Spectrum Sensing with a Frequency
Hopping Primary

Sanjeev G.
SPC Lab.,
Dept. of ECE,
[1Sc

23 February 2013



FHSS

Sanjeev
23rd Feb ’13

Introduction

We Seek...

o @ System model
GUTIT @ The FFT Averaging Ratio (FAR) algorithm

Optimal

Threshold @ Analysis : The optimal threshold

e @ Analysis : The optimum sensing duration

Duration

@ Validation, implementation and benchmarking

Simulations



System Model

FHSS

Sanjeev
23rd Feb ’13

Introduction

We Seek... Frequency
FAR 6 1 0 1 0 0 - - =« 1 0] occupancies

Algorithm

Optimal PU
Threshold 5 ° o
]_ 2 e * L indicies

Optimum
Sensing
Duration

Simulations 1 2 3 4 ) 6 7 * * * ](—1 K Bands
» Frequency

Figure: Typical band occupancies in a FHSS system.
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Introduction @ B (bandwidth of interest) is divided into K bands of
We Seek... bandwidth W each

— @ L < K is the number of active PUs, and N, be the
Optimal hopping duration. Let SNR(p) denote the SNRs of
;”TS"""’ each PU, assumed known

ptimum
Sensing @ The CR collects Ns = NM samples i.e., the samples
Simulations are grouped into M frames of N samples each

@ Nis the FFT length, chosen to be positive integer
multiple of K
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- @ A simple, robust detector

Algorithm @ Analysis (Pra and Pp) = optimal threshold

_ @ The sensing duration (sensing + transmission
Sé’ﬁ_'sra"ﬁ;m dutycycle) which maximizes the secondary throughput,
Justen s.t. PU interference constraint is satisfied
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e Seek received samples PU S|gna! samples  noise samples
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@ The average energy in the k" band, and the total
average energy =
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Introduction @ In each band, the FAR statistic is given by
We Seek.. Tu(k) 2 59 k=0, K-1.

Algorithm @ Therefore, the decision strategy

Optimal H1
Threshold TM(k) 2 T
Optimum 0
Sensing

Duration o DeS|gn

Simulations o Opt T
©Q Opt. M, s.t. the CR throughput is maximized, with an
interference constraint
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For the FAR detection scheme, the signal detection and
false-alarm probabilities are given by

1
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N2 E{K® + aKMW}W x (Nj — Ns)
Algorithm — [(K — L)(1 — PFA(’Y; M))

Optimal

Thre';shold + Y a(k) (1 - Pp(k,n, M))} W(Np — Ns)
St feU(k)=1
Duration

Simulations

@ Ns = NM.

@ Optimization problem
.t in Pp(k,v, M) > Pp,;
mﬁx{l'l} s.t k:lrJT(1l|<?:1 p(K; v, M) > Ppin



Optimum Sensing Duration

FHSS
. Lemma
anjeev

BN For a(k) = 0, the value of M which maximizes I is the
solution to
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Duration
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FAR
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Duration

S is @ Kempe de Feriet-like function

(@)m 2 r(ra( = M) is the Pochhammer symbol

¥ is the digamma function
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