
DEGREE PROJECT, IN  , SECOND LEVELCOMMUNICATION SYSTEMS

STOCKHOLM,  SWEDEN 2015

A Study of Multiband Indoor Radio
Distribution System

BIKASH SHAKYA

KTH ROYAL INSTITUTE OF TECHNOLOGY

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY



2 

 



3 

 

  

     

 

 

 

 

 

    

      

 

A STUDY OF MULTIBAND INDOOR RADIO 

DISTRIBUTION SYSTEM 

 

 

 

 

 

 

 

 

BIKASH SHAKYA 

 

 

 

Master of Science Thesis performed at the Radio 

Communication Systems Group, KTH 

October 2014 

 

 

 

 

 

 

 

Internal Advisor: Mats Nilsson 

External Advisor: Tord Sjölund 

Examiner: Associate Prof. Anders Västberg 

 

 

 

 

 

 

 



4 

 

Abstract: 
 

The mobile indoor traffic are increasing exponentially which is the current challenge in 

indoor coverage and design for most of the researchers and business companies to 

develop further. There are different trade-off to provide different indoor services with 

the use of different repeater system, distributed antenna network (active and passive), 

macro cells indoor penetrations and many more. As the use of energy effective materials 

for construction of buildings have made a blockage of RF signals from macro cells, 

usually a separate installations are done to provide indoor coverage for different 

services such as TRTRA, GSM, UNTS, LTE and WLAN in indoor environments for 

large campuses, industrial complex, sports arena, tunnels and office buildings. This 

separate installations increases the cost, installation space and time which can be solved 

using the same infrastructure to provide multiple of mobile indoor solutions using smart 

integrated solutions where many mobile services can be distributed indoor using the 

same distributed antenna network using active and passive networks.  

 

This thesis investigates the advantage and disadvantage of different types of active and 

passive distributed antenna system with the integrated antenna network to compare the 

coverage and cost analysis. The coverage analysis was done to compare the RSSI level 

by adding different frequency bands into the indoor network for both active and passive 

DAS design. Different types of sample design model was used to verify the coverage 

analysis. It can be seen from the coverage analysis that an integrated system with all in 

one solution also has a better coverage compared to typical active and passive design 

which can be used in future in building design as One Net Solution. Also the cost 

analysis was done for both CAPEX and OPEX to find the cost estimation for different 

indoor models. It showed that the integrated solution is the most expensive solution but 

if it has a case of large design venues, then integrate active solution can be the only 

solutions. Passive design cannot cover large scale areas. It is suitable only for small and 

medium sized venues.   
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Chapter 1 Introduction 

1.1 Introduction 

Telecommunication has been changing with time. Today the world has reached to a 

comfort that people used to dream 100 years back. Development of VOIP (Voice over 

IP), IP as transport channel for voice and data, packet switch over circuit switched, data 

speed etc. are the most common achievements at present. The mobile development 

trend is as 2G, 2.5G, 3G and 4G as cellular system, IEEE802.11 (WLAN) as data 

service, and TETRA as security service and so on. These developments have increased 

coverage, capacity and quality and reduced the cost drastically. 

 

With the improvement in technology, the numbers of users have also been increased 

for both cellular and data service. According to the current statics of ITU, the total 

number of mobile subscriptions worldwide is around 7 billion with 2.3 billion mobile-

broadband subscription and almost 3 billion people worldwide are using internet [1]. 

This statistics shows that the demand is increasing rapidly and there is a lot more future 

challenges. Also the data users and data volume are doubling every year [1]. Wireless 

voice and high speed data on demand is expected as an essential requirement in present 

business market with cost effective solutions. 

 

“Some 70-80% of Mobile Traffic is Inside Building” [2], which is the challenge for 

most of the researchers and business companies to further develop. Large groups of 

indoor cell phone and internet users at different places (Home, Office, Factory, 

Stadiums, Tunnels, Metro Stations etc.) use different services (2G, 3G, 4G, WLAN, 

TETRA) to fulfill their specific requirements for communication and other applications. 

Improved cellular services and data explosions are drivers for enhanced indoor systems. 

Indoor coverage with high performance and cost effective solutions are the current 

research and development challenge. Currently used cellular and data services for 

indoor coverage are GSM, GSM-R (GSM Railway), UMTS, LTE, WLAN, TETRA etc. 

There are different tradeoffs to provide all of these services. The use of different 

repeaters, combiners and distributed antenna system (DAS) makes it possible to provide 

all above services with better coverage, capacity and more cost effective solutions. At 

present most of the indoor solution provider installs different system for different 

frequency bands (Cellular System, WLAN system and TETRA). A lot of investigation 
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has been conducted to provide integrated solution (Multi Operator Networks) so that 

all of these systems can be integrated into one to provide complete package. There are 

different types of active and passive repeaters and combiners which can take in multiple 

frequency bands and give out single multiband frequency which later can be distributed 

using distributed antenna system (DAS). These multiband solutions are expected to 

reduce the cost and increase the coverage and capacity of the system. Hence this thesis 

project will investigate the possible benefits of such an integrated multiband system and 

give design guidelines on how to achieve better coverage and low cost. 

1.2 Previous work and Thesis Motivation 

The integrated DAS solution where integrating WLAN and cellular radio access system 

combined into one single antenna system and providing both cellular coverage and high 

speed data service have not been studied much. There have been many works done to 

provide better indoor coverage where both the cellular and WLAN services are installed 

separately and few works done with the integrated system but not with all frequency 

bands. 

 

Some of the relevant work done is stated below: 

1. The use of distributed antenna system for the indoor coverage and capacity are 

discussed reference paper [2], [3] and [4] which explains that active DAS 

propose large cell radius in uplink and downlink, in comparison to passive DAS, 

with increased coverage area, reduced power level and minimizing the path loss. 

2. Signal strength measurement for the GSM using TEMS equipment is discussed 

in reference [5]. 

3. Different studies have been done to provide guidelines for the indoor coverage 

requirements and solutions as in reference [6] which explain the challenges for 

indoor coverage with few basic solutions. 

4. The paper in reference [8] explains the performance of the repeater based indoor 

solution with high voice traffic and improved coverage and capacity. 

5. Also in reference [22], the network design of wireless LAN is explained where 

two methods were proposed i.e. site survey and propagation modeling. 

Propagation modeling was preferable for the design of indoor WLAN because 

of its optimal and cost effective solutions. 
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6. In the reference [26], the general overview of the propagation loss and the range 

with the increase in frequency is explained. Here the comparison is done 

between 900 MHz and 2400 MHz frequency band which shows that path loss 

is about +8dB  more over the given range for 2400 MHz, thus 900MHz 

frequency band have around 2 times as much coverage range than 2.4 GHz 

frequency band. 

1.3 Research Problem Definition 

Indoor networks for mobile communication have been around for a while and the 

customer expectations on functionality in these networks have been raised for the last 

few years. Today large campuses, industries, sports arenas, tunnels and office building 

owners expect a multitude of mobile and data services such as security networks; 

TETRA, GSM, UMTS, 4G, GPS and WLAN which covers a frequency range from 

below 400 MHz up to 6 GHz. The use of energy effective materials (thick wall and 

thick glass) to make energy efficient building reduce the probability to provide coverage 

from outdoor macro base stations. The penetration of RF signal is getting blocked which 

then requires to introduce dedicated indoor solutions to provide indoor coverage. 

 

 Currently, different RF technologies like cellular, security/emergency and WLAN are 

installed separately with number of solution provider companies. This separate 

installation increases the cost, takes space and time which then limits different 

parameters into the building which is a current issue for both the customers, service 

providers and owners. As per today, it is not very clear if this integration could work 

and meet the future demands. 

 

This thesis project will therefore investigate the possible benefits of such an integrated 

system. Hence the thesis will be focused in investigating the following aspects: 

 Selecting a case study approach valid for a typical office environment. 

 Combining GSM 900, UMTS 2100, WLAN 2400, LTE 2600 and 

TETRA/RAKEL signal using different active, passive and integrated solutions 

and provide indoor coverage using distributed antenna network and investigate 

possible benefits of such an integrated system. 

 Analyze downlink coverage of active DAS, passive DAS and integrated DAS 

system. Only downlink measurements were taken because the maximum output 
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level available in the mobile devices are very overbalanced compared to the 

downlink dimensioning. 

 Cost analysis in terms of both CAPEX and OPEX. 
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Chapter 2 Technology Background 

2.1 System Technology 

2.1.1 GSM 900/1800 MHz 

GSM was the first digital technology for mobile communication after its launch in the 

beginning of 1990s [2]. It is assigned to operate in two frequency band i.e. E900 MHz 

and 1800 MHz. GSM900 uses 880-915 MHz for uplink and 925-960 MHz for the 

downlink with the available bandwidth in each direction are equal to 35 MHz. Here 

uplink and downlink are separated by 45 MHz duplex distance. Also GSM1800 uses 

1710-1785 MHz for the uplink and 1805-1880 MHz for the downlink with the available 

bandwidth in each direction equal to 75 MHz. Here uplink and downlink are separated 

by 95 MHz duplex distance. Frequency Division Multiplexing (FDM) is used to divide 

each radio channels into 200 KHz channel spacing. Also each of the 200 KHz channels 

is further divided into 8 time-divided channels called time slots using Time Division 

Duplex (TDD) [10]. Length of each frame is 4.615 ms which consists of 8 time slots 

assigned to each user, resulting in an effective bandwidth of (200 KHz/8 slots) 25 KHz 

per user [9]. 

2.1.2 UMTS 2100 MHz 

UMTS (Universal Mobile Telecommunications System) is a 3G mobile technology 

based on WCDMA (Wideband Code Division Multiple Access) radio access 

technology which has efficient utilization of radio resource that provides greater 

spectral efficiency and bandwidth to mobile network operators [11]. Here it uses DS-

CDMA (Direct Sequence-CDMA) multiple access technique which is based on DSSS 

(Direct Sequence Spread Spectrum) modulation techniques that operates by distributing 

two-way signal to its users with different codes.  It uses two WCDMA interfaces, i.e. 

WCDMA-TDD and WCDMA-FDD. WCDMA-TDD has a small market share and uses 

same frequency bands for both uplink and downlink in different time slots. There is 

small guard band in-between uplink and downlink to reduce the measure of 

interference. The frequency bands 1900-1920 MHz and 2010-2025 MHz are the most 

common frequency band used for UMTS-TDD in some countries [12]. WCDMA-FDD 

is the most commonly used UMTS standard which has separate uplink (1920-1980) and 
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downlink (2110-2170) frequencies with a total of 12 FDD channels each with a 

bandwidth of 5 MHz [2]. The effective bandwidth of the system is 3.84 MHz, where 

the guard band takes up to 0.6 MHz from each side [9]. 

 

UMTS is power limited in downlink and noise limited in uplink [2]. Since all cells in 

UMTS network are using the same frequency, coverage and noise in one cell will affect 

the performance on the other cells. Thus, good indoor radio planning and noise and 

power controlling mechanisms should be considered before deploying it to provide 

indoor solutions. 

2.1.3 WLAN 2.4 GHz 

WLAN (Wireless Local Area Network) is an IEEE 802.11 standard used to provide 

data service for its LAN users. It provides wireless internet at 2.4 GHz frequency band 

that requires no license (free band). 802.11n standard has a peak channel data rate of up 

to 300 Mbps and channel bandwidth of 20 MHz [14]. It is based on two RF methods, 

i.e. DSSS (Direct Sequence Spread Spectrum) and FHSS (Frequency Hoping Spread 

Spectrum). Due to free unlicensed RF band, spread spectrum modulation must fulfil 

requirements set by each country. The table below lists the channel allocation for DSSS 

and FHSS wireless LAN in 2.4 GHz frequency band. 

 

Table 01: IEEE 802.11b Channels for Both DS-SS and FH-SS WLAN Standards [13] 

 

Every WLAN are manufactured to operate in any one of the specified channel which 

are assigned by the network operator while installation. These channelization are used 

to reduce the interference and increase performance between the neighbouring access 

points. WLAN has two layers; 1) physical (PHY) and 2) Media Access Control (MAC). 

Country 
Available Frequency 

Range 

Available DSSS 

Channels 

Available FHSS 

Channels 

United States 2.4000 to 2.4835 GHz 1 through 11 2 through 80 

Canada 2.4000 to 2.4835 GHz 1 through 11 2 through 80 

Japan 2.4000 to 2.4970 GHz 1 through 14 2 through 95 

France 2.4465 to 2.4835 GHz 10 through 13 48 through 82 

Spain 2.4450 to 2.4835 GHz 10 through 11 47 through 73 

Europe 2.4000 to 2.4835 GHz 1 through 13 2 through 80 
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Layer 1 specifies modulation scheme used and signalling while layer 2 defines way of 

accessing physical layer and series related to radio resource and mobility management. 

WLAN are mostly used to provide indoor solutions for data access. The solution they 

provide at present are with the dedicated access points installed separately from the 

cellular systems. This can increase the cost of installation. WLAN 5 GHz is not 

explained in this thesis because of time and resource limitation but may be interesting 

to see in the future thesis research. 

 

There are many combiners with multiple frequency bands in the market which can 

support 2.4 GHz band. This thesis will analyse the integration of WLAN signal into the 

same combiner with the cellular system to provide coverage with DAS and perform the 

coverage analysis which will be a novel experiment to bring all wireless technology 

into one box solution for indoor communication. 

 

Some problems using 2.4 GHz frequency for indoor wireless access [19] 

 Because of higher frequency band, the antenna or access point distance should 

be placed close to each other. 

  Omni directional antenna has circular coverage area so blind zones are created 

from each antenna coverage which should be taken into consideration while 

designing. 

 Limited independent frequency channels (2.4 GHz LAN has only 3 independent 

frequency channels). Different frequency channels should be used to avoid 

interference but sometime it is impossible to select an independent channel that 

does not have spectrum overlap. 

 Coax losses are especially prevalent at 802.11a frequencies (6.7 dB/30.5m at 6 

GHz/802.11a and 4.2 dB/30.5m at 2.4 GHz/802.11b/g) 

2.1.4 TETRA 400 MHz 

TETRA (Terrestrial Trunked Radio) (formerly known as Trans-European Trunked 

Radio) is a professional open standard mobile radio developed by the European 

Telecommunication Standards Institute (ETSI) [15]. It is widely used in security and 

emergency services like fire brigade, ambulance services, police, military police, rail 

transport etc. It is a two way transceiver that uses low power radio waves for reliable 

transfer of voice and data services. Few prominent features of TETRA are, fast setup 
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time (~300ms), auto adjustment of power with respect to field strength, high range, low 

bandwidth (25KHz channel spacing), push to talk operation, device to device 

communication (DMO), broadcast channels etc. [16].  

 

European Public Safety and Security forces are using the uplink frequency band of 380-

385 MHz and downlink frequency band of 390-395 MHz for communication in TETRA 

network. It uses TDMA (Time Division Multiple Access) with four user channels on 

one radio carrier at 25 KHz channel bandwidth and 25 KHz spacing between carriers 

with no guard bands which helps to gain high spectral efficiency. Also, for the European 

non-emergency services, TETRA frequency are allocated as 410-430 MHz band and 

some countries also uses 450-470 MHz band. TETRA in Sweden is branded as RAKEL. 

 

 

 

Figure 01: ETSI Standard Interfaces of TETRA [15] 

2.1.5 GPS 

The Global Positioning System (GPS) is a space-based satellite communication system 

used for navigation that provides location with 4 or more different GPS satellites [28]. 

Since the number of smart phone users are increasing rapidly, the use of smart phones 

are also increasing with GPS enabled. This market opportunity opens new design for 

GPS solution that will meet the new demands for indoor positioning. GPS are mostly 

used outdoor that faces a lot of difficulties to provide indoor coverage which have less 

signal strength of about -128 dBm. This will generally not function indoors and will 

have difficulty dealing with signal blockage from buildings and foliage.  
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Figure 02: Differential Basic GPS concept [28] 

 

Conservative models suggest that the attenuation in buildings can reach levels of 2.9 

dB per meter of structure [27]. Experiments indicate that attenuation of the GPS signal 

through the buildings is typically higher than 1 dB per meter of structure [27]. 

Therefore, to track the GPS signals indoors inside high buildings and elevators the GPS 

receiver needs to be able to track signals with power levels ranging from approximately 

-160dBW to -200dBW. GPS have a single signal available to civilians, on the L1 

(1.57542 GHz) frequency band. In this thesis, we will use GPS repeater to trap GPS 

signal from an outdoor antenna and then distribute the signal through the DAS solution 

which then believed to fill in the poor reception indoor. 

2.1.6 LTE (Long Term Evolution) 

LTE (Long Term Evolution) is the most talked and awaited wireless communication 

system at present in the market. Its uplink and downlink speed and smart use of 

spectrum is the most promising feature. The standard was developed by 3GPP (3rd 

Generation Partnership Project) and was specified in its Release 8 and then with some 

modification in Release 9. In theory, the user downlink data rate is up to 100 Mbits/Sec 

and the uplink data rate is up to 50 Mbits/Sec with a channel bandwidth of 20 MHz and 

2*2 MIMO (Multiple Input and Multiple Output) antenna system [31].  
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Figure 03: Network solutions from GSM to LTE [32] 

 

LTE from the very beginning was branded as 4G which is also known as LTE-Advance 

but failed to fulfill the requirements issued by the ITU-R for 4G mobile phones and 

internet services. Later the standard for 4G is defined as 100 Mbit/Sec for higher 

mobility devices and up to 1 Gbit/Sec for low mobility local wireless access [33]. LTE 

uses two different types of modulation, OFDMA for downlink and SC-FDMA for 

uplink. Some of the important features of LTE are: 

 Increased Data Speed and Mobility 

 Latency – ideal to active state >100 ms and on the user plane its >5 ms. 

 Multimedia Broadcast Services – MBMS 

 Cell Size -  up to 100 km but typically will be maximum of 30 km [31] 

 Spectrum Efficiency (In non-line of sight operation, the system will maintain 

high spectrum efficiency, thus utilizing the scarce spectrum resources to the 

maximum.) 

 Compatible with previous generations of mobile system 
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Figure 04: Theoretical VS Practical Data rates [34] 

 

Since LTE is an IP based services, it only supports data at present which makes it more 

important for the indoor user to surf and have good access to data. Deployment of LTE 

for indoor communication is rapidly increasing as it is flexible to operate in different 

frequencies as 800 MHz, 900 MHz, 1800 MHz and 2600 MHz band. Since LTE is 

usually operated at higher frequency band, there are higher losses in the path from the 

eNodeB to the user inside the building. Also due to the use of thick glasses and walls 

the path loss for LTE is key issue for the operator to serve large number of indoor users 

with macro base stations. It will be a good practice use dedicated indoor solutions for 

LTE along with GSM and 3G to provide better indoor coverage and off lode outdoor 

base station with decreasing power consumption. The advance feature of LTE 

combined with HARQ (Hybrid Automatic Repeat Request), ensures very high spectrum 

efficiency and optimized data speeds on both uplink and downlink which makes LTE 

an attractive and strong tool for the mobile operators to ensure highest possible data 

rate at the lowest possible cost and spectrum load [31].   
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2.2 MIMO (Multiple Input Multiple Output) 

MIMO (Multiple Input Multiple Output) is a radio technology that uses multiple 

antennas at both end of receiver and transmitter to improve the performance and quality 

of signal without additional bandwidth or additional transmit power. Here the same 

transmit power is spread over multiple antennas to achieve an array gain that improves 

the spectral efficiency and achieve a diversity gain to improve the link reliability with 

reduced fading [31] 

 

 

Figure 05: General MIMO Configuration [MT] 

  

MIMO has been recently introduced to use in wide area wireless networks but WLAN 

have been using MIMO technology since many years. Use of MIMO in different radio 

technology have increased the performance. Performance of MIMO in indoor 

environment is better than the performance of MIMO in outdoor because of high 

scattering/multipath areas inside the buildings [31]. The line of sight position with the 

antenna without any scattering of signal has no gain in data speed as compared with a 

normal SISO (Single Input Single Output) link. This makes it more valuable and 

important in order to achieve high data throughputs [31]. 

 

Implementation of MIMO with passive DAS system is not a good recommendation as 

it needs at least (for 2*2) two sets of each components (installation, cables, splitters 

etc.) which increases both cost and complexity of the system. In GSM and UMTS, it is 

possible to use passive DAS with SISO but very complex in LTE unless we use two 

parallel passive DAS installation (MIMO). Active DAS or femtocell would be the best 

choice for MIMO. 

 

While designing MIMO installation, antenna separation is a very important factor to 

take into consideration as it directly affects the performance of entire system. A better 
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MIMO antenna system should have a good separation between two individual MIMO 

paths. The common practice is to have an antenna separation of 3λ – 7λ. [31, Page 80]. 

 

460 1.96 3.26 4.57

700 1.29 2.14 3.00

850 1.06 1.76 2.47

950 0.95 1.58 2.21

1850 0.49 0.81 1.14

2150 0.42 0.70 0.98

2350 0.38 0.64 0.89

2600 0.35 0.58 0.81

Frequency (MHz)
MIMO Distance 

@3 λ 

MIMO Distance 

@5 λ 

MIMO Distance 

@7 λ 

 

Table 02: MIMO Antenna Distance in Meters [[31], Page 155] 

 

MIMO design with physical separation of antenna at some distance is a challenge in 

practical installation because of space constraints in indoor perimeter. It is still the 

traditional way for indoor MIMO installation. But at present, there are number of cross 

polarized antenna and small form-factor dual polarized antenna solutions with two RF 

port for indoor MIMO deployment that removes the restriction of two physical 

separation of antenna installation. 

 

Two main formats for MIMO are given below [34]:  

 Spatial Diversity: It refers to transmit and receive diversity. This two 

methodologies are used to improve SNR and are characterized by improving the 

reliability of the system with respect to various forms of fading. 

 Spatial Multiplexing: This form of MIMO is used to provide additional data 

capacity by utilizing the different paths to carry additional traffic i.e. increasing 

the data throughput capability. 

2.3 Indoor Systems 

There are different radio signals that need to have better indoor coverage such as 2G, 

3G, 4G, TETRA, GPS and WLAN. Also, there are many different techniques to provide 

indoor radio coverage. Different ways are to provide coverage from the macro base 

station, coverage using dedicated indoor repeaters and base stations, coverage using 

DAS and integrated solutions where all the signals are combined and distributed using 
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different techniques for better coverage, better capacity and cost effective. Few of the 

solutions are explained below. 

2.3.1 Traditional Indoor Solutions 

The traditional way is to penetrate the building with radio signal from the macro base 

station to provide indoor coverage which requires transmitted power to be about 20 dB 

stronger than ground mobile [17]. This solution introduces many serious problems as 

explained in [2] and [20] such as penetration loss, signal fading (multipath fading), 

increased interference and load on the network and higher uplink and downlink power. 

  

(i) (ii) 

Figure 06: (i) Coverage with Macro Base Station and (ii) Coverage with repeaters and 

DAS  

 

Repeater solution for indoor coverage is used to overcome the penetration loss problem 

and increase the coverage as explained in [24]. The main disadvantage of this solution 

is that it does not provide any extra capacity for indoor coverage which exceeds the 

load to the outside macro base station. Most of these drawbacks can be solved by using 

a dedicated indoor base stations that are installed inside the building to provide indoor 

coverage. The above drawbacks can also be solved cost effectively by using dedicated 

distributed antenna system with fibre fed solutions where the losses and the power 

consumption are minimized to offload the macro base station [25]. In most of these 

techniques, cellular networks and other networks (WLAN, TETRA, and GPS) are 

installed separately. 
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2.3.2 Integrated Indoor Solutions 

Although integrated mobile cellular technology are said to be installed for indoor 

coverage, most of the non-cellular radio signals such as TETRA, WLAN, GPS systems 

are installed separately into the building, arena, complex etc. to provide better coverage. 

This thesis addresses to integrate WLAN, TETRA, GSM, UMTS and 4G signals into 

one multiband signal and distribute the signals through DAS for better coverage and 

cost efficient solutions. This can be very challenging because of the different link 

budget requirements and inter-modulation interference. Also the use of lower and 

higher frequencies such as TETRA (400 MHz), WLAN (2400 MHz) and LTE (2600 

MHz) will challenge the use of DAS. Also the use of pure active DAS solution to 

integrated wide frequency range is not very common in the current market and the cost 

to support this active component is very high that it is very hard to convince the 

customer to install pure active distributed antenna solution.  

2.3.3 Leaky Cables 

Leaky feeder is an antenna technology that consists of slotted coaxial cable running 

along the specified areas and emits and receives radio waves. These cables are widely 

used to provide underground mobile communication (Tunnels, long corridors in 

building etc). The cable is called leaky because it has small gaps in its outer conductor 

to allow to radiate signal out or to pick the signal in the cables through its entire length. 

Due to the cable attenuation at higher frequency, the system has limited range which 

limits the system to be at line-of-sight. 

 

 

Figure 07: Radiating Cable [25] 

There are different types of radiating cables available in the market according to shape, 

size, orientation and placement of slots or gaps to fulfill different requirements of 

coverage, capacity and other parameters. It is common to provide solution with leaky 

cables for TETRA, GSM and UMTS for underground tunnels or to provide integrated 

in building solution with distributed antenna and leaky cables but not very common to 
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inject the WLAN into it. Also the installation cost for deployment of leaky cables is 

more expensive compared to distributed antenna. But since the radiating cable can 

provide uniform coverage and is tailored to specific area, would lend them well to fit 

the architecture for WLAN network which could reduce the interference between 

subnets and other WLAN networks. [30]. Leaky cables are not tested in this thesis but 

suggested as an example that can be used instead of antennas as suitable. 

2.3.3.1 Technical Data of the Radiating Cables  

There are different parameters to be considered when selecting, designing and installing 

radiating cables such as frequency range, longitudinal loss, coupling loss, system loss, 

DC resistance, mechanical specification and delays in the system. Ideal distance for 

coverage of radiating cables is 2-10 meters perpendicular to the cable [2]. Basic system 

of the leaky cables is as follows:  

 

 

Figure 08: Leaky Cable Basic System [18] 

 

The basic equation relating the parameters (in dB) for leaky cable system is 

System Loss = Line Loss + Coupling Loss ………………………………… (1) 

 

Where, 

System Loss is the ratio of the transmitter output power to the power at the receiver 

input terminal. 

Line Loss is the longitudinal attenuation of the line between the base station and the 

point on the line nearest to the mobile terminal 

Coupling Loss is the ratio (in dB) between the signal in the cable and the signal 

received by assuming a half –wavelength dipole antenna in the mobile terminal. 
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2.4 Distributed Antenna System (DAS) 

Distributed antenna system is a widely used solution to provide indoor coverage. It is a 

network of spatially distributed antenna that has split transmitted power among several 

antenna nodes to provide wireless indoor solution with better coverage. DAS shows 

performance improvements in terms of path loss, transmitted power and coverage [20] 

[21]. Presently many services like GSM, UMTS, LTE, TETRA, and sometimes also 

WLAN are served using indoor DAS solution. The DAS is categorized into two main 

types, Active DAS and Passive DAS. 

2.4.1  Passive DAS: 

Passive DAS is the first choice for most of the radio planners because it is easy to design 

and the components and cables can resist in harsh environment [2]. It supports 

multiband operations and filters are used to separate different frequency bands. It uses 

passive components which are coax cable, splitters, terminators, attenuators, tappers 

and filters (duplexer, diplexer or triplexes). Its main disadvantage is the loss in the 

transmission which is much higher than active DAS and it is not possible to use in large 

scale indoor solutions. Also high power base station is required to feed a system of 

coaxial cables and high noise level in the uplink [20]. The installation for this thesis has 

included passive DAS because it is a cheaper high bandwidth solution for small and 

medium scale indoor coverage and is good to compare with active and integrated DAS 

solution. 

2.4.2  Active DAS: 

It is similar to passive DAS but uses active components like thin cabling, optical fibers, 

master unit and remote unit to transmit signal from base station to the individual 

antennas which can be at far distance [2]. The transmission path loss and the total RF 

losses are much more reduced in compared to passive DAS. The transmission power is 

also low, since both the uplink and downlink amplifiers are located close to the antenna 

which in return produce less radiation power in mobile phones, thus increases battery 

life [20]. Also these DAS solutions can be used for all types of building from medium 

scale to very large scale such as big offices, multiplexes, university, shopping mall, 

stadiums, hospitals etc. 
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Chapter 3 Theory  

3.1 Link Budget Calculation 

The link budget calculation is performed to calculate the path losses and the gains 

through the medium signal travels in between the transmitter and the receiver. The 

maximum allowed signal attenuation between the base station and the mobile station 

for both uplink and down link can be determined using link budget. Since this thesis 

uses different frequency bands, various parameters should be considered for the 

calculation of link budget in both uplink and downlink like losses in DAS, losses in 

leaky cables, coax cable losses, base station tx power, mobile tx power, noise figures, 

interference etc. 

 

A typical link budget equation for a radio communications system may look like the 

following [31]: 

 

PRX   =   PTX   +   PTX   +   GTX   +   GRX   -   LTX   -   LFS   -   LP   -   LRX……… (2) 

Where, 

PRX = received power (dBm)   PTX = transmitter output power (dBm) 

GTX = transmitter antenna gain (dBi)  GRX = receiver antenna gain (dBi) 

LTX = transmit feeder and associated losses (feeder, connectors, etc (dB)) 

LRX = receiver feeder and associated losses (feeder, connectors, etc. (dB)) 

LFS = free space loss or path loss (dB) 

LP = other signal propagation losses (these include fading margin, polarization      

mismatch, losses associated with medium through which signal is travelling and 

other losses in dB) 

Note: For units with external antenna, 0.25dB loss per connector and 0.25 dB loss for 

every 3 ft of antenna cable should be included in the link budget calculations. 

 Fading due to multipath can have signal reduction up to 30 dB So it’s 

recommended that adequate fade margin is factored into the link budget to 

overcome this loss [31]. 

 It’s always good to maintain 20 dB to 30 dB of fade margin (extra RF power 

radiated to overcome fading) at all times for desired reliability of the link. 

 Also an estimated body loss of around 3 dB is considered while calculating link 

budget. 
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3.2 Propagation Model 

The main purpose of determining the propagation model is to characterize the path loss 

between the radio links. During the indoor coverage, radio link has to encounter various 

obstacles from the transmitting end to the receiving end which affects the coverage 

prediction. There is no any standard model for propagation modeling but few of the 

commonly used models are described below. 

3.2.1 Free Space Path Loss 

It is one of the simple model to calculate the free space path loss between receiver and 

transmitter in an open environment with line of sight without any obstacles. In indoor 

environment, this formula is valid for the distance of about 50 meters [31]. The free 

space path loss equation in dB can be calculated as follows [2]: 

PL (dB) = 32.5 + 20 (log f) + 20 (log d) …………………………………………. (3) 

Where 

d = distance (km) f = frequency (MHz) 

400 MHz 900 MHz 1800 MHz 2100 MHz 2400 MHz 2600 MHz

1 25 32 38 39 40 41

2 31 38 44 45 46 47

3 34 41 47 48 50 50

4 37 44 50 51 52 53

5 39 46 52 53 54 55

6 40 47 53 55 56 56

7 41 48 55 56 57 58

8 43 50 56 57 58 59

9 44 51 57 58 59 60

10 45 52 58 59 60 61

15 48 55 61 62 64 64

20 51 58 64 65 66 67

30 54 61 67 68 70 70

40 57 64 70 71 72 73

50 59 66 72 73 74 75

100 65 72 78 79 80 81

200 71 78 84 85 86 87

300 74 81 87 88 90 90

400 77 84 90 91 92 93

500 79 86 92 93 94 95

Path Loss (dB)
Distance 

(m)

 

Table 03: Free Space Path Loss Calculation 
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3.2.2 Keenan-Motley Model 

Unlike free space path loss, there are different losses that should be taken into 

consideration. Keenan-Motley Model takes into account of floor separation and 

penetration losses due to walls. Keenan-Motley model is expressed as follows 

L (dB) = 32.5 + 20(log f) + 20(log d) + k * F(k) + p * w(k) …………(4)            [13] 

Where, 

L= Path Loss (dB) 

f= frequency (MHz) 

d= transmitter to receiver separation (km) 

k= number of floors traversed by the direct wave 

F= floor attenuation factor (dB) 

P= number of walls traversed by the direct wave 

W= wall attenuation factor (dB) 

Note: for distance above the breakpoint (typically 65 m), add 0.2dB/m 

3.2.3 Path Loss Slope Model 

This is one of the most widely used path loss prediction model that is derived from the 

average value with a number of repeated measurements for different types of 

environments and frequencies. This model is selected to determine the path loss for 

indoor environments especially for the case of distributed antenna system [31]. 

PL (dB) = 32.5 + 20 log(f) + 20 log(D) + 10 * n * log(d) …………………………(5) 

Where 

PL = Free space path loss = 32.5 + 20 log(f) + 20 log(D)->measured at 1m distance 

and D= Distance in km. 

f= frequency (MHz) 

d= transmitter to receiver separation (m) 

n= PLS coefficient and is different for different indoor environment 

Note: PLS coefficient differs in the range from 2 to 4 depending on the office 

environment.  
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Chapter 4 Methodology and System Design Strategy 

4.1 System Design 

This section explains the design models used to compare different solutions for better 

indoor coverage with different frequency band and different options. A case study 

approach for a medium standard type of office environment has been chosen. The office 

area is a typical office of around 5000 to 6000 Square meter in each floor with 3 floors. 

It has two long corridors with a room on each sides and with few open space for sitting, 

meeting and coffee. Each room is separated with a normal thin wall that has glass 

window or a wooden plank and could be considered as a typical office environment. 10 

antennas are used in each floor with an average distance between an antennas of 30 

meters.  

There are several different ways to provide similar solution and also different types of 

equipment’s available to provide similar services. This thesis have used the tools and 

equipment that was easy to find and the equipment provided by the host company called 

MIC NORDIC AB. 

The RSSI (Received Signal Strength Indication) level is taken into consideration to 

estimate the coverage from each antenna and a coverage comparison study is done with 

each solution to provide better solution in a cost effective way. The RSSI measurement 

verification technique is explained in Methodology section. Following are the selected 

types of system design taken into consideration to compare the coverage and cost, See 

table 04 and the following sub chapters. 

Case Type GSM 3G RAKEL LTE WLAN 

1 Active X X X - - 

2 Active X X X MIMO - 

3 Active X X X SISO - 

4 Passive X X X - - 

5 Passive X X X MIMO - 

6 Passive X X X SISO - 

7 Passive X X X MIMO X 

8 Integrated X X X MIMO X 

Table 04: Summary System Design Chart 
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4.1.1 Active System Diagram for 2G, 3G, RAKEL 

The installation was done according to the design shown in figure A1 for three different 

frequency bands, GSM 900, UMTS 2100 and RAKEL 400. GSM and UMTS micro 

base station was installed by the operator and RAKEL band selective repeater with a 

donor antenna was installed by the solution provider. The master unit (MU) consists of 

POI (Point of Interface), FOI (Fiber Optical Interface) and splitter/combiner. All three 

signal are connected to POI and from POI it is connected to a combiner/splitter and then 

to a FOI. FOI converts RF signal into optical signal and from FOI, it is distributed to 

different remote units (RU) with the use of optical fibre cables. FOI can also be said as 

RF on fiber. In RU, the optical signal is again converted to RF signal. The RF signal is 

then distributed around the desired area with the help of coaxial cable, splitters, tappers 

and antennas as shown in the drawing in appendix figure A1. The parameter settings 

and tuning of the system for uplink and downlink is not mentioned in this report. It was 

done by the host company. 

4.1.2 Active System Diagram for 2G, 3G, RAKEL and 4G MIMO 

The installation was done according to the design shown in figure A2 for four different 

frequency bands; GSM 900, UMTS 2100, RAKEL 400 and LTE 2600. GSM, UMTS 

and LTE micro base station was installed by the operator and RAKEL band selective 

repeater with outdoor donor antenna was installed by the solution provider. MU and 

RU is same as explained in section 4.1.1 except an extra POI and FOI card for LTE. 

Two separate fibre cables goes to two remote units (one for GSM, UMTS and RAKEL) 

and the other for LTE. Since we are designing a 2x2 MIMO system, two parallel cables 

goes to antenna and are connected to a cross polarized two port antenna as shown in the 

figure A2. A pair of splitters and tappers are used to run two parallel cables and 

distribute the signals. A detail design drawing is shown in appendix figure A2. 

4.1.3 Active System Diagram for 2G, 3G, RAKEL and 4G SISO 

In SISO, only one cable is used to distribute signal in distributed antenna network. 

Everything is similar as explained in section 4.1.2 above except the combining 

technique after RU and in MU with single fiber cable. LTE RU are available in both 

single port and double port. But in this design we have used two port RU for LTE and 
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put a 50 ohm load to an open port to remove signal leakage. A detail design drawing is 

shown in appendix figure A3. 

4.1.4 Passive System Diagram for 2G, 3G, RAKEL 

The installation was done according to the design shown in figure A4 for three different 

frequency bands, GSM 900, UMTS 2100 and RAKEL 400. No active components were 

used. GSM and UMTS micro base station was installed by the operator and RAKEL 

band selective repeater with donor antenna was installed by the solution provider. The 

output from base stations are inserted into a three port multiband combiner (MBC). The 

single output from MBC is then distributed around the building using splitters, tappers, 

coaxial cable and antennas as shown in the drawing in appendix figure A4. 

4.1.5 Passive System Diagram for 2G, 3G, RAKEL and 4G MIMO 

The installation was done according to the design shown in figure A5 for four different 

frequency bands, GSM 900, UMTS 2100, LTE 2600 and RAKEL 400. No active 

components were used. GSM, LTE and UMTS micro base station was installed by the 

operator and RAKEL band selective repeater with outdoor donor antenna was installed 

by the solution provider. The output from base stations are inserted into a four port 

multiband combiner (MBC). Since the design was for MIMO, two output port MBC 

was installed. The two output signal from MBC is then distributed around the building 

using a pair of splitters, tappers and coaxial cable. Single antenna with two port for 

MIMO was used. The detail diagram is explained in the drawing in appendix figure A5. 

4.1.6 Passive System Diagram for 2G, 3G, RAKEL, 4G SISO 

In 4G SISO, four input and one output multiband combiner was used and output from 

the combiner was then distributed around the building using multiple antennas, splitters 

and tappers as shown in the drawing in appendix figure A6. 

4.1.7 Integrated Solution System Diagram  

The installation for integrated multiband solution was done according to the design 

shown in appendix figure A7 for five different frequency bands, GSM 900, UMTS 

2100, LTE 2600, WLAN 2400 and RAKEL 400. GSM, LTE and UMTS micro base 
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station was installed by the operator and RAKEL band selective repeater and WLAN 

WAN port was installed by the solution provider. Here both the active and passive 

components were integrated together to provide integrated multiband solutions. The 

drawing looks similar to appendix figure A6 above except an additional WLAN signal 

into the system. It was difficult to find active components for WLAN, so we decided to 

use passive solution for WLAN integrated to an active components. WLAN signal was 

injected into each 3 way combiner as shown in the drawing in appendix figure A7. 

 

Also there are two options shown in appendix figure A7. Option 1 is with leaky cables. 

We can use leaky cables if we want to provide coverage to a very long corridors or to a 

garage or basement. We can tap a signal from base station with a tapper and combine 

the required frequency bands with a combiner and the output from the combiner is 

inserted to a leaky feeder cable to provide coverage. This is a passive solution. Also we 

can put leaky feeder cable after a remote unit to make it a combination of active and 

passive. 

Option 2 is just shown to know that it is possible to make an extra passive DAS directly 

from base station tapping a signal to provide a coverage at required places such as 

elevator and staircase. 

4.2 Measurement Tools 

The following equipment’s were used to verify assumptions as the DAS design. TEMS 

Pocket provided by ASCOM TEMS for GSM and 3G (TEMS Pocket Classic+, Version: 

7.3.2 (Sony Ericsson W995 as shown in the figure 09)), TEMS Pocket 13.1 with 

Samsung S4 for LTE and WLAN and Cassidian RAKEL Terminal was used to take the 

screenshots to capture different parameters to analyze the performance and coverage of 

RAKEL, GSM, UMTS, LTE and WLAN. It can measure important features of mobile 

networks like transmitted power, received signal strength, path loss, quality Eb /No etc. 

The measurement ranges for TEMS pocket changes according to the chosen scanning 

frequency band (GSM or WCDMA). The measurement range for GSM is -117 dB to -

38 dB with the accuracy of +-2dB and for WCDMA the measurement range is -116 dB 

to -38 dB with accuracy of +- 1dB [29]. 

Regarding the absolute level accuracy in the receiver, the normal measurement 

condition for TEMS phones are as follows: 
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GSM900/1800: ±4 (3GPP TS 45.008, V12.3.0, Chapter 8.1.2) 

3G CPICH:  ±6 dB (TS 25.133, V12.5.0, Chapter 9.1.1) 

 The result will be displayed in the form of graph, tables and text. 

 

Also Spectrum analyzer (R&S FSH type) was used to measure and calculate the 

received signal strength, power and losses for RAKEL, GSM, UMTS, LTE and WLAN 

signals. An external antenna was used in Spectrum analyzer and internal phone antenna 

was used in TEMS phone to measure all the above required parameters. 

4.3 Measurement Locations 

The measurements were taken at three different locations in Stockholm. Because of 

confidence issue, it was not allowed to reveal the installation diagram or site name. In 

this thesis, different site was taken into consideration for measuring different solutions 

as RAKEL, GSM, UMTS, LTE and WLAN with similar design model. The sample 

design model used for each solution is explained in section 4.1. 

 

The office area is a typical office of around 5000 to 6000 Square meter in each floor 

with 3 floors. It has two long corridors with a room on each sides and with few open 

space for sitting, meeting and coffee. Each room is separated with a normal thin wall 

that has glass window or a wooden plank and could be considered as a typical office 

environment.  

 

 

Figure 09: Sample floor plan with antenna position 

 

The total of 10 antennas were taken into account for the measurement. The number of 

antennas were not selected or estimated to cover the whole building, only 10 antennas 
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were taken at one part of the building to study different analysis required for this thesis. 

The antennas in these case are installed at a distance of around 30 meters from each 

other with a coverage radius of 15 meter from each antenna. The distance between the 

antennas was taken close to each other considering LTE and WLAN into account. The 

distance between the antennas also depends upon the type of frequency band, location 

and the density of the office environment. The antenna assumption and coverage radius 

was calculated according to the path loss slope model. 

4.4 Measurement Methodology 

The indoor measurement verification was done to measure the RSSI (Received Signal 

Strength Indication) from the antenna network for each frequency band (RAKEL 400, 

GSM 900, UMTS 2100, LTE 2600 and WLAN 2.4) to compare the coverage with each 

type of solutions (Active, Passive and Integrated Solution) discussed earlier. All the 

measurement were done for Telia’s networks and RAKEL was from MSB (Swedish 

Civil Contingencies Agency).  

 

The measurement was done using TEMS phone, a RAKEL terminal and a spectrum 

analyzer. TEMS phone has an internal antenna and spectrum analyzer and RAKEL 

terminal has an external antenna for measurements. The measurement was done holding 

the terminal in hand with a body loss of around 3 dB taking into consideration. The 

measurement was done at three different positions, one at the first antenna, second at 

the middle antenna and third at the last antenna in each floor.  The RSSI measurement 

distance was chosen at 1 meter, 2 meter, 5 meter, 10 meter and 15 meter and the value 

was recorded for coverage analysis for each solution. This procedure was repeated for 

each frequency band. For accuracy purpose, the measurement was taken 5 times at each 

position and different floors and averaged for each solutions (Active, Passive and 

Integrated). The measurements were not done inside each room but many 

measurements were taken inside random rooms for reference and to check the loss in 

the walls and glass. The measurements are summed up in a table and presented in a 

graphical presentation format. All the tables are placed in appendix B. 

 

Since the measurements involved a lot of different design consideration using different 

technologies as explained above, the calculation of confident interval and accuracy 

might be very complex. Taking that into consideration, a simple measure of spread 
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technique was used to determine the accuracy and confidence interval of the data used 

in this thesis. According to the measure of spread technique, the total accuracy of the 

coverage measurements used in this thesis was about 3.5 dB. 
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Chapter 5 Coverage Analysis 

Indoor coverage is gaining more attention in today’s world as most of the voice and 

data traffic are generated indoor. There are a lot of challenges in both business and 

technical aspects to provide better, cheaper, efficient and all in one solution for indoor 

coverage. Indoor coverage from outdoor macro cells doesn’t fulfill the current and 

future requirements in terms of capacity, coverage and static user in a specified area. 

So a dedicated indoor coverage solutions are the present and future strategy to fulfill 

the voice and data service for indoor user. 

 

There are different solutions to provide indoor coverage in many different ways. The 

coverage analysis depends on different factors such as type of building, building 

materials, losses in the system, number of user, size of the building and of course all 

other technical requirements. In this thesis, a sample building design was chosen with 

30 antennas and different design models as explained in section 4.3 to demonstrate the 

coverage analysis with each individual indoor solutions. The coverage analysis was 

done to check the RSSI value at different positions (1 m, 2m, 5m, 10m, and 15 m) with 

different types to mixed solutions distributed from the same antenna. The antenna 

network was designed to compliance the RSSI level of -85 dBm @ 95% of the area. 

This is a most common requirement while designing an indoor solution so this value 

was taken as a threshold of the design in this thesis as well. This was also to check how 

the RF signal behaves when many different types of frequencies are distributed from 

the same antenna network and how is the signal level in the building to provide better 

coverage with sufficient capacity. 

5.1 Active Distributed Antenna System 

The graph below shows the correlation between RSSI and distance which shows how 

the RSSI changes with increase in distance for different frequency band in active DAS. 

Here we can see the decrease in signal strength of about 3dB to 4 dB as we go from 

normal 3 frequency band installation to SISO and MIMO. This shows that as the 

number of frequency band increases in the active system, the signal strength decreases 

and also MIMO performance is better than SISO performance. 

 

The list of tables for the following results are attached in the appendix B table 07, 08 

and 09. 
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5.1.1 RAKEL, 2G, 3G 

 

Figure 10: RSSI vs Distance for RAKEL+2G+3G 

5.1.2 RAKEL, 2G, 3G, 4G MIMO 

 

Figure 11: RSSI vs Distance for RAKEL+2G+3G+4G MIMO 
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5.1.3 RAKEL, 2G, 3G, 4G SISO 

 

Figure 12: RSSI vs Distance for RAKEL+2G+3G+4G SISO 

 

5.2 Passive Distributed Antenna System 

The graph below shows the correlation between RSSI and distance which shows 

how the RSSI changes with increase in distance for different frequency band in passive 

DAS. It can be seen from the graph that the signal strength in passive DAS is around 

8dB to 10 dB lower than active DAS as the losses in the passive DAS is much higher 

than in active DAS. 

The list of tables for the following results are attached in the appendix B table 10, 11 

and 12. 
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5.2.1 RAKEL, 2G, 3G 

 

Figure 13: RSSI vs Distance for RAKEL+2G+3G 

5.2.2 RAKEL, 2G, 3G, 4G MIMO 

 

Figure 14: RSSI vs Distance for RAKEL+2G+3G+4G MIMO 
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5.2.3 RAKEL, 2G, 3G, 4G SISO 

 

Figure 15: RSSI vs Distance for RAKEL+2G+3G+4G SISO 

5.3 Integrated Distributed Antenna System 

The graph below shows the correlation between RSSI and distance which shows 

how the RSSI changes with increase in distance for different frequency band in passive 
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This is the reason why the WLAN signal is weaker than rest of the other frequency 

band. Also we can see that there is not much change in signal strength on all other 

frequency bands.  

 

The list of tables for the following results are attached in the appendix B table 13. 
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5.3.1 RAKEL, 2G, 3G, 4G MIMO, WLAN 

 

Figure 16: RSSI vs Distance for RAKEL+2G+3G+4G MIMO+WLAN 
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Chapter 6 Cost Analysis 

Cost analysis plays an important role in designing any indoor solutions in the present 

competitive market. Actually it is one of the first step in the process of designing an 

indoor network. This section explains the details about cost (both Capital Expenditure 

[CAPEX] and Operational Expenditure [OPEX]) required to establish an indoor 

network (Active DAS, Passive DAS and Integrated Solution) including WLAN and 

Leaky feeder cable for RAKEL, GSM, UMTS, LTE and WLAN. Taking the calculated 

value into consideration for each of these solutions, the cost effective solution will be 

discussed later in this thesis as per cost, coverage and scalability. Profit margin, 

discounts and other hidden charges are not calculated in this thesis and also the price 

numbers are not quoted. But in some places the numbers are given to give a general 

idea. 

 

Designing an indoor network largely depends on the coverage area and the required 

capacity for the network. Cost models are directly proportional to these parameters 

which fully depend on the coverage and capacity.  More resources are required to cover 

large area which increases the cost that also depends on the construction site. The 

heavily built and densely populated indoor environment requires more resources 

compared to normal indoor environment which gradually increases the cost. The 

capacity required for the network is dependent on the traffic demand. The network cost 

increase with increase in demand. Also the cost of the network is dependent on the type 

of solution chosen to build an indoor network. In this thesis a medium sized 3 floor 

office and three different types of network are taken into consideration (Active DAS 

Solution, Passive DAS Solution and Integrated Solution with WLAN) and cost analysis 

is done in terms of CAPEX (Capital Expenditure is the total estimated amount to setup 

a business from the beginning till it’s ready to serve) and OPEX (Operational 

Expenditure is the amount required to run the business or a project in day to day 

environment). 

6.1 Equipment List and Estimated Price 

The cost of the equipment used varies on the type of the solution provided according to 

the coverage and capacity required. Below are classification of the equipment’s cost as 

per the solution for indoor coverage.  
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6.1.1 Active DAS  

As discussed earlier, Active DAS solution has many advantages over Passive DAS 

system over installation ease, low power, better performance and low losses which 

gradually decrease the cost for installation with better coverage and capacity. The cost 

of Active DAS depends on various factors such as the size of the building, which then 

determines the coverage, capacity, number of remote units and antennas. So the entire 

estimation of the network depends on the installation site. Also the installation cost and 

operational cost are cheaper in active DAS with low power compared to passive and 

integrated solutions. These lists are later divided into capital expenditure and 

operational expenditure for cost analysis.  

 

The cost varies with products and manufactures. Also the prices are heavily dependent 

on the size of project (Large, Medium, Small or privately owned small installation). 

The detail table with a list of equipment for active DAS is given in Appendix Table 01. 

6.1.2 Passive DAS 

Passive DAS is the traditional way for indoor solution. Since there is a heavy use of 

coaxial cable, splitters and tappers, the cost of the network is increased and a detailed 

site survey is required which increases manpower cost. The list of equipment required 

for the design and installation of passive DAS network is given in Appendix C Table 

02.  

6.1.3 Multiband Solution with integrated WLAN and 4G 

Multiband Solution is an integrated indoor solution which comprises of Active and 

Passive DAS injected with GSM, UMTS, LTE and WLAN to provide coverage with 

antenna and leaky feeder cable network. This type of system solution is not very 

common in the market. Since this is in the cycle of development, a lot of different test 

and analysis are made for the cost feasibility of the solution. The solution is costly 

compared with Active DAS or with the Passive DAS but since the system is capable to 

handle all in one solution, it is cost effective in long run which saves a lot of money in 

installation, commissioning, planning and also in the operational aspect. Since the 

installation can be done with the building owner, the owner then can bargain with the 

operators to plug-in to their property, thus generating revenue which is the win-win 
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situation for both the operator and the property owner with the good coverage and 

solution to the end customer. The list of equipment required for the design and 

installation of Multiband DAS network is given in Appendix C Table 03.  

6.2 CAPEX (Capital Expenditure) 

Capital expenditure includes all cost that are related to build an entire system, for 

example: instruments, installation, design and manpower/consulting. As seen from the 

tables above, each solution (Active, Passive or Integrated Solution) have different cost 

structure depending on different services, different manufactures, different design 

techniques and different locations. The frequency bands taken into consideration are 

RAKEL, GSM 900, UMTS 2100, LTE 2600 and WLAN 2400. 

 

In the calculation, base stations are assumed to be provided by the operators or are 

installed by the operator with service agreement which is explained below. Roughly the 

price of the indoor base station is around SEK 250 000 which might vary with brand, 

models and services. These are not included in the analysis. 

 

The price calculation for this report is a retail price in the market. It might vary largely 

dependent on the manufacture, type of project and many different factors. This numbers 

are given to visualize the current similar market and its price. 

6.2.1 CAPEX Active DAS 

 The price is based on a medium size typical sample of “standard” office 

environment as explained in chapter 4, section 4.1, System Design.  

 WLAN is not included in the system design for active DAS because it was 

difficult to find an active components into the market. So WLAN was only 

included in passive DAS and Integrated DAS solutions. 

 All the components that are used can handle the frequency range from 390 MHz 

till 2700 MHz. 

 Medium size office environment (Approx. about 5000 to 6000 sq. meter each 

floor) with three floors and 30 antennas is considered to provide a coverage with 

an active indoor solution for RAKEL, GSM 900, UMTS 2100 and LTE 2600. 

 The total estimated cost to build an active solution with RAKEL, GSM 900 and 

UMTS 2100 is around 50 % cheaper than the integrated solution with 4G MIMO 



47 

 

and WLAN. If solution is provided including 4G MIMO only, the price would 

rise about 35 %. This solution would include a base station from an operator 

(the price of the base station is not included). 

 If a repeater based active solution is considered then the total cost might be 

increased with around SEK 60,000 to SEK 100,000 due to the cost of the 

repeater itself. Also the cost of a network might vary according to the type of 

repeater used. Channel selective or band selective repeater is quite expensive 

which is around SEK 135 000. 

 The detail bill of materials to estimate CAPEX for active DAS is given in 

Appendix C Table 04. 

6.2.2 CAPEX Passive DAS 

 The price of passive DAS installation for the same office environment explained 

in chapter 4, section 4.1, System Design without WLAN and 4G MIMO is 

around 20% cheaper than the solution with 4G and WLAN. If WLAN and 4G 

MIMO is also included, the price goes up by almost 30%. 

 This solution is much cheaper as it doesn’t contains any active components but 

the installation and commissioning cost increases. 

 If a repeater based passive DAS solution is considered then the total cost might 

rise with around SEK 60 000 to SEK 100,000 and the use of channel selective 

repeater would add up the same amount as active DAS. 

 No monitoring system or remote supervision. Only measurement can be taken 

from each port using spectrum analyzer or other available instruments. 

 The detail bill of materials to estimate CAPEX for passive DAS is given in 

Appendix C Table 05. 

 

6.2.3 CAPEX Integrated Solution 

 The integrated DAS solution is the most expensive solution to offer a customer 

but with the best results for the coverage, installation, scalability and all in one 

solution. Since the solution can be provided in different ways, the cost for this 

type of system varies almost from 1% to 100%. 
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 Leaky feeder cable can also be used to prove the coverage depending upon the 

location of installation. It is normally used for tunnels, long corridors etc. Since 

the cost assumption was done for a medium office environment, leaky feeder 

was not a favorable solution. Price will not change a lot compared to antenna 

installation. 

 Here WLAN is also included as part of the solution along with RAKEL, GSM, 

UMTS and LTE. There are number of ways to integrate WLAN along with the 

radio signal. The price varies according to the installation design we choose. It 

can be injected at the master unit so that the signal is transmitted optically to the 

RU and from RU to the DAS. The alternative is to design passive network for 

WLAN and inject WLAN signal after to the output from remote unit and 

combine it with a combiner to the DAS system. In this thesis we used the second 

condition to test the WLAN signal with the radio signal into the DAS system. 

 The detail bill of materials to estimate CAPEX for Integrated solution is given 

in Appendix C Table 06 
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6.2.4 Comparison Graph 

 

Figure 17: Percentile relative CAPEX Comparison between Active, Passive and 

Integrated Solution 

 

 

6.3 OPEX (Operational Expenditure) 

It is the cost that comes into play after the project is completed or the expenditures that 
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the DAS network is completed, it get started to provide services and coverage to the 

end users. The cost that should be considered as an OPEX are: 

 service and maintenance cost which includes routine check, fixing the faults and 

other problems that comes under operation of service 

 electricity bills  

 leased space cost (if applicable)  

 transmission cost if base station is leased from the operator in terms of service 

agreement 

 Other applicable cost and/or miscellaneous cost for the operation of the network.  

 

According to the current market research, the service and maintenance cost which 

usually comes under guarantee is about 15 % of the CAPEX per year for each solution 

(Active, Passive and Integrated Solution). But for pure active solutions and the 

integrated solutions, the service and maintenance cost might reduce to 10 % of CAPEX 

as most of the services can be done remotely and has low operational cost compared to 

passive DAS system. 

 

S.N. Active DAS % Price @10% of CAPEX

1 RAKEL+2G+3G 5.30

2 RAKEL+2G+3G+4G MIMO 9.10

S.N. Passice DAS % Price @15% of CAPEX

1 RAKEL+2G+3G 4.95

2 RAKEL+2G+3G+4G MIMO 5.85

3 RAKEL+2G+3G+4G MIMO+WiFi 6.30

S.N. Integrated Solution % Price @10% of CAPEX

1 RAKEL+2G+3G 5.30

2 RAKEL+2G+3G+4G MIMO 9.10

3 RAKEL+2G+3G+4G MIMO+WiFi 10.00  

Table 05: Yearly Service and Maintenance Cost 

 

As shown in the table above, the service and maintenance cost would differ according 

to the service provided. Even the CAPEX of passive DAS is lower than other services, 

the maintenance cost is similar to active solution. Also the operational cost of integrated 

solution is fluctuating and it depends on different requirements. It is difficult to quote 

the cost before doing an exact estimation. Also this calculation is based on a medium 

size office environment. If it is compared to a large scale design such as stadiums, 

shopping mall and multiplex, the operational cost could be cheaper for integrated 
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solution as it might not be possible for passive network to cover such a big designs and 

thus integrated solutions would be the only best solution. 

 

The transmission cost is from the operator if the base station is installed on service 

contract. It is around SEK 4500 per month which also depends on the type of frequency 

band, number of channels and sectors used. If multiple frequency bands are used such 

as RAKEL, GSM, UMTS and 4G, the transmission cost might be increased with a 

significant value. The table below explains the estimated rough calculation for 

transmission cost and the cost might vary with time and with different operators. This 

is an example cost calculation. 

 

S.N. Frequency Band Price Per Year

1 Transmission cost @each Freq. Band 54,000.00

2 RAKEL+2G+3G 108,000.00

3 RAKEL+2G+3G+4G MIMO 162,000.00  

Table 06: Transmission Cost 

 

The cost of leased space depends on the service agreement between the owner and the 

service provider. The common practice for indoor solution is that the owner installs its 

own system so there is no need to pay lease rent. Again the electricity cost also depends 

on the type of indoor network, how big is the coverage area and the capacity of the 

network. The power cost for active DAS and integrated DAS is about 5%-7% less than 

in compared to passive DAS which saves a lot of money in long run as an operational 

cost. In passive DAS the power consumption at the base station or repeater end 

increases rapidly compared to integrated or active solution as passive DAS needs more 

power out from the base station or a repeater system. 
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Chapter 7 Conclusion and Future Work 

7.1 Conclusion 

The problem of judging the possible merits of integrated DAS has in parts been 

analysed in this thesis. Different setup, measurements and analysis were done to study 

the coverage and cost analysis with different multiband integrated solutions for indoor 

coverage. The results are based on a special case scenario and model building design 

(typical medium office environment). The result for coverage analysis shows that the 

addition of different frequency band into the integrated DAS system will decrease the 

signal strength with 2-4 dB. But with MIMO system, the signal strength is increased 

with 1-4 dB as there are two carriers for each frequency band which increases the signal 

strength. Also the coverage map of pure active system implementation was almost 10 

dB better than the pure passive system and the integrated solution is almost equal with 

the active system with +/- 2dB. Also the performance of the DAS system with injected 

WLAN signal through passive network was at the edge for the coverage and capacity 

as the user moves far away from the antenna. The drop in RSSI value with distance was 

high. Also the distance between the antennas was around 30 meters, the signal strength 

for WLAN signal at the edge was week.  Therefore it is recommended to either install 

a separate network for WLAN or to decrease the antenna distance which might increase 

the cost or to do more research to find a better solutions in the near future. 

 

The cost analysis was done to choose the cost efficient solution with better performance. 

In the graph in figure 27, it is clearly seen that active solution are expensive than passive 

solution. In the first set, active solution is about 20% expensive than passive solution 

but from the coverage analysis, it can be seen that active solution has better coverage 

than passive. Also the integrated solutions are almost 40% more expensive than passive 

solution. The operational cost for active solutions are almost equal to the passive 

solution. 

 

But again, even the cost for active solution are expensive than passive, passive solution 

have a lot of limitations such as very high losses in the system, high operational cost, 

no future expansions, not feasible for large scale indoor buildings such as stadiums, 

shopping malls, hospitals etc. Therefore from this thesis we can conclude that the 

integrated solutions are better in terms of coverage, capacity, and also cost for large 
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venues. Integrated DAS solutions gives a better performance and flexible solution 

integration to  makes it easier for all parties to share the same resources and provide 

indoor coverage with all services (RAKEL, 2G, 3G, 4G) with better quality, coverage, 

capacity and cost. 

7.2 Future Work 

The future work that can be continued from this thesis or the interesting research that 

might be conducted in the future are as follows: 

 

a. Search for better design solutions to integrate WLAN into the same DAS 

network with better coverage, capacity and desired data rates. 

b. Capacity analysis for integrated solutions for both active and passive DAS. 

c. Coverage and Cost analysis (Uplink and Downlink) for other cases and large 

venues such as Stadiums, Shopping malls, Hospitals, Community housing, 

universities etc. 

d. Detailed study on Path loss models, propagation loss models for integrated 

indoor solutions. 

e. Integration of WLAN 5 GHz into the network and study the coverage and 

capacity behaviour.  

f. GPS integrated indoor network design. 

g. Leaky feeder integrated indoor network design. 
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APPENDIX A: System Diagrams 

 

 

 

Figure A1: Active System Diagram for 2G, 3G, RAKEL 
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Figure A2: Active System Diagram for 2G, 3G, RAKEL and 4G MIMO 

 

 



59 

 

 

Figure A3: Active System Diagram for 2G, 3G, RAKEL and 4G SISO 
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Figure A4: Passive System Diagram for 2G, 3G, RAKEL 
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Figure A5: Passive System Diagram for 2G, 3G, RAKEL and 4G MIMO 
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Figure A6: Passive System Diagram for 2G, 3G, RAKEL, 4G SISO 
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Figure A7: Integrated Solution System Diagram  
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APPENDIX B: 

Coverage Analysis Measurement Tables 

Table 07: Active (RAKEL+2G+3G)  

 

 

 

Distance (m) 
RSSI 

RAKEL 
(dBm) 

RSSI 2G 
(dBm) 

RSSI 3G 
(dBm) 

RSSI 4G 
MIMO (dBm) 

1 -43 -40 -48 -49 

2 -46 -42 -50 -50 

5 -51 -49 -58 -55 

10 -56 -55 -66 -63 

15 -60 -62 -71 -72 

Table 08: Active (RAKEL+2G+3G+4G MIMO) 

 

    

Distance (m) 
RSSI 

RAKEL 
(dBm) 

RSSI 2G 
(dBm) 

RSSI 3G 
(dBm) 

RSSI 4G SISO 
(dBm) 

1 -43 -40 -53 -60 

2 -46 -42 -54 -62 

5 -51 -49 -63 -70 

10 -56 -55 -64 -76 

15 -60 -60 -68 -82 

Table 09: Active (RAKEL+2G+3G+4G SISO) 

 

 

 

 

   

Distance (m) 
RSSI 

RAKEL 
(dBm) 

 RSSI 
2G 

(dBm) 

RSSI 3G 
(dBm) 

1 -46  -49 -52 

2 -45  -50 -54 

5 -50  -56 -63 

10 -52  -58 -68 

15 -57  -61 -72 
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Distance (m) 
RSSI 

RAKEL 
(dBm) 

RSSI 2G 
(dBm) 

RSSI 3G 
(dBm) 

1 -55 -58 -63 

2 -57 -62 -67 

5 -59 -65 -72 

10 -61 -68 -78 

15 -65 -71 -81 

Table 10: Passive (RAKEL+2G+3G) 

 

 

Distance (m) 
RSSI RAKEL 

(dBm) 
RSSI 2G 
(dBm) 

RSSI 3G 
(dBm) 

RSSI 4G MIMO 
(dBm) 

1 -55 -61 -66 -65 

2 -57 -62 -67 -68 

5 -59 -68 -72 -73 

10 -61 -71 -78 -77 

15 -65 -76 -83 -82 

         Table 11: Passive (RAKEL+2G+3G+4G MIMO) 
   

   

    

Distance (m) 
RSSI 

RAKEL 
(dBm) 

RSSI 2G 
(dBm) 

RSSI 3G 
(dBm) 

RSSI 4G SISO 
(dBm) 

1 -55 -61 -66 -63 

2 -57 -62 -67 -67 

5 -59 -68 -72 -75 

10 -61 -71 -78 -79 

15 -65 -76 -83 -83 

Table 12: Passive (RAKEL+2G+3G+4G SISO) 
 

    

Distance (m) 
RSSI 

RAKEL 
(dBm) 

RSSI 2G 
(dBm) 

RSSI 3G 
(dBm) 

RSSI 4G 
MIMO (dBm) 

RSSI WLAN 
(dBm) 

1 -41 -43 -47 -46 -55 

2 -42 -45 -49 -49 -57 

5 -48 -52 -51 -53 -69 

10 -51 -59 -56 -58 -78 

15 -56 -61 -63 -64 -85 

Table 13: Integrated (RAKEL+2G+3G+4G MIMO+WLAN) 

 

 



66 

 

APPENDIX C: 

List of Equipment’s and CAPEX Table 

S.N. List of Equipment 

1 Coaxial Cable 1/2" HLFR 

 Coaxial Cable 7/8" HLFR 

 Leaky Feeder Cables (7/8” with Hanger) 

2 Splitter 2-Way 

3 Splitter 3-Way 

5 Connectors (N-Type) 

6  Tapper (GSM+UMTS) 

7 3dB Combiner 2-way 

8 3dB Combiner 3-Way 

9 3 dB Combiner 4-Way 

10 Multiband Combiner 

11 Donor antenna  15, 20,  25 dBi 

12 Panel antenna indoor (Broadband) 

13 Omni Antenna 

14 MBC (Multiband Combiner) 

15 Optical Fiber cables 

16 Patch Panel 

17 400 MHz Repeater 70 dB 

18 900 MHz Repeater 70 dB 

19 1800 MHz Repeater 70 dB 

20 2100 MHz Repeater 70 dB 

21 2600 MHz Repeater 70 dB 

22 Channel Selective Repeater 

23 Optical Master Unit 

24 Remote unit 18/21 

25 Terminators and Attenuators (3, 6, 10, 20 dB) 

26 Filter Combiner 

27 Service and Maintenance Cost 

29 Man Hour (Installation) 

30 Man Hour (Technician / Site Survey) 

31 Man Hour (Project Manager/Consultant) 

32 Miscellaneous cost 

 If we want to install base station 

33 Base Station 400 MHz (Operator Based) 

34 Base Station 900 MHz (Operator Based) 

35 Base Station 1800 MHz (Operator Based) 

36 Base Station 2100 MHZ (Operator Based) 

37  Base Station 2600 MHz (Operator Based) 

Table 01: Components List for Active DAS 
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S.N. List of Equipment 

1 Coaxial Cable 1/2" HLFR 

 Coaxial Cable 7/8" HLFR 

2 Splitter 2-Way 

3 Splitter 3-Way 

5 Tapper 

6 Connectors (N-Type) 

7 3dB Combiner 2-way 

8 3dB Combiner 3-Way 

9 3 dB Combiner 4-Way 

10 Multiband Combiner 

11 Donor antenna  15,20,25 dB 

12 Panel antenna indoor 

13 Omni Antenna 

14 MBC 

15 400 MHz Repeater 70 dB 

16 900 MHz Repeater 70 dB 

17 1800 MHz Repeater 70 dB 

18 2100 MHz Repeater 70 dB 

19 2600 MHz Repeater 70 dB 

20 Channel Selective Repeater 

21 Terminators and Attenuators (3, 6, 10, 20 dB) 

22 Filter Combiner 

23 Service and Maintenance Cost 

24 Man Hour (Installation) 

25 Man Hour (Technician / Site Survey) 

26 Man Hour (Project Manager/Consultant) 

27 Miscellaneous cost  

 If we want to install base station 

28 Base Station 400 MHz (Operator Based) 

29 Base Station 900 MHz (Operator Based) 

30 Base Station 1800 MHz (Operator Based) 

31 Base Station 2100 MHZ (Operator Based) 

32 Base Station 2600 MHZ (Operator Based) 

33 Leaky Cables (7/8” with Hanger) 

Table 02: Components List for Passive DAS 
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S.N. 
List of Equipment 

1 Coaxial Cable 1/2" HLFR 

 Coaxial Cable 7/8" HLFR 

2 Splitter 2-Way 

3 Splitter 3-Way 

5 Tapper 

6 Connectors (N-Type) 

7 3dB Combiner 2-way 

8 3dB Combiner 3-Way 

9 3 dB Combiner 4-Way 

10 Multiband Combiner 

11 Donor antenna  15,20,25 dB 

12 Panel antenna indoor 

13 Omni Antenna 

14 MBC 

15 Optical Fiber cables 

16 Patch Panel 

17 400 MHz Repeater 70 dB 

18 900 MHz Repeater 70 dB 

19 1800 MHz Repeater 70 dB 

20 2100 MHz Repeater 70 dB 

21 2600 MHz Repeater 70 dB 

22 Channel Selective Repeater 

23 Optical Master Unit 

24 Remote unit 18/21 

 Remote Unit 2600 

25 Terminators and Attenuators (3, 6, 10, 20 dB) 

26 Filter Combiner 

27 Leaky cables (7/8" with Hanger) (Per meter) 

28 WLAN Injector + WLAN Access Point 

29 WLAN Amplifier (Signal Booster) 

30 WLAN Access Point (Professional) 

31 Service and Maintenance Cost 

32 Man Hour (Installation) 

33 Man Hour (Technician / Site Survay) 

34 Man Hour (Project Manager/Consultant) 

35 Miscellaneous cost  

 If we want to install base station 

36 Base Station 400 MHz (Operator Based) 

37 Base Station 900 MHz (Operator Based) 

38 Base Station 1800 MHz (Operator Based) 

39 Base Station 2100 MHZ (Operator Based) 

40 Base Station 2600 MHZ (Operator Based) 

Table 03: Components List for Integrated DAS Solution 
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S.N. Components Quantity

DAS Antenna Network

1 Omni Antenna 30

2 MIMO Antenna 30

3 1/2" Coax Cable (Meter) 200

4 Splitters + Tappers 30

5 1/2" Nm Contacts 50

6 Markings 200

7 RAKEL Donor Antenna 1

8 Jumper Cable 1m, G30 30

9 Multiband Combiner 1

Repeater RAKEL, GSM, UMTS, LTE

1 RAKEL Repeater (Band Selective) 1

Master Unit and Remote Unit

1 Remote Unit 9/21 3

2 Remote Unit 400 3

3 Remote Unit 26/26 3

4 MU with 400, GSM900, UMTS2100 1

5 MU 4G 1

Fiber Installation

1 Installation Packet Price

(Fiber+Patch Panel+Installation)

Installation Cost

1 Installation

3 Site Survey + Measurement 8 Hrs

4 Documentation 6 Hrs

5 Miscellaneous @5% of Total

Total

(Base Station from Operator)

 

Table 04: CAPEX Active DAS 
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S.N. Components Quantity

DAS Antenna Network

1 Omni Antenna 30

2 MIMO Antenna 30

3 1/2" Coax Cable (Meter) 300

4 7/8" Coax Cable (Meter) 50

5 Splitters + Tappers 40

6 1/2" Nm Contacts 60

7 Markings 200

8 RAKEL Donor Antenna 1

9 Jumper Cable 1m, G30 30

10 Multiband Combiner 1

Repeater RAKEL, GSM, UMTS, LTE

1 RAKEL Repeater (Band Selective) 1

WiFi Installation

1 Access Point Professional 1

2 WiFi Amplifier (Signal Booster) 3

3 WiFi Injector with Access Point 1

4 Miscellaneous   

Installation Cost

1 Installation

3 Site Survey + Measurement 8 Hrs

4 Documentation 6 Hrs

5 Miscellaneous @5% of Total

Total  

Table 05: CAPEX Passive DAS 
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S.N. Components Quantity

DAS Antenna Network

1 Omni Antenna 30

2 MIMO Antenna 30

3 1/2" Coax Cable (Meter) 200

4 Splitters + Tappers 30

5 1/2" Nm Contacts 50

6 Markings 200

7 RAKEL Donor Antenna 1

8 Jumper Cable 1m, G30 30

9 Multiband Combiner 1

Repeater RAKEL, GSM, UMTS, LTE

1 RAKEL Repeater (Band Selective) 1

Master Unit and Remote Unit

1 Remote Unit 9/21 3

2 Remote Unit 400 3

3 Remote Unit 26/26 3

4 MU with 400, GSM900, UMTS2100 1

5 MU 4G 1

WiFi Installation

1 Access Point Professional 1

2 WiFi Amplifier (Signal Booster) 3

3 WiFi Injector with Access Point 1

4 Miscellaneous  

Fiber Installation

1 Installation Packet Price

(Fiber+Patch Panel+Installation)

Installation Cost

1 Installation

3 Site Survey + Measurement 8 Hrs

4 Documentation 6 Hrs

5 Miscellaneous @5% of Total

Total

(Base Station from Operator)  

Table 06: CAPEX Integrated Solution 
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