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Fig. 5. The channel utilization under PS-SA, SS-SA and IS-SA strategy.
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Fig. 6. The interference under PS-SA strategy for different holding times.

that SU’s total channel utilization is 2.5, and SU’s channel
utilization on each channel i is 50%, which equals to channel
i’s idle probability. That is to say, SU could make full use of
each channel. It is noteworthy that SU’s channel utilization
is the same for the three strategies regardless of interference
tolerance. If the sensing period is not suitable, the interferences
to some PUs will be greater than their tolerances and SU has
to limit its transmission time on these channels, therefore, the
total channel utilization will be less than 2.5.

Fig. 6, Fig. 7 and Fig. 8 show the interference with PS-
SA, SS-SA and IS-SA strategy, respectively. As shown in
Fig. 6, when Ts ≤ 46.6 (ms), the interference to each PU
is less than the threshold (5%), and when Ts > 46.6 (ms),
the interference to primary user 1 is not tolerable. Thus, if
the sensing period Ts > 46.6 (ms), SU has to reduce its
transmission time on channel 1 and the channel utilization
will degrade. Furthermore, in theory, the maximal sensing
period for PS-SA strategy is Ts = min

{
T i

c
N

}
= 46.4 (ms).

Therefore, the simulation result demonstrates the validity of
our theoretical analysis.

As shown in Fig. 7 and Fig. 8, the maximal sensing period
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Fig. 7. The interference under SS-SA strategy for different holding times.
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Fig. 8. The interference under IS-SA strategy for different holding times.

for SS-SA and IS-SA strategies are 116 (ms) and 118.5 (ms),
respectively, which are approximately the same in this case.
Since the maximal sensing period of either IS-SA or SS-SA
is larger than the one of PS-SA strategy, SU could consume
less time and energy for sensing by adopting SS-SA or IS-SA
strategy.

Furthermore, as shown in Fig. 7, the curves are not smooth.
This is because according to (17), the sensing period Ts will
affect the sensing order of each channel. Therefore, each
channel’s priority may change for different sensing periods.
For example, when Ts = 100, 110, 120 (ms), we assume that
channel i is probed every 5, 6 and 5 slots (i.e., every 500,
660 and 600 ms), respectively. Therefore, when Ts = 110, the
interference to PUi is larger than the cases of Ts = 100 and
Ts = 120.

C. Example 2: Performance Comparison for Different Inter-
ference Tolerances

In this example, we will study the case that each channel’s
parameters (µi,OFF and µi,ON) are the same, but the interfer-
ence tolerances (Ci) for each primary user are different. And


