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ABSTRACT

Co-Channel Interference (CCI) is one of the major bottl&aen
the performance of today’s densely planned wireless cellsys-
tems. A receiver equipped with multiple receive antennabksarf-
ficient computational budget typically exploits the spatienen-
sion and iterative processing between the detector andtthe-c
nel decoder to suppress this interference. In this papemproe
pose modifications in the standard iterative turbo proogsisased
CCI suppression to especially boost the receiver perfocamam a
dominant CCI scenario. Performance gains of 3-5 dB are stiown
be achieved over the conventional iterative approachearfdiTE
uplink system.

Index terms — lterative Receiver, Turbo Equalization,
Interference Suppression, Co-Channel Interference

1. INTRODUCTION

A growing demand for better spectral efficiency in wirelesfz

lar systems pushes for a diminishing spectrum reuse fadtbis
allows, on one hand, the same set of resources to be reused i
much smaller neighborhood but on the other hand leads tagrisi
Co-Channd Interference (CCI) levels that ultimately limit the per-
formance of conventional receivers.

Having multiple receive antennas allows a receiver to Sgxpr
the co-channel interference via exploitation of its spat@rela-
tion. Additional redundancy in transmission, for instarme chan-
nel coding further helps an interfered receiver to impraseletec-
tion performance. Among the two extremes of the optimaltjde+
tector and the linear equalization-based detector, iterdetection
[1, 2] offers a nice trade-off between performance and ceripl
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Figure 1:LTE Uplink (DFT-SOFDM) System ModelN; denotes the num-
ber of OFDMA sub-carriers assigned to the desired user.

frequency domain [4]. Incorporating the additional DFT ddat
transmitter (having single transmit antenna) and the spoeding
Inverse DFT (IDFT) block at receiver (haviniyl receive antennas),
the overall system model atth receive antenna is depicted via the
block diagram in Fig. 1. Witk € CNe denoting the vector of trans-
mitted frequency domain samples of the desired user, treviest
rgquency domain vector atth antennaym € Ce can therefore be
expressed as

ym(€) = Hm(0)x (L) + &m(£) 1)

where? € ¢ is the OFDM block index andd, € D' is the di-
agonal frequency domain channel matrix containing @mannel
Frequency Response (CFR) coefficients of the desired user along
its main diagonal whiley, denotes the impairment vector. Besides
the thermal white Gaussian noise, an additional impairrtiezitwe
consider in our system is the presence of strong co-chantegt i
ference. In the context of uplink cellular communicatiotig co-

In this paper, we propose a few modifications to the convenchannel interference may well originate from one or moreilaim

tional turbo processing based iterative receiver to bdegperfor-
mance especially in CClI limited scenarios. Precisely speakve
propose improvements in the estimation of interference phise
covariance matrix and suggest better exploitation of thisrima-
tion for iterative channel estimation. Furthermore, wepose to
revise the estimate of interference plus noise covariarateixr(to
be employed in detection) by incorporating the fresh chhast-
mation errors in each iteration. The effectiveness of tlupased
modifications is analyzed and confirmed HXtrinsic Information

Transfer (EXIT) charts and block error rate curves. A performancetivmy while nm

improvement of 3-5 dB is achieved over the conventionahbtiee
receiver for an LTE uplink system in a dominant CCI scenario.

2. SYSTEM MODEL

Although the proposed set of modifications is applicablentyp i&
erative receiver, the description as well as the performamalysis
in this paper is adapted toZiscrete Fourier Transform Spread Or-
thogonal Frequency Division Multiplexing (DFT-SOFDM) system
such as the one in LTE uplink specifications [3]. Owing to tbha-c
ventional OFDM processing, the system model diagonalizésea
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users located in the neighbouring cells and assigned the pam
tion of Orthogonal Frequency Division Multiple Access (OFDMA)
spectrum as the desired user. Thus the residual Sigreator &y,
can be expressed f@ co-channel interferers as

Q
em(l) = ler,‘mm<fz)m?m(z>+nm<£) @)
q:

where H|l, € DNe andz)] denote the unknown interferer chan-
nels and transmit vectors (similar to those of desired usspec-
denotes the white Gaussian noise. For notational

INotation: Small bold faced symbols denote vectors whildtahpold
faced symbols denote matrices. The@gp, D respectively denote the set of
complex, positive semidefinite and diagonal matrices. Bklsdenotes the
modulation alphabet. The operatorE e |2,(e)*, ()" stand for expecta-
tion, absolute value square, complex conjugate and hamigspectively.
The notation| e | used with a set as its argument, denotes the cardinality of
set. Overhead ande are used to denote the estimate and expected (mean)
value of a variable, while sans serif small case letters seel tio represent
realizations of random variables.

2The term residual signal would be used for the undesiredférnce
plus noise signal.



convenience, we may vertically stack the received signalldahe
M antenna elements to get the following compact system model,

y(0) = H(O)z(€)+e(0) 3
. T T
with y = [y] 3] yy] ande=[e] & &)

being MN; dimensional vectors, whileH € CMNexNe reads

T .
asH =[H] HJ HY,| . The overall interference plus
noise covariance matrix

Re, Re, R, ),
sza sz.z REz.M MN,

Re = . . . e P 4)
REM.l REM.Z REM.M

with Ry, , = qu:1 E[H HﬁmnH] + Ry, can be seen to be
composed of diagonal blocks and being spatially coloured.
Besides the information bearing blocks, we also consider th
transmission of intermittent pilot blocks that are typigarovided
in cellular standards to allow for pilot-aided channel mstiion at
the receiver. We use the OFDM block indéx 2 andp € & in
place of¢ € . (c.f. (3) for instance) to distinguish respectively
between the data and pilot blocks wherever necessary. Th&/se

and .2 are naturally mutually exclusive aduU &7 = Z.

The channel estimation block can also be configured to exploi
the apriori information generated by the channel decodedas-
cated in [9, 10] under the name of iterative (turbo) chanrsti e
mation. For an co-channel interference dominated scengtjo
proposed the conventional soft feedback baSedsion Directed
Channel Estimation (DDCE), while [11] proposed thérecursive
Least Squares (RLS) based adaptive channel estimation techniques.

Since channel estimation is pursued independently for aach
tenna, a quick intuitive analysis reveals that it is unabldéne-
fit from the spatial suppression of co-channel interferesoe as
such forms the bottleneck for the overall detection perforog in
a strong CCI environment. Although schemes such as [7, 10, 11
above, bring in the channel estimation procedure into emtitve
framework, they help primarily to track channel variatidrester by
effectively creating virtual pilot symbols (Soft DDCE). Ui these
methods are of great help in high mobility or highly frequese-
lectivity scenarios, but once the impairment comes fromrgtrco-
channel interference, iterative channel estimation aseiban not
promise significant gains.

4. PROPOSED ITERATIVE FRAMEWORK

Thus we need a strategy that exploits the available apmdoi-i

In the sequel, we focus on the suppression of co-channel arfiation of the coded bits in a way that the co-channel interfee

inter-symbol interference from the perspective of a réalise-
ceiver, whereby we handle the tasks of parameter estimatidn
incorporate the resulting estimation errors into our asialy

3. PREVIOUS WORK

With the target of improving the detection performance & tle-
sired user in an interference limited scenario, a numberpef a
proaches have been investigated in the past. Broadly sggadkese
can be categorized into iterative and non-iterative sclseing only
iterative schemes fall into the scope of this analysis.

The pioneering work on the iterative turbo processing betwe
channel decoder araximum Aposteriori Probability (MAP) sym-
bol detector was presented in [1]. A low complexity variarat;
placing the optimal exponential complexity MAP detectothna
combination of softnter-Symbol Interference (I9) canceler, linear
Minimum Mean Sguare Error (MMSE) equalizer and an apriori in-
formation aware demodulator was proposed in [2] and redcaad
version thereof in [5]. Adapted to our system, it impliestth&
ter pilot-aided channel estimation, we first estimate tierfarence
plus noise covariance matrix and pursue$patial Whitening (SW)
and Maximum Ratio Combining (MRC) for spatial suppression of
interference, and then employ the apriori info based MMSiakq
izer and demodulator for residual interference supprasdtmnally
the channel decoder is configured to produce besides thesaipois
Log Likelihood Ratios (LLRs) of information bits, also the extrinsic
LLRs of coded bits. These extrinsic LLRs of coded bits ses/tha
apriori information for the detector in next iteration. Ti@cess is
repeated until convergence is achieved.

In order to allow the spatial interference suppression (SW &

MRC) to benefit from the apriori information generated by the
channel decoder, [6] proposed to revise the estimate offémte
ence plus noise covariance matrix in each iteration by éxpipthe
fresh apriori information of the transmitted data symbdldis is
achieved by estimating the residual signal from data blasksell,

by using the apriori estimates of the transmitted sub-eri The
residual signal estimates of data blocks, along with thdsgilot
blocks, are then used to obtain an improved estimate of thtasp
interference plus noise covariance matrix in each itendfio 8].
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suppression aspect of the iterative receiver can be imgrohethis
end, we propose three modifications. First, to update thmatst
of interference plus noise covariance matrix along theattens,
by taking into account the relative reliabilities of theidesl sig-
nal estimates from the data and pilot blocks. Second, todugor
the channel estimation performance in each iteration bgrpe
rating the feedback on the spectral variation of interfeegpower.
And finally, to incorporate the impact of channel estimatisrors
in the estimation of interference plus noise covarianceimti be
employed for SW and MRC. These modifications improve the spa-
tial interference suppression aspect, while the conveatiapriori
information based MMSE equalization [2, 5] help in temparal
terference suppression. The performance of the proposeativie
framework is analyzed via EXIT charts and low number of iera
tions is found to be sufficient to attain convergence.

A block diagram of the proposed iterative receiver framéuwsr
shown in Fig. 2. A comparison with previous approaches stibats
the lower portion of the diagram involves primarily threer@men-

~ D
y(0) (sw/ Apr MMSE |3()( Demod) -6« (Delnten)-a{ De- |Lano
RN IDFT
MRC Eqz ulator leaver code
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© 5(d) Soft Sym m
Map J l—Epr leaver L2,
Int + Noise
Cov Est 2 DFF]
y(0) =(d) Novel Aspects:

- Incorporation of relative reliabilities of
data and pilot blocks vig(¢) while esti-
mating interference plus noise covariance
matrix.

- Incorporation of spectral colour of in-
terference during channel interpolation.

- Revision of interference plus noise co-
variance matrix prior to SW/MRC to in-
corporate fresh channel estimation errors.

Figure 2: Block diagram of the proposed iterative receiver framework
adapted to a DFT-Spread OFDM system.



tioned novel aspects which are discussed more elaborat&ed-
tions 4.2, 4.3 and 4.4 respectively. We present the disoussithe
reverse order — elaborating how the feedback from the chalene
coder is exploited by various blocks in the iterative reeeishain.

4.1 Transformation of extrinsic LLRs to soft symbols

Besides the aposteriori LLRs of information bits, the chedrde-
coder is configured to produce the extrinsic LLRs of coded &
well. These extrinsic LLRs represent the new informatiomegated
in each iteration by the decoder via exploitation of the csilac-
ture. Adherence to the turbo principle [1] requires thatfdeelback
is constituted of this new information only lest small cyechould
limit the gains of the iterative procedure.

The extrinsic LLRs of the coded bit$)}, are interleaved back to
generate the apriori information for next iteratiof,l= (L33
The Soft Sym Map block in Fig. 2 transforms these LLRs to soft
symbols. First, the bit probabilities are obtained as [2],

Lgp,<cq,n>>> .
) q —

2
which under the assumption of independent consecutive LLR
(owing to interleaver), lead to symbol probabilities(fr=s) =
MgPr(Cqn = cq) Where{cy,ca,...,cq} are theQ = log,(|M) bits
that map to the symbal € M. These are then used to obtain the
expected (soft) value of the symbolsss=S scpsPr(sh = s) and
the corresponding reliability measured by the variance
S Is2Prish=9)

ol = ( ) — |52
seM

The linear transformation via DFT can now be used to arriveeat
apriori information of the transmitted frequency domaimgées,
so that ifs(d) € C\e denotes the vector containing data symbol
expected values, the vectetd) = F5(d) € CNe (with F being the
Fourier matrix) contains the apriori information of the dtency
domain samples.

1

Pr(cq,n = Cq) = E <l+ (12cq)tanh<

©)

4.2 Estimation of interference plus noise covariance matxi

Given the apriori information of the transmitted data b®dcks

z(d) € CNe, we obtain (c.fRes Sg Est 1 block in Fig. 2) the resid-
ual signal estimates by subtracting the expected conivibbaf the

desired user’s sub-carriers from the overall receivedatignget

Bd)=y(d)-A@)Ed) decz ©)
pe @

E(p) =y(p) — H(p)z(p)
for the data blocks and pilot blocks respectively. Colbegdii la-
beled asé(¢) with £ € ¥ = 2 U 2, these can now be used for
updating the estimate of interference plus noise covagianatrix.
However, the relative reliabilities of the residual sigeatimates
obtained from pilot and data blocks must be taken into adcoun
Unlike the transmitted vectors for the pilot blocks whiclke &nown
accurately in (7), the transmitted vectors for the dataksdan (6)
could only be estimated based on the feedback from the deaade
therefore may be incorrect. This introduces an additiomgdair-
ment arising from possible errors between the transmitiedptes
and their estimates, i.e. if we let(d) = x(d) + e(d), with e(d)
being the error vector for blodl, then the residual signal estimates
for the data blocks can be expressed as

&(d) = e(d) + (H(d) - H(d)) z(d) - H(d)e(d)  (8)

3The superscript D and E on LLRs signifies their associaticth Die-
coder and Equalizer respectively.
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which in contrast to the similar expression for pilot blocks
&(p) = &(p)+ (H(p)— H(p)) z(p) ©)

has an extra impairment teri# (d)e(d) that directly depends on
the quality of feedback from the decoder. In order to takeréthe-
tive reliabilities of pilot and data blocks into account, im&roduce
block dependent scalar weighting factgg) while obtaining the
interference plus noise covariance matrix estimate (otf+ Noise
Cov Est 1 block), i.e.

HSS 2 aH

s GPRICLOC
It should be noted that all prior iterative CCI suppressiohesnes
such as [6, 7, 8, 11] considg(¢) = 1 for all £ € .Z, i.e. disregard
the block reliability while estimating?ZS. The superscripte)=S
emphasizes thaﬁléssis just a sufficient statistic. The structural con-
straints, such as block diagonal nature, are imposed kataptain
the improved estimate a&; [12, Ch. 3].

The value ofy(¢) needs to be chosen keeping in view the rel-
ative reliability of block?¢. Precisely speaking, it should lie in the
interval [0,1] and be monotonically decreasingdgf(¢), the mean
gariance of the expected symboils (c.f. (5)) of the bléck simple
heuristic choice that fulfills these requirements is,

v(0) = 1—(aZ(e)" (12)
with r being a positive integer controlling the behaviouryod) as
02(d) i.e. the uncertainty increases We choose the value of
such that the contribution in estimati@, from data blocks are
trusted only if their block mean error variance is sufficigrhow.
This implies the following condition to hold approximately

Y (1= (@) )~ 3 (1-(02(m)*)
dez peZ
whereby puttings2(p) = 0 and assuming that2(d) ~ g (relia-
bility threshold), we finally expressas a function of the threshold
and the number of pilot and data blocks as follows,
~ log(a?)
~log(1-|2|/12])

For LTE uplink specifications with &?| = 2 pilot blocks and
|2| = 12 data blocks in each subframe, we get 25 andr ~ 12
for 02 =102 and 101 respectively.

The impact of the proposed block dependg(tt) on the re-
ceiver performance is analyzed by the following EXIT cur{&3]
for the different reliability assignments to data blocksiletupdat-
ing the covariance matrix estimate. We consider SNR leviel20o
dB and 18 dB and plot in Fig. 3 the curves for the input vs. out-
put Mutual Information (MI) of the detector (the combined block of
SW/MRC, MMSE Equalizer and Demodulator). For the case where
we do not include data block’s residual signal estimaygg)(= 0),
we observe only a small but monotonic increase in the outgw@sM
the input Ml increases. Incorporating data block’s resicignal
estimates (d) # 0), we note a significant gain in the output MI,
for the high input Ml i.e. once the apriori information is neare-
liable. But at low values of input MI, we observe a decreastnén
output MI owing to the heavily erroneous residual signainestes
being used for the covariance matrix estimation. This énplthe
introduction of the parameter Higher values of, for instance
r = 18, help us not only to retain the good performance at the low
feed back quality but also to achieve significant gains athibh
reliability region of feedback symbols.

(10)

(12

(13)

“Note that owing to no uncertainty in pilot blocks i.e2(p) = 0, we
havey(p) = 1 regardless of
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Figure 3: Equalizer EXIT characteristics obtained for differentues of

the estimation parametetto be employed for computing the reliability val-

uesy(¢) while estimatingR, from the pilot and data block residual signals.

i
0.2 1

4.3 Exploitation of feedback during channel estimation

Given theleast Squares (LS) estimates of channel at pilot positions,
we discuss now the strategy for interpolation to data passti(c.f.
Ch Est/Interp block). To this end, we employ the conventional 2-
D MMSE filter. However, unlike the earlier proposals [7, 1df f
turbo channel estimation in presence of strong interfeverpro-
pose to exploit the information fedback about the specaehtion
of interference power. This additional information can ki¥acted
from the diagonal values of the updated interference plisenmo-
variance matrix estimate in each iteration and could be tsed-
sign different interpolation weights to the pilot CFRs affatient
locations depending upon their local interference plusepower.

Let hp = hp+ & being theNp dimensional vector containing the
LS pilot estimates to be employed for interpolation at aipaldr
data positior?. The 2-D MMSE filter for estimating the data CFR
H(f,d) at f-th sub-carrier of thel-th block can be given as

wymse = (Rn+Rg) (14)
where Ry, = E[hphg] andry = E[hpH(f,d)*] are determined by
the 2-D channel correlation sequence for which we proposento
ploy the Least-Favorable 2-D channel correlation sequésrce-
bust performance [14].R; = E[¢€"] € D™ denotes the covari-
ance matrix of noise plus interference after LS estimatima, can
be readily constructed from the original covariance magstimate
R;__atthe given antenna.

Unlike the prior art approaches in [7] and [11], we propose
to exploit the information about the spectral colour of ifeeence
in each iteration. To this end, the diagonal covariance imadR;
is constructed by taking into account the varying interfieeeplus
noise power along frequency. The time variance of the iaterfce
plus noise power may also be incorporated in a similar fasHiat
for the motion scenarios of interest it is deemed not necgssa

With the estimate ofR; improving along iterations, both in
terms of mean interference plus noise power and its vaniaiong
the sub-carriers, the overall channel estimation/intietpm perfor-
mance is boosted. The updated set of channel estimated={g.f.

2) in each iteration are denoted Ifj(ﬁ) to distinguish them from
the previous estimateBl (¢) which are used for the estimation of
interference plus noise covariance matrix for channeieston.
The impact of exploitation of spectral colour of interfeceris
analyzed and presented later via simulation results in &igThe
results confirm that channel estimation performance in aiiant

5Note that in this sub-section we drop the antenna inidecause the
channel estimation is pursued independently for each mateThus the
vector hy contains pilot estimatelé(f, p) for various frequency and block
indexesf andp respectively of the given receive antenna.
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CCl scenario remained a bottleneck for the overall recepeefor-
mance. Hence, improving channel estimation performanaegal
iterations by the incorporation of feedback from decodad#eto a
significant improvement in the overall receiver performanc

4.4 SW and MRC via revised covariance matrix estimate

Typically it is considered appropriate to estimate therfetence
plus noise (plus channel estimation error) covariance iratrly
once in each iteration [7, 11]. However, given the updatezheh
nel estimates we propose to revise the estimate the intedemplus
noise plus channel estimation error covariance matrix @ efer-
ation taking into account the fresh channel estimationrerr@he
justification can be sought by expressing the system moftet,the
incorporation of updated channel estimates as

y(O) = H(O(0)+e() = HOz(0)+E0)  (15)

with é(é) = &(0) + (H (¢) — H(¢))z(¢). Thus we note that the op-
timal spatial whitening plus MRC processing for the systeiftief
incorporation of channel estimation errorsﬁé‘ﬂRgl. To this end,
we recompute (c.fRes Sg Est 2 block in Fig. 2) the residual sig-
nals from data and pilot blocks via (6) and (7) respectiveljti(
H () being replaced byH (¢)) to yield £(¢) rather tharé(¢), and
then employ (10) to estimate (cliat + Noise Cov Est 2 block) the
new interference plus noise plus channel estimation ewweart
ance matrix a:iflé to be used for SW and MRC.

The impact of revising the estimate of interference plus@oi
covariance matrix twice in each iteration is also preseiethe
simulation results (Fig. 4), and this promises additioraahg in the
iterative suppression of CCI.

4.5 Apriori MMSE Equalization, Demodulation and Decoding

Instead of employing the optimal exponential complexity Ride-
tector, we employ (c.f. the block diagram in Fig. 2), the apri
information based MMSE equalization [5], followed by [1, tB
improved demodulation taking into account apriori LLRs efgh-
bouring bits and the standard channel decoding. Since edleth
steps are standard in iterative receivers, for the sakeevfitprwe
refrain from an in-depth discussion and refer the intetkstader
to the aforementioned original papers.

5. SIMULATION RESULTS

We emphasize that although the proposed modifications ale ap
cable and beneficial to any interference limited iteratigeeiver
equipped with multiple receive antennas, but we preserd ther
results for an LTE uplink receiver [3] as an example. We adeisi
two receive antennas, and a Carrier-to-Interference (€vgl of

0 dB. The users are assumed to have a ETU power delay profile,
and Jakes Doppler spectrum. We consider a turbo code witiRBCJ
based decoding. For the iterative receiver we run 5 itenatal-
though the convergence is mostly achieved earlier thanegpe-
cially at high SNR. The two scenarios for which we present the
analysis of prior art and proposed interference suppnegssofor-
mance are 16-QAM modulation combined with rate 2/3 turbcecod
at a velocity of 30 kmph and 64-QAM modulation combined with
rate 1/2 turbo code at a velocity of 10 kmph. It may be pointed
out here, that owing to the complexity constraints and thetively
slow channel variations across both frequency and time, mi¢ o
the Soft DDCE in our simulations for all the schemes, and tiwie
since the proposed modifications can co-exist with Soft DRGE
well, the relative behaviour and gains of all schemes is ebgokto
stay the same.
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Figure 4:
ference suppression variants in iterative (turbo) receiframework.
Scheme A: Standard Turbo Equalization with non-iterativel Guppres-
sion [2]. Scheme B: Turbo Equalization with iterative CCpptession but
without incorporation of spectral colour of interferer inannel estimation.
Scheme C: Turbo Equalization with iterative CCI supprassiih incorpo-
ration of spectral colour of interferer in channel estimatibut without revi-
sion of interference plus noise covariance matrix estimatdeme D: Turbo
Equalization with iterative CCI suppression with incor@i@on of spec-
tral colour of interferer in channel estimation and revisiof interference
plus noise covariance matrix estimate (c.f. Fig. 2). Bothe®ge C and
Scheme D include novel aspects.

Specifically, for the 16-QAM transmission scenario with 8%

benchmark BLER (Block Error Rate), we note in Fig. 4(a) tiat i
clusion of channel estimation into iterative framework tithout
exploitation of spectral colour of interference (Schemdegys to

only a minor gain of around 0.5 dB over Scheme A, the standard

Turbo equalization scheme (where CCI suppression is nqvdhte
of feedback loop). Incorporation of spectral colour of iféeence
during channel estimation and interpolation (Scheme Qjdea a
significant boost in iterative performance, and we gain nibem
2.5 dB with respect to the reference scheme (Scheme B).iBevis
of the estimate of interference plus noise covariance m#irie-
flect the effect of fresh channel estimation errors (Schemleds
to additional gain, so that the overall gain offered by thepesed
iterative framework over the prior art (Scheme B) is abo@tdB at
the benchmark level of 8% BLER.

Similarly for the 64-QAM transmission scenario, we notettha
in Fig. 4(b) the Scheme B leads to 1.5 dB gain at the benchmar

level of 8% BLER. But once we go for the proposed incorporatio
of spectral colour of interferer during channel estimatiam gain

3 dB over the reference Scheme B. Additionally, including tip-
date of interference plus noise covariance matrix estirimatethe
framework leads to further gain, making the overall gainrahe
prior art around 4 dB.
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Performance comparison of proposed and prior inter- [4]

fia

6. CONCLUSION

Within the framework of conventional iterative receiver foter-

ference suppression, we proposed the following improveésnéa).

Incorporation of the relative reliabilities of various bls while es-
timating the interference plus noise covariance matrixis Helps
avoid giving undue weightage to the less reliable residigaias

estimates from erroneous data blocks, and hence improgesoth
variance matrix estimate. (b). Incorporation of spectoédar of in-

terference during channel estimation and interpolatioereby as-
signing different weights to heavily and marginally inendd sub-
carriers’ pilot estimates. (c). Revision of the interferemplus noise
covariance matrix estimate based on updated channel éssitak-

ing into account the fresh channel estimation errors.

The proposed maodifications in the estimation and exploitati
of the interference plus noise covariance matrix, are shimoex-
hibit significant performance gains of 3-5 dB over the comiogral
iterative approaches for a CCl limited LTE uplink iteratiezeiver.
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