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ABSTRACT

WiBroWiMAX is an OFDMA-based multiple access
service for wirdess broadband multimedia environment.
Multiple antenna system has been considered to increase
the capacity, service area, and data rate for WiBro/WiMAX
base gtation system. In this paper, we compare the methods
for multiple antenna system of WiBro/WiMAX and show
the performance benefits of various multiple antenna
methods. We examine the space time transmit diversity
(STTD) and gpatial multiplexing scheme  for
WiBro/WiMAX. We first describe the signal modeling and
operations for STTD, spatial multiplexing. Then we
explain advantages and disadvantages in each method, to
summarize the differences among the methods. We aso
demonstrate various simulation results to show the
performances of STTD and spatial multiplexing which are
compared in various communication circumstances.

1. INTRODUCTION

Wireless communication using multiple input multiple
output (MIMO) has recently emerged as one of the most
significant technical issues to increase the system capacity
with limited resources in modern communications. MIMO
system has many benefits that increase the system
reliability, increase the data-rate and enlarge the wireless
service coverage. However, al MIMO systems have not
these benefits. Each MIMO scheme has advantages and
disadvantages compared to one ancther.

There are largely two algorithms of MIMO schemes:
oneis space time transmit diversity (STTD) and the other is
spatial multiplexing (SM). STTD scheme transmits the
orthogona signals in each transmit antenna and is often
caled by Alamouti code or space time code [1]. This
scheme can obtain a diversity gain like the maximum ratio
combining in receive antenna, but data-rate is not increased

which compared to single input single output (SISO). On
the other hand, because SM scheme transmits different
signals from each transmit antenna, data-rate is increased
proportionally to number of transmit antennas. But SM
scheme does not provide a diversity gain.

In this paper, the performance of many MIMO
schemes and algorithms is compared and anayzed in
OFDMA-based  wirdess communication  standard,
WiBroWiMAX downlink environment. Based on |IEEE
802.16-2004 [2] and 802.16e-2005 [3], WiBro (Wireless
Broadband) is the next generation wireless communication
standard that has been adopted in Korea.

This paper is organized as follows. In section 2, we
examine the signa modeling of STTD, SM schemes and
algorithms. In section 3, we examine the sructure of
WiBro/WiMAX downlink system. Simulation results to
apply many MIMO schemes are shown in section 4. Section
5 concludes this paper.

2. MIMO SCHEMES
2.1. Space Time Transmit Diversity

2.1.1. 2x1 Sace Time Code
Thereis MIMO system that has two transmit antennas and
a single receive antenna in figure 1. If two symbols to be

transmitted are S and S,, STC sends the following for
two symbol times:

Antenna 1 2
Time 0 S S
1 - S S

During two symbol times, transmitted symbols in each
antenna are orthogonal with each other. Using matrix
expression, received symbol vector is expressed in
following (1). An assumption is that the channel h, h,
remain constant over two symbol times.
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As (2), we can see that 2x1 STC obtains a diversity
gain like the maximum ratio combining (MRC) of 1x2
receive diversty system. In summary, the 2x1 STC
achieves the same diversity order and data-rate as a 1x2
receive diversity system with MRC but with 3dB penalty,
owing to the redundant transmission required to remove the
spatia interference at the receiver.

2.1.2. 2x2 Sace Time Code
Figure 2 is 2x2 STC and STC encoding is operated as
follow.

éy, ysu esl stéh hu én nu

3
gY2 y4u e'sz sl%ﬁﬁ'z h4H gnz 4H

2x2 STC decoding is operated like (2) in each receive
antenna and then, decoded results are combined as bel ow.

eau o, vy §(h| +|h|)>\°¢+N3

eszu ghz HgyZH @(|h| |h | )’Gz"'NzQ

2.2. Spatial Multiplexing

SM is a scheme that a set of independent symbols are
transmitted in each transmit antenna, which make the data-
rate be doubled. Mathematical expression is as follows.

y=Hx+n, i.e
éy. u éhu h, L hy uex u emnu 6)
ua é ué, u é_u
éy2u eh21 h22 L h2Nue 2u e 2u
énu éli I O Waéwu énu
é 0 é ué u é u

é u
éyMl] 'ghrvll hM2 L hMNueXNu éqMU
where M is the number of receive antennas, N is the

number of transmit antennas and n ~ N.(0,s2). = term

indicates amatrix, - term indicates a vector.

Figure 3 is the structure of 2x2 SM. In SM scheme, to
detect received symbols, the detection processng is
required.
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There are many algorithms that are used to detection
processing and in this paper we examine maximum
likelihood (ML), zero forcing (ZF), minimum mean sguare
error (MMSE), and successive interference cancellation
(SIC), ordered SIC (OSIC).

2.2.1. Maximum Likelihood
Thefollowing equation is criterion for ML detection.

X =arg min"x - ﬂl"z (7

where X is a transmitted symbol vector, y is a received
symbol vector, H is achannel matrix and X is a estimated

transmit symbol vector.
If channd information is known at the recever,
estimated transmit symbol vector is obtained when x is

subgtitute for all possible input vector. But if the order of
the modulation (eg., 4 for QPSK) is large, the
computational complexity is very high. Therefore ML
detection is very optimal but has a disadvantage of
computational complexity.

2.2.2. Zero Forcing

As in other situations in which the optimum decoder is an
intolerably complex ML detector, a sensible next step isto
consider linear detectors that are capable of recovering the

transmitted vector X . The most obvious such detector is

the zero forcing detector, which sets the receiver equal to
theinverse of the channel, or more generally to the pseudo-
inverse.

ZF detection is as below.

x=H'y with H'=(H"H) " ®
where upper subscript H is complex transpose operation.

ZF detection is easily operated because of the pseudo-
inverse of channel matrix, but the bad spatial subchannles
can severdy amplify the noise and its performance is not
good.

2.2.3. Minimum Mean Square Error
A logical alternative to the zero forcing detection is the
MM SE detection and the algorithm is as follow.

92 91 Data

MIMO S
ant 2 Demodulation

Detection

C)

Because noise effect is considered, its performance is
better than ZF. But the computational complexity is larger
than ZF.

2.2.4. Successive I nterference Cancellation
The earlies known SM receiver was invented and
prototyped in Bell Labs and called Bel Lab layered
space/time (BLAST) [4]. Like other SM MIMO systems,
BLAST consists of parald “layers” supporting multiple
simultaneous data streams. The layers (substreams) in
BLAST are separated by interference cancellation
techniques that decouple the overlapping data streams. The
most important technique is vertical BLAST (V-BLAST)
and we examine subsequent interference cancellation, SIC.
SIC detection processis as follow.
1H=lh, h, L hy]
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In each layer, the transmitted symbol is estimated
based on zero forcing agorithm and in next layer
interference is removed from received symbol vector. SIC
algorithm is progressed in the order of layers.

2.2.5. Ordered Successive Interference Cancellation
Unlike SIC, the ordered SIC is performed in the order of
decreasing SNR. Thisagorithm is asfollow.
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Fig. 4. WiBro/WiMAX MIMO downlink block diagram
y=Hx+n H=lh, h, L h,] Table 1. Simulation parameters
initialization: G =H" G =[g ¢° L g'[ Parameter s : Value
= = = = = = Subcarrier Permutation Mode PUSC
=1 Carrier Frequency 2.3GHz
y, =Y Channel Bandwidth 8.75 MHz
- o FFT Size 1024 point
recursion: k =argmin ;. . 49/ || Number of Data Subcarriers 720
ok Number of Pilot Subcarriers 120
Wy =9 TDD Frame Length 5ms
X, =wpy CP(Cyclic Prefix) Ratio 18
R = L Doppler Frequency 127 Hz
X = Q(Xk‘ ) (Quantization) Data Modulation QPSK
Y., =Y, - % h, (Interference cancellation) Chamel Caoding Convolutional Coding
- . ) (Coding Rate) (1/2)
G.,= iE (ﬂg =H with columns k; ..., ki, k; setto0) Number of Tx Antennas 2
izi+1 Number of Rx Antennas lor2
Number of Used Slots 20

3. STRUCTURE OF WIBRO/WIMAX SYSTEM

Based on |EEE 802.16-2004 and |EEE 802.16e-2005,
WiBro/WiMAX standard specification has options about
MIMO schemes. When MIMO schemes are applied to
WiBroWiMAX system, the system has advantages of
increasing system capacity and spectrum efficiency. Figure
4 is block diagram of WiBro/WiMAX MIMO downlink
system.

In the specification of WiBro/WiMAX, STTD and SM
are optionally supported. For example, in the circumstance
having good channel quality, SM may be sdected and in
cdl edge circumstance having poor channe quality, STTD
may be selected.

4, SSIMULATION RESULTS

Under WiBroWiMAX MIMO downlink environment,
computer simulation is progressed on many MIMO
schemes. There are smulation parameters on Table. 1. An
assumption is that channe information is perfectly known
at receive antenna.

In case of 2x1 and 2x2 STTD, figure 5 is smulation
result. As shown in figure 5, if the system has more
transmit antennas and receive antennas, it obtains a
diversity gain like MRC of diversity system.

Figure 6 isasimulation result of 2x2 SM for many SM
schemes and figure 7 is a throughput curve of ML, ZF,
MMSE, SIC, OSIC. As shown in figure 6, ML detection is
the most optimal and based on zero forcing, SIC and OSIC
seem to be better performance than ZF detection. But
MMSE has a better performance than SIC and OSIC. In
figure 7, when applying many SM schemes, their
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Fig. 6. WiBro/WiMAX 2x2 SM downlink performance

throughput is doubled than SISO system. This result
coincidences with mentioned before in this paper.

5. CONCLUSION

In this paper, STTD and SM schemes leading MIMO
technology are viewed from sgna modeling and
simulation performance of WiBrod/WiMAX wireless
communication environment. As shown in smulation
results, in a good channed circumstance, we prefer the SM
scheme due to increase data-rate. On the other hand, in an
adverse channd circumstance, the STTD scheme seems to
be better due to obtain adiversity gain.
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Fig. 7. WiBro/WiMAX 2x2 SM downlink data throughput

In this paper, we have investigated the MIMO
algorithms which are interested for commercial application.
MIMO technology is accepted as the standard for multiple
antenna scheme of WiBro/WiMAX system. This paper
analyzed the performance of MIMO under WiBro/WiMAX
signal environments through computer simulations.
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