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Introduction

> A, = diag {\, -+, Ax }: singular values
» U, € augmented signal subspace

» Blind channel estimation Is attractive since no transmission of training

«<Fig.: total No. of complex “+” and “x” per

sequences Is required = saves channel bandwidth . 5 . A+ Mo . - . iteratior
> Coqnventional su(lq:)s ace-based methods rely on Singular Value > Iterative power method [1]; R= [Us Un] Aot 50K N ’ [Us Un]H > U, € augmented noise subspace |terat|9n b= symbol. compared o M
" P y J + eliminates SVD 0 Shon-Kk » Orthogonality = U, Cih; =0 Considered Adaptive Schemes with m =1, 2, 3:
Decomposition (SVD) . " :
— high computational complexity for a system with a large processin +reduces computational > Linear RLS (L-RLS)
J P plexity y gep J complexity @ | » Proposed WL-A-RLS

Jain Qi miemez | » Proposed WL-S-RLS

— erroneous rank estimation = a drastic performance degradation Optimization problem for WL subspace-based channel estimation: o lniams | P

—6— WL-A-RLS m=1|]
—<— WL-A-RLS m=2
—0— WL-A-RLS m=3]

h, = argmin h’CHU,UC\h,, ||hi| =1

» Channel estimation requires second-order statistics of the data » ¢ C¥

_ _ _ _ h I+ WL-S-RLS m=1|]
> Usually assume r is second-order circular = covariance matrix R = E {rr"'} (r: zero-mean) O WLSRLS me2
> However when r is non-circular = pseudo-covariance matrix R = E {rr’ } £ 0 10 10 3 50 70 %

M

» Widely Linear (WL) processing
> Improves performance by fully exploiting the non-circularity of » and taking advantage of the

second-order statistics R & R [2]
> constructs virtual measurements = saves the hardware resources VERSUS oversampling or using

several sensors

Subspace-based Widely Linear (WL) blind channel estimation

» EXxisting work is based on SVD [3, 4]
> computational complexity is much higher in the WL case

s Propose a subspace-based WL blind channel estimation scheme based on the iterative power method
for the WL Constrained Minimum Variance (WL-CMV) CDMA receiver for non-circular signals

SirAanified optimization problem: h,: singular vector Simulation Results
- . - - : SH Rp-mey ¢ oLxL — the smallest

hy = argmin h"Why, ||hi| =1 with W = CFR ™C, ¢ m=12--. _
Ry singular value of W T — ;

I = ) = L RLS m=1
S o L
®o . o —g—\LNF—I:A\S—IEanrgmﬂ' Simulation Setup:
- S L —0— WL-A-RLS m=2|, :
10 f555535555533555553555555355555355555535555535555553555553555555—q—WL—A—RLszsz \/CDMA system with K = 12 users

) e L I+ WL-S-RLS m=1 |
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. ZewesRsmy v/ Random spreading sequences of length N = 32
| | | v/ BPSK-modulated signals (strictly non-circular)
/ Multipath block-fading channel: length L = 3 and
power delay profile [0,-3,-6] dB

v/ Input SNR =12 dB

./ Dynamic case: at bit 1000, 6 users with 10 dB more
power enter the channel

WL iterative power method:
Py (i) = (Ior, — BW) {LI(Z — 1)
(L1~ W) (i — 1)

> ill(’t) — ill with
, B=1/{W} sigh ambiguity

E of channel estimation

MS

s with (4): SVD Is avoided to solve (3) = simplifies the implementation
# WL channel estimation: the phase ambiguity reduces to a sign ambiguity
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System Model and Recelver

» Channel estimation MSE in dynamic case
> WL > L and robust in the dynamic case

The recelved vector:

» bi(7) € {£1}: the i-th Binary Phase Shift Keying (BPSK) symbol for the desired user 1 with unit variance (4) should also be updated with | % > m = 2 Is sufficient for WL
> MxL i iX): i i - NH p—m( .\ - ¢ A > WL-S-RLS slightly better than WL-A-RLS but
C, e IR{L. (Toeplitz matrix): code rpatnx of the d-eswed user W(z) —~CIR m(z)C’l, m=1,23, 5(1) _ __ (5) S S Ty =] | gntly |
» h; € Ct: complex channel vector with normalization tr{W(7)} 5 &  |-4-L-Rism= with much lower complexity
> n(?) S CM < AWGN with power spectrum density Ny Two adaptive algorithms based on Recursive Least Squares (RLS): g A O o isbisp » Output SINR for WL-CMV receiver
» v(i),n(i): Multi-User Interference (MUI) part and Intra-/Inter-Symbol Interference (I1SI) part » Augmented RLS (A-RLS): directly utilizes 7(i) 5% R :‘;‘_mjﬁjtg e > WL has > 3 dB gain over L
. . ~ U\ 5 —E=—WL-S-RLS m=1 i :
_ _ - _ » Structured RLS (S-RLS): exploits block conjugate structure of R(:) in (1) c & | X WSRSm2 > WL channel estimation “"*"22" pling wiL
Linear receiver =T =[] B S I v receivers
reCY — augmented: 7 = Aim: estimate k(i) and (i) at time : > Update 12 (i) in A-RLS — s
IR | TPRPT : 1 —1y 1 g N=H NP1/ -10 ' ' ' ' ' ' ' ' '
y=w"'r Bijective Transformation Algorithm: RY)=XM'R (-1 = Xk@FIOR (i —-1), (6) 100 200 300 400 500 600 700 800 900 1000

Number of Snapshots

—1 — . (A
AR7N(i — 1)7(d) \: forgetting factor

Y augmented covariance matrix 1. Update R (i) « given 7(i) k(i) = ———— e
: A6 , | : L s Conclusions
2nd-order R c CMxM @ {r . NH } ! { R R } e O (q) 2. h1( ) R (i) < given m, C, > In S-RLS, an efficient way to update 2~'(i) as in [5, 6]

statistics: R R TN ) - [ PG) Q)
WL Processing _ 3. Update receiver w(i) <= R~ (i), hi(7) R (i) = [Q*(z’) P*(z’)] ’ (7) » Propose a subspace-based WL blind channel estimation based on iterative power
(1) . N WL-CMV recelver: technique
iiecti T — —
Sl g7 — 1) = —> _ lEnhe RN iiiccly Linezy Rzeziver BN * A-RLS S-RLS > non-circular signals = WL processing
t =1, T{} I w - E Key advantage of S-RLS over A-RLS Initialization® R_1<O) = dalons| P(0) = 0,10, Q(0) = 1 > Completely avolds Computing SVD
T h » structured manner R () by (6) update P(i >’1Q(Z) » Adaptive algorithms for WL-CMV receiver: WL-A-RLS and WL-S-RLS
MRS Uil L A . = more efficient and lower complexity uid : by (4) use structured 12 (i) in (5) > WL-S-RLS applies the structured property of R
Channel Estimation need channel estimation h; — h; Complexity 2M M

= a faster convergence and lower complexity than WL-A-RLS

4Scalars d,, 9,, 9, = numerical stability
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