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Leading the world in science and technology,
Tokyo Institute of Technology continues to
evolve.

Tokyo Institute of Technology, or Tokyo Tech in short,
was founded by the Japanese Government, Department
of Education, as the Tokyo Vocatioanl Shool in 1881,
and then renamed Tokyo Kogyo Daigaku (Tokyo
Institute of Technology), in 1929. Following a
brilliant history and tradition spanning over 126 years,
Tokyo Institute of Technology continues to evolve as
one of the world leading science and technology
universities of the 21 century.

To be recognized as one of the world-class science and

technology universities, Tokyo Tech fosters world-

class graduates, develops new frontiers of world-class
knowledge, and benefit society through transfer of
knowledge by having:

- Three Undergraduate Schools: School of Science,
School of Engineering, School of Bioscience and
Biotechnology

- Graduate Schools: Graduate School of Science and
Engineering, Graduate School of Bioscience and
Biotechnology, Interdisciplinary Graduate School of
Science and Engineering, Graduate School of
Information Science and Engineering, Graduate
School of Decision Science and Technology, and
Graduate School of Innovation Management.

- Other Research Laboratories.

Tokyo Tech is committed to the following missions:

1. Producing world-class graduates

2. Creating world-class knowledge

3. Contributing to society through the utilization of
knowledge

Tokyo Tech seeks to maintain the highest standard in
its every mission.

(Information resources:http://www.titech.ac.jp/ and
2006 profile of Tokyo Institute of Technology.)


http://www.titech.ac.jp/

Visit our website at http://www.mcrg.ee.titech.ac.jp/

Mobile Communications
Research Group

Mobile Communications Research Group (MCRG) of Tokyo Institute of Technology was established
in 2001. The objective of the group is to conduct advanced research related to mobile communications.

MCRG consists of three laboratories:
1. Signal Processing laboratory
(Staff: Prof. Hiroshi Suzuki, Associate Prof. Kazuhiko Fukawa, and Assistant Prof. Satoshi Suyama)
2. System laboratory
(Staff: Prof. Kiyomichi Araki, and Assistant Prof. Kei Sakaguchi)
3. Propagation and Antenna laboratory
(Staff: Prof. Jun-ichi Takada, and Assistant Prof. Minseok Kim)

Our group conducts comprehensive research on the development of mobile communication systems
covering a wide range of cutting edge technologies in the fields of antenna and propagation,
transmission systems, hardware development and signal processing. The synergy in the group creates
an ideal environment for cross-disciplinary discussions and tapping of expertise resulting in various
notable joint projects and developments. Our group has a weekly seminar to share the latest research
outcomes among internal laboratories and to gain insight on our research activities by inviting guest
speakers.

Environment of the weekly seminar

An Open House is yearly organized to introduce our
MCRG activities and build a network with external
companies, institutes and organizations in the field of
mobile communications. Distinguished speakers
from both the academia and industry are invited to
give key note speeches and lectures to contribute
their views and visions for the future development of
research in mobile communications.

In the 2007 Open House, five invited lectures were
held and we would like to take this opportunity to
express our thanks and appreciation to Dr. Shuzo
KATO of NICT Japan, Dr. Mitsuo NOHARA of
KDDI Corporation, Dr. Shusaku SHIMADA of
Yokogawa  Electric = Corporation, Dr. Toru
TANIGUCHI of Japan Radio Co., Ltd., and Prof.
Kiyomichi ARAKI (Tokyo Tech.) for their valuable
contribution to the Open House.

MCRG members
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SUZUKI FUKAWA LABORATORY

Associate Professor Kazuhiko Fukawa

received the B.S. and M.S. degrees in physics, and the
Dr. Eng. degree in electrical and electronics
engineering, all from Tokyo Institute of Technology,
Tokyo, Japan, in 1985, 1987, and 1999 respectively.
He joined Nippon Telegraph and Telephone
Corporation (NTT), Japan, in 1987. Since then, he has
been engaged in research on digital mobile radio
communication systems and applications of the
adaptive signal processing, including adaptive
equalization, interference cancellation, and adaptive
arrays. He was a Senior Research Engineer at NTT
Mobile Communications Network Inc. (NTT
DoCoMo), from 1994 to 2000. Since April 2000, he
has been an Associate Professor at the Tokyo Institute
of Technology. Prof. Fukawa is a member of IEEE
and the Institute of Electronics, Information and
Communication Engineers (IEICE) of Japan. He
received the Paper Award from [EICE in 1995.

web site: http://www.radio.ss.titech.ac.jp/

Professor Hiroshi Suzuki

received the B.S. degree in electrical engineering, the
M.S. degree in physical electronics, and the Dr. Eng.
Degree in electrical and electronics engineering, all from
the Tokyo Institute of Technology, Tokyo, in 1972, 1974,
and 1986, respectively. He joined the Electrical
Communication Laboratories, Nippon Telegraph and
Telephone Corporation (NTT), Japan, in 1974. He was
engaged in research on devices in millimeter-wave
regions. Since 1978, he has been engaged in fundamental
and developmental researchers on digital mobile
communication systems. He was an Executive Research
Engineer in the Research and Development Department,
NTT Mobile Communications Network, Inc. (NTT
DoCoMo) from 1992 to 1996. Since September 1996, he
has been a Professor at the Tokyo Institute of Technology.
He is currently interested in various applications of the
adaptive signal processing to radio signal transmission:
adaptive arrays, multiuser detection, interference
canceling, and MIMO-OFDM for future advanced
multiple access communication systems. Dr. Suzuki is a
member the Institute of Electronics, Information, and
Communication Engineers (IEICE) of Japan, and of IEEE.
He received the Paper Award from the IEICE in 1995 and
2007, and the award of IEICE Fellow in 2006.




Assistant Professor Satoshi Suyama

received the B.S. degree in electrical and electronic
engineering and the M.S. degree in information
processing from Tokyo Institute of Technology,
Tokyo, Japan, in 1999 and 2001, respectively. Since
2001, he has been an Assistant Professor in the
Department of Communications and Integrated
Systems at the Tokyo Institute of Technology. He is
currently interested in various applications of the
adaptive signal processing to radio signaling: turbo
equalization, interference cancellation, and channel
estimation for OFDM, MC-CDMA, and MIMO-
OFDM. He is also interested in FPGA and DSP based
simulators for radio signal processing. Prof. Suyama is
a member of the Institute of Electronics, Information,
and Communication Engineers (IEICE) of Japan. He
received the Young Researchers' Award from the
IEICE in 2005.
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Recent Our Research Outline and Topics




Our laboratory has researched the signal processing for mobile communications.
Recently, we have especially focused on the transmission systems, such as OFDM, MIMO,
and MIMO-OFDM, and multiuser detection for various multiple access schemes.
Additionally, modulation and demodulation schemes, such as Gaussian multicarrier,
bandpass oversampling, and SSB, have been researched for cognitive and software radio
systems. Moreover, the transmission systems with these research topics and fading
simulator have been implemented on FPGA-board simulator to verify the real time
processing. These are summarized in the upper illustration and the detailed research topics
of recent five years period are enumerated in the lower part. This report introduces some
topics from them in the following sections.

Linear Precoding Technique for Improving Detection
Reliability of MIMO-OFDM System Employing MLD[8]

MIMO-OFDM has recently attracted much attention because it can increase channel
capacity by spatially multiplexing independent data streams. If the channel state information
(CS]) is available at the transmitter, a linear precoding technique can exploit the channel
more efficiently. This report presents a new linear precoding technique that improves the
detection reliability of the MIMO-OFDM system employing MLD.

(a) Without Precoder (b) With Precoder
Fig.1 Received signal replicas of MIMO-OFDM with two QPSK data streams

Fig. 1 shows the received signal replicas generated by MLD of a single-cell single-user
MIMO-OFDM system with two QPSK modulated data streams, where (a) does not employ
any precoder and (b) employs a minimum BER (MBER) precoder which will be explained
later. Assume that b and r denote the transmitted and received signal points, respectively.
Fig. 1 (a) shows that r is displaced from b because of the additive white Gaussian noise
(AWGN). Since the MLD makes a decision in favor of the signal point locating closest to
the received signal, the receiver decides that c is transmitted.
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Therefore, the detection error occurs. In order to reduce the amount of detection error
and to improve the reliability of MLD, the MBER precoder optimizes the Euclidean
distances of the received signal replicas in Fig. 1 (a) and the result is shown in Fig. 1 (b).
In Fig. 1 (b), the MLD can make a correct decision with these new replicas.

To implement the above concept of the MBER precoder, the proposed method
calculates a theoretical BER upper bound of MLD by using the pairwise error
probability (PEP). Then, the steepest descent algorithm is employed to estimate the
precoder that can minimize this bound. Fig. 2 shows the average BER performances of
the nonprecoded, the conventional MBER precoded, and the proposed MBER precoded
schemes. Two conventional MBER precoding methods were investigated including the
minimum distance-based precoder and the power allocation MBER precoder. Fig. 2
shows that the proposed method gives significant improvement over the conventional
schemes.

Fig.2 Average BER of 2x2 MIMO-OFDM system with QPSK

The framework of the MBER criterion precoding described above can be extended to the
multi-cell environment, where one mobile station is communicating with one base
station and other base stations are generating interferences. In this situation, the condition
for the detection error of MLD does not only depend on the AWGN but also the
interferences from other base stations. Under the assumption that the interferences can be
reliably estimated, the theoretical BER upper bound of MLD can be calculated again by
using the PEP. Then, the precoding parameters can be optimized in order to minimize
this bound and the result is expected to show better improvement in the average BER
than the precoder that only considers the AWGN for the optimization.




Scattered Pilot OFDM Receiver Employing Iterative
Detection and Channel Estimation in Fast Fading
Environments[22]

OFDM is one of the most promising techniques for high-speed data transmission in
mobile communications, the wireless LANs, and digital terrestrial broadcasting such as
ISDB-T in Japan and DVB in Europe. ISDB-T can efficiently reuse the frequency
resource by employing single frequency network (SFN) to extend a service area. Since
signals from several broadcast stations can arrive in SFN, delay time of a propagation
path may reach as long as the guard interval (GI). Therefore, an OFDM receiver for the
mobile reception service of ISDB-T which adopts the scattered-pilot (SP) needs to
estimate a channel impulse response including long delay propagation paths with the
sufficient accuracy and the tracking performance. The accurate channel estimators, which
estimate the channel impulse response by using both SP of some symbols and the log-
likelihood radio (LLR) of the coded bits from the decoder, have been already proposed.
However, in the OFDM transmission with a large number of subcarriers, they cannot
achieve sufficient tracking performance because the number of estimated parameters
increases. To solve this problem, we have proposed an iterative SP-OFDM receiver that
extracts only dominant paths by LLR and SP and that conducts soft decision-directed
channel estimation (SDCE) by the LMS algorithm which selects and updates only the
taps corresponding to the extracted paths.

Fig. 1 Iterative SP-OFDM receiver with tap selection

Fig. 1 shows the configuration of a proposed OFDM receiver. It consists of an initial
channel estimator (ICE), a coherent detector, a MAP decoder, a tap selector, and SDCE,
and it operates with the initial and the iterative processing. In the iterative processing, the
tap selector first estimates the channel frequency response by inverse-modulation of the
received signal with SP and the mean of the modulation signal, and it calculates the
approximately estimated channel impulse response. Next, the tap selector extracts only
dominant paths from the estimated impulse response and selects the corresponding delay
time which SDCE employs for the LMS algorithm. Moreover, SDCE estimates the
impulse response by using OFDM signal replicas which are generated from SP and the
means of the modulation signal as the input signal for the LMS algorithm.

10
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Then, the coherent detection, and MAP decoding are conducted. The receiver iterates a
series of the processing with tap selection, SDCE, the coherent detection, and MAP
decoding, until the number of iterations exceeds a predetermined threshold or decision
errors are no longer detected.

Fig. 2 Average BER performance

Fig. 2 shows average BER performance of the iterative SP-OFDM receiver with 4
iterations, when the maximum Doppler frequency f), is equal to 80 Hz (f,75 = 0.1). In this
situation, the speed of the mobile terminal becomes 160 km/h at the ISDB-T carrier
frequency of 500 MHz. SDCE-CD with the adaptive tap selection and without the tap
selection were also evaluated. For comparison, BER of only the initial processing is
plotted. It can be seen that the conventional SDCE-CD without TS cannot track the
channel fluctuation because of a large number of the parameters. Therefore, it cannot
improve the performance, while the proposed method with TS can achieve an average
BER of 10 -4 at the average E,N, = 13 dB, and gain 6 dB over SDCE-CD without TS.

Adaptive Blind Detection for Heterogeneous Stream
MIMO Systems [16],[23]

MIMO mobile communication system have recently attracted much attention, because
it can realize high data-rate transmission without expanding the frequency band.
Conventional MIMO systems utilize training sequences in order to perform stream
separation, signal detection, and channel estimation. Meanwhile, the blind detection that
does not need any training sequences are preferable from the viewpoints of the bandwidth
efficiency and channel tracking. However, the blind MIMO detection cannot principally
identify the separated streams, which refers to the stream ambiguity. Although insertion
of unique words resolves the ambiguity, it increases the packet overhead and reduces the
bandwidth efficiency.



For solving such a problem without the unique words, we have considered a
heterogeneous stream (HTS) scheme. To identify the respective streams, HTS brings in
different properties such as modulation, coding, or their different parameters, which are
previously known to the receiver and available for identifying the detected streams. More
specifically, two effective examples of HTS are discussed: modulation type HTS (MHTS)
and timing-offset type HTS (THTS). MHTS utilizes modulation sets having the same
bandwidth but different constellations for respective streams, as shown in Figl (a), while
THTS utilizes the modulation sets having the same constellation but the different
transmission timing, as shown in Fig.1 (b).

#1|  DQPSK a(i) #1| DQPSK | a4(i)
- “Snymbol —0 —  Symbol [——»o
apper . Mapper
Information In_]:ormatlon b
Bits o—»|g/p S o—>l5/P
ay(i)
, . DQPSK
#2 p/4 shift DQPSK | a(i) #2 Symbol P T/2 (0
Mapper
(@) MHTS (b) THTS

Fig.1 HTS-MIMO Transmitters

For the blind detection, the receiver employs maximum likelihood sequence estimation
with per-survivor channel estimation which can track the fast fading. The receiver also
employs fractional sampling and the channel estimation is updated in every fractional
timing for further improvement of the tracking. Additionally the fractional sampling also
enhances the robustness of the signal detection with Viterbi algorithm for THTS because
each stream can be received in each timing.

(a) Average BER performance (b) Tracking performance

Fig.2 Computer simulation results
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Computer simulations for 2 x 2 MIMO systems with the HTS schemes have shown that
the system can achieve superior BER performance with Eb/N0 degradation of 1.0 dB in
THTS and 2.5 dB in MHTS compared with the ideal maximum likelihood detection at
average BER 1073 over a frequency-flat Rayleigh fading channel as shown in Fig.2 (a). The
detector shows superior tracking performance up to f DT=2.0 x 10 as shown in Fig.2 (b).

430 Mbps Reduced-PAPR MIMO-OFDM Transceiver
on FPGA-Board Simulator [9],[19]

In space division multiplexing (SDM) of the coded MIMO-OFDM, the spatial spreading
and subcarrier phase hopping for SDM (SPH-SDM) have been proposed in order to
increase the frequency diversity gain. These techniques intentionally reduce the channel
correlation between the subcarriers by rotating the phase of each subcarrier individually.
However, they cause high peak-to-average power ratio (PAPR) like the normal MIMO-
OFDM, and thus degrade an efficiency of the transmitter power amplifier. To overcome
this impairment, SPH-SLM, which combines SPH-SDM with the selected mapping
(SLM) for PAPR reduction, has been proposed. Since SPH-SLM can not only improve
the transmission performance but also reduce PAPR, it is one of the most promising
techniques for the future mobile communications. This report presents a 432 Mbps 2 x 2
MIMO-OFDM transceiver employing SPH-SLM implemented on an FPGA-board
simulator.

A block diagram of the
implemented SPH-SLM
transmitter is shown in Fig.1.

First, information bits are

divided into all the streams.

Next, each stream is

encoded, and the transmitter

maps them into a modulation

signal at each subcarrier.

Then, it carries out the

subcarrier phase hopping

(SPH) to the modulation

signals of all streams.

SPH performs the different phase shifts
for the modulation signals according to
the indices of subcarriers, transmit
antennas, and phase patterns. A phase
pattern controller selects the optimum
phase pattern that can minimize the peak
power of every symbol. A phase pattern
controller, shown in Fig.2, consists of
SPH units, IFFTs, and peak detectors,
which are parallely

Figl. SPH-SLM transmitter

Fig2. Phase pattern controller



located for real-time operation.
By comparing the peak power
of the IFFT outputs of all the
phase patterns, it selects the
optimum phase pattern that
can minimize PAPR.

The receiver employs an
accurate timing recovery, soft
output MIMO detector with
maximum likelihood detector
(MLD) or MMSE detector,
and soft decision Viterbi
decoder.

Fig3. FPGA-board simulator

The SPH-SLM transmitter and receiver were implemented on the FPGA-board
simulator which has six FPGA chips of Xilinx Virtex-II Pro XC2VP70 as shown in Fig.3.
Overall configuration of the simulator consists of the fading generator, noise generator,
and transmission error counter in addition to the SPH-SLM transceiver. Although the
transmission parameters for OFDM mainly follow IEEE 802.11a standards, the bandwidth
was set to 80 MHz. The simulator can support QPSK, 16QAM, and 64QAM and employs
the convolutional code with the coding rate of 1/2, which is punctured to 2/3 or 3/4.
Therefore, 2 x 2 MIMO using 64QAM with code rate 3/4, the simulator can achieve a
maximum bit-rate of 432 Mbps.

Fig4. PAPR performance

The complementary CDF for the threshold of PAPR was measured by the simulator and
was depicted in Fig.4. The results obtained by the floating-point computer simulations are
also plotted for comparison. Number of the phase patterns was changed to 1, 4, 8, 16. It
can be seen that with 16 phase patterns, it can gain 3.4 dB at CCDF 10-3 in comparison
with the normal MIMO-OFDM transmitter, and that it can achieve PAPR of less than 7
dB.

14
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Assistant Professor Minseok Kim

Asst. Prof. Kim was born in Seoul, Republic of
Korea. He received the B.S. degree in Electrical
Engineering from Hanyang University, Seoul, Korea,
M.E. and Ph.D. degrees in Division of Electrical and
Computer  Engineering,  Yokohama  National
University (YNU), Japan in 1999, 2002 and 2005,
respectively. He was with a startup company from
2005 and has experienced H/W and S/W
development of various embedded system. He was
also with YNU as a postdoctoral research fellow
shortly in 2006. He joined Tokyo Institute of
Technology (Tokyo Tech) as an assistant professor
from July 2007. His research interests include digital
signal processor implementation, raido propagation
measurement, array signal processing, smart antenna
system, software defined radio / cognitive radio. He
is a member of IEEE and IEICE.
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Professor Jun-ichi TAKADA

was born in Tokyo, Japan, in 1964. He received the
B.E., M.E., and D.E. degrees from the Tokyo
Institute of Technology, Tokyo, Japan, in 1987,
1989, and 1992 respectively. From 1992 to 1994, he
was a Research Associate at Chiba University,
Chiba, Japan. From 1994 to 2006, he was an
Associate Professor at the Tokyo Institute of
Technology before becoming a Professor. He has
been participating in European COST action 2100
“Toward mobile broadband multimedia networks.”
His current research interests are wireless

propagation and channel modeling, array signal
processing, Cognitive radio, and application of
wireless communication and information technology
for regional/rural development. Dr. Takada is a
member of IEEE, IEICE, Applied Computational
and ECTI

Electromagnetics Society (ACES),
Association, Thailand.




Paper Awards of Takada Laboratory

Gilbert won First Prize for Best Student Scientific Panarat won Student Paper Award at APMC
Paper at World Congress on ITS 2007

Member of Takada Laboratory
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Real-Time Propagation Measurement
System for Electric Toll Collecting
(ETC) System

Introduction

In the early deployment of electric toll collecting (ETC) system, multipath interference has
caused the malfunction of the system. Therefore, radio absorbers are installed in the toll
gate to suppress the scattering. This paper presents a novel radio propagation measurement
system to identify the individual scattering object and the power intensity of the ETC gate
in real time.

Measurement System

The signal and system specifications are presented in Table .The measurement system
captures the data in burst-wise manner at each time frame in a moving vehicle. The vehicle
loading this system usually passes through the toll gate at constant speed of 20 km/h. In the
measurement, the laser sensor is used to trigger for the start and end positions of the
measurement and the system captures the data at every equi-time interval along the running
path until the end-trigger is detected.

In this system, DOAs are estimated with a linear antenna array with cone ambiguity. To
overcome this, this paper proposes the scattering object identification method using 3-D
visualization of beamforming results that include the signal power intensity at any direction
along the observation points. The beamforming results is applied to a spherical
beampatterns that express the corresponding power intensity by its transparency in a cone
shape on its surface. It means making any parts of the surface transparent when the power is
higher than a threshold value and making them colored otherwise. When producing the
spherical beampattern, the threshold level should be appropriately selected. The spherical
beampatterns is converted to VRML(virtual reality modeling language) with the 3-D model
of the toll gate.
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(c) Identification results with VRML viewer (d) 3-D gate model

Figure 1. Scatterer object identification results

Results and Discussion

Figure 1 presents the measurement results on the adjacent lane in case of water sprinkler
exits in ETC lane. The length of the measurement area was 13m and the transmitter
antenna location in the ETC lane was x=8m from the start point of the measurement. As
shown in Fig.1(a), the vehicle with this system carries out the measurement passing
through the toll gates. Fig.(b) shows the contour plot of the beamforming pattern that
provides the power intensity distribution. From this results, we can find large leak power
about -55 dBm to the adjacent lane caused by the reflection of the water sprinkler at
around x=2m and 902140deg. It means that the malfunction can occur by this leaked

signal because the threshold power level in the ETC receiver operation is prescribed by
-70.5dBm. The results of the scattering object identification using 3-D beampatterns are
shown in Fig.(c). The threshold level in producing the spherical beampattern was set by
the lower bound of the ordinary receiving power, -60.5dBm. It can be seen that the water
sprinkler is identified as a scattering object and the power intensity is also easily found.

Conclusion

This paper proposes a novel radio propagation measurement system useful for the ETC
gates without closing the gate. The measurement can be made on the vehicle passing
through the gates using real ETC signal transmitted by ETC base station. This system can
identify the individual scattering object and the power intensity of the ETC gate as well as
the spatial power intensity distribution in real time. Moreover, the validity of the system
was verified by the field experiment.

18
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Identification of Relatively Strong
Clusters in an NLOS Scenario at a
Small Urban-Macrocell Mobile Station

Introduction

The need to model the collection of multipaths (MPCs) that lie in the same angle-delay
domain, or clusters, is also one of the things needed to approach the full performance
advantage of Multiple-Input Multiple-Output (MIMO) systems for future cellular
communications.
* Researchers have various ways of defining a cluster.

= Cluster size & location highly depends on the physical environment.
* Current research focuses on microcells & picocells but not much on macrocells.

We present a procedure for identifying clusters around the mobile station in a small
macrocell. It is based on the parameters of stronger clusters, which serve as the initial
centroids. Using this method, most of the clusters were identified in an NLOS scenario.
Employing this approach may aid in the identification of clusters when relatively strong
paths below the path power of the centroids are included.

Channel Sounding Setup

* Conducted dynamic measurements
after midnight

* Offline maximum likelihood
multidimensional parameter
estimation.

>Estimated parameters: azimuth &
elevation AoA, azimuth & elevation
AoD, time delay, & the amplitude of
the 4 polarimetric MPCs.

* Results are independent of the
antennas used.

=>Double-directional channel concept
based measurement & estimation
system.

19



Results and Discussions

*Paths considered: until 20dB below the normalized strongest path (0dB) = Scenario
length: 2m (frame containing five snapshots) the paths within it did not change
considerably.

*More clusters can be seen after we included the paths below —6dB. See Fig. 2.

*As can be seen in Fig. 1, C1 in Fig. 2 had the largest concentrations of MPCs.

*The results also show that each cluster is unique = Traditional uniform distribution of
scatterers around the MS is not always appropriate.

*Overall, the identified clusters accounted about 68% of the path power with respect to
the total power (including the diffuse components).

11442098 s, 75% L L
‘ 1 ‘ 104°, 1.02 ps, 73°

e

-101°,1.01 us, 74°:

Path Power [dB]
&

WDy @WORY %5 GO

| |
T 9
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Azimuthal Angle of Arrival [°]

Fig. 1: Initial clusters defined with their Fig. 2: Time delay against the

parameters. Order of the arrow label: the azimuthal AoA. C1 refers to cluster 1
mean azimuthal AoA, the mean time delay, while U1 refers to unclustered path 1.
Glenelusioaion AoA of the centroids.

* Using the stronger path centroids enabled us to identify clusters when all the considered
paths were included.

* But there remains some unclustered paths that may not easily be identified by the
procedure.

* This work may augment the initial selection of cluster centroids in automatic clustering.
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Ray Tracing Simulation of Microcell
Propagation Channels

Introduction

For any wireless systems, ray tracing can be used to simulate the multipath propagation
environment. But due to its geometrical optics (GO) approximation and computational
limitation, error occurs depending on the environment. In this work, we first survey the
range in a microcell environment where the GO can be calculated. Next we introduce

the complex radar cross section for o o o | e N o | [ [

ranges that are impossible to )
Distance between Tx & Rx:10m~1000m
calculate by GO. We then perform E :

.( . > 7
the correct simulation by simple Tx Rx Rx e[
expansion of the ray tracing i--.- ____ -' ---.

simulator.
Fig.1 The model of the street.

Applicable Range of Geometrical Uptics

Propagation path loss at long distances decreases on the street model (Fig.1) which is
usually well observed in an urban area. The reason is that there are a lot of diffraction
rays with large energy near the specular reflection. The reflection and diffraction
coefficients in GO are used on the assumption that the size of reflection and diffraction
edge are infinite. We therefore survey the condition of applicable range where GO can
be used, by comparing GO and the physical optics (PO), which gives better accuracy but
longer simulation time. In this work, we compare PO and the stationary phase method
(SP) which is a good approximation of PO and is equal to GO. Note that while the
computation of GO can be separated into a reflection and diffraction component, the
result of PO in this model combines already both components. In this section,.

multiple objects are designed on
the assumption that only one plane
connecting the multiple objects is
allocated, and its center is the
reflection point. PO diffraction is
calculated as the difference
between PO and SP's reflection
component. The diffraction of GO
is SP's diffraction. We note that
PO's  diffraction and  SP's
diffraction are different within the
Ist Fresnel zone. It is therefore not
applicable to use GO in this range.

21



Introduction of Complex Radar Cross Section

The radar cross section (RCS) is introduced for the range where GO is not applicable. The
scattering rays are designed using RCS instead of specular reflection and diffraction in the
Ist Fresnel zone for specular reflection (Fig.3). In this work, the complex RCS is
introduced in order to calculate the scattering of multiple objects. The complex RCS is
based on the 3-D plane model which is not a perfect conductor.

Rx Mitror Point  The 1% Fresnel Zone

Specular Reflection Point

—

Using co;l:]gt;x RCS Tx
Fig.3 Using complex RCS to the paths within the 1* Fresnel zone.

Simulation Result

Simulation result (Fig.4) is calculated
based on Fig.1. Measurement data [1]
with model similar to Fig.l1 is also
included. In the conventional technique
the received level increases at long
distances. In the proposed technique,
the received level decreases, and is
close to the measurement data.

Conclusion
In this work, we point out the problems

of the geometrical optics approximation
and examine the range that geometrical
optics cannot apply. Next we introduce
the complex RCS in ray tracing, and
verified that the proposed technique is
closer to measurement data than the
conventional technique.

References

[1] H. Masui, M. Ishii, K. Sakawa, H. Shimizu, T. Kobayashi, and M. Akaike, "Upper-
and lower-bound evaluation in microwave urban LOS propagation," Proc. 11th Int. Conf.
on Antennas and Propagat.(ICAP'01), Apr. 2001.
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Performance Evaluation of Cyclostation-
-ary Detector for Cognitive Radio System

Introduction

Spectrum sensing is one of the most important technique for cognitive radio system
because it can recognize the presence or the absence of the primary signals. In this report,
two modified generalized likelihood ratio test (GLRT) for the spectrum sensing based on
cyclostationarity are presented. One is based on sensing at multiple cyclic frequencies
and the other is based on cooperation sensing among cognitive users.

Cyclostationarity Detector

To detect whether or not a primary signal x(t) is present, a row vector
2 (r) = [Re{ B ()}, Tm{ B2, (1)1] is examined. In this case, fa (. the estimation of

cychc autocorrelatlon function (CAF) which is defined by. e (r z *(t 4 )it
II T

For a given cyclic frequency , and delay _ , the signal detectlon can be based on
hypothesis testing problem which is stated as follows

Hy: 2 (r) =l (7], signal iz absent

Hy:vZ (7)) =l (7)+0] (7), signal is present o ) )

WLUCLE a0y 1S 4Ll ESLULALIOLL G1TOL. LU is large, it is known that Ty I:’_r_:l 1s Gaussian

with pwuauulty density function (pdf) f0, 55 (7)), where Sy "5 we estimated
rr

covariance matrix.

Based on generalized likelihood ratio test (GLRT) the statistical cyclic test can be

defined as follow

To(r) = TE2,(r) S5 (7% (7)

IT

* Under converges to a central Chi-square distribution

9 Tex L5
* Under ;I':' ,;: ET; converge to Gaussian distribution with pdf A
V(i (S (i (), AT s ()i (7)
A ['II T T ['_.I:I T I'II T T I‘II T . .
| ST R ey an ane e 7. be determined. Next, the detection can

.

be performed as follows

Hp: T=(r) = 7, signal is absent

Hy: T=ir) =7, signal 1= present
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Results and Discussions

The conventional cyclostationary detector detects the presence or absence of the primary
signal based on a single user at a single cyclic frequency. Therefore, the performance of
this detector cannot be obtained significant improvement over other existing detectors
such as energy detector. In this report, the detection based on multiple cyclic frequencies
and based on multiple cognitive users are presented. The detection performances are
evaluated in a noisy observation while an orthogonal frequency division multiplexing
(OFDM) is considered as the primary user. Each cognitive user shares the information
about the cyclic test Ta(r) in order to find the vacant spectrum. Fig. 1 confirms that the
detection performance .... be improved as the number of cooperative users is increased.
Fig. 2 shows that the probability of detection increases as the probability of false alarm is
increased.

Fig. 1 probability of detection vs. SNR with  Fig. 2 probability of detection vs.

probability of false alarm of 1% probability of false alarm with
SNR=-14 dB

Conclusion

The cyclostationary detector outperforms the detection performance in low SNR and has
the desirable receiver operating characteristics. The detection performance can be
improved by sensing at multiple cyclic frequencies and it has also indicated the significant
gains of performance via the cooperative sensing.
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Characteristic improvement of
Direct Sampling Mixer

Recently, RF circuits have been migrated to deep-submicron CMOS processes. The
Direct Sampling Mixer (DSM) is friendly with CMOS technology since it consists of
MOS switches and capacitors. Moreover, DSM is one of essential elements in Software
Defined Radio (SDR) receiver. Down-conversion and finite-impulse-response (FIR) anti-
aliasing filtering are done by charge-sampling along with decimation. Infinite-impulse-
response (IIR) channel selection filtering is provided by charge sharing in a discrete
charge domain. These operations have reconfigurability, and can reduce power
consumption and cost of manufacturing in SDR receiver. In other words, DSM is
appropriate for the SDR receiver. However, there are still some problems. We have been
improved them from three ways as described in next sections.

Noise Analysis of DSM

The gain of CMOS LNA in the analog front-end is insufficient. The noise components
from DSM can not be neglected. Therefore, low noise design of DSM is needed. For the
low noise design, noise analysis has been performed. The analysis result of Switched
Capacitor Filter (SCF) section in DSM was verified by the simulation results. The result
shows that the noise components from SCF section depend on the capacitance value and
decimation ratio. In future work, according to the noise analysis, we would show low
noise design method for discrete time receiver including DSM.



Analysis of Direct Sampling Mixer as a Multirate System

We analyzed the operation of Direct Sampling Mixer, recognizing it as a linear
periodically time-variant multirate system which operates RF sampling, down conversion,
filtering, and decimation. To acquire higher-order filtering, we considered the possibility
of the polyphase structure of FIR filter and IIR filter in it. We confirmed that we could
realize higher-order spatial moving average FIR filtering by improving the structure of
capacitances that enabled us to effectively attenuate undesired signals folded due to the
decimation.

Non-linear distortion compensation

There are two factors of distortion in DSM. First is the Transconductance Amplifier
(TA), where the nonlinearity exists in the amplifier, and which depends on the AM/AM
and AM/PM characteristics. Second is the MOS switch, which has nonlinearity due to the
Switched Capacitor circuit. The linear and nonlinear characteristics are decided by the
charges collected in the capacitor.

Model of DSM

The distortions from MOS switches are included in DSM model. But here, only AM/AM
characteristic could be expressed. So, we must construct DSM model which considers not
only AM/AM but also AM/PM.
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User Scheduling Algorithm for Multi-
user MIMO Downlink System

Exploiting of multi-user diversity is already extensively done in wireless SISO
communication systems. With user scheduling approaches, average total system capacity
will increase with the number of users [1]. The basic idea is to always select the user
who owns the best channel condition to transmit. Of course, multi-user diversity can
also be exploited in MIMO system, and how to exploit both spatial and multi-user
diversity gain has become an interesting topic With enough users, the simplest receiver
similar to zero forcing (multi-user MIMO link) will get more capacity than a single user
MIMO link under Eigen mode transmission (EMT) [3]. In this paper, we propose an
integrated user scheduling algorithm that combines EMT and ZF receiving. We employ
EMT to one selected user who owns the largest first eigenvalue, and other users employ
ZF receiving with respect to their channel matrix combined with V matrix of the first
selected user (“first user”). We will show that the MIMO channel can be decoupled into
parallel channels (sub-channels), and besides the first sub-channel that has been
assigned to the first user, all users also can compete independently for each other sub-
channel. Finally, we will compare the performance of the proposed algorithm to other
approaches.

Simulation result

Below figure shows the simulation results of a 2x2 MIMO downlink system, here both
the BS and UEs have two antennas. In the ZF-DP case, we do not care about the antenna
number of UE, but only about the total number of receive antennas. In ZF-DP the total
number of receive antennas is the same as other approach, which is twice the number of
users.

(Flat i.i.d. Rayleigh channel, SNR= 0dB, 2x2MIMO)
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Distortion compensating techniques for
nonlinear amplifiers in MIMO systems

In communication systems, amplifiers are always used to amplify signals. According to
the amplifier’s theory, we can get high power efficiency when the input signal power is
near to the amplifier saturation point. However, the amplifier characteristics will become
nonlinear and nonlinear distortions will be generated in the output signal. To obtain the
high power efficiency and overcome the nonlinear distortions in the amplifier, distortion
compensating method is needed when we amplify the signal in the communication
system.

In MIMO systems, multi-stream data is transmitted and the input signal in different
branch has different input power, frequency and phase. So it is necessary for us to design
a new compensation technique for amplifiers in the MIMO system.

60 50 Antenna
30
40 Power ) L X,Z m /
ol Pﬁa—se I/ ™,
30 1o Precoding
" \ i % | Matrix |3 m [/
\—»1(” L= ™
10 |
“ X4 X 'm /
‘ 0 10 20 30 ‘ 40 50-30 I/ \
Input Power (dB)
Fig. 1 Amplifier Characteristics Fig. 2 MIMO Transmitter

High Efficiency Adaptive Modulation Coding

In wireless communications, the presence
of reflectors in the environment surrounding
a transmitter and receiver create multiple
paths which leads to variation in channel
status. Adaptive Modulation and Coding
(AMC) increase the throughput of wireless
network by adjusting the modulation coding
scheme (MSC) to channel condition. The
most popular modulation being used is
M-QAM where M is a power of 2, such as
4, 16, 32, 64, etc. For M=8, the popular

modulation scheme is 8-PSK. Fig.1 Capacities of different modulations

Above figure shows the capacity of some modulation schemes in AWGN channel as
well as the Shannon limit. There are big gaps between these modulation capacity. It is
obvious that with more modulation codes for adaptive modulation scheme, the better
performance and the more flexibility we can have.

Our research aims to find more M-QAM schemes where the number of signal points is
not a power of 2 to fill the gap between conventional M-QAM, then evaluate these
modulations with FEC coding. After that we will consider the effects of power
amplifier back-off on these MSC to evaluate some proposed AMC schemes.
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Distributed MIMO Networks

Introduction

Project on distributed MIMO networks has been started from 2006 in MIMO group of
Araki Sakaguchi laboratory. In a distributed MIMO network, wireless nodes with MIMO
antenna will cooperate with each other to improve network spectral efficiency. We are
working on the project from theory and algorithm development to implementation and
measurements. Two main topics in this project are “Base station cooperation MIMO” and
“MIMO mesh network.” Here, we will summarize achievements in the research on
MIMO mesh network in 2007.

MIMO Two-way Transmission for Mesh Network

Wireless mesh networks, consisting of
mesh routers and clients, have been
getting much attention in the fields of
sensor networks and wireless plant
control systems. Advantages of a mesh
network are connectivity, robustness,
and wide area coverage owing to multi-
hop relay property. Since there are
multiple transmission links in a
network, multiple access interference
occurs, and it degrades throughput
performance of the network severely.
Multi-channel strategy or Carrier Sense
Multiple Access (CSMA) have been
commonly introduced to avoid multiple
access interference so far. Fig.1 MIMO two-way transmission for mesh network

However, these schemes are not appropriate for high traffic mesh networks, since it is
based on FDMA or TDMA based schemes. In this study, we have proposed a new
transmission algorithm based on distributed MIMO to achieve high spectrum efficiency
even in mesh or multihop networks.

In a considered mesh network, multiple antennas are employed in the mesh nodes to
achieve interference cancellation and link multiplexing. The signal flow of proposed
MIMO two-way transmission for mesh network is shown in Fig.1. In the proposed MIMO
two-way transmission, the interference signals are cancelled by using transmit and receive
antenna weights, and forward and backward links are spatially multiplexed. Furthermore,
transmit and receive diversity can be achieved by using nonlinear MIMO algorithm such
as Dirty Paper Coding (DPC) at the transmitter and Successive Interference Cancellation
(SIC) at the receiver.



MIMO Network Coding for Multihop Network

The MIMO two-way transmission algorithm
can be extended to MIMO network coding in
the case of a multihop network. The signal
flow in the MIMO network coding is shown
in Fig.2. In the MIMO network coding, the
forward and backward streams are combined
by using network coding at the relay node,
and the combined signal is broadcasted both
to the forward and backward links. Since the
relay node does not perform the transmit
beamforming as in the MIMO two-way
transmission, the MIMO network coding
does not need a Channel State Information at
the Transmitter (CSIT) any more. Moreover,
the required number of antennas is smaller
than that of MIMO two-way transmission,

since the _number of inFerference signals s Fig.2 MIMO network coding for multihop network
reduced via network coding.

Furthermore, MIMO network coding can be combined with STBC broadcast to achieve
transmit diversity. In the receiver node, virtual MIMO antenna array is formed based on
the structure of STBC, and STBC signals from forward and backward links are detected
by using normal MIMO algorithm. Thus, the MIMO-STBC network coding realizes high
spectral efficiency and high reliability with reasonable system and hardware complexity.

Simulation Results & Hardware Development

The performance of proposed schemes is
compared with three conventional schemes: a
single antenna multihop network with dual
channels, a single antenna multihop network
with network coding, a link-by-link MIMO
multihop network with dual channel. From
Fig.3, it is confirmed that the proposed
schemes have extremely higher end-to-end
capacity. It is noted that the MIMO two-way
transmission with non-linear algorithm has
best performance, while the MIMO network
coding approaches the MIMO two-way

transmission with reasonable system and
hardware complexity. Fig.3 End-to-end capacity in 5-node mesh network.

Now, we are developing prototype hardware for the MIMO mesh network. The hardware
is operated at 950MHz frequency band in Japan, where the standardization of
IEEE802.15.4d for active sensor networks is ongoing.
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4x4MIMO FADING SIMULATOR

A 4x4MIMO Fading Simulator (MIMO-FS) was
constructed for the development of MIMO products.
This MIMO-FS consists of multiple functional
boards for 2.4/5.2GHz radio frequency (RF)
conversion and baseband digital processing, allows
the implementation of various channel models. The
architecture of the main system is shown in Figure 1.
MIMO-FS can be connected to DUTs (Tx and Rx)
instead of antennas to form a 4 x 4 MIMO system. A
Channel model can be chosen from GUI for
simulating. Moreover, propagation parameters and
antenna parameters also can be customized suitable
for various simulated environments.

The RF signals from Tx are at first modified by
controllable attenuators and converted to IQ
baseband signals at downconverter. In the digital
circuit, these signals are sampled and multiplied with
the channel coefficients generated by fading
simulator circuits. The output signals from the digital
circuit are up-converted back to RF signals and
modified at controllable attenuators before going into
Rx. The digital circuit of MIMO-FS consists of
fading generator, pre-postprocessors and channel

model controllers. Fig. 1 MIMO-FS architecture

* The channel model controller controls propagation model parameters and RF attenuators.
The channel parameters also can be modified from a GUI on PC through LAN and USB
interface.

» The fading generator part contains 8 FPGA boards, each can implement the fading
generator circuit for 2 channel coefficients with 18 delay tap.
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Fig. 2 Output signal constellation and Spectrums

Examples of constellation and spectrum of output signals are shown in Fig. 2. The 40MHz
bandwidth QPSK signals were used as input signals while channel model (a) (one path
delay) and channel model (b) (6 paths with max delay of 2.51s) were generated inside the
MIMO-FS.
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Base Station Cooperation between Cellular
and Fixed Satellite Service Systems

Base station cooperation (BSC) transmission has been shown to significantly increase
average and cell-edge throughputs compared to conventional single-cell transmission. In
our work, we extend BSC techniques to cooperatively force full or partial nulls at victim
receiver antennas (e.g. Fixed Service Satellite Earth Station or ES) while providing
cooperative stream transmission to intended receivers (e.g. Next Generation Cellular
user terminals). First, we express null-beamforming (NB) spectrum sharing as a
constrained optimization problem where the objective is to maximize capacity or
coverage of the intended system and the constraints are the BS transmit powers and
intersystem interference levels. We then introduce single-cell null-beamforming (SC-
NB), linear BSC-NB, and non-linear BSC-NB algorithms. Finally, we test these
algorithms on a 2x2 MIMO, 2-cell, IMT-Advanced physical layer model and show their
significant increases in capacity and coverage over a power-control scheme and single-
cell null-beamforming schemes.
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