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SUMMARY

Spectrum sensing iz the first step in the redlization of the cognitive radio communications. Therefore, lately it has attracted the interest of many researchers. The sensing
problem mostly being considered as a physical layer issue, should also be designed from the perspective of the medium access control (MAC) layer. Briefly, the timing
of spectrum sensing periods, the channels to sense and their order of sensing are major issues that should be also considered for an efficient zensing scheme. In this work,
after an overview of the MAC layer sensing issvues and current work on the subject, we analyze the performance of a MAC protocol which regulates access to the
spectrum opportunities in a contention based manner. The spectrum opportunities are tied together to form a high capacity frequency band dubbed as logical channel.
Additionally, we propose an enhancement for the analyzed MAC scheme, that forms clusters of sub-channels. Hence, this modification decreases the average medium

access delay compared to the single legical channel scheme.

Motivation

sSpectrum iz soid to be a scarce resource, but some recent
ressarch studies show thaot spectrum usage iz very low In some
bands whereas very high in others, e.g. I5M bonds.

+The problem is: Spectrum is not scarce but the stofic assignment
policy results in the illusion that it is. As a solution, accessing the
empty spectrum bands dynamically is proposed. In order to find
temporarlyfspotiolly  unused  bonds, spectrum  sensing s
performed.

ol this work, we analyze MAC laver sensing mechanism based
on a logical channel and we propose a clustered approach thot
decraases the delay in the logical scheme approach.

Dynamic Spectrum Access (DSA)

= Secondary users (5U) who do not have license for a specific
band can also access the spechrum holes in case the bond is
not used by a Primary User [PU, also caolled licensed user).

«What is 5pectrum holet

the potenfial opporfunities for nonHinterfenng (safe) uvse of
spectrum and can be considered oz mulhidimensional
regicns within frequency, fime, and space [1].
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How to understand a PU appears in the band SU transmits?

Spectrum Sensing: PHY + MAC + Network

MAC Layer Sensing

Proposed Clustered Approach

PHY sensing iz more about statistical signal analysis, whereas
MAC sensing iz about the maonogement of fime slofs for
sensing, fransmission and channel! search.

Cluiet penods for sensing.
ofherwise challenging to
disfinguish FU signal from U
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MAC Layer Sensing consists of three issues
1. Channel S5ensing Period Decision
. Channel Search Order Decision
. Charnnel Sensing Time Decision [with PHY)

Optimization Problems

1. KMinimize undiscovered ocpportunities
2. Mowimize Spectrum Efficiency

Eind Opfimal Periods ¥ 21

Secondary users perform specfrum sensing in order to detemine
spectrum holes and to defect the existence of a primarny user.

Frimary user detection is modseled as binary hypothesis test.

- ¥Inl: received signal af SU
receiver
Win]: Noise samples
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X [n]: PU signal

H: The band is empty, no PU N: # of sampiles

H: There is PU in thaf band
One of the wel-known PHY " Copive tME
layer detection method:
Energy detection method
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To achieve (1), apply Adaptive $ensing Period for each channel
utilizing the channel statistics.

Kim and Shin [?] proposed an opfimal sensing framework that
wses a logical channel approach. The available frequency
bands are joint together to form the logical band for 5U access.
Our work is bosed on analysis of [2] ond we propose an
enhancement for this optfimal sensing fromework.
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UOPP: unexplored opportunity
S50H: Sensing overhead
w: chonnel busy rofio

Alternating renewal theory con be used to estimate the channe!
occcupancy probabilities of channels. Thus, channels are sensed
in decreasing order with the highsest probakility of being idle
channel sensed first.

Two-Dimensional Markov Chain Analysis
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PHY Layer Sensing Accuracy

Highly depends on Sensing Duration, the Longer the sensing tims
the more reliable it is.

PHY sensing makess each 53U to detect availakble spectum
opportunities locally. In case of channel impaiments, e.g. noise
and shadowing, joint decision of SU: gives more occurate results.

5U Cooperation = Sometimes colled Network Layer Sensing
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Fimn and Shin's work 15 awite cutstanding since provides an cptimal
solution, however it suffers from lorge MAC deloys since provides
a contention based medium access.

We first provide a theretical analysis of the proposed scheme.
Applying the classical Markovian analysis by Bianchi [3] MAC

delay is calculated by (3).
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Then, {b{T): s{f}} is o discrefe-
firme Maorkov chain.
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In a contention based MAC protocol, delay iz dependent on
the number of contenders. Hence, instead of forming o single
logical chornel a set of subdogical channels can be formed.
Then, secondary nodes are clustered into groups and sach 3U
contends with the elements in the same cluster. The clustered-
approoch focilitaotes o bpetter dlocation of the spectrum
opportunifies between the competing secondary nodes.
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How to cluster?

Althocugh we assumed a black-box clustering schems and did
not focus on it, there are possible clustenng opproaches, e.g.
traffic prediction bazed clustenng. This scheme clusters nodes
according to their “on” fimes such thot in eoch closs collision will
oe minimized.

Initial Results
We modeled the system using OPMET Modeler 14.0 [4].

With increasing number of
secondary vsers, the
average MAC delay

| increases
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In this scenario. network trafic is
{ low, therefore the netawork

| throughiput is ineary
proporicnal o the netweork size.
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Change in average MAC
delay with increasing
number of clusters
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In the simulgfions, we did nof
consider the extra cost due fo
cluster assignment.
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Conclusions

MAC delay is strongly dependsent on number of users in the
netwaone. We used a two-dimensional Markov choin 1o modsl
the ocpporunistic occess scheme of the secondary network. By
a st of gmulotions, we venfied that the bigger the netwaork size
in terms of users, the longer the MAC delay. Hence, instead of
forming a sngle high bangwidth logical channel, it 5 more
efficient to form lower bandwidin sub-channels. In the
proposed cluster-bosed approoch secondary users hove o
more fair access fo the spectrum cpporunities.

References

(1] B. Tandra, k. Misheg, A Sahagi, “\What (5 o specium nole ond whnat does it toke o
recognize oned”, University of Califomia ot Berkeley Tech. Report, August 31, 2005,

[9] H. Kimard K. . 5hin, “Efficient Decovery of Spectrum Opportunifies with

MAC-Layer Sersing in Cognitive Rodio Metwaorks,” (EEE Transoctions on Adobile
Compuing, vol. 7. no. 5, pp. 535545, May 2008.

i3] . Banche, “Performance analyss of the [EEE 802,11 Distibuted Coordingfion
fumcticn”, AEEE Jouma on Selected Aredsd in Communications, Vol. 18, Esue 3, ppisas

— 347, Mar 2000.
l4] OPMET Medeier, Optimizaing Hehwork Technologies, weaw.opnet.com.

WOMEN ENGINEERS GROUP

We ore a group of women working (seeking fora

joke or refired] in technical fields that come

together fo build sclidarty and fight ogoinst

gender discrimination in profeszsicnalf/daily ife i

Turkey.

Welk itz is in Turkish out if you are interested in

rmiore alocut the group: Kadin
www kadinmuhendisler.org Mihardisier
kadin.mvhendisler®gmail com




