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Abstract— Future mobile communication systems will adopt the Therefore it is very difficult to realize the communication systems
multiple antennas at both transmitter and receiver to improve system especially when the high order modulation is adopted. The com-

capacity and spectral efficiency. In such MIMO (Multiple Input ; : : : :
Multiple Output) system, a channel separation method is indispensable plexity reduction scheme and evaluation of complexity are widely

because the parallel transmission is performed. When the ZF algorithm investigated [5-7]. _ _

is used for the channel separation, serious signal quality degradation ~ In this paper, we consider the performance improvement for
sometimes happens depending on the relation between the multiple MIMO—OFDM systems with the ZF algorithm. The ZF algorithm
channels. In such a case, the signal quality can be maintained with lim- shows the serious performance degradation when the large corre-

iting the transmit channels. In this paper, we propose the transmission . . .
channel control scheme for the MIMO—OFDM systems. This scheme |2tion @mong multiple channels appears. We can thus improve the

selects the transmit parameters (transmit antenna, modulation method, System throughput by limiting the transmit channels adaptively.
coding rate) so as to maximize the instantaneous system throughput Several transmission channel control schemes have been studied
based on the reception SNR of each channel. We show that the proposed[g-11]. In [8] some antenna selection criteria based on the received

scheme is t_a’rfecti\_/e in the system throughput enhancement through the SNR are shown. In [9][10], optimum antenna set selection schemes
computer simulation results. !

Keywords— MIMO, OFDM, Transmission control, Adaptive modu- ~ With the adaptive power control which maximize the throughput in
lation, Throughput the BLAST system are reported. In [11] throughput enhancement
scheme with the transmit antenna selection and the adaptive
I. INTRODUCTION modulation in a single carrier system is described. We present
This paper presents a new scheme of throughput enhancemtre system throughput in the multi—carrier MIMO system with the
for MIMO—OFDM (Multiple Input Multiple Output — Orthogonal adaptive antenna selection and modulation using a little feedback
Frequency Division Multiplexing) systems using a little feedbacknformation.
information. This paper organized as follows. In Section 2 we describe the
Wideband mobile communication systems have been studiednventional SDM-MIMO system briefly, in section 3 proposed
widely to transmit multimedia information. In the wideband comtransmission channel control scheme is shown. In section 4 we
munication systems, frequency-selective fading due to the multpresent the system throughput obtained through computer simula-
path channel becomes the severe problems in addition to tfien. Conclusions close the paper.
conventional Rayleigh fading. Multi—carrier te(_:hniques represented II. SDM-MIMO SYSTEM OVERVIEW
OFDM have been developed to overcome this problem. Recently, . . .
wireless LAN system has become popular and the transmissionTh? SDM SCh?me improves the maximum transml_ssmn rate by
data rate which demanded by each user has increased. Theref F&d!ng the multiple data sequence simultaneously. Fig.1 shows the
the spectrally efficient wireless systems have attracted attention.unctlon blocks of the conventional two antennas MI_MO_OFDM
MIMO—OFDM is one of technologies for such spectrally effi.System. In the receiver, because two an_tennas receive the signals
cient systems. This system transmits several data streams in para %rpposed of data 1 and data 2, the signal combining between

over multiple transmit antennas, and so it can increase the specﬁ%lt'ple antennas and the interference suppression are performed

efficiency of the wireless link remarkably. In MIMO system, theto divide two data sequences. The reception signal at the receive

SDM (Space Division Multiplexing) scheme [1][2] and the STCantenndc is given by
(Space Time Coding) scheme [3,4] have been researched widely. rd Ry, hi, %] ni
In this paper, we deal with the first one. r hi,  hi, ]

3
In the SDM system, independent data streams are transmitted . ) i )
simultaneously form each antenna, and a channel separation"dt€reJ is the subcarrier numbe,; is the branch gain from the

the receiver must be performed. Two major algorithms are knowFRNSMit antenna to the receive antenni, = is the transmitted

for the channel separation - the ZF (Zero forcing) algorithm angignal from the antenng n, is the noise at the receive antenna

the MLD (Maximum Likelihood Detection) algorithm. In the zF k- "Pranch” means the channel from one transmit antenna to

algorithm, the interference from undesired channels is eliminat9€ 'éceive antenna. Some estimation schemes to estimate the

using the difference of channel state among each antenna. THiNSMitted signak; are known. We adopt the ZF algorithm which

has low computational complexity and can be performed with théS€ the inverse matri$ of the channel matrid? = [fi].

calculation of one time matrix inversion. On the other hand it ; s, s,

has some weak points that we can not get diversity gain, can not 57 = s, s),

separate received signal when each channel has the large correlation L . . .

etc. In the MLD algorithm, the replicas of all possible transmi?— € Inverse r_natnxS is applied to the reception signal vector to

symbols are evaluated to determine transmitted data streams. T¢ffain an estimate of

algorithm provides a superior transmission performance, howevef s}, s/, ] [ r! ] _ [ ) ]—i—[ sT, s, ] [ ny ] 3
no

@)

n2

@)

its complexity increases exponentially with the number of antennas| s, sJ, ) ) s5 shs



Fig. 1. Conventional MIMO-OFDM system function block

@ Tab. 1. Channel selection pattern for 4 antenna systems
pattern number| chl | ch2 | ch3 | ch4
Channel Estimation 0 . . . .

for all branches 1

2

3

Calculating SNRin j-th subcarrier, 4
i-th channel for I-th antenna set 5
all i,j done? g

No Yes 8
Evaluating average SNR and 9
selecting modul ation method, coding rate 10
all | done? 11

No Yes 12

- 13
Comparing system throughput 12

and determining modul ation method,
coding rate for each channel

|

rate information of each channel are fed back. In order to reduce

Feed back the information which should the control data, the channel information is not fed back.
be used to transmit signal from each antenna Fig.2 shows the flow chart of the proposed scheme. The channel
l selection algorithm of this scheme is as follows,

1) Channel Estimation

Fig. 2. A flow chart of the channel selection algorighm In the MIMO system, the orthogonal sequences are transmitted
as the pilot signals in each channel. The branch gains of each
subcarrier between transmit antennas and receive antérjpaare

From Eqn.(3) we can get SNR of each estimated signal, estimated with the pilot signals at the receiver.

w = W 4 2) calculation of Average SNR

i " 1 ” ®) The SNR in each subcarrier, in each channel is calculated as a
w2 = { P+ Sg2|2}02 previous section. The SNR is calculated about all the conbinations
we can realize. There are 15 selection patterns in the case of 4
where w! is the SNR of estimated signal at the subcarrjer transmit antennas and 4 receive antennas as Table 1. We define "ch
transmitted from the Tx antenna o° is the noise power. The x” as the channel which is transmitted using the transmit antenna
average transmitted signal powet® = 1.0 is supposed. This SNR X. The average SNR,, is the moving average of the SNR in each
information is used as a metric weight for the viterbi decodingsypcarrier.
If the inverse matrix.S dose not exist, the viterbi decoding is 1 Ne
performed with the metric weight equal 0. Um = Z wl, (6)

j=1

IIl. TRANSMISSIONCONTROL

As we described previous section, the received SNR at ealffiere Ve denotes the number of subcarriers, denotes the

channel can be estimated if the noise power and the branch g&fignnel number.

between all transmit antennas and receive antennas are observed.

If we use the ZF algorithm, the serious throughput degradatid®3) AMC set selection and throughput calculation

sometimes occurs with the channel condition. In this paper, we pr8electing AMC set for each channel in each selection pattern based
pose the selection scheme of the transmit channel, coding rate amdthe average SNR and the AMC set selection table. AMC set
modulation method in the instantaneous throughput maximizatias “Adaptive Modulation and Coding set” that is a combination
criteria. In this algorithm, only the modulation method and codingf the modulation method and coding rate. From this information,



P-preamble

Tab. 4. Example of the throughput calculation

P1| P2| P3| P4 Data Pattern chl ch2 ch3 ch4 Throughput
' : e 193 22.8 182 196
1frame 0 QPSK | QPSK | QPSK | QPSK 4.0
Fig. 3. Frame structure in the computer simulation 1 22.5 25.0 216 - 5.0
QPSK | 16QAM QPSK
2 25.3 254 — 23.0 9.0
Tab. 2. Simulation parameters 16QAM | 16QAM 16QAM
23.4 — 21.0 22.3
Modulation method | QPSK, 16QAM, 64QAM 3 | 160aM oPsK | aQpsk 5.0
Coding rate R=1/2, 3/4 — 26.7 238 228
Number of FFT points 64 4 16QAM | 16QAM QPSK 7.0
Guard interval 16 271 271 — —
Number of subcarriers 52 5 16QAM | 16QAM 6.0
FFT clock 25MHz 252 _ 236 _
Frame length 12 OFDM symbols 6 16QAM 16QAM 6.0
Packet length 1 frame . 26.8 — — 25.0 6.0
Number of antennas Tx:4, Rx:4 16QAM 16QAM '
Synchronization Ideal 8 — 28.1 26.0 — 6.0
Feedback Ideal 16QAM | 16QAM '
18 path Rayleigh fading 9 — 27.5 — 25.0 6.0
Channel exponential decay 16QAM | 16QAM '
RMS delay spread 50ns 10 — — 24.6 24.4 6.0
16QAM | 16QAM
28.2 — — —
Tab. 3. AMC set selection table 11 16QAM 3.0
_ _ — 28.8 — —
Modulation [ Coding | Throughput| Channel | Threshold 12 640AM 4.5
rate estimation 13 — — 26.7 — 20
Ideal 10.7dB :
QPSK 172 1.0 Dot 11845 - — - 168AM =3 ~
Ideal 23.0dB :
16QAM 3/4 3.0 Bilot 23505 16QAM
Ideal 28.7dB
64QAM 3/4 4.5 Bilot 59.5dB

(Packet Error Rate) in the SISO-OFDM system under the frequency
selective fading environment. Three AMC sets are evaluated in this

study as displayed in Table 3. Fig.4 shows the PER performances

the_system throughput in each selection patte_rn ?s calculated. WFthe SISO-OFDM system from which we derive Table 3. In this
define the throughput as the number of transmit bits per subcarrlﬁéure’ "Ideal” means the perfect channel estimation and "Pilot"

means channel estimation using the pilot signals. Generally, under
4) Selection of Transmit Scheme the fading environment, burst error occurs when the reception SNR
The system throughput is compared among all selection patterfadls down. In other words, most errors happen when the reception
and the AMC set with the maximum throughput is selected. ThiSNR is less than the average SNR. (A notch of frequency response
AMC set information is shared between the transmitter and the rean be compensated with the interleave and FEC) Therefore, we
ceiver through the feedback channel. At the receiver, demodulatican get the greater PER performance than 1% using this selection
process is performed with this information. The SNR informatiorable. If the reception SNR is less than all the threshold levels in
in each subcarriew?, is used for the weight in the viterbi decoding.Table 3, no signal is transmitted from the transmit antenna.
Table 4 shows an example of AMC set assignment for one
burst using the selection table when average SNR=21dB and the
In this section, we present the numerical results about thEerfect channel estimation are assumed. We calculate the reception
MIMO-OFDM system performance. The system throughput i§/N in each channel, in 15 antenna selection patterns respectively,
evaluated in 64 carriers MIMO-OFDM system with 4 transmigind assign the AMC set to each channel with the selection table.
antennas and 4 receive antennas. Table 2 shows the major siélmd so we can get the instantaneous system throughput in each
ulation parameters and Fig.3 shows the frame structure. Eastlection pattern. In this table, the 2nd to 5th columns present the
transmit frame is composed of the preamble parts and the data parstantaneous reception SNR and the selected modulation method
P-preamble contains the orthogonal signals which are 4 OFDM each channel, the 6th column presents the instantaneous system
symbols [12]. throughput. In the case of Table 4, the pattern 2 has the maximum
throughput 9.0 bit/subcarrier.

IV. SIMULATION RESULTS

A. AMC set selection table

In the proposed scheme, the AMC set selection table must Be
prepared to select the modulation method and coding rate in eachMe show the system throughput calculated by the computer
channel. We set the threshold level so as to achieve PER=1gitnulation. Fig.5 is the result with perfect channel estimation, and

System throughput evaluation
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Fig. 4. PER performance in the SISO-OFDM system
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Fig. 5. System throughput in the MIMO-OFDM system
(Perfect channel estimation)
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Fig. 6. System throughput in the MIMO-OFDM system
(Channel estimation with pilot signal)
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Fig. 7. The channel assignment of the proposed transmission
control(@)SNR=5dB (b) SNR=15dB (c) SNR=19dB (d) SNR=24dB
(e)SNR=30dB

1) We can use the appropriate modulation method depends on
the reception SNR by the adaptive modulation.

2) Ifitis difficult to perform the channel separation with the ZF
algorithm, we can continue the signal transmission through
part of the channels by limiting the transmit channels.

First one is a well known effect of the adaptive modulation.
Additionally the transmission channel control comes to the great
factor for the throughput enhancement in the MIMO-OFDM
system. Especially this effect appears remarkably at the severe SNR
condition.

Fig.7(a)~(e) present the channel assignment of the proposed
transmission control scheme at several reception SNRs. The hor-
izontal axis means the number of transmit antennas. The vertical
axis denotes how many times it is chosen in 100000 times attempt.

Fig.6 is the one with channel estimation using the pilot signalThese bar graphs also show the ratio of the modulation scheme
In these figure, "proposed” means the performance result with thgsigned to the channel. When the reception SNR is very small,
proposed transmission channel selection scheme, "Fix QPSK”, "Fix channel parallel transmission is very difficult. In this situation
16QAM", "Fix 64QAM" mean the results with the conventional (Fig.7(a)), the channel assignment is performed so as to keep
scheme that the signals are always transmitted from 4 antenfag enough SNR for QPSK in the limited channels. The parallel
with the fixed modulation method and coding rate. They corresponghnsmission becomes possible with increasing reception SNR
to (QPSK R=1/2), (16QAM R=3/4), (64QAM R=3/4) respectively(Fig.7(b)). If we get higher SNR, the high order modulation scheme
The horizontal axis denotes the average SNR in each branch. Whgih be selected. 16QAM R=3/4 has the throughput three times as
the signals are transmitted from the multiple antennas, the tothh as QPSK R=1/2 has. Hence the proposed scheme assigns

signal power thus is proportional to the number of antennas.

the high order modulation scheme with reducing the number of

According to these results, the system throughput can be irtransmit channels. Fig.7(c) displays this situation. We can see that
proved effectively with the proposed scheme. Major two reasortse transmit channels are reduced and 16QAM is selected. Fig.7(d)

of this throughput enhancement are as follows,

and (e) show the results in the case of sufficient reception signal
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Fig. 8. Throughput comparison in the correlated fading environment
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power. In this case, the parallel transmission is selected with tfe]
high order modulation scheme.

C. Evaluation in the correlated fading environment

In the MIMO-OFDM systems using the ZF algorithm, system
throughput rapidly degrades as the branch correlation increases.
The branch correlation between branch a and branch b is defined

as o |E [fa(t) - £2(8)]]
VEI50F] /B 0]

wheref,, f» denotes the path gain which has the same delay time.
There is no correlation between the paths which have deferent delay
time. All paths satisfy Eqn.(7).

Fig.8 shows the system throughput in the correlated fading
environment when the SNR=15dB and 24dB. In this figure "Con-
ventional” means the 4 channel parallel transmission with the
fixed modulation method which has the maximum throughput
in each condition. We see that the proposed scheme maintains
superior throughput compared with conventional one if the branch
correlation increases.

@)

V. CONCLUSION

We have proposed a transmit channel control scheme with a
little feed back information in the MIMO—OFDM systems. In this
scheme, the modulation method and coding rate are selected so
as to maximize the instantaneous system throughput based on the
estimated SNR. The simulation results have been shown for the 4
antennas MIMO—OFDM system in the uncorrelated and correlated
fading environment. This scheme can attain the throughput en-
hancement compared with the conventional fixed transmit scheme
in the wide SNR condition. Therefore proposed scheme is effective
to improve the MIMO—OFDM system performance.
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