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Propagation models for high sites in urban areas
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Abstract. Analyses of results from commonly used propa-

gation models applied to UMTS Ultra High Sites in urban

environments are presented. Differences between predicte
and measured values for a site in Nuernberg are calculate
as a function of the distance between base station and mc
bile station and as a function of the angle of incidence. An
assessment of the validity range of the different propagatior
models is done. Furthermore, an analysis of the accuracy c
the classification of building data is presented.

1 Introduction Fig. 1. Comparison of network expansions with and without using

UHS.
An ultra high site (UHS) is a base station (BS) location with

an antenna mounted at very high spots like TV towers or
chimneys. Typical antenna heights are more than 100 msequently, the impact of elevated antennas on the prediction
Therefore, the probability of line of sight (LOS) increases accuracy has to be analysed. Furthermore, input data, espe-
because shadowing effects become less frequent as obstaclgally those which characterise buildings, have an impact on
of more than 100 m in height are rare. As a consequencethe prediction accuracy which is also analysed.
the communication range is 2-4 km in urban areas and 6 km In Sect. 2 the considered propagation models are described
in suburban areas. In order to solve the capacity problemfollowed by their analysis with measurement data in Sect. 3.
an unusual high number of sectors with relatively narrowIn Sect. 4 the characterisation of building data is introduced
beams is used. So it is possible to cover an area with onéollowed by the analysis of results in Sect. 5.
UHS for which normally eight conventional sites are neces-
sary Boensch2004), as depicted in Figdl.

The German network operator E-Plus uses this principle2 Propagation models
for providing coverage in the initial roll-out of its UMTS net- i
work which is cheaper and also faster. Until the end of 2004,SiNC€ coverage of the first phase of the UMTS roll-out con-
E-Plus built 200 ultra high sites instead of 1500 conventionalCeNtrates on urban areas, the analysis presented in this paper
sites. A cost saving of about 60 mill Euros is expected until'S limited to urban macro cells. A typical situation is given
the end of 2005B0ensch2004. Commonly used propaga- " Fi9-2. o
tion models applied to planning of cellular networks in urban ~ The important parameters for such a situation are the BS
areas have been developed for typical antenna heights of l{?ntenna heighk,, the mobile station (MS) antenna height
to some ten meters. Therefore, the antenna height of UH&», the mean building height,, the street widthw, the

is out of the original validity range of these models. Con- Puilding separation, the length of the propagation path over
the buildings!, the distance between the BS and the build-
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Fig. 2. Typical situation in urban macro cells.

Fig. 3. Free space propagation with one diffraction edge.

incidence from the BS to the first diffraction edgeAn im-
portant parameter to determine the applicability to situations
with grazing incidence is the settled field distad¢céEggers

1997 defined as is chosen as long akesf < 70m and! > d;, whereas the

Flatedge model is applied if>>1, hetf > 70 m andl < d.

rd? The Maciel-Xia-Bertoni model closes the gap in the validity
dy = (heft — )2 (1) range of both models.
] . If this hybrid model is applied to UHS, the Walfish-
with the wave length. dy has a strong relation @. The va-  kegami model is never chosen, since antenna heights above

lidity range of the models is further extended to inhomoge-100 1y |ead to effective antenna heights larger than 100m,
hious areas by introducing the effective BS antenna heighto,,  As jong as the UHS is located in urban areas, the Flat-
heft. A number of propagation models covering such situa-ggge model is never used, since no profile exists that fulfils
tions are reported in the literatur@QST231 1991 Kuerner  the criteriar 1. As a consequence, only the Maciel-Xia-

etal, 1996 Maciel et al, 1993 Saunders and Bongt994.  gerionj model is selected within the hybrid model in case of
The propagation models analysed in this paper can be clasy yHs scenario.

sified into simple propagation models and urban ones. Sim-

ple propagation models are the free space model and the

COST231-Okumura-Hata model. The free space model con3  Analysis of the propagation models

siders a free space path loss component and a single knife-

edge diffraction loss taking into account the diffraction at Measurement data were provided by E-Plus for a UHS lo-
the last building, see Fi®. The COST231-Okumura-Hata cation in Nuernberg with an antenna height of 273m. The
model calculates the path loss by attenuation coefficientssite has nine antennas, each of them covering sectors’of 40
Explicit diffraction losses are not included. Additional losses width. Measurement data are only considered if the MS is lo-
in urban areas are considered with a constant correction facated in urban environment and in the serving sector in order
tor of 19.6dB Rakoczi et al. 2003. Although these two to avoid inaccuracies due to the antenna diagram. Compar-
models are better suited for open areas, they can also be usétbn between the measured values and the predicted ones is
for UHS because of the higher LOS probability. done by calculating the mean error between prediction and

The COST231-Walfish-lkegami model, the Flatedge measurement as a function of the distance between BS and
model, and the Maciel-Xia-Bertoni model are better suitedMS and as a function of the angle of incidenegrespec-
for urban areas. The COST231-Walfish-lkegami modeltively. The results are shown in Figand>5.

(COST231 199] distinguishes LOS and NLOS (non line  Due to the selection rules of the hybrid model explained
of sight). It is valid for effective BS antenna heights up to in section 2, the results of the Maciel-Xia-Bertoni model are
70 m and for large values af, i.e. for! > d,;. For grazing identical to those of the hybrid model so that both curves
incidence this model is pooK(erner et al.1996. In this overlap. These two models only show reasonable results if
case the Flatedge modebqunders and Bonat994 pro- d > 2km anda < 10°. Especially for large values af, the
vides reasonable results as long as the distance between thgean error becomes very large. In these ranges, the Walfish-
BS and the first building is much larger than the propagationlkegami model shows a good correlation between prediction
path over the buildings, i.e. as longas> . This model can and measurement. The Flatedge model and the COST231-
be applied to antenna heights above 70 m. The Maciel-Xia-Okumura-Hata model show good results for large distances,
Bertoni model Maciel et al, 1993 has been developed for but the prediction with the COST231-Okumura-Hata model
all “typical” antenna heights without further restrictions. becomes too optimistic for larger. In contrast to this,

In Kuerner et al.(1996 it is shown that a combination the free space model just taking into account a single knife
of the Walfish-lkegami, the Flatedge, and the Maciel-Xia- edge has a high mean error for large distances because of
Bertoni model is superior to each of the single models.underestimating the losses from multiple screen diffraction
Therefore, in this hybrid model, the Walfish-lkegami model phenomena.
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Fig. 5. Mean error between prediction and measurement as a func-

tion of the angle of incidence.
Fig. 7. Mean error between prediction and measurement for the old

and new hybrid model as a function of the angle of incidence

The analysis confirms the superior behaviour of a hy-
brid model. For small distances the Walfish-lkegami model

shows very good results, but for larger distances great demqqels. For the whole range of the distance and the angle,

viations occur.  On the other hand, looking at large dis-yhe mean error is about 0 dB. Altogether, the mean error and
tances, the Maciel-Xia-Bertoni and the COST231-Okumura-yna standard deviation of the new model are improved by

Hata model perform very well. Therefore, the selection rules,p i 1 dB. see Table

of the original hybrid model are extended to consider the be-

haviour in a UHS scenario. The Walfish-lkegami model is

chosen for UHS ifx > 8°. The Flatedge model is selected in

a UHS scenario fod > 400m, and the Mac'el'xﬁ'sertom Table 1. Mean error and standard deviation between prediction and

model closes the gap between the extended validity rangesneasurement for the old and new rule set of the hybrid model

The mean errors of this extended hybrid model as a function

of the distancel between BS and MS and of the angle of in-

cidencex can be seen in Figé.and7 in comparison to the

original one. mean error -1.6 1.0
The great deviation of the original model for small dis- _ Standard deviation 9.7 86

tances and great angles can be avoided with the new hybrid

former model  with UHS extension
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Fig. 8. Mean error for the prediction and analysis with the land use Fig. 9. Mean error for the prediction with the land use classes and
classes. analysis with the settlement classes.

4 Characterisation of buildings Table 2. Mean error and standard deviation between prediction and
measurement for the prediction (pred.) and analysis with the land

The propagation models need input data of the calculatioruse classes and settlement classes
area to be able to calculate the path loss. Part of these in-

put data is usually information about the terrain height and analysis

land use. Hence, it is possible to distinguish between open, land use classes settlement classes
:‘or%sted, ar|1d urban r:ilreas. With t_hls clast|fI|cat!9n in rs1o—calleo T land use classes 12 87 06 85

and use classes, the propagation model suiting the corre- 5 ¢ oioment classes 2.7 94 35 90

sponding environment best can be chosen. The accuracy of
the classification of land use classes has a strong impact on
the accuracy of the prediction. In the following, this impact
is analysed for urban classes. o o
In the hybrid model, four urban land use classes have beeHse classes and analysis with the land use classes, prediction

used by E-Plus: dense urban, urban, suburban, and indust basis of the land use classes and analysis with the set-
(classes 1-4). In order to improve classification of urban ar- ement classes, prediction on basis of the settlement classes
eas, E-Plus has now introduced 21 settlement claEsB&s and analysis with the land use classes, and finally, prediction

2004). These classes can be divided into nine classes to chaf" basis of the settiement classes and analysis with the set-

acterise the structure of buildings like one-family houses ortlement classes. The results for the prediction on basis of the

high-rise buildings (classes 21-30) and 12 classes to specifiind USe classes are shown in Fgando.

institutions like schools or airports (classes 101-112). Each The analysis with the land use classes shows good results
of these classes has its own characteristic parameters to dér the urban propagation models. Only the simple models
scribe the street width, the building height, and the buildingShow poor results. The prediction results of these two mod-
separation of the specified area. Therefore, the 21 settleme@S aré about 15-20 dB too optimistic. This is approximately

classes can give a more accurate picture of the building struch€ value of the constant correction factor in the COST231-
ture than the four land use classes. Okumura-Hata model. Thus, this correction factor leads to

In the following, the analysis of the influence of the @n underestimation of the pathloss. .The free space model un-
more accurate classification on the prediction accuracy §lérestimates the pathloss because it only takes into account a
presented. single knife edge diffraction loss. With the settlement classes

the analysis is more detailed. Fig@&shows that some of the
classes representing special institutions, namely the classes
5 Analysis of the land use classes 101, 105 and 107, cause problems to most of the propagation
models whereas the other classes show reasonable results.
The measurement data of Nuernberg are used to calculate thhe more accurate analysis also reflects in the standard devi-
mean error between measurement and prediction for each @tion, as shown in Tabl2
the land use classes. Four cases are considered to analyseBoth standard deviations, for the prediction on basis of
the impact of the accuracy: prediction on basis of the landthe land use classes as well as for the prediction on basis
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of settlement classes, are smaller if the results are analyseldeferences
with the more accurate settlement classes than if the results _ _ _
are analysed with the land use classes because the deviatioﬁ@zecr)‘gzh’ R.: E-Plus will hoch hinaus, VDI-Nachrichten, 27, 35,

can be reduced with the more accurate classification. o ) o
COST 231: Urban transmission loss models for mobile radio in the

900 and 1800 MHz bands (rev. 2), Den Haag, COST 231 TD (90)

Eggers, P.: Note on the usage of walfish-type urban pathloss predic-
In this paper, propagation models for urban areas using UHS tion models, Den Haag, COST 231 TD (91) 87, 1991.
have been analysed with measurement data from an opera'f'-eﬁﬁ;s’%la”dHK‘;]eg?er' TU ’At‘)“a'f's of g:&%""g%“sorl‘s Ml‘?deg‘ for
ing UMTS network in Nuernberg. The focus has been set on tra High Sites in Urban Areas, » Berin, Ser

. L) many, 11-14 September, 2005
the difference between prediction and measurement data FKuerner, T, Fauss, R., and Waesch, A.: A hybrid propagation mod-
a function of the distance and the angle of incidence. It was eling ’ap;;)roach for DCS1800 macro cells. IEEE VTC'96. At-
shown that the Maciel-Xia-Bertoni model is not valid for typ- lanta, Georgia, USA, 28 April — 1 May, 16218—1632, 1996. ,
ical antenna heights of UHS as long as the angle of incidencgaciel, L. R., Bertoni, H. L., and Xia, H. H.: Unified approach to
a is larger than 8 However, the COST231-Walfish-lkegami  prediction of propagation over buildings for all ranges of base
model has shown excellent performance in this range as long station antenna height, IEEE Trans. on Veh. Techn. VT-43, 41—
as the distance between BS and MS is smaller than 2km. 35, 1993. _
Therefore, an alternative rule set for the hybrid model hasRakoczi, B., Fledderus, E., Heideck, B., Lourenco, P., and
been presented to overcome the disadvantages of the former Kuerner, .. MOMENTUM - Deliverable DS.2: Reference sce-
model. Furthermore, the importance of the accuracy of in- nanlc()sslMOI_\/lENT;Jg-P;OJlec:‘-Ul\:AonglszgggSlmulatnonsforNet-
. . . A wor anning an ontrol 0 , .

put data, especially of the characterisation of the bUIIdIngS’Saunders S. R?and Bonar, F. R.: Prediction of mobile radio wave
v_vas.analyse(.j. .It was shown that.the accuracy of the classi- propagation over buildings of irregular heights and spacings,
fication of buildings has a strong impact on the accuracy of |zee Trans. on Ant. and Prop., AP-42, 137—144, 1994.
the analysis. With a more accurate classification, the paramgpesifikation fuer Siedlungsklassen-Geometrien, internal docu-
eters describing a specified area could be determined in more mentation, E-Plus Mobilfunk GmbH and Co. KG, 2004.
detail so that the deviations could be reduced.
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