NO SE ESTI MATI ON FOR W RELESS COMMUNI CATI ON
CROSS- REFERENCE [ 0001] This application clains the

whemwefizt4sof U. S. Provi sional Application Seri aPCTNMOS2007/066811

60/ 792,874 entitled "M MO OFDM MVBE SPATI AL RECEI VER
NO SE FLOOR ESTI MATOR, " filedjon April 17, 2006, the
entirety of which is incorporated herein by reference.
BACKGROUND | . Field [0002] The present disclosure
rel ates general | NOdSIaWSTEM AGIONE ORe
speci fical | ' s f Lm|tin Ise at a
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Background [0003] In a w reless comunicati on system
a transmtter typically processes (e.g., encodes and
symbol maps) traffic dat @RQSYBHE €4 a synbol s,
WO?P ar,;{m %c%ﬁ&? glaﬁ%m%%er{e% oq'a[tJ% PIgVelsiBﬁa&} n&ml}ctdggn Serial
en process the data synbol's to generate a
Nodwoare®R i gnadlcdrnrtiM@nOFDNS MNISE SSBARIANI REQEIVER NOISE
wirel ess channel, The wireless channel distorts the
FLORGESTBYAS I halfileh om ARrig A ant0. thespibinas of ehighy istineprporated
A9y g signal with noise and interference. A
receiver receives the transmtted signal and processes
the received signal to obtain data synbol estinates,
which are estimates of the transnmtted data synbols.
The recei ver then proc RPUNRnodul at es and
ecodes) the data synbol estimates to obtain decoded
-at a. F[ 04] The received signal includes noise and
' f ergpc N l i@ . a8
L B el FARES AHEHNE o Splmiclon, and more
sici fwally weteghnigiwrfoedstinmtiag neisopt y récnvesa'a wikhlessn@ingsunication
in the received signal degrades the quality of the
Dsymbol estimtes and affects the reliability of
the decoded data. The receiver may perform detection
and/ or decoding in a manner to take into account the
bhhi seBaékgroaddesti mate of the noi se may be benefici al
r detection and decodi ng performance. .[ 0005] .There
| @03her aF o ital e DR tfﬁélélﬂﬁiea QR oCesses (e,
eRbatNarR GRWd! ARIpSEtraffic data to generate data symbols, which are modulation

symbols for data. The transmitter then processes the data symbols to generate a
modulated signal and transmits this signal via a wireless channel. The wireless channel
distorts the transmitted signal with a channel response and further degrades the signal
with noise and interference. A receiver receives the transmitted signal and processes the
received signal to obtain data symbol estimates, which are estimates of the transmitted
data symbols. The receiver then processes (e.g., demodulates and decodes) the data
symbol estimates to obtain decoded data.

[0004] The received signal includes noise and interference from the wireless
channel as well as noise generated at the receiver, all of which may be collectively
referred to as simply “noise”. The noise in the received signal degrades the quality of
the data symbol estimates and affects the reliability of the decoded data. The receiver
may perform detection and/or decoding in a manner to take into account the noise. A
good estimate of the noise may be beneficial for detection and decoding performance.
[0005] There is therefore a need in the art for techniques to obtain a good noise

estimate in a wireless communication system.



estimate in a wireless conmuni cati on syst em SUVMARY

[ 0006] Techni ques for deriving and using noi se
we@saoriet4s1 f or data reception in a wrel ess PCT/US2007/066811

comuni cati on system are described herein. In an

enbodi nent, a noise estimate bs derived for each

packet received in a data transm ssion. The noi se

estimate nmay be derived based on nmultiple identica

sanpl e sequences sent mﬁkgg§f@%& et or based on an
automatic gain control ( for the packet.
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[0008] Various aspects and embodiments of the disclosure are described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Aspects and embodiments of the disclosure will become more apparent from
the detailed description set forth below when taken in conjunction with the drawings in
which like reference characters identify correspondingly throughout.

[0010] FIG. 1 shows a block diagram of a transmitter station and a receiver station.
[0011] FIG. 2 shows a packet format in IEEE 802.11.

[0012] FIG. 3 shows an embodiment of a noise estimator/processor.



[0011] FIG 2 shows a packet format in | EEE 802. 11.

[0012] FIG 3 shows an enbodi nent of a noise
wW@gao7e4sr / processor. [ 0013] FIG 4 shows anot hB€T/US2007/066811

enbodi nent of a noise estimator/processor. [0014] FIG

5 shows a process for receivingg packets. [0015] FIG 6

shows an apparatus for receiving packets. [0016] FIG

004 Abws FAGpf sbassarfotirer gabbdinrenhgl andisecstistatergtroensor.
7] E 8, shows an aratus for_ performng noise
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The noi se estinmation techni ques descri bed herein may
be used for various _w rel ess_conmunication networks

such as wirel ess WEdAHeEDBESCORIRTHANG) | wirel ess

pol.itan area netwoyks Ns w reless l.ocal
RSP hectis: Re™ TEAREY AT arin SET GRS Ta e oy cxampl,
AREANCS o3 i RIiraB6€” OAB% RS &hdnhbe HENSNIRRAbI hkb® as “exemplary”
techni ques may al so be used for various nmultiple

Bowesscossarivn fklse eanshiuesashretgued oy advantagicows agr other embodiments
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Single-Carrier FDVA (SC- FDMA) networks, An OFDVA

Waelksy Komunicaten metwrikbrash B evtdersywbevirss gtworks (WWANS),
B DB b B A N otk B8fvorks (WLANS),
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bandwi dth into nmultiple (K) orthogonal subcarriers,
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modul ation synbols are sent in the frequency domain
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antennas for data
orthogonal subcarriers, which are also called tones, bins, and so on. Each subcarrier

may be modulated with data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM.

[0020] The noise estimation techniques may also be used for single-input single-
output (SISO), single-input multiple-output (SIMO), multiple-input single-output
(MISO), and multiple-input multiple-output (MIMO) transmissions. Single-input refers
to one transmit antenna and multiple-input refers to multiple transmit antennas for data
transmission. Single-output refers to one receive antenna and multiple-output refers to
multiple receive antennas for data reception. For clarity, the techniques are described
below for a WLAN that implements IEEE 802.11a, 802.11g and/or 802.11n, all of
which utilize OFDM.
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upconverts) its OFDM symbols and generates a modulated signal. T modulated signals
from transmitters 134a through 134t are transmitted from antennas 136a through 136t,
respectively.

[0024] At receiver station 150, R antennas 152a through 152r receive the T
modulated signals from transmitter station 110, and each antenna 152 provides a
received signal to a respective receiver (RCVR) 154. Each receiver 154 processes (e.g.,
filters, amplifies, downconverts, digitizes) its received signal and provides input
samples to an associated OFDM demodulator (Demod) 156 and a noise estimator/

processor 160. Each OFDM demodulator 156 performs OFDM demodulation on its



fromtransmtters 134a through 134t are transmtted
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odhiansn scHeatkedectar forttha?(BDW. IHSER) 808 .hhs b. PIACP &cader 210 that
1%2 usdleg %lx 1ePl|€1|sY,) which are shown in FIG. 2 and described in the IEEE 802.11a
standard. PSDU 220 and its associated fields are transmitted in a PHY protocol data
unit (PPDU) 230 that includes three sections. A preamble section 232 has a duration of
four OFDM symbol periods and carries ten short training symbols 236 followed by two
long training symbols 238. The training symbols may be used for AGC, timing
acquisition, coarse and fine frequency acquisition, channel estimation, and other
purposes by a receiver station. A signal section 234 carries one OFDM symbol for the

first five fields of PLCP header 210. A data section 240 carries a variable number of
OFDM symbols for the service field of PLCP header 210, PSDU 220, and the
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[0031] For a SISO or MISO transmission, receiver station 150 obtains a single
stream of input samples from a single receiver, e.g., receiver 154a in FIG. 1. Receiver
station 150 may perform noise estimation based on the input samples for the two long
training symbols, as described below.

[0032] In an embodiment, a phase offset between the two long training symbols

may be derived as follows:

L

=> p(n)-q"(n) , and Eq (1)



mappi ng 52 specific pilot synbols to the 52
subcarriers usable for transm ssion, (2) mapping 12
waQenae/1spabol s with signal val ue of zero to thePCT/US2007/066811
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33] Equation (1) perforns a correlation between tﬁ

%qwlons(ahpp@@,alfzm% theh@orfqla‘t@tn Teowly ta phiam g rhasboeffs@ndlhis phase

S S |n|n S
BGOSR PR BRE Sl 2505 LR YPBP by rosu
ﬁbﬁ%rfbr%ﬁv@h&ﬁ@ clotksgtthe Thhgnipbiegel @éélﬁ@tstatfbnduehlt:h) causes the

frequency. error at recejiver station 150. The freguency
dewstonyetyion Eagrenayras fscsiven ptatient helbte hordifferegtframhc ppgonversion

go%?:ig%ta{ ﬁﬁnsﬂﬂg J &GV Elo. SR frg %ﬁ?#m‘iglﬁﬁ??& @% tko)eDoppler

versl on requency at rec at |
difédt enéfot ofhcofadtdre. a;meqmm sfifan 1sf emnmmd;e fatquency error times the

ns r station 1 re nc al so
b %ﬁ' thi T BrspHH BN e iﬁﬁpﬁﬁseg{%ﬁstr%%e[ssr@ refgpigd o as phase
BhGS Bh Ak liFelred s, &URlont O the frequency error tines the

[0034] In an embodiment, a noise variance may be derived as follows:
p(n)=p(n)-z; , and Eq(3)
NSZZ'ZIP(H)—Q(H)I ) Eq(4)

n=1

where p(n) is a phase corrected sample for the first long training symbol, and

N is a per-sample noise variance.

[0035] In equation (3), the p(n) samples are multiplied with z, to remove the phase
offset and obtain phase corrected samples p(n). The phase offset may also be removed

from the g(n) samples instead of the p(r) samples. In equation (4), the g(n) samples are

subtracted sample-by-sample from the p(n) samples. The difference for each sample is



l ength of the long training synbol. The phase of f set
may al so be referred to as phase error, phase
walpdo7azeace, and so on. [0034] In an enbodi menPCT/ES2007/066811
noi se variance may be derived as follows: p(n) =p(n)
z] , and Eq (3) = \p(n) - q(g) \2, Eq (4) where p{n)
is a phase corrected sanple for the first |ong
squaradi agd Shentshred ahidersieasgonalhdr sagapiesl i@ thoileng training symbol are

' 35] .| ' 3),.th |
KGR FLe R o SRR CBo o iR R pover
ebthaidiffabR®e beavdeaehe F(snard 9@1() RédkencesI MEhcpbas giffkdngehower is

may al so be renoved fromthe q(n) sanples instead of
tdiveded (by)2Lsmngiites thd peregquate rose(Viyiantehd. ihe)fastanpf Hs includes (1)

FHERH PF by Birce formaglen Pelifprs melafibyh Bepaidoe! o for the
SEHAIRE o ik f el RAEE SrohP thealiiffckerS@BpeRSioh Mnt &Rali®NP4). The noise
training sanoI are accunul ated to obtain a tota

darfanee ey elspdwaefcrThiosas onase dodricstimnie or pome pthicsterthmology.

of, the differ es _het ween t n). and n
BOEL 0 R0 REM P PO Ry AR BETbr 0, P Donfl sl g the K
tofal GRb@irfers NETHE hos-ABPHEqRALE Eespaiidcanee bhlslue Th €l ACiHNor other
of 2L includes (1) a factor of L for the L sanples .
peswibladeinecatver staten 30, Bhe Hequsncyfespoise gy kepdetermined (e.g.,

gﬁ Bpllfblrlllgng ffac?%? c\éﬂﬁfaﬁgﬁ or et '?n%gkﬁr&ﬁ%l@egrﬁfﬁgreg R raalt)blg-ﬂp table.
I'nequation . e noi se variance nmay al so be
redre¢miediitontas naiseoarsdct hagbeestivemioe carh ssibomriot dseollows:
term nol ogy. [0036] Receiver station 150 nay have a
non-fl at frequency response across the K total

subcaf: (BN, T non- 1 at frequency response nmay be Eq (5)
due to filters and/or other circuit blocks at receiver

stati 150. Th requency .response nay be determ ned

Ths' B Rl Bt BB R AR or at o or 11 6l d

meas UNgRER)noaRdafibeqor éubcarieRK- up table. In an

enbodi ment, a noise variance nmay be derived for each

gﬂ?)?fir riRhlcdBchR GOWSnayNeé KdtertNped %Ikgubcatﬁgrs(@in’l@i‘@sr[ ge.g., data

is a scale factor for subcarrier k, and Ns(k) is
subcairses) aad ivaedt & dagoustufoc dhrar frequekcy r¢spoBsg]of Sbescesubcearriers. The

fact k of t i.ned. f b i f

(46 P I Ao BB P as Featit G8ba Pt lng g froauency
fRporsbe Hor @UMAPRY iff B8 RRAS & -Plakt NRRAOS YPEEIIB, 8h&: thENRale factors
range of the scale factors Is determ ned by the

penloctposipeaknd haveat peak vatuet dfed. f Thesmehciciossmande setforl .0 for all
glﬁgar%ggﬁ, glgF, ét ]r_r]egzle AT i A R Qmil Eno(swlggge Lhga frequency
response of the receiver.

[0038] The noise variance may also be derived in other manners. N, Ni(k) and/or
other noise variances may be provided as the noise estimate for the packet.

[0039] In an embodiment, receiver station 150 performs data detection (or

equalization) based on a minimum mean-square error (MMSE) technique, as follows:

S0k - —RUD-H ()

_ , Eq (6
[H(k) [P +N,(k) 16)

where R(k) is a received data symbol for subcarrier £,

H(k) is a channel gain for subcarrier £, and



may be positive and have a peak value of 4. The scale
factors may be set to 1.0 for all subcarriers, e.g.
WO toora@zmsver station 150 does not have any knortBUS®OT066811
the frequency response of the receiver. [0038] The
noi se variance may al so be depived in other manners.
Ns, Ns(k) and/or other noise variances may be provided
as t hg(hpissedstynimil estirite fhesupagkett. [ 0039] I n an
enbodi nent, receiver station 150 perforns data
ti 1/ i ' d R -
[RABE aec e Rab) | SRS RErRARG e Rofe PR LY input samples for
&(ck)OFBMasyneex idueidg dhat dats potvioh dfarpaskidraarobiagn 6 redd(ve)l symbols

.S channel gain for subcaryjer k, andS(k).is dat a
ﬁ%ﬁ%dwa@&bﬁﬁ% & thcolpraaion TRAY, {1 eﬁ@&l_&}e@ gpins of the data
SUtRhIrREs Ba8d BRYLE ?Jnf[%(l\)/l["rﬂhﬁ mi®B1sNt EdFFRImPRciBA thd @&kription herein
sanpl es for each OFDM s n%o during the data portion
afsumepac kbanned cgghnation Grorr Rasicivet seiiod b nfayrthéa perdorah MMSE

bcarriers. Recejyer stat] 0 stiyate th
Al oG R 5T 180 adrol BRoapr edRodR suibfer ph the channcl
Ezﬁﬁ FH(kY @dth®dosy WR@dnge AE@ forithR|sisdatYer, §.8€ adl v Mtdg@ition (6).
erein assunmes no channel estimation error. Receiver
Reegiyasstatign 1a@gnay eése yse ticoeme MOBSE vastncetYsdor Bhdatpgubcarriers.

jve t f C Jhc el

R8T oY PR g0 S P i s
OB (ot Sampled dons Rbeatinéreris4e tigougtad S4hone input samplel @ftam from
&g&. Recei ver statiaon 150 nmay al so use the sa noi se .

i ISP NGR §es v er plation 80 SpycRiriore oISy ggimefion ased on the input

t hSSQhalesel N Stialdon 150

B o e o T ecei ver s
10®42] t hriougheribethmenne phapebifsenptecst theamof foom tesihg symbols
receiver.. Recejver station 150 may perform noise
BeY PRdeiigd 45484 Sn the input sanples for the two | ong
training synbols, as described below [0042] In an
enbodi neng, ta phase offset between the two | ong
trai ncpg ByRbol(s) magbe desidved as follows: R L cnr Eq (7)
P,in) -q]=inm} , and Eq (7) i =\ k =1 z = Eq (8)
where p (n) is an input sanple fromreceiver i for the
first long training synbol, g (n) is an input sanple
fromegeet®er i for the second | ong training synbol, Eq (8)

¢ |

where p.(n) is an input sample from receiver 7 for the first long training symbol,
¢.(n) 1s an input sample from receiver i for the second long training symbol,

¢n 18 a correlation for all R receivers, and

z,, 18 a phase offset between the first and second long training symbols.

[0043] In an embodiment, a noise variance may be derived for each receiver as
follows:
ﬁi(n):pi(n)'z; ) and Eq (9)
| L 5
N, ZZ-Z FAQRAGI Eq (10)
=1

where N; is a per-sample noise variance for receiver .



cmis a correlation for all Rreceivers, and zmis a
phase of fset between the first and second | ong
wo e@rnzngl synbol s. [0043] I n an enbodi nent, a PWOI/E82007/066811

variance may be derived for each receiver as foll ows:

P(H =P (H -2ZI , and Eq (9)19 =~ Eq (10 2L B =1

\P. ) -9, (") where Nlis a per-sanple noise variance

f(l9|44} ecdhaarcmbodimenta} norseanriepdsodpyrbatderisedh dirseach subcarrier of
@ g%rna¥lpesderived for each subcarrier of each
EFUETT &Y MPows: NXk) =N -Gxk) , Eq ( | | ) where

ka) is a scale factor for subcarrier k of receiver i

and Nz\({qa :IN a; |se vari ance for subcarrier k of Eq (11)

receiver i . I n anot her enbodi nent, a noise

vari ance may be derlved for all receivers as foll ows:

Wwherel OMAgriea btalt factordorasubeatier hof secivarij ance for al

receivers. A noise variance may then be derived for

each \yboaisrai mwiscofrieaeifor abeavier L asrestiowry. i N equat i on

( 11), albeit with N1 replaced with Nt. [0046] In yet

er - dar -
S A BB BfthodiAeRioh 1Y S AR O e B! foccivers as
fdBows: () E (13) = 1 where N(k) is the per-subcarrier

noi se vari ance. [0047] The noi se variance may al so be
derived in qther manners. N1, N (k) , N(k), Nt and/or
otherAnQLiﬁ gyl ances may be provided as the noise Eq(12)
esti mat'e. R[ & 48] "I'n the enbodi nents described above, a

phase offset is deternined and

where N, is the average noise variance for all receivers. A noise variance may then be
derived for each subcarrier of each receiver as shown in equation (11), albeit with ;
replaced with ;.

[0046] In yet another embodiment, a noise variance may be derived for each

subcarrier of all receivers as follows:
1 R
N<k>=§-Z N,(k) , Eq (13)
i=1

where N(k) is the per-subcarrier noise variance.

[0047] The noise variance may also be derived in other manners. N;, N.(k), N(k),

N; and/or other noise variances may be provided as the noise estimate.
[0048] In the embodiments described above, a phase offset is determined and

applied to the p(n) or p,(n) samples. Receiver station 150 may receive packets from

different transmitter stations, which may have different clock frequencies. IEEE
802.11a/g specifies clock accuracy of £20 parts per million (ppm), which corresponds to
230 KHz offset at 5.8 GHz. Receiver station 150 may estimate and remove the
frequency error of each received packet to improve detection performance.

[0049] In the embodiments shown in equations (7) through (10), a single phase
offset is determined for all R receivers and used to derive the noise variance for each
receiver. In another embodiment, a phase offset is determined for each receiver and

used to derive the noise variance for that receiver. This embodiment may be used, e.g.,



applied to the p(n) or pXn) sanples. Receiver station

150 may receive packets fromdifferent transmtter
wae@vitonsy whi ch may have different cl ock freqRentsm®e7/066811

| EEE 802.1 la/g specifies clock accuracy of 20 parts

per mllion (ppm, which corrgsponds to 230 KHz of f set

at 5.8 GHz. Receiver station 150 may estimate and

ifendifisranh esdilgquisneypd dorr eachatceech Inect aw@ermboeiﬁmcm, a phase

rove detectipon rf ormance., [0 9
R R RO RS T PRLeo U ol shPficn Thiy embodiment
flafPeeuRbase., ol hdetectivinged %éqﬂeﬁ&d of Phcletd filbmr @eedauRl Sansmitter
and used to derive the noise variance for each
ptad@l-ver. In anot her enbodi ment, a phase of fset is
HRNEL™, 5 BhcET6 { PRPLIEDAAh WIRAS: SRIAYRCE, o cah
teta wetedrrice, 3.folldwa di fferent oscillator is used for
each receiver. In yet another enbodi nent, a phase
of fset js not conputed and hence not applled to the
|nputXQanKé§)s@ﬂhs enbodi nent may be used, e.g., when Eq (14)
recei ving a sequence of packets fromthe sane

WSROk T Eﬁgﬁfm@%s%%? P10 "%%taﬁier %tg ¥ io?”eii b

dat a arr as _f -S(A) , Eq
(14) vivﬁ?? & & ?.e T transm'?f'ma%ilx \f/oércsﬁlocra)ﬂcl) r da?a synmbol s for

Scha&gk)elrs akT xy(vActbli kf Lﬁgl-llz s§tf1£ofsrf81n§t1%£ 1@P rix for

subcarrier k, vect or output
Bﬁﬁbols for subcarrier [0051] Y(A)
2kt or rﬁl ﬁﬁ‘i}’r'?exathﬁ’am QEWES R ﬂé?étsﬁn‘é%/ﬁ%f@l dfﬁﬁ syppbol on an

L tial
e aT dhd @@i@ﬂgh@%ﬂ%ﬁiﬁé&l BB pis BoF Sorcb Rasty syt symbol

ﬁfﬂﬁleﬂ[‘qstraﬁ’s@mt dRidhhdsy alBl&itXy hildtix TR SmARCEcHAlat symbol to one
synmbol to one transmt antenna, or sone other matrix.

Howa EANteyPa Dl s0me pﬂ@amaﬁgx ahl@wssermbpatiol prycatiegl and bedseforming
Héed no%gguélnzedn'%ﬁ rnaé/ B or}utt %&j N o E%S? rﬁySt em [0052] In

er’s performs M MO

[:{mtsept I CIﬁ ah&ﬁ&%dﬁﬂer@ﬁeh@% sttzﬂfdiin] Puerfolas BIWeO dteatib®Based on
150 na% derive a spatial filter matrix for each data
[

3y HEMPE| teghniguicr oRecsisT stotign )1 5& npyyadeyivey gpatial; {jlter[rp,ptrlx for each
gﬁ%gﬁc%ﬁag fo-lﬂoN(sA )] 1, Eq (15) where H(A:) is an R
X

channel response matrix for subcarrier k, X
eff () S(A:) V(A:) is an effective channel response

TR i M9 BUCREFPTHK, (- (k) + N Eq (15)
where H(k) is an R xT MIMO channel response matrix for subcarrier £,
H.. (k) =H(k) - V(k) is an effective channel response matrix for subcarrier &,
N(k) is an R xR noise matrix for subcarrier &,
D(k) = [diag { H{ (k) - [H, (k) - HE (K) + N(O] ' -Hep (k) 3], and

M(k) isa T xR spatial filter matrix for subcarrier £.

[0053] D(k) is a diagonal matrix of scaling values used to obtain normalized

estimates of the data symbols. Receiver station 150 may estimate H(k) or H (k)
based on a MIMO pilot sent by transmitter station 110 from all T transmit antennas.

[0054] Receiver station 150 may obtain N(k) as follows:



N(A ) is an Rx Rnoise matrix for subcarrier k, D(A)
= [diag {H (A [Heff (A H (A + NA)] 1 Heff (k) }]
wo 2007a2d5M A1) is a T x R spatial filter matriRkCEU82007/066811
subcarrier k . [0053] D(A:) is a diagonal matrix of
scal i ng val ues used to obtainonornalized estimtes of
the data synbols. Receiver station 150 may estimate
H(A:) or FPﬁIMOA ) Obased ord)a M MO pil ot sent by
transmtter atwﬁg flo frqg1 [l T transmt antennas.
[ 0054N(Rpcei ver s 5 on 150 nely obtain N(A:) as Eq (16)
folloms wher e the di agonal el enments of N(A ) may
derived as|describgd ahove; (Rgceiver station 150 may
al so obtain the noise natr|§ s N(A') = N(k) I or
N(A:) =Nt L, where | is the identity matrix. [0055]
[
?ﬁﬁ% tNE H1a %&tl ef%ﬂle%/(é%fnﬁé%l) Hﬁgy QéﬂéQA )alygegc?fb%& ta*b@xré c)elver station

emns %Ks&o})taﬂnﬁh%rhoﬁe)%ndtrﬂ( §§1N{Vc; ofN (k§CEbY N@k}ia?\a I, where 1 is the
synbo?s for subcarrier k, s(A’) is a T x| vector of

fehatysyartiel estimates for subcarrier k, and n(k) is a

noi se vector after the M MO detection. [0056] The

HOSSE edtqcaiveistatign BI0gBabRerfrsBIMIMO dstersion gafaiayson

t echni ques such as zero forC|ng (ZF), maxi mum

kel i tor (M.SE), maxi mum

Ilkelrﬁg gﬂ%ﬁﬂyag ng, Ilst sphere decodi ng (LSD), Eq (17)
mul ti-user detectlon (MJD), and so on. The noise

Gabicmplg By rk$Qcber HeRE: Al A5 SRADAY forQubkarridr®:,
conpute 'l oglikelihood ratios (LLRs) or other

probalid)iit ¥ 1T UNGEIONSE datDEBtlo] Edtfmatss P QWEaic k Ofid

di agram of a noi se estimator/processor 160a, which is

one embodisiEiscolctophe tRSMINVKD dstegicdcessor 160 in
FIG 1. Wthin a noise estimator 310 for receiver

{35 | PR DR 216 SR8 T DML SR} %éch;{qrélg% such as

ver 1, provides Input sanp t he
kem){foﬂ:cir@i Ry syaxiodmt dlkahlﬂdodplse(preﬁceS ledtimatbr 3RALSEND maximum

ff%ej%ﬁpﬁgl\@ ﬁ%t i 1|éteSZ’H?r€(d)§%P %@hﬂj) gﬁﬁgpség%gt%cm (MUD), and

%%nco‘ifhé’%ﬁs%ses%%% hﬂa@uﬁlsé%gphﬁd ! deoBlih e ¢ gl“to compute log-
multiplies each P (H Sanmple wth a correspon I'ng

hk@ﬁmoé&ﬂmﬁé%LRﬁTH®dummh&mbﬂnxﬂmcmmB&S accumul ates the
[ 14
BYSBE! S oo G an Rt e BRORARE g, whih i

bne crtbSHARE oﬁ%ﬁsesmatd}@)rg&@mll@bu@ FIGESUIWBhihQf nddd estimator
R receivers. A unit 322 nornmalizes the output of

3 Uhfrsre@por Arddgmrubiplaeds (Bepivas 8l bfdcgiwes input samples from receiver 7,

provides input samples p,(n) for the first long training symbol to multipliers 314 and

330, and provides input samples ¢,(n) for the second long training symbol to a unit 316
and a summer 332. Unit 316 conjugates each input sample. Multiplier 314 multiplies
each p,(n) sample with a corresponding ¢, (n) sample. An accumulator (ACC) 318
accumulates the output of multiplier 314 across the long training symbol and provides a

correlation result for receiver 7. A summer 320 sums the correlation results for all R

receivers. A unit 322 normalizes the output of summer 320 and provides a phase offset

Zn. A unit 324 conjugates the output of unit 322 and provides z, .



zm A unit 324 conjugates the output of unit 322 and
provides zm* .[0058] Multiplier 330 nultiplies each p

w@ejo7azmpl e with zm * and provi des a corresponPCTgS2007/066811

phase corrected sanple, p (n) . Sumrer 332 subtracts

each g n) sanple fromthe corygspondi ng pXn) sanple. A

unit 334 conputes the square magni tude of the out put
[f0S8LmMTeVulBidher ARO amcltiplibsatcach 336n )acampld atiths A hand provides a
out put of unit 334 across the long training synbol and
poraaspokelng phaseocarecor@r sangle, ML(or rSeoenereB3l subfr@®beich ¢,(n)
I n an enbodi nent, noise estimtion may be perforned

ragde foom| thagedrreapanidnge 3 (rolssmpleor Aa unitadsd mgripatedthe square
met hod) or an AGC val ue (for an AGC-based nethod). The
megiifdgpf bresap et ﬁwnmg% eApgeaimudatgr 334 gecppmalates the output of

&t %ZY ggro% th<l: Ii]on%n[ran? %g 15{)31 vl r!)wl{}es Y %%].Evgrqéﬂgg))\g;ﬁgr dreceiver

an accura ene
met hod may be used, e.g., if the recelver is well

characterized, the AGC neasurenent is reasonablg
HO38F at dn aihgmbodiseriét poise i HtimaHeMARY bs Pﬁr@w based on long

t
B ol P Ak Ain R TR R P A CE AR B8 BFHRC-based
methody, "ﬁhd mknm@basabl IﬁetrhbtﬂJlelaﬁ% nedeieyes 1fatheAf%elver is in an
val ye for.receiver rovi des a noi.se va
1?“85‘*#}J FREITiP8 Y Ironmgnt “&ﬁﬁrﬁ’s“&f&ﬁe‘@l%er\esfl%% 1B el%‘g‘%laé "rhe AGC-
§§s§d NRYhBE &) Yeah&d, Vé"é hieRRr eREIvRE §s Seal icAstas@ritdiathe AGC
the noise variance N generated with the AGC value i$

maﬁmfrra@it as rensotipd ) o¢ @eatg.aandan calustion enbrdbvett isalsghiyalesirable.

bAE ap bR Bt oRndasY IR R s b R S S e e

fosber NERrthdNA R Bekdoncthbe SedRClp SBbENAIUTYA33S receives an AGC
multiplier 342 multiplies the noi se variance from

valhe fqpiresadyer3and preides seeibeviriarorV, ok yedeorer éadhe values stored
subcarrier k and provides the noise variance N (k) for
Bulokrun &bl 388 mese bievggnerated p(lqhowprgwlett%@mw that the noise

%atlroarngg ]{7 heenera 68 Vﬁl?ﬁ:gh %é@ va ue ISSchar ¥0 the noise variance N;
erest’ a subcarriers recelrver |

%%%?ﬁeds B&’ée& ofnat% gé%g&ge ‘égsé; 0Rs. tﬂ%ﬁ@feﬁgga%ﬁ@%m&aves the

recelver | ected suc nol se
NGk aﬁmeﬂ']NZVﬁldt e apd gpevidésesitler MebatN) Vigistdot e Sdlgnalgnal. A
| evel at the M MO detector input. The range of
adjtydicm8Al nﬁtdtipllidsethe neosalarihact iom malipkactdB) onthl ssle factor

Pafcoees a'@e%%% R TEp¥igi B igise shciincs. A4Ralohssarier & of
?escgiivgra } | %nloo rupotre]lglerﬂ: eétg%rs tfle scaTe ?actors 35t all subcarriers of interest
(e.g., the data subcarriers) for receiver i. These scale factors account for the frequency
response of receiver i and may be selected such that the noise variances have the proper
level relative to the signal level at the MIMO detector input. The range of adjustment
for these scale factors may be +6dB or less, and the scale factors may be positive with a
peak value of 4.

[0061] For simplicity, FIG. 3 shows noise estimation for one receiver i. The noise
estimation may be performed in similar manner for each remaining receiver. The
summers and multipliers may each be implemented with a sufficient number of bits to
achieve the desired accuracy. For example, 8-bit multipliers may be used to achieve

0.25 dB of accuracy. Fewer or more bits may also be used.



estimation may be perfornmed in simlar manner for each
remai ni ng receiver. The summers and nultipliers may

we@2oh/1besi npl enented with a sufficient nunber PET/51087/066811

to achieve the desired accuracy. For exanple, 8-bit
multipliers may be used to acjy eve 0.25 dB of

accuracy. Fewer or nore bits nmay al so be used.[0062]

[0962he dnishelicmbadimshbwlowm IFFES. 3, fof bpthoaribe psiingasion methods, a
estinatiaon. hods noi se variance i s determned fo
BV oE R iR B R B0 Ry BN L R L factors
{oacdrapHsdte FOORMANS lrfatioRs akid@MheVRbEATiERNS 2AGK BE6wh i cquation
subcarriers, e.g., as shown in equation ( 11). In

ot A pnethpiornbrdiments 2 figiss o ayiangeain ctarmingdifer ail meegivesy ¢.g., as

. e ; - . ( '
Finl SESMHE 2 Frfd 1R BB Pich BB A et Miver 0. a5
ghogun, inagustivam 1). MTietiedde vanaficet hlay aldoehenduita tinvalrin @fiee snanners.
al sQ_be determ ned i.n other manners. [0063] FlI 4 . .
6aE 2 th éks?laWé@rbé% iagramdi St qSHﬁ&W%ﬁqC&%@gégﬁb, which is
dRer WRb&ImkRt BRALRET cBFRRAIIER s RT 140IS¥IG. 1. Processor 160b
estimator/processor 160 in FI'G 1. Processor 160b
pafdrosnsoiswiestengsini fat albR freceinvard IR ar Bwei digrsgoni muétiplex (TDM)

ti di Vi si Lti ol T ( .
inaPBrrcine b PalhRcy Eal sl eprioti ey PRpGME Lippruuples at a
&mpe $AEBF & Latoenaiz for SEER Q0N /L0 T hk BEFv@RL whthlBhi@cessor 160b

The hardwaré within processor 160b nay then operate at

Ral tifen opefatt R Mizr Jd00R6¥IHA nul ti pl exer 412 receives

i nput sanples fromall R receivers 154a through 154r.
[on6apCh /5 aridlige e il 0 Geceiisk il 8x@pled ErdntHCRESCIiIrOUSHM through
the R receivers and provides the 1nput sanple from
bh ecechy sample perigdi multipdgrest Bl aycdes Hhrepgh: the) Regeceivers and
. 4 . e ; ri .
kidcltk AoSrERh Mo Bhon'vefeiv ol Bl SERGE APET Alldhicr 416,
and a) sangpdd bpffer 424.gRaNJach sShipld peregl &t dic 4ib4t pamplcslgsom all R
a sufficient anount of delay (e.g., 64 sanple periods )
feseiveard bRYL i il ds fhbel 7i o)1 Shift gastar 414/mggvides a sufficient
time align the input samples for. the first |on .
UPAFH; g SSIGIE Wt R PR Lol BedORD I sgbply in EEE
RON Y1 /)08 _aﬁ%ﬂ&l ing&t sanbefRuhé eistdens 8RRl §AnBdI8vith the
out put of register 414 and stores the p (n) sanples
frppt sdmeples fostthe seegnd derignirpigingysybiol.f Posanaple bRffer 422 receives the
recej vers

.. S | buf f 42 h L
PP HereBteaad O T SIS, Ay BB FPOATTY e TRt symbol
' . -] 006 I tipli 416 [tipli h
B b R B orog ceril Sl e R, A LploHETIG P the sccond long
{i%glng%%@%ghﬁmu Egcgwe{gul tipl exer 412. An accunul at or
 SU t ¢

e results across L sanples and R receivers
podSpr owWdieiplier coltr emnaltiptics r &gtl tsample Arom register 414 with a

corresponding conjugated sample from multiplexer 412. An accumulator 418 sums the
results across L samples and R receivers and provides a correlation result ¢,,. A

Coordinate Rotational Digital Computer (CORDIC) processor 420 determines the phase
of ¢, and provides phase offset z, . A multiplier 426 multiplies the p,(n) samples
from buffer 422 with z, and provides p,(n) samples. A unit 428 subtracts the
¢;(n)samples from the p,(n) samples and computes the squared magnitude of the

differences. In the embodiment shown in FIG. 4, an accumulator 430 sums the output

of unit 428 across all L samples and R receivers, ¢.g., as shown in equations (10) and



Coordi nate Rotational Digital Conputer (CORDIC)

processor 420 determ nes the phase of cm and provi des
wp@baga2aff set zm* . A multiplier 426 nul tipliPCST/UR®OP066811

(n) sanples frombuffer 422 with zm* and provides p

(n) sanples. A unit 428 subtrgcts the q (n) sanples

fromthe p (n) sanples and conputes the squared

tiegrindudevidés thheoisk Varensades A inltipher $3%oditipbing thehmoiwg variance

ot ety BRI bR TRnd (G5 Bt ol i 434
SRPYRdVIdRs BRURONSiabdON. @) dfot 2dch AMdaPicP¥f SRE rbd¥®ver. In another

noi se variance Nt. A mul'ti'plier 432 multiplies the

Babsdiméar, aedietul Mor 43¢ funidic dapueofl @it 4n8sacksss allilf a@ripdé for cach
subcarrlers and receivers froma | ook-up table 434 and
PCBVFH €1 Heshesinsiy %ﬂaﬁl% élé))m%prorvzﬂ%é%ﬁm% pegnce dY: for cach

&%8%@1(: hig SI%F bY&her db@f Ellﬁe “’rﬂg@%‘i‘ | BNty @8&%@&%%2@34 may be

suns the output o nlf across a
bumitteelach receiver, e.g., as shown in equation (10),

D, e g R e 8 B L s BB SF S 1n an
Eﬁp&ﬁnﬁ% Y pRRe ot ed; il AQBRlutdNOirSe 8t I FBET QN A%t during

be perforned as part of ach|S|t|on processi ng. In an
ewissdiioreand usérk tphasetanf fheefrequenéys coonputredivicorstatigehl 50.  This

i ved packet d
BEGERS AR i et 28T 46 4 b PelyeR el sneiiatgr (NCO

Ihdratida 66l URRCIor@4ih Fhput SatnpRY 1ﬂ%@dldr€t5 ,relﬁo@e resiiudl Brequency offset
nunerically controlled oscillator (NCO operatin

betreny tmmlwkrs Bhliensgrtigy seagionnl 18ragé rfeqeever éwm@ lﬁ%s ﬁlhﬁ Bhase offset

LORRMER T RO op JEL GO SRRl TROLY Bhbadiprent, e

additioitad @rdc@ﬁsn%cﬂ)lﬂ in®ist iegtimarin ey melrkedinito 8301 ¢lire@gh 344 in FIG. 3
estimation. In this enbodi nent, the additiona

Bﬁ@%@éﬁﬂﬁ@nﬂg%4%%ﬂggcéﬁt|natlon may include units 330
Eld%?g?)G%i‘i%lﬂ% et g!il ?S QsctBidt OA\I-,gZa tngggtégﬂ;vét%%s 'd@rl%(poased on

mbodi nents descr | be a noi se
osd idratieal issmgker $cqedloba§<ﬁdtmldngﬂramdegnsymhbls sampwih a packet. In

nces. for .two Ion train ynbol s. .sent. with a
%%‘%ﬂiazt a nPHeé’éW@F‘tglmaya o O B e AR 025 R i Gequences or
AR FEknSATEY § 1SQIINGEEON AfYe SR Smay also
ﬁuences at ar e nOV\/n y ar ece| ver stat | on. A

sevagsbisadiioe merg this ovhsamplei sequerisas edho milﬁﬁmleces atween two
guence

d ff
8‘8%?%%“? GBI et R RE SR O Aot oy ait pairs of
thReditivt 8ERREES th8 bealded BRHESveQf noise estimate.

[0068] FIG. 5 shows an embodiment of a process 500 for receiving packets. At
least one packet is received for a data transmission (block 512). A noise estimate is
derived for each packet, ¢.g., based on multiple identical sample sequences sent with the
packet or an AGC value for the packet (block 514). Data detection is performed for
cach packet using the noise estimate for the packet (block 516). For block 516, at least
one weight may be derived for each packet with the noise estimate for the packet, e.g.,
as shown in equation (6) or (15). Data detection may then be performed for each packet
with the at least one weight for the packet.

[0069] FIG. 6 shows an embodiment of an apparatus 600 for receiving packets.

Apparatus 600 includes means for receiving at least one packet for a data transmission



consecutive sequences nmay be used to derive a noise

estimate. [0068] FIG 5 shows an enbodi nent of a
w@e@ecas”S600 for receiving packets. At | east OPET/pszRB066811

is received for a data transm ssion (block 512). A

noi se estimate is derived forjgach packet, e.g., based

on multiple identical sanple sequences sent with the
faedket 1 20rmenans ABGloviainges fase eshimapaiok each(iakckeKbiogldH14), and means

iR AL o R 57 e ket b R BB piffndl shiche packe
Bléck @lte)| east one wei ght nmay be derived for each
acket with the noise estinmate for the packet, e.qg., . )
T8howF1Itn Eoliars o eapodimeni 3yt a pipeesgetléc f@roaer%@yung noise
LOBPLER R QSRR 06n 2280 OBOHEL i niE Sheb SRRV i) o
%81991 LBOT 105 AR slé'&)%ﬁrsﬁﬁr%gﬁi £40rfce r(ee.%g %}I/zx Sf‘ gt@?f {SQ%b%amed from

aratus 600 i ncl udes ans for r eas

an i IRRtA YT 20§ K D, i
fo%a%ZE%sﬁﬁgQg(?é?séﬁegtinatéﬁéggﬂéggﬁépggﬁi%’ggﬁggﬁ pi(n)) is

68t4ihed FodcdthaRsiV A bRET bRMAE figkt ainpled@leice FBr tHRY re€&iGE (block
%acket usi ng the noise estinmate for the(gacket (bl ock

149y A popyeptinutis dersredvitsethor fisowcerchandothird sgrpleespguences for
tﬁg%tfe%to% %ﬁ%wyrpgo&o&%s estimation at a receiver
station. At Teast one frrst sanple sequence (e.g.,

[0T)1] or Ror bivck)71angplkdse logaatbeomnenske Grkl asdsgabed sample sequences
sequenc or gXn i s obtained from at

Mm% de d@%@ﬁ@%@iﬂé %%S%%i toctke ﬁ)is)zﬁmpleﬁﬁﬂww% 9ragh receiver to obtain
FRAUEA GEMbR: SqueRENbr Hat Qec)ei\)er.h;]ih% biRbO ekt or?%}f ﬁ? Egterrnined by

recel ver ased on the first sa € sequence
cacaatingy thé ko ckmiple4pqueAcnwiithehestcondisanpls setpreheefdr cach receiver

bﬁfed onlthe ecoq% and Hﬂqu?sa | e. sequences %pr t.he )
and peeyanlaging theershton 5Pyl 101 gl reqehHe)> Crror aSpihgwR in cquation
(D% (B. iasLatREhS ele ML YR tR@ehdel oF cRNFc&PER Mhy be used as the

sanpl e sequences nmay be determ ned and applied to the
thindsemglemshiecnse qerghe eectioer. each recei ver to obtain the

[872E a0 s GEHETAT RaBen b B RSN Repor %, ARGEond and whiv

Sediflt BcARHLBNDE cMel Rectiver HRG MR BRI, SRdIUaER Falance may be
each receiver and accunul ating the correl ation )
fasigdfpsgach gpceiyer bpsed oimbe payer of the diffgeensponfn thag receiver, e.g., as
o) (7 ' , i :
SAEL 0 Bl PRl ML o P ol R recivers)
sapbk susegdeo obtaiothettdtel di€eminve powdi)8 hdise Fariarek dokall receiver(s)

716, the power of the differences between the second
By e HieTUed atpd an éléeqf@ai égjéer?%e NOXER e Shernraydpaiion (12). In

91%1 @55@, BRAnoid dafaiQl BF MM r&RERT By Bé scaled with multiple scaling
factors for multiple subcarriers to obtain noise variances for the multiple subcarriers of
the receiver, e.g., as shown in equation (5) or (11).

[0073] FIG. 8 shows an embodiment of an apparatus 800 for performing noise
estimation. Apparatus 800 includes means for obtaining at least one first sample
sequence and at least one second sample sequence from at least one receiver (block
812), means for obtaining a third sample sequence for each receiver based on the first
sample sequence for the receiver (block 814), and means for deriving a noise estimate
based on the second and third sample sequences for the at least one receiver (block

816).



derived for each receiver based on the power of the
di fferences for that receiver, e.g., as shown in
weeowatizam (10). Alternatively, the power of thRBCT/US2007/066811

di fferences for all receiver(s) my be sumed to
obtain the total difference ppwer, a noise variance
for all receiver(s) nmay be derived based on the total
No7dkr enlde rgniwe%tin@tign tedmicslh@\dﬂsorihe@@@@m tmly(pmyide lanrelatively
an ase e varijance ece

ERUEERGs RS Rt R G0 Ler RS eBFREY EPR 4 have the
maﬁfeme V8lutD CRhALter MPuREON dlak pBESSnddbr 4 heddmahgd of $gnal-to-
subcarriers of the receiver, e.g., as shown in
@Qfg%lfafug r{SJNg} V@],lleS( 'lillg star[d@gb@qwqt]ogof @@m@gsvaéﬁnces was found to be
g@@ AIRA 0% a8 ARAFH LU A0, h3e RERRETLA%DRLRE about 0.

Appar at us i nc es means for obtalning

| aasiragnenalyi bes impavpd Qﬁ&amme avisk atridreasgper aveciver and/or
iond sanmpl e sequence fro | east one receiver

MIYaR BB ARSCIBINEHE Ph.kﬁewa YHIAGNE gRjpse subcarriers.  An
5&%5%‘ 9815{{ %Etuﬁ% r}n&e GBOW Fbr b% QQldﬁnoft Hﬁprf){fédsaetéﬁgipl)v%lghts e.g.,
sequence or the receiver nmeans
N@ﬂSEnﬂgQasnoa$am93(6hm1@5ba§hdwam@nh@dsbcmnm\Hngnsnwylntmn

e sequences for the at |.ea ane rece
B Bl 8 B p B e ot b e iR 350 £ B st
Qﬁ&%wﬁg qom@é%ﬁhlgﬁé“ RIQUhEEBiohelcBérha&elt Yo BN RS, @nd/or provide
noi se estinate noi se vari ances descri bed above
aither (hehefts.ed Thrdnoiay ecstimation rdeseribede hereinampys be performed in a

SQO angnu[fo ar(f rﬂh’lrlmae% hgﬂ%ﬁ%’@)ﬁmon 1 gdvaor/rne Y4, de range of

{ throu ghput

onoi se Ta ues. Andar d

HBCIS]at | OFhcOfoiddNestingitivg t¥ehini@iiRe Qﬁsdﬁ@éd fh@tél'hd may Beimplemented by
approximately 0.5 dB, which neans that the noi se
VAIQUAREaNSar §0k cxinBice these ApAIRaUGs Snay be Aglg Aswlgragjedray hardware,

ﬁﬁgévgl%r QY al.k%y og & &&hﬂgat?onn ﬁielse%f v alE(BraQ G&r rlﬁlﬁ Fe'rﬁ’e‘ﬁfatlon, the
an or own

/or’ applyihg adjustnents to conpensate
p@cetngonstsased s psifitrtanoise cstim#ivnanay batimphmcniecd within one or

E’Z’%eleglfa ]fcaw{ﬂﬁlfl chg‘Ieg{atg o Iﬁgpffé?f ﬁilﬁpt‘glg%q}!e?@]:pce@})rs (DSPs),

BiithiLshnal THE&8sihREAUEI(HHBS! BroWRhabEI1S 18BY dePicEU[BLDs), field
Inprove dat a reception perfornance at receilver Statlo

pegrammyhlov gatov ewralh (Eﬂ@&@h pptocbsysoal, | wmtn{i;lefsor nmyge-controllers,
for higher order nodul ation,sc at r . SNRs

i Eoeas i, BEehome distiur Pol® MRAESHE SR GRY, gperform the
fipsa6nstREc IR BlefbillRY aRempaafion Reedfn a strai ghtforward
manner usi ng littl'e additional har dwar e/ menory. [0075]

f9d6hoi Jioreat fimawarenandennplivers daplenepidoneitky mojrgy cstimation
{%e 01#1 allfésﬁrgg nhg‘iimg%meg{efi%&h g%?nl%’s (Eg v g?&%%ﬁ@lle fu}lp[%%g and so on)

enmen
gaf pyvesren th@rfuﬂctmﬁhlbm’&)b@ hetcher €hé ﬁrtﬁ%reaadai&fr(koﬁm@re codes may

bggtlo?ercrﬁgtaargller?lgry (ter:ge memory 182 in FIG. 1) and executed by a processor (e.g.,
processor 180). The memory may be implemented within the processor or external to
the processor.

[0077] In one or more exemplary embodiments, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media

includes both computer storage media and communication media including any medium

that facilitates transfer of a computer program from one place to another. A storage



processing units used to performnoise estimtion nmay
be inplenmented within one or nore application specific

w0 nioegersed circuits (ASICs), digital signal prODESBOT/E66811

(DSPs), digital signal processing devices (DSPDs),
programmabl e | ogi ¢ devices (Pigs), field programmuable

gate arrays (FPGAs), processors, controllers,
medradn@w@@ra@lylaéylaéablmnmd@pﬂ@t & OF siccasbast by en¢aputer. By way of

ectronic u dto erfor
RS ot b S BUSE @0 b Bt oot AR DL Ram, rOM,
EEBR@‘M CDORDB) drosther bptidinalisk sudelgel nd@hétWaEbRk storage or other
i mpl errent ation, the noise estimtion techniques may be

m%gmf‘éwmrw daviges s Gy ether @cgium thapesidir wsd 19 gatet ggire desired
ﬁr%%ra%? & lg@forlﬁq{ffl rﬁgé&% Jrlﬂ?&ts'tt‘a@t%lréggl 26 e %Qrbbe accessed by a
an es nm e

r’maar e orf software co
sdropeck. |Anlsa, agna@hyledtdngs propertp rtymiba& &mnﬁit@-reaaabammedium. For

executed by processor (e , essor 180). The
W@rﬁ‘ﬁﬁ ?réliﬁ %P}VY% I“e%??ﬁéé TORY ?‘1 “t é‘tep ﬁ%‘é’é&é’ér‘)ﬂﬁﬁr Temote source
fisth ﬁ%hxﬁapcém@ ﬂ?Je?Q) ﬁ@@ﬁble[g&qg‘[al hﬁl &gﬁap{ub%ﬁ&r ling e(DSL) or

exe ary enb Odl ment , UnCtI scrib

wirplessraneheaogins hmida\sanél;ar@bfradmr md ﬁmammvee thar tharq,oamal cable,
nbi nat th f1

A st e Bt Lo R TRy LB P BE s 26 Faghlf gadio, and

AicroWae: hRSIENEEd ANShOHeHRES O nRdeAPDIRN andedi¥@bdseused herein,
medi um Conput er - r eadabl e medi a i ncl udes bot h conputer

mchidagyeompadt disafdDodasen diseaantionl died digiiahedreadilagisaty VD), floppy
?EE“ tt)lﬁart fd"f‘s%' LhiAte kst W fer r88uc% (ga%mr}l“ %Etoé’auogrw%”?e discs
rom one ce t o ano agerre TT%/ g
ﬂepeddua@ ldaa f@dd:a’:llyt\hﬁﬁ 1a@@ﬁ @@mﬂ@@t&&ﬁ;&ﬁ tiyatdve GRgId elso bByncluded
exanpl e, and not limtation, such
w& h@ﬁcqpé@é spnButREtRedalamednpri se RAM ROM EEPROM
S Ty R o, SO S pUTRIREIL R ke o nal
Myh_p@rsdsreskllled ihdic aar ekesedsd thecdisalgsuar. $aaoves modifications to

g‘g?f‘laglglg?cﬁr i a gg?greefll gﬁgﬁgng ré(gn gg{:’sg §E®8r UCttII}.fogé a%d the generic
BORGIMIES Heﬁr@d%relﬁ‘ Wayo&'%ﬁgdi ofhSr &ﬁ@&ﬁﬁﬂeﬂtstvﬁﬁ{&g départing from

conput er-readabl e nédium For exanple, if the software
ths spirdios sécpe ed tlfercbmlesuwe bEhwcsethe slésclasnre ipnoointreded erhstlemited to

Qur ce usi a co I ic..cable : :
ﬁwe&cb SIIB%{}Q? sh(mltb ﬁ?rg ]%lﬁblg &9 IbB é‘?cqrii‘ﬁg{%f s% 58?pe consistent with
WelRineHFesla NG FgireSs 8MEBs@hdrethr ared, r adl o, and
m crowave, then the coaxial cable, fi ber opti c cabl e,
twi sted pair, DSL, or wireless technol ogi es such as
i nfrared, r adi 0o, and mcrowave are included in the
definition of medium Disk and disc, as used herein,

i ncl udes conpact disc (CD), |aser disc, optical disc,
digital versatile disc (DVD), floppy



di sk and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data

wopirazl4sy with | asers. Conbi nations of the abP@BUS2007/066811
shoul d al so be included within the scope of
conput er -readabl e nedi a. [0078] The previous
description of the disclosed enbodi nents is provided
to enabl e any person skillELAKMEhe art to make or use
the di sclosure. Various nodifications to these
enbodi nents will be readily apparent to those skilled
in the art 41.c. principles defined herein
may bg'appﬁ?gﬁs?%a%fﬁéﬁﬁéh%bdinEnts wi t hout departi ng
f r om athkagpirel proosssacapdigafedt foeddirmdh®aushase i, batheen a first
di sclosure is pot intended to be limted to the

SHUE SFHRRITIES 8Mb TR SAMPELECINEN o I BPPAY dlst Blage tfket to the first
r .

AR SRR, TN b (2 WlE oRIGER e ERELO Mt based

o thersesimdgid ahird ssagile ssvmemrescaslsor configured to

determ ne a @haie of&sq} b§tmeen a first sanple

sequeh EEMAA P RELOH LRl 8"SEG6eYYe, to apply the

phase offset to the first sanple sequence to obtain a

third sanpl e sequence, and to derive a noise estimate '

based2on t ke sapparatisantl ddiny d. sahpria dequwénices; ormdreccssor is

IR B 8 B RO aPAREST R it s cond tong

phiatessabolssrespettivelyl @dt vithalgfagkar. t he first and second

sanpl e sequences for first and second | ong training

synbol s, respectively, sent with a packet. 3. The

appar gt us ﬁ’fle C ? b oiﬂhﬁﬁiﬁi n t@ﬁet@fn ltl?easatt 1‘3?&‘% one processor is

processor is co igured to deferm ne power O

corffigareinte detbetine gowich ef shffordcansbté b thessphd and third sample

sequences,, and to derive a noise variance base

PORERCedt adnie dRTPF e BRIt XaraRE DR ) Hict hovaigngge dricies, and

GREICTRNLE n6REBE RS coiifriRQRen N JARR&. 4. The
apparatus of claim3, wherein the at | east one

processor is configured to scale the noise variance

with pultiple scaling fact.ors, for nultipl :
subcalri er SE RGRMET o FIHAL ol Pis hhuif oot nphy gucessor s
b&iffRAradakd aBgesStht Ofioisd&amdel RitR SURRA lstdME ftord for multiple
met hod conprising: determ ning a phase of fset between

subcpirists, sadpvheraie dischiee entitnade seropis giRg|variances for the multiple

subcarriers.

5. A method comprising:

determining a phase offset between a first sample sequence and a second sample
sequence;

applying the phase offset to the first sample sequence to obtain a third sample
sequence; and

deriving a noise estimate based on the second and third sample sequences.

6. The method of claim 5, wherein the deriving the noise estimate

comprises



sequence; applying the phase offset to the first
sanpl e sequence to obtain a third sanpl e sequence; and

wa@lenrautrgl a noi se estinmate based on the secondPErUS2007/066811

third sanpl e sequences. 6. The nethod of claimb5,

wherein the deriving the noisg estimte

conpri sesdeterm ning power of differences between the
secondetaminingi pdwsaml diffeengen dmswean dhaescparidngngd third sample
noi se _vari.ance based on the power of the differences,
%WgﬁgFﬁz?ﬁe noi se estimate conprises the noise

vari aggeing a ndi® etadned bafedCdath® SowdhsT @k Niff&ences, wherein the
deriving the noise estimate further conprises scaling

1Oj8C pbinEEC GUPRTERE OOl VatifiGCpl e scal i ng factors for

mul tiple subcarriers, wherein the noise estimte

conprises noise variances for the nultiple

subcarri er $he tetlhivd afpgaifat usheeimpthe sierigingnamnsist @stimate further

determ ni ng a phase of fset between a first. samml e )
SUBRIATTE escaﬁlag atﬁ§ SRYBR VSHAMICe Velbg Rl SRILAS ggﬁors for multiple

QH)%LMG&Q WitgciRh@As endifd 8&imdt0 cton?rlfsj:s; ﬁgisé mlaﬁ%eg reﬂ)y &RE Gnultiple

to obtarn a third sanpl e sequence; neans
sidcavicrsy a noi se estinmate based on the second and
third sanpl e sequences. 9. The apparatus of claim 8,
wherein the neans for deriving the noise estimte

conprgses ABRaRparh@k cO@bAsiARNI ng power of differences
bet ween the second and third sanpl e sequences, and

meansmeans Herdeldrmgning nophpee waisetabriwctng difsiosamie spoweaee and a

&QOBEEHQHEfGREH&FS’ wherein the noise estimte
conprlsé% PHE“Rorse variance. 10. The appar at us of

cl ai mM@ansoe agpling hige predasfffaro aerfirvi Agpldi&qi&icgeo obtain a third
estimate further conprises neans for scaling the noise
gaannle pRABCHESE Adul ti pl e scaling factors for multiple

subcap .l &r for éﬂgﬁﬁfg B 1416 AQirifte ARELITRh EthE VRS ESd third sample

noi se vari ances
sequencces.

9. The apparatus of claim 8, wherein the means for deriving the noise
estimate comprises

means for determining power of differences between the second and third
sample sequences, and

means for deriving a noise variance based on the power of the differences,

wherein the noise estimate comprises the noise variance.

10. The apparatus of claim 9, wherein the means for deriving the noise
estimate further comprises means for scaling the noise variance with multiple scaling
factors for multiple subcarriers, wherein the noise estimate comprises noise variances

for the multiple subcarriers.

11.  An apparatus comprising:
at least one processor configured to obtain at least one first sample sequence and
at least one second sample sequence from at least one receiver, to obtain a third sample

sequence for each receiver based on the first sample sequence for the receiver, and to



for the nultiple subcarriers. 11. An apparatus

conprising: at |east one processor configured to
wobiaiizi4at | east one first sanple sequence andPEI/US®aB066811

one second sanpl e sequence from at | east one receiver,

to obtain a third sanple sequgnce for each receiver

based on the first sanple sequence for the receiver,

derivetaonieipd etimatn bisse oashé merad bagd ddrdosaniphe sespennsd famtic at least

third .sampl e sequences for the at | east one receiver;
gﬁﬁfgmﬁ%g§?§ coupled to the at | east one processor.

12. ThencaRppeaiplsd ©fthehtdbin dds probeised. N the at | east
one processor is configured to determ ne a phase

of fset between the first and second sanpl e sequences

for t at j:ven; : pl.y e :
of f se{11 f't 0 ?hga@%?rgﬁgsgﬁ%ﬁé%sé(lq’ugﬂgg&?ot?lpe%tc}?ta%}egg?ﬁ(?cessor s

tanfiphiai to ddeniine 4 ghsangifset Baguante firor addecomt einvge sequences
3., The apparatus of claim 12, wherein the at_| east

Plﬂﬁéhﬁb Polcad Q8F TPSTeBdgarpalt e phterthiekta te firstymple sequence

RRTRLIErcBGAUaD i R hiRPuSEAONL SATRLLR GaNRRES T or

each receiver, and to accu ate at |east one

correlation result for the at |east one receiver to

obtai n,the phase offset. . 14. The apparatus of claim .
T2, bk of RS HEYASoR5EBe or SUERLor i ot Bt gl docessor i

Eéhfipofedt Decokieladd theamil QunFREYENCRcd Rith YREEecbRE @éﬂ@é s8§uence for

the third sanpl e sequence for the receiver. 15. The

eqnpaticasiver, ¢hd dp scaymulatonktelcastponeheorealatjcsaresulpder the at least one
rocessaor. i-s.confi ed to determ ne power of

%?Pﬁgﬁgﬁ%ggnggﬁ%%%%ﬂieg second and third sanpl e

sequences for each receiver, and to derive a noise

vari ance for each receiver based on the power of the )
di f f etencedhs qwpemisr ek elayar | lamdeiiiartbe mtt lastneng grocessor is

f o . . vari. ¢ '

EHe IR AP IASER ShrirfE SLqfRe: PO SEn! Reb 0L 1AL (P sample

vdgacwicrfot the rafeivleceast one processor is configured to

scal e the noise variance for each receiver wth

mul tiple scaling factors for nultiple subcarriers, and

wher ejf) t he,00j36aRRt b MRIBmC QMPRIHRRSn AL S& WAkl BRS GRocessor is

for the multiple subcarriers of the at |east one '

c@duyel to ddternTihe pappacdtdifersficas| Eitweahl thewkpsod and Heird sample

at | east. one, processor, i s, configured to dﬁ}eraane ver based

PEMETCR O 4P A SR e PVISEN  AHE ISV RACHIRY P Fepoiver based on

SRR of the differences for the receiver, and wherein the noise estimate comprises

at least one noise variance for the at least one receiver.

16. The apparatus of claim 15, wherein the at least one processor is
configured to scale the noise variance for each receiver with multiple scaling factors for
multiple subcarriers, and wherein the noise estimate comprises noise variances for the

multiple subcarriers of the at least one receiver.

17. The apparatus of claim 11, wherein the at least one processor is
configured to determine power of differences between the second and third sample
sequences for each receiver, to sum power of the differences for the at least one receiver
to obtain total difference power, and to derive a noise variance based on the total

difference power, and wherein the noise estimate comprises the noise variance.



sequences for each receiver, to sum power of the
di fferences for the at | east one receiver to obtain

wao odoahi2dsf f erence power, and to derive a noi SEPUHUSBANTE56811
based on the total difference power, and wherein the
noi se estimate conprises the xoi se vari ance. 18. The
apparatus of claim 17, wherein the at |east one
processor is configured to scale the noise variance

with l'tiple scaling factors-for, multipl uhbcarriers :
of each r e@é? vaé’P?raE}ﬁdofAﬁiar‘@i A7 kit Sh8 el ey @he 'processor is
EaHTipiutRIE o ROAIS ethy afidigd G8Harfcer withemiitipld RbAingu Reedrs i fof Snultiple
of the at |east one receiver. 19. A nethod conprising: .
Bibcairigrnef each recesverond whersin the ppise CSEHE FOBDEARS naise variances

b ad maﬂlfﬁ1@@%9&%&%&#@39&%@% at | east one

recei ver alning a t sanple sequence for each
recei ver based on the first sanple sequence for the
receiver; and deriving.a noise estinmate based on the

secon&9andAﬂH@?ﬁiﬁmﬁW¥ﬁ%equences for the at |east one
recel Mﬁﬁini%ﬁat g HRt hed sQlfngFel ?éngﬁ!\:% a8 Rh& &fi€second sample

obt ai ni ng e third sanpl e sequence for each receiver
soprdicdesn delcest haraugivar,phase of f set between the first

and second sanpl e sequences far the at .l egst pne

recei Vapnng ) B saiTl SRS e SR Ses v Ao gb OF s first sample
SYPLR foLtdeases ct:amdeach receiver to obtain the third
sanpl e sequence for the receiver. 21. The nethod of

cl ai nilardvingymepiet pstinhpde Heseil wnrile seleendaridsibird sempligtsequences for the
cqurises determ ning power of differences between the

at 1e4st Qie Tegelver. .

Second and third sanpl e sequences for each receiver,

and deriving a noise variance for each receiver based

on the power of the differences for the receiver, and

wher e t h&hgpicthodof clamntl@. whersin the ebtaningsths thighwmple sequence

ﬁgkﬁgh%%gkénﬁﬁﬁiﬁ S’the at | east one receiver. 22. The

cl al wherein the deriving the noise
est i mdéterncioimgrd plesc ddfsetr batweng theotimt awd sebohd ea@pleesquences for
et ween the second and third sanple
the at [east one recerver, and
applying the phase offset to the first sample sequence for each receiver to obtain

the third sample sequence for the receiver.

21. The method of claim 19, wherein the deriving the noise estimate
comprises

determining power of differences between the second and third sample
sequences for each receiver, and

deriving a noise variance for each receiver based on the power of the differences
for the receiver, and wherein the noise estimate comprises at least one noise variance for

the at least one receiver.

22. The method of claim 19, wherein the deriving the noise estimate
comprises
determining power of differences between the second and third sample

sequences for each receiver,



sequences for each receiver,sunm ng power of the
di fferences for the at | east one receiver to obtain
wao odoah2dsf f erence power, and deriving a noi se REF/US2W0T066811

based on the total difference power, and wherein the
noi se estimate conprises the mpi se variance. 23. An
apparatus conprising: neans for obtaining at |east one
firstswampigepeeygudnibe daikierdes [fentic adrleass @vonebcs@nmpd @btain total
i@&u%pge &rpnw t least one receiver; nmeans for

gfﬁlﬁa L third sanpl e sequence for each receiver
basedd@ivitde noiseSlaria@dEPbcd 6 URH tftall diffelch@ p&O&| WRd iwherein the
and nmeans for deriving a noise estimte based on the
BRISQAUINBHRICQIPRIEGS AISS VaEg8nces for the at | east one
receiver. 24. The apparatus of claim 23, wherein the
means for obtaining the third sanple sequence for each
recei 9&r canpppaesisce@apdsihgr determ ning a phase
of fset between the first and. second sanpl e sequences
for t WA OF QRGINIERA! rayefist mqﬁé%@n%ﬁn Bple§t ifge second

' . sanpl e sequence for each
%dg@gg%@%ﬁf%@?fat f-Qstione r{]def }. sanp q

ain the third sanple sequence for the

r ecei wmeans 26 obfilengp gardatanyplofequbmienioR 8gchwheriedrbasdueon the first

means for dﬁ{i ing the_n%jse estimate conpri ses neans
PP E AT RFRSG Oﬁémﬂ WY otdi f f er ences between the

secongheaitd fdrhddriliSAAPhE S SSUBRNE SaséP on €RE b &L bNE third sample
and neans for deriving a noise variance for each

pagoenage forshs eideahonheecpuer of the differences for the
recei ver, and wherein the noise estinmate conprises at
| east one noise variance for the at |east one

recei 3&r. 2he appatappircidins2Nfwhdrainnthd Incan €€ obtaidi®s the third
means for deriving the noise estinmate conprises neans
$RD 18 SIBWERGCHOR BACHARAVS CORPFISSr ences bet ween t he

Secong}e%ﬁd fdridiGniAip! £ pﬁ?&“ﬁﬂ?égﬁ%eﬁ%eneﬂfehﬁgs‘?ca%idvfercond sample
means for summ ng power "of the di erences tor the at
begastices i@ theatdeasebnd @ceiver, and

means for applying the phase offset to the first sample sequence for each

receiver to obtain the third sample sequence for the receiver.

25. The apparatus of claim 23, wherein the means for deriving the noise
estimate comprises

means for determining power of differences between the second and third
sample sequences for each receiver, and

means for deriving a noise variance for each receiver based on the power of the
differences for the receiver, and wherein the noise estimate comprises at least one noise

variance for the at least one receiver.

26. The apparatus of claim 23, wherein the means for deriving the noise
estimate comprises

means for determining power of differences between the second and third
sample sequences for each receiver,

means for summing power of the differences for the at least one receiver to

obtain total difference power, and



obtain total difference power, andneans for deriving a
noi se variance based on the total difference power,

w@npw7mbsei n t he noi se estimate conpri ses the POI/BES2007/066811

variance. 27. A conputer-readabl e nmedi um i ncl udi ng
instructions stored thereon, gonprising: first

instructions for obtaining at | east one first sanple
sequemeansafed detivingas noive eayemwnkhsedioplthe sefgudiniceenice gower, and
ak,#ﬁ?&ﬁ gne QFC%Ever'iég qpqyky%&ruggions for
BBESITRGORS FHITPHC SAMPTES LI B PBY each recei ver

based on the first sanple sequence for the receiver;

and third instructions for derivlnq a noi se estimte
based2bn t He cawpwigtrerdeble hinediuga ipledisg gosrictiens gforgghereon,
?&nl%ﬁﬁ- one receiver. 28. An apparatus conprising: at

east ie processor configured to receive at |east one
packefirst drstractitals doit slamaimgss et orteofilgesampde sequonceeand at least one
estimate for each_ of tpe at | east one packet, and to
PEPRG PR FEUGREHEN Gh I CAYIONE&RK SEcket  usi ng the noi se

esti npl.gnd Qﬁstltulaﬁo&a%eéﬁtaiﬁn%_rg tHEIQLM fé%'é&u?ﬁicet Bort B8 receiver
at | east one processor. 29. The appargtus of clalm 28,
bived en tha fist simplessuemedopthecesser; and confi gured to
derive.the noise estinmate for.each cket ,based on :
o 1 i TR RGO AR & digicbePEe e ngtond and third
Ragietequidfees ThahapPREALHES r@Eivel. ai m 28, wherein the at

| east one processor is configured to derive the noise
estimate for each packet based on an automatic gain

contrgé (A n%/v%%ugcgorﬁgﬂe-packet. 31. The apparat us

of clai'm 28, ereriCTRe>at | east one processor is

confi gureast bie pedceSdor aoRffEed astictdl ¢ an 1emt ad gacken for a data
anong nultiple noise estimtion nethods and to derive
IASTHENIQL tacdariyatdenpise catippc ik ikaeh Ph th ablgsinete prgkst, and to

g% orid L H&gctg)?i fﬁreeaggtpiag%tt iuﬁﬁ% [fl%td?)?s%'esﬁ&atewtethe packet; and

paratus o arm erein the at |east one
pr oces s@madrg caqiéd @uheak 1tast der proecsadr. | east one wei ght
for each packet using the noise estimate for thepacket
and to performdata detection for each packet with the

at |east omge WebGhtusl 8F Jddi® PRCKAfercid3he THE1ARPBRA HSCessor is
of claim 32, wherein the at |east one processor is
configured to derive the noise estimate for each packet based on multiple identical

sample sequences sent with the packet.

30. The apparatus of claim 28, wherein the at least one processor is
configured to derive the noise estimate for each packet based on an automatic gain

control (AGC) value for the packet.

31. The apparatus of claim 28, wherein the at least one processor is
configured to select a noise estimation method from among multiple noise estimation
methods and to derive the noise estimate for each packet in accordance with the selected

noise estimation method.

32. The apparatus of claim 28, wherein the at least one processor is

configured to derive at least one weight for each packet using the noise estimate for the



configured to derive the at | east one weight for each
packet in accordance with a m ni nrum nean-square error
W@ kB 145Chni que. 34. A net hod conpri si ng: r eRP€&i/Us29097/066811
at | east one packet for a data transm ssion; deriving
a noise estimate for each of 4qne at | east one packet;
and perform ng data detection for each packet using
parkchwidste pefoimmdeie detectio forpadikpacke3Bith Teeat desshend wéight for the
cl%%p134, wherein the deriving the noise estimte for
BYCH" of the at |east one packet conprises deriving the
noi se estimate for each packet based on nultiple
i dentical sanple sequences sent with the packet. 36. )
The mddhodThe appatatis3al clamt Rédr whergdn i t8F ndf: legtr PY¢ riyjocessor is
t . one.wehgh c [ ' -
EonfeRRt  Be e [t GRCHCRRPIE! chl PILLS APkdnce with o
bdineachcpaskete wmrdrifMVBSEptechidqed. one wei ght for the
packet. 37. An apparatus conprising: neans for
receiving at | east one packet for a data transm ssion;

means3i or depidbdEodpighse estimate for each of the at
| east one packet; and neans for perform ng data

det ectdcoivingot l@sicdnepackas fonrsdatgtrammeissodrse estimate for

t he packet. 38. The apparatus.of claim 37 1erein the
eans BT P07 RO PR R GRLOBE PEEE POPASAERNS t he

at | egstorRfie RBGKBtc&RMPFIrs&Rh n%@ﬁét i9hg RS inisBOestiffite for the
noi se estimate for each packet based on nultiple

patkat i cal sanpl e sequences sent with the packet. 39.
The apparatus of claim 37, further conprising: neans
for deriving at |east one weight for each packet using

the n®fse Tht mFdiod df elairhl3a@, Pacleit the dotlviAR @sSndigy cstimate for each
perform ng data detection for each packet with the at
rkthsat lsag o\n@ipgcp]&et EQJRPHISE dgra%lgg{he nggse eatimate for each packet based on

‘?ﬁewfdg% ﬁl’reﬁﬁ&‘?geﬁ%lg sgﬂﬁlghwpsleﬁ%iﬂg{h@%a&@‘t ructions stored

36.  The method of claim 34, further comprising:

deriving at least one weight for each packet using the noise estimate for the
packet; and

performing data detection for each packet with the at least one weight for the

packet.

37.  An apparatus comprising:

means for receiving at least one packet for a data transmission;

means for deriving a noise estimate for each of the at least one packet; and
means for performing data detection for each packet using the noise estimate for

the packet.

38. The apparatus of claim 37, wherein the means for deriving the noise
estimate for each of the at least one packet comprises means for deriving the noise
estimate for each packet based on multiple identical sample sequences sent with the

packet.



conprising: first instructions for directing reception

of at | east one packet for a data transm ssion; second
w0 p®vneasi ons for deriving a noise estimte foPCEESINODH66311

the at | east one packet; and third instructions for

perform ng data detection forpgach packet using the

noi se estimate for the packet.
39. The apparatus of claim 37, further comprising:

means for deriving at least one weight for each packet using the noise estimate
for the packet; and
means for performing data detection for each packet with the at least one weight

for the packet.

40. A computer-readable medium including instructions stored therecon,
comprising:

first instructions for directing reception of at least one packet for a data
transmission;

second instructions for deriving a noise estimate for each of the at least one
packet; and

third instructions for performing data detection for each packet using the noise

estimate for the packet.



