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Abstract—Recently introduced 5G micro operator concept 

aims at providing high-quality mobile services in specific high-

demand (indoor) locations to complement the coverage and 

capacity offered by the traditional mobile network operators 

(MNOs). For reliable service delivery, micro operators need local 

spectrum access rights with predefined levels of quality 

guarantees. This can be obtained via granting spectrum micro 

licenses, where the license areas can be the different buildings. To 

coordinate the interference between the micro operators 

themselves and potential incumbent spectrum users, accurate 

interference characterization between the involved systems is a 

necessity. This requires proper modeling of the radio wave 

propagation characteristics, which is currently missing for micro 

operator deployment scenarios in their target frequency bands. 

This paper introduces a new propagation model for evaluating 

the interference between neighboring micro operators located 

inside different buildings. The proposed model is based on a 

number of sub-models and components, and the basis for each of 

the components has been taken by selecting appropriate path loss 

models described in the literature. In all, the introduced 

propagation model is valid for deployments in different 

frequency bands, and for various types of buildings and outdoor 

environments surrounding the buildings with micro operator 

deployments.   

Keywords—propagation; building-to-building; micro operator; 

indoor; 

I.  INTRODUCTION 

Next generation mobile communication networks known as 
5G are expected to enable reliable provisioning of high-quality 
wireless connectivity in specific high-demand areas such as 
campuses, transport hubs, hospitals, shopping malls and 
factories [1]. Mobile communication networks have been 
traditionally deployed by mobile network operators (MNO) in 
outdoors with country-wide exclusive licenses to provide wide 
area coverage. However, in case of 5G the importance of 
specific in-building networks will increase [2], in particular for 
deployments in the higher frequency bands (e.g., millimeter 
wave bands, 24-86 GHz). The challenge with MNOs separately 
deploying their in-building networks is that they do not scale 
when the number of buildings is increasing, either due to 
increased capacity requirements or higher center frequencies, 
and that the networks typically serve only the MNO’s own 
customers. Instead of relying solely on the networks deployed 
by the MNOs, a more efficient solution could be to allow other 

stakeholders, such as the venue owners, to deploy and operate 
their own in-building networks to satisfy local capacity and 
coverage needs [2].  

The micro operator concept [3] with local spectrum micro 
licensing model [4][5] has been recently introduced for local 
5G network deployments serving both its own restricted 
customer set and acting as neutral host for the customers of the 
overlying MNOs [6]. The introduction of potentially a large 
number of local indoor 5G micro operators calls for new local 
spectrum authorization models for novel deployment scenarios 
where different micro operators could deploy their local 
networks in neighboring buildings as discussed in [4]. For 
reliable service delivery, the micro operators would need to be 
issued local spectrum micro licenses [4][5], where some form 
of interference coordination is required between the different 
license holders and potential incumbent spectrum users. 
Interference coordination calls for accurate modeling of the 
different interference scenarios between the involved systems, 
which in turn requires proper modeling of the radio wave 
propagation in the specific frequency bands and for the new 
indoor deployments. 

Both the propagation within a building and the propagation 
between indoor and outdoor environments have been widely 
discussed in the literature [7]-[13]. However, the topic of 
building-to-building propagation between indoor nodes located 
inside different buildings has received much less attention. One 
of the very few building-to-building propagation models 
known to the authors is the 3GPP dual-strip model described in 
[14]. The applicability of the 3GPP dual-strip model for the 
micro operator concept was evaluated in [15] through 
propagation loss measurements that identified the need for 
building-specific wall penetration losses and alternative models 
to characterize the outdoor propagation loss. Thus, the existing 
3GPP model has several weaknesses, which limit its use for 
characterizing the interference between neighboring micro 
operators. Therefore, this paper proposes a new type of model 
for building-to-building propagation that can be used to 
characterize the local micro operator network performance as 
well as the interference between separate micro operators in 
different frequency bands and deployment scenarios.  

The rest of the paper is organized as follows. Section II 
discusses the usability of the 3GPP dual-strip model and 
proposes a new propagation model for micro operator 
deployments. Then, performance evaluation results are shown 
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in Section III for a few example scenarios. Finally, some 
conclusions are drawn with suggestions for future 
enhancements in Section IV. 

II. PROPAGATION MODELS BETWEEN BUILDINGS 

When evaluating the impact of inter-operator interference 
on the performance of a local micro operator, path loss 
estimates both within the network of the victim micro operator 
inside the specific building (indoor propagation) and between 
the neighboring micro operators in separate buildings 
(building-to-building propagation) are required. This section 
presents first the 3GPP dual-strip propagation model [14] and 
discusses its feasibility for micro operator deployments. Then, 
a new propagation model is introduced, including sub-models 
for both the indoor and the building-to-building propagation. 

A. 3GPP Dual-Strip Model 

3GPP has defined the so-called dual-strip model in [14] for 
the estimation of path losses between indoor small cells and 
mobile terminals located either in the same or in different 
buildings in 2 GHz and 3.5 GHz frequency bands. The dual-
strip model consists of two multi-floor buildings with 
apartments of size 10×10 meters. The buildings are separated 
by a distance of 10 meters, as illustrated in Fig. 1. 

The model calculates the path loss between a base station 
and a mobile terminal located on the same floor as 
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Furthermore, the path loss between a base station and a 
mobile terminal located in different building is calculated as 
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 In (1) and (2) R is the distance in meters, d2D,indoor is the 
distance traveled indoors, q is the number of traversed inner 

walls, Liw is the loss per inner wall, and Low1(fc) and Low2(fc) are 
the outer wall losses of the two buildings as a function of the 
center frequency fc. Based on the dual-strip model, Low(2 GHz) 
= 20 dBm, Low(3.5 GHz) = 23 dB and Liw = 5 dB. Finally, in 
order to convert the path loss model from 2 GHz to 3.5 GHz, a 

frequency correction factor (fc) equal to 4.8 dB is added 

((3.5 GHz) = 20log10(3.5/2)). 

A closer examination of the details of the 3GPP dual-strip 
model reveals a number of weaknesses, which limit its usage 
for characterizing the interference between neighboring micro 
operators. These include the following: 

 The model is tailored for 2 GHz and 3.5 GHz and is not 
valid for higher frequency bands envisaged for 5G. 

 The assumed building penetration model considers only 
one of the building walls (the one facing the 
neighboring building) and ignores the penetration 
through the other walls. 

 The impact of building wall material on the building 
penetration loss is not taken into account. Instead, a 
fixed value equal to 20 or 23 dB is assumed, which will 
typically overestimate the path loss between the 
buildings, as shown by the measurement results in [15].  

 The model ignores the impact of the angle of incidence 
on the building penetration loss.  

 The outdoor path loss between the buildings is based on 
a macro cellular NLOS propagation model even at 
relatively short distances, which has been shown to 
overestimate the path losses between the buildings [15]. 

To overcome the limitations of the 3GPP dual-strip model, 
there is a need to develop a new building-to-building 
propagation model. The model proposed in the following sub-
section aims to consider the aspects listed above when 
modeling the path losses between the neighboring micro 
operators. 

B. Proposed Model for Micro Operator Deployments 

Similar to the 3GPP dual-strip model, also the proposed 
micro operator deployment model contains two neighboring 
buildings, see Fig. 2. The buildings are assumed to be located 
at a distance D from each other. As a default, the model 
considers only one floor per building and instead of specifically 
modeling inner walls, the wall and furniture losses are assumed 
to be included in the distance-dependent indoor path loss. 
Finally, in addition to the sub-model for indoor propagation 
within the building, the overall model contains two optional 
sub-models for building-to-building propagation, depending on 
whether the buildings are in LOS or NLOS with each other. 

The sub-models for indoor and building-to-building 
propagation are composed of different components and the 
basis for each of these components has been taken by selecting 
appropriate models described in the literature. One of the main 
requirements has also been that the center frequency fc is a 
parameter in the overall model, which means that the same 
model should be applicable for different frequency bands. In 
all, the sub-model for indoor propagation is based on the model 
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Fig. 1. 3GPP dual-strip deployment. 



described in [10], while the sub-model for building-to-building 
propagation includes components for the recursive microcell 
model for outdoor propagation [16], NLOS outdoor 
propagation for microcells [10], general building penetration 
model [7], LOS building penetration model [7][11][13] 
including the impact of the angle of incidence, NLOS building 
penetration model [10] and the linear attenuation model for 
indoor propagation [7]. Furthermore, the building wall loss is 
assumed to depend both on the center frequency and on the 
wall material as defined in [10]. 

In the overall model, the coupling loss between a mobile 
terminal m and a base station b is calculated as 


dBbmdBbmMTdBbmBSdBbmdBbm XGGLCL ,,,,,,,,,,,,  

where GBS,m,b and GMT,m,b are the base station and mobile 
terminal antenna gains, respectively, and Xm,b is a log-normally 
distributed random value modeling the impact of shadow 
fading. Next, the different sub-models and components 
forming the proposed model for the path loss Lm,b are discussed 
in more detail. 

The indoor propagation within a building is modeled using 
the 3GPP Indoor – Mixed Office propagation model as defined 
in [10]. The path loss model includes both a LOS (LLOS) and a 
NLOS (LNLOS) component, and the LOS probability (PLOS) is 
defined to decrease as a function of the distance between the 
base station and the mobile terminal. The standard deviation of 
the shadow fading is assumed to be equal to 3 dB (LOS) or 8 
dB (NLOS) [10]. Furthermore, both the shadow fading and the 
LOS probability are spatially correlated, assuming correlation 
distances equal to 10 m and 6 m (shadow fading in LOS and 
NLOS), and 10 m (LOS probability) [10]. 

When it comes to modeling the path losses between the 
different buildings, four different sub-paths for each building, 
one through each building wall [7], are evaluated as shown in 
Fig. 2. Hence, for each link between a transmitter and a 
receiver, the total received power is calculated as a linear sum 
of the received powers from all the 16 different sub-paths. Each 
sub-path takes into account both the outdoor loss between the 
outer wall reference points (T1-T4 and R1-R4, having the same 

height as the corresponding indoor node), and the building 
penetration and indoor losses for both buildings. In all, the path 
loss per sub-path is calculated as 

         2,2,1,1, incowcoutcowincdB LfLfLfLLfL  

In (4), Lin is the indoor loss, modeled as Lin = 0.5d2D-in, 
where d2D-in is the two-dimensional distance between the indoor 
node and the outer wall reference point [10]. Parameter Low 
models the building wall loss and it consists of two 
components: one that depends on the three-dimensional angle 

of incidence  and the other that depends on the wall material 
and the center frequency fc. Depending on the desired building 
penetration model (LOS or NLOS), Low is calculated either as 
described in (5) [13] or in (6) [10]. 

    cmaterialLOSow fLL 
2

, cos120   

  cmaterialNLOSow fLL  5,
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If the buildings are in LOS with each other, (5) is applied 
for wall reference points T3 and R1, while (6) is applied for the 
other wall reference points. In case of a NLOS propagation 
condition between the buildings, (6) is applied for all wall 
reference points. 

In higher frequency bands, the material characteristics of 
the building have a major impact on defining the penetration 
loss pattern, which means that the value of Lmaterial(fc) can be 
significantly different for different buildings. Further 
discussion on the impact of fc on the wall penetration loss can 
be found for example in [10], [13] and [17]-[19]. Furthermore, 
the impact of different wall materials has been discussed in 
[10] and [17]-[23]. As an example, the penetration losses for 
standard multi-pane glass, infrared reflective (IRR) glass and 
concrete can be expressed as [10]: 


,2 0.2glass c GHzL f   


,23 0.3IRRglass c GHzL f   


,5 4concrete c GHzL f   

Parameter Lout in (4) is the outdoor path loss between the 
outer wall reference points. In case of a LOS path, i.e., the sub-
path between wall reference points T3 and R1 as shown in Fig. 
2, Lout is based on a free space propagation model, and the 
applied distance is a sum of the outdoor and indoor distances 
[7][11][15]. In case of a NLOS path, Lout considers only the 
outdoor path between the outer wall reference points, and the 
applied propagation model depends on whether the buildings 
are in LOS or NLOS with each other. 

If the buildings are in LOS with each other, Lout for the 
NLOS paths is based on the recursive microcell model [16]: 
going around either one or two building corners as illustrated in 
Fig. 2, and assuming a breakpoint for the path loss exponent at 
300 m [16]. However, if the buildings are in NLOS with each 
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Fig. 2. Proposed building-to-building propagation model for micro operator 

deployment. 



other, Lout is based on the 3GPP Urban Micro – Street Canyon 
propagation model defined in [10]: A weighted average of the 
LOS and NLOS path loss components (Lout = PLOSLLOS + (1-
PLOS)LNLOS) is applied for the sub-path between reference points 
T3 and R1, while only the NLOS path loss component (LNLOS) 
is applied for all the other sub-paths. 

Finally, when it comes to the shadow fading model for the 
building-to-building propagation, standard deviation equal to 6 
dB (LOS) or 8 dB (NLOS), and correlation distance equal to 10 
m (LOS) or 13 m (NLOS) are assumed [10]. 

III. EXAMPLE SCENARIOS 

In this section the proposed path loss model is visualized 
for a few example scenarios in 3.5 GHz and 26 GHz frequency 
bands, where the level of downlink interference between two 
neighboring micro operators is evaluated. The 3.5 GHz 
frequency band is of special interest due to the recent 
development of the Citizens Broadband Radio Service (CBRS) 
in the US [24]. Also in Europe, the 3.4-3.8 GHz band is seen as 
the first primary band for 5G [25]. Furthermore, the 26 GHz 
band is seen as the pioneer band in Europe above 24 GHz to 
give ultra-high capacity for innovative new services, enabling 
new business models and sectors of the economy [25].  

The evaluated network layout consists of two equally-sized 
buildings (50×120 m, based on the indoor deployment scenario 
defined in [10]), which are assumed to be in LOS with each 
other. Micro operator 1 (uO1) is assumed to be serving users 
within the first building, while micro operator 2 (uO2) is 
serving users within the second building. The micro operator 
networks are assumed to be located on the same floor level, 
i.e., the antenna heights (above the ground level) are assumed 
to be the same. It is further assumed that micro operator uO1 
has deployed 12 pico base stations per floor as described in 
[10], while micro operator uO2 has deployed only one pico 
base station in the middle of the floor. 

The assumed parameter values are listed in Table I. The 
analysis assumes also that the interfering network is fully-
loaded, i.e., all base stations are transmitting at the maximum 
power. At the same time, the victim network is assumed to be 
serving only one user. Furthermore, the user is assumed to be 

served by closest base station. Finally, the applied building 
wall losses have been calculated based on the average building 
wall loss model in [10]: low-loss (LL) wall assumes old 
buildings with 30% multi-pane windows and 70% concrete, 
while the high-loss (HL) wall assumes modern buildings with 
70% IRR glass and 30% concrete. 

To start with, Fig. 3 presents the distributions of the 
received carrier power and the received inter-operator 
interference for both frequency bands and the different building 
wall losses, assuming that the buildings are located at a 
distance of 25 m from each other. The results indicate that even 
a single pico base station at 3.5 GHz deployed in the middle of 
the floor is able to provide received carrier power levels better 
than -80 dBm throughout the desired coverage area. At the 
same time, the resulting level of the inter-operator interference 
within the neighboring building is less than -72 dBm. In case of 
the denser deployment with 12 pico base stations per floor, the 
coverage is considerably better, with received carrier power 
levels higher than -57 dBm, but at the same time the level of 
the peak inter-operator interference is increased to -56 dBm. 
Finally, in case of the high-loss building walls, the level of the 

TABLE I.  ASSUMED PARAMETER VALUES 

Parameter Value 

Center frequency (fc) 3.5 GHz, 26 GHz 

Base station transmision power 24 dBm 

Mobile terminal receiver noise 

power 
-92 dBm 

Base station antenna gain 5 dBi (omnidirectional) 

Mobile terminal antenna gain 0 dBi (omnidirectional) 

Antenna height (above floor) 3 m (BS), 1 m (MT) 

Building wall losses (Lmaterial) 

7.7 dB (low-loss wall, 3.5 GHz) 

12.4 dB (low-loss wall, 26 GHz) 
21.8 dB (high-loss wall, 3.5 GHz) 

32.3 dB (high-loss wall, 26 GHz) 

 

 

Fig. 3. Distributions for the received carrier power and the received inter-

operator interference power. 



inter-operator interference becomes 28 dB lower compared to 
the low-loss walls. 

When the center frequency is increased to 26 GHz, the 
received carrier power is reduced by 17 or 22 dB, depending on 
whether the mobile terminal is in LOS or NLOS with the 
serving base station. This calls for either a much denser 
deployment of base stations or the use of more advanced 
antennas with beamforming capabilities in order to achieve a 
similar cell edge coverage than with 3.5 GHz. The increased 
center frequency will result also in a considerably lower 
interference towards to the neighboring micro operators, both 
due to increased building wall losses (an additional loss of 4.7 
dB/wall for LL and 10.5 dB/wall for HL) and increased 
outdoor path loss (an additional loss of 17.4 dB). However, a 
densified deployment of base stations or the use of advanced 
antennas to improve the coverage will increase the interference 
towards the neighboring systems as well. 

The corresponding signal-to-interference-and-noise-ratios 
(SINR) are presented in Fig. 4. In the figures, the own (victim) 
network is assumed to be serving only one user, while the other 
(interfering) network is assumed to be fully-loaded. In case of 
uO2, the performance of the sparse network deployment with 

one pico base station is quite sensitive to any external 
interference. For example, in case of the deployment with low-
loss building walls in the 3.5 GHz frequency band, the worst 
5th percentile of the users experience a SINR equal to -2 dB, 
while the median is at 21 dB. In case of high-loss walls the 
level of inter-operator interference is reduced, which 
considerably improves the SINR values (18 dB (worst 5%) and 
32 dB (median)). When the center frequency is increased to 26 
GHz, both the received carrier power and the inter-operator 
interference levels become lower. In all, the SINR is reduced to 
-4 dB (worst 5%) and 11 dB (median). However, the coverage 
can be improved by densifying the network. For example, with 
12 base stations per floor the SINR becomes equal to 20 dB 
(worst 5%) and 39 dB (median). 

In case of uO1, a dense indoor network with 12 base 
stations per floor is assumed, and therefore the impact of inter-
operator interference is much smaller compared to uO2. Due to 
both a higher received carrier power and a lower level of inter-
operator interference, the SINR values are much higher 
compared to uO2. Now, the worst 5th percentile of users 
experience a SINR equal to 38 dB (LL) or 43 dB (HL), while 
the median is at 57 dB (LL) or 59 dB (HL). Similar to uO2, the 
center frequency has a large negative impact on the SINR 
coverage. However, the results demonstrate also that the 
impact of any intra-operator interference (assuming a 50% load 
within the uO1 network as an example) is much higher than the 
impact of inter-operator interference. 

Finally, Fig. 5 illustrates the 95th percentile of the received 
inter-operator interference within the uO2 building as a 
function of the distance between the buildings, assuming 
different frequency bands, different building wall losses and 
different outdoor propagation models. Furthermore, the 
interfering uO1 network is assumed to be fully-loaded. As can 
be seen, the LOS deployment with low-loss building walls in 
the 3.5 GHz frequency band results in by far the highest level 
of inter-operator interference. For example, if a threshold equal 
to -85 dBm is assumed for the level of the received inter-
operator interference, the required minimum distance between 

 

Fig. 5. 95th percentile of the received inter-operator interference within the 

uO2 building as a function of the distance between the buildings. 

 

Fig. 4. Distributions for the received signal-to-interference-and-noise-ratio. 



the buildings becomes equal to 460 m. In case of NLOS 
propagation at 3.5 GHz, the required minimum distance is 
reduced to 80 m. Finally, in case of high-loss building walls, or 
with center frequency equal to 26 GHz, the level of the worst 
case inter-operator interference becomes low enough to allow 
the micro operator buildings to be located right next to each 
other. 

IV. CONCLUSIONS 

Sufficiently accurate propagation models are critical for the 
deployment of 5G networks that will increasingly operate in 
indoor locations and higher frequency bands. In particular, new 
path loss models are required to evaluate both the performance 
of the new local micro operator networks, as well as the level 
and the impact of interference between the micro operators and 
potential incumbent spectrum users in the band. In this paper, a 
new propagation model has been introduced to characterize the 
path loss between indoor networks deployed by different local 
micro operators in adjacent buildings in the same band. The 
model includes sub-models for both the indoor propagation 
within the micro operator network and the building-to-building 
propagation between the micro operators. 

As visualized by the example scenarios, the introduced 
propagation model supports the use of different frequency 
bands, different building wall materials and different 
propagation conditions between the neighboring buildings. For 
example, the obtained results demonstrate how the network 
coverage and the link quality are reduced as the center 
frequency is increased, even though the level of the inter-
operator interference becomes considerably lower. In the 
future, the plan is to enhance the model with the support of 
three-dimensional beamforming for the base station antennas, 
three-dimensional indoor propagation model including a model 
for the floor penetration loss, and models for outdoor-to-indoor 
and indoor-to-outdoor propagation to enable coexistence 
evaluations with outdoor systems. Furthermore, the aim is to 
verify the propagation model with measurements also within 
the higher frequency bands. 
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