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Abstract— An adaptive transmission scheme using QAM
and LDPC code is proposed for an OFDMA cellular system
employing FDD. Also, adaptive algorithms for active user
selection, subchannel transmission power allocation, and
modulation and coding set selection are proposed. The performance of the proposed scheme is obtained from computer
simulation and is compared with that of the conventional
scheme using mean SNR only. It is shown that the proposed
scheme can provide up to 5.1dB gain over the conventional
scheme at the expense of only 3 more bits in feedback
information.

1. I NTRODUCTION
In order to meet the explosively increasing demand
on reliable and high-rate service over wireless channel,
orthogonal frequency division multiplexing (OFDM) has
been widely accepted as the most promising radio transmission technology for the next generation wireless communication systems due to its advantages such as the
robustness to multipath fading, granular resource allocation
capability, and no intra-cell interference [1]. In addition,
it is required to employ some advanced technology to
enhance the system capacity as large as possible. Among
such advanced technology, the link adaptation using adaptive modulation and coding has been considered as a key
technique for the next generation wireless communication
systems [1]-[5]. The basic idea of the adaptive modulation
and coding is that the transmitter selects one of the
pre-defined modulation and coding set (MCS) by aid of
the channel state information, which is reported to the
transmitter by the receiver in systems using frequency
division duplexing (FDD).
In multiuser OFDM systems, adaptive subcarrier and
power allocation techniques, such as in [4][5], have been
reported. However, the transmitter has to know the channel
state information of all sub-carriers of all users, which is
impractical in cellular OFDM systems using large number
of sub-carriers. Another approach is to use block-wise
adaptive transmission schemes such as in [2][3]. In cellular
systems employing FDD, however, even the amount of the
feedback information required for the block-wise adaptive
transmission schemes is far from that can be supported in

Fig. 1. The time and frequency selectivity supported by wireless systems.

practical situations since a cellular system should support
both high frequency selectivity and high mobile speed as
shown in Fig. 1.
Recently, a novel adaptive transmission technique based
on the knowledge of the received log-likelihood ratio
(LLR) distribution was proposed for OFDMA cellular
systems [6]. Here, the LLR distribution is approximated
to a Gaussian distibution so that only two parameters,
the mean and variance, are required to be sent to the
transmitter. Thus, only a few more bits are needed compared to the feedback information in currently used single
carrier cellular systems, such as cdma2000-1xEV-DO. In
this paper, the adaptive transmission technique in [6]
is extended by considering flexible power allocation to
multiple subchannels in multiuser environment.
2. S YSTEM M ODEL
A physical layer frame is comprised of a number of
consecutive data slots, in which pilot symbols are well

In this paper, we consider Gray encoded 4-QAM and
16-QAM for modulation options, as shown in Fig. 3, and
the maximum value approximation of the maximum likelihood (Max-ML) method for LLR calculation algorithm.
However, it can be easily extended to higher order QAM
modulations, such as 64-QAM.
3. T HE ADAPTIVE TRANSMISSION SCHEME

Fig. 2.

The system model for the proposed adaptive transmission.

At each user’s receiver, the CSI is estimated by using
the common pilot symbols. Since pilot symbols are transmitted with fixed power Ppilot , the mean, mk,SN R , and
the normalized standard deviation, σ̄k,SN R of the LLR
distribution of the kth user can be calculated as [6]
L−1

mk,SN R =

σ̄k,SN R =

Fig. 3.

The Gray encoded 4-QAM and 16-QAM constellations.

distributed in both frequency-domain and time-domain. All
sub-channels in a data slot are also well-distributed. In Fig.
2, the system model considered in this paper is shown.
In the transmitter side, pilot symbols are transmitted with
fixed power Ppilot . Then, the channel is estimated by the
channel estimator in each receiver side. With the estimated
channel, the channel state information (CSI) of each user
is generated and sent to the transmitter. Then, based on
each user’s pre-determined quality of service (QoS), the
reported CSI, and the pre-determined required SNR table,
active users are selected with corresponding MCS and
transmit power (TP) by the MCS and TP selector. Then, the
adaptively transmitted signal is received at each user and
the LLR is calculated from the received symbols and the
estimated channel at the receiver side. Finally, the LDPC
decoder extracts the transmitted information.
For a given LDPC code and decoding algorithm, the
performance is determined by the received likelihood distribution [7]. Thus, the transmitter can expect the performance of each MCS option if the received LLR distribution
is known. In this paper, we use the Gaussian distribution
approximation [6]. Then, the mean and the normalized
standard deviation of the LLR distribution can be used as
the CSI and the performance of each MCS option can be
well expected by the transmitter with only two parameters.
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where L is the number of symbols in a data slot, hk,l , l =
0, 1, · · · , L−1 is the complex channel gain of the kth user
at the lth symbol in the data slot, and 2σ 2 is the variance of
the additive complex white Gaussian noise. Then, the CSI
indicates the mean and the normalized standard deviation
of the received LLR distribution when the transmit power
is Ppilot . Now, Let SN Rn and ∆n (µ) be the required
mean SNR and the required additional power when the
normalized standard deviation of the received SNR is µ
for the nth MCS option, respectively. Then, the required
transmit power for the kth user when the nth MCS option
is used, Pk,n , is obtained as follow:
Pk,n = Ppilot + SN Rn − mk,SN R + ∆n (σ̄k,SN R ) (dB).
(2)
Here, SN Rn and ∆n (µ) can be pre-determined by computer simulation or field-test. In case of the conventional
method using the mean SNR only, the required transmit
power is obtained as
c
= Ppilot + SN Rnc − mk,SN R (dB),
Pk,n

(3)

where SN Rnc be the required SNR for the nth MCS option
when we use the conventional method using the mean SNR
only.
First, consider the case where only one user exists. In
this case, we simply choose the MCS option with the
highest transmission rate among possible candidates under
the total transmission power constraint as
n∗ (1) = arg max r(n) subject to P1,n ≤ PA,M ax , (4)
n

where r(n) is the transmission rate of the nth MCS option
and PA,M ax is the maximum transmit power allowed for
a data channel.

Now, consider the case where S subchannels are available in a data slot in a multiuser environment. Then, the
optimal criterion for active user set and corresponding
MCS and TP selection is given by
{k(s), n(k(s))|s = 1, · · · , S} = arg max

{k(s)}

subject to

S
X

S
X
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(5)
where k(s) is the user assigned to the sth subchannel
and n(k(s)) and Pk(s),n(k(s)) are the corresponding MCS
option and the TP, respectively. Since it is not an easy task
to find the optimal solution of (5), we will consider the
following sub-optimal solution. Firstly, we can simply fix
the transmission power of each subchannel at PA,M ax /S.
Then, the maximum transmission rate of each user is
calculated by

Fig. 4. The proposed subchannel power allocation and MCS option
selection algorithm.

n(k) = arg max r(n) subject to Pk,n ≤ PA,M ax /S. (6)
n

Then, the active user set {k ∗ (s)|s = 1, · · · , S} are selected
as
f or s = 1 : S
k ∗ (s) = arg max n(k); n (k ∗ (s)) ← 0;
k

(7)

end f or
Then, the iterative algorithm, shown in Fig. 4, is performed
as follows. After the initial allocation by using (6) and (7),
the required amount of additional power, P + (s), (amount
of saved power, P − (s)) of the sth user for increasing
(decreasing) MCS option number is calculated for all users
and
PS the remaining power, Pr , is calculated as Pr = PA −
s=1 Pk(s),n(k(s)) at each iteration. Then, the power allocation and MCS selection is modified if i) we can increase
the total transmission rate with additional power smaller
than the remaining power, Pr , or ii) we can increase the
remaining power while the total transmission rate is not
changed. Note that the proposed algorithm is a modified
version of the well known bit-loading algorithm in the
following points: i) the proposed algorithm can be applied
to practical situations where the allowed transmission rates
are not limited to equally spaced integers and ii) the initial
allocation can reduce the number of iterations, especially
for high SNR regime.
4. S IMULATION R ESULTS
In Fig. 5, the performance of the proposed adaptive
transmission scheme (denoted as Prop.) is shown when
the number of subchannels in a data slot, S, is 12 and the
total number of users, K, is 20 and 60. Here, the ITUR pedestrian A channel is used and all users’ average

channel gains are assumed to be identical. The average
signal to noise ratio, Es /No , is the statistical average
of the mean SNR when the TP is PA,M ax /S and the
target packet error rate (PER) is set at 0.01. In addition,
the performance of the conventional scheme using mean
SNR only (denoted as Conv.) is provided for comparison.
Note that, for the conventional method, the same iterative
algorithm is applied except that (3) is used instead of (2)
for TP calculation. In Fig. 6, the average performance gain
of the proposed adaptive transmission scheme over the
conventional scheme using mean SNR only is shown. From
the results, it is observed that i) performance is improved as
the number of users increases due to the multiuser diversity
as expected, ii) the proposed adaptive power allocation can
improve the performance, and iii) the performance gain
of the proposed of scheme over the conventional scheme
using the mean SNR only is up to 4.4dB and 5.1dB when
the number of users is 20 and 60, respectively, at the
expense of only 3 more bits (8-level quantization for the
normalized standard deviation) in the feedback CSI.
5. C ONCLUSION
In this paper, an efficient adaptive modulation and power
allocation algorithm using QAM and LDPC code was
proposed for OFDMA cellular systems employing FDD.
The proposed algorithm first selects the active user set
assuming equally divided TP. Then, the TP for each
subchannel and the corresponding MCS option for the
active users are iteratively modified by using proposed
iterative algorithm. The simulation results showed that
the proposed algorithm has performance gain over the

TABLE I
S UMMARY OF THE MCS OPTIONS USED IN THE SIMULATION

Average Transmission Rate (Mbps)

50
MCS6

MCS option
0
1
2
3
4
5
6

40
MCS5

30
MCS4

20

MCS3

10

MCS2
MCS1

0
0

5

10
15
Average Es/No (dB)

Prop. K=20
Conv. K=20
Prop. K=60
Conv. K=60
20

Modulation
No Tx
QPSK
QPSK
QPSK
16-QAM
16-QAM
16-QAM

Code Rate
No Tx
1/6
1/3
2/3
1/2
2/3
5/6

Transmission Rate
0 Kbps
384 Kbps
768 Kbps
1.536 Mbps
2.304 Mbps
3.072 Mbps
3.84 Mbps

[8]. Therefore, the proposed algorithm is quite pragmatic
and can easily be adopted to improve OFDMA-based
cellular systems, such as the IEEE802.16 [9].
25

Fig. 5. The performance of the proposed adaptive transmission scheme.
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