
complexity is given by (referring to the corresponding single-
user algorithm complexity in (59))

O(|KX | + |KY |) (67)

The complexity ofAlgorithm 12, which involves power allo-
cation, bandwidth sizing and bit loading for multiple SUs is
given by (referring to the corresponding single-user algorithm
complexity in (64))

O(|KX | + |KY | + |NpN
2
sopt

|) (68)
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Fig. 4. Power profile : (a)Pt=100 mW (b)Pt=1 W

XIV. S IMULATION RESULTS AND DISCUSSION

A. Single user

Power Allocation

For the single user case, we assume that the total system
bandwidth for the PU and SU is 6 MHz wide, of which
the SU occupies a contiguous band of 5 MHz, while the
PU occupies 1 MHz bandwidth. The SU transceiver uses 32
sub-carrier OFDM for communication. The channels undergo
Rayleigh multi-path fading, defined in the time domain by∑L−1

l=0 hlδ(t − lT ) where hl is the complex amplitude of
path l and L is the number of channel taps. Thelth channel
coefficient is distributed as N(0,σ2), and the frequency domain
channel is given by its Fourier Transform. The AWGN vari-
ance is assumed to beσ2 = 1e-4 and the guard interval length
is Tg=1µ sec. The PU band is divided into 8 sub-bands, and
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Fig. 5. Secondary User throughput vs. power budget
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Fig. 6. Primary User interference profile

we attempt to mitigate the interference to each of them. We
set the interference temperature,Tth= 1e-5 W/Hz for each PU
sub-band. Without loss of generality, it is assumed that the
interference induced by the PU to the SU is negligible.

The power allocation profile of the SU is shown in Figure
4. For the result of Figure 4(a), the power budgetPt=100
mW. This value being very small, the interference constraint
is non-binding, and it is observed (though the channel gains
have not been plotted) that the solution closely resembles
that of conventional water-filling: better channels are allocated
higher powers as compared to the poorer ones. As the power
budget is increased to 1 W (Figure 4(b)), the interference
constraint becomes binding. The graph tapers towards the PU
band because lesser power is allocated in the SU sub-carriers
spectrally closer to the PU.

The SU throughput vs. power budget is plotted in Figure
5. Conventional water-filling gives the highest SU throughput,
since it is unconstrained by the PU interference threshold. It is
closely followed by uniform power allocation. Thecap-limited
scheme [10] is only partially interference constrained by the
closest PU sub-band. On the other hand, the proposed scheme
(Algorithm 1) considers the interference threshold to each PU
sub-band. The SU throughput achieved is the optimum result
within the given power budget and interference constraints.
It is observed that when the power budget is very low, the
solution is very close to that of conventional water-filling since
only the power constraint is binding. Furthermore, after a
certain power budget (Pt=700 mW), the throughput hardly


