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Abstract TABLE 1: RELD MEASUREMENTPARAMETERS
Urban Area Suburban Area
Hatchobor| Takebashi Chiba Mitaka
To designing higher-speed digital mobile communication Carrier 35-325GGHHZ 23561 3;5-325;51 5 3561
. . . . y4 . z . z . z
systems, we must predict the multi-path propagation Frequency 8.45GH: 8 A5GHzZ
characteristics more accurately. Available path number and $:I§03va; 12.5Mcps, 213“\2,‘395’ 50Mcps
delay spread are effective indicators that make it easy to Tx Antennd Co-linear Antenna:8.0dBi
evaluate multi-path propagation. BS |Tx Fﬁ?;?”a 50m 105m 50m 30m
In this paper, we propose a novel delay profile model that Rx Antennd Dipole Antenna:2.5dB
can predict the available path number and the delay spread MS [ Tx Antennd am
. . . o Height
accurately due to its inclusion of path existence probability 9

and its consideration of city structure characteristics such as

building height. We clarify its validity by field measurement — delay profile always existed at every path resolution interval.
results. In actual fact, however, some paths may not be present in any
given interval. In order to obtain more accurate predictions,
1. INTRODUCTION we extend our delay profile model by introducing the path
o ) . . .. existence probability, which presents the probability that a
In designing high-speed digital mobile communicatiopath does exist at a path interval.
systems, e.g. IMT-2000, and systems beyond IMT-2000, W& this paper, we propose a model that can predict the
need reliable signal transmission technologies that can redyggilable path number and thielay spread based on our
the degradation caused by inter-symbol interference raisedppyposed emirical deby profile model, which takes account

multi-path propagation. Thereforie,is important to clarify of path existence probability, and clarify its validity by field
the propagation characteristics so as to more accuraigasurements.

predict the multi-patipropagation effects which will allow us
to assess and optimize the transmission technologies. 2.  FIELD MEASUREMENTS
In order to evaluate theharacteristics ofvidebandmobile
propagation easily, evaluation values such as number ofve carried out field measurements using a sliding
available paths and delay spread, etc. are veryuluseforrelator with bandwidth, of 12.5Mchip per second (cps),
Therc_afore they have been measured in various conditions a8flicps and 50Mcps in four areas (Hatchobori, Takebashi,
locations. _ ) ) Chiba-Newtown andMitaka) in &pan. Hatchoboriand
These evaluation values can be basically obtained from tkepasi are typical urban areas in Tokyo; the average
delay profile. The delay profile generally depends on tBﬁiIding height is about 25-30m. Chiba-Newtovamd
distance from base station (BS), the antenna height of BS gfika are typical suburban areas near and in Tokyo, the
city structure such as building etc. Moreover, the shape of fjrage building height is about 8m to 12m, respectively.
delay profile depends on the bandwidth. Therefore, thesghle 1 shows the field measurement parameters.
evaluation values alsary with theabove parameters. ~In data processing, to convert continuous delay profiles
The prediction models described in previous studigfo discrete delay path profiles, we selected the path with the
basically do not take these pameters into account inphighest peak and set path selection inhibition areas, within
assessing the availaipath number and the delay spread.  Ar (=1/g) on both sides ahe selected path, in order to avoid
We proposed an empirical path delay profile model thak path spreading caused by bandwiithiNext, we selected
can take both the bandwidth and the distance from BS, {he nath with the next highest peak in the areas other than the

antenna height of BS and building height around MS iffaih selection inhibition areas [1]. This approach yields the
account [1]-[3]. Ths model assumed that batforming the  ath delay profile. In addition, when estimating the path
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delay profiles, we select the available paths within[dB]
from the highest peak as shown in Fig. 1 [1].

Excess delay timeaug]
Fig. 2: An exampl®f shortterm path delay profile in urban area

Fig. 2 shows arexample of path delay profile at the -5 ; ; ;
distance from BSgd=1km, and at bandwidti® = 25Mcps in —— <H>=]0m
Hatchobori. p —— <H>=20m

m' \ —B— <H>=30m
3. PROPOSED MODEL 210 L
) N\ d=1.5km
A.  Empirical path delay profile model E \ h,=30m

The shorterm delay profileE(k,d) in dB can be presented 0 \‘\ B=10MHz
as a combination of the long-term predicted valyg,d)[dB] =15 " N N =1000
and the short-term variatiofi(0,6°)[dB] due to shadowing, © path
given by a random variable with a log-normal distribution as & 0us
follows [1]. <>

30m
=20
1 2 3 4 5 6 7 8 9 10

E (k,d)=E,(k,d)+G(0c?) Q)

Path numberk

Fig. 3: Predicted long-term path delay profiléd k):
the parameter is the average building heigtit <

The delay profileE,(k,d) normalized by all available paths'
powerA(d), is as follows [2], [3].

E, (k,d)=0.(d)log(k)-A(d) 2 AL : the level difference between the peak path’s power
where and cut-off power (dB) as shown in Fig. 1
a(d)=—{19.1+ 9.68logk, kH > }B{,o,se;omwh KH> ) Npaun - eﬁgctlve path number (the number of available paths
3) takingAL into account)
Xd{fo.a& 0.21l0g6 )
e ‘ Fig. 3 shows an example of the predictioade by Eq. (2)
_ 1 (k,d)I10
A(d)—lOIog{; 10 } (4) with parametexH>. It is clear thathe proposednodel does
~10{10.3+ 10.93109(08 s, ¥ (357 5.1710g(10¢,, |9) d( VL0 show the impact ahe city structure.
NAUW) In Fig. 2, we also plot prediction values calculated by Eg.
Ny =10 ®) (2) at the measurement condition leétchobori. From this
figure, we find that theredicted trend i;n goodagreement
k: excess delay time normalized by time resolutidh Livith that of the measured values.

corresponding tbandwidthB andk=1, 2, 3,---

<H> :average building height (m, 5-50m: height above the ) o
mobile station ground level) B.  Path existence probability )

hy: BS antenna height (m, 20-115/m,> <H>: height _ N EQ. (2), a path exists in every interval, kel, 2, ---,.
above the mobile station ground level) This, ho_wever, is not all ways true |n_actual conditions _[4], [5].

d: distance from the B&m, 0.53 km) From Fig. 2, we can understand this phenomenon since the

B: bandwidth or chipate (MHz, 0.850MHz) paths with long del_ay_ time fade a\_/vaﬂ.'her_efore, we first

f: carrier frequency (GHz, 0.7-15GHz) clarlfy the characteristics of path exstence in each |nterval.

6: standard deviation of thghortterm variation (about Fig. 4 shows the propablllt)of path exisence obtained
5dB in typical urban areas) from measurement data in the three ared@s=aR.5Mcps and

50Mcps. The horizontalxis presents path number From
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§ Eqg. (1) with the path existence probability of Eq. @)k,d)

J=3.35GHz in dB, can be expressed as follows.

E, (k,d)=E(k,d)+10logp )

_ 2 Q)
=E, (k,d)+10logp k )+ G (05 °)

i

LI

Fig. 5 shows an example of a predicted short-term delay

o Path existegcprobability
=

—Hatchobori < ] profile considering path existence. The path density of the
—_Taakgb(;sﬁi” .~ Measured| predicted path delay profile shown in Fig. 5 is very similar to
—Chiba -*- predicted that of the measured path delay profile shown in Fig. 2.
| T T T TR TR N M | N T T O T TR Y I |
-O:(L) 50 100 150 200 4. PREDICTION OF AVAILABLE PATH NUMBER AND
Path numbek DELAY SPREAD
(b) 50Mcps

We obtained the delay profile with shadowing by running
Monte Carlo simulations on a computer. In these simulations,
we set the standard deviation of tsleort-termvariation as

this figure, the probability can be approximated as a const§iPdB. We simulated the delay profile and evaluated the
for smallk and an exponential function for large Since the available path number and defgyread. Weperfomed 1000
shape of the probability depends on bandwiltind average funs at each location and obtained a cumulative probability of
building height #/>, we take these parameters to be k@)yanable path _and delay spread. W|th respect to the delay
parameters. By using the multiple regression analysis metreRyead, we estimated the 50% median of simulation results as

we modelled the path existing probabilipgk) as follows. the' value of the delay spread. The delay sprégd), is
defined as follows[6].

Fig. 4: Path existence probability

p(k) =min(0.63, (0.5% °°™ +(0.0172+ 0.0008 ¥ H >) 5
xexp[-( (0.077- 0.00098 3} (0.00%4 0.000(R.& H >)k f

Npul/l

2 ((k—l)/B—TD )2105“ (k.d)/10
S(d)= [FF——— (8)

where ming, y) selects the minimum value betweeandy. Y 10 0ne

In Fig. 4, we also plot the values calculated by Eq. (6). The k=t

estimated values yielded yg. (6) are ingood agreement . .

with the measured values. This paper assumes that each ¥ag{€7p is the average delay given as follows.

exists with probability ofp(k) and does not exist with L L (k.d)/10

probability of 1p(k). 2, ((-D/B)T

9)

T, =

xxxxx

C. Proposed model considering path existence probability
We propose the short-term path delay profile model that
combines the empirical short-term path delay profile model lgére we senL as15dB as an example.
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Fig. 6: An example of cumulative probability of the available path Fig. 7: Measured delay spread vs. predicted delay spread

5. RESULTS ?93993 -
. SR 6=0.31s

A.  Available path number <. 99 Ny P4

Fig. 6 shows the cumulative probability of the available % 88 \/)
path numbem Hatchobori as function ofAL. The number < 7l
of available paths at 50% (median) is 1 pat\&t3dB, 4 o §8 //
paths atAL =6dB and 10 paths & =9dB. The available 3 50 /‘:
path number can also be evaldatey using the prediction = 58 //
model with shadowing. In Fig. 6, we also plot the values ‘_g 18 4
calculated at theeasurement condition of this figure. Fig. 6 g 4 '."(
shows that the predicted values are in good agreement witha 1 o 4
the measured values, @ proposednodel is valid. (')1 ’

Tl -0.5 0 0.5 1

Prediction error of delay spreash{cr)/ce

B.  Delay spread ’ -
Fig. 8: Prediction error of delay spread

Fig. 7 shows the measured and estimated delay spread at
various locations in the areas given in Table 1. We see from
Fig. 7 that the estimatedhlues are in good agreement with
the measured values, so the propgogemula is valid. Fig. 8
shows the estimation error délay spread normalizday the
measured value. The estimatiemor follows a Log-Normal
distribution withmedian value of 0dB and standard deviatio
of 6=0.3.
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