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ABSTRACT 
Emergency and Public Safety agencies are required to meet the sharp and constant increase 
of demand placed on their resources while continuing to operate effectively under all 
situations including inside large buildings – both private and public.  

The growing awareness of the need for ubiquitous public-safety in-building communication 
for police, fire, rescue and emergency medical personnel has led to in-process legislation 
that will cover two aspects of this issue: the availability of sufficient bandwidth and 
communication channels to meet growing needs, and legal obligation by all high-rise (over 
four floors) and large building owners to provide a Public Safety communication 
infrastructure in their buildings. This infrastructure is required to provide complete, 
continuous, robust in-building coverage while being cost effective and future proof.  

Dekolink – a world leading developer and manufacturer of Repeaters, First Responder DAS 
systems and coverage solutions, has developed and provides FR-DAS systems. FR-DAS is a 
complete First Responder DAS including full turnkey service. Dekolink’s in- field extensive 
experience provides a solution that includes the system itself, system design, engineering 
support, coverage prediction by advance software tools, installation, commissioning and 
maintenance while customizing and optimizing the solution according to the customer’s 
needs. A range of FR-DAS suites are offered by Dekolink including a redundancy solution. 

This document describes how Dekolink’s First Responder DAS system can be used to 
provide cost-effective, robust and reliable indoor coverage for Public Safety Networks 
according to current and future requirements as set by FCC and APCO (Association of Public 
Safety Communication Officers). 
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Introduction  
Large scale terrorist threats such as 9/11, combined with the continuous rise in crime at all 
levels and the recent waves of natural disasters, highlight a critical need that Public Safety 
agencies such as law enforcement and fire-rescue agencies, emergency medical services 
and emergency management agencies have access to reliable, ubiquitous communication at 
all times – including inside all types of buildings. This is especially true of large buildings 
such as high-rises and public buildings such as shopping malls, schools, government 
buildings, etc., where large groups of people are gathered and where wireless 
communication may be blocked by building material such as heavy concrete walls and steel 
infrastructures.   

This need has led to in-process legislation that will requires owners of these types of 
buildings to provide the necessary Public Safety communication infrastructure, along with 
new standardization in Public Safety communication that is geared towards providing more 
capacity for Public Safety communication. Due to these criteria, the need has arisen for in-
building public-safety RF coverage system that meets the following main requirements:  

• Cost effective – both for building owners and for Public Safety agencies who are 
under continuous pressure to minimize operating costs while meeting growing 
demands on their resources.  

• Scalable and future safe – meeting current and future standardization and 
bandwidth allocation requirements.  

• Provide complete and robust coverage - enabling first responders to operate 
appropriately in large emergency events in these types of indoor environments.  

This document discusses the above issues and describes how the Dekolink’s FR-DAS 
(Distributed Antenna System) is designed especially to answer these needs. A detailed 
application example of a 40-floor site installation is included. The example provides technical 
information and analysis on the system that is installed and the number and type of 
elements required for various types of coverage and site criteria. 

Public Safety Infrastructure Requirements  

Until recently, the bands that were allocated to public networks have more than met 
capacity demands; however, in many areas – particularly in Metro areas, the increased 
pressures that are already made on Public Safety combined with the need to be prepared 
for future demands and any large scale emergency events, have led to new communication 
legislation that will provide additional bandwidth and restructuring of channel widths to 
meet current and future capacity needs. Public safety networks are now required to operate 
according to current technologies and at the same time be future safe.  
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Legacy Public Safety networks have operated in the VHF and UHF bands - in addition to the 
800 MHz RF band that was added in the last decade. Within these bands, 25 KHz channels 
were allocated to communication by pubic safety bodies.  

APCO (Association of Public safety Communication Officers), in search for an interoperable 
open-standard communication technology has developed "Project 25" (also known as P25) 
in order to create a standard that would meet the specific needs of Public Safety users now 
and in the foreseen future. A committee was established to create recommendation for the 
development of nationwide digital radio technology to resolve these issues, suggesting to 
narrowband all government radio operations in VHF, UHF and 800MHz and to create 
nationwide interoperability for all PSS agencies. 

To meet sharply growing capacity demands in public-safety communication, two main steps 
are in process:  

• An additional band of 700 MHz RF band was allocated by FCC and it was 
suggested to increase the pubic safety spectrum resource by adding future service 
(i.e. 1700 MHz) specifically for Public Safety PSS agencies communication.  

• At the same time, FCC is seeking to improve the utilization of Public Safety 
spectrum by defining the reframing (narrow-banding) process. This will mandate 
the transition from 25KHz channels to 12.5 kHz channels technology with C4FM 
modulation by the year 2013 (P25 Phase I), with CQPSK modulation two time slots 
TDMA operations by the year 2018 (P25 Phase II). The standard ensures 
backward compatibility with the legacy analog FM radios. 

As a result, over the coming years Public Safety 2-way radio networks will experience a 
gradual shift from analog 25 kHz channels to digital technology utilizing 12.5 kHz channels 
and more efficient spectrum utilization. Network owners seeking to maximize the benefits 
from their infrastructure investments and make sure that new installed equipment will serve 
their needs as their network evolves, must ensure that the new infrastructure supports both 
current analog technology and future digital technology. Moreover it is highly desired that 
the technology transition will be as seamless as possible, minimizing hardware replacement 
and truck-roll. 

Available Solutions for In-building Wireless Coverage 

The most cost effective, reliable and simple solution for improving in-building wireless 
coverage is based on extending the coverage of the existing outdoor wireless signals into 
the building hence creating the same communication quality for Public Safety users entering 
the in-building environment without a need to deploy an additional dedicated network.  

The typical coverage solution consists of a donor antenna located outside of the building 
picking up outdoor signals, a repeater or bi-directional amplifier (BDA) that boosts and 
strengthens the signal and a passive distribution antenna system (DAS) that distributes the 
amplified signal throughout the in-building environment. As a result, the signal levels 
throughout the in-building environment should be as good as or better than those on the 
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outside environment and thus ensure quality communication for first responders as they 
perform their mission within the in-building environment. 

One of the critical problems in extending coverage inside the buildings is the quality of the 
signal that is picked up by the external donor antenna and how it is repeated in the indoor 
environment. In urban city areas, high-rise buildings generate high reflections and fading 
levels, causing the power levels of incoming signals to vary dramatically from one channel 
to another. The Repeater filters the signals, amplifies them and distributes them throughout 
the building; thus, it completely controls the quality and strength of the generated signals.  

The Repeater solutions can be divided into two groups: Band Selective Repeaters and 
Channel Selective Repeaters. Furthermore, Channel Selective Repeaters can be classified as 
Legacy analog and Digital Signal Processing (DSP) Repeaters. These solutions are briefly 
described below: 

• Band Selective Repeaters – (also known as Type-II BDAs). These provide constant 
amplification to all channels within a selected band. These repeaters are relative 
simple and thus are inexpensive and have a relatively small footprint; however, 
since all channels are amplified, this includes the amplification of interfering 
channels or even external noise sources.  

• Legacy Analog Channel Selective Repeaters – (also known as Type-I BDAs). These 
use analog filtering techniques to filter out undesired channels and amplify only 
selected channels. Although only the required channels are amplified (giving them 
an advantage over the Band Selective Repeaters), the analog channel selective 
Repeaters are not flexible or future safe. Since a separate amplifier is used for 
each channel, the number of channels is limited by the Repeater’s size and 
furthermore, the number of channels is fixed. In addition, an analog channel 
selective repeater may cause the same variation in the repeater output power for 
different channels in addition to Time Delay Interferences (TDI). 

• FR-DAS Repeaters – also known as Digital Channel Selective Repeater (DCSR). 
These types of Repeaters digitize the incoming analog signals by using Digital 
Signal Processing (DSP) technology, and filter the digitized signals using channel 
selective filters.  

The clean digital signal is then reconverted to the analog signal at the required 
frequency. This type of solution combines the advantages of a channel selective 
repeater with the flexibility, performance optimization and robustness provided by 
DSP technology filtering. These qualities are discussed in the following sections. 

Note: For more detailed information and analysis on the various types of repeaters, refer 
to the White Paper "Smooth Analog Digital Technology Migration in Public Safety 
Networks using Digital Channel Selective Repeater (DSCR)”. 
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FR-DAS System Repeater 
The DSCR/DSP Repeater implementation provided by Dekolink provides several advantages: 
a) the capability to handle a large number of channels and flexibility in programming the 
required channels, b) performance optimization and c) robustness.  

DSCR provide the following features: 

• Flexible selection of frequencies 
• Intermodulation rejection 
• Single DSP that handles many carriers 
• Flexibility in selecting the right filter enables dealing with interferences and TDI 
• Easy migration to 12.5KHZ 
• Handling combined networks 12.5 and 25 KHz 
• AGC per channel – Equalizing 
• Energy saving (Activation by PL tone ) 

FR-DAS Suites and Turnkey Solution 

Dekolink Wireless is a world leading developer and manufacturer of Repeaters and Cell 
Extenders. Dekolink specialization in the field, combined with the company’s 
uncompromising superior standards, provides a product line of units that customers 'fit and 
forget' knowing that they will deliver long-lasting, problem-free service.  

Dekolink provides full FR-DAS system hardware as well as full turn-key solution. Dekolink, 
with years of in-field experience, works closely with integration and installation partners and 
provides a hardware package that includes active and passive components. Dekolink’s 
advanced design and simulation software tools enable good coverage predication and 
optimal project management. Using an advanced, centralized management system, 
Dekolink manages the entire process from design and prediction, through to the installation, 
commissioning and maintenance phases. 

Dekolink offers five types of FR-DAS suites:  

• UHF FR-DAS  

• 700/800 RF-DAS  

• 800 FR-DAS or 700 FR-DAS only based on DCSR 

• 700/800 Rudimentary FR-DAS based on Band Selective  

• Combined UHF 700/800 FR-DAS 

It should be noted that in the majority of FR-DAS system installations an over-the-air 
repeater is used to pick-up the outdoor network signals. In buildings with extra capacity 
demand, network operators use an additional in-door network (a BTS sometimes referred to 
as a "Repeater") which is connected by E1 line to the overall outside network to provide FR-
DAS input signal. All FR-DAS suites can be ordered with full redundancy according to the 
customer’s choice. 
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Network Management Suite (NMS) and Control Console  

All of Dekolink’s FR-DAS active system elements (Repeaters and Boosters) in the building or 
building complex can be managed, monitored and controlled either locally from one of the 
roof or basement communication rooms, using a laptop computer through DHCP web server 
access, or remotely (for example - from the NOC) through SNMP protocol. 

Communication with the repeaters and boosters can be implemented via a wireless modem, 
IP connection or dial up modem. Dekolink's NMS collects the messages and events from all 
the units at a central location. Intuitive, user friendly Graphic User Interface (GUI) enables 
easy monitoring and control of all the units in the building from a single location.  

NMS provide the following features: 

• Remote and Local Management of Large Installed-Base of repeaters 

• SNMP Northbound Interface to an Operator’s NOC 

• Friendly GUI 

• Burst and Polling Modes Support 

• IP or Circuit-Switched Remote Access  

• Database for Alarms Logging / Sorting 

• Web-Server Architecture 

• Easy Internet / Intranet Protected Access From Any PC / Laptop 

• DHCP Server in Local Mode 

A Control console located in the communication room can be used to dispatch a call directly 
to all mobile users present in the building from a commanding office in the building. This 
option can be activated when using a Public Safety BTS "Repeater" only  

Support for a Large Number of Channels and Flexibility 

Dekolink’s FR-DAS Repeater processes all incoming channels at once. The system uses a 
single, common circuitry (single up/down converter, single A/D and D/A converter, single 
DSP engine, single wideband amplifier) rather than a dedicated circuitry to every channel as 
is used in Analog systems. This enables the repeater to handle a large number of channels 
efficiently and economically. 

The second advantage of a DSP based channel selective repeater lies in the inherent 
software programmability of digital circuitry. FR-DAS digital filters process the signal using 
programmable filter coefficients. These coefficients can be downloaded to the hardware 
either locally or remotely, providing various time and frequency domain responses as 
required by the network. This feature enables customizing the filter characteristics in term 
of bandwidth, delay, sharpness and rejection for the specific network or location needs. 
Moreover, this it enables reprogramming of the digital filters as network characteristics 
change - specifically as Public Safety networks migrate from 25 to 12.5 kHz channels. The 
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DCSR's digital filters can be remotely (or locally) reprogrammed according to the new 
channel width without hardware modifications or on site field maintenance operations.   

The following figure illustrates the filtering process provided by digital repeaters: the Before 
(top chart) shows the channels (orange) which sometimes are received at various power 
levels, along with the undesirable noise and interference. The Filtering and Processing bar 
(middle) shows the filtering process in which the noise and interference are filtered out and 
the desired channels are passed through. The After bar shows the isolated signal, amplified 
at a constant power level and repeated for distribution in the in-building environment. 

 

 
Figure 1: Input and Output Signals of a DCSR 

Performance Optimization Using the FR-DAS 

As previously described, software programmable, digital filters can optimize time and 
frequency characteristics according to a specific network or location requirements. Two 
filters characteristics play a significant role in this process: filter delay and filter sharpness.  

Filter delay affects the overall system performance. The performance is dictated by the Time 
Domain Interference (TDI) that a specific communication technology can tolerate. For 
instance, analog 2-way radio technology can sustain a delay of about 100 μsec. Filter 
sharpness dictates how effectively nearby signals are rejected. For example, a steep roll is 
required for a crowded input spectrum, whereas a gentler slope may be acceptable for a 
less crowded input spectrum.   

The FR-DAS programmable filters enable the user to select the optimal operating point that 
meets both delay and sharpness requirements. In cases where the exact parameters are 
unknown to the user, a field test to determine the right parameters can be performed using 
the FR-DAS at the installation site. The filter can be optimized to any physical site 
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requirements by making use of a database of filters with various filters shapes, and 
performing empirical measurements at the installation site.    
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Figure 2: Delay vs. Adjacent Channel Rejection for 25 kHz channel 

Application Example 
This example analyzes an in-building Public Safety coverage system installation for a typical 
multi-floor skyscraper building, consisting of 20, 40, 60 or 80 floors with average 
rectangular floor size of 120 feet (40m) by 120 feet (40m) which is 14,400 square feet. The 
analysis is preformed according to the following criteria: 

• Repeater that can provide up to +30dBm output power per channel 

• Mobile RSSI of - 95 dBm worn on the hips of the Public Safety user  

• The in-line booster can provide up to +30 dBm output power per channel 

• System is designed to provide quality of service (QoS) of more than 95% of the 
area, 95 % of the time. 

The example will detail the exact hardware required to provide the coverage and the 
location of each system element in order to provide coverage to 40 floor building with full 
redundancy. This includes the exact number of repeaters required to cover a building with a 
given number of floors, floor antennas locations, area can be covered by a single UHF, 
700/800 and 1700 MHz digital repeater system with a passive DAS infrastructure, link 
budget calculations and an example of a list of required equipment.  

This paper will also answer questions such as: How much in-building area and number of   
floor can be covered by a single digital repeater? How many repeaters are required to cover 
the skyscraper of 20, 40, 60 and 80 Floors building? 



Dekolink’s FR-DAS™ for Public Safety Networks 
 

 

Dekolink WIRELESS Confidential Property    Page 9 of 20 
16 Bazel St. Qiryat-Arieh Petah-Tikva, 49510 Israel, Tel: 972-3-9180180, Fax: 972-3-9180190 
Copyright © February 2008, Dekolink Wireless Ltd. All Rights Reserved 

The following figure shows the antenna distribution in the building floors. 

 

Figure 3: FR-DAS Providing Coverage in Public and Private Buildings 
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Criteria on which coverage calculations are based 

The signal losses and coverage area in a building vary significantly from one floor structure 
to another so that different building structures and integrators coverage design approach 
will have different results. The most significant parameters that define a typical floor 
coverage area are: physical floor structure, the required Quality-of-Service (QoS), partitions 
height, materials and ceiling height, elevators location and type of windows materials.  

The example is based on the assumption that all building floors are uniformly covered by 
the DAS. Each floor will be covered by four coverage antennas and two taped antenna for 
hidden spots. A walk test should be preformed prior to site design. 

System Structure 

The solution consists of two independent systems installed in parallel and operating 
continuously to provide complete coverage and redundancy. Each system consists of the 
following elements: 

• A Repeater – performs filtering and amplification. The Repeater is installed on 
either the roof (in one system) or in the basement (in the other system) of the 
building. 

• An in-line Booster – amplifies the attenuated signal and provides the coverage to 
the floors towards the end of the DAS route in each direction. The Booster is 
installed on one of the floors approximately in the center of the building, where 
the Booster from one system is installed at an offset from the Booster in the 
second system.  

• DAS – runs the signals along the shaft of the buildings and distributes them to 
each floor. Each DAS runs along a separate shaft and distributes the signals to 
alternating floors. 

• Antennas – distribute the signals on each floor area. Two types of antennas are 
installed on each floor: Four Omni antennas for providing overall, uniform 
coverage and in addition, coupled (tapped) antennas may be used to cover “dead” 
spots such as in front of elevators doors, stairways and shielded rooms around the 
floor.   

The passive components, such as antennas and DAS, are robust elements that require little 
maintenance and so can be installed in less accessible locations such as shafts and ceilings 
where they do not interfere with the day-to-day activities on the building floor. The active 
elements (over-the-air repeaters and the boosters) are installed in public areas (usually 
communication rooms), where the systems can easily be reached and maintained without 
causing interruptions. The active elements of the system (repeaters and boosters) can be 
controlled monitored either locally or remotely (via wireless modem communication).  
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The following figure illustrates system structure equipments location and DAS installation.     

Note that for clarity, only some of the floors are shown – the antennas are 
distributed on each and every floor.    

 

Figure 4: System location on building structure 
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Repeater, Donor Antenna and Booster Installation 

In one of the systems, the Repeater is installed near the top of the building – either in a 
communication room or secure area in the highest floor (or on the roof if a communication 
room is not available) and the donor antenna is mounted externally. The Booster is installed 
on the 15th floor – usually in a communication room, mounted on a wall at eye level in a 
secure location where only authorized technical personnel can have access, or mounted on 
the ceiling. 

In the other (parallel) system, the Repeater is installed near the basement of the building – 
either in a communication room or secure area and the donor antenna is mounted 
externally at street level. The Booster is installed on the 25th floor. 

Note that the boosters are installed approximately at the center of the building at an offset 
of about 10 floors from each other. 

DAS Structure 

Each DAS structure is installed along a separate shaft in the building and routes signals to 
an alternating, separate set of floors. The DAS running the signal from the roof Repeater 
routes the signals to all the even floors (will be referred to as ‘even DAS’). The DAS running 
the signal from the basement Repeater routes the RF to all the odd floors (will be referred 
to as ‘odd DAS’). In addition, each DAS provides a signal to the other set of floors. 

Each DAS consist of a 7/8" cable running along the shaft. At each floor (odd or even) 
corresponding to the DAS, a coupler is used to tap the signal from the 7/8” cable, routing it 
to each floor and to the next odd or even floor (depending on the DAS). At each floor, a 2x4 
hybrid combiner is used to split the signal and provide connection to a 1/2" coax cable to 
the four Omni antennas installed at the corners of the floors.   

The two coverage systems running in parallel provide continuous redundant Public Safety 
wireless coverage.  
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Figure 5: System Architecture and DAS structure 
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FR-DAS Communication room Installation 

The following figure shows the FR-DAS installations in each of the communication room – 
one near the roof and the other in the basement. Note that all the RF signals from UHF, 
700/800MHz (and Future) are combined and distributed through a single distribution 
infrastructure. 

 

Figure 6. Communication Room FR-DAS Equipment 

Floor Antennas Location and Consideration 

An office building is physically divided into floors with differing structure and partitioning 
where the business floors area is multi-partitioned to allow quiet and efficient work as well 
as some level of privacy. Elevators and stairs are located in the center of the floor. The 
partitioning walls martial types contribute to losses between them.  

Four Omni antennas located on the ceiling - in the corners of each floor, are usually used to 
provide a uniform coverage on these types of floors. For special cases (i.e. larger floors or 
more partitions), Panel antennas with 90 degree antenna beam and a higher antenna gain 

Omni Outdoor 
antenna
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may be used to provide the extra coverage. Each Omni antenna is located 3 - 5 meters from 
the corner as shown in the floor drawings in Figure 7. Other coupled (tapped) antennas 
may be used to cover “dead” spots such as in front of elevators doors, stairways and 
shielded rooms around the floor. Those antennas will typically be coupled by minimum of 
10dB coupling to avoid power degradation from the main service antennas.  

 

Figure 7. Antenna floor location, assuming floor area of about 14,400 square feet 

Calculations of Area Sizes and Floor Coverage 

Area Size Covered by Single Repeater 

The following table shows the area size that can be covered by a single repeater system. 
This is calculated for three frequency bands and two power levels per channel. The 
calculation is based on DAS structure show in Figure 5.  

Table 1. Area covered by a single repeater 

Power  UHF 700/800 MHz 1700 MHz Product Type 
 (Per Channel) ( in Sq. feet) (in Sq. feet) (in Sq. feet) 

Repeater +30 dBm 525,322 474,705 435,928 

In Line Booster +30 dBm 525,322 474,705 435,928 

In Line Booster +24 dBm 289,832 227,858 199,800 



Dekolink’s FR-DAS™ for Public Safety Networks 
 

 

Dekolink WIRELESS Confidential Property    Page 16 of 20 
16 Bazel St. Qiryat-Arieh Petah-Tikva, 49510 Israel, Tel: 972-3-9180180, Fax: 972-3-9180190 
Copyright © February 2008, Dekolink Wireless Ltd. All Rights Reserved 

Number of floors covered by Single Repeater  

The following table shows the number of floors that can be covered by a single repeater 
system. The calculation is for three frequency bands and two power levels per channel and 
is based on the DAS structure illustrated in Figure 5.  

Table 2. Number of Floors Covered by a Single Repeater 

Power  UHF 700/800 MHz 1700 MHz Product Type 
 (Per Channel) ( in Sq. feet) (in Sq. feet) (in Sq. feet) 

Repeater +30 dBm 29 25 24 

In Line Booster +30 dBm 29 25 24 

In Line Booster +24 dBm 16 12 11 

Number of Repeaters Required to Cover a Skyscraper building  

The following table shows the number of Repeaters and In-line boosters required to cover a 
high rise building with a given number of floors. The calculations are made for a single band 
system and for multi band system, based on DAS structure shown in Figure 5.  

Table 3. Number of repeaters required to provide building coverage by single or multi band 
system 

Floors 
Number 

UHF  
(Single Band) 

700/800 MHz 
(Single Band) 

1700 MHz 
(Single Band) 

UHF/7/8/1700
(Multi Band 

System) 

20 1 X  HPR 1 X  HPR 1 X  HPR 1 X  HPR 

40 1 X  HPR 

1 X  MPB 

1 X  HPR 

1 X  HPB 

1 X  HPR 

1 X  HPB 

1 X  HPR 

1 X  HPB 

60 1 X  HPR 

1 X  HPB 

1 X  HPR 

1 X  HPB 

1 X  MPB 

1 X  HPU 

1 X  HPB 

1 X  MPB 

1 X  HPU 

1 X  HPB 

1 X  MPB 

80 1 X  HPR 

2 X  HPB 

1 X  HPR 

2 X  HPB 

1 X  MPB 

1 X  HPR 

2 X  HPB 

1 X  MPB 

1 X  HPR 

2 X  HPB 

1 X  MPB 

Notes: 

• (HPR) High power repeater  that provides +30 dBm per channel  

• (HPB) High power booster that provides +30 dBm per channel 

• (MPB ) Medium power booster that provides +24 dBm per channel  

• Calculation is for a system without the redundancy option 
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Summary 
Dekolink’s unique and patented technology FR-DAS system provides a cost-effective, future 
safe, robust and reliable solution for Public Safety indoor coverage of high-rise buildings, 
underground areas and other indoor locations. The solution is easily adaptable to any type 
of indoor coverage.  

The programmability and flexibility of the FR-DAS filters has been demonstrated. In 
particular, this document as shown the advantages of this programmability when tuning 
overall system performance and using the coverage system through the network migration 
of analog to digital mobile radio technology. 

As Public Safety 2-way radio networks experience the shift from analog to digital and to 
more spectrum efficient APCO P25 technologies, the use of FR-DAS based in-building 
coverage systems is clearly the choice to ensure that current investments in network 
infrastructure will continue to serve throughout and after the migration process.   

This type of solution answers the challenges of in-building coverage. High-end repeaters 
help make the process of site planning and design simple and seamless, reducing returning 
site visits or customer complaints on dropped calls or poor data services. This makes 
Repeaters supported by passive DAS, with four to six antennas per floor, the optimal 
solution. 

Providing a good skyscraper coverage solution requires extensive of experience and know-
how. The most efficient architecture is to isolate the skyscraper in-building system 
considerations for the outdoor network and to control the in-building signal by deploying a 
dedicated in-building system. Using the four antennas concept as described in this 
document, prevents handover and macro pollution.  

For a skyscraper with 24 to 29 floors, a single FR-DAS system is recommended. For higher 
buildings, 2 to 4 additional boosters will provide full building coverage. It is clear that 
deploying repeater systems in dense urban city areas raise issues and challenges which only 
a Digital Channel Selective Repeater (DSCR) system resolves. 

Please be aware that this document provides a typical example and analysis. The exact 
solutions may differ according to building architecture, DAS architecture, operator quality of 
service requirements and other factors. 
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Appendices 

Appendix A:  Floor Path Loss Calculations assumptions 

In order to simplify the calculations we assume a rectangle floor structure. The floor is 
covered by four (4) antennas located 5 meters from floor corners (pick colored antennas). 
We assume the hard scenario for digital and trunk system where handoff should be avoid if 
possible, and in environment where floors receive signal from different outdoor networks.  
In those cases the in-door signal should dominate. Other scenarios are easier to achieve. 
Extra coverage areas are achieved by using tapped antennas installed in inner shielded 
parts of the floor (blue colored antennas).  

 

 

  

Figure 8. Top Floor View 

Notes and assumptions:  

• Path loss = Space loss + Margins 

• Space losses = Free space + ceiling heights loss + two ray loss (when required) 

• Margins includes: Hip and cast, multi fading, mobile antenna, partitioning losses,  

• Total Margins over free space loss: 31 to 35 dB 

• RSSI target – 93 dBm with (QoS) more than 95% of the Area 95 % of the time 

• RSSI worst case -95 dBm when only single DAS is functioning 
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Appendix B: Skyscraper floor link budget calculations 

Link budget calculations may vary due to different design concepts and set of assumptions.     
We assumed RSSI of - 95 dBm which provide more than 95% QoS, as the target system 
quality. This is achieved only in a worst case scenario when one of the system malfunctions, 
and only one system is operational. In normal operation condition (both systems operate), 
RSSI reading is -93dBm. 

IMPORTANT: Be aware that mobile typical receiver sensitivity of Public Safety unit is about 
-115dBm for low tier units and about to -119dBm for high tier units. Therefore there is 
about 22dB more margins from worst case RSSI to receiver sensitivity. This margin provides 
immunity from high fading and partitions losses.  

The calculation below is for coverage of 14,400 sq. ft., for all three frequencies bands. 

Table 4. Link Budget Calculations 

   Link Budget Calculations UHF 700/800  1700    
Repeater system output power per channel  26.5 28.5 29.5 dBm 

Coupler loss -25 -25 -25 dB 

Hybrid 2X4 loss -7 -7 -7 dB 

1/2 " Floor cable loss/100m 5.24 6.66 9 dB/100m 

1/2 " Floor cable length  40 40 40 m 

1/2 " Floor cable loss -2.1 -2.7 -3.6 dB 

Antenna Gain 1 4 7 dBi 

Transmitted ERP Power per channel -6.6 -2.2 0.9 dBm 

RSSI -95 -95 -95 dBm 

Multipath Fading -5 -8 -11 dB 

Mobile antenna Loss -10 -6 0 dB 

Hip and coat loss (Mobile worn on hip ) -10 -10 -10 dB 

Partition loss -10 -10 -10 dB 

Margins -35 -34 -31 dB 

Maximum Available Link Loss -53.4 -58.8 -64.9 dB 

Operation Frequency  480 870 1800 MHz 

Floor Coverage Size 14116 14848 14157 Sq. ft. 

Antenna Coverage Radius 23.1 23.8 23.2 m 

Number of floors 29 25 24   

Total coverage area 525322 474706 435929 Sq. ft. 

  Notes:  
• UHF, 800, 1700 MHz broadband antennas are used with 1, 4, 7 dBi gain receptively. 

• Couplers with 25, 20, 15, 12, 10 dB coupling ratio are used. 

• 7/8 " vertical coax is used in-between floors (high riser shaft) and 1/2" coax cable 
to floor tapped and coverage antennas. 
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Appendix C: Equipment list example for 40 floors Skyscraper 

Table 5. Equipment list example for 40 floors building 

 Description # - Per Floor # - Per Building 

Repeaters (+30 dBm) 1 2 

Boosters  (+30 dBm ) 1 2 

Boosters  (+24 dBm ) 0 0 

Coverage Antennas  4 160 

Tapped Antenna 2 80 

2x4 Hybrid combiners 1 40 

25 dB couplers 6 240 

20 dB couplers 20 80 

15 dB couplers 14 28 

12 dB couplers 6 12 

10 dB couplers 4 8 

10 dB couplers, Tapped antenna 2 80 

7/8 " risers cables 1080 ft. (360m) 1080 ft. (360m) 

1/2 " Coverage antenna cables 420 ft. (140m) 16800 ft. (5600 m) 

1/2 " Tapped antenna cables 210 ft. (70m) 8400 (2800 m) 

1/2 " Hybrid / coupler jumper 150 ft. (50m) 6000 ft. ( 2000m) 

Outdoor antennas 1 2 

 

Notes:  

• 700/800 MHz system ready to accept UHF and future ( i.e.1700 MHz system ) 

• 40 story building 

• Four broad band coverage antennas and two tapped antenna per floor 

• The system does include redundancy option 


