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generate a radio frequency (RF) signal, and transmits the RF signal via a

communication channel. The channel distorts the RF signal with a channel response
and further degrades the RF signal with noise and interference.

[0004] A receiver receives the transmitted RF signal and processes the received RF
signal to obtain samples. For coherent data detection, the receiver estimates the
response of the communication channel based on the received pilot and derives a
channel estimate. The receiver then performs data detection (e.g., equalization) on the
samples with the channel estimate to obtain data symbol estimates, which are estimates
of the data symbols sent by the transmitter. The receiver then processes (e.g.,
demodulates, deinterleaves, and decodes) the data symbol estimates to obtain decoded
data.

[0005] The quality of the channel estimate may have a large impact on data detection

performance and may affect the quality of the symbol estimates as well as the
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According to yet another embodiment, an apparatus is described which includes

means for deriving a first CIRE having multiple channel taps, means for selecting a
threshold parameter value based on at least one criterion, and means for deriving a
second CIRE by zeroing out selected ones of the multiple channel taps based on the
threshold parameter value.

Various aspects and embodiments of the invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a block diagram of a transmitter and a receiver.

FIG. 2 shows an exemplary multi-tier frame structure.
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FIG 3 shows an exenpl ary subband structure. [0013]
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subbands. For clarity, the techniques are described below for a system with multiple
frequency subbands, which may be an OFDM, OFDMA, or SC-FDMA system.

FIG. 1 shows a block diagram of a transmitter 110 and a receiver 150 in a
wireless communication system 100. For simplicity, transmitter 110 and receiver 150
are each equipped with a single antenna. For the downlink (or forward link), transmitter
110 may be part of a base station, and receiver 150 may be part of a terminal. For the
uplink (or reverse link), transmitter 110 may be part of a terminal, and receiver 150 may
be part of a base station. A base station is typically a fixed station and may also be
called a base transceiver system (BTS), an access point, a Node B, or some other

terminology. A terminal may be fixed or mobile and may be a wireless device, a
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estimates and provides data symbol estimates, which are estimates of the data symbols

sent by transmitter 110. An RX data processor 180 processes (e.g., symbol demaps,
deinterleaves, and decodes) the data symbol estimates and provides decoded data. In
general, the processing at receiver 150 is complementary to the processing at transmitter
110.

Controllers/processors 140 and 190 direct the operation of various processing
units at transmitter 110 and receiver 150, respectively. Memories 142 and 192 store

program codes and data for transmitter 110 and receiver 150, respectively.
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power of two (e.g., 128, 256, 512, 1024, and so on) in order to simplify the
transformation between time and frequency. The spacing between adjacent subbands is
BW/K MHz. In a spectrally shaped system, G subbands are not used for transmission
and serve as guard subbands to allow the system to meet spectral mask requirements,

where typically G>1. The G guard subbands are often distributed such that G, = G/2
guard subbands are at the lower band edge and G =G/2 guard subbands are at the

upper band edge. The remaining U =K -G subbands may be used for transmission

and are called usable subbands.
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The wireless channel between transmitter 110 and receiver 150 may be
characterized by either a time-domain channel impulse response h, or a corresponding
frequency-domain channel frequency response Hy. The relationships between the

channel impulse response and the channel frequency response may be expressed in

matrix form as follows:
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12} =E, where X(k) is a synbol transmtted on

subband k and E{ }
The “—1” in the exponent in equation (3) is due to indices 7 and c¢ starting with 1 instead

of 0.
Transmitter 110 transmits data and pilot symbols on the usable subbands to

receiver 150. The data and pilot symbols may be assumed to have an average energy of
E;, or E{| X (k) |2 }=E,, where X(k) is a symbol transmitted on subband k and E{ }

denotes an expectation operation. For simplicity, the following description assumes that

each symbol is transmitted at unit power so that E, =1.

The received symbols obtained by receiver 150 in OFDM symbol period # may

be expressed as:
Y () =Hg(m)o X (m)+1 (n) , Eq (4

where Xy (n) is a K X1 vector containing the transmitted symbols for the K subbands,
Y (n) is a KX1 vector containing the received symbols for the K subbands,

N () isa K1 vector of noise for the K subbands, and



denotes an expectation operation. For sinplicity, the
foll ow ng description assunes that each syrrbol IS
transmtted at unit power so that E, = 1. [0032] The
WO 2060¥e synbol s obt ai ned by receiver 150 in 2006/005185
synbol period it may be exprgssed as:
YK(71) =UK(n) OXK(n) +TIK(n) , Eq (4) where XK (n) is a
v%&t&%{mwﬁ&z%@eﬂgw Sja(;gx(%c{ Rpsmtted synbols for the K

subband vector containing the

003 | °) e Hgh ea% Vbt RelDomay e Mt ﬁ%ﬁ?@éﬂ 3 aypband, & pilof symbol

1B AT it et S roga s B R Gt 2wy spppn.
Rr @ﬁﬁphcswban dplt& rsymbeRtBay be Q@siﬂnedatomdv@ta sorfpIek vafu@rofa1+ jO

pi |l ot sub or a zero synbol for an unused subband

a(le agmagrﬁ‘tu%'% é/_ panfkhis ch! ti RBiV&d bi %Yot ;/Fh%oﬁ' Areglmp%noisy

dssuimed to have a conpl
In this case, the received
?orfgog)?%nbéqtds a gfngl mlfF oi sy versions of the channel
[0034] gal Ngf biypildtsubbdn8® Frélustd f@ipinet Baﬁnhegloﬂs Lab*aﬁmﬁnﬁm 3, then
used for p ot transm ssion, as shown in FIG 3, then
théreeceiwermap formmayn M ah wetdyl X_M ln)veattaining\? facgivedipilat symtwls for
P received pilot synbols for the P used pilot subbands
thenB uBtd pitot smbbands ynt A, s+ £ rzerchsymbmlo &ui-the zemped-out pilot subbands.
subbands. Vector YM (n) may be expressed as: O ZL
Wavtar) Y i (W (hay be exiereqsBil as:0Z, where 0 Z and 0 Z' are
vectors of all zeros, and Yp(n) is a Pxl vector of
received pilot synbols for the P used pil ot subbands.
[ 0035] Varijous, techni ques nmay be used to estimate the

chan NP S esponse based on the received pil ot
syrrbggg(ﬁ)'l' Gll) ¢hni ques include a | east-squares (LS) Eq©)

t echni que, &zm i mum nmean square error (M vl SE)
techni que, a robust MVSE technique, and a zero-forcing
(ZF) technique. [0036] A |east-squares channel inpul se
wiespdhs eandsll j nat eeftbiskiEalllzeMsnandray be derived as:
hr M i t) - WWXM YM n)
Y. (n) is a Px1 vector of received pilot symbols for the P used pilot subbands.
[0035] Various techniques may be used to estimate the channel impulse response based
on the received pilot symbols. These techniques include a least-squares (LS) technique,
a minimum mean square error (MMSE) technique, a robust MMSE technique, and a
zero-forcing (ZF) technique.
[0036] A least-squares channel impulse response estimate (CIRE) hk (n) may be

derived as:

hy(n) =Wy Yy () ,
= Wosar  [Wapaa Iy () +1, ()], Eq (6)

= By (0) + Wi -1, ()

where h,,(n) is an M X1 channel impulse response vector with M channel taps, and

n M(n) is an M x1 vector of noise for the M pilot subbands.



= WKM WM Lin(n)'+ 11 Mn)] Eq(6) =hMn)+WWXM
TIM 10 , where hM (n) is an Mx 1 channel inpul se

qu\ﬁ%ﬁgonse vector with Mchannel taps, and n Mél'ﬂ Lo @Dyss

[0037]

[0038]

[0039]

[0040]

[0041]

486{8%ct-or of noise for the M pilot subband:
2006/ 086786 . PCTJUS2006/ 005185 9 Equation (6)
i ndi cates that the | east-squares Cl RE may be obtai ned

E’cYuaﬁbH'%)ﬁn&@Kth@ thattthe l%sﬁlgdlﬁﬂres’\ﬁfﬁﬁ hx@?_Blebtéﬁ’éﬁ E}eﬁﬁip‘l’fﬂikmg an
ot symbols in Y. (it A zero-forcing CURE i's equal

MqaduhteIHPﬁ‘ﬂﬂFISqﬂ&eesceﬂdﬁl:‘mldt GeaBdIsAn YIyBE . CAREertHfbre{ng) CIRE is
may be derived as: hM se (aI)— fih WWKM [ WWKM hh

gvalifo¥hy beast-sgaqrey Ciere Y'a = E{(h M (n) h M(n) | is

an M X M channel covariance matrlx and Anll

=E{ r 1M MMSRGIRE hy" 4r) mavibssiesizedavar i ance matri x.

[0038] A robust MVBE CI RE hMrse(n) maybe derived as:

hMorse 1 | ﬁ 1+N WM < YM W Eq (8) 0 Equation (8)
assunhg (hie HiheWhans Wasd N wc W aaet Aqpbui ¥g(Mesponse  EBq (7)
are uncorrel ated and have equal power, so that Wn,, =

I MKM. Equation (8) further assunes that the noise

HAYE NW i s B{HQ) () ME, ()} iarCMug M ahaiel s6vafiAdEENhattixt bndx

zero nean vector and a covariance matrix of A =No

| KxK, Anhe n) -t (9} Veednl BOR NI Abisk Bevainsematk. | KxK is
a KxK" dgﬁpp‘?;) ?r]ﬁ‘f(:h?l( [0039] The receiver may derive

an initial CIRE h"Mn) for each OFDM synbol period n
wi t h Airdist MMBE GIBE lng " Has echydre desived essd pi | ot synbol s
fromthe OFDM synbol sent in that synbol period. The
recel ver rmy derlve h'M (n) using the | east-squares,

|50, ot her techni que. Hence,
(|t) Ry ‘2‘2 SGuR], rd“xﬁrv?gr*)% hMse(a) or hM [0040] The o Ea(®)
recei ver may fllter the initial CTREs h'Mn) for
di fferent OFDM synbol periods to obtain filtered Cl REs
Edvation (8)eassumesi thiptr the eaghs dru el chynnel vapihls¢ tesponsg anmyndoerelated and
performed in varjous manners._[0041] In an enbodi nent,
haye egupk mweﬁg s¢ dhatal® ! 7 hiven i oEqua@mDrc&)sM@r apqumes ghat the noise

bor der.ed OFDM synbol n-1 on the left side and OFDM
gw(%)ops jaddi ve owhife, apg@zm noise (A GNB with a zero mean vector and a

covariance matrix of A, =N, I, where Ny is the variance of the noise and Iy, is a
KxK identity matrix.

The receiver may derive an initial CIRE h’,,(n) for each OFDM symbol period
n with pilot transmission based on received pilot symbols from the OFDM symbol sent
in that symbol period. The receiver may derive h'y,(n) using the least-squares, MMSE,
robust MMSE, or some other technique. Hence, h',,(n) may be equal to hﬁ, (n),
hy™ () or hy™ (n).

The receiver may filter the initial CIREs h’y,(n) for different OFDM symbol
periods to obtain filtered CIREs _EM (n) having improved quality. The filtering may be

performed in various manners.
In an embodiment, the filtering for an “interior” OFDM symbol n that is
bordered by OFDM symbol n—1 on the left side and OFDM symbol #+1 on the right

side may be performed as follows:



side may be perfornmed as follows: WO 2006/ 086786
PCT/ US2006/ 005185 10 hM n) =4h' M n- 1) +l WM n) +4h" M n+1)

. Egq (9 In equation (9), the filtered CURE h for
qur‘?gg%%'r'z?ﬁent OFDM synbol period is' determ negc&&@g@sggsms

the initial CIREs for the prew ous, current, and next

OFDM synbol peri ods. [0042] I n an enbodi nent, the

filtecing for a Ieftled OFDM synbol it that is

bor dehﬁ&lg)t?y*hm@ﬂ—cﬁlﬂgo 4htM(#+11)on the right side Eq()

may be perfdrmed as ' Tows: hM n) =2h' M n) +l h' M(i t +1)

Eq (10) 3- 3 In equation (10), the filtered C RE

BMGBib0To, e Gitfs N ENSEDH, YTl 1ReG il IGEDSELAERINSitiod i

|n| e current and next

derdMiseandaedd &?fhb%ﬁﬁal cﬂ@%ﬂfé} th%@ré\no&n‘e&%ﬂf%{d , nékPOFDM symbol

filtering for a "right edge" mbol it that is
[tmpdered by only OFDM synbol it -1 on the left side may

for ma follo hM (i t
oo %, P B4 ol 2 B b e et o
il h@W Ef."'l?@ﬁ‘mﬂ@s T UL R SRR SUE mll eI BB
synbol perlods [0044] In general, the tine filtering

of th erformed across an
nurr‘oeﬁMerSI &Mé&i 31&3?2:? repC]:DM synbol s. Furt%errmre,Eq(lO)

the tine f| tering rray be performed with a finite
i mpul se response (FIR) filter, e.g., as shown in

TaCkiiati O $1d)9 the flhél@d@ﬂ‘![R@ﬂM(anof fild Bhdrénti OPDM 8ymbol period is
response (HR) filter, or sone other types of filter.

deeminiad Hased (mgthﬁmyatlall GCIRHseforthe ptiremt, and rrgxt OHDMisyreiob] periods.
based on the yel oci e_recegiver,

rate o ,
10043] chang@san AMPREImERL 'ﬁ?afﬂ&% cﬁwsng}fth@i %PNL@Y@&@ n that is
Le
%Eé’%rﬁ@b? By AL oS b Ble B 0B B et iB 2, SR
(n) . The filtered CIRE hM (it) contal ns M channel taps
h, ( ropgh Each channel tap h,,, (it) ,
for n!llma’g &M 31‘1‘6182’5 l")omJI ex gain determ ned by Eq (11)
the wirel ess channél . The threshol di ng retains channel
taps with sufficient energy and discards weak channel

ThaRmatiiP (200 ORRGRE EIRE hLI29 06t A5 d8%ent IGFDM symbol period is

determined based on the initial CIREs for the previous and current OFDM symbol
periods.

[0044] In general, the time filtering of the initial CIREs may be performed across any
number of past and/or future OFDM symbols. Furthermore, the time filtering may be
performed with a finite impulse response (FIR) filter, e.g., as shown in equations (9)
through (11), an infinite impulse response (IIR) filter, or some other types of filter. The
filtering may also be adaptive, e.g., adjusted based on the velocity of the receiver, the

rate of changes in the channel conditions, the operating SNR, and so on.

[0045] The receiver may perform thresholding on the filtered CIRE h,,(n) to obtain a
final CIRE ﬁM (n). The filtered CIRE EM(n) contains M channel taps h ,(n) through

h u(n). Each channel tap E,,, (n), for m=1,...,M, has a complex gain determined by

the wireless channel. The thresholding retains channel taps with sufficient energy and

discards weak channel taps.



[00461 In an aspect, the thresholding is perfornmed in
accordance with a threshold paraneter and a threshol d.
To derive the threshold, the average channel ener

for
WO 2006/08%78 hannel taps-in hM (n) may be conput ed’cggls%osloosws

[0046]

[0047]

[0048]

[0049]

follows: ME.,(n)= hn(11) Eq(l%Z) M, n= where h(n) is
the mth channel tap in h,,, (n) , and E'ys (n) is the

aver Cc I Qf i | Lo .
[o0a 31 i REE e el CiRTER Y REbidalee it a dshold
paranidier ander tgsheoldaMoederiseahg yhresholll, tieaviehigesthahitk]l energy for the
paraneter, as follows: T,,(n)=PE.,(n) , Egq (13) where
Mbchannehtaps hr bg ko)l thapbe sompeted asntblibws: (n) is the
threshol d for OFDM synbol period n. The threshold
par anet er rra});/) %1'50 be called a threshold constant, a
scal ipg factbry o on. The threshold may al so be
def i (32"]_4,' d rh?mr@) "E,o.r (n), where E,,,,, (n) is Eq (12)
the total chanfhel energy and P = P/ Mis a revised
t hreshol d paraneter. [0048] In general, the threshold

)7 . ] ' n tities. The
vﬁ%ﬁ@ %@y iDfhedn ! haria;?fn i @ﬂ%ﬂ&

res d may be a function Yf the average channel

energ : SROWN i n
cquat L] 15 S TR RACATTOEORDM shnpolerbiar 1!
threshold may be a function of the noise energy, the

ener gy apembedimantrthe thregholdeisidenechbased papke average channel energy
t 0 hannel, ta nergy, and so on. [0049] The

aﬁ%@é‘?@%ﬁ?@%ﬁ&ﬁ%r%ﬁ?ﬁ?%&%gl ding of the filtared o RE,

as follows: h,,, (n) if I (n) I Z> Th(n) , la (n) =

for m&d=p-E ,, EQ (14) O otherwise , where h,,, Ea (13
(n) is',’(_—’%)he mf"ﬁMghannel tap in hM(n). In the 1(13)

enbodi nent shown in equation (14), the thresholding is

RS Iﬁ"ﬂ(ﬁ@)tﬁx%%dﬂi Basairoler bd T200Ms e RRHMIITBRORBIVI s3880l period

1
M (n). The energy of each filtered channel tap

., The (H}¥shoRl patREiee thaNslss BoRANQTa tiREsHNS tordht, a scaling factor,
threshold 7(n). The final channel tap h,,,(n) is set to

ahtheo bl The dtreshokdhmay alA® b2 GlefiheB 657 B ) =HCTE | JS20 0GheR5EZ5(n) is
12 tap h,,,(n) if the energy neets or exceeds the
thetotsd hbamhellénengy amdPisP¢M it arevésed threshodd parameter.

In general, the threshold T,(n) may be a function of any quantities. The

threshold may be a function of the average channel energy and the threshold parameter,
e.g., as shown in equation (13). Alternatively or additionally, the threshold may be a
function of the noise energy, the energy of some number of weak channel taps, the
strongest channel tap energy, and so on.

The receiver may perform thresholding of the filtered CIRE, as follows:

) ha(n) if 1B, @20,
h,(n) = for m=1,..,M, Eq (14)
0 otherwise ,

where % (n) is the m-th channel tap in ﬁM (n). In the embodiment shown in equation

m

(14), the thresholding is performed individually for each of the M channel taps in

EM (n). The energy of each filtered channel tap h (n) is computed and compared

m

against the threshold T, (n). The final channel tap fzm (n) is set to the filtered channel



[0050] FIG 4 illustrates thresholding for an exenplary
channel inpul se response estimate 400. The energi es of
the Mfiltered channel taps are shown by vertical |ines
WQR006{088786f er ent hei ghts at tap indices 1 thr-oREH/EA2006/85185
. threshold Th(n) is shown by g, dash Iine 410. Channel
taps W th energies above |ine 410 are retai ned, and
channel taps with energies bel ow | | ne 41
tﬁlé r’b.e(dl otfit the@e@anmﬁetss@ewqe%%ﬁm threshold daing; ﬁ@‘?ﬂ% &et to zero
reshold and Iine 410 (by increasing the threshold
%g ¥t er) may result in nore channel taps bei ng
zero u r
100501 5057 9CH 4 JUIFRRA, Bitaholdifh B0y 20 REu Y aRAh Bkt Rtponse
astimater 400c hEs edergiap of Hei Mgfl]t@'educhama Ep8 Sitd s}Eiv@ by vartital lines
the description above_are for one threshol din .
i diffemenihei ghéioat to isiges) RS o ks Eshplsh ?aﬂm Shoyn by 2

ot her manners. For exanpl e, the channel taps

dagh g 4 %m@xap@ﬂgtég% Wi sieagies @boven hRRA10; %rﬁsrerwdt gBh weak
ckﬂ%m{e? rt%& ?rpé er%@?})el?@/qm%qlot #@ zéyoe@oﬁf. ks ?zrufiﬁé ééfgg fl\f’]&nrl IP*'IG 4,

ap, until Sone percentfagé o

rai3ing] the feedipld andilisc4l0igy, inseming teabitshgd paraniuterp efayqtsult in
channel taps is zeroed out, and _sQ on. The percent ag )
herp QhaneeltensrieigiZasged At t Gonssksi lpweringtherthpshgld @gdiline 410

ER APl Bk o b RPLbS) 6 b RR 15l e etamea.
[0051] t hr esHIQ. di agl tRydatgnideatnsefe¢ Tedomn thrbsholding glbodiagst. The

m((n) inthe initial CIRE, without filterin 0053]
tfméhqlé'@émw alge pe pseformprd 1 ofhpr @F‘P@fhl\/fﬁy eXFAPI9a @d}gnnel taps

8 B 28300 8 ¥6rithe LBHEE | CimnbOlih S DHRSY ARl B, one

SO on. e recelve

oiiaynell €4p ate tBnd staAingGlidthe lwdakesy dBagy] tap§mﬂ$eme§£td&ﬂttage of the
HK (n) for all K total subbands based on the final

totaRenergy #)disgardedpsamupereentegeper. nurpher ok elanpel tanms 2¢eFRed out, and

3. Aot 5 P QefhmlFRl £y ¥ el R”d?aﬁﬁ%*eft Channel

[0052] ggflq r%s&él?ﬁ%sﬁaf % éﬁﬁggnélé'&\fgé théa %ﬁﬂ%ﬂa a) ?X 'IP«? kiltered
CRE YL ﬁeéehg?doﬁﬂfvet Hfie %&ﬁno@éln%uﬁﬁg%?ggﬁos S%R%ed on the ¢ gnnel taps

est mat es 054] Conputer si re perforne

ko) tih ehecinfriap CARE, WIthdvit Sitetiegn shown in FIGS. 2 and 3
wth K=1024, G=136, U=888, M=128, P=111, and C=108.

[0053] Si X drHef&EéiOér AR LA iRkt €MRE! l@%ﬁofdr%ﬁe{ﬂﬂglﬁ}%o&é% Su¥® as data
channel nodels and three combinations of code rate and

deedtibatlbgMikslitivederatie (TeLIs) d’ﬁmlgﬁﬁz&ﬁm It seat NE 6 exahndles theVi€eiver
2006/ 086786 . PCT/ US2006/ 005185 13 operating scenari o,

may daiveenfieal vhannehfequeney response @stihiafef Hlkém)' fdrhatlds hethldsubbands
par anmet er

based on the final CIRE h,, (1) with M channel taps. The receiver may then perform

equalization or matched filtering on the received data symbols in Y (n) with the final

A

channel frequency response estimate EK (n) to obtain data symbol estimates X, (n).

The receiver may also use HK (n) to compute LLRs for the bits of the data symbol

estimates.

[0054] Computer simulations were performed for the exemplary OFDM system shown
in FIGS. 2 and 3 with K =1024, G=136, U=888, M =128, P=111, and C=108.
Six different operating scenarios corresponding to two channel models and three

combinations of code rate and modulation scheme were simulated. For each simulated



val ues. The sinulations indicate that the threshold
paraneter has a |l arge inpact on both the quality of
t he channel estimate and performance. Tabl e 1@@/&&)6 00585

WO PEBEBd  par aneter val ues that provide theF

[0055]

[0056]

[0057]

[0058]

performance for the six operatiing scenarios sinul ated.

Table 1 - Threshol d Paraneter Val ues wi th Best

&e&& NRBR&io, gse PoRfatadw b dHhateRsbd 'd@efé?ﬁ QhreMﬁﬂdi Cﬂa?ameter
strl an VEHA (120 Knph) PEDB

dwes. (Thb Sinfulatidhs ihdicate-thht 0@ thfeshmmraﬁmte& Has 41arge rmp)acs On both

esanclifigon el GolTuHa gl PERBFARE. ndbles AR Hpethreshold
Mﬁrﬁctgp%\fﬂeé @haggtﬁ' ?H& the "Be&hﬁé}rﬁﬁaﬂé febd fhel Six@peratin scenanos

statistical chan se response an
simdlatet i ve  of how the communi catl on channel | ooks i ke
in the tine domain. A channel profile is dependent on

e obt ai TP b IRCoE 0 R iebY Bk G SeSLborORnE

codi ng —on data bl ocks sent across 12 GZDM er‘r‘nnl s in

four_ sl ot A _dat a bl qulal Ohysta! Eehidle A cal | ed PepestiielB
a Godifjgeand 3\4@%@1% Forviha gggIKrﬁﬁ,H;st el VEPIBD%JQQ{) Kmph)

fhg £ rr-i- at art o A+ A o F WA oA ot Ay
T

1ot
H-St ul HStef b alrt o ot CIHIC SO uulrUl L:I OSTCT

st arQESIé,tRaI@Q 55bot h| cl ust erB=Rase equal |power, Brd-Qhe

il [SE 1S alfull Si ction. [[0057] Fa
co '@Q‘M@ ﬁ‘%oderate ar‘fg1 r?u#)rl]latlon schene}fge 'Sres

-

a CRYQAM Rd{@;[)l5ﬂ'um bNR in grderast o achi gve a tapgetso

£l 104

O DRI N ]
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the required SNR for rate 0.55 with QPSK is | ower than
the reppiar s mivhs el th éﬁa?m@l pﬂ‘éfﬂé"rﬁ&ﬂe}sﬁfh% \Wi‘l'lﬁfb“}nsm the art.

| ower than the required for rate 0.55 wth 16-
E@halmeg profide rsmjslhtmnlcmlrmsdeﬂefmea chanmelyimepuleodeponat end is 1ndlcat1ve

[ es ponds to a higher qguired SNR. For a gjven code_ .
i B himiicabion ok 0% sk T8 tiechrae Bmes b G@mep rofile i
&ﬁ@h&lﬁ%nﬁ H'aﬁ@%%qeﬁ@bl e 1 indicates that a higher

reshol d paraneter value nay provide better
per f oFtreamesdtsan Tlableel arSI‘dIESauﬁeculrwmh tirgeedate ﬂ)lmhesizep and Thebo coding

Spratlonss s datton S QRDasamals ingRur dgr ok i deskmay o be
G B5a0RAT EARE! ARCOM aﬁmﬁa Q8 iR VEHAROBH SR firkitluster

codlng an ation schene, sone ot
qmat&aatfﬂ [ﬂH, $he sayndclastof sthtte aqompmnmmrciustm hawngqual power, and the

conbi_na f the ar ameters. Various operating
ESHLR ?“lben% HeRed to WO 2006/ 086786
PCT/ l@%goéérgﬁﬁ&t%ﬁl of code rate and modulation scheme requires a certain

minimum SNR in order to achieve a target block error rate (BLER), e.g., 1% BLER. In
Table 1, the required SNR for rate 0.55 with QPSK is lower than the required SNR for
rate 0.41 with 16-QAM, which is lower than the required SNR for rate 0.55 with 16-
QAM. For a given modulation scheme, a higher code rate corresponds to a higher
required SNR. For a given code rate, a higher order modulation scheme corresponds to
a higher required SNR. Table 1 indicates that a higher threshold parameter value may
provide better performance at lower SNRs for a given channel profile.

Table 1 gives results for some exemplary operating scenarios. In general, an
operating scenario may be characterized by a channel profile, an operating SNR, a
coding and modulation scheme, some other parameters, any one of the parameters, or

any combination of the parameters. Various operating scenarios may be simulated to




14 determ ne the threshold paraneter val ues that
provi de the best performance for these operating
scenarios. Different results nmay be obtained wt

h
WQQ0p/285d8f  system parameters, channel profi | ePGRIHEA086/005185

[0059]

[0060]

[0061]

[0062]

[0063]

and/ or assunptions. [0059] Thg proper value to use for

the threshold paraneter P nay be determned in various
DR

oFARTE S, M0 SURAELP Sl i AOOUE BELOTSEBRNEASEr e
opEretingy | sesndriyg. beDiftrentnrdyails binag obg Ubtebined | with atlifferesit system
enpi rical neasurenents, and so on, and may be stored in
parapgtsgs. Ghanngbpwiile madsleAnor assupptions.r ent ~ oper at i ng

scengt | ar eceiyer t.al - .
pased oo el BofE B ] Best R BERRL 17 thay Pl petprmped in

vai\RNBanrisl/ G ot Retbodiaerd NBiréshs] daprhine@b valubo that gﬁ:ovide good
recei ver. The threshol d paraneter val ue corresponding

performanee ciprr ¥pousp Operating sreBainsi anaYs heetdefeswpengds bymcomputer

the | ook-up tabl e and ed r channel sti i On.
s B arare R and 9 pfoaRhay b e plckrup table
THedehRerP thes co@bi CoRehtBSREnADd &t theXResvadnap Heakdceflained, e.g.,
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anot her enbodi ment, the threshold paraneter value P is

esfsnaditmed based on the nunber of channel taps in the
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e RRropefhtinBISNR. ThaBpahti®SSNRBhAPPe EtinkREd PiseB &n3éceived pilot

receiver, and possibly other factors. [0062] In yet
syinbole end/entredivad data symbotshrla gentral, g 1 threshgld par@meter value

iR B R85 SR afa BB Rlsh o pRPRRE e b used for a

I&&drigNat e, e.g., based on a TDM pilot or via sonme other
nmeans. The channel profile for the receiver may be

asceln yétrapdthenembodiment; éhenthesishold plaranyeterhvatirecl 1sssldctegl rased on

f ket R ahainen B 1 g GBS - THHeaNBRBofl HORS] dooday be
defeFeRBO by RARARRE: OF sHaHEs hed 367 Sifdt %n%ﬁ@iﬁﬁ,eﬂhg fnanner in which

hi gher quality channel estimate is desirable. For
ceananhdstimation sperformed af the peochventapd possabhly othen faches.

T TR TR NG TR T ——
ot heiph-quilay Ehati] estthatEd ThbIkceiver may obtain the high-quality channel
estimate, e.g., based on a TDM pilot or via some other means. The channel profile for
the receiver may be ascertained based on the high-quality channel estimate, and a
threshold parameter value may be selected based on the channel profile.

In an embodiment, a new threshold parameter value is selected whenever a
higher quality channel estimate is desirable. For example, a new threshold parameter
value may be selected if a packet is decoded in error. The new threshold parameter

value may be obtained as follows:

P, =P,+AP , or Eq (15)

new

P

new

=F,, —AP



Pne,v = Po+d - AP WD 2006/ 086786 PCT/US2006/ 005185 15
V\,here PO1d is the old/current threshold paraneter
Ple,y is the new threshol d paraneter val ue, and

ue,
WOA@“?’%“?:{“step size, which may be set to-0.25 QCT4ERA06/005185
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ot her val ue. [0064] A new chfgﬁnel estimate may be
derlved based on the new threshol d paraneter value and
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ynbol s for unused pi |l ot subbands. A CI RE processor
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h d 5
iy e Useb e SuPoct Rockel” deiietiaf ph & ne ol dpRiamphE agtue may
al@@b&% %y&mf%wsﬁsbsﬁmlpmet%ﬁ@w in equation (6),
techni que shown in equation (7), the robust

MVBEFTEchshaysea blookdiagram efjareeibedin)t, ofhasustestimater/processor

T RrEIEHE vy shaipel Fomeotsitess St it ASmRReIcE Remod
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the current sy eriod Cont r ol
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514 may derive the initial CIRE based on the least-squares technique shown in equation

(6), the MMSE technique shown in equation (7), the robust MMSE technique shown in
equation (8), or some other technique. A filter 516 filters the initial CIREs for different
symbol periods, e.g., as shown in equations (9), (10) and (11), and provides a filtered
CIRE for the current symbol period.

Controller 190 ascertains the current operating scenario and selects an
appropriate threshold parameter value for the current operating scenario. Memory 192

may store a look-up table (LUT) of different threshold parameter values for different

operating scenarios. A threshold computation unit 520 derives the threshold T, (n) for

the current symbol period based on the filtered CIRE and the threshold parameter value,



may store a | ook-up table (LUT) of different threshold
par aneter values for different operating scenarios. A
eshol d conputation unit 520 derives the threshol d

WO?P%/O@WS“for the current: symbol period basedPSHUSHWO/00518S
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filtered CIRE and the threshgid paraneter value, WO
2006/ 086786 PCT/I1S2006/ 005185 16 e.g., as shown in
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determ ned, and the threshold is derived based on the
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with energy Iless than the threshold are zeroed out to
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nproved channel estinate may be desired if a
packést d¢tsmdeaimgd then mede whethef an frepravedhehaning] estisate fsodesired

24, and | n n_condi t,i on
RS0 K2, 2R Tdplelye oz} Bl AR S8 A Paaf g Hgtket is decoded in
elor APy aMdldreisi YeselfeC bRk 6240and bﬁ’a termination condition is not

encountered in block 626, then a new threshold parameter value is selected, e.g., by
varying the current threshold parameter value by AP (block 628). The process then
returns to block 620 to (1) determine a new threshold based on the new threshold
parameter value and (2) derive a new second CIRE by zeroing selected ones of the
channel taps of the first CIRE based on the new threshold. Blocks 620 through 628 may
be performed any number of times until a termination condition is encountered. If an
improved channel estimate is not desired, as determined in block 624, or if a termination

condition is encountered, as determined in block 626, then the process terminates.



[0070]

[0071]

[0072]

[0073]

varying the current threshold paraneter value by AP
(bl ock 628). The process then returns to block 620 to
2{# determ ne a new t hreshol d based on the new

UM% -paraneter value and (2) derive a H&H/SBOWAES18S
ClRE by zeroing selected onegy0of the channel taps of
the fi rst Cl RE based on the newthreshol d. Bl ocks 620
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R eb SO he Bk serdt RVeBABAL the described functionality in
varyi ng ways for each particular application, but such

i mpl a‘henvaaiousrilldsimtis,'bolmgicshdllrbodtsnmodulasj ranér giraite ddeasribed in
causjng a.d ure from the scape of, the prese
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grammabl e” I ogli ¢ device, discrete gate or transistor
hbmm cA gdmerdrp&ulmsla @rcnmmoemagdnmaan&mlxoce@sorab\;t in the alternative, the
conbi nat i onb t hereof designed to perforlin the functi f)
DEPSESSPT jRay be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
iCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,

EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other



herei n. A general purpose processor may be a
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make or use the present invention. Various
nodi fications to these enbodinents will be readily
apparent to those skilled in the art, and the generic
princi ples defined herein may be applied to other
enbodi nents wi thout departing from the spirit or scope
of the invention. Thus, the present invention is not
intended to be limted to the enbodi nents shown herein
but is to be accorded the w dest scope consistent with
the principles and novel features disclosed herein. 19
CLAIMS 1. An apparatus conprising: at |east one
processor configured to derive a first channel inpul se
response estimate (CIRE) of a channel, the first CIRE
having nul ti ple channel taps, to select a threshold
paranet er val ue based on at | east one operating
criterion of the channel, :



derive a threshold based on the threshol d paraneter
value, and to derive a second CIRE by zeroing out the
mul ti pl e channel taps with gnergy |ess than the
threshold; and a nenory c&ﬁpled to the at | east one
processor. 2. The appar &@]ggﬂq;? claim1l1, wherein the at
| east one processor derives the threshold further
based on the nultiple channel taps. 3. The apparatus of
claim1, wherein the at |east one processor detern nes

I an AavepageiseépdPyynef the mul tiple channel taps, and
deriyv t l.de - e
enep g st iE Fr R Rt AU Ao o SRabL? IS ARpons

estr®as (CIRB qraodrasdr thaster@@mbavang shiiipethammef fabg th select
the channel and selects the threshol d paraneteé vaLue

a thygshedd parameiee valvg basad Qi Brlpast onsoperpingpaner asthgrchannel,

claiml1 rei,n .t e I > '
cefi Dyl FREUTLOE BhhrshrPR NPER e A8 Lkt
CIRRayt i&&z%% outtheahaliipleecharad] ugps ials eaergy 1dshehapide ahrestppld;

SNR. 6. e apparatus of claim1, wherein the at |east

andne processor selects the threshold paraneter val ue

based on the en n for the first CIRE
7. ?W§m§35§95@§£9%%6%[g%ﬁ%ﬁ?g&ﬁégﬁfn the at |east one

processor ascertains whether a packet received through
the channel is decoded in error and, if the packet. is

2. decddlechpparasisr o claise| leothsrein bevat fgask Ra @rosapsreicayes the
val and derives a new second ClIRE by zeroing out
thrg%oﬁc&u&hlelb gd 8¢ %?eﬁguﬁﬂ}eﬁ%ﬁ%el g%)ghnel taps based on the

new t hreshol d paraneter value. 20 8. The apparatus of

claim1, wherein the at |east one processor selects
3. di f flbe epparatusrod stedind]  pelcaeintthe ay khsieneamecaseeri deseymines an

il EHER ol RECRHAPK Davirer Toadeife kbR a0

ontRCRleVRd ehBiQugh the channel is decoded correctly or a
termnation condition is encountered. 9. The apparatus
of claim1, wherein the nenory stores a table of

threshol d ar ter values for different operating .
4. scenBF iB8araiR O HERE il WRE A 8olsesiciE Pigebeasasitains 2

chflef gf"cﬁ'ﬂ@ s @f chiitel BAESNAS tk[légt‘h?e[%'ﬁ& 18" paYhMESvARS 86ke@n

current operating scenario. e apparatus of claim

thelchanid pedfilet he at | east one processor obtains received

5. The apparatus of claim 1. wherein the at least one processor ascertains an
operating signal-to-noise ratio (SNR) and selects the threshold parameter value

based on the operating SNR.

6. The apparatus of claim 1, wherein the at least one processor selects the

threshold parameter value based on the number of channel taps for the first CIRE.

7. The apparatus of claim 1, wherein the at least one processor ascertains
whether a packet received through the channel is decoded in error and, if the packet
is decoded in error, selects a new threshold parameter value and derives a new
second CIRE by zeroing out selected ones of the multiple channel taps based on the

new threshold parameter value.



pil ot synmbols for subbands used for pilot transm ssion
and derives the first CIRE, based on the received
pil ot synbols. 11. The appa@tus of claim1l, wherein
the at | east one processor obtains received pilot

8.y nMbHeSaphafatiWIREAGS] , WaRekih e Niltt ofid POSEHsSSiePdtts different
provi des zero synbols for zeroed-out pilot subbands,

thegalepd eperapestert yrdugsi ensh denivee difiiereridseepnd RéREe basedeen giel Bist

h nbol s. 2. . of.
CIRHRR e et uF RS SRR vifies D LBREEP BBl drppen
thé Ehdhel ICHRE d0@s6 ey Jr@asiminAA @Rditioh 7 SAISLARAM. Squar e

error (MVBE), robust MMSE, or zero-forcing technique.
13. The apparatus of claim1, wherein the at |east one

procgssor derives initial .ClREs for ltiple s ol
9.per Hepably ¢kl dr vlerai I Triruatried g b Mitgshoid
patdiEeOValhiéd t&' dif@rdnd@pbtihk aberfakiBESandl dherki® (RO BANGEUSNe

of claim1l, wherein the at | east one processor derives
progeissaraelecGl REffthe thyashodhpargymtsolvalyes basgd ca curesss operaang

rior synbol period, and at | east one future synbol
C%ﬁ?@od based on received pilot, and derives the first

CIRE by filtering the initial CIREs. 15. The apparatus

of claim1l, wherein the at | east one processor derives
10. ni tThel app@laREs ffetaimclu wherdin sherdy ddastparel mdceapat abtaihemstived

.one ior.s ol ,period based on. receiyed . pilot, an
Pl@érw%%lstfﬂkgﬁﬁﬂg@? Eﬁeﬁé%ﬂm RSN A Apivesae GripsIRE
baddd ontie rdddf @B @tto19f claim 1, wherein the at |east

one processor deri'ves initial CIREs for current synbol
period and at |east one future synbol period based on
recejved pilot, and derives the first CIRE by filtering

i he Thsiappaiatugakelaimily wharet the i lasinpiie pergsorebiaing segeiyed
o 55530 ElbEhTRULSS AR B

P A b R, P R T Bk s for

zesedeant ipiigt sulibandss lnal diepacsathet fast CHR b babaisedl tanraativee aslot
one opgrating criterion of the channel; deriving a

sypbplsang e 255 8¥mbISt he t hreshol d parameter val ue; and
deriving a second CIRE by zeroing out the nultiple
channel taps with energy Iless than the threshold. 18.

12The Thetdpparanss of lcadim I hevdig £l 01 1éReoxep@Cédstidderives the first
conpri ses;

CIREngJased on least-squares, minimum mean square error (MMSE), robust MMSE,

or zero-forcing technique.

13. The apparatus of claim 1, wherein the at least one processor derives initial
CIREs for multiple symbol periods based on received pilot and derives the first
CIRE by filtering the initial CIREs.

14. The apparatus of claim 1, wherein the at least one processor derives initial
CIRESs for current symbol period, at least one prior symbol period, and at least one
future symbol period based on received pilot, and derives the first CIRE by filtering
the initial CIREs.

15. The apparatus of claim 1, wherein the at least one processor derives initial
CIREs for current symbol period and at least one prior symbol period based on

received pilot, and derives the first CIRE by filtering the initial CIREs.



determ ning an average energy of the multiple channe

taps; and the deriving the threshold conprises:

deriving the threshol d bas ﬂ on the average energy and

the threshol d paraneter valde. 19. The nethod of claim

17, wherein the selecting the threshol d paraneter val ue

conprises selecting the threshold paraneter val ue based
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error, selecting a new threshold paraneter val ue, and

deriving a new second Cl RE by zeroing out sel ected ones
17of #hgwgﬁﬁﬁpﬁwgﬁnéhannel taps based on the new

t hr ; . : ' 7

f r Chay MBS ERhEE! HRE reghncd DARL SEHREY ofd BRIt ihe
firsty@IiRG) hap@trg disiphasadndnapsecei ved pilot, and wherein

the deriving the first CIRE, conprises filtering the .
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: r S rising: means for deriving a first
C“%ﬁgﬁﬁgﬁMﬁﬁ%gﬂge response estimate (CIRE) of a channel

t he detivislg aGhiREhdlaviadged omihé thp¢sBokinRRiedtet widss; angans f or
sel ecting a threshold paraneter value based on at | east
one degpagatseepdcr IREebY seroti auh theanfinlsl chapied papsygih energy
rivin t hy eshol d based on the threshol d paraneter
le§§Vﬂgbegﬁ%mO#Lans for deriving a second ClI RE by zeroi ng
out the multiple channel taps wth energy |ess than
the threshold. 23. The apparatus of claim22, further
18¢c onphiesnaied plecltisn | brwhyediethe sslengnaeprapiéicage ener gy of
t he Itﬂfleachannel ta S; mheée'q:thglgeans or
der i VITYPREAT AT LRSS SThYhe BHUPHERETS S350 vi ng
t he thddesiial dhd Asechod chidPrigse HaGEnENRE PresHAd 1A on the
t hreshol d paraneter value. 24. The apparatus of claim

average gipegiedml thh¢hradwhdpdrametsebadut.i ng the threshol d
par anet er val ue conprises neans for selecting the
t hreshol d paraneter val ue based

19.  The method of claim 17, wherein the selecting the threshold parameter value
comprises selecting the threshold parameter value based on channel profile of the
channel, operating signal-to-noise ratio (SNR), or the number of channel taps for the

first CIRE.

20.  The method of claim 17, further comprising:
ascertaining whether a packet is decoded in error; and
if the packet is decoded in error.
selecting a new threshold parameter value, and
deriving a new second CIRE by zeroing out selected ones of the multiple

channel taps based on the new threshold parameter value.

21. The method of claim 17, further comprising:

deriving initial CIREs for multiple symbol periods based on received pilot,
and wherein the deriving the first CIRE comprises filtering the initial CIREs to
obtain the first CIRE.
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taps for the first ClRE 2? The apparatus of claim 22,
further conprising: neans ar ascertai ni ng whet her a
packet is decoded in error: neans for selecting a new
threshol d paraneter value if the packet is decoded in
22er r dim; appadtseangprikog: deri ving a new second CIRE, if the
packet is decoded in error, by zeroing out selected
one&cghs {edaiying BIigscelamneg IS KaREde SRIPAL ((dRE) of a
r . 1e apparatus of claim
Chgz’g‘?ﬁil%%%%?ﬁ%ﬁ%ﬂ’gfnﬁﬂg&?‘;lé&aﬁ‘@fta R ng initial

Cl Rngeahorfomsélettpge asphidsabldppirbmdsr based based oecei ed one
pilot, and wherein the neans for deriving the first
OPGRIER erHAIPN SEe BaSl: for filtering the initial C REs

to %%taﬁé H)rtdgﬁvifnig " ShreStldRFbased on the threshold parameter value; and
means for deriving a second CIRE by zeroing out the multiple channel taps

with energy less than the threshold.

23.  The apparatus of claim 22, further comprising:
means for determining an average energy of the multiple channel taps;
wherein the means for deriving the threshold comprises means for deriving

the threshold based on the average energy and the threshold parameter value.

24.  The apparatus of claim 22, wherein the means for selecting the threshold
parameter value comprises means for selecting the threshold parameter value based
on channel profile of the channel, operating signal-to-noise ratio (SNR), or the

number of channel taps for the first CIRE.

25.  The apparatus of claim 22, further comprising:

means for ascertaining whether a packet is decoded in error;

means for selecting a new threshold parameter value if the packet is decoded
in error; and

means for deriving a new second CIRE, if the packet is decoded in error, by
zeroing out selected ones of the multiple channel taps based on the new threshold

parameter value.

26. The apparatus of claim 22, further comprising:
means for deriving initial CIREs for multiple symbol periods based on
received pilot, and wherein the means for deriving the first CIRE comprises means

for filtering the initial CIREs to obtain the first CIRE.



