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Abstract - A novel model for radio channel parameter estimation describes the channel us-
ing two components. One part of the channel is approximated using specular or more pre-
cisely concentrated propagation paths and the other part is modeled as a stochastic process
describing the dense multipath components. Using measurements in a micro cell scenario
we show in this temporary document that both components are relevant. Both, the concen-
trated propagation paths as well as the dense multipath components can dominate the
propagation mechanismsin some situations.

[. Introduction

A radio channel model which is generally acceptigoraximates the narrow band radio chan-
nel with the superposition of a finite number obpagation paths. This data model is valid if
we want to generate a realization of the radio okhras long as the apertures are finite. The
necessary information for this channel model, weeha provide, is a statistic of the path pa-
rameters. The accuracy of the model, provided Hitb parameter statistics are valid, can be
controlled by the number of propagation paths usegenerate the channel. Altogether we
can say the synthesis problem is solved if we hlaggparameter statistics of the propagation
paths.

One way to derive parameter statistics for the @gagion paths is to measure the radio chan-
nel with a channel sounder and estimate the patmpaers from the channel observations
using a parameter estimator. These estimates daeguently be used to derive sufficient
statistics for the radio channel, i.e. the propagapath parameters. Generally speaking the
problem to solve is an analysis problem. Again wedca channel model, this time for the
parameter estimator, to describe the observatiébrtbeoradio channel measured with the
channel sounder. A fact we can not ignored is, tiatrestrictions for the analysis model are
stronger than for the synthesis model. The probethat every observation contains a finite
amount of information about the radio channel oklgnce we have to construct a model for
the channel observations, whose parameters castibgated form the measurement data and
which is up to the observations uncertainty, ugudétermined by the measurement noise,
sufficiently accurate. Whether or not the paransetérgiven model can be estimated from an
observation can be calculated using the Fishemrimdition-Matrix and the Cramér-Rao-
Lower bound (CRLB). Assuming no hyper-efficientiesttor exist for the given data model,
we can say, that the CRLB gives the minimum vaeafoc any unbiased estimator we con-
struct to estimate the parameters of a given dadeinThe chosen model is too complex for
the amount of information contained in an obseoratf the lower bound on the variance of
one or several model parameters is higher thapdhmmeter itself. Consequently we can not
simply use the number of propagation paths to adpesaccuracy of the radio channel model
if we want to solve the analysis, e.g. channel patar estimation, problem.

For this reason we have proposed in [3] to extbeddita model (sum of deterministic propa-
gation paths) for the analysis problem by an adidéi component describing the dense multi-
path components of the radio channel. This modeaged on the experience from measure-
ments that a radio channel observation has to Berided by the superposition of some



strong concentrated propagation paths and a langder of small propagation paths. We call
the contribution of the small propagation pathslasse multi-path. In this paper we discuss
the relevance of the specular (concentrated) petjmag paths and of the dense multipath
components in micro-cell scenarios. In the nextigeave provide a summary of the mathe-
matical data model.

ll. General Data Model
Let use denote a single observation of the radamicél asx . Furthermore we introduce the
vector valued functiors(ep) to express the contribution of a single propagapath to the
observation in dependence of the path paramétgrsThere exist various ways to parameter-
ize a propagation path, a general model is provide@xample in [4]. For the dense multi-
path components (DMQJ,,,. We use our model described in [3]. The vectyy,,. is a cir-
cular Gaussian process with the covariance m#&(i,,,.). Up to now no reliable informa-
tion about the spatial structure of the DMC is tlde, hence we assume they are spatially
white and correlated in the frequency domain oRlgnce the covariance matrix has the
structure

R(GDMC) = l D Rf(eDMC)D l -
The covariance matrix in the frequency domain haeplitz structure an is given by
R (Bpyc)= toedK(eDMC)’K(eDMC)H )’
whereby the spectrum or better the correlationtfondn the frequency domain is given by
_ o 1 e—jZnTDMC N e‘iZn(M + Drome
M | Bowe Bowe *i2m3t, By +j2n ">

K(Bpyc)

The parameters,,,., a, and B, are the base time delay, the minimum attenuatoh a
the normalized coherence bandwidth of the denséipathh components see [3] for a more
detailed description of the parameters. Since es@variance matrix can be factorized into

R(BDMC) = L (BDMC)D]'(BDMC)H
we can generate the proceks,. using
dome =L (Bpyc) O,
where
w, =2((0.31)+@((0.41)

is a multivariate i.i.d. circular Gaussian proceédsogether one channel observation can be

modeled as
X =Ja, W, +5(04,)+dpye

wherebya, is the variance of the measurement noise.

The RIMAX algorithm described in [4] is an efficieastimator for the parametefg, and
0, - It estimates the radio channel parameters jommtly is based on the maximum likeli-
hood approach, it provides furthermore a mean timese the number of propagation paths.
Using the parameter estimates one can determiestanate of the total power of one chan-
nel observation using
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wherebyM is the length of the observation vector Furthermore the contribution of the
specular paths to the channel transfer functionbea@stimated using

)

Finally the contribution of the dense multipath @mments to the given observation can be
calculated using

B, =|

~
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Using these three estimates we are able to cadcalateasure of the relevance of the specu-
lar- and the dense multipath components as
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We will use these ratios in the subsequent sectmesaluate the relevance of the DMC for a
given channel.

[ll.  Measurement setup
Our channel measurements have been performedhetRUSK DoCoMo wideband channel
sounder at the 5.2 GHz (WLAN band) with a bandwidtt100 MHz [1], [2]. The channel
sounder contains a fast multiplexing controllerjclihcan be used to switch fast, within the
coherence time of the channel, between the antelenaents of the antenna arrays through-
out the channel measurement [1]. At the mobilesimdtter an omni-directional antenna has
been used, illuminating the radio channel withaa$mit power of 40 dBm. At the fixed re-
ceiver, playing the role of the BS, an 8 elemeritoumn linear array (ULA) has been used.
The channel sounder uses a strictly band-limitetbge broadband signal (multi-sinus) to
excite the radio channel. The burst duration ofrthiti-sinus-sequence was chosen as 6.4 us.
Since the channel sounders inserts only a blatkeosame time-length to allow the antenna
multiplexer and receiver to settle, all channel ulsp responses between the single TX-
antenna and the RX-antenna array elements can asuneel in a short time interval at one
measurement point. The measurement of all 8 champellse responses takes 102.4 us. For
Doppler shift resolution the measurement of thdn@& el impulse responses was repeated 4
times consecutively. The total measurement timeurh a complete channel snapshot is
approx. 410 us (sdagure 1).
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Figure 1: Measurement sequence



V. Measurement Scenario
During summer 2001 a measurement campaign hascaeead out in the major street Chuo-
Dori (Chuo-Avenue) downtown Tokyo, which can bereaterized as typically urban with a
regular street grid and high-rise buildings at bsittes of the street. The street is situated in
the district Nihonbashi. A measurement with a stBt% position and a moving MS was con-
ducted. Figure 2 shows a view on the scenario ffterBS and Figure 3 shows a map of the
measurement area.

Figure 2:  Photo taken at the position of BS antenna
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Figure 3:  Map of the scenario

At the beginning of the measurement drive and atethd the LOS path could exist. In the
middle part, after the car has turned off, no L@$hpcould exist. Altogether approx. 11000
channel observations have been measured duringhible measurement.

V. Parameter Estimation Results A
The RIMAX algorithm described in [4] has been apglto estimated the parametérs and
0,y for all channel measurements. Figure 4 (left) shtive estimates of the three parame-



ters P, P, and P, for all channel observations. In Figure 4 (righi estimated base de-
lay of the DMC is shown. Since the base delayasally related to the distance between MS
and BS we can use it to distinguish between sexiiothe measurement where the MS was
moving and the section where the MS had to stapexfample for the traffic light. Figure 5
shows the number of propagation paths estimatdRllhAX (left) and the dependence of the
coherence bandwidth of the DMC on their base delaythe distance between MS and BS
(right). Figure 6 (left) shows how much power téh propagation contributes in 80%, 95%
and 99% percent of the ~11000 observations toata¢ power of the channel transfer func-
tion. In 99% of the cases the"™path contributed less than 22dB to the channestea func-
tiopo. The right hand side of the same figure shthesratio betweer,,,. andP..

4000 T T T \ \ \ \
| | | | | | | | | |
A5 — — b b — —Fm— A m— o —— = — o — = — == — — | | | | | | | | | |
3BO-—-—F——F -t -~ -t A- - -~~~ — I~ —
| | | | | | | | | |
S i {1 1 i S B R Rl | I I I I I I I I I I
[ Py N
-25 3000 | | | | | | | | | |
) | | | | | | | | | |
R | | | | | | | | | |
o %0 £, 2800~ — Ty T T T T T T T T T T T T T T T T
| | | | | | | | | |
Boasr--r--Wldr -1 -7 L - P | | | | | | | | | |
= D 2000 - —F - -t -t -t o m A — A s — s o = — -
§.40 ot LB S | | | | | | | | | |
ARyt | | | | | | | | | |
o i [}
1500 — — L - — L 1 4 _ 4 _ oo
St T i e N (il W rory | Ll Sl et % 500 | | | | | | | | | |
o | | | | | | | | |
SO0--—+-——t+--B-—F -t Ao —m— - -7 w000k - Lo Lo JUHTIN
| | I
55— —L__L__ N D [ B R I | |
| | | | . . L . | |
| | | | | — DMC+Specular Paths 500 R
60— -+ - -1 fl-—1——711—— DMC i | | | | | | | |
| | | | | I | — Specular Paths | | | | | | | | )
1 1 1 1 1 1 T T T T 0 1 1 1 1 1 1 1 1 1 1
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
observation # observation #

Figure 4:  The parameterésc, ISsp and f’DMC for the whole measurement drive (left) and thémestd
base delay of the DMC (right).
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Figure 5.  The number of propagation paths estimated by RIM&X) and the dependence of the coherence
bandwidth on the base delay (right) for the whokasurement
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Figure 6:  The contribution of the propagation paths to thanctel transfer function (left) and the ratio
PDMC/F’C (right) over the whole measurement

To get more insight into the statistics of the pagters at first the stand still positions of the

MS has been removed from the observations. In¢hersl step the measurements was split
into two parts. The first part contains sectiorentl 3 of the measurement drive, i.e. the sec-
tions where the LOS-path could exist, and the sgquart contains the section where the

LOS-path could not exist. Figure 7 and Figure 8wshthe parameters of the part of the

measurement where MS and BS was in the same atrddtigure 9 and Figure 10 shows the

estimated parameters of the middle part of the oreasent (MS and BS not in the same

street). Whereas the specular components domittagegropagation in section 1 and 3 the

DMC dominate the propagation in section 2. It ipartant to note, that in section 1 and 3 the
LOS was often obstructed by a car. Furthermorectimeribution of the specular propagation

paths in section 1 and 3 decays clearly faster thaection 2. We can say the number of
propagation paths necessary to model the radionethdéor a scenario where both MS and BS

are in the same street is significantly smallenthmaa scenario where BS and MS are not in
the same street.
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Figure 7:  The parameter:%sc, ISsp and f’DMC (left) and contribution of the propagation pathshe channel
transfer function (right) for section 1 and 3 of ttneasurement drive without static positions.
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VI. Conclusion

We have shown using parameter estimation reswlis dhannel sounding measurements that
the dense multipath components are relevant inrtiseo cell scenario. In non line of sight
situations propagation mechanism mainly dependb®®MC whereas in line of sight situa-
tions the specular paths clearly dominate the rpdipagation between MS and BS. An ob-
servation which is also important is that the cehee bandwidth and the base delay of the
DMC are strongly correlated. In the same conteid important to note that the power of the
DMC is less time variant than the total power, tlee power of the specular propagation
paths.
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