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INTRODUCTION :
5

o The Use of OFDM 1n an interfered scenario poses several ;
technical challenges. Channel estimation (CE) is of primary -
1mportance. ¥

o CE approaches: preamble and pilot §

o These schemes provide good results as long as received =
signal is only affected by MP and thermal noise. 5

o NBI? Available methods require knowledge of the NBI g
position. Some methods estimate interference (I) power at 2
pilot positions. NBI with unknown power?

o CE with unknown I. Use of training blocks or pilot symbols
and estimate CIR by treating the I power on each pilot
subcarrier as a nuisance parameter.

o ML with EM/Jacobi-Newton algorithm. °

Presented By: S. M. Riazul Islam




CONTENTS | >

o

o Signal Model and Problem Formulation

BOIOY ‘AlU[) BYUJ ‘qeTT[R], 1103 ‘€3 YoTe]\




SIGNAL MODEL AND PROBLEM FORMULATION z
CLR: h = [h(1),h(2),..., (L) )
DF'T of kth rec blck: X(n,k)=e(nk)H(n)+w(n,k) —-N,<n<N, (1) g
CFR: H(n) = i h(£)e=32 -0/ _ N <n< N, (2) z

£=1 “W
{a(p.k):1 < p < P} with constant energy o2 = |a(p. k)| %

set J, = {np;1 <p< P}
DFT O/P at the pilot positions:
X(k) = [X(n, k), X (na k),...,X(np, k)"

X (k) = A(k)Fh + w(k) (3) e
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From (1) and (2):




SIGNAL MODEL AND PROBLEM FORMULATION... &
O’,:T'
X (k) = A(k)Fh + w(k) (3) g
A(k) = diag{a(p.k);1 = p < P} -~
=
Fl,,=e ™ DN  1<p<P 1<l<L (4) 3
£ =
/W{I.:} = [w(ny, k), w(ng, k),....,w(np, k)" §¢
Entries are assumed to be Gaussian distributed ?
with zero mean and unknown variance: g
() = 7%+ o ()
Also, Statistically / /
independent
Thermal noise Average NBI power, which
contribution 1s assumed constant
over the observation period
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SIGNAL MODEL AND PROBLEM FORMULATION...

w(k) = [w(ng, k), wing, k), ..., w(npg, k)7

Gaussian vector
/ T Zero mean

Diagonal covariance matrix
C = diag{e?(n,);:1 < p < P}

Estimation Problem:
[H,o?} —— Set of unknown parameters

Tl = [52(311},&2(“3] ..... cr'l[ﬂp}]T

(2) In matrix notation:
H = Gh (5)

G, ,=e 2 Na=DE-D/N | << N, 1<f<L.
(6)
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SIGNAL MODEL AND PROBLEM FORMULATION... &
5

Estimated CFR: H = Gh (7) =

=

=

Reducing the unknown %

parameters! Nu>>L 2

=

B.

Observations for ML approach: =

X = X7 (1), X7 (2).... X" (K"

e

K adjacent blocks
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ML CHANNEL ESTIMATION =
=
Given the unknown parameters (h, o ‘}} §
Vectors {X(k)}in (3) are statistically >
independent and Gaussian distributed with 3
mean A(k)Fh and covariance matrix C. g
Joint PDF: z
p(X |h,5?) 7
.
- };[1 (762 (np) ] U}EP{ 72 (np) & z ‘Eﬁ b hj‘ } (8)
where

L
Zx(p,h) = X(ny, k) —a(p, k) Z h(f)e 72 E=1/N (o)

h @
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ML CHANNEL ESTIMATION...

LLF: A(h,&?) = —KZIII["HIE{RP}] ; Z q( (zﬁ p. ) |
. (10)

-

Maximizing A(h, &) with respect to 72 (n,) vields

52 (ny: 1) = I{Z‘Ek(phj‘ 1<p<P. (11

Concentrated LF:

I'(h) = Z In [Z ( (p, h}f] . (12)

k=1

Maximum ‘ ML estimate of CIR

2?
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M1, CHANNEL ESTIMATION...

2

Alternate approach: Consider = as a nuisance random vector which

1s averaged out from (8) to yeild the marginal LF
of h. a-priori pdf for o required.

=

Inverse-Gamma pdf / Design parameter

pla?) = ;‘1 exp {—i}} for e >0  (14)

¥

Marginal LF:
p(X ‘1‘1}

P 7 \
i o {IGE}H
0

bl
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ML CHANNEL ESTIMATION... z

S.

Py K | g

) o ~

p=1 [A+Z:=l lgk{p,f‘l}l } 5

3

after letting o2 — 1/t and using the identity ”g

- . ;é

/f’ﬂc-mdf = ,_,tr.ir] . (17) ;

0 3

Marginal LLF: )
In[p(X |1"1}]

R
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M1, CHANNEL ESTIMATION...
(12)

Objective Function: /

F K "
d(h) = — Z In [,»"L + z lZa—(}?, fijld] (19)
p=1 k=1

1103 ‘€% YoTelN

MLE of h:

hasLe = arg max{®(h)} (20)
h

/

Asymptotic efficiency property of MLE

[

Unbiased for large data records Covariance matrix attains (FIM)-!

FIM in closed-form from (19) is intractable, found from (10)
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ML CHANNEL ESTIMATION... z
&

PSS SR S
E{(h—h)(h—h)"} o (FAC'F)y'=z0 (@1 2

5

Using (7) and (21), g
E{(Hprrp — H) By — H)) 2

- HEE GFIC'F) G =0 (22) gd

R

!

5
- 1 H— 1y — L~ H
= . )
}—Hgg w{GFTC'F) GM)
(23)

E {HI:IMJ’J-J —H
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ITERATIVE CHANNEL ESTIMATION :
EM algorithm %
Complete data set: (X.07) Unknown parameter: h g
E-step Q (h|h; ) =E,- {m [F(X‘ETE,H)];J(E o’ h; )} g
(24) =

=

=

M-step / h;p1 = argmls?x {Q (ﬁ ‘fl,‘) } : (25) EG
=

w (i |,

- _fii (X(k) — A(k)Fh] €' [X(k) — A(k)Fh]
(26)
where ﬁ
C; =diag{67(n,):1 < p < P} (27)
and

62(ny) = I{Z|Mh| 1<p<P (28




ITERATIVE CHANNEL ESTIMATION... z
&

CIR is the max of (26) with respect toh. ;
h;,, = (FIC'F)'FIC 'Y (29) 5

=

with , &

R S 5

Y = Kcri:‘ZA (k)X (k). (30) d

k=1 5

Neglect NBI for initial guess: =

h, = (FFF)'FAY. (31)

(28) & (29) EMCE

CFR (from (7)): i i
Hiumcr = Ghy (32)

If J=1, MLE-IFS: Hyre_irs = GF"F)'F'Y. (33) @




ITERATIVE CHANNEL ESTIMATION...

Jacobi-Newton algorithm:
One possible drawback of EMCE

Inverting of F”/C.'F at each new iteration

hisy =h; — D; 'Vé(h)

£, (34)

D; = u:lilzlg{,u,-_(cfj; £=1,2,...,L}

4D 3
ill) = [{f’ ff“_”] | (35)
OR=(E) |,
by — i+ — FYC(Y-Fh)  (39)
z o w{C i' | -
Hnor = Ghy. (40)
. I | Number of flops I
Complexity: EMCE | P(AL + 6K — 1+ IDlog, P + 16L2)

TNCE P(0+GK + 10log, P)
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RESULTS AND DISCUSSION
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DISCUSSION

o

Two schemes for CE in OFDM-based systems in presence of
NBI

NBI 1s modeled as a Gaussian process and its power 1s
averaged out from the LF function using inverse-gamma
distribution.

Iterative solution: EM and JN.

Proposed methods are inherently robust to NBI and can
effectively used in a severely interfered scenario.

ECMA or JNCE? Application-centric.
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