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Introduction

= Two-way relay networks (TWRN) can enhance the
overall communication rate [Boris Rankov, 2006],
[J.Ponniah, 2008].

Introduction
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Figure 1: System configuration for two-way relay network.




@w‘fR‘E’L'E‘SE Previous Results

= Most existing works in TWRN assumed perfect
synchronization and channel state information

(CSI).

= Channel estimation problems in
amplify-and-forward (AF) TWRN are different from
those Iin traditional communication systems.

= Flat-fading channel estimation and training design
for AF TWRN has been done in [Feifei Gao, 2009].

= Our paper will focus on joint frequency offset (CFO)
and channel estimation for AF TWRN.




Problem Formulation
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Figure 2: lllustration of channel delay and signal processing delay in two-
way relay transmission.




Problem Formulation

m The passband signal sent by S; is

400
§i(t) = Y si[m]p(t — mTy)e?* . (1)
——

m The received signal in R is

2
Z ) + 7, (2) (2)

m The passband signal sent out by relay is then

2
s(t—1p) Z )% 8i(t — 1) + an,.(t — 1) (3)




Problem Formulation

m The data received at S; is

= a Y (@) % ha()e ) wsi(t — 7))

i=1
x 2™ i=Te) L ahy (t) * R (t — 1) F71 (1), (4)

= Then S; down-convert §(¢) to baseband by e =727 /11

~

((ﬁl(t) * hl(t))e—j27rf1t) % 51 (t — Tp)) oI 1

—q (
ta (((ﬁl(t) ¥ izg(t))e_j%f?t) % 5o(t — Tp)) eI2TVl+j 62
+ « <~1(t) * 70, (1 — Tp)) e_j%flt—l—ﬁl(t)e_j%flt. (5)




Problem Formulation

m The baseband signal is rewritten as

y(t) :a(t) * Sl(t — Tp) - b(t) * So (t _ Tp)ejQﬂ'vt
by (8) % (i (E = 7)e 2T 4y (e (6)

m Following the traditional approach [M.Morelli 2000], we can
obtain

Yy = Sla—i—I‘Sgb—FHlnT—Fn (7)
where

r— diag(l, 2mTs €j27w(N—1)TS),

H1:Oé




@w‘fR‘E’L'E‘SE Estimation Methods

= Approximated ML Estimation

= Nulling Based LS Method

Estimation Methods




Estimation Methods

Approximated ML Estimation

s Maximizing the probability density function (pdf) of y:
(y©) = 1

PO =N det(H HI 1+ 1

exp{(y — S1a —T'Seb)”(HH{' + I)"!(y — S;a — I'Syb)}

)><

= When the number of the channel taps is large, H;H# can be
approximated by

L
H,H{' ~ ) o7 1 (8)
[=0

m Then the ML estimation is

{a,b, 7} = arg min |y — Sia — I'Szb|* (9)

Y Y

10



Estimation Methods

Approximated ML Estimation

m Denote C = [S;,I'S;] and d = [al',b?]?. Aslong as
N > 4L + 2, d can be estimated as

d = (CHC) tcty.

m CFO estimation is
o = argmin |ly — Cd|?
v
— argmax yHC(CHC)_lCHy
v

= argmax ¢(v).

(10)

(11)
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Crameér-Rao Bound of CFO Estimation of AML

9 F11 I'T SZ
F = r K V|, (12)
Dl O-f2L,l + 1 s V N

Estimation Methods

where

Fi1 = bHsgDQSQba D = QWTSdiag{Oa 17 I (N - 1)}7

—3(STYDI'S2b) —3(S¥DS2b)
r — H ) S = H )
| R(S{'DI'S:2b) R(SFDS,b)
K R(ST'S1) —S(ST'S) N — R(SES2) —(SESy)
TIS(STS1)  R(SiS1) | TS(SESy)  R(SESy) |7
vV — R(SITHS,) —I(SITHS,)
TS(SETYS)  R(SFTHS) |
2
1
CRB1(v) = = UZ’Z . [Fi1—t1 Q7 'ta] ', (13)
where

r K, V7’
tl:M’ Ql:{v,Nw 1



Estimation Methods

Nulling Based Method

Left-multiply both sides of (7) with J*, we obtain:
Jy =0+ J39TS, b+ J¥(Hn, + n), (14)
N——
G
The estimation of b can be immediately found as

b= (GIG) G y. (15)

CFO is estimated as

v = argmax y?JG(G"G)'GH Iy (16)

The least square (LS) estimation of channel a is obtained
from

a=(S8,)7'Sf(y — I'S;b), (17)

where I’ = diag{1, /27T ei2md(N-1)T:}
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CRB of CFO Estimation of the nulling based method

The FIM is calculated as:

2 Fi, t]
_ 11 b 18
Zlaﬁ,lﬂl‘w QJ’ >
where
F{, = bsIDr#jy“prs,b,
. _ [-S(siTH33"DIS;b)
27| R(SYTHIIIDIS,b) |
Q, — [RGIG) —S(GFG)
2 = _g(GHG) RGHG) |-

The CRB of frequency offset estimation is:

> 00+ 1 L,
CRBy(v) = =0 I[F]; —t;Q; 'ta] . (19)
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Simulation Results

Simulation Results
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Figure 3: MSEs of CFO and channel estimation versus SNR for AML and
nulling based method with orthonormal J
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Simulation Results
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Simulation Results
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Figure 4. MSEs of CFO estimation versus SNR for AML and nulling based
method with random J




Simulation Results
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Figure 5: MSEs of channel estimation versus SNR for AML and nulling
based method with random J
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Conclusions

m Formulate the signal model for two-way relay networks with
frequency synchronization errors in a frequency selective
environment.

m Develop two joint CFO and channel estimations methods, i.e.,
AML and nulling-based methods.

Conclusions

m Find CRB of CFO for each method and compare performance
of the two methods.

m Here, relay only acts as a repeater. If relay down converts the
received signal, the problem will become more complex and
Interesting.

m Our future work —= WCNC and ICC 2010.
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Questions and discussion
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