
  
Abstract—This paper presents the performance comparison of 

WCDMA Pico repeaters placed on two different positions in a one 
bedroom condominium.  The WCDMA Pico Repeaters is utilized for 
signal amplification in a 34.7 square meter condominium. First 
position is in the living room next to a middle wall and another is in 
the bedroom adjacent to a sidewall of the condominium. The 
experiments are divided into three parts which are measurement of 
RSCP in both idle and long-call mode, EcNo in long-call and both 
RSCP and EcNo with varying gain of Pico repeater. The results show 
that the RSCP with Pico repeater in first position are better than 
second position around 1-4dB for idle mode and 2-8dB for long-call 
mode. Finally, the most practical gain value is tested and equals to 
57dB and EcNo with 57dB gain repeater in first position is better 
than ones in second position about 1-10dB. 
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I. INTRODUCTION 
HE WCDMA (Wideband Code Division Multiple Access) 
wireless connection system is capable of voice, image, 

data and video transfer up to 2 Mbps but limited to 384kbps 
(wide area access) for service providing in recent days. The 
incoming signals will be converted to digital ones and encoded 
into the bandwidth of 5MHz while the 1.25MHz bandwidth is 
normally used by short frequency range CDMA service 
providers. For mobile communication, repeaters essentially 
extend the signal coverage into blind spots which are scarcely 
accessible for operation in typical base stations.  

According to the study [1], the field measurements in 
downtown areas show that the appropriate repeater parameter 
settings could increase the downlink capacity, implying the 
suitability of repeaters with limited capacity. In [2] the radio 
condition is enhancement as a result of 35% increasing in 
downlink capacity for indoors. From [3], the application of 
repeater for improving HSDPA building-wide coverage and 
offloading donor cells is simulated and resulting in increasing 
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the cell capacity. The capability of WCDMA repeaters and 
DAS is compared and then compare to nearby outdoor macro-
cellular which the study shows that the performance of 
HSDPA DAS and WCDMA repeaters are similar [4].  

This research is the comparison the performance of 
WCDMA Pico Repeater placed at two different positions in 
the 5.2mx6.35m condominium using field measurement 
method by using Nemo software. The analysis is done by 
measuring RSCP and EcNo values at each position in two 
mode, idle mode and long-call mode. Also the most practical 
gain for repeater is tested by varying repeater gain and 
measuring for the best RSCP and EcNo values. 

II. WCDMA PICO REPEATER AND PARAMETERS 

A. Repeaters  
Repeaters can be used to improve indoor coverage area by 

utilizing the existing outdoor macro-cellular network which 
can receive signals from outdoor network and transmit indoor 
via the cable. In addition, the received signals can be amplified 
before retransmitted to compensate losses due to building 
penetration. The transmitting antenna can be used indoor to 
cover the presence of the repeater and thus can be installed in 
the cell area to simulate the amplification of UMTS frequency 
band. The repeater gains adjust the Effective Isotropic 
Radiated Power (EIRP) of the serving antenna in downlink; 
hence the repeater configurations including gains and donor 
antenna properties also affect the performance of donor 
macrocellular [4].  

The WCDMA Pico repeater system receives WCDMA 
signals from a cellular base station which comprise:    First, an 
8dBi donor antenna acts as a WCDMA receiver which 
receives signals from base station. Second, a 20dBm 
transmitting power Pico repeater repeats the received 
WCDMA signal. Last, 20m-cable connects the donor antenna 
to the Pico repeater. Finally, a 2dBi gain service antenna 
connected to the Pico repeater in order to rebroadcast the 
WCDMA signal in all directions within condominium room as 
in Fig. 1. 
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Fig. 1 WCDMA Pico repeater 
 

B. Repeater Parameter 

- Received Signal Code Power (RSCP)  
The RSCP indicates the signal strength measured in the unit 

of dBm. The higher value is the better and it is practically 
higher than -85dBm for standard usage. In this research, RSCP 
is measured. 

- Energy per Chip over Interference Spectral Density (EcNo) 
The EcNo indicates the chip signal power over interference 

power measured in the unit of dB. The higher EcNo implies 
the better signal quality and is practically at least -16dB. In 
this research, EcNo is measured from outdoor macro-cellular 
without and with repeater locating at two different positions 
only in long-call mode. 

C. Repeater Position 
The WCDMA Pico repeater is placed at two different 

positions for performance comparison. First position is in the 
living room next to middle wall and second position is in the 
bedroom adjacent to a sidewall. Both positions are near power 
outlets as depicted in Fig. 2. 
 

 
Fig. 2 WCDMA Pico repeater Positions 

III. NEMO OUTDOOR SOFTWARE  
For field signal measurement, Nemo Outdoor software is 

using for scanning of wireless connections which gathers 
measured data and geographic coordinates and also can be 
operated indoor. The measurement is done by holding Nemo 
tools and walking around the condominium room. Nemo 
Outdoor executes the measurements by making call and then 

stores data in log files which contains RSCP and EcNo values 
for active set (serving cell) and detected set (neighbor cell) [7]. 

A. Nemo Outdoor Measurement Configuration 
The experiments comprise two modes: idle mode and long-

call mode. In the idle mode, Nemo tool measures the signal 
coverage without using Nemo Outdoor scripts. For the long-
call mode, the experiment makes a call and uses Nemo 
Outdoor scripts for mobile phones, by making a phone call to 
number 181, an automatic response system informing the time 
of calling in hours, minutes and seconds. This automatic 
response system continues provides the time information until 
end of the call. The calling period is set to 99999s with 5s 
timeout period which means when the call time reaches 
99999s, the phone will re-place the call for 5s. This calling 
process goes over and over again until the scripts stop. 

B. Nemo Analyze Software  
Nemo Analyze is for analyzing the test data from walk tests. 

Nemo Analyze can display and retrieve parameters [5]. Then 
Nemo Analyze is used to display and retrieve RSCP and EcNo 
acquired from walk tests of WCDMA Pico repeater at two 
different positions in Condominium room. 

C. Measurement Process 
First of all, after installing Nemo Outdoor, walk test begins 

by walking from the front door and around the living room to 
record the data. After that, perform the similar test again but in 
the bedroom. Then checking the record data in order to ensure 
that there is no abnormalities exist in the data from both living 
room and bedroom walk tests to verify the functionality of the 
testing equipment and the Nemo Outdoor scripts.  

Second, walk test in the Condominium room comprises two 
modes: idle mode – testing without making a call and long-call 
mode – testing with making a call to number 181. This walk 
test will gather RSCP and EcNo from outdoor macro-cellular 
without and with the repeater placed in both positions at 
different test. In final tests, walk test will be done with 
different repeater gains adjusted to 35, 43, 51, 57, and 65 dB 
respectively. Nemo Analyzer program is shown as in Fig. 3. 

 
 

 
 

Fig. 3 Nemo Analyzer Program 
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IV. MEASUREMENT RESULTS 

A. RSCP in idle mode: 
The test results of measuring RSCP parameter in idle mode 

for outdoor macro-cellular without and with WCDMA Pico 
repeater at two different positions are depicted in Fig. 4. 

 

 
 

Fig. 4 RSCP of the outdoor macro-cellular and WCDMA Pico 
repeaters at two positions in idle mode test 

 
From Fig. 4, there are two areas which is area (1) and (2) 

that there is no signal coverage from outdoor macro-cellular 
without WCDMA Pico repeater. With Pico repeater at both 
positions, the signal strength at area (1) is improved but at the 
first position, the signal strength is 4dB more than second 
position of repeater. For area (2), RSCP is increased 12 dB for 
first position and 16 dB for second position. Finally, at area 
(3), repeater at first position improves 4 dB more than placing 
at second position.  

  

B. RSCP in long-call mode: 
For the long-call mode, the RSCP test results for outdoor 

macro-cellular without and with WCDMA Pico repeater at two 
different positions are depicted in Fig. 5. 

 

 
 

Fig. 5 RSCP of the outdoor macro-cellular and WCDMA Pico 
repeaters at two positions in long-call mode test 

 
According to Fig. 5, RSCP in area (1) is improved 10dB by 

placing repeater at first position but there is no improved by 
second position. For area (2) in bedroom, the RSCP is 
improved approximately 3dB with first position and 15dB with 
second position, comparing to outdoor macro-cellular.  

C. EcNo in long-call mode: 
The measured EcNo in long-call mode for outdoor macro-

cellular without and with WCDMA Pico repeater at two 
different positions are depicted in Fig. 6. 

 

 
 

Fig. 6 EcNo of the outdoor macro-cellular and positioning of 
WCDMA Pico repeaters at two positions in long-call mode test 

 
By comparing to outdoor macro-cellular, the EcNo is 

improved by placing Pico repeater at first position and second 
position at area (1) approximately 7dB and 6dB, at area (2) 
11dB and 10dB, and at area (3) 6dB and 7dB. At area (1) and 
(2), Pico repeater at first position improves EcNo more than 
repeater at second position but the opposite at area (3). 

For comparing the improvement of EcNo at three areas from 
repeater in both positions, Pico repeater gain is set at 57dB 
which is the most practical value (shown in section G.) and the 
measured EcNo are shown in Table I.  

 
TABLE I 

ECNO OF WCDMA PICO REPEATER AT TWO POSITIONS WITH THE GAIN OF     
57 DB  

 
 
From Table I, repeater at first position improves EcNo more 

than repeater at second position and outdoor macro-cellular by 
3dB and 9dB at area (1), 1dB and 12dB at area (2), and 10dB 
and 13dB at area (3).  

D. RSCP of gain at various levels in idle mode   
The measured RSCP in idle mode by setting repeater gain at 

different levels are shown in Table II. 
 

TABLE II 
RSCP OF WCDMA PICO REPEATERS AT TWO POSITIONS WITH VARIOUS 

LEVELS OF GAIN IN IDLE MODE TEST 

 
 
The RSCP values at first position are better than ones in 

second position when repeater gains are 35dB, 51dB, and 
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57dB and the opposite at gain 43dB and 65dB. 

E. RSCP of gain at various levels in long-call mode  
The measured RSCP in long-call mode by setting repeater 

gain at different levels are shown in Table III. 
 

TABLE III 
RSCP OF WCDMA PICO REPEATERS AT TWO POSITIONS WITH VARIOUS 

LEVELS OF GAIN IN LONG-CALL MODE TEST 

 
 
The RSCP values at first position are better than ones in 

second position when repeater gains are 35dB, 43dB, 51dB, 
and 57dB by 3dB, 8dB, 2dB and 4dB. 

F. EcNo of gain at various levels in long-call mode  
The measured EcNo in long-call mode by setting repeater 

gain at different levels are shown in Table IV. 
 

TABLE IV 
ECNO OF WCDMA PICO REPEATERS AT TWO POSITIONS WITH VARIOUS LEVELS 

OF GAIN IN LONG-CALL MODE TEST 

 
 
The EcNo values at first position are better than ones in 

second position when repeater gains are 35dB, 43dB, 57dB, 
and 65dB by 1dB. 

G. RSCP and EcNo of repeater at first position  
The measured RSCP and EcNo by setting repeater gain at 

different levels and placing repeater at first position are shown 
in Table V. 

 
TABLE V 

RSCP AND ECNO OF WCDMA PICO REPEATERS AT FIRST POSITIONS  

 
 
From Table V, the result values show that the WCDMA 

Pico repeater with 57dB gain gives the most improved RSCP 
and EcNo. As result, Pico repeater gain at 57dB is the most 
practical value. 

V. CONCLUSION 
In condominium room, WCDMA Pico repeater provides 

signal strength or improving RSCP by 4-16dB in both idle and 
long-call modes at the absent signal areas and improves EcNo 

by 6-11dB in long-call mode. The position of placing repeater 
is also affect the improving signal levels which is mostly better 
signal when repeater is placed at the first position, next to 
middle wall in living room. The measurement data by varying 
gain of the repeater also show that it is improved more when 
repeater is at first position. With Pico repeater at first position, 
the most practical gain is 57dB by comparing RSCP values in 
both idle and long-call modes and also EcNo values from 
long-call mode. At 57dB gain repeater, EcNo is improved by 
9-13dB with repeater at first position and 3-11dB with repeater 
at second position comparing to ones from outdoor macro-
cellular.     
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