described heretn, it will be appreciated that vanous changes can be made
to the aspects without departing from their spinit or essential charactenistics. Therefore,
the disclosures and descriptions herein are intended to be illustrative, but not limiting, of

the scope of the invention, which 15 set forth in the following claims.



medi um known in the art An exenplary storage nmediumis
coupl ed to the processor, such that the processor can

WO e@d/1i49%Dr nati on from and wite infornmati on POT/USIE7/060062
storage nediumIn the altern ative. the storage nedi um
may be integral to the processor. The processor and
t he storage nedi um may residelin an ASIC. The ASIC may
reside in a user termnal In the alternative, the
processor and the storage THALINIR My resi de as
di screte conponents in a user termnal [0078} The
N AT B CHAIMER B¥ di scl osed aspects is provided to
enabl e any person skilled in the art to nake or use
the preseny IL@(}{S(T'{: O\YﬁEL%%m@q%ﬁdtﬁr@u’b@i@sts{? ntdpgr?‘ (?he method
aspects may be Fead y apparent to se sk
ttwepasitg. and the generic principles defined hereln may

be app)ied.to other as ﬁ %) in an |nsth

mssagcﬂﬁ FYERE YleE T Y ?f“*‘é@ﬁ% AP EP Breggygt wavetorm;
conmu Q‘Eé\tsln@frlh@gﬂ, éIQﬁ&t’cQﬂ&od\’H.;i‘i@QQHBQQﬁ@[@rl$ pREuéd Qﬁ%tﬁ Hfilated
spirit or scope of the invention Thus, the present
DW#@M@ﬂ@n i's not |ntended to be I|n1ted to the aspects
shown  here o0 g % ) { ope
consi g‘%“é‘h‘i‘“\f\%t ‘h‘“i‘ %’i’e‘ “b‘f‘ 1‘r’?cu ‘ﬁ‘f 3 \il “"ﬁ‘8v‘é é’é Hites

di scl osed herein. The word exenplary is used

excl ugi vel yhéigegiod of eiafRanfureer ¥biigias: an exanpl e,
instance, or illustration aspect descri bed

her ei ﬁeiggmm@g@#ﬁg@} pow @lsa‘%ﬁbf’itﬁg‘@ég gfgpr;,ep%;\ gpwiyeeform and

const ?&S%B g@g neJ [{?ﬂn Q. axﬁq%{\ﬁﬂf:\%gg@tléﬁ 0 92%’}8\‘5%)9( o {ﬂ( xdz nn the

aspects cordi ngly, € aspects
sghdl patieohy gyegiotsnvaaimcebeen il l ustrated and descrlbed
herein, it will be appreciated that various changes

can be nad to th ects t hout rting from., ...
Chei rSspr 1 ¥e Biet08 R RRFRI wilbieteivist MRk eRhaiRe ienitying
taendios ﬁ“lﬂ@@ WNBShANE SRR P 1t RRBWN @Dy AinBhd RLEREE aveform,
to be illustrative, but not limting, of the scope of

the invention, which is set forth in the follow ng
cl ai mé. CLAT Vemiat of slaan Al wEwnsacnquiminfevmnwmwewf\ ing

h}% (ﬂg ()?i'l"t%?é Snem?c{lg?lecﬁ] S ‘Ltﬁ?{ e?ﬂ%%ec? gltl IH‘?{I{T gl Uf’l e{] Ogiti‘HE % nl% tecelved

subﬂaﬁﬁ|ers in a recelved maveforn1 proceSS|ng t he one

or nore unnndulated subcarriers to produce a

denDduIated out d det rmning a nejise varjance
based on t KBS BEH élﬂ g Rt s identifying comprises 1dentifying
the one or more unmodulated subcmue;s in one or more non data symbols included 1n

the recetved waveform.

6. The method of claim 1, wherein said identifving comprises identifying
the one or more anmodulated subcarniers in one or more of TDM, WIC, LIC, and PPC

symbols included in the received waveform.

7. The method of c¢laim 1, further comprising receiving the received
wavetorm in an orthogonal frequency division multiplex (OFDM) network

transmisston.



2 The nethod of claim11, further conprising
determ ning a signal power associated with the
w0 eweilee wavef orm and determning a signal toPCDUSE®07/060062

and interference ratio (SINR) by dividing the signa

power by the noise variance 3 The nethod of ciaim1,

wherein said identifying coinﬁses i dentifying the one

or nore unnodul ated subcarriers at known | ocations in

the received waveform 4 The nethod of claim1l, wherein

sai d gdent Khabpgaeeiprirsadinpdentdd mdiingritRecongntion, the

nmor e unnodul at ed subcarriers based on information

ERGHETIMPIHE r ecei ved wavef orm 5 The met hod of cl aim

1 V\h@«fl&‘n@m %h&kgﬂfﬂkg{j&ﬁ GiifP RS biSES: c'uqﬁﬂ)tdhfa)/dd%bu}ﬁus i a
ne or carriers I n one or

deae$ymbﬂbaancluded in the received maveforn16 The

met hod of claim.J1, erein said identifyin nprise .

i dent f PIPCFRGT FHE S 1B dempre 2o b B g bearriers

kﬂn@@lﬁc%rdﬂﬂﬁﬁﬁ (8dd A, WC, LI G, and PPC synbol s

included in the recel ved waveform 7 The met hod of

cl ai mvdrjantedetheninslonpopisicogh pecdivdatemines nasevaeace based on
vefoan1 ﬁjgrthogonal frequency division nultiplex

ﬁa "H ?' ransmi ssi on8 An apparatus for

provi ding a noise and interference estinmation, the

appar at us Thamsgar@8hNg SAheg tineher Ica@Ea siegnf i gur ed t 0

identify. one or nore unnodul ated su carriers in

r ecel satrlnaver dptpmigatprdesissontigsad Iylplemipeos s “nai power
ggq%hq§ EgﬁegngigrxgghﬁaHpnndulated subcarricis to
roduce a Frodul at ed out put, and vari ance

det er mmatw tml sé d@emllﬂmrtfni Iguirceadnfs adeteederdnenaa fighaeoc noise and

vari.ance bas dul.at ed output 9 The .
HHE oG Saty &gi\gﬁ RY g*‘—wmx TS UEENBTY S| ‘ig’gé‘% fgal diydier
determination logic configured to determ ne a signal

pover ;@ssothakff-did & dA8 £ 0aRkME dinaKe ORI ARG &L ONE
to noi se determnation logic configured to determne a

sibgaaicrs e hied aghebwn locations in the received waveform,
11, The apparatus of claim 8, wheremn said one or more unmodulated
subcarsiers are located at dvnamic locations based on information encoded in the

received waveform.

12, The apparatus of claim 8, wherein said one or more unmodulated
subcarriers are located in one or more non data symbols included in the received

waveform.

13, The apparatus of claim 8, wherein said one or more unmodulated
subcarriers are located in one or more of TDM, WIC, LIC, and PPC symbols included

in the received waveform.

14, The apparatus of clatm 8, further comprising receiving logic configured
to receive the recetved waveform in an orthogonal frequency division multiplex

{OFDM) network transmission.



interference ratio (SINR) by di\ iding the signal
power by the noise variance 10 The apparatus of claim
wW@2000hees n sai d one or nore unnodul at ed subcaPCT/E8207/060062
are | ocated at known | ocations in the received
waveform 11 The apparatus of claim8. wherein said one
or nmore unnodul ated subcarriel’s are |ocated at dynam c
| ocati ons based on information encoded in the received
waveform 12 The apparatus of claim8, wherein said one
or note unpadpbated fsybcdtdiiersiaradioedateded atiandod the
nore non data synbols included in the received
HRBRET Y $HS e apparatus of claim 8, wherein said one

or m)fn?a: FB‘&P%@‘&% %%ébogﬁzg&ég&&:oﬂﬁi%ep QGRLATrb [h PRCEQE

nore o synbol's i ncluded in the
raedbsed wavef orm 14 The apparatus of claim8. further
conposi ng recei ving |ogic configured to receive the
recei \7‘86“%/58{/8%?%‘%&11%3“%‘?& ‘H%T@Q’d\%m(’dF‘Pé‘a‘u‘é‘ TS Bigice a
MU EAPLEX oliORDM g net wor k transm ssi onl5. An apparatus
for providing a noise and interference estimtion, the

appar aiees foodgeinsimg:a mesnawifiore hadeho fhgidagioduetedroutput.
nore unnodul ated subcarriers in a received waveform

Subcal 1 er e BTRRERE RGOS S EnPREP IR “and means

for defeessfondgn8nQi S pbafcRshagethvan tid@ceived wavetorm
denodul ated output. 16 . The apparatus of claim 15,
#ift t her conprising: neans for determining a signal

power nﬁgzﬁq%l @étgt% i%‘én&r% & ;tt])eai [£R§ {cvfﬁlg i K‘%Mﬁ&%c ﬂggﬁam
f nd | fer

or determning a sfgnaf to noi se a nt er nce -
diatdime SIsNRp Byvdibvithe mgsd heiaacgnal power by the noise
vari ance. The apparatus of claim 15, wherein said

17 .
means for identifying conprises means for identifying .
the ohé.or M HEMenTimtL STLH SUBEH S5 o R bne Sormprises
hRERHoPMRnR 18 e RS BF MBEL WRYRRORE subcarriers at known locations in

the received waveform.

18 The apparatus of claim 15, wherein said means for identifying comprises
means for identifving the one or more unmodulated subcarniers based on information

encoded in the recetved waveform.

19, The apparatus of claim 15, wherein said means for identifying comprises
means for identifying the one or more unmodulated subcarriers in one or more non data

symbols incladed in the received waveform.

20, The apparatus of claim 15, wherein satd means for identifying comprises
means for identifving the one or more unmodulated subcarriers in one or more of TDM,

WIC, LIC, and PPC symbals included in the recerved wavetorm,

21, The apparatus of clatm 15, further comprising means for receiving the
recetved waveform in an orthogonal frequency division multiplex (OFDM) network

transmission.



18. The apparatus of claim15, wherein said neans for

i dentifying conprises neans for identifying the one or
woredog/1uddul at ed subcarriers based on i nf or meERCDNS2007/060062

encoded in the received waveform 19 . The apparatus of

claim1 wherein said neans for identifying eonpri ses

nmeans for identifying the one’or nmore unnodul at ed

subcarriers in one or nore non data synbol s included

in the received waveform 20. The apparatus of claim

15, wherei A @@ipdtdreaniblcofiedige My iangnpanp hhEesn FBAPLsing

for identif ing the one or nore unnodul ated L

HBRERRS aihech Wigrsegpedppaaisho movcowroisq ang intgHgrepre

syhol.s kn 1. 0. the. Lved waveform 21. The
g%%gd?lg? ,ut‘éxﬂg.#n&{g“?tgxl tn)%r%hg’?u%ﬁ'%ﬁ%’r conpri sing neans for
r ecei nisgetiche foredaitvedg way ef mom imain wed hbganats in a received
frequency division multiplex (OFDM network
Pransissi on. 22. A conput er - readabl e medi um having a
COMPULRIuRTRIFHPEQIBAE: Bl he ol Sildr & Ghrh 04 Fatd s QR a0 produce
executed operate to provide a noise and Interference
edetihnditliioh cutpet, eodput er program conpri si ng:
LI B Y RS P R P BB oo
processi ng the one or nore unnodul ated subcapiers to
produgk a Weaostpatestogutpeltclainntd, finster ushpaase f or
determ ning a noise variance based on the denodul at ed
out puthsEBCionk ErCISHBTHTBRS P FGHRAINGT awpainied 2aty Ge rereived
GAMLLsLA® i nstructions for determning a signal power
associated with the received waveform and instructions
for dekgustions iy disngnag a tignaab seisannd indrénrérerente{ SINR) by
ratjo (SINR) by dividing the signal power by the noise
Gihlisin 8 2941 POVHE DEGRDUTES VBHBET am of cl ai m 22,
wherein said instructions for identifying conprises
i nstrogeti omge EQhplteeRthid GXL14iRE20NRRIn BRY Bistructions for
unnodul ated subcarriers at known locations in the
rdepefvia-ongvstomaraBionT fa idombute thepregr amro fnwpdilpted
2%, V\heqragi._n sai d %.nsqt.r L{gti aons %o;r Jddentifying
EERRT T SRR (TR PBHE PO AEhPRYSPRY the one or nore
unnodul at ed

25, The computer program of claim 22, wherein said instructions for

identifying comprises instructions for identifving the one or more unmodulated

subcarriers based on information encoded in the received waveform.

26,  The computer program of claim 22, wherein said instructions for
identifying comprises instructions for identifying the one or more unmodulated

subcarriers in one or more non data symbols included in the received waveform.

27.  The computer program of claim 22, wherein said instructions for
identifying comprises wstructions for identifying the one or more unmodidated
subcarriers in one or more of TDM, WIC, LIC, and PPC symbols included in the

recetved wavelform.

28,  The computer program of claim 22, further comprising instructions for
receiving the received waveform m an orthogonal frequency division multiplex

{OFDM) network transmission,



subcarriers based on information encoded in the

recei ved waveform 26. The conputer program of claim
WQ2007iMd52i N said instructions for identifyi ngPCT/US2007/060062

conprises instructions for identifying the one or nore

unnodul ated subcarriers in one or nore non data

synbol s included in the recei4fed waveform 27. The

comput er program of claim 22, wherein said

instructions for identifying conprises instructions

for identiAyisag dberarecdcoifieedipnReadhatetkihod for providing a

subcarriers in one or nore of TDM WC, LIC. and PPC

BYRbHICSINfeRerande 8t TrtoRethe e RiPEor m 28, The

conpuiehy R ftggér@‘ﬂr% or luﬁlln% Adreq ki ah%r& ﬁPA‘RsE 3:}? b4, ay Lfm“m

i nstructions receiving the received waveformin

or t hogowedsi rfzribg uenaym dievinsican! apadl subgdresrs @em@mlgmzeﬁmmdui ated

transm ssion29. At | east one processor configured to

B‘(‘—:IP‘FIOF‘ a met hod for providing a noise and

| Nt er R/LSNaRL &S Idi FRLHRe HaB& H?fh@‘?i‘ém%@ﬁﬁ{dﬁiuﬁﬂli _

i dentifying one or nore unnodul ated subcarriers in a

recei ved waveform processing the one or nore

unnodéf-at edbe ietar ol elesn £28. Ppriaucenpisdenodul at ed

Senp i RlEing 3 Som P4RS A RehSC iR UGS RAREG R ME,

conpr igemghinget et 1 Mgseandlii glRakrepOMRE o ST 18t @didMd e
t he recei ved wavef orm and determining a si gnal to

Hera @oaRtby Hearferérzeerati o (SINR) by dividing the

si gnal povver by the noi se vari ance 31. The net hod of

cl ai my29, 1%{%(3%@ Quh@@n&hé%hﬂg chﬂggﬁ&ﬁg%om wises td@ﬂhf\ﬂ‘l”

i denti ylng 't one or nore unnDdu at carfiers
Krown of ocat wnn@duizrtcd hécrerei addowavafaopm in3Re rethieed wav cform.
nmet hod of claim29. wherein said identifyi ng corrprl ses

A L e e T R ST

#3-ond be nited Badodfiated Al MREE 8h Mhfs@dflioh @aRIdel Y BE received
conprises identifying the one or nore unnodul ated

$@RiaF i ers in one or nore non data synbols included
in the received waveform 34. The nethod of claim 29,

wher ek sairf, L A8k & 08 2600RE LTS3 iqgrﬂﬁ*y{nl@cﬁglpfises identifving
the one or more unmodulated subcarriers iy one or more non data symbols included in

the received waveform.

34, The method of claim 29, wherein said identifying comprises identifying
the one or more unmodulated subcariers in one or more of TDM, WIC, LIC, and PPC

symbols included i the received waveform.

33. The method of claim 29, further comprising receiving the received
wavetorm in an orthogonal frequency division muhtiplex (OFDM) network

fransmission.



t he one or nore unnodul ated subcarriers in one or nore
of TDM WC. LIC and PFC synbols included in the

w0 e@eited wavef orm 35. The nethod of cl ai m 2 PCr/Uk®N7/060062
conprising receiving the received waveformin an
ort hogonal frequency division nultiplex (OFDKI)
network transnission36. A metdfod for provi di ng a noi se
and interference estimtion, the method conpri sing:
generating an OFDM transm ssion frame that conprises
one 0&6.NOr & wWahodtrgkeddial healkiaed sitctnend Rgmbneathofethod
i nformati on associated with the one or nore
tHinditat ed subcarriers into the transni ssion frane;
and transp.tt.i 1SS f 1ead aneldlEnare
R e R e
civandjil mgd tlieaoiees;or nore unnodul at ed subcarriers to
appear at.one or nore new |l ocations in the ]
tr ansﬁ‘?@&“&ﬂ‘“ﬁ“&ﬁé‘?mgﬁ@ VST HY VHE Wranesr nhsF enmagtated
LpeaticANsid M RabBSistibRRSMLSSigon frame

transmitting the transmission frame.

37.  The method of claim 36, further comprising:
dynamically changiong the one or more unmodulated subcarriers to appear at one
or more new tocations in the transnussion frame; and

encoding the one or more new locations into the transmission frame.



