
IJECT Vol. 5, IssuE 4, oCT - DEC 2014

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  103

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

2100MHz Antenna Receiver for Distributed 
Antenna System

1Cheche Bhushan Sudhakar, 2Jitendra Kumar Singh
1ME ( VLSI & Embedded Systems), Asst Prof. ETC Dept. JSPM’S, Bhagwant Institute of Technolog, 

Barshi, Maharashtra, India
2M.Tech (Digital Electronics), Asst prof.  ETC Dept., Vishwabharti Academy’s COE,

Ahmednagar, Maharashtra, India

Abstract
A lot of schemes are proposed to exploit the transmit diversity. 
Distributed antenna systems (DAS) constitute one of the most 
attractive schemes to efficiently achieve the stringent quality of 
service demands of next generation wireless networks. In this 
project, it is investigated MISO assisted different transmission 
techniques used in DAS and the performance of downlink multi-
cell DAS in terms of capacity improvement using SINR for 
different transmission scheme. A system level simulation tool is 
used to analyze the performance.
The aim of this paper is to assess the applicability of a Repeater 
connected to a Distributed Antenna System (DAS) for improving 
indoor capacity in UMTS radio network (2100 MHz). A guarantee 
of sufficient coverage and capacity for In-building areas constitutes 
a considerable issue in topology planning, because in both links, 
indoor users produce high interference to the outdoor network due 
to significant indoor propagation losses. Presented configuration 
effectively exploits effectively a Repeater system that amplifies 
the signal from the outdoor network and delivers it for indoor 
locations through distributed antenna system. Implementation 
of the analyzed Repeater system is straightforward as it does 
not require usage of separate carrier. Conducted measurement 
campaigns reveal improvement of radio conditions due to Repeater 
implementation that results in 35% gain of downlink capacity for 
indoor locations.
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I. Introduction
The Distributed Antenna system (DAS) usually use an external, 
directional antenna to collect the best cellular signal, which is 
then transmitted to an amplifier unit which amplifies the signal, 
and retransmits it locally, providing significantly improved signal 
strength. The more advanced models often also allow multiple cell 
phones to use the same Repeater at the same time, so are suitable 
for commercial as well as home use [2].
In cellular communication, Repeaters are classically used for 
providing coverage in dead spots, which mainly constitute hardly 
accessible areas for regular base station deployment. In most of 
the scenarios, utilization of Repeaters is very cost effective, as it 
decreases the number of required base stations. Moreover, in it 
was presented that properly deployed and configured Repeaters 
constitute an effective capacity enhancement in CDMA-based 
networks [2]. Hence, Repeater systems can provide flexible and 
inexpensive solutions for varying traffic conditions, for hotspots 
(i.e. Areas with high capacity requirements), and also for serving 
indoor users.
Typically, cellular networks providing majority of indoor locations 
must support high capacity requirements due to expected presence 
of active business subscribers using packet-based applications. 

Performance of the WCDMA (Wideband Code Division Multiple 
Access) network without specified approach supporting indoor 
traffic is limited, because high power required by indoor users 
produces interference that naturally limits the overall network 
capacity. Moreover, appropriate operation of HSDPA (High 
Speed Downlink Packet Access) in UMTS (Universal Mobile 
Telecommunication System) requires favorable radio conditions, 
which in indoor environment can be achieved only when dedicated 
antenna system is used. Therefore, from early stages of topology 
planning, indoor traffic with associated capacity requirements 
needs to be carefully considered [2].
A straightforward approach for improving indoor capacity 
constitutes a method of dedicating an additional carrier for indoor 
coverage in addition to the existing macrocellular layer. However, 
in long term while the traffic of surrounding macrocellular cells 
increases, operators prefer to retain this opportunity for immediate 
capacity enhancements. Alternative solution for supporting indoor 
traffic is an assignment of HCS (hierarchical cell structure) with 
a separate cell dedicated only to indoor environment. With this 
approach, indoor users that are served by an indoor cell do not cause 
that much interference to the other connections in surrounding 
network. Hence, the capacity of indoor and also neighbouring 
cells significantly increases, as presented in, where indoor Pico 
base stations are considered. The capability of an indoor cell for 
handling high load can be further enhanced by deployment of 
DAS (distributed antenna system). Due to high probability of LOS 
(line of sight) connections to indoor antennas, radio conditions are 
significantly improved resulting in, e.g., better code orthogonality. 
Moreover, favourable radio conditions improve HSDPA capacity, 
since it allows transmission with higher order MCS (modulation 
and coding scheme) [2].

II. DAS Structure
A Distributed Antenna System, or DAS, is a network of spatially 
separated antenna nodes connected to a common source via a 
transport medium that provides wireless service within a geographic 
area or structure. DAS antenna elevations are generally at or below 
the clutter level and node installations are compact [3].

Fig. 1: Structure of DAS in one CELL
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In DAS, the main processing modules such as channel cards are 
centralized at a location (central unit) and are connected with 
distributed antenna modules. Each distributed antenna module is 
physically connected with a home base station via dedicated wires, 
fiber optics, or an exclusive RF link. As previously mentioned the 
dedicated connections do not construct the information-theoretic 
relay channel and thus differentiate DAS from cooperative 
communications. A general architecture of DAS in a multicell 
environment is given, where a cell is covered by a small base 
station and six distributed antenna modules. In contrast, the 
same area is covered by only a single high-power base station 
in traditional cellular systems. Alternatively, the small base 
station and 6 distributed antenna modules can be viewed as an 
alternative to 7 small traditional base stations (pico/micro cells) 
[4]. The actual number of distributed antenna modules would be 
determined by coverage, user densities, and other environmental 
factors but we only consider 6 distributed antenna modules as a 
reasonable example.

III. 2100MHz DAS Deployment
A Distributed antenna system can be implemented using passive 
splitters and feeders, or active-Repeater amplifiers can be included 
to overcome the feeder losses. In systems where equalization 
is applied, it may be desirable to introduce delays between the 
antenna elements. This artificially increases delay spread in areas 
of overlapped coverage, permitting quality improvements via 
time diversity [2].
 

Fig. 2: DAS Implementation with RF Elements

If a given area is covered by many distributed antenna elements 
rather than a single antenna, then the total radiated power is reduced 
by approximately a factor N1-n/2and the power per antenna is 
reduced by a factor Nn/2 where a simple power-law path-loss 
model with path-loss exponent n is assumed. As an alternative, the 
total area covered could be extended for a given limit of effective 
radiated power, which may be important. Signal to the DAS was 
provided by the Repeater that received signal from the surrounding 
macrocellular network. Repeater was installed on the roof of the 
considered building (height 20 m) in an approximate distance of 
350 m from the mother cell.

IV. Elements of DAS

A. RF Repeaters
Repeaters are used to increase the range of a transmitted signal 
by re-transmission. For a conducted signal, an amplifier is used. 
Optical systems don't amplify but all these devices give the 
appearance of doing so. A Repeater is needed to secure sufficient 
isolation between donor and service antenna. When the isolation 
is lower than actual gain + reserve (typically 5-15 dB) then the 
Repeater is in loop oscillation. Also cheap models are equipped 
with automatic gain reduction in case of poor or weak isolation. 
In case of poor isolation the device works but with low gain, and 
coverage is poor. 
The power gain is calculated by the following equation. 
A radio Repeater retransmits a radio signal. An Analog device that 
amplifies an input signal regardless of its nature (analog or digital). 
A digital device that amplifies, reshapes, retimes, or performs a 
combination of any of these functions on a digital input signal for 
retransmission. A Repeater that includes the retiming function is 
also known as a regenerator.

B. RF Antennas
The antenna is a vital part of any Repeater installation. Because the 
function of a Repeater is to extend the range of communications 
between mobile and portable stations, the Repeater antenna should 
be installed in the best possible location to provide the desired 
coverage.

1. External Directional Antenna
Generally the larger the external antenna the better the signal 
although even a small, correctly oriented external antenna should 
provide better signal than the internal antenna on any cell phone. 
Although some of the less expensive models do not include an 
external directional antenna, they are crucial to providing significant 
signal strength gain. These can either be fitted by professionals or 
will include a signal strength monitor for easy alignment.

Fig. 3: External Directional Yagi Uda Antenna

2. Internal Rebroadcast Antenna
The better systems will generally include an internal monopole 
antenna (although the type of antenna is far from standardized) 
for rebroadcasting the signal internally. The advantage of using a 
monopole antenna is that the signal will be equally distributed in 
all directions (subject, of course, to attenuation from obstacles). 
Because all radio antennas are intrinsically polarized, cell phones 
perform best when their antennas are oriented parallel to the 
booster’s antenna - although within reasonable proximity the 
booster’s signal will be strong enough that the orientation of the 
cell phone’s antenna will not make a significant difference in 
usability.
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Fig. 4: Internal Rebroadcast Monopole Antenna

3. RF Passive Components
• Splitters  
• Combiners
• Couplers  
• Duplexers
• Terminators  
• Connectors
• Feeder cables 
• Jumpers
• Cable Trays 
• Grounding kits

V. 2100MHz Antenna Receiver
This paper regards Yagi antenna which provides an impedance 
bandwidth from 1.8GHz to 2.1GHz, which can be used as 2100MHz 
DAS Receiver. Various design parameters of the Yagi antenna are 
directivity, gain, input power and impedance, polarization, and 
radiation pattern are considered. The directionality of an antenna 
can be determined from the relative distribution characteristics of 
the radiated power from the antenna; this is known as an antenna’s 
radiation pattern. Given the electric and magnetic field patterns 
of an antenna, the time average Poynting vector, also known as 
the power density equation, can be obtained using the following 
formula: Sav=R(E*H)/2
Where E and H are the electric and magnetic field equations.

Fig. 5: Snap of CAD Design of Antenna

The general guidelines for determining the size and shape of a Yagi 
antenna include accounting for the reflector length, driver length, 
director lengths, reflector to driver spacing, driver to first director 
spacing, and the spacing between the directors. The directional 
gain of a Yagi antenna is typically 7-9dB per λ (wavelength) 
of overall Antenna length (given as a multiple of wavelengths). 
There is little to no gain by the addition of more than one reflector. 
Adding directors however, does increases the overall directive 

gain of the antenna, but not indefinitely. Generally the reflector 
length is slightly greater than λ/2, the driver and director lengths 
are slightly less than λ/2, director lengths are typically between 
0.4-0.45λ. The reflector to driver spacing is about λ/4. The spacing 
between directors can be between n 0.2 to 0.4λ, but be aware 
when the director spacing is greater than 0.3λ the overall gain of 
the antenna is decreased by 5-7dB.

Fig. 6: Snap of Antenna Construction

The Yagi antenna that was built for this project was made from an 
aluminium sheet. The aluminium sheet was cut out using pliers 
and filed down to the specific dimensions. The driving element 
was shaped from a thin aluminium or plastic sheet and then coated 
with copper. The Yagi antenna was built this way for two reasons: 
the aluminium sheet and copper tape were cheap and also easy to 
work with. The drawback of cutting out the Yagi antenna from an 
aluminium sheet was that the design became final upon cutting 
and no further adjustments are then possible.

VI. Measurement Results and Analysis
In order to determine how our Yagi antenna would radiate we 
decided to use a very common software application which 
calculated and plotted the three dimensional radiation patterns 
for typical antennas. This professional software tool is called 
EZNEC V 5.0,

Fig. 7: EZNEC 3D Antenna View

Which has functions that integrated with MATLAB. Super NEC 
has a built-in template for a Yagi antennas which allowed us to 
simply input the Yagi antenna’s element spacing’s and EZNEC 
generated a three dimensional model of the antenna.
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Fig. 8: EZNEC 3D Radiation Pattern

The overall gain closely correlated to the theoretical gain about 
10dB, which came as a surprise to us since we had not performed 
any matching on the antenna. We simply used 50ohm cable to 
solder the N-connector to the driving element and counted on it to 
work from our theory understanding. The relief came to us once 
we had performed the S11 measurement and verified that it was 
transmitting. Consequently we were confident that a radiation 
pattern measurement would be possible.

Fig. 9: EZNEC SWR Pattern

VII. Conclusion
In this paper, the feasibility of a Repeater-to-DAS configuration for 
indoor hotspots was evaluated by field measurements performed 
in UMTS network. In the considered system, properly deployed 
donor antenna of the Repeater delivered an amplified signal to 
the indoor users through DAS. Hence, superior hear ability of 
the serving cell was ensured for indoor locations, and at the same 
time, the contribution of interfering cells was minimized. The 
measurement results indicate that the considered system is highly 
applicable solution for providing capacity for indoor hotspots. 
Based on the utilized DL capacity estimation method.
The 2.1GHz Yagi Receiver antenna has been fabricated and tested 
for performance. The number of directors used is The antenna has 
good radiation patterns at higher frequencies. The results shows 
that increase in frequency beyond the centre feed point, reduces 
the amplitude of currents. Also, it was established that as the 
frequency is increased beyond optimum level, the advantages 
of reduced beam width and few side lobes earlier gained will 
become insignificant. The Method of Moments has been used 
in the analysis of the problem. This method requires that only 

the array geometry and feed point be specified for determination 
of current distribution and radiation pattern. From the test, it is 
established that the Yagi antenna is highly suitable for point-to-
point communication because of the high forward gain of the 
antenna. The results clearly indicate that users served through 
the Repeater do not require as high DL transmit power. Thus, the 
interference produced to the neighbouring cells is significantly 
lowered.
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