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Abstract—This report presents a MIMO sounding system considering a polarization.
dedicated to short range wireless communication. The system can
easily be integrated with Vector Network Analyzer (VNA) and
other commercial equipments. The advantage of our proposed

system is the achievement of completely automatic measurement, Th t is depicted in Eig. 1. O f th
while retaining accuracy. Using the system, a double directional € system we propose IS depicted in Fg. 1. One of the

measurement campaign in indoor NLOS environment was per- antenna aperture is a synthesized uniform rectangular array
formed, where the channel was estimated in a deterministic (SURA), and another is a synthesized uniform circular array
way with the ISI-SAGE algorithm. In the use of ISI-SAGE (SUCA). These are realized by scanning one antenna element,
algorithm, we propose to estimate polarization characteristics g)jowing us to avoid the complex calibration procedure due to
for identical path. One of the realizations of the optimum the mutual coupling of antenna array. The configuration of
search and initialization with succesive interference cancellation . - :
type procedure, which is suitable for large number of sampling the antenna aperture is arbitrary and depends on the antenna
available case, is shown as well. The result of the measurementscanning equipment. VNA measures each one of the transfer
campaign shows the effectiveness of our proposals. function of MIMO channel produced by SURA and SUCA.
Taking into account that it takes much time to move anten-
nas and some accuracy is required in antenna alignment, this
The demand for short range wireless communications ggstem uses a X-Y positioner, a rotator for antenna scanning
increased especially in indoor environments in conjuncti@nd GPIB to control them as well as data extraction from
with MIMO transmission which increases a channel capaci¥NA where we can achieve completely automatic measure-
without having to expand the required bandwidth. To provid@ent. This drastically reduces the measurement time while
an adequate quality of service with these types of commigtaining the accuracy of antenna alignment. Note that antenna
nications, it is necessary to evaluate characteristics of th@salignment may cause a significant error in estimation result.
propagation channel over which a communication is operatddis system is shown to derive reliable results of time-invariant
There have been many studies on the development of MIMbannels while retaining reproducibility.
channel sounding technique or channel sounder (e.g.,[1], [2],
[3]). However a channel sounder requires a complex hardware  synthesized Uniform Synthesized Uniform
design so some simple configurated system is preferable when ~CreviarAray (UCA) Rectangular Array (URA)
we consider the developing time and its cost.
This study proposes an automatic MIMO channel measure-

Rotator

ment system with simple configuration dedicated to indoor

II. MIMO CHANNEL ESTIMATION SYSTEM

I. INTRODUCTION

X-Y Positioner
(DEVICE D3425AV1/0-D)
and Controller

Network Analyzer (DEVICE DX3165AV1/0-C)

(Agilent 8720ES) Setting
Preamp (30 dB) Position

short range communications. The system integrates a few ! £
commercial measurement equipment such as Vector Network .-~ (Ag}%“g) ‘§ A
Analyzer, X-Y positioner, and PC[4]. With the system, we Cab,’e'(zom) Pfjm anz * 2 O S |
estimate the channel in a deterministic way with the high Cable (0.5m) |
resolution algorithm, ISI-SAGE[3]. A measurement campaign : ] }
was performed in indoor NLOS environment in order to | GPB %fGPIB
evaluate the efficiency of the system. In the campaign, we es-

timated jointly the parameters of the paths which characterize Note PC

a propagation, such as direction of arrival (DOA), direction °°”"‘;‘iga::| Ep’f;ie’*;s?#f“"”

of departure (DOD), time of arrival (TOA), and path gain

including polarization. Herein we show a specification of the Fig. 1. Automatic MIMO Channel Measurement System

automatic measurement system and result of the experiment
as well as the way of implementation of ISI-SAGE algorithm



phase reference point of Tx and that of R¥%, i, k%, IS @
white gaussian noise of zero meanandul")(kr) is denoted
by

Direction of Departure Direction of Arrival

51 = aifdep(Qudep) farr (Qiare)s 2
- Scamng e (k) = ercos Ordep €08 (Praep — k1lc),  (3)
vl | S P 00) = Skt sin s 08 “
P b O pO0) = ey s ®)
@ () ,ul(4)(k4) = 2mksAgTy, (6)
Fig. 2. Definition of Angles: (a) Tx (SUCA), (b) Rx (SURA). where fqep, and f,,, are complex element patterns of Tx and

Rx antenna element respectively, amdis a complex gain of
the path. With ISI-SAGE algorithm, we want to estimate
propagation parameters that are contained in gath

For simplicity, we vectorize the data defined in Eq. (7) as
ISI-SAGE algorithm[3] divides measured data into signal - q

I11. ISI-SAGE ALGORITHM IMPLEMENTATION

_ 2. Y0,0,0,0
components and derives all the parameters of the paths jointly. Y0.0.0.1
This algorithm is essentially based on Maximum Likelihood Y
Estimation (MLE) and shows a high resolution property as :
ESPRIT, but is rather flexible in terms of array configuration 90,0,0,Na—1
and easy to expand for joint estimation. In our study, the Y0,0,1,0
dimension of simultaneous search in MLE i4. where L :
is number of estlmgted path; and excessive in computation. y = 0.0 Ny 1. N4 1 c N
However, EM algorithm[5] estimates the complete data from Y0.1.0.0
incomplete data and SAGE algorithm introduce a search
over hidden data space which reduces the search into one- :
dimension[6]. Y0,N2—1,N3—1,Ny—1
Y1,0,0,0
A. Data Model .
Here we formulate a model for measured data in order to y
. . = Nl—l,NZ—l,Ng—l,N4—1—
apply I1SI-SAGE algorithm. We define SUCA as Tx and SURA — As+n @)

as Rx to simplify notation. Suppose there drgplane waves
radiating from Tx and impinging at Rx. Each wave has DOmheres € C* andn € CV (N = N;N,N3N,) are the
Qdep = [Drdep, O1dep)s DOA Quary = [rarr, Olare), TOA 7, COMplex amplitude vector and noise vectdr. CN*L s
and the variation of complex amplitude during the antenr@a multi-dimensional phase difference matrix which can be
and space propagation (1 < [ < L). ¢ andd denotes the expressed as follows.
azimuth and elevation angle and are defined as Fig. 2 at T — A 0 A 0 Alu®) o Alu® NxL
. = eC 8

and Rx, respectively. () (1) () (1) ®

In SUCA, antenna scanning is performéd times with Note thato denotes the kronecker product of each row of the
interval of A, = 27/N; [rad]. In SURA, antenna scanningmatrix and

is performed both in azimuth and elevation direction with A — [ N () } N, xL 9
intervals of A, and A, and the number of steps ané, and (W) = |atn™)--alp )| €€ ’ ©)
Ns. At each channel measurement, we carry Ut points " e o n—11T N

of transfer function sampling with sampling intenl; and a(py ) = [1 eIt g )} ec™.  (10)

center frequencyf.. If the electrical length of the apertureg gaGEg Algorithm

size of antenna array is small enough to be assumed constant . . . .
within the bandwidth, the measured datg 1, x, x, can be By using the notation expressed in Eqg. (7), cost function
expressed as ' R 2(Qarrs Qaep, 7, %) I EM algorithm becomes a following

modified log-likelihood function

(1) 2(Qaeps Qarr, 7, x1) = Elax] (11)

L

4
)
Yky,ka,ks ks = E |:91 H e’t
=1

=1

+ Nky ko, ki ks

wherex; is the complete data fdth wave anda is the phase
where0 < k. < (N, —1) (1 < r < 4) indicates a index difference vector that composes in Eq. (7). Plane wave
number of each sampling, is a transfer function betweenapproximation was considered in conjunction with narrowband



approximation to derive Eq. (11). Then SAGE algorithm is

executed iteratively in the following manner.
Qf;ldep = argmax | 2(@dep, Oideps Prarrs Orare, T, X1) |
ep
ey = arg I;}Eﬁ( | 2(Grdeps Ocdeps rarrs Orare, 71, X1) |
Dlare =  arg max | 2(Prdeps Ordeps Gares Orarrs 1, 1) |
Olar = argmax | 2(Prdep, éldep» Drares Oarrs 1, X1) |
T = arg max | 2(1deps Oideps Prarrs Orarrs T, X1) |
The gain of each path corresponds to the maximum output of

cost function,

H = m ‘ Z(Qldcp,ﬂlarraﬁvxl) |2 (12)

C. Initialization and Search Procedure

SAGE algorithm does not always yield a global optimum
solution. Since the method of initialization and search directly
affects the reliability of the results, we have to seek an
optimum way of managing SAGE algorithm in many aspects.
What we have to consider is as follows:

Problem of Spurious Paths (Leakage) :We can often see
undesired results that are unable to identify to real channel.
Sprious paths themselves are sometimes equivalent to the
sidelobe occured in the process of fourier analysis and they
may be easily detected especially in detection of weaker path.
To overcome this problem, these methods are possible :

« Increment of simultaneous search dimension : The ap-
pearance of spurious paths are a cost of reducing the load
of calculation by dividing the search space. Therefore,
increment of simultaneous search dimension can be an
effective solution to avoid spurious paths. This should be
performed by considering the trade off between the load
of calculation and high dimensionality.

« Data windowing[7]: By multipling the appropriate win-
dow function to some part of the parameter domain,
we can decrease the sidelobe level. However at the
same time, this method cannot avoid the decrement of
data signal to noise ratio and intrinsic resolution of the
algorithm.

Divergence of Power :In the iteration process, parallel
updating procedure may cause a divergence of power. Based
on [3], the notion of SIC (Succesive Interference Cancellation)
may be a very strong tool for avoiding this phenomenon.

the cost function. After that, local search is carried out inside
Taking into account the above consideration, we choosedhe selected region and find an accurate peak. The parameters
search procedure depicted in Fig. 3. This method is appliastimation procedure is divided into two stefia,., diarr, 71
ble when the number of samples over frequency and spatep andidep, fidep) Step with re-estimation of the parameters
domains are sufficiently large. The process is a combinatioh previous step. Note that this method is also based on the
of local search based on SAGE algorithm and global meShC and repeated until the number of detected paths reaches
search based on EM algorithm. In global mesh search, e predefined number of waves or the detected path level falls

Signal Reconstruction
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Fig. 3.

aim at the region which may include a maximum point dbelow the noise floor level.

Convergence

No

Implementation of ISI-SAGE Algorithm



D. Dual Polarized Estimation

We propose a method which estimates a polarization char-
acteristics of an identical path with SAGE algorithm. Specifi-
cally, the data was taken from dual othogonal polarized wave
in the measurement and they are applied to SAGE algorithm
where we maximize their likelihood at simultaneous search.
If the modified log-likelihood function for each polarization
is denoted as1 (Qqep, Larr, T, X1), 22(Qdep, Qare, T,%1), then
the cost function for this estimation becomes

|Z1 (Qdepa QarhT» Xl)‘2 +
2.

Z(Qdepy Qarh T, Xl)

|Z2 (Qdepa Qarr» T, Xl) (13)

In the derivation of Eq. (13), it is considered that the square
of modified log-likelihood function corresponds to the gain of
each path. Consequently, the path gain for different polariza-

tion but identical path can be obtained by this method as
1 A A . .
I:)li - m | Zi(ﬂldep7nlarra7-laxl) |2 (Z = 172) (14)

This process provide us with an accurate insight of polarization
characteristics of each path.

IV. MEASUREMENTCAMPAIGN
We performed a measurement campaign in indoor NLOS

channel by using the system we propose. The environment is

depicted in Fig. 4. In Fig. 4, Tx, Rx antennas are depicted at

the centers of the spatial scanning and we can find some small

TABLE |

SPECIFICATION OF THEMEASUREMENT AND SIGNAL

PROCESSING

URA: Spatial 77 points
(Interval 25 [mm]),

IF\)/IOei'ﬁésSurement UCA: 10 points with radius 20 [mm].
Transfer function sampling:
21 points from5.8 [GHZz] to 5.9 [GHz].
. DOD azimuth, elevation,
Eztr';nn?éfg rs DOA azimuth,_ elevation,
TOA, Path gain.
Standard dipole antenna whose
Antennas reflection coefficient is below-10 [dB]
in 5.8 ~ 5.9 [GHz] in both Tx, Rx.
Calibration Use calibration function of VNA.
Snapshot 20 times.
ISI-SAGE algorithm based on the
Signal process of Fig. 3 where
Processing rectangular windowing and dual
polarized maximization was performed.
Polarization Vertical-Vertical(VV),
Horizontal-Horizontal(HH).
The number 20
of waves '

pillars at the wall between the corridor and the room.
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Fig. 4. Environment of the Measurement Campaign

The way of channel parameterization obeys the descrip-
tion in section IlI-A. Measurement was conducted with both

a (room ceiling reflect.), b (direct wave), ¢ (corridor ceiling reflect.)

Fig. 5. Result of Path Identification




TABLE I

to identify to real channel and some spurious paths that are
RESULT OF THESIGNAL PROCESSING WITHDUAL POLARIZED

not mentioned in Table Il. However, it was confirmed that

ESTIMATION . .
the number of spurious paths in the results decreased when
Result of \F’)Zﬂznggi ';:thmga""if{ the dual polarization maximization was employed compared
identification [dB] [dB] to the single polarization estimation. Herein spurious paths
a Wall penetrat. —105.66 —84.93 mean that the direction of departure or arrival converged to
\F/av%cl)lm :rilaltlpagt reflect. the endfire direction seen from the antenna aperture where the
b (the shortest bath) —87.75  —87.60 accuracy of the estimation seriously degrades.
oo o0 R 51—t | V. Conctusion .
Wall penetrat This report represent an easily integrated channel sounding
d penetrat. —87.24  —90.79 i it i
Corridor pillar diffract. : system with VNA, X-Y positioner, and rotator which perform
Twice wall reflect. a double directional measurement for time invariant channel.
e in corridor / Wall & —97.66  —104.36 The system achieves a completely automatic measurement
yvgﬁebggé?aﬂe”e"at- while retaining accuracy. In signal processing, we employ
f Roong piIIa: reflect —100.20  —93.06 ISI-SAGE algorithm and showed one of the realization of
; initialization and search procedure in conjunction with the
Corridor wall reflect. & 94.96 91.15 s sedl i - ) )
g penetrat. I B dual polarized estimation. The algorithm is especially effective
Corridor wall reflect. & when the number of sampling points is large. In NLOS
h penetrefllt. ; —100.89  —95.71 indoor environment estimation, we assessed the efficiency of
\Ffv‘;‘l)l”;ers‘;rrgf ect. this system and we detected many waves including dominant
i Whiteboard reflect. 102.96  —100.15 paths as well as I(_)ng delayeql paths and many propag_atlon
Twice room wall reflect. phenomena. Also it was confirmed that the dual polarized
Corridor wall reflect. estimation affects the derivation of stable result.
j  Door penetrat. -97.19  —106.98 The data which was measured by our system provides a
?:gfrr'ggﬂ!llglc?'cfaact very interesting insight towards the analysis of propagation
| | | . el
Kk Corridor door reflect. _08.65 —102.55 phenp_mgna as well as M.IMO transmission system. The de-
Door penetrat. terministic approach in this report offers parameters of each
Corridor wall reflect. propagation path so that we can analyze the propagation
| Door penetrat. —100.19 —105.76 phenomena separately : penetration, reflection, diffraction and
Room window reflect. so on. On the contrary to such a microscopic analysis, macro-
m ‘wice door reflect. in ) a0 39 scopic analysis, such as MIMO channel modelling based on
corridor / Wall penetrat. tatisti h | ibl
—~ Corridor pillar diffract. | o~ o statistic approach are also possible.
Wall penetrat. ‘ ’ REFERENCES
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