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PATTARAPORN KHAKHAL : COVERAGE PREDICTION OF ADAPTIVE
MIMO SWITCHING FOR MOBILE WIMAX SYSTEMS. THESIS

ADVISOR : ASST. PROF. PEERAPONG UTHANSAKUL, Ph.D., 109 PP.

WIMAX/ADAPTIVE MIMO SWITCHING/COVERAGE AREA

Nowadays, the wireless broadband access technology becomes the most
influence part of daily life. The user requirements on convenient, fast and precise
system are the main drive of new coming technology. Also the system that can provide
the more reliable coverage area gains more profits. Consequently, the WiMAX system
is on focus due to its performance and supp'ofj[ing to all user requirements. Hence, this
thesis aims to enhance the transmission efﬁciency.Of WIMAX by applying MIMO
{Multiple Input Multiple Output) technique. In fact, the open loop MIMO system is
categorized into 2 types including SM (Spatial Multipiexing) and STC (Space Time
Coding). Both types have the different benefits which the adaptive MIMO switching
can integrate both benefits into one system. In this thesis, the performance of WiMAX
system when applying AMS technique is investigated. The simulation results indicate
that better BER (Bit Error Rate) is achieved by using AMS. Furthermore, this thesis
presents the coverage prediction of WiMAX system employing AMS technique which

is useful for practical design.
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AMS = Adaptive MIMO Switching
ADSL = Asymmetric Digital Subscriber Line
BER = Bit Error Rate

BLER =  Block Error Rale

BPSK = Binary Phase Shift Keying

CIR = Channel Impulse Response

DSL = Digital Subscriber Lines

FFT =  Fast Fourier Transform

FDD = Frequency Division Duplex

IFFT = Inverse Fast Fourier Transform

K = Constraint Length

LOS = Line Of Sight

MAC = Medium Access Control

MISO = Multiple Input Single Output
MIMO = Multiple Input Multiple Qutput
NLOS = Non Line Of Sight

OFDM = Qrthogonal Frequency Division Multiplex
PRBS = Pseudo-Random Binary Sequence
QPSK = Quadrature Phase Shift Keying
RS = Reed Solomon

SM = Spatial Multiplexing

STC = Space~Time Coding

SISO = Single Input Single Output

SIMO = Single Input Multiple Output
STTC =  Space Time Trellis Code

STBC = Space Time Block Code
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SNR
TDD
TDMA
WMAN
WLAN
WiMAX
16-QAM
64-QAM
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Stanford University Interim

Signal to Noise Ratio

Time Division Duplex

Time Division Multiple Access

Wireless Metropolitan Area Network

Wireless Local Area Network

Worldwide interoperability for Microwave Access
16-Quadrature Amplitude Modulation
64-Quadrature Amplitude Modulation

rms delay spread
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ihen PL 18T meves P owneums
PL(dB) = 10log(R,)-10log(P.) (4.21)
144.95dB = 10log(40w)— P (dB)
P(dB) = -128.93dB
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Abstract— The growth in traffic volume and the increase in many
new services have forced the change of wireless configuration and
transmission schemes. WiMAX (Worldwide Interoperability for
Microwave Access) system is ¢ ed as one technology to
ground the broadband access facility by providing a variety of

dulation and ftr ission schemes. MIMO (Multiple Input
Multiple Output) technique is employed in WiMAX system to
provide a higher data rate and improve a spectral efficiency. The
MIMO schemes based on WiMAX standard are determined by
various choices of either space-time coding or spatial
multiplexing in which each choice offers a different system
performance. In this paper, the adaptive MIMO switching has
been proposed to mainiain the best BER (Bit Error Rate)
efficiency of data transmission among various choices of MIMO
schemes in WiMAX system. The results reveal that the proposed
system achieves a significant improvement when using adaptive
MIMO switching instead of using only either spatial multiplexing
or space-time coding.

Keywords; Multiple-input multiple-output (MIMO), space-time
coding (STC), spatial multiplexing (SM), WiMAX.

L INTRODUCTION

Currently, the wireless communication becomes an
important and necessary part of daily life. Therefore the service
providers have to develop the advanced technology to support
user requirements such as a higher data rate, reliability and
increase of coverage area. One of the most interesting
technologies is WiIMAX [1]-[2] (World Wide interoperability
for Microwave Access) technology base on IEEE 802.16
standard which provides higher data rate up to 75 Mbps. Its
coverage is 50 kilometers. The operating frequency between
2GHz-11GHz for fixed and between 2GHz - 6GHz for mobile
applications. The standard supports single carrier transmission,
Orthogonal Frequency Division Multiplexing (OFDM) [3] with
256 subcarriers and scalable OFDMA (Orthogonal Frequency
Division Multiple Access) with 128, 512, 1.024, or 2,048
subcarriers. The modulation techniques are supported by
BPSK. QPSK, 16-QAM, and 64-QAM. For OFDM
technology. it is now widely recognized as the method of
choice for mitigating multipath fading for broadband wireless.
The OFDM modulation transforms a broadband, frequency-
selective channel into a multiplicity of parallel narrow-band
single channels. A guard interval (called Cyclic Prefix: CP) is
inserted between the individual symbols. This guard interval
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must be solving inter-symbol interference (ISI) in transmission
channel. However, there are also techniques that can increase
the efficiency of the system.

Multiple-input  multiple-output (MIMO) is the use of
multiple antennas at both the transmitter and receiver to
improve communication performance. It gives high data rate
through spatial multiplexing or diversity using space-time
codes. In spatial multiplexing, a high rate signal is split into
multiple lower rate streams and each stream is transmitted from
a different transmit antenna in the same frequency channel. If
these signals arrive at the receiver antenna array with
sufficiently different spatial signatures, the receiver can
separate these streams into (almost) parallel channels. Spatial
multiplexing is a very powerful technique for increasing
channel capacity at higher signal-to-noise ratios (SNR). In
diversity methods, a single stream is transmitted, but the signal
is coded using techniques called space-time coding. The signal
is emitted from each of the transmit antennas with full or near
orthogonal coding. Diversity coding exploits the independent
fading in the multiple antenna links to enhance signal diversity.
Both techniques have their advantages and disadvantages.
Hence, the switching technique between diversity and
multiplexing [7] is introduced to maintain the advantages from
both diversity and multiplexing. This technique will bring the
advantages of both formats come together which will give
better performance than the choice of any one style. However,
there are many choices of diversity and multiplexing to be
employed in WiIMAX standard. Hence, the choice of using
switching technique between all of them might be difficult.

In this paper, the proposed switching scheme of 2x2 MIMO
systems has been presented. By observing the performances of
all schemes determined in WiMAX standard, the adaptive
MIMO switching can be utilized. The results confirm that the
proposed switching schemes gain the better BER performance
than using only either diversity or multiplexing. In the next
section, the details of space-time coding and spatial
multiplexing are described and then followed by the results in
Section II1. Finally, the conclusion is given in Section IV.

I 2x2 MIMO SYSTEMS

In the WIMAX standard, the MIMO technique is defined
by bath Spatial Multiplexing (SMX) and Space-Time Coding
(STC). Spatial multiplexing is a very powerful technique for
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increasing channel capacity at higher signal-to-noise ratios
(SNR). In turn, a space-time coding technique is used to
improve the performance of MIMO systems by exploiting the
enormous diversity offered by multiple transmitting and
receiving antennas. As a result, the mode of MIMO operations
depends on the number of antennas which is described in Table
L. The matrices remarked in the Table [ am defined as shown in
Table II. When there are two transmit antenna, two transmit
modes are specified matrix A for Space-Time coding and
matrix B for Spatial multiplexing. For four transmit antenna
case, three transmit matrices are defined to support Matrix A
(rate 1): space-time coding, Matrix B (rate 2): combination of
space-time coding and spatial multiplexing and Matrix C
(rate 4): pure spatial multiplexing.

As seen in Table L there are only four cases which have
two modes operating both SMX and STC. However, between 2
and 3 receiving antennas, the data rate transmissions are the
same. Hence, the focus in this paper is paid to only 2 receiving
antennas. In addition, to keep a compact antenna installment,
the number of transmitting antenna is selected to 2 antennas. In
summary, only 2x2 MIMO system is considered.

A. Spatial Multiplexing

In spatial multiplexing [4], a high rate signal is split into
multiple streams and each stream is transmitted from a
different transmit antenna in the same frequency channel.
Multiplexing schemes are more robust at low SNR conditions.
A mobile user located close to the base station benefits from
multiplexing schemes. Spatial multiplexing scheme is
implemented using VBLAST architecture. The second
multiple antenna profile included in WiMAX systems in the
2x2 MIMO technique also known as Transmit Diversity rate =
2 base on matrix B = (s.,sz)r‘ This system performs spatial
multiplexing and does not offer any diversity gain from the
transmitter side. But it does offer a diversity gain of 2 on the
receiver side when detected using maximum-likelihood (ML)
detection. A generic spatial multiplexing MIMO system (N,
transmitting antennas and N, receiving antennas) can be
written as:

r=H-s4+n (1)

Where r is the received signal vector (N, elements), s is the
transmitted signal stream vector (N, elements), H represents
the N,xN, channel matrix and the N, elements vector n is the
additive white Gaussian noise from N, receive chains.

B. Space-Time coding

Space-Time coding (STC) [5]-[7] is scheme to improve the
reliability of a message signal by utilizing two or more
communication channels with different characteristics. It plays
an important role in combating fading and co-channel
interference and avoiding error bursts. Moreover, it used to
obtain gains due to spatial diversity via multiple transmit and
receive antenna. A diversity gain proportional to the number
of antennas at both transmit and receive sides can be achieved.
One popular representation of these codes is the Alamouti
scheme [5] for two transmitting antennas. In the WiMAX

standard, this scheme is referred to as Matrix A with a transmit
diversity rate = 1. Let (sys:) represent a group of two
consecutive symbols in the input data stream to be transmitted.
During a first symbol period t;, transmit (Tx) antenna 1
transmits symbol s; and Tx antenna 2 transmits symbol s,.
Next, during the second symbol period t,, Tx antenna 1
transmits symbol s, and Tx antenna 2 transmits symbol - s,
Denoting the channel response from Tx1 to the receiver (Rx)
by h, and the channel response from Tx2 to the receiver by h,,
the received signal samples corresponding to the symbol
periods t; and t; can be written as:

rr= sy 4 hose + g
* "
rr=hysa - hpsy + g (2)

where n, and n, are additive noise terms.

Using zero forcing concepts, the receiver computes the
following signals the symbols s, and s,:

=y - hory
Xo=hy 4 hyry (3)

These expressions clearly show that x; and x, can be sent to
a threshold detector to estimate symbol s, and s, without
interference from the other symbol.

C. Switching berween Multiplexing and Diversity

The switching between multiplexing and diversity
techniques [7]-[8] is a technique that combines the advantages
of both the above techniques. It can be used effectively when
compared with the used of only one scheme. The choice of
multiplexing or diversity depends on the matrix channel, the
constellation and the desired rate. We compute the Euclidean
distance for each of spatial multiplexing and space-time
coding. We compute the minimum Euclidean distance by
using the channel estimation and modulation parameter.
Criterion minimum Euclidean distance based switching if
minimum Euclidean distance for space-time coding more than
minimum Euclidean distance for spatial multiplexing chooses
spatial multiplexing, otherwise choose space-time coding.

D. MIMO Schemes in WiMAX Systems

The 802.16 specification also supports the antenna as
shown in Table I. As mentioned earlier in this section, the
choice of 2x2 MIMO is suitable for implementing in mobile
applications. In Table I, the scheme of 2x2 MIMO offers with
both SMX and STC techniques. Hence, the use of adaptive
MIMO switching can utilize both benefits across the different
types of modulations.

II.  SIMULATION RESULTS

The BER performance of both MIMO techniques with two
transmitting and two receiving antennas according to WiMAX
standard shown in Table I are investigated. The modulations
based on its standard are BPSK, QPSK, 16-QAM, and 64-
QAM. It is interesting that the total number of all possible
schemes for 2x2 MIMO is 8 cases. In general we have to
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perform the adaptive MIMO switching by considering all §

cases. However, it is the fact that the BER performance of

some cases will not cross to each other, It means that the best
performance is achieved by the specific case which the
adaptive MIMO switching is not helpful. In this light, this

paper starts inves|

schemes that can perform the switching.

ating all cases in order to choose only

TABLEI MIMO SCHEMES ACCORDING TO NUMBER OF TRANSMITTING
AND R IVING ANTENNAS
Rx
Tx
1 2 k] 4
2x5MX ISMX
4x8M)
4 STC (Matrix B) (Muatrix 8) r”'\: H{_
(Matrix A) | STC + 2:MRC | STC + 3tMRC i
(Matrix A} (Matrix A}
2xSMX 2eSMX

—F————F-———g———
—] - BPSK SM MIMO 2x2
] —#— OQPSK SMMIMO 2:2 [
- = - 16-0AM STC MIMO 2x2 |
B4-0AM STC MIMO 2x2

Bit Error Rate

Figure 2. BER performance of only schemes that can perform switching

Figure | shows the BER performances of all 2x2 MIMO
schemes. All § cases are presented. It is revealed that only
some cases that their curves get cross. At this point, we can
ignore the curves that cannot perform the adaptive switching
out of our concern. This is helpful to screen non-related
schemes out of considerations. As a result, it helps to improve
the processing time of adaptive switching.

Figure 2 presents the schemes that can perform switching
between spatial multiplexing and space-time coding. It is
obvious that only 4 schemes is left which means that the
processing time is reduced by a half of all possible cases.

After choosing the potential schemes for switching, the
performance of adaptive switching can be examined. By using
the information from Figure 2, the proposed switching schemes
can be arranged as shown in Table III. There are three possible
schemes that can switch between STC and SMX. For the case
of 16-QAM and QPSK, it is almost useless to employ the
switching because the best performance is always close to 16-
QAM so it is deleted and not considered here.

" §TC (Matrix BJ (Matrix B) STC+ 4xMRC
| (Marrix A) | STC + 2xMRC STC + IxMRC (Matrix A)
(Matrix A} (Mairix A)
Baseli
y | =R MRC MRC MRC
Cuse
TABLE IL THE DEFINITION OF MATRICES REFERED IN TABLE [
Data rate 1x 2x 4x
2 . e STC (Matrix A) SMX(Matnx B) NiA
Format
Tx 5
Matrix [ _" N/A
L3
Tx i, STC and SMX SMX
Format TG Manix ) (Matrix B) (Matrix C)
4
Tx L N 5 5,
- S8 0 52 Sz
Matrix 00 S 5 <
(U ¥ 54 3,
10
L
2
#
Ev 1
&
—4 BPSK EM MIMO 2x2

1o || —B—OPSK SN MO 2@

QAN SM MIMO 262
—8— G40AN SM MM 262
—+  BPSK 5TC MO 262
—b— CPEK STC MIW
H -+ - oam sto

E4.0AM STC MIMD
o T T
5 o
Ebtode
Figure | BER performance of all 2x2 MIMO schemes

TABLE IIL THE PROPOSED SWITCHING SCHEMES BETWEEN SMX AND
STC WITH DIFFERENCE MODULATIONS
Modulation
Scheme

5TC SMX
A 16-0AM BPSK
B Hd-0AM BPSK
c 64-0AM OPSK

394
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Bit Ermor Rate

Bit Emor Rate

Bit Error Rate

10 e R — R — &
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- — =4 - Switching H
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Eb/MNo,dB

BER performance of scheme A described in Table L

—_— —
—& — BPSK 5M MIMO 2x2

Ga4-0AM STC MIMO 2x2
] — ¢ - Switching

Eb/Mo.dB

BER performance of scheme B described in Table 111

—k— OPSK SM MIMO 2x2
— 64-0AM STC MIMO 2x2

— —¢~ - Switching
T

1
E
E
r
C
1

F-rTnTm- -

Figure 5.

15
Eb/MNo.dB

BER performance of scheme C described in Table 111
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Figure 3 presents the BER performance of scheme A
described in Table III. For criteria of switching between SMX
and STC techniques, this paper uses the minimum Euclidean
distance to be the condition parameter for choosing SMX or
STC. In this figure, both techniques use the different
modulation types, BPSK and 16-QAM. As seen in this figure,
the best BER performance can be achieved by using the
switching method.

Figure 4 presents the BER performance of scheme B
described in Table III. The modulations between both
techniques are BPSK and 64-QAM. The results still point that
the best BER performance is obtained by the proposed
switching scheme. For scheme C, presented in Figure 5, the
results still show the benefit of using adaptive MIMO
switching. However, when the power ration of Eb and noise
per Hertz is high, then the BER performance is almost the
same as the performance of 64-QAM.

In summary, the scheme A in Table IIl. provides the best
BER performance while the scheme C offers the least BER
performance

IV. CONCLUSION

This paper presents the adaptive MIMO switching to
maintain BER efficiency of data transmission among various
choices of MIMO schemes in WiMAX system. The results
reveal that the proposed system achieves a significant
improvement when using adaptive MIMO switching instead of
using only either spatial multiplexing or space-time coding.
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Abstract

The Wircless Broadband Access (WBA) technology is recently important and developed for user
requirements such as a higher data rate, an increase of coverage area. One of the most interesting
technology is WiMAX technology based on IEEE 802.16 standard. WiMAX technology uses the
Orthogonal Frequency Division Multiplexing (OFDM) technique to solve multipath fading and uses
Multiple-Input Multiple-Output (MIMO) technique to increase the efficiency of data transmission.
However, there are a lot of MIMO schemes determined by WiMAX standards. But better than using just
one mode. This paper proposes the switching scheme of MIMO systems for WiMAX technology in order
to maintain the best efficiency of data transmission.

Keyword(s): WIMAX, OFDM, MIMO, STC
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