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Abstract - As mobile network capacity demand increases
rapidly, a lot of the operator's investments are directed to
optical distribution networks for radio access network
(RAN) transport. However, even with its high capacity,
optical fiber networks are not always the best option due to
its costs, and possible delay in the time required to build it.
This paper explains the steps of planning and deployment of
5G radio-relay line. Firstly, a link budget and fading margin
calculations are analysed. Secondly, a profile of individual
routes are established. Finally, based on the experiments
carried out we proposed the structure of the urban radio
relay network.
Keywords – 5G technology; radio-relay line; line-of-sight;
MIMO systems; radio access network

I.

INTRODUCTION

In the contemporary fast-growing information society,
there are a large number of underserved households,
which necessities the development of fixed wireless
access (FWA) for current 3GPP operators. On the other
hand, investments in FWA have a return of less than two
years. Millimeter wave (mmW) based technology
solutions offer high capacity, low latency and costeffective transport as a good complement to the fiber-optic
network [1, 2, 3].
In the past, the transmitted information has been at
speeds of several megabits, while nowadays radio relay
lines provide dozens of gigabits per second with ultra-low
latency and layer 3 capabilities needed to build, scale and
service 5G in dense urban, suburban and rural areas. This
capacity can be achieved either by using higher
frequencies than traditional frequency bands such as EBand (80 GHz) or by using traditional frequency bands
within 4-13 GHz range on the way to 100 Gbps and over
it. A speed of 139 Gbps over 1.5 km of distance were
achieved with high availability and low latency, with
combination of E-Band and Multiple-Input MultipleOutput (MIMO) technology [4]. The capacity of 100 Gbps
is expected to be commercially available in the next 5-8
years [5].
The industry has an interest in using frequencies above
100 GHz as they will provide capacity in the range of 40
Gbps at distances of about one kilometre. Information and
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communication technologies are constantly evolving, and
regulatory studies are examining the arrangement of
channels and deployment scenarios in the 92-114.5 GHz
and 130-174.7GHz frequency ranges, often referred to as
W- and D-band microwave transmission.
Millimeter wave systems have attracted considerable
interest in meeting the capacity requirements of the future
5G network. These systems have frequency ranges
between 30 and 300 GHz, where a total of about 250 GHz
bands are available. Although the available frequency
band of mmW frequencies is promising, the distribution
characteristics differ significantly from the frequency
bands of mmW in terms of loss of trajectory, diffraction
and blocking, rain losses, absorption of the atmosphere,
etc. The overall losses of mmW systems is significantly
greater than that of point-to-point microwave
communication systems. [6]
The E-Band increases its importance with the advent
of 5G and the need for greater capacity, as shown on Fig.
1. In recent years of commercial implementation, a
number of insights have been gained that will facilitate the
future use of the E-band. Many operators face the need to
update their backhaul network to meet the requirements of
5G distribution capacity.
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Figure 1. Radio-relay lines
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Radio access network's (RAN) capacity in a 5G
network, especially in urban/suburban environments,
increases the need for reverse transfer equipment capable
of processing multi-gigabit traffic in a cost-effective way.
With the limitations of traditional channel bandwidths,
attention to the E-Band is constantly increasing [7, 8].
LINK BUDGET AND FADING MARGIN
CALCULATIONS

The level of the received Rx signal in the antenna can
be calculated as [9]:
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PL represents the pathlosses. It can be calculated as:
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In clear environments (Line-of-Sight - LoS), the loss
of obstacle Ao can be assume to be zero.
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where PRXu is the received level of the signal; PRXth is the
receiver sensitivity threshold.
FM should compensate for all undesirable factors
worsening the availability of the link: snow, ice, fog, rain
etc. The PRXth sensitivity threshold of the receiver is
affected by interference. In a clear sky scenario, the
connection can switch to enhanced modulation type.
Taking in consideration (3) and (5), we get:
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In the situation when the transmission and receiving
antennas have the same amplification, (6) is simplified to
(7) (i.e. the same antenna size and type are used at the
transmitter and receiver).
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As can be seen, at a given frequency, the higher
amplification factor of the system leads to a better
connection for a given hop length and antenna diameter Ø.
The SG, PTX and PRXth parameters are given by the
manufacturer. Only a limited parameters stay free for
network designers. Therefore, in the designer phase, the f
(frequency band) and the antenna diameter must be
carefully selected for a given hop length d. For the longdistance connections should be reserved the lower
frequencies [11].
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Figure 2. Mobile propagation loss

At very high frequencies, the multipath fading
amplifier effect can be neglected due to the short hops.
Usually in an urban or suburban environments, buildings
or other obstacles block any alternative transmission
paths. Multi-dimensional fading is more applicable at the
lower frequencies (≤ 18 GHz). In this situation the
reflection can be obtained from large water surfaces, such
as spreading over dam, ocean or lake [10, 11]. In (2) Ar is
the conditions for rain losses and Aa is the atmospheric
losses. The received signal PRXu is calculated by the
transmitted power PTX, the antenna amplification and free
space loss (FSL) (Fig. 2) [9].

FREQUENCY SIZING

MINI-LINK 6352, the Ericsson's E-Band technology,
was used to build the radio relay line with use of
millimeter waves in the 71-86 GHz frequency [12]. MINILINK 6352 carries traffic above 1 Gbps in the 71 to 86
GHz frequency band. Control of the emitted and receiving
power is used to build a stable radio relay connection and
QAM modulation is used with up to 4096 modulation
levels.
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The free space losses can be obtained as:
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where f is the operating frequency, and d is the distance.
The constant of 92.44 dB is used to calculate in GHz for
frequency and km for distance. The fade margin (FM)
parameter can be calculated by:
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Figure 3. Scheme of radio relay lines
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XPIC is used, which allows simultaneous transmission
by both vertical and horizontal polarization, we also use
MIMO to significantly increase data bandwidth and
connection range without need of additional bandwidth or
increasing the transmission power.
This allows the system to meet the requirements for
the required spectral efficiency and to achieve very good
performance in terms of bit error rate (BER) [13].
The chosen equipment allows transmissions over 1
Gbps. The capacity allocation for the four radio relay lines
is as follows: RRL 1: 2 Gbps; RRL 2: 10 Gbps, RRL 3: 2
Gbps, RRL: 10 Gbps, as shown on Fig.3.

Figure 5. Radio realay line BS1 – BS3

The frequency distance between two adjacent channels
is 250 MHz (as required by the International
Telecommunication Union) [14]. At each of the end points
of the radio relay line are available 2 frequencies - low
and high. In case of more than one antenna is present on
the same site, it must be taken into account when adjusting
the equipment that there can be no low and high
frequencies in one place, i.e. only low or only high
frequencies [15].
To avoid interference between adjacent channels, the
following frequency channels of the radio relay lines are
defined (Table 1).
Figure 6. Radio realay line BS1 – BS4
TABLE I.

FREQUENCY SIZING

Channel
Spacing
(MHz)

Tx freq.
p. A
(MHz)

Rx freq.
p. B
(MHz)

Tx freq.
p. B
(MHz)

Rx freq.
p. B
(MHz)

RRL1

250

71250

81250

81250

71250

RRL2

250

72000

82000

82000

72000

RRL3

250

72750

82750

82750

72750

RRL4

250

73500

83500

83500

73500

IV.

On the X-axis is presented the length of the route in
[km], and on the Y-axis is presented the altitude in [m].

PROFILE OF INDIVIDUAL ROUTES

For deployment of radio relay lines it is necessary to
establish that there is direct visibility between the two
endpoints and intermediate stations are not need to be
inserted.
The relief reading was carried out using the "Connect"
software product, and the track profiles between the
different base stations were taken, as shown on Fig.4,
Fig.5, Fig.6 and Fig.7.

Figure 7. Radio realay line BS1 – BS5

From the resulting profiles of the routes between the
different points, it is clear that all routes from the base
stations are open and a radio relay connection between the
individual base stations and their respective users can be
realized.
The structure of the urban radio relay network must
have a high level of reliability in terms of the apparatus
and frequency compatibility with the networks of other
mobile operators. The connection of the individual base
stations is carried out by star-type topology.
The configuration and transmission is unprotected,
which means that there is no backup equipment or other
radio track. The configuration is shown in Fig. 8.

Figure 4. Radio realay line BS1 – BS2
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relay network continues to be a major way to connect over
50% of all mobile base station sites in 2021.
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