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Introduction

Cyclostationary signature for cognitive radios

@ As defined in [4], a cyclostationary signature is a feature,
intentionally embedded in the physical properties of digital
communications signal, which may be easily generated,
manipulated, detected and analyzed using low-complexity
transceiver architecture.

@ The cyclostationary signatures provide a robust mechanism for
signal detection, network identification and signal acquisition as
part of the process of network coordination without the
requirement of a dedicated control channel.
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Cyclostationarity of OFDM Signals

CP-induced Transmitter-induced CDD-induced
cyclostationarity cyclostationarity cyclostationarity
© Related to the © subcarrier ©Q Flexible to
CP length, mapping [4]; manipulate with
(cannot be specific respect to cyclic
altered). preamble delay
@ Unsuitable for insertion [7] @ No bandwidth
use in network @ The cost of overhead, while
coordination of bandwidth achieving the
cognitive radios. @ Only in specific delay diversity
elements of gain
transmitted © Continuous
signal presence in a
transmitted
) signal
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System Model

System Model: CDD-OFDM

Transmit architecture of OFDM system utilizing CDD
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CDD-OFDM: Appealing Features

Standard conformability

@ Implement only in relay nodes being
transparent to destination receiver side

© Standard
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System Model

CDD-OFDM: Appealing Features

Standard conformability

@ Implement only in relay nodes being
transparent to destination receiver side

© Standard @ It can be incorporated within the
OFDM-based standards such as WiMAX,
3GPP-LTE, and IEEE 802.11a etc.,
considering the size and cost of multiple
antennas is prohibitive for wireless
devices.

conformability
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CDD-OFDM: Appealing Features

Delay diversity gain

@ Convert virtual MISO channel into an
equivalent SISO channel with increased
frequency diversity.

© Standard
conformability

@ Delay diversity
gain
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System Model

CDD-OFDM: Appealing Features

Delay diversity gain
@ Convert virtual MISO channel into an
equivalent SISO channel with increased
frequency diversity.
@ Transform delay diversity into frequency
diversity

@ Standard
conformability
@ Delay diversity

gain
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System Model

CDD-OFDM: Appealing Features

Delay diversity gain

@ Convert virtual MISO channel into an
equivalent SISO channel with increased
frequency diversity.

@ Transform delay diversity into frequency
diversity

@ Collect increased diversity by an outer
error control coding  such as
convolutional coding

© Standard
conformability

@ Delay diversity
gain
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CDD-OFDM: Appealing Features

Saturation effect [1]

o AnT Z BLTS (nT = 1727”' 7NT)isa
saturation region in terms of cyclic delays,
where B is bandwidth of OFDM signal and

O Standard Ts is sample period.

conformability
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CDD-OFDM: Appealing Features

Saturation effect [1]

o Ap > ﬁ (nt =1,2,--- ,Nt)isa
saturation region in terms of cyclic delays,
where B is bandwidth of OFDM signal and
Ts is sample period.

@ In the saturation region, the system can
achieve almost the same delay diversity
gain approaching to the maximum.
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System Model

CDD-OFDM: Appealing Features

Saturation effect [1]

o Ap > ﬁ (nt =1,2,--- ,Nt)isa
saturation region in terms of cyclic delays,
where B is bandwidth of OFDM signal and
Ts is sample period.

@ In the saturation region, the system can
achieve almost the same delay diversity
gain approaching to the maximum.

@ Saturation effect allows for tuning cyclic
delays for other metrics, while keeping
the desirable performance of antenna
system.

© Standard
conformability

@ Delay diversity
gain
© Saturation effect
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System Model: Signal Formulation

o

S1on (k) = <5=5il(k = Ary) mod N]. o

nT:1527"'aNT

where A, is the antenna-dependent cyclic delay
O0=A1 <Dz < - < Apny).

°
(n)——= io ( 'M)Nf wTw (@)
s._(n)= n— c
N \/NT—N|:—<>§ k=0 o "
where M = N + Ng and g(n) = R[(:)M with

’ 1 n=Ty,Ta+1,---.T
) :{ n 1, 1+ 1, 12 3)
[T1.T2] 0 else

@ The CDD-OFDM signal received by one antenna can be written
as

r(n)=3"," his(n — 1) + w(n) @)
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Intrinsic Cyclostationary Signatures in CDD-OFDM

Cyclostationary Characteristics of CDD-OFDM Signal

@ Defining the correlation matrix of the vector random process
s(n) as

Cs(n,7) = E{s(n)st(n +7)} (5)

@ Cyclic Autocorrelation Function (CAF)

M-1
&k, 7) =D co(n, )W,
n=0
T+ (6)
—Zhlw Y Ealkonht L+ cu(n)o(k)
r=7+l—Lp
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Intrinsic Cyclostationary Signatures in CDD-OFDM

Cyclostationary Characteristics of CDD-OFDM Signal

o
il
[Cs(n, )y = 5= D 90— IM)g(n + 7~ IM)3, [r — (& — A)]
Tl=—c0
+o00
1 (n—IM) N
WI > [0.M—1—(8j—4))] OsT=(4—4)
=—00
+00o
1 (n—IM) N
El Z [~ (&) —4)).M—1] T=(Aj—Ai)<0
=—00
+00o
= 1 (n—IM) B N B
N, 2 R[O,M—l—N—(A.fA.)] 0=7=N+(Aj=A)<M—1
|I=—00 =
+00o
1 (n—IM) a _ N
WI_Z Ry o apw_y  IMST=—N+(8-2)<0
0 else
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Intrinsic Cyclostationary Signatures in CDD-OFDM
(Nt =2,N =32, Ng =8)

@ A sequence of lag-indexed spectrum lines indexed by the
following indices set
Q = {T’T = :E(AJ — Ai), N + (AJ — Ai)7
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Application to Spectrum Sensing
Asymptotical CFAR testing based on multiple lags

@ The hypothesis testing for the presence of primary user can
transform to the problem for testing if « is a cyclic frequency,
formulated as

Ho : V7 = €/ (a, ) = e(a, T);
H; : Forsome 7 C Q = &(a, 7) = Cr (o, 7) + €, T)

9)
0 g(a,7): lim__ o VLie(a,T) ~ N(0, Z;(a, T)).
@ Generalized Likelihood Ratio (GLR):
Te(a,7) = =2InA = L& (a, 7)o, 7)E] (o, 7). (10)

@ Under the null hypothesis, T, («, 7) is asymptotically XgNT
distributed. As a result, we can present the test which is based on
a CFAR approach for selecting a threshold.
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Asymptotical CFAR Testing Based on Multiple Lags
Numerical Results

PARAMETER DESCRIPTION VALUE
N DFT size 128
Ag Subcarrier frequency spacing 10.9325 kHz
fs Sampling frequency 2.798720 MHz
Ng /N CP ratio 1/8
fc Carrier frequency 2.5GHz
To = 1/4A¢ OFDM symbol duration without CP 91.43 us
T OFDM symbol duration with CP 102.86 us
Modulation 16QAM
Nt Number of transmit antennas 2
Y Velocity 0m/s
SNR Signal-to-noise ratio —101log crfv dB
L Length of observations 10x T
Lw Length of Kaiser window 1029
B B parameter of Kaiser window 10
1/T

Given cyclic frequency for detection

RCWC Cyclostationary

ignatures in OFDM-Based CR Wi




Simulation results

Typical set of multiple lags Detection probability versus

cyclic delay with different
methods

From the set of 2, we adopt the
following typical sets as S
observation spots

=
Z
71 =[—128, —128 + Ay, —Ap, Ay, 128 — Ay, 128], _‘-;
(8, # 64) z
T, =[—128, 128] §
T3 =[—128 — Ay, —128, —128 + Ay, —Ay, Ay, a
128 — A, 128,128 + Ay], (A < 15) 1 —a— 7y-detector, —o— 7,-detector,
T4 =[—128, —64, 64, 128]. s —*— 73-detector, O 14-delect‘or,

(11) 0 2 40 ) 50 100 120
Cyclic Delay (Az)
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Application to Spectrum Sensing e Resiis

Simulation results

Detection probability versus Receiver operating
SNR with different methods characteristics with different
methods
é o I,/ . } - - 7-detector, A, =16 é 04t - r‘—delecmr, A, =16
§ e ; - & - g-detector, A, = 61 % - - - -detector, A, = 61
Zz i —o— zy-detector, A, =16 = ool —— gedetector, A, = 16
N L PFA=0.05 | ... ¢ detector, 4, =61 SNR =-12 dB sdetector, A, =61
A e e AS:Ii?R (dl;X) R Mo.o 01 02 03 oL:DFAofs 06 07 08 09 10
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Conclusions

The procedure of Cyclic Delay Diversity (CDD) simultaneously

possess the dual advantages in terms of antenna diversity and
cognitive radios.

@ For the OFDM-based cognitive radios, the CDD procedure
can be characterized as a cost-efficient approach to
generating flexible cyclostationary signatures.

@ the CDD-induced cyclostationary signatures may be easily
implemented, manipulated, detected and analyzed using
the standard compatible CDD-OFDM architectures without
suffering signaling overhead.

@ The novel approach still achieves the initial goal toward the
delay diversity gain which originally drives the CDD
procedure into real applications.
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