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Abstract—The fifth generation (5G) networks will increasingly target specific indoor deployments such as closed factory
premises or open shopping malls for local providing of highquality services. Local 5G network operator models, such as the
newly proposed micro-operators, have gained increasing interest
with guaranteed quality-of-service delivery, in spatially confined
areas, especially inside the buildings. However, establishing local
5G networks with quality guarantees requires local spectrum
access rights which are in the agendas of many national regulators. In this paper, we study the feasibility of indoor deployment
of local 5G networks in two new 5G bands including 3.6 GHz
and 26 GHz. We consider different deployment alternatives for
a local 5G micro-operator in the bands with different antenna
configurations and network densities. Then, we evaluate the
impact of the different deployments on the performance of
users via system level simulations of the average and celledge throughputs in downlink and uplink. Numerically, we have
observed that the performance achieved in these two bands can
be improved by increasing the base station (BS) density of the
network. Furthermore, we have seen that the centre frequency
does not significantly impact on the downlink performance unless
the network is noise-limited. However, the uplink performance
in the 26 GHz band is affected by the higher coupling losses
between the BSs and the mobile terminals. We have also noticed
that beamforming and wider channel bandwidths are useful for
improving the network performance in 26 GHz band.
Index Terms—5G, micro operator, radio network performance,
beamforming, 3.6 GHz band, 26 GHz band, system level simulations

I. I NTRODUCTION
The fifth generation (5G) networks are expected to be the
key enabler for digitalization of a diverse set of use cases [1].
There is common agreement on the use cases including
massive machine type communications, critical machine type
communications, and enhanced mobile broadband [2]. Serving
these use cases is challenged by their inherent requirements,
such as guaranteed quality-of-service levels (e.g., reliability
and latency), enabling own management functionalities, and
specific security standards [3].
While prior generations of mobile communication systems
targeted wide area networks, the development of local highquality wireless networks has started in standardization to
allow the establishment of local 5G networks by different
stakeholders [3], [4]. Such a network is expected to support

the stringent quality-of-service (QoS) levels, privacy and security, and moreover, its operation is restricted to a spatially
confined region. In line with [3] and [4], the study in [5]
has demonstrated that the QoS requirements related to the
5G use cases can be achieved by densified indoor networks.
However, the question becomes who will deploy these local
indoor networks, which in turn will heavily depend on the
availability of suitable spectrum bands for local operations
with quality guarantees.
Different stakeholders especially in vertical sectors have
expressed growing interest to deploy their own 5G networks,
which was the main driver in the development of the microoperator concept [6], [7]. A micro-operator is a local specific
service provider that complements mobile network operators’
(MNOs) offerings by providing context related services and
content locally. As the micro-operators are expected to provide
versatile high-quality services, their operations is crucially
dependent on local access to the spectrum with no or very
limited harmful interference. Some regulators are in the
process of defining local licensing models discussed in [8]
for assigning local access rights [9] with an appropriate
spectrum authorization framework [10]. On the other hand,
the harmful interference between two micro-operators can
also be avoided by using an appropriate separation distance
between them [11]. For protecting possible incumbents in
the band, methods based on an extension of the licensed
shared access (LSA) for granting local access rights are under
investigation [4]. All these works highlight the importance of
guaranteed access to the spectrum to enable a large number
local high-quality wireless networks.
The first 5G network deployments are taking place in
700 MHz, 3.6 GHz, and 26 GHz bands in Europe [12].
While the 700 MHz band is mostly used for outdoor macro
cellular deployments, the 3.6 GHz band is suitable for both
outdoor and indoor networks. On the other hand, the 26 GHz
band will mainly be used for local networks including indoor
deployments. Hence, by looking at the requirements of local
5G networks (e.g., localized deployment and guaranteed QoS),
it is clear that both 3.6 GHz and 26 GHz are potential bands
for such networks.
For efficient design and deployment of a wireless network,
it is necessary to define the suitable technical requirements

such as the operating band, channel bandwidth, BS type
(omnidirectional or beamformed), etc. Then, an investigation
is needed to identify the best combination of the above
technical requirements that give the optimum performance of
a network, i.e., the best deployment alternative. In the case
of a local high-quality network also such an investigation is
essential and useful. However, to the best of our knowledge,
none of the existing studies on upcoming 5G bands have
investigated the different deployment alternatives for a local
5G micro-operator network, and have not evaluated the impact
of the deployment on the performance of the network.
In this paper, we study local 5G micro-operator networks
deployed within a floor of a building using either 3.6 GHz or
26 GHz band. We consider three different indoor deployment
alternatives with different antenna configurations. We then
evaluate the performance of the network via system level
simulations using average and cell-edge throughputs in downlink and uplink as the performance measures. We specifically
evaluate the impact of BS densification on the performance
of the local 5G network.
The main contributions of this paper are as follows:
• We study the performance of local 5G networks operating
in the new 5G bands 3.6 GHz and 26 GHz for delivering
local high-quality services for the indoor users.
• We quantify the benefits of beamforming and larger
channel bandwidths on the performance of a local indoor
5G network operating in the 26 GHz and 3.6 GHz bands.
The rest of the paper is organized as follows. Section II
introduces the system model, including the assumed network
layout, propagation models and models for the radio resource
management and user performance. Then, system simulation
results are presented and analyzed in Section III. Finally, some
conclusions are given in Section IV.
II. S YSTEM M ODEL
In this section, we first introduce the network layout for
a single indoor 5G micro-operator deployment. We then
present the considered propagation model and the applied
radio resource management scheme.
A. Network Layout
We consider a single micro-operator network, deployed in
a single floor of a building with dimensions 50 × 120 m, as
shown in Fig. 1 operating either in 3.6 GHz or 26 GHz band.
The BS density within the floor is varied, and the BSs are
deployed so that a roughly uniform coverage can be obtained
throughout the floor area. Furthermore, we assume that the
BSs have either beamformed or omnidirectional antennas, and
the mobile terminals have omnidirectional antennas.

(a)

(b)

Fig. 1. Base station deployment in a single floor of a micro operator network:
(a) with beamformed antennas (b) with omnidirectional antennas.

in decibel scale as Cmbn,dB . The coupling loss is obtained
from
ant
Cmbn,dB = Lmb − Gant
m − Gbn + Xmb ,

(1)

where Lmb is the path loss between mobile terminal m and
ant
BS b, Gant
m is the antenna gain of mobile terminal m, Gbn
is the antenna gain of BS b on beam n, and Xmb denotes the
log-normally distributed random value that models the impact
of shadowing between mobile terminal m and BS b.
The mobile terminal antenna is assumed to be omnidirectional with antenna gain equal to 0 dBi. The base station antennas are assumed to be either omnidirectional or
beamformed. In the case of omnidirectional antennas, the
antenna gain is assumed to be equal to 5 dBi. In the case
of beamformed base station antennas, we assume that the
base station antenna consists of 4×16 cross-polarized antenna
elements. Furthermore, analog beamforming is applied so that
a grid of 48 different candidate beams are generated. These
beams are generated within the range of approximately ±55
degrees in azimuth and ±13 degrees in elevation. The halfpower beam width of each beam is approximately 8 degrees
and the maximum antenna gain is equal to 23 dBi.
The indoor propagation within the floor is modeled based on
3GPP Indoor-Mixed Office propagation model defined in [13].
The path loss consists of both line-of-sight (LOS) and nonline-of-site (NLOS) components, and they are given by
LLOS = 32.4 + 17.3 log10 (d3D ) + 20 log10 (fc ),
max(LLOS , L0NLOS ),

B. Propagation Model

LNLOS =

Since the micro-operator network is deployed inside a
building, we consider only an indoor propagation model. We
denote the absolute value of the coupling loss between the
BS b and the mobile terminal m on beam n as Cmbn and that

L0NLOS = 17.3 + 38.3 log10 (d3D ) + 24.9 log10 (fc ),

(2a)
(2b)
(2c)

where d3D is the three-dimensional distance between the
BS and the mobile terminal in meters and fc is the centre

frequency in GHz. The LOS probability is given by


d2D ≤ 1.2
1
d2D −1.2
PLOS = exp(− 4.7 )
1.2 < d2D ≤ 6.5


−6.5
)
d2D > 6.5,
0.32 exp(− d2D
32.6

(3)

where d2D is the two-dimensional distance between the BS
and the mobile terminal. While modeling the impact of
shadow fading, we assume that the standard deviation is equal
to 3 dB in the case of LOS and 8 dB in the case of NLOS.
Furthermore, we assume that the shadow fading and the LOS
probability are spatially correlated with correlation distances
equal to 10 m or 6 m (shadow fading in LOS or NLOS)
and 10 m (LOS probability) [13].
C. Radio Resource Management
Our system model assumes that a user is served by only one
BS using a single beam. The serving BS and the beam are
chosen based on the coupling loss between the BS and the user
terminal on that beam. We consider a round-robin scheduler
operating in the time domain for scheduling users in both
downlink (DL) and uplink (UL). We assume that the network
is applying time-division-duplex (TDD); the DL and UL slots
are randomly selected to have a 50 : 50 ratio in average.
Furthermore, we assume that the BSs in the network are
synchronized, which means that the DL and UL transmission
do not overlap.
The DL signal-to-interference-plus-noise ratio (SINR) of
mobile terminal m associated with BS b on beam n can be
expressed as
DL
γmbn
=

PbBS
,
Cmbn (Imb + Nm )

(4)

where PbBS is the transmit power of bth BS, Nm is the thermal
noise power of mth mobile terminal, Cmbn is the coupling
loss between mobile terminal m and BS b on beam n. Notation Imb denotes the average inter-cell interference generated
towards mth user of BS b from all the other BSs in the
network. If beamformed antennas are used at the BSs, the
interference Imb can be expressed as
Imb =

J X
48
X
PjBS τjr
j=1
j6=b

Cmjr

r=1

,

(5)

where τjr is an activity factor that indicates the probability
(i.e., the average fraction of time) that beam r of BS j is
being transmitted. For the BSs with omnidirectional antennas,
the interference Imb is given by
Imb =

J
X
PjBS τj
j=1
j6=b

Cmj

.

(6)

The uplink SINR of mobile terminal m served by BS b on
beam n is given by
MT
Pmbn

UL
γmbn
=

Cmbn

uj
J P
P
j=1
j6=b

s=1

MT τ
Psj
sj
Csbn

!,
+ Nb

(7)

MT
where Pmbn
is the total transmission power of mobile terminal m associated with BS b on nth beam, uj is the set
of uplink users associated with BS j, and τsj is an activity
factor that indicates the probability of sth user of BS j being
scheduled for uplink transmission, Nb is the thermal noise
MT
power of bth BS. The expression for Pmbn,dB
(i.e.,the decibel
MT
value of Pmbn ) is given by
MT
Pmbn,dB
= Pb0 + 10 log10 (β) + αb Cmbn,dB ,

(8a)

MT
Pmin

(8b)

≤

MT
Pmbn

≤

MT
Pmax
,

where Pb0 is the target for the received UL power at bth
BS, β is the channel bandwidth, and αb is the path loss
MT
MT
compensation factor. The notations Pmin
and Pmax
define
the minimum and maximum transmit powers of the mobile
terminal, respectively.
The SINR values can be mapped to corresponding user
throughput by using the following expression
Rmb =

0.8ηβ min (Rmax , log2 (1 + γmb ))
,
ub

(9)

DL
UL
where γmb = γmbn
for the downlink and γmb = γmbn
for the uplink. We assume that the average overhead due to
control channels and data retransmissions is equal to 20%.
Parameter η is used to indicate the average usage of DL and
UL as a fraction of time. The maximum spectral efficiency
Rmax is defined by both the highest available modulation and
coding rate and the maximum number of parallel data streams
for each link. Furthermore, the the effect of round-robin
scheduling is taken into account via parameter ub . Finally,
if γmb < −10 dB we assume that Rmb = 0, otherwise Rmb
is calculated by using (9).

III. E VALUATION R ESULTS
In this section, we evaluate the performance of a single
5G micro operator network operating in the two frequency
bands 3.6 GHz and 26 GHz. We consider three deployment
alternatives: 1) 3.6 GHz with omnidirectional BS antennas,
2) 26 GHz with omnidirectional BS antennas and 3) 26 GHz
with beamformed BS antennas. Furthermore, for 3.6 GHz
band, we assume that the channel bandwidth is 50 MHz, while
for the 26 GHz band both 50 MHz and 200 MHz channel
bandwidths are assumed. Other main parameters are as listed
in Table I. For each deployment alternative, we numerically
evaluate the average throughput and the worst fifth percentile
(cell-edge) throughput in both DL and UL, by varying the BS
density, while keeping total number of users unchanged.
Fig. 2 shows the normalized average DL throughput and
Fig. 3 shows normalized cell-edge DL throughput versus
the BS density for the different deployment alternatives. The
results have been normalized with respect to the deployment
that has 12 BSs in the 3.6 GHz band.
Results show that the average and cell-edge DL throughputs
increase when the BS density is increased. As the BS density
increases, the coupling losses from the mobile terminals
towards the serving BSs become smaller, and hence, the
received power spectral density increases improving the SINR.
However, at the same time the number of interferers (i.e., BSs)

TABLE I
A SSUMED PARAMETER FOR THE SIMULATION .
Parameter
Center frequency

Value
3.6 GHz and 26 GHz
50 MHz (for 3.6 GHz)
50 MHz and 200 MHz (for
26 GHz)
24 dBm

Channel bandwidth

Normalized average downlink throughput

BS transmission power
Mobile terminal (MT)
max transmission power
min transmission power
Receiver noise figure
BS antenna gain
beamforming
omni
Mobile terminal antenna gain
Antenna heights
BS
mobile terminal
Maximum spectral efficiency
(DL: 256 QAM, 2 streams)
(UL: 256 QAM, 1 stream)
Path loss compensation factor (α)
Number of users

23 dBm
−40 dBm
12 dB (BS), 9 dB (MT)
23 dBi
5 dBi
0 dBi

3.6GHz-omni (BW=50MHz)
26GHz-omni (BW=50MHz)
26GHz-omni (BW=200MHz)
26GHz-beamforming (BW=50MHz)
26GHz-beamforming (BW=200MHz)

4
3
2
1
0
1

2

3

4

5

6

7

8

6
4
2

2

3

4

5

6

7

8

9

10

11

12

Number of base stations per floor

7

5

3.6GHz-omni (BW=50MHz)
26GHz-omni (BW=50MHz)
26GHz-omni (BW=200MHz)
26GHz-beamforming (BW=50MHz)
26GHz-beamforming (BW=200MHz)

8

1

14.2 bps/Hz
7.1 bps/Hz
0.8
10 (downlink) , 10 (uplink)

6

10

0

3m
1m

Normalized average downlink throughput
for different spectrum bands

8

Normalized worst 5th percentile
downlink throughput

12

Normalized worst 5th percentile downlink throughput
for different spectrum band

9

10

11

12

Number of base stations per floor

Fig. 2. Normalized average downlink throughput versus the number of BSs
for 3.6 GHz and 26 GHz bands.

increases and the coupling losses towards the interfering BSs
become smaller. As a result, the level of the DL inter-cell interference increases, making the DL more interference-limited.
In all, network densification improves the DL SINR for noiselimited users, while it reduces the DL SINR for interferencelimited users. Another benefit from network densification is
the reduced number of simultaneously served users per BS,
which means that the users are scheduled more often resulting
in an improved average user throughput as in (9). Results in
Fig. 2 indicate that even though the network densification can
have both positive and negative impacts on the DL SINRs,
the overall impact on the average user throughputs is positive
due to the reduced BS loads.
Next we study the impact of center frequency on the DL
performance. We compare the performance of a network operating in 3.6 GHz to the performance of a network operating
in 26 GHz, assuming omnidirectional BS antennas and a

Fig. 3. Normalized worst 5th percentile throughput downlink throughput
versus the number of BSs for 3.6 GHz and 26 GHz bands.

channel bandwidth equal to 50 MHz. Results show that when
the BS density is low, i.e., when the DL SINR is noiselimited, the average and cell-edge throughputs observed in
the 3.6 GHz band are slightly higher compared to the 26 GHz
band. The DL performance differences for the noise-limited
deployments are due to the quite large coupling loss differences between the two frequency bands. More specifically, as
indicated by (2) the coupling losses in the 26 GHz band are
approximately 17 − 22 dB higher compared to the 3.6 GHz
band. However, as the BS density increases, the network is
becoming more interference-limited, which means that the
coupling losses have a smaller impact on the DL SINRs,
and further on the DL user throughputs. Thus, in the end the
DL performance will become very similar for both frequency
bands.
Next we investigate the impact of channel bandwidth on
the DL performance as shown in Fig. 2 and Fig. 3, assuming
deployment alternatives in the 26 GHz band with omnidirectional BS antennas. As the channel bandwidth increases
from 50 MHz to 200 MHz, the received power spectral density
becomes lower, resulting in a lower DL SINR for noiselimited deployments, and hence, a lower spectral efficiency.
However, at the same time the average user throughputs
benefit from the increased channel bandwidth (β), as indicated by (9). The obtained results show that even the noiselimited sparse deployments benefit from the increased channel
bandwidth, indicating that the positive impact of increased
channel bandwidth outweighs the negative impact of reduced
spectral efficiency. In case of the more interference-limited
dense deployments, the increased channel bandwidth has only
a small impact on the DL SINR, and therefore, a four-fold
increase in the channel bandwidth results in a nearly fourfold increase in the observed DL throughputs.
Finally, we analyze the impact of beamforming on the
average and cell-edge DL throughputs in the 26 GHz band, as
depicted in Fig. 2 and Fig. 3. The results show that the average
and cell-edge throughputs with beamforming are considerably
higher than with omnidirectional BS antennas. For the noise-

limited case, beamforming helps to reduce the coupling losses
compared to the deployments with omnidirectional BS antennas. Thus, beamforming increases the DL throughputs by
improving the signal-to-noise-ratio (SNR) of the users. When
the network is interference-limited, the use of beamforming
reduces both the coupling losses and in particular the level
of the DL inter-cell interference. This is due to the fact that
with beamforming the users do not see all the active BSs as
effective DL interferers, because the active beams are quite
often pointing away from the victim users. As a result, the
use of beamforming helps to significantly improve the DL
throughputs.
Normalized average uplink throughput
for different spectrum bands

Normalized average uplink throughput

3.5

3.6GHz-omni (BW=50MHz)
26GHz-omni (BW=50MHz)
26GHz-omni (BW=200MHz)
26GHz-beamforming (BW=50MHz)
26GHz-beamforming (BW=200MHz)

3
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2
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1
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Fig. 4. Normalized average downlink throughput versus the number of BSs
for 3.6 GHz and 26 GHz bands.

Normalized worst 5th percentile uplink throughput
for different spectrum band

Normalized worst 5th percentile
uplink throughput

5
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Fig. 5. Normalized worst 5th percentile throughput downlink throughput
versus the number of BSs for 3.6 GHz and 26 GHz bands.

Fig. 4 shows the normalized average UL throughput and
Fig. 5 shows the normalized cell-edge UL throughput versus
BS density for different deployment alternatives. Similar to the
DL, the results are normalized with respect to the deployment
with 12 BSs in the 3.6 GHz band.
Results show that when the BS density increases the UL
throughputs become higher. There are two main reasons

for the improved UL performance as a result of network
densification. The received UL power target Pb0 can be increased together with the reduced coupling losses between
the mobile terminals and the serving BSs. For example, we
have observed that in case of the 3.6 GHz band the value
of Pb0 can be increased from −133 dBm to −120 dBm
when the number of BSs is increased from 1 to 12. As a
result of the increased Pb0 , the UL SNR is improved, enabling
the use of higher modulation and coding schemes. However,
similar to the DL, the level of UL inter-cell interference
increases as a function of the increased BS density, due to
the increased number of interfering mobile terminals, the
increased Pb0 values, and the reduced coupling losses between
the interfering mobile terminals and the victim BSs. Hence,
the network becomes more interference-limited as the BS
density increases, reducing the benefits achieved by increasing
the value of Pb0 . Second main reason explaining the improved
UL performance is the reduced number of simultaneously
active users per BS as a function of the increased BS density.
As a result, the users can be scheduled more often, which
directly improves the average user throughputs.
To evaluate the impact of center frequency on the UL
performance, we compare the results for the 3.6 GHz and
the 26 GHz band, assuming omnidirectional BS antennas
and channel bandwidth equal to 50 MHz for both of them.
The results show that both the average and the cell-edge
UL throughputs in the UL are higher in the 3.6 GHz band
compared to the 26 GHz for all the evaluated BS densities.
These performance differences result from the higher coupling
losses between the mobile terminals and the serving BSs, and
consequently, lower Pb0 values applied for the 26 GHz band.
For this particular case, the applied Pb0 values are 17 dB lower
for the 26 GHz band compared to the 3.6 GHz band, which
corresponds to the coupling loss difference equal to 22 dB
(for NLOS links) and path loss compensation factor equal
to 0.8. Due to the lower Pb0 values in the 26 GHz band,
the users experience lower UL SINR values, resulting in
considerably worse UL throughputs in particular for the noiselimited deployments. In case of the more interference-limited
dense deployments, the impact of reduced Pb0 on the UL
SINR becomes smaller, but there is still a clear performance
difference in favor of 3.6 GHz band.
When it comes to the impact of channel bandwidth on the
UL performance, it is important to note that the applied Pb0
values have to be scaled accordingly in order to maintain the
same total transmission power levels for the mobile terminals.
Hence, if the channel bandwidth is increased from 50 MHz
to 200 MHz, the applied Pb0 values have to be reduced
by 6 dB. As a result of the lowered Pb0 values, the UL
SINRs become worse. If the network is noise-limited, the
SINR is reduced by the same amount as the bandwidth is
increased (i.e., by 6 dB in this case), while for the more
interference-limited deployments the SINR is reduced somewhat less. From the average user throughput point of view,
there is a tradeoff between the increased channel bandwidth
and the reduced SINR (i.e., the reduced spectral efficiency).
However, as indicated by the obtained results, it is clearly
beneficial to use a wider channel bandwidth, in particular

when the network is dense enough to provide sufficient UL
coverage (SINR > −10 dB) throughout the evaluated floor
area. As can be noticed, the average UL throughput with 12
BSs in the 26 GHz band is approximately 2.5 times as high
as the corresponding throughput in the 3.6 GHz band.
Finally, beamforming reduces the coupling losses between
the mobile terminals and the serving BSs, which allows
higher Pb0 values to be applied. For example, in these evaluations the difference compared to deployments with omnidirectional antennas is in the range of 6 − 8 dB. As a
result of the higher Pb0 values, the UL SINRs and further
the UL throughputs are improved. Similar to the DL, the use
of beamforming reduces the level of inter-cell interference as
well. However, since UL in 26 GHz band is considerably less
interference-limited compared to DL, the additional gain due
to the reduced inter-cell interference is fairly small compared
to the gain due to the increased Pb0 values.
In the sequel, we summarize the above evaluated performances by comparing each deployment alternative by comparing the minimum number of BSs required to achieve a
similar performance both in terms of average and cell-edge
throughput. By inspecting Fig. 2 and Fig. 3, we can see that
the center frequency does not have any remarkable impact
on the DL performance of an interference-limited dense
deployment. However, it does have a clear negative impact
on the UL performance (see Fig. 4 and Fig. 5). This is due to
the fact that as a result of the applied UL power control with
fractional path loss compensation the UL is less interferencelimited compared to the DL, and hence, the impact of the
coupling loss difference between the evaluated bands is more
visible. That is also the reason why the DL benefits much
more from the increased channel bandwidth compared to the
UL. Furthermore, it could also be seen that beamforming is
highly beneficial for the performance of both the DL and the
UL, in particular when combined with the additional channel
bandwidth.
IV. C ONCLUSION
In this paper, we have focused on local indoor 5G networks
and investigated the suitability of the two 5G bands, namely
3.6 GHz and 26 GHz bands, for their operations. We have
used system level simulations to evaluate the performance
of alternative deployments for a single indoor local 5G micro operator network in terms of the average and cell-edge
throughputs in the DL and UL. We have observed that the
average and cell-edge throughputs in the DL and UL of these
two bands can be increased, by increasing the base station
density. Furthermore, we have seen that the center frequency
does not have any remarkable impact on the DL performance
unless the network is noise-limited. However, in the case of
UL the performance in the 26 GHz band suffers from the
considerably higher coupling losses between the BSs and the
mobile terminals. We have also quantified how the network
performance in 26 GHz band can be considerably improved
by applying both wider channel bandwidths and beamforming.
Future work is needed to evaluate the performance of 5G
micro operator networks in indoor-to-outdoor and outdoor
deployments.
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