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1. Introduction

Within the UMTS900 WI suitable models for mixed macro/micro cell layers are currently under discussion [1]. 

This contribution provides a critical review of the micro-cell layer model in TR 25.942 and proposes to include also the building penetration losses based on available models in TR 25.951 and from the COST 231 report [4].

2. Review of the Microcell Layer in TR 25.942

The following is an extract from the Microcell Layer scenario description in TR 25.942:

5.1.3.2.1
Single operator layout, microcell layer

Microcell deployment is a Manhattan deployment scenario.

Micro cell base stations are placed to Manhattan grid, so that base stations are placed to street crossings as proposed in /6/. Base stations are placed every second junction, see Figure 4.8. This is not a very intelligent network planning, but then sufficient amount of inter cell interference is generated with reasonable low number of micro cell base stations.

The parameters of the micro cells are the following:

-
block size = 75 m;

-
road width = 15 m;

-
intersite distance between line of sight = 180 
m.

The number of micro cells in the micro-cellular scenario is 72.
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Figure 4.8: Microcell deployment
5.1.3.2.2
Multi-operator layout 
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Figure 4.9: Macro-to micro deployment
The following observations can be made for this scenario:

1. Micro and macro cell UEs will be placed on the roads only, i.e. never within the buildings, which is not very realistic.

2. As there is no modeling of the building penetration losses (BPL), the resulting distribution of the CL(UE -> micro BS) is strongly biased towards low CL values. A macro UE on the road will be at most 180 m away from a micro BS under LOS conditions which results in a maximum CL of 

38.5 + 20*log(180) – 11dBi[AG] = 72.6 dB

(@ 2 GHz)

towards the interfered or interfering micro BS with the propagation model in TR 25.942. This is only 19.6 dB above the MCL (53 dB) and clearly not a realistic assumption.

3. Due to the bias towards low CL values, the TX power distribution of the micro UEs is also biased towards unrealistically low values.

4. The micro BS site density is far too high when considering these low CL values originating from the LOS conditions. In reality, micro BS site densities will be driven by the requirement to provide in-building coverage with potentially high BPLs. This too high micro BS site density (when compared to the macro site density) over-emphasizes near-far situations and hence, interference problems.

5. As in reality the Building Penetration Losses (BPLs) will be typically larger towards a micro BS than towards a macro BS, the micro cell propagation model in TR 25.942 will thus overestimate the interference coming from macro cell UEs received at micro BSs. In reality, macro UEs located inside buildings would enjoy (on average) a relatively larger building isolation towards the interfered or interfering micro BSs when compared to macro cells.

To summarize, the root cause for the unrealism of the macro/micro scenario in TR 25.942 is the lack of any modeling of the BPLs as the UEs will be placed on the roads only and thus LOS propagation conditions always prevail.

3. Path loss maps based on ray tracing for a macro/micro example scenario 

In order to illustrate the above shortcomings of the macro/micro scenario in TR 25.942 we provide here coupling loss maps based on ray tracing for a macro/micro example scenario. Propagation data for linkloss tables both for micro and macrocells were calculated using a three dimensional ray tracing software WinProp [1], see Appendix B for the details. 

The shown area is downtown Helsinki and consists of a micro layer of 31 cells and a macro layer of 18 cells. The average microcell density is ~8 cells/km2 and the average macrocell density is ~5 cells/km2. Neither of the networks is real, but the depicted propagation with large CLs and BPLs for the micro layer as shown in Fig. 1 does represent the reality of the deployed GSM900/1800 networks.
Fig 2. shows the CLs for the macro layer operator for comparison.

Figs 3 & 4 are zoomed versions of Figs 1 & 2.
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Fig 1. CLs for the micro layer operator

Fig 2. CLs for the macro layer operator 
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Fig 3. CLs for the micro layer operator (zoomed)
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Fig 4. CLs for the macro layer operator (zoomed)

When comparing the CLs in Figs 3 & 4 inside buildings with outside reference CLs on the roads, we can also see that the BPLs are frequently by some 20 dB larger towards a micro BS than towards a macro BS. This may be caused by the directional antenna patterns of the micro BSs and the frequently small grazing angles of the rays coming from the micro BS towards building walls and hence, large portion of the power gets reflected.

In the following sections we look closer into candidate models for Building Penetration Losses for both, LOS and NLOS conditions.

4. Review of the COST 231 models for Building Penetration Losses

The final report of the COST Action 231, Chapter 4.6 [4] contains models for Building Penetration Losses for both, LOS and NLOS conditions and is copied here as Appendix A. The work on the LOS models for BPL has been mainly done by Jan-Erik Berg (Ericsson) and further information about the model and underlying measurements can be found in [5]. 

The main features of the LOS model for Building Penetration Losses are:

1. The model can be applied to obtain BPLs towards micro cells 

2. The increase of the BPL due to the grazing angles of the rays coming from the micro BS towards building walls is included. For small grazing angles the BPL will increase up to 20 dB, so this is seen as an important correction term

3. An outside reference loss based on LOS propagation is used to obtain the total loss between isotropic antennas

4. External wall loss and additional losses inside the building are included

5. Model parameters were also checked for 900 MHz

The main features of the NLOS model for Building Penetration Losses are:

6. The model can be applied to BPLs towards macro cells

7. An outside reference loss is used to obtain the total loss between isotropic antennas

8. External wall loss and additional losses inside the building are included and are identical with the LOS model for BPL

9. Floor height gain is included

10. Model parameters were also checked for 900 MHz

When comparing the LOS (micro cell) with the NLOS (macro cell) model for the BPL, we also notice that micro cell BPL becomes roughly 20 dB larger than the macro cell BPL at the same indoor location for small grazing angles. This would be in line with the above ray tracing based CL results for the macro/micro example scenario.

5. Review of the Microcell Layer in TR 25.951

The following is an extract from the Microcell Layer scenario description in TR 25.951, which was used during work on BS classification:

5.2
Mixed Indoor – Outdoor Environment

5.2.1
Propagation Model

Distance attenuation inside a building is a pico cell model as defined in Chapter 5.1.1. In outdoors UMTS30.03 model is used [5].

Attenuation from outdoors to indoors is sketched in Figure 5.1 below. In figure star denotes receiving object and circle transmitting object. Receivers are projected to virtual positions. Attenuation is calculated using micro propagation model between transmitter and each virtual position. Indoor attenuation is calculated between virtual transmitters and the receiver. Finally, lowest pathloss is selected for further calculations. Only one floor is considered.

The total pathloss between outdoor transmitter and indoor receiver is calculated as


L = Lmicro + LOW + ( kwi Lwi + a * R  ,

where: 

Lmicro
Micro cell pathloss according UMTS30.03 Outdoor to Indoor and Pedestrian Test Environment pathloss model

LOW
outdoor wall penetration loss [dB]

R
virtual transmitter-receiver separation given in metres;

kwi 
number of penetrated walls of type i;

Lwi
loss of wall type i;

a = 0.8
attenuation [dB/m]

Slow fading deviation in mixed pico-micro environment shall be 6 dB.

Propagation from indoors to outdoors would be symmetrical with above models.
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Figure 5.1: Simulation scenario and propagation model.

Parameters related to propagation models are summarised in Table 5.1.

Table 5.1: Parameters related to mixed indoor - outdoor propagation model

	Parameter 
	value

	Inside wall loss
	6.9 dB

	Outside wall loss
	10 dB

	
	

	Slow fading deviation in indoors
	6 dB

	
	

	Slow fading deviation in outdoors
	6 dB

	Building size
	110 x 110 meters

	Street size
	110 x 15 meters

	Room size
	22 x 25 meters

	Number of rooms
	5 rooms in 4 rows

	Corridor size
	110 x 5 meters

	Number of corridors
	2

	Size of entrance point
	5 meters

	Number of base stations
	4 .. 6

	BS coordinates
	tba


The following observations can be made for this scenario:

1. There are some similarities with the above COST 231 LOS BPL model, e.g. how the outside wall loss and additional losses inside the building are accounted for.

2. There is also an important difference to COST 231 [4,5]: the dependence of BPL on the grazing angles is not included. Looking at the above results, this should be considered as a shortcoming.

3. There is detailed modeling inside the building (inside walls, corridors, rooms etc.).

6. Proposed way forward for UMTS900 WI Scenario 5

Looking at the various macro/micro models of TR 25.942, TR 25.951 and COST 231 [4] and also considering that the implementation in simulation platforms should not be unnecessarily complex, the following is proposed as way forward for defining Scenario 5:

· Remove the shortcoming in TR 25.942 in which micro and macro cell UEs will be placed on the roads only which is quite unrealistic. This requires a realistic model for the BPL, for both, micro- and macro UEs. 

· Re-use the mixed Indoor – outdoor Environment of TR 25.951 as a model for the BPL, however, with the following changes:

· For the sake of easing implementation in simulators, do not consider detailed modeling inside the building (inside walls, corridors, rooms etc.). For UEs inside the building a simple path loss model of the form L = Loutdoor_reference + 
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 +  a * R  is proposed. Loutdoor_reference is the path loss from the BS to the virtual transmitter location at the building wall as in TR 25.951, Fig. 5.1. R is the virtual transmitter-UE receiver separation given in meters as defined in TR 25.951. L refers to the total loss between isotropic antennas.

· for calculating the BPL towards a LOS micro BS, include the increase of the BPL due to the grazing angles of the rays coming from the micro BS towards building walls as in the COST 231 LOS model. I.e. use L as above, but add the term 
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. This term is seen as an important correction for the BPL as explained above. Loutdoor_reference  is defined as in TR 25.942/25.951 (but adjusted for 920 MHz).

· for calculating the BPL towards a NLOS micro BS: use L as above, but add the term 
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  as in the COST 231 NLOS model.  Loutdoor_reference  is defined as in TR 25.942/25.951 (but adjusted for 920 MHz).

· for calculating the BPL towards a macro BS: use L as above, but add the terms 
[image: image10.wmf]geFH

WG

-

 as in the COST 231 NLOS model. Loutdoor_reference  is defined as the agreed Urban macro cell propagation model in 920 MHz. 
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models the floor height gain relevant for macro-cell propagation with diffraction of the signal from rooftops.

For model continuity reasons at the external building wall, the above Loutdoor_reference  must always respect any MCL conditions imposed on the micro scenario. E.g. for a 11 dBi Omni antenna, Loutdoor_reference  must be always set > 53 dB + 11 dB = 64 dB.

As in TR 25.951, Fig. 5.1, the lowest pathloss from the 4 virtual transmitters - receiver pairings is selected for further calculations when the UE is inside the building.

The following parameter values are suggested for Scenario 5:

Table 1. Suggested parameter values for Scenario 5
	Parameter
	Value
	Comment
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	7 dB
	From COST 231.
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	3 dB
	From COST 231. A range of 3 … 5 dB was indicated for 900 MHz.

With this we get 
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 as in TR 25.942
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	20 dB
	From COST 231.

	a
	0.6 dB / m
	From COST 231.

	D, S
	Depends on the geometry
	Depends on the locations of the LOS micro BS and the UE within the building. Refer to Fig. 4.6.1 in Appendix A (from reference [4])
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	5.25 dB
	From COST 231. Assumes a floor height gain of 1.75 dB/floor


In addition to these parameters also the remaining micro/macro parameters like building block size, road width, antenna gains, etc. would need to be agreed.
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Appendix A - Final report of the COST Action 231, Chapter 4.6
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4.6 Building Penetration

Jan-Erik Berg , Ericsson Radio Systems AB, Sweden

461 Tntroduction and definitions

A common approach in many existing planning tools is to predict the path
1oss outside in the proximity of the buildings and then add a constant loss in
oder to estimate the loss inside the building. This is a major reason why the
building penetration loss usually i related to the outside levels at about 2 m
height above ground

Some concern must be taken when the median outside level is determined. If
a line of sight exists between the exterior base station antenna and one or
Several extemal walls a considerable variation, tens of dB, of the path loss
around the perimeter of the building may occur. Thus, the corresponding
penetration loss will vary considerably depending on which reference level
15 used. The outside reference level must not contain both line of sight and.
non line of sight results!

‘The indoor small scale fading in an area of about 1 to 2 square metres is, for
a narrowband signal in the frequency range 900-1800 MEHz, usually close to
a Rayleigh distribution (when the envelope variation is described in Volt)
‘The large scale variation is obtained when this small scale fading component
is removed by spatial filtering
‘The penetration loss can be divided into four major categories:

- wallloss,

- roomloss,

- floorloss,

- building loss,
each relative the median path loss level outside the building
‘The wall loss, which is angle dependent. is the penetration loss through the
wall. The true wall loss is difficult to determine when measurements are
taken in 2 building due to multiple reflections and the fumiture close to the
walls
For line of sight conditions with one dominant ray, the power of the re-
flected ray at the external wall can be considerable at small prazing angles,
‘giving rise to a large penetration loss compared to perpendicular penetration
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‘The penetration loss of the external wall can be different at non line of sight
conditions compared to a perpendicular line of sight situation. Thus, one
single external wall can have considerable different penetration losses,
depending on the environmental conditions

‘The room loss is the median loss determined from measurements taken in
the whole room about 1-2 m above the floor. In a room with an extemal
wall, the room loss is usually greater than the corresponding external wall
loss. The room loss level is practical to use when the penetration loss is
displayed on 2 drawing describing the building. Sometimes is it practical to
divide large rooms into smaller fictitious rooms,

Usually the measured room loss values are used s an input o a model
which considers one or several propagating rays through the building. The
difference between the model and measurements can be minimised by
choosing appropriate losses for the different walls. This approach gives wall
losses that can be used in the model but do not necessary represent the
actual physical wall losses. The results in this chapter are mainly based on
this method

‘The floor loss is the median loss in all of the rooms on the same floor in 2
building. The large scale variation over the floor is often log-normal dis-
tributed. The building loss is similar to the floor loss, but taken over all of
the floors in the building. When this method is used, information should be
given if the basement is included or not.

Tn some cases the penetration loss decreases with increasing floor level. This
dependence is called floor height gain and given in dB/floor. Due to that the
heights of the storeys vary between different buildings, it is sometimes
better to describe the dependence as 2 function of the physical height in
dB/m. The height gain effect ceases to be applicable at floor levels that are
considerable above the average height of the neighbouring buildings. The
sum of the outside reference loss and the height gain loss, which is negative,
must not be less than the free space propagation loss,

T micro-cellular environments, where the base station antenna height is
considerable lower than the surrounding building height, the penetration loss
for line of sight conditions is quite independent of the floor height at larger
distances. This is also valid for non line of sight conditions when the main
part of the power propagates along the streets. However, in non line of sight
conditions where the dominant part of the received power in the street
originates from rays that due to reflections and diffraction have propagated.
down from the surrounding roof level, a notable floor or height gain can be
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found. This is wsually the case in macro-cellular environments with 2 base
station antenna height above the height of the average building height in the
area

Median is used in the definitions above, which s preferable due to its in-
dependence of the distribution. However. the main part of result presented.
below, are based on averaging.

4,

Building penetration loss at line of sight conditions

Building penetration related papers written by COST 231 participants can be
Found in [120]-[134]. Results from a lot of different kind of buildings with
miscellaneous distances and angles befween the outdoor antennas and the
surfaces of the external walls have been presented within the COST 231
project [120], [121], [123], [125], [128], [120], [131}{134]. Different
models have been proposed, each applicable for the actual measurement
condition. With an attempt to describe all of the different propagation
conditions in one single model, the approach described below is suggested.
‘The parameters i the model are defined in Fig 4.6.1

frm—— < e
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Fig 461 Definition of grazing angle 6 and distances D, S and d. Tn
the building an example of a possible wall layout at one
single floor is shown. The distance d is 2 path through
internal walls and the distance d is a path through a corri-
dor without internal walls.

‘The total path loss betiveen isotropic antennas is determined with the fol-
lowing expression

L /B =32.4+20log(f)+ 20 log(S+ )

W, +WG, {179T+m“(r,,r1)
s @6
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D and d are the perpendicular distances and S is the physical distance
between the external antenna and the external wall at the actual floor. All
distances are in metres, frequency is in GHz. The angle is determined
through the expression sin(6) = D/S [134]. The ouly case when 6 = 90
degrees is when the external antenna is located at the same height as the
actual floor height and at perpendicular distance from the external wall, e
when D = S. Hence, § changes considerably with floor height at short
distances D. We is the loss in dB in the extemally illuminated wall at
perpendicular penetration 6 = 90 degrees. WGe is the additional loss in dB
in the external wall when 6 = 0 degrees. Wi is the loss in the intemal walls
in dB and p is the number of penetrated intemal walls (p =0, 1, 2..). In the
case that there are no intemal walls, as along d° shown in Fig 46.1, the
existing additional loss is determined with 2 in dB/m. It should be noted that
T} can be replaced with b d. with  in dB/m. if the average indoor wall loss
Wi and the average distance between the indoor walls are known

‘The suggested model assumes free space propagation path loss between the
external antenna and the illuminated wall and is not based on an outdoor
reference level. This approach has been found to be valid also for line of
sight conditions at small angles 6 in street micro-cells even when the path
1oss has been larger than free space propagation close to the surface outside
the external wall. It has also been found that the model seems to generate an
appropriate total loss in a street micro-cell environment, with buildings at
both sides of the street, for the case when the external wall s obstructed.
from true line of sight conditions due to slightly shadowing neighbouring
buildings [133]. In street micro-cells with buildings on both sides of the
street, it could be appropriate 1ot to use the actual distance D if i is v
small. Due to reflections at the walls on the opposite side of the street, 2
farger value might be more suitable, ez half the width of the street. The
model s based on measurements in the frequency range from 900-1800
Mz and at distances up to 500 m. The floor height dependence at short
distances is based on very few measurements and the validity of the model
for this case is vague. At short distances it might be appropriate to apply the
indoor propagation models. It should be noted that the model fits the general
behaviour of the path loss variation at different conditions quite well when
many buildings are considered. however, there can be considerable
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deviations for some explicit buildings. The following parameter values are
recommended in the model

We 410 dB, (concrete with normal window size 7 dB, wood 4 dB)
W; :4- 10 dB, (concrete walls 7 dB, wood and plaster 4 dB)

WGe: about 20 B

@ about 0.6 dB/m

‘The wall loss s not necessarily the physical loss for a single homogeneous
wall, it is the loss that gives reasonable agreement when the model is
applied and it includes objects in the building. such as cupboards, shelves
and other fumniture. Thin wood or plaster walls can give rise to lower losses
than 4 dB and concrete walls without windows 1020 dB. Increasing
window sizes decreases the loss and vice versa. Metallized windorv-
metal reinforced glass can give rise to losses considerable greater than 10
dB. An absolute value is difficult to give, due to that one must also consider
the size of the window and the amouat of power that penetrates through the
wall around the window. A combination of metal covered walls and
metallized window-glass can give rise to quite high loss levels

‘Typical floor losses, 900-1800 MHz. for buildings along a street with small
‘erazing angles 6 in an urban environment at distances S greater than 150 m
15in the range of 27-37 dB and the large scale variation at one single floor is
usually close t0 a log-normal distribution with  standard deviation from
about 5-10 dB. At short distances, the floor loss can vary consideraby, espe-
cially when it is related to the loss in the street at 2bout 2 m height. This
behaviour corresponds with the characteristic of the model which will give
ise t0 a considerzble variation due to its angle and distance dependence,
and d. Typical floor losses, 900-1800 MHz, at one single floor level vary in
the range of about 4-37 dB with a standard deviation of the large scale varia-
tion, at one single floor level, of 5-15 dB. For this case, strong deviations
from the log-normal distribution can occur quite often. It has been reported.
that the time dispersion in urban street micro-cells does only increase
slightly in a building compared to the level in the street [132]

463 Penetration loss at non line of sight conditions

For the scenarios shown below, the penetration loss is related to the outside
loss Lt and L) in Fig 462, and La and Ly in Fig 4.6 3. at about 2 m height
above the ground.
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Fig 462 Non line of sight scenario when the external antenna is
Tocated above the building height The penetration loss is
related to L1 or L)

‘The floor height gain values given belorw are relevant when the width wi,
see Fig 462, in the direction fowards the external antenna is about 10-50
m When w) increases, the floor height gain will decrease

o roofpat “

x

e ———

st path

Fig 463  Non line of sight scenario when the extemal antenna is
Tocated below the building height. The total area, except the
streets,is assumed to be covered with buildings, though
only building A and B are displayed. The penetration loss is
related to L and Ly

For the case when the penetration loss is related to L, the floor height gain
will generally be less dependent of the width w). The total loss between
isotropic antennas relative the outside reference loss. Loutside. i
determined with the following equation [123], [124], [126], [130}132]

L /dB=Loige + We + Wy +max(fy. T3 )~ Gr: e
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We, T'1, and d are similar to the corresponding definitions in the section
above, line of sight conditions. The floor number is determined by n. see
Fig 462, and Gy is the floor height gain in dB/floor while Gy, is the height
gain in dB/m. h s the height in metres above the outdoor reference path loss
level. Reported penetration losses of the extemal walls differ considerably
due to different measurement methods and, of course, due t0 different build-
ings. However, there might be a physical explanation of the noticed dif-
ference, which could justify the parameter Wee in the model, which is in-
troduced in order to achieve unambiguous basic wall penetration losses.

‘The waves impinging on the external wall are distributed over a wide range
of angles. Thus, by considering the angle dependent penetration loss. the
Loss will be larger compared to the case when one single wave, with equal
porwer, penetrates perpendicularly through the wall. The difference should.
be more pronounced when one or several dominant waves are arriving at
non perpendicular angles, which is most probable in this scenario. Another
phenomenon, which could explain the increased penetration loss, is that the
measured outside reference level is received from a combination of waves in
the direction towards and waves reflected from the building. where the latter
of course will not penetrate through the building Similar condition is valid.
when perpendicular line of sight measurements are taken (with 2n omni
antenna), but the relative power levels of the direct and the reflected wave
will then be different and the direct wave will not suffer from extra angle
dependent penetration loss. A value of about 3-5 dB is suggested for Wee at
900 MHz. In some measurements it has been found that the floor penetration
loss increases 2 dB at 1800 MHz compared to 900 MHz. thus i is suggested.
that Wee(1800 MHz) = Wee(900 MHz) + 2 dB. The values on We and W;
given in the section above (LOS conditions) are recommended to be used.
The a parameter has not been measured explicitly for this kind of scenario
‘Thus, at the moment, the value given in the section above (LOS conditions)
is recommended, ie. o= 0.6 dB/m Reported values on G at 1800 MHz can
be divided into two groups, in the range of 1.5-2 dB/floor and from 47
B/floor. The latter values were taken from buildings with storey heights of
about 4-5 m and it was found more appropriate to use the parameter G for
these buildings, which varied from 11-1.6 dB/m at 1800 MHz. The floor
height gain s lower at 900 MHz, but the difference is small. Floor
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penetration loss at 1800 MHz has been found to vary between different
buildings on the ground floor, n=0, from about 12-20 dB. The corresponding
losses at 900 MHz were found to be about 2 dB lower. The large scale
variation is log-normal, i there is o partal line of sigit to the external wall,
with 2 standard deviation of about 4-6 dB. No frequency dependence of the
standard variation has been reported. The penetration loss into the basement,
is about 20-30 B, which can be either smaller o larger

464 General building penetration model

Tt has been found that the best
method in order to estinate the re-
ceived power at a fixed location
within a building. s to consider all
the paths through the external walls
as shown in Fig 464 [131], [132]. 3 <
For each path. the received power f
is detenmined_according o the

methods described above and the
sum of these separate power levels Fig. 464 Relevast propsgation pachs
will then be the total received into a building

power. Those paths that are ex-

pected to give rise to loss levels far reater than the remaining paths, can of
course be omitted.

n

The results in this chapter are based on measurements in the following
towns and theoretical work performed by Vienna, Technische Universitat
Wien (4), Aalborg. Aalborg University (DK). Turin, CSELT, (D), Madrid
() Telefonica Investigacion y Desarollo, Stockholm (S) Telia Research and.
Ericsson Radio Systems, Ipswich, Liverpool, London (UK) by British
Telecom Research Laboratories, The University of Liverpool. and The
University of Leeds





Appendix B – used WinProp parameters
WinProp ray tracing software uses empirical diffraction and reflection model for ray interactions, and its tuning parameters are given in Table 1. Instead of deterministic Fresnel coefficients for reflection and transmission and GTD/UTD for diffraction, the simplified empirical ray interaction model in WinProp is often easier to tune, gives better accuracy and faster calculation times compared to the deterministic ray interaction model. The detail model description can be found in [3]. 

	Reflection loss
	14 dB

	Outer wall transmission loss
	8 dB

	Minimum diffraction loss of incident rays
	15 dB

	Maximum diffraction loss of incident rays


	40 dB

12d

	Diffraction loss of diffracted rays
	12 dB

	Resolution
	12.5 m


Table 1: Parameters for WinProp ray tracing model. The parameter names refer to the model parameters described in WinProp manual [3].
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