
{
s=ceil(s/2)
If {CNs(Pi) < CNs+1(Pi)}
Ns=Ns+s.
end If
If {CNs(Pi) < CNs−1(Pi)}
Ns=Ns-s.
end If
Calculate throughput for the number of sub-carriersNs,
Ns+1,Ns-1 and represent them asCNs(Pi), CNs+1(Pi),
CNs−1(Pi), respectively, using Algorithm 1 and (1).
}

6) Nsopt=Ns, and the corresponding sub-carrier bandwidthBopt

is obtained using (29).

VII. SUB-CARRIER POWER ALLOCATION, BANDWIDTH

SIZING AND BIT LOADING

After having addressed the power allocation, bit loading
and bandwidth sizing individually, we formulate the problem
of doing all the three together, for an OFDM-based CR,
with the objective of maximizing the SU throughput. It is as
follows:

Problem P5:
obj = max

Pi,B
C (31)

subject to the PU interference constraint (4), power budget
(22), the integer bit granularity (23), and bounds on the sub-
carrier bandwidth (27).

The proposed algorithm first computes the power allocation
and sub-carrier bandwidth using the strategy discussed in the
previous section. The corresponding bit load are real values,
which are rounded to the nearest higher integer, and a greedy
bit removal is executed till the power and PU interference
constraint are met.

Algorithm 6:
1) Compute the optimum power allocationPi and sub-carrier

bandwidthB using Algorithm 5.
2) Compute the corresponding bit loadbi using (17).
3) Execute Step 2 onwards of Algorithm 2.

VIII. S YSTEM MODEL AND COMMUNICATION SCENARIO:
MULTIPLE SUS

In this scenario, we assume that there areK SU transceivers,
and the PU is in the radio range of all of them (Figure 3). The
assumptions on the propagation channel are the same as in
the single user case (Section III). The multi-user scenario is
more complex than the single user situation, since it involves
assigning sub-carriers to users, besides allocating power under
the given constraints. The throughput of thekth user on the
ith sub-carrier is defined as

ck,i(pk,i) = log2(1 +
pk,ihk,i

σ2
) (32)

where pk,i is the power allocated to theith sub carrier
assigned to thekth user, andhk,i is channel power gain of
kth user onith sub carrier.

The Ns active SU sub-carriers will be assigned to the
various users, while optimizing the sum throughput under a
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Fig. 3. System model for a single Secondary User

power budget and an interference constraint on each PU sub-
band. The sum throughput is given by

Cm =
1

Tg + 1

B

K
X

k=1

Ns
X

i=1

ck,i(pk,i) (33)

All the CSI estimated at the receivers, is now required
to be sent to a centralized controller, which is responsible
for coordinating the resource allocation in the multi-user CR
network. A centralized mode involves considerable signaling
overheads, especially in fast fading environments. In a slow
fading environment as is assumed in this work, the centralized
architecture will compensate for the overheads with near-
optimum solutions.

Note: To avoid complexity of notations, we have used the
same variables (for the Lagrangian multipliers) for the single
and multi-user cases. Their values will, however, depend on
the specific problem.

IX. POWER ALLOCATION (MULTIPLE SUS)
To formulate the power allocation problem for the multi-

user CR scenario, (33) is re-written as

Cm =
1

Tg + 1

B

K
X

k=1

Ns
X

i=1

ρk,ic(
ζk,i

ρk,i
) (34)

whereζk,i=pk,i ∗ ρk,i

ρk,i =



1 if the ith sub carrier is allocated tokth user;
0 if the ith sub carrier is not allocated tokth user.

(35)
Our objective is to maximize the sum throughput, given

the total power budget on all usersPt, and the interference
constraint on each PU sub-band. The problem is posed as

Problem P6:
obj = max Cm (36)

subject to
K

X

k=1

Ns
X

i=1

gk,jζk,iQj,i ≤ Ith ∀j (37)

wheregk,j is the channel power gain betweenkth SU and
jth primary band.

K
X

k=1

Ns
X

i=1

ζk,i ≤ Pt (38)


