
C. Capacity Comparison

In this subsection, we show the capacity result of the
proposed beamforming algorithm. Fig. 5 compares the sum
capacity of the proposed method with that of LF-OSDMA
and the extended LF-OSDMA for an increase of the number
of users. The number of transmit antennas isNt = 4 and SNR
is 5 dB. Moreover, the number of subcodebooks isM = {1, 8}
for LF-OSDMA and the extended LF-OSDMA. The number
of initially selected users by the base station isS = {1, 2}
for the proposed method. We came up with the results of
the capacity based on Monte Carlo simulation. By Monte
Carlo simulation, we generate each user’s flat Rayleigh fading
channel and AWGN. Based on these values, we calculate each
user’s SINR using (4), (12) or (15). Using the SINR and (6),
we calculate sum capacity.

Firstly, the proposed method achieves a significantly higher
sum capacity than LF-OSDMA and the extended LF-OSDMA
for any number of users. This is because in the proposed
method, the base station generates the beamforming vector for
the initially selected user using full CSI, and allocates other
users to the vectors that do not cause interference to the beam-
forming vector for the initially selected user. The sum capacity
of LF-OSDMA decreases for an increase of the number of
subcodebooks where there is a small number of active users.
On the other hand, the extended LF-OSDMA improves the
sum capacity on that of LF-OSDMA for the small number of
users, because the extended LF-OSDMA guarantees that there
is no unallocated beam in the selected subcodebook. However,
for a large number of users, there is little difference in the sum
capacity between LF-OSDMA and the extended LF-OSDMA,
because LF-OSDMA can sufficiently get the multiplexing gain
since there is a large number of users. AtK = 20, the
capacity gain of the proposed method with respect to LF-
OSDMA with M = 1 is 2 bps/Hz and with respect to the
extended LF-OSDMA withM = 8 is 1 bits/Hz. At K = 100,
the proposed method also improves the sum capacity of LF-
OSDMA and the extended LF-OSDMA by0.5 bps/Hz. In the
result, the proposed method can achieve a significantly higher
sum capacity than LF-OSDMA and the extended LF-OSDMA
without a large increase in the amount of feedback bits and
latency.

D. Cumulative Distribution Function

In this subsection, we show the cumulative distribution
function (CDF) of the capacity on a per-user basis, because it is
important for a system designer to consider this performance.
We come up with the results based on Monte Carlo simulation.
Fig. 6 compares the CDF of the proposed method with that of
LF-OSDMA and the extended LF-OSDMA. The number of
transmit antennas isNt = 4, SNR is5 dB and the number of
users isK = 50. In this simulation, we also randomly selected
the initially selected users who feed their full CSIs back, and
S affects the amount of feedback, but is not dependent on the
number of transmit antennaNt.

Fig. 6 shows that the proposed method has a higher variance
of the capacity on a per-user basis than LF-OSDMA and

Fig. 5. Sum capacity comparison among the proposed method, LF-OSDMA,
and the expanded LF-OSDMA for an increase of the number of usersK; SNR
= 5 dB;S is the number of users selected by the base station,M is the number
of subcodebooks, and the number of transmit antennas isNt = 4

the extended LF-OSDMA. All users of LF-OSDMA and the
extended LF-OSDMA achieve the capacity between 1 and 3
bps/Hz/User. On the other hand, in the proposed method, the
users achieve the capacity higher than or equal to those in
LF-OSDMA. In addition, the variance of the capacity in the
proposed method is larger as well. These are because in the
proposed method, the pivotal user can have a much higher
capacity than the users in LF-OSDMA and the extended LF-
OSDMA. In addition, for the selected users other than the
pivotal user, the amount of mismatch between each user’s
channel and the selected beamforming vector is about the
same as that in the conventional algorithms. Therefore, the
proposed method achieves the improvement of the capacity
for the whole of the system compared with LF-OSDMA and
the extended LF-OSDMA without the loss of the capacity on
a per-user basis, though the variance of the capacity on a per-
user basis becomes large.

VIII. CONCLUSION

In this paper, we proposed a new orthogonal beamforming
algorithm for the MIMO BC aiming to achieve high capacity
performance for any number of users. In this algorithm, we
do not use codebook, and the base station generates a unitary
beamforming vector set using Gram-Schmidt orthgonalization
using the beamforming vector for the pivotal user. Then, the
pivotal user can use the optimal beamforming vector because
of using analog value of the actual CSI. The proposed method
increases the number of feedback bits and the amount of
latency. For fair comparison about the amount of latency, we
extend the algorithm of LF-OSDMA to guarantee that the
system never loses multiplexing gain. Finally, we compare
the number of feedback bits, the amount of latency, and
the sum capacity of the proposed beamforming algorithm
with LF-OSDMA and the extended LF-OSDMA. We showed
that the proposed method can achieve a significantly higher
sum capacity than LF-OSDMA and the extended LF-OSDMA


