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ABSTRACT

In this paper, we combine Adaptive Modulation and Coding (AMC) with Transmit Diversity (TD) to improve
the performance of AMC in CDMA systems and verify the throughput gain over AMC. The received Signal to
Noise Ratio (SNR) is improved by adopting TD techniques so that a probability of selecting Modulation and
Coding Scheme (MCS) level that supports higher data rate is increased. Therefore, higher average throughput can
be achieved. In this paper, we consider two TD schemes, Space-Time block coding based Transmit antenna
Diversity (STTD) and Selection Transmit Diversity (STD). The results show that higher throughput is achieved by
AMC-TD schemes. Compared to the conventional AMC, AMC-STTD scheme shows about 250kbps increase in
throughput and AMC-STD with 2 transmit antennas achieves about 420 kbps throughput improvement over the
conventional AM at 9dB SNR in flat Rayleigh fading channel.

I. Introduction

Adaptive Modulation and Coding (AMC) has
drawn much attention due to its ability of the
improved throughput performance in wireless
communication systems. It adapts coding rate and
modulation scheme to channel condition, resulting
in an improved throughput over a fixed
transmission technique''"™,

Transmit Diversity (TD) reduces the devastating
effects from fading channels so that improved
signal-to-noise ratio (SNR) is obtained at receiver.
AMC system determines its transmission coding
rate. and modulation scheme based on SNR

estimated at a mobile receiver.

It is very important for CDMA systems to
obtain higher data transfer rates and maintain low
complexity of mobile receiver. Therefore, the
combination of TD and AMC, AMC-TD schemes
can be considered as countermeasure for this
problem. However, until now, investigation on the
gain of AMC-TD was insufficient.

In this paper, we combine open-loop and
techniques with AMC.
Additionally, we investigate the improved average

closed-loop TD

throughputs of the combined systems based on the
simulation results. STTD is chosen as an
open-loop TD, and STD is used as a closed-loop
TD.

This paper is organized as follows. The TD
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schemes are described in Section II. In Section
III, structures of the combined systems are shown
for AMC-STTD and AMC-STD. In Section IV,
the performance of AMC and each combined
scheme are investigated by computer simulation.
In Section V, Conclusions are drawn.

II. Transmit Diversity Schemes

For STTD with 2 transmit antennas, two
consecutive  symbols are divided into a

transmission group, {s,s}. For a transmission at
time t, s, and — s° are transmitted through the
first and second transmit antenna, respectively. At
time ¢+ 7, where 7 is a time duration of a
symbol, the first transmit antenna sends s, and
the second one transmits s,°. Power of STTD
encoded symbols are normalized by the number
of transmit antennas to maintain  constant
transmission power.

In a multipath channel with L resolvable paths,
assuming that constant channel across two
consecutive symbols and no interference, the

received signals are

) .
()= EI ho c(t—1)s— by (t—1) 5"+ ny )

I
r(H= Z) hoc(t—1))s1+ hyct—1)) 50"+ n

where »,(#) is the received signal at time ¢+ 7,
«(f) means a spreading sequence, 7, indicates
delay of /-th path, %, is a zero mean AWGN with
a variance ¢° at time {+;7, and /,;, represents
Rayleigh fading channel coefficient between /-th
path of transmit antenna ; and a receive antenna.

After de-spreading, signals from the /th finger
will be

Yo = , rop € (t— 1) dt

zhli,lsu_hl.] SI‘+11(,.,
(2)
Yia= {"nn c'(t— r)dt

%
=ho it hysg tngy

where 7, »,, are the received signals of [-th
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path at the first and second symbol timing.

A mobile receiver detects transmitted symbols
s), i by combining STTD decoded signals
from L paths. The estimated symbols can be

written as

B =i
Sop= Z‘h kot vothy vy,
= o 9 ~
= Z‘( o 1"+ 1hy | F)so+ ng,

—1
e * *
1= ZJ hotrii—hy vy,

-1 " M .,
= Z,( o1+ 1y 1) syt my

3

Eq.(3) shows that 2 7 branch diversity can be
obtained in multipath channel with . resolvable
paths when the multipath interference is perfectly
removed.

In STD, assuming no errors or delay problems
in feedback, the transmitter chooses the best
antenna based on the feedback from a mobile
receiver and transmits only on the selected one.
The selection of the transmit antenna is based on
the feedback from the mobile receiver. Therefore,
considering STD with two transmit antennas, the
SNR at the rake output will be

r= max{ 2:7’“,1, 2:7’1./} 4)

where y,, indicates the received SNR from the /

-th path of the ;-th transmit antenna.

. AMC combined with TD
techniques

Fig.1 shows the AMC-STTD structure in
CDMA systems. The information bits are encoded
by turbo coding and interleaved. After modulation,
STTD  encoding followed by the Walsh
modulation and scrambling process is done A
mobile receiver performs de-scrambling, Walsh
demodulation, and STTD decoding. From the
STTD decoder, channel state information is
obtained. The channel state information is used
for feedback to Modulation and Coding Scheme

(MCS) selector. MCS selector modifies
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Fig. 1 AMC-STTD structure

Fig. 2 AMC-STD structure

transmission  parameters, coding rates and
modulation scheme, based on the received SNR at
the mobile receiver. STTD decoded symbols are
demodulated, de-interleaved. and information bits
are recovered by MAP decoder.

The structure of AMC-STD is described in
Fig.2. The structure of AMC-STD is similar to
AMC-STTD case. The difference is that transmit
antenna selection part exists and selection infor-
mation is included in the feedback. The weights W

for transmit antenna selection is given by

1 if i=n
W={ W W...., Wy}, W= -
0  otherwise

where W, is weight of ;-th transmit antenna, » is
an index of the selected antenna, and N is the
number of transmit antennas.

In the AMC schemes combined with TD,
multiple channels exist between transmit antennas
and receive antennas. The condition of each
channel is assumed to be independent.

In AMC-STTD case, the estimated SNR after
STTD decoding process is same for each
estimated symbol s, s, in Eq.(3). Therefore, the
SNR calculated after STTD decoding is used for
MCS level selection in AMC. Considering SNR

for MCS level selection in AMC-STD case, the
received SNR is obtained in the same manner as
the single transmit antenna case.

The concept of the estimated SNR for STTD
and STD with two transmit antennas is illustrated
in Fig.3 and 4. In the combined schemes in Fig.|
and 2, the selection of MCS level is determined
based on the SNR in Fig.3 and 4 respectively.

N
Antenna 0 | Antenna 1

0 500 1000
Channel SNR Sampling Number

Fig. 3 Received SNR for STTD

VA TR AR AVAR A
V] ‘1“ L ! i‘ ”
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Channel SNR Samp ling Number

Fig. 4 Received SNR for STD with 2 Tx. antennas

In STTD, the transmission power is normalized
by the number of transmit antennas'.
the estimated SNR from STTD decoding can be

seen as an averaged SNR. On the other hand,

Therefore,

STD with two transmit antennas does not suffer
3dB transmit power penalty that appears in STTD
case because it selects only one transmit antenna.

IV. Simulation Results

The simulation parameters and MCS levels are
described in Table 1 and Table 2 respectively.
The MCS levels are chosen from HDR(High Data
Rate) spec[8]. The threshold setting for MCS

level selection is based on the result in Fig.5. It
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shows the throughput for each MCS level using a
single transmit antenna in AWGN. To obtain the
maximum throughput, each threshold is determined
at the crossing SNR points of a throughput in
Fig.5. Threshold between MCS level 1 and 2 is
3.25dB. For MCS level 2 and 3, 7.25dB is
chosen. 9.25dB is the threshold between MCS
level 3 and 4.

Table 1. Simulation parameters

Bandwidth
Slot length

1.2288 MHz

1.67msec

Flat Rayleigh fading channel
Channel e £

2path Rayleigh fading channel
QPSK, 8PSK, 16QAM
Turbo Coding
(1/2 or 2/3 rate)

Modulation

Channel Coding

Number of Tx.

1,2 4
antennas
Spreading factor 16
Doppler frequency 50 Hz

Table 2. MCS levels

MCS Data rate || . .
Bits/frame || Code rate |[Modulation
level (kbps)
1 614.4 1024 1/3 QPSK
2 1228.8 2048 2/3 QPSK
3 1843.2 3072 2/3 8PSK
4 2457.6 4096 2/3 16QAM

Fig.6 shows a throughput in flat Rayleigh
fading channel. Compared to AMC, AMC-STTD
achieves about 250kbps increase in throughput at
9dB SNR. AMC-STD with two transmit antennas
improves to 420 kbps at 9dB SNR. At a low
SNR below -1dB, the throughput of AMC-STTD
is almost same as that of AMC. While
AMC-STD transmits on a single antenna without
reduction of transmit power, the penalty in
transmit power exists in AMC-STTD. With 2
transmit antennas, STTD suffers 3dB transmit
power penalty that does not occur in STD using

two transmit antennas.

Throughput (Thousands)

Fig. 5 Throughput of each MCS level in AWGN
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Fig. 6 Throughput in flat Rayleigh fading channel
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Fig. 7 Throughput in 2path Rayleigh fading channel

For the power penalty of AMC-STTD, AMC-
STD obtains higher throughput at a low SNR
compared to AMC-STTD. The throughput of
AMC-STD with 4 transmit antennas is increased
about 700 kbps compared to that of AMC at 9dB
SNR. In this case, the improvement of a
throughput is increased for higher selection
diversity order of 4.

The throughput in 2 path Rayleigh fading
channel is presented in Fig.7. To observe the

diversity effect in multipath, the interference from

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



<=/ Performance Analysis of Adaptive Modulation and Coding Combined with Transmit Diversity in Next Generation Mobile ...

the other path is assumed to be eliminated
completely. The signals from multipath obtain
effect of increased diversity. As a result,
receiving signals from each path, all schemes in
Fig.7 show improved performance. In addition, it
is shown that the gap in, the throughput between
AMC and combined scheme is reduced compared
to Fig.6. For example, comparing Fig.7 with
Fig.6, the performance of AMC in 2 path fading
channel is shown to be similar to that of
AMC-STTD in the flat fading channel. Moreover,
the gap between AMC-STTD and AMC is
reduced to 100 kbps at 9dB SNR.

Fig.8 through 11 show the MCS selection
probability for AMC, AMC-STTD, AMC-STD
with 2 antennas, and AMC-STD with 4 antennas
in flat Rayleigh fading channel respectively. For
overall results, MCS level 3, 8PSK and 2/3 code
rate, has a low probability of selection compared
to other MCS levels. The curves of AMC-STD
with 4 transmit antennas are moved to the top

left corner. Curves moved to the left side mean

Fig. 8 MCS selection probability of AMC
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Fig. 9 MCS selection probability of AMC-STTD
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Fig. 11 MCS selection probability of AMC-STD with 4
Tx. antennas

that MCS level with higher data transfer rate is
more likely to be selected so that the average
throughput increases at given SNR. Therefore, we
can see that the characteristics of MCS selection
probability match the results in Fig.6.

V. Conclusion

We have investigated the performance of AMC,
AMC-STTD, and AMC-STD with 2 or 4 transmit
antennas.  Using  the  diversity  gain, the
effectiveness of received SNR is improved so that
the probability of selecting MCS level with higher
data transfer rate is increased. As a result, the
average throughput increases at given SNR. It is
shown that AMC-STD with two antennas provides
higher throughput than AMC-STTD. However,
AMC-STTD  suffers 3dB transmission power
penalty. In multipath environment, assuming no
interference from other paths, the diversity effect

due to signals from various paths gives better
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performance. In a realistic case, where multipath
interference exists, the throughput performance
will be inferior than the flat fading case. Hence,
resecarch  on the mitigation of  multipath
interference needs to be considered to utilize
diversity effect sufficiently and obtain higher data

transfer rate.
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