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Improved AMC-MIMO Multiplexing Systems
Using Selection Transmit Diversities
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ABSTRACT

In this paper, Adaptive Modulation and Coding (AMC) is combined with Multiple Input Multiple Output (MIMO) multiplexing
to improve the throughput performance of AMC. In addition, a system that adopts Selection Transmit Diversity (STD) in the
AMC-MIMO multiplexing system is proposed. The received SNR is improved by adopting STD techniques. And it increases
probability of selecting MCS (Modulation and Coding Scheme) level that supports higher data rate. This leads to an increased
throughput of the AMC-MIMO system. STD in our simulation selects 2 transmission antennas from 4 antennas and AMC-MIMO
multiplexing process operates with the selected antennas. The computer simulation is performed in flat Rayleigh fading channel.
The results show that the proposed system achieves a gain of 1Mbps over the AMC-MIMO multiplexing system with the same
number of antennas at 15dB SNR.
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1. Introduction

The throughput improvement in the downlink
wireless communication systems will be the hot issue
in the next generation communication systems. In
order to fulfill the need for ultra-high speed service,
researches about Multiple Input Multiple OCutput
(MIMO) system have been in progress. The Bell-lab
LAyered Space-Time (BLAST) is representative of the
MIMO rmuiltiplexing scheme [1]. Also, in order to
improve throughput performance, together with MIMO
multiplexing system, Adaptive Modulation and Coding
{AMC) has drawn much attention [2)[3].

The AMC scheme adapts coding rate and modulation
scheme to channel condition, resulting in improved
throughput and guarantees transmission quality.

For this advantage, the High Speed Downlink
Packet Access (HSDPA) and 1x-Evolved high-speed
Data Only/Data and Voice (IXEV-DO/DV) for
high-speed data packet transferring adopts the AMC
in the current 3rd wireless commumication systems
[4](5].

Consequently, the combination of MIMO multiplexing
system and AMC could be the solution for improved
throughput performance. This paper aims at Transmit
Diversity (TD) technique that coud be a useful
application for improving throughput of AMC-MIMO
systems. TD technique brings on a higher SNR and
allows a usage of MCS level that supports higher data
rate with a satisfactory throughput. In this paper, the
performance analysis of the AMC-MIMO system is
presented.  Moreover, a reformed AMC-MIMO
nultiplexing system that adopts the STD is proposed.

The reason of the selecting STD from the other
TD techniques is as follows.

First, closed-loop TD is considered since the AMC
system basically contains feedback information. Second,
instead of open-loop TD lke Space-Time Block
Coding (STBC), higher diversity gain is achievable by
using closed-loop TD.

Finally, the feedback information of STD is simpler

than that of the other closed-loop TD like Transmit
Adaptive Array (TxXAA). In the combination of MIMO
multiplexing system and AMC, the Vertical BLAST
{V-BLAST) is considered for lower complexity [6].

2.Configuration for proposed AMC-MIMO
Multiplexing System

The system configuraion of the proposed

AMC-MIMO rultiplexing was shown in this section. In

addition, some considerable points for combining

AMC-MIMO nmultiplexing system and STD are

discussed.

2.1 Transmit and receive structure of the

AMC-MIMO multiplexing system

AMC-MIMO muiltiplexing system needs to estimate
the received SNR of each transmission layer. But, in
the AMC-MIMO nuiltiplexing system, the received SNR
can not be determined at each receive antenna because
these signals contain signals from the other transmit
antennas. Therefore, the SNR in receiver is achieved
after nulling. The calculation of SNR from each
transmit antennas can be summarized as following. If
the V-BLAST systemn has M transmit antennas and N

receive antennas, MIMO channel will have a M xN

MxN _
HE =y} here

means the channel response from the i-th transmit
antenna to the j-th receive antenna. Then the received

channel response matrix as

signal, Xn can be written as

[E
X, = ES-HSH+V,, n

With AMC-MIMO, the received SNR of signal from
each transmission layer needs to be calculated for the
MCS level selection.

But the received SNR cannot be directly obtained
from Eq(l). After the nulling process, the SNR
becomes visible. The SNR of each transmitted layer is
determined as the following equations [7].
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where NVois a noise variance, G is a nulling matrix,

V. is a noise vector at each receive antennas,

a transmitted symbol
estimated symbol vector.

Sa is

vector, and Snmeans an

Notation * means a hermitian matrix and (e
represents the element at the kth-row and the
kth-column (k=1, 2, M.

The results from Eq.(4) or (5) are used for the
selection of MCS level. If channel encoding/decoding,
interleaving/deinterleaving and modulation/demodulation
schemes are separately applied to each layer, it will
contribute to the throughput improvement. But the
amount of a feedback information increases and it
leads to a reduced uplink capacity. If the same MCS
level is used for all transmit antennas, the amount of
the feedback information will be decreased
comparatively. In this paper, the simulation is
performed using the same MCS level for all antennas
in consideration of simple feedback informations.

22 Combining AMC-MIMO Multiplexing System
with Selection Transmit Diversity

The AMC-MIMO multiplexing system attains an
improved throughput compared to a conventional AMC
system. Moreover, the throughput can be greatly
increased by adopting transmit diversity. The Space-Time
Block Coding (STBC) or the STD can be one of the

654

many choices.

In the simulation, STD is applied because it
achieves higher diversity gain than that of STBC.
Fig.1 shows the transmitter and receiver structure of
the proposed system.

Fig2 shows the transmit antenna selection algorithm
when STD is applied to AMC-MIMO muiltiplexing

system where M, s the number of transmit antenna

which is possible to select and M is the number of

selected transmit antenna for MIMO multiplexing[7].
The SNR of each layer is obtained as a result of

nulling. When we select M antennas among M,
candidate antennas for MIMO nuiltiplexing, the possible

combination of the antenna selection is M Cu

For each possible combination, SNR for each of the
M selected transmit antennas can be obtained The
layer that has the minimum SNR in each set of
antennas limits the throughput of the system.

Consequently, the selection of the set of antennas
aims at the maximization of the minimum SNR. First,
SNR values that are the minimum in each combination
are compared. The selected set of antennas is one that
has the maximum value among the compared SNRs.
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Fig 1.Transceiver structure of the proposed systems

As an example, if there are four antennas and two
antennas are used for MIMO muiltiplexing, six
combinations of antennas exist and each combination,
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the set of antennas, will be composed of two antennas.
Then six minimum SNRs from the combinations can
be obtained and compared. In the end, one combination
that has the maximum value in the compared SNRs is
chosen and the antennas of the combination are used
for the data transmission.
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Fig 2. Transmit antenna selection algorithm in MIMO

3. Simulation Results

In this section, simulation results are presented
and discussion of the throughput performance of
AMC-STD, AMC-MIMO multiplexing system, and
the proposed system is made.

3.1 MCS levels and Simulation Parameters
Table 1 show the MCS level selection. As shown in
Eq. (6), the throughput has much relation to frame error

ratio EFer .
Pﬂtroughput = (1 - EFER ) xR (6)

Data rate of MCS levels is shown in Table 1. In
AMC- MIMO rultiplexing system, data transmission
rate of each MCS level increases proportional to the
number of the transmit antennas. There are many
references in the selection of the MCS level selection
threshold.

In this paper, since the main emphasis is on data
transmission rate, the thresholds that maximize
throughput are selected.

Accordingly, each MCS level selection threshold is

defined as the throughput performance cross point in
AWGN environment.

MCS level selection thresholds decided by the cross
points are 3.25dB, 7.25dB, 9.25dB.

Table.! MCS levels

MCS Data Number of bits
M .
level | rate(kbps) per frame Code rate | Modulation
1 6144 1024 173 QPSK
2 12288 2048 23 QPSK
3 1843.2 3072 23 8PSK
4 24576 4006 2/3 16QAM
Table.2 Simulation parameters
Bandwidth 1.2288MHz
Slot length 1.67msec
Modulation QPSK, 8PSK, 16QAM
Code rate 1/2, 2/3
T oding (Number of
Channel coding urbo coding (Number o

iterative decoding: 4)

Number of Tx. Antennas 1,2 4
Number of path 1
Spreading factor 16

Doppler frequency 50Hz

3.2. Performance of the AMC systems with
multiple antennas and the proposed system

Fig4 shows throughput performance of the
MC-MIMO rmultiplexing system when MMSE nulling
is adopted. The AMC-STD systems that select one
antenna from 4 candidate antennas, AMC-STD (4Tx),
and AMC+STBC (2Tx) are also compared.

The result verifies that maximum throughput is
increased by applying MIMO multiplexing to AMC. In
the low SNR, approximately under 1dB, the 2X2
AMC-MIMO (2 transmit and 2 receive antennas)
multiplexing system shows a poor
AMC-STBC scheme hardly gets a considerable
diversity gain in the low SNR since STBC just
averages the channel gains of two branches.

performance.
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In contrast, the AMC-STD and 2X4 MMSE
AMC-MIMO (2 transmit and 4 receive antennas) cases
achieve a considerable throughput improvement under
the same SNR region because the diversity gain is
obtained This demonstrates that the closed-loop and
receiver diversity techniques make enable AMC-MIMO
multiplexing systems to get a considerable throughput,
if the SNR is low.

But it is impractical to use receive diversity in the
downlink for the limited number of antennas at mobile
receiver. Therefore, it is desirable to apply STD
technique for AMC-MIMO multiplexing systems to
guarantee the stable throughput while the maximum
throughput is maintained.

Fig5 depicts the throughput improvement for the
proposed AMC-STD-MIMO muiltiplexing system. The
same experiment environment of Table 1 and 2 is
applied. 4-2X2 means the proposed AMC-MIMO
multiplexing system that selects 2 transmit antennas
from 4 candidate antennas and the number of receive
antennas is two. 3-2X2 indicates the proposed system
which selects 2 antennas from 3 candidate antennas.

The result shows the proposed systern achieves
better throughput performance than the AMC-MIMO
multiplexing system in the total SNR range. In case of
applying the MMSE nulling method, the proposed
achieves the gain of 45dB SNR compared to the
AMC-MIMO rmultiplexing system at 3Mbps throughput.

2X4 MMSE AMC-MIMO multiplexing system
obtains the receiver diversity gain.

Accordingly, 2X4 MMSE AMC-MIMO multiplexing
system can be seen as an upper bound of the other
schemes in the simulation. The result demonstrates that
the performance of the proposed scheme approaches that
of 2X4 MMSE AMC-MIMO nmultiplexing system up to
2dB for the same throughput.
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Fig 4. Throughputs (kbps) of AMC-MIMO multiplexing
and AMC-TD systems
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4. Conclusion

In this paper, the AMC-MIMO multiplexing system
is implemented and its performance is shown from the
computer simulations.

The results prove that the AMC-MIMO multiplexing
system contributes to the throughput enhancement. On
the other hand, it hardly improves the performance in a
low SNR range. To mitigate this problem, the AMC-
STD-MIMO muiltiplexing system is proposed.

The improvement of the received SNR by STD
allows the AMC-MIMO multiplexing system to select
MCS level that supports higher data rate. Moreover,
STD makes the error probability lower in the
relatively low SNR and ultimately the throughput
performance of system is improved. '

From simulation results, it is shown that the
proposed system provided the maximum throughput
improvement and stable throughput increase in the
whole SNR range.
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