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Abstract 
Communication world is growing with an incredible high speed. Every day comes new 
technologies and give us more access and opportunities in work and life. 

One of the most important branches is small cells and similar product families. 

It extends from a simple telegraph codes to 3G W-CDMA and 4G LTE networks. 

It offers mobile network operators a cost-effective alternative to macro-only deployments for 
meeting growing coverage and capacity demands. 

Making products and bring it to market is one part of the job. It is important that product be 
fault free and reliable. Due to this comes our need for test and debugging.  

Test and debugging have high value in massive production.  

This research is subjected to a small cell modem, this modem has different parts like: 

- Download link and upload link through fiber optic cables for CPRI. 

- Network part which include Wi-Fi and LAN.  

- GPS module. 

- eUSB for customization of modem firmware. 

- Com, I2C and JTAG ports for debugging or reprograming the modem. 

We need to develop a debug station to make debugging easier on this modem and having 
clear compare results. It is important to have a CPRI tester and GPS signal simulator in our 
debug station. 

Beside all of these we need to make free standalone debug station which save us money and 
time, and from other side it should be as accurate as possible which make it reliable. 

One of important tests which should get done on test object is Boundary scan in debug 
station. 

Debuggers mentioned that it is hard to stop the test process in each level and from other side it 
is hard to find the faults with pass/fail results. 

In this project we try to implement all necessary tests in one and same debug station. 

Debuggers use separate stations for function test and boundary scan test and eUSB 
programing, with help of this debug station we have all of these 3 main tests in same station 
and debugger can work independently to repair the boards without interfering in production 
process or waiting to get time to use function test station or boundary scan tester . 

One of the Results is saving time from debugger’s side and this is more effective for company 
to save money and give faster and better repair service. 

We should use calibrated and the most accurate tools for testing to get best result.  
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introduction 

1.1. Revolution of communication 

Communication revolution is main goal of this part. The way that communication from the 
earliest way (telegraph) comes to latest communication way is discussed.  

1.1.1. From telegraph to telephone 

For thousands of years, the quickest method of sending complex messages over long distances 
was with a courier on horseback. At the end of the 18th century, Claude Chapped inaugurated 
a network of visual semaphore stations across France. Then came the electrical revolution. 
Experiments were conducted in sending electric signals along wires, and in 1839, the world’s 
first commercial telegraph service opened in London with a system created by Charles 
Wheatstone. In the United States, Samuel Morse used the new Morse code to send his first 
telegraph message in 1844. Already in 1843, a precursor of the fax machine for transmitting 
images had been patented in the United Kingdom by Alexander Bain. 

Figure 1-Delegates at the first International Telegraph Conference (Paris, 1865) [1] 
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Telegraph wires soon linked major towns in many countries. A submarine telegraph wire 
(coated in protective gutta percha) was laid between Britain and France in 1850, and a regular 
service inaugurated the following year. In 1858, the first transatlantic telegraph cable was laid. 
But there was a problem. Where lines crossed national borders, messages had to be stopped and 
translated into the particular system of the next jurisdiction. To simplify matters, regional 
agreements began to be forged, and in Europe, representatives of 20 States gathered in Paris at 
an International Telegraph Conference to find ways to overcome barriers and make services 
more efficient. They would create a framework to standardize telegraphy equipment, set 
uniform operating instructions, and lay down common international tariff and accounting rules 
(Figure1 shows delegates at the first ITU1 conference).     

Figure 2- One of the earliest illustrations of Graham Bell's telephone in 1877 [1]

  

Telephones meant you could actually speak to another person over long distances, as well as 
sending Morse code telegraphs (in figure 2 one of the earliest illustrations is shown). But what 
if a wire could not reach them, for instance, on a ship? In 1880 at the Royal Society in London, 
David Edward Hughes demonstrated what was later to be recognized as wireless signaling. 
Practical experiments began to be made in the 1890s by such inventors as Nikola Tesla, 
Jagadish Chandra Bose, Alexander Stepanovich Popov and Guglielmo Marconi. Radio, known 
as “wireless telegraphy,” was born (their pictures are shown in figure 3). [1] 

                                                 
1 ITU : International Telecommunication Union 
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Figure 3- Inventors of "wireless telegraphy" [clockwise from top left] David Edward Hughes, Nikola Tesla, Alexander 
Stepanovich Popov, Guglielmo Marconi, and Jagadish Chandra Bose.[1]

1.1.2. Radio 

Gradually, the range of radio signaling increased, and Marconi made a one-way transatlantic 
transmission in 1901. The first experimental transmission of the human voice was achieved in 
1900 by Aubrey Fessenden, who also made the world’s first broadcast of voice and music in 
1906. 

However, problems occurred with international connections, as they had done in early 
telegraphy. The issue was highlighted in 1902, when Prince Henry of Prussia, returning across 
the Atlantic from a visit to the United States, attempted to send a courtesy message from his 
ship to US President Theodore Roosevelt. The message was refused by the US shore station 
because the ship’s radio equipment was of a different type and nationality from that onshore. 
As a result of the incident, the German Government called a Preliminary Radio Conference in 
Berlin in 1903 with the aim of establishing international regulations for radiotelegraph 
communications. 
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Figure 4- The first edition of the Radio Regulations (1906) had only fifteen pages [1]

This preparatory event was followed in Berlin in 1906 by the first International Radiotelegraph 
Conference, attended by representatives of 29 nations. It decided that the Bureau of ITU would 
act as the conference’s central administrator, and the Radiotelegraph Section of the Bureau 
began operation on 1 May 1907.  

The 1906 conference produced the International Radiotelegraph Convention with an annex 
containing the first regulations in this field. These were expanded and revised by numerous 
subsequent conferences, and became known as the Radio Regulations. Today, given the 
multitude of wireless services, the regulations include more than 1000 pages of information on 
how the limited resource of radio-frequency spectrum  - as well as satellite orbits - must be 
shared and used internationally(an example is shown in figure 4).[1] 
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Figure 5- After the Titanic disaster in April 1912, the second International Radiotelegraph Conference met in London. Safety 
measures were a priority for discussion and the conference approved Article 9 of the convention that regularized the priority 
of distress [1]

The conference also established “SOS” as the international maritime distress call – one of the 
first steps in the vital field of emergency communications. But the sinking of the ocean liner 
Titanic in 1912 showed the need for further improvements (figure 5). Just a few months after 
the tragedy, the 1912 International Radiotelegraph Conference, held in London, agreed on a 
common wavelength for ships’ radio distress signals. Also, every ship was instructed to 
maintain radio silence at regular intervals, when operators should listen for distress calls. 

Through the 1920s the use of radio grew rapidly, including for popular broadcasting. To 
improve the efficiency and quality of operation, the 1927 Washington conference allocated 
frequency bands to the various radio services (fixed, maritime and aeronautical mobile, 
broadcasting, amateur, and experimental). [1] 

1.1.3. Television 

John Logie Baird gave the first public demonstration of television, in London in 1925. A decade 
later, his mechanical device was superseded by the electronic television systems of Vladimir 
Zworykin and Philo T. Farnsworth, developed in the United States using cathode ray tubes 
originally created by Karl Ferdinand Braun some 40 years earlier. 
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Figure 6 - one of earliest TV with low resolution [1]

  

Regular, low-resolution (shown in figure 6), television broadcasts began in the late 1920s, with 
improvements in the early 1930s. But it was after World War II that the new medium began to 
take off. ITU’s first technical standards for television were released in 1949. In the following 
decades, more than 150 technical standards were published to make it possible for high-quality 
images to be delivered across the world. ITU standards now cover all kinds of sound and vision 
broadcasting, including today’s multimedia and data transmissions to a plethora of devices. [1] 

1.1.4. Evolution of the Mobile Market    

The first radiotelephone service was introduced in the US at the end of the 1940s, and was 
meant to connect mobile users in cars to the public fixed network.  In the 1960s, a new system 
launched by Bell Systems, called Improved Mobile Telephone Service (IMTS), brought many 
improvements like direct dialing and higher bandwidth.  The first analog cellular systems were 
based on IMTS and developed in the late 1960s and early 1970s.  The systems were “cellular” 
because coverage areas were split into smaller areas or “cells”, each of which is served by a 
low power transmitter and receiver.  

This first generation (1G) analog system for mobile communications saw two key 
improvements during the 1970s: the invention of the microprocessor and the digitization of the 
control link between the mobile phone and the cell site.   

Second generation (2G) digital cellular systems were first developed at the end of the 1980s.  
These systems digitized not only the control link but also the voice signal.  The new system 
provided better quality and higher capacity at lower cost to consumers.  

Third generation (3G) systems promise faster communications services, including voice, fax 
and Internet, anytime and anywhere with seamless global roaming.  ITU’s IMT-2000 global 
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standard for 3G has opened the way to enabling innovative applications and services (e.g. 
multimedia entertainment, infotainment and location-based services, among others). The first 
3G network was deployed in Japan in 2001.  2.5G networks, such as GPRS (Global Packet 
Radio Service) are already available in some parts of Europe.  

Work has already begun on the development of fourth generation (4G) technologies in Japan 
and it get fast developed in rest of world. 

In March 2008, the ITU communications sector (ITU-R) specified a set of requirements for 4G 
standards, named the International Mobile Telecommunications Advanced (IMT-Advanced) 
specification, setting peak speed requirements for 4G service at 100 megabits per second 
(Mbit/s) for high mobility communication (such as from trains and cars) and 1 gigabit per 
second (Gbit/s) for low mobility communication (such as pedestrians and stationary users). 

It is to be noted that analog and digital systems, 1G and 2G, still co-exist in many areas. [2] 
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1.2. Background 

In this part we are going to have some information about communication topology. 

1.2.1. The Basics of Cellular Technology  

Figure 7- Mobile telephone switching office [1] 

Mobile operators use radio spectrum to provide their services.  Spectrum is generally considered 
a scarce resource, and has been allocated as such.  It has traditionally been shared by a number 
of industries, including broadcasting, mobile communications and the military. At the World 
Radio Conference (WRC) in 1993, spectrum allocations for 2G mobile were agreed based on 
expected demand growth at the time.  At WRC 2000, the resolutions of the WRC expanded 
significantly the spectrum capacity to be used for 3G, by allowing the use of current 2G 
spectrum blocks for 3G technology and allocating 3G spectrum to an upper limit of 
3GHz. (shown in figure 7) 

Before the advent of cellular technology, capacity was enhanced through a division of 
frequencies, and the resulting addition of available channels.  However, this reduced the total 
bandwidth available to each user, affecting the quality of service.  Cellular technology allowed 
for the division of geographical areas, rather than frequencies, leading to a more efficient use 
of the radio spectrum.   This geographical re-use of radio channels is known as “frequency 
reuse”.  [2]  

In a cellular network, cells are generally organized in groups of seven to form a cluster.  There 
is a “cell site” or “base station” at the center of each cell, which houses the transmitter/receiver 
antennae and switching equipment.  The size of a cell depends on the density of subscribers in 
an area: for instance, in a densely populated area, the capacity of the network can be improved 
by reducing the size of a cell or by adding more overlapping cells. This increases the number 
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of channels available without increasing the actual number of frequencies being used.    All 
base stations of each cell are connected to a central point, called the Mobile Switching Office 
(MSO), either by fixed lines or microwave. The MSO is generally connected to the PSTN 
(Public Switched Telephone Network):  

Cellular technology allows the “hand-off” of subscribers from one cell to another as they travel 
around.  This is the key feature which allows the mobility of users.  A computer constantly 
tracks mobile subscribers of units within a cell, and when a user reaches the border of a call, 
the computer automatically hands-off the call and the call is assigned a new channel in a 
different cell. 

International roaming arrangements govern the subscriber’s ability to make and receive calls 
the home network’s coverage area.  

1.2.2. Access Technologies (FDMA, TDMA, CDMA)      

FDMA: Frequency Division Multiple Access (FDMA) is the most common analog system.  It 
is a technique whereby spectrum is divided up into frequencies and then assigned to users.  With 
FDMA, only one subscriber at any given time is assigned to a channel.  The channel therefore 
is closed to other conversations until the initial call is finished, or until it is handed-off to a 
different channel.  A “full-duplex” FDMA transmission requires two channels, one for 
transmitting and the other for receiving.  FDMA has been used for first generation analog 
systems.  

TDMA: Time Division Multiple Access (TDMA) improves spectrum capacity by splitting each 
frequency into time slots (shown in figure 8).  TDMA allows each user to access the entire radio 
frequency channel for the short period of a call.  Other users share this same frequency channel 
at different time slots.  The base station continually switches from user to user on the 
channel.  TDMA is the dominant technology for the second generation mobile cellular 
networks.   

CDMA:  Code Division Multiple Access is based on “spread” spectrum technology.  Since it 
is suitable for encrypted transmissions, it has long been used for military purposes.  CDMA 
increases spectrum capacity by allowing all users to occupy all channels at the same 
time.  Transmissions are spread over the whole radio band, and each voice or data call are 
assigned a unique code to differentiate from the other calls carried over the same 
spectrum.  CDMA allows for a “soft hand-off”, which means that terminals can communicate 
with several base stations at the same time.   The dominant radio interface for third-generation 
mobile, or IMT-2000, will be a wideband version of CDMA with three modes (IMT-DS, IMT-
MC and IMT-TC). [2] 
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Figure 8- FDMA / TDMA / CDMA 

1.3. Cellular Standards for 1G and 2G   

Each generation of mobile communications has been based on a dominant technology, which 
has significantly improved spectrum capacity. Until the advent of IMT-2000, cellular networks 
had been developed under a number of proprietary, regional and national standards, creating a 
fragmented market.    

  

1.3.1. First Generation:  

1)     Advanced Mobile Phone System (AMPS) was first launched in the US. It is an analog 
system based on FDMA (Frequency Division Multiple Access) technology.   Today, it is the 
most used analog system and the second largest worldwide.   

2)     Nordic Mobile Telephone (NMT) was mainly developed in the Nordic countries. (4.5 
million In 1998 in some 40 countries including Nordic countries, Asia, Russia, and other 
Eastern European Countries)  

3)     Total Access Communications System (TACS) was first used in the UK in 1985.  It was 
based on the AMPS technology.  

There were also a number of other proprietary systems, rarely sold outside the home country.     
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1.3.2. Second Generation: 

1)     Global System for Mobile Communications (GSM) was the first commercially operated 
digital cellular system.  It was first developed in the 1980s through a pan-European initiative, 
involving the European Commission, telecommunications operators and equipment 
manufacturers.  The European Telecommunications Standards Institute was responsible for 
GSM standardization.  GSM uses TDMA (Time Division Multiple Access) technology.   It is 
being used by all European countries, and has been adopted in other continents.  It is the 
dominant cellular standard today, with over (45%) of the world’s subscribers at April 1999.  

2)     TDMA IS-136 is the digital enhancement of the analog AMPS technology.  It was called 
D-AMPS when it was first introduced in late 1991 and its main objective was to protect the 
substantial investment that service providers had made in AMPS technology.  Digital AMPS 
services have been launched in some 70 countries worldwide (by March 1999, there were 
almost 22 million TDMA handsets in circulation, the dominant markets being the Americas, 
and parts of Asia)  

3)     CDMA IS-95 increases capacity by using the entire radio band with each using a unique 
code (CDMA or Code Division Multiple Access). It is a family of digital communication 
techniques and South Korea is the largest single CDMA IS-95 market in the world.  

4)     Personal Digital Cellular (PDC) is the second largest digital mobile standard although it 
is exclusively used in Japan where it was introduced in 1994.  Like GSM, it is based on the 
TDMA access technology.  In November 2001, there were some 66.39 million PDC users in 
Japan.  

5)     Personal Handy phone System (PHS) is a digital system used in Japan, first launched in 
1995 as a cheaper alternative to cellular systems. It is somewhere in between a cellular and a 
cordless technology.  It has inferior coverage area and limited usage in moving vehicles. In 
November 2001, Japan had 5.68 million PHS subscribers.   

   

1.3.3. Third Generation: The ITU's IMT-2000 family  

It is in the mid-1980s that the concept for IMT-2000, “International Mobile 
Telecommunications”, was born at the ITU as the third generation system for mobile 
communications.   After over ten years of hard work under the leadership of the ITU, a historic 
decision was taken in the year 2000: unanimous approval of the technical specifications for 
third generation systems under the brand IMT-2000.  The spectrum between 400 MHz and 3 
GHz is technically suitable for the third generation. The entire telecommunication industry, 
including both industry and national and regional standards-setting bodies gave a concerted 
effort to avoiding the fragmentation that had thus far characterized the mobile market.  This 
approval meant that for the first time, full interoperability and interworking of mobile systems 
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could be achieved.  IMT-2000 is the result of collaboration of many entities, inside the ITU 
(ITU-R and ITU-T), and outside the ITU (3GPP, 3GPP2, UWCC and so on)  

IMT-2000 offers the capability of providing value-added services and applications on the basis 
of a single standard.  The system envisages a platform for distributing converged fixed, mobile, 
voice, data, and Internet and multimedia services.  One of its key visions is to provide seamless 
global roaming, enabling users to move across borders while using the same number and 
handset.  IMT-2000 also aims to provide seamless delivery of services, over a number of media 
(satellite, fixed, etc…).   It is expected that IMT-2000 will provide higher transmission rates:  a 
minimum speed of 2Mbit/s for stationary or walking users, and 348 Kbit/s in a moving vehicle.  
Second-generation systems only provide speeds ranging from 9.6 Kbit/s to 28.8 Kbit/s.  

In addition, IMT-2000 has the following key characteristics: 

1.  Flexibility 

With the large number of mergers and consolidations occurring in the mobile industry, and the 
move into foreign markets, operators wanted to avoid having to support a wide range of 
different interfaces and technologies.  This would surely have hindered the growth of 3G 
worldwide.  The IMT-2000 standard addresses this problem, by providing a highly flexible 
system, capable of supporting a wide range of services and applications. The IMT-2000 
standard accommodates five possible radio interfaces based on three different access 
technologies (FDMA, TDMA and CDMA):    

 Value-added services and worldwide applications development on the basis of one single 
standard accommodating five possible radio interfaces based on three technologies  

2.  Affordability 

There was agreement among industry that 3G systems had to be affordable, in order to 
encourage their adoption by consumers and operators.   

3.  Compatibility with existing systems 

IMT-2000 services have to be compatible with existing systems.  2G systems, such as the GSM 
standard (prevalent in Europe and parts of Asia and Africa) will continue to exist for some time 
and compatibility with these systems must be assured through effective and seamless migration 
paths.   

4.  Modular Design 

The vision for IMT-2000 systems is that they must be easily expandable in order to allow for 
growth in users, coverage areas, and new services, with minimum initial investment. [2] 
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1.3.4. Fourth generation 4G 

In March 2008, the International Telecommunications Union-Radio communications 
sector (ITU-R) specified a set of requirements for 4G standards, named the International 
Mobile Telecommunications Advanced (IMT-Advanced) specification, setting peak speed 
requirements for 4G service at 100 megabits per second (Mbit/s) for high mobility 
communication (such as from trains and cars) and 1 gigabit per second (Gbit/s) for low 
mobility communication (such as pedestrians and stationary users). 

Since the first-release versions of Mobile WiMAX and LTE support much less than 1 Gbit/s 
peak bit rate, they are not fully IMT-Advanced compliant, but are often branded 4G by service 
providers. According to operators, a generation of network refers to the deployment of a new 
non-backward-compatible technology. On December 6, 2010, ITU-R recognized that these two 
technologies, as well as other beyond-3G technologies that do not fulfill the IMT-Advanced 
requirements, could nevertheless be considered "4G", provided they represent forerunners to 
IMT-Advanced compliant versions and "a substantial level of improvement in performance and 
capabilities with respect to the initial third generation systems now deployed". 

Mobile WiMAX Release 2 (also known as Wireless MAN-Advanced or IEEE 802.16m) 
and LTE Advanced (LTE-A) are IMT-Advanced compliant backwards compatible versions of 
the above two systems, standardized during the spring 2011 and promising speeds in the order 
of 1 Gbit/s. Services were expected in 2013. 

The nomenclature of the generations generally refers to a change in the fundamental nature of 
the service, non-backwards-compatible transmission technology, higher peak bit rates, new 
frequency bands, wider channel frequency bandwidth in Hertz, and higher capacity for many 
simultaneous data transfers (higher system spectral efficiency in bit/second/Hertz/site). 

New mobile generations have appeared about every ten years since the first move from 1981 
analogue (1G) to digital (2G) transmission in 1992. This was followed, in 2001, by 3G multi-
media support, spread spectrum transmission and at least 200 Kbit/s peak bit rate, in 2011/2012 
to be followed by "real" 4G, which refers to all-Internet Protocol (IP) packet-switched networks 
giving mobile ultra-broadband (gigabit speed) access. 

While the ITU has adopted recommendations for technologies that would be used for future 
global communications, they do not actually perform the standardization or development work 
themselves, instead relying on the work of other standard bodies such as IEEE, The WiMAX 
Forum and 3GPP.[16] 

In the mid-1990s, the ITU-R standardization organization released the IMT- 2000 requirements 
as a framework for what standards should be considered 3G systems, requiring 200 Kbit/s peak 
bit rate. In 2008, ITU-R specified the IMT-Advanced (International Mobile 
Telecommunications Advanced) requirements for 4G systems. 

The fastest 3G-based standard in the UMTS family is the HSPA+ standard, which is 
commercially available since 2009 and offers 28 Mbit/s downstream (22 Mbit/s upstream) 
without MIMO, i.e. only with one antenna, and in 2011 accelerated up to 42 Mbit/s peak bit 
rate downstream using either DC-HSPA+ (simultaneous use of two 5 MHz UMTS carriers) or 
2x2 MIMO. In theory speeds up to 672 Mbit/s are possible, but have not been deployed yet. 
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The fastest 3G-based standard in the CDMA2000 family is the EV-DO Rev. B, which is 
available since 2010 and offers 15.67 Mbit/s downstream. [16] 
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1.4. CPRI 

CPRI is a serial data link, which means the bits are send like a chain. [7] 

A digitized and serial internal radio base station interface that establishes a connection between 
Radio Equipment Control (REC) and Radio Equipment (RE) enabling single-hop and multi-
hop topologies. 

Three different information flows (User Plane data, Control and Management Plane data, and 

Synchronization Plane data) are multiplexed over the interface. 

The physical layer (layer 1) supports both an electrical interface (e.g., what is used in traditional 
radio base stations), and an optical interface (e.g. for radio base stations with remote radio 
equipment) (figure 9 shows these 2 layers). 

Layer 2 supports flexibility and scalability. 

Figure 9- System and Interface Definition 

1.4.1. Link 

The term “link” is used to indicate the bidirectional interface in between two directly connected 
ports, either between REC and RE, or between two nodes, using one transmission line per 
direction. A working link consists of a master port, a bidirectional cable, and a slave port. 
Master/master and slave/slave links are not covered by this specification. [14] 

1.4.2. Master port and slave port 

Each link connects two ports which have asymmetrical functions and roles: a master and a 
slave. This is implicitly defined in CPRI release 1 with the master port in the REC and the slave 
port in the RE. This master/slave role split is true for the following set of flows of the interface: 

• Synchronization  
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• C&M channel negotiation during start-up sequence 

• Reset indication  

• Start-up sequence  

Such a definition allows the reuse of the main characteristic of the CPRI release 1 specification, 
where each link is defined with one termination being the master port and the other termination 
being the slave port. At least one REC in a radio base station shall have at least one master port 
and optionally have other ports that may be slave or master. An RE shall have at least one slave 
port and optionally have other ports that may be slave or master. Under normal conditions a 
link has always one master port and one slave port. Two master ports or two slave ports 
connected together is an abnormal situation and is therefore not covered by this specification. 
[14] 

1.4.3. Downlink 

The downlink is link connection which have a direction from REC to RE for a logical 
connection. 

1.4.4. Uplink 

The uplink is link connection which have a Direction from RE to REC for a logical 
connection. 

1.4.5. Bandwidth/Capacity/Scalability 

The capacity of one logical connection shall be expressed in terms of UTRA-FDD/E-UTRA-
antenna-carriers (abbreviation: “antenna-carrier” or “AxC”). One UTRA-FDD/E-UTRA-
antenna-carrier is the amount of digital baseband (IQ) U-plane data necessary for either 
reception or transmission of one UTRA-FDD/E-UTRA carrier at one independent antenna 
element. One antenna element is typically characterized by having exactly one antenna 
connector to the RE.  

CPRI shall be defined in such a way that the following typical Node B configurations can be 
supported:  

o 1 RE supports one sector  

o Up to 4 carriers x 1 antenna per RE (e.g. 6 REs for 3 sectors)  

o Up to 4 carriers x 2 antennas per RE (e.g. 3 REs for 3 sectors)  

o Up to 2 component carriers2 x 8 antennas per RE (E-UTRA Rel-10 and later)  
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o Up to 5 component carriers2 x 2 antennas per RE (E-UTRA Rel-10 and later)  

o Any combination of “up to 5 component carriers2” x “up to 8 antennas” per RE (E-UTRA 
Rel-10 and later)  

o 1 RE supports 3 sectors  

o From 1 to 4 carriers x 2 antennas x 3 sectors per RE (V6.0, 2013) 

1.5. GPS 

The Global Positioning System was conceived in 1960 under the auspices of the U.S. Air 
Force, but in 1974 the other branches of the U.S. military joined the effort. The first satellites 
were launched into space in 1978. The System was declared fully Operational in April 1995. 

 The Global Positioning System consists of 24 satellites that circle the globe once every 12 
hours, to provide worldwide position, time and velocity information. GPS makes it possible to 
precisely identify locations on the earth by measuring distance from the satellites. GPS allows 
you to record or create locations from places on the earth and help you navigate to and from 
those places. 

 Originally the System was designed only for military applications and it was not until the 
1980’s that it was made available for civilian use also.  

When a GPS receiver is turned on, it first downloads orbit information of all the satellites. This 
process, the first time, can take as long as 12.5 minutes, but once this information is 
downloaded, it is stored in the receiver’s memory for future use. 

Even though the GPS receiver knows the precise location of the satellites in space, it still needs 
to know the distance from each satellite it is receiving a signal from. 

That distance is calculated, by the receiver, by multiplying the velocity of the transmitted signal 
by the time it takes the signal to reach the receiver. The receiver already knows the velocity, 
which is the speed of a radio wave or 300000000 meter per second (the speed of light). 

To determine the time part of the formula, the receiver matches the satellites transmitted code 
to its own code, and by comparing them determines how much it needs to delay its code to 
match the satellites code. This delayed time is multiplied by the speed of light to get the 
distance. [9] 

1.5.1. GPS Terminology 

2D Positioning: In terms of a GPS receiver, this means that the receiver is only able to lock 
on to three satellites which only allows for a two dimensional position fix. 

Without an altitude, there may be a substantial error in the horizontal coordinate. 
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3D Positioning: Position calculations in three dimensions. The GPS receiver has locked on to 
4 satellites. This provides an altitude in addition to a horizontal coordinate, which means a much 
more accurate position fix. 

Real Time Differential GPS: 

 Real-time DGPS employs a second, stationary GPS receiver at a precisely measured spot 
(usually established through traditional survey methods). This receiver corrects any errors 
found in the GPS signals, including atmospheric distortion, orbital anomalies, Selective 
Availability (when it existed), and other errors. A DGPS station is able to do this because its 
computer already knows its precise location, and can easily determine the amount of error 
provided by the GPS signals. DGPS corrects or reduces the effects of: 

 - Orbital errors 

 - Atmospheric distortion 

 - Selective Availability 

 - Satellite clock errors 

 - Receiver clock errors 

DGPS cannot correct for GPS receiver noise in the user’s receiver, multipath interference, and 
user mistakes. In order for DGPS to work properly, both the user’s receiver and the DGPS 
station receiver must be accessing the same satellite signals at the same time.[12] 
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2. Existing test setup and interfaces 

2.1. Original fixture tester 

The tester is a rack tester with a lot of test instruments which are pre-installed in it. These racks 
are a kind of universal racks which fit to other products for testing. 

 Each rack contains lots of test instruments which some of them are using during test and it is 
different form product to product. 

The connection gate way from product to rack is fixture which is designed uniquely for each 
product. Figure 10 shows the fixture which is designed for modem board test. 

The Fixture has some special guide pins to fit the product in place. 

When the board is in right place and fixture is closed then the board get touch with special nails 
which are placed under each test points. 

All connectors are automatically adjusted to get connected after closing the fixture.  

The test nails and connections are wired from inside of the fixture to other nails in back side of 
the fixture.  

When a fixture is mounted to the test rack these nails make all connections from the product 
board to the test rack and from the rack interface to different test instruments. 
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Figure 10- Fixture from side 

2.2. Main modem board 

The modem consist of different parts which is shown in figure 11 and 12: 

The GPS module is connected with board to board contacts and be held in place with 4 screws. 
On the main board we have two antenna connections, one of them is used to make connection 
between GPS to the main board and the other is used for connecting external antenna to the 
main board. 

The Power connection is used to feed main board with needed voltage. This connection has a 
special contact which is in safe range for max 9 ampere   though it to the main board. 

Wi-Fi TB is a connection contact which make connection between Wi-Fi module and main 
board, this connection is board to board contact but for test we use board to wire contacts to 
have more free space around the main board for manual measurements. 
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Metro dock connection is used to connect an external card to the board for making connection 
between SFP and Ethernet switch. 

This card has a translator role between Ethernet switch and PC. 

In figure 13 we can see a simple schematics between connection form the board to different 
parts. 

Figure 11- Modem Board – Top 

Figure 12- MODEM Board - bottom side 
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Figure 13- Modem internal connection 

2.2.1. eUSB 

SMART Modular Technologies’ Embedded USB (eUSB) is a Flash based device designed to 
be used as a main boot and storage device for embedded systems. The eUSB’s small form-
factor, lower power consumption and fast access times offer distinct technical advantages over 
more traditional mass storage devices (one sample of this eUSB is shown in figure 14). 

Utilizing the USB interface, eUSB products are easily integrated into a host system without any 
special BIOS modifications or additional device drivers. SMART eUSB products address the 
need for enhanced reliability by incorporating on board error detection and correction and static 
wear leveling algorithms to provide reliable operation over the product life cycle. 

This modem need one eUSB to boot from special software which is loaded on it. 

Before wrapping up the modem to sale software changes 3 times.  

In start it get loaded with repair test to check all possible fails and get checked with JTAG for 
interconnection test and also programing flash. 
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After it get loaded with another version of software which is designed to drive modem and 
test all possible functions in reality. 

When the modem passes all of tests then before it get pack in aluminum cover it get loaded with 
special software which is customized to customer desire. 

Figure 14- eUSB Memory Device with 10 pin connector 

2.2.2. GPS  

To test the on-board GPS Receiver module, a GPS signal is required, which is feed into the 
fixture from GPS simulator.  

An external GPS signal has to be applied to the GPS input at the rear side of the board. This 
signal is routed via a GPS-splitter to the fixture.  

GPS is in direct control of FPGA input output banks and FPGA get control with CPU. 

2.2.3. LAN Interfaces 

The MODEM board has 4 LAN interfaces to the outside world and several LAN interfaces to 
internal components. To terminate these LAN interfaces it has an on-board 10-Port Ethernet 
switch 88E6185. The functional test has to verify the external LAN interfaces: 

BH1 (backhaul 1)  routed to SFP1 

BH2 (backhaul 2)  routed to SFP1 

WIFI-LAN   routed to WFI-Test Board 

MTB-LAN   routed to Modem-Test Board 
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In the initial approach with the repair fixture, these LAN ports were tested manually by plug-in 
and remove certain LAN cables by the operator. In a later stage and in the Volume Fixture, an 
additional Ethernet Switch Netgear 108T was introduced to automatically create LAN paths to 
the appropriate interfaces. 

These LAN ports have high speed up to 1Gbps. 

We use a high speed switch for testing the LAN ports and uploading files to modem. 

2.2.4. Serial RS-232 Interface 

The serial interface is used to control the test flow of the functional test. The interface at 
MODEM board is connected to Test-PC. 

Baud Rate  115200 baud/sec 

Data  8 Bit 

Parity  No Parity 

Stop Bit  1 

Flow Control   none 

This serial port is mostly used for debugging and sending manual commands to the modem 
for testing or activating or deactivating some special function of the modem. 

There is some internal tests which is done by CPU for checking firmware on FPGA and eUSB 
Firmware version and getting access to these test is via this port. 

2.2.5. CPRI Interface 

To test the CPRI interface, we use a device for link measurements. The electrical CPRI 
interface from MODEM is transfer to an optical interface at the MODEM-Test board. This 
optical signal is connected to the SFP1 CPRI tester.  

CPRI tester requires a 1Gbit/s LAN interface (with Auto negotiation) to modem to control the 
device.  

2.2.6. Other interfaces 

This modem which we are working with, has different connection interfaces like I2C or 
JTAG. 

These extra interfaces are not available when modem is packed to customers. 



30 

They mostly are used for test and debugging the modem. 

In different parts of the test each interface should get activated for direct use. We do not make 
all of these interfaces active at the same time. 

For example if we are going to activate Ethernet ports on the board we can use serial interface 
to send our commands, or if we are checking different power banks on the power distributor 
we use I2C interface to send our commands to this chip. 

Due to different tests and needs we use related interface for communicating with the modem. 

Some interfaces are used by controller like I2C, and when we want to use this interface then we 
should keep CPU in reset mode which do not make any interfere with our commands. 
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3. Starting up the project 
3.1. Work scope overview 

For starting the work we should see what is needed for testing the board. 

Which tests should be done and which one have high priority for doing. 

Parts which need to be tested are  

• GPS module 
• CPRI links 
• Ethernet links 
• Wireless connection 
• FPGA version  
• Function test  
• Interconnection test  

3.1.1. Fixture 

In the beginning we needed a fixture which could hold the board and make special connections 
which we need. 

As it is shown in figure 13 the modem should get connected on board to other boards to be able 
to communicate with computer and other instruments.

We came up with some easy solution for the fixture which is shown in figure 15. 

This fixture is designed to cover all of connections and be as small as possible to get fitted on 
table which is shown in figure 16. 

Two important things which we needed to have in mind for designing the fixture were  

• It should be accessible from each side of the modem board so the debugger can easily 
access to all components to do extra measurement or checking components manually. 

• It is really important that it do not take a big place on the table and it should be mobile 
so one can move it to another bench or rotate it like due to the need of debugger. 
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Figure 15- debug fixture 

As we can see in figure 15 each modem board can slide in and is hold by the rail and holder.  

At the end of the rail we have another board. This board is used to make connection between 
pc and test board. This board is screwed to the fixture and is used for debugging. 

We used one simple push handle to push the connection joint to make the bridge between the 
modem and communication board on the fixture. 

In figure 16 we can see the connection joints on the picture. 

Figure 16- connection joint for the modem 
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3.1.2. Power supply 

This modem is a heavy duty modem and working voltage is 5.3 volts and it can use up to 9 
amperes. 

Some important notes about the power supply are: 

• It should have the ability to get driven by GPIB port 
• Have built in temperature control and cooling system. 
• Ability to limit the current and auto power off in case of shorts in the modem 

Between different models and brands we could find power supply more advanced in term of 
industrial and test use. 

We have used Keysight N5767A as Power supply for this project, figure 17 shows the power 
supply. 

Figure 17- Power Supply 

3.1.3. GPS simulator 

Modem consists of a GPS module which is on separate board and get connected to the main 
modem board. The way that it get controlled is via a serial connection between GPS and main 
board. 

One of CPU UARTS is connected to the GPS module to control it. The main antenna for the 
GPS is mounted on main modem. 

In function test there is no GPS simulator and instead they use a local GPS signal sender in the 
factory and it get distributed to different testers. 

In our case we want to have the possibility of moving the debug station with all of functions 
without considering about these cables for GPS and others cases. 

That is why we choose to use a GPS simulator for this case. 

Again it need to be controlled with GPIB port which is important for us. 
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We use a Spirent GSS6100 in the debug statin.(it is shown in figure 18) 

Figure 18- GPS Simulator 

3.1.4. Network switch 

The modem has one LAN port and one wireless network port. 

We have an adapter module which get connected directly to the Wi-Fi module and make a 
LAN connection for Wi-Fi to test. 

In this way we can use one network Switch for testing these ports. 

The Network switch we used in project was Netgear GS-108 and it is shown in figure 19. 

Figure 19- Network Switch 

The important note with this modem is SNMP support from the switch and the SNMP 
protocol is shown in figure 20. 

SNMP operates in the Application Layer of the Internet Protocol Suite. The SNMP agent 
receives requests on UDP port 161. The manager may send requests from any available source 
port to port 161 in the agent. The agent response will be sent back to the source port on the 
manager. The manager receives notifications (Traps and Inform Requests) on port 162. The 
agent may generate notifications from any available port. When used with Transport Layer 
Security or Datagram Transport Layer Security requests are received on port 10161 and traps 
are sent to port 10162 (shown in figure 20). [15] 



35 

Figure 20- SNMP Protocol 

We use this ability to have control on activating or disabling each individual ports. 

3.1.5. CPRI tester 

For testing CPRI ports and traffic we use one professional tools from national instruments. This 
instrument consist of different parts. In simple way it is a computer which have extra card slots 
(PXI) for tools.  

Figure 21- CPI tester 

In this PXI we have one high speed serial module with 4 SFP channels and line rate to 10 
Gbps. 

FPGA which is used in it is Xilinx K7410T and it has 2 GB DDR3 onboard dram, this 
instrument is controlled by LabVIEW library which is designed for CPRI. 
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Figure 22- CPRI module 

In simple language it pumps the data to the CPRI ports. The data pass through all of the ports 
in a chain. The Data get sampled at the last port. The samples is sends to computer for more 
analysis. Figure 22 shows CPRI module. 

3.1.6. GPIB controller 

In this project we have instruments which have GPIB port and these instruments can be 
controlled by a GPIB controller. 

We can control the power supply and turn it on and off and put limits for current and voltage 
and read back current usage and many other thing with it. 

The IEEE488 standard, also known as GPIB, is a bus interface that connects instruments with 
a computer to form an ATE system. GPIB was initially developed by Hewlett Packard and was 
recognized as an IEEE standard in 1978. The IEEE488.1-1978 standard defines the convention 
for electrical and mechanical bus characteristics, as well as the state diagram for each bus 
function. In 1987, another standard derived from IEEE488.1-1978, known as IEEE488.2-1987, 
was introduced to define data formats, common commands, and control protocols for 
instruments. In general, IEEE488.1 defines the hardware specification, and IEEE488.2 defines 
the software specification. The IEEE488 standard has been widely accepted by instrument 
vendors for decades. Today, GPIB is the most popular interface between computer and 
instruments, figure 23 shows GPIB protocol. [3]  



37 

Figure 23- GPIB protocol 

As a simple solution for GPIB controller we use National Instrument controller. It get 
connected via usb port to computer and all of libraries are preset on NI-Max and ready to use. 
Figure 24 shows GPIB controller. 

Figure 24- NI GPIB contrller 
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3.2. J-Tag 

Figure 25- Jtag Tap 

Advances in silicon design such as increasing device density and, more recently, BGA 
packaging has reduced the efficacy of traditional testing methods. Figure 25 shows a JTAG 
usb tap. 

In order to overcome these problems, some of the world's leading silicon manufacturers 
combined to form the Joint Test Action Group. The findings and recommendations of this group 
were used as the basis for the Institute of Electrical and Electronic Engineers (IEEE) standard 
1149.1: Standard Test Access Port and Boundary Scan Architecture. This standard has retained 
its link to the group and is commonly known by the acronym JTAG. [4] 

3.2.1. Boundary Scan 

The main advantage offered by utilizing boundary scan technology is the ability to set and read 
the values on pins without direct physical access. All the signals between the device's core logic 
and the 'pins' are intercepted by a serial scan path known as the Boundary Scan Register (BSR). 
In normal operation these boundary scan cells are invisible. However, in test mode the cells can 
be used to set and/or read values. In external mode these will be the values of the 'pins' in 
'internal' mode these will the values of the core logic. [5] 

3.2.2. Interface Signals 

The JTAG interface, collectively known as a Test Access Port, or TAP, uses the following 
signals to support the operation of boundary scan. 

TCK (Test Clock) – this signal synchronizes the internal state machine operations. 
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TMS (Test Mode Select) – this signal is sampled at the rising edge of TCK to determine the 
next state. 

TDI (Test Data In) – this signal represents the data shifted into the device's test or 
programming logic. It is sampled at the rising edge of TCK when the internal state machine is 
in the correct state. 

TDO (Test Data Out) – this signal represents the data shifted out of the device's test or 
programming logic and is valid on the falling edge of TCK when the internal state machine is 
in the correct state. 

TRST (Test Reset) – this is an optional pin which, when available, can reset the TAP 
controller's state machine. Figure 26 shows a chip with boundary scan ability. 

Figure 26- Bondary Scan 

3.2.3. Boundary Scan chain 

For being able to do the boundary scan we need to have a chain which components with 
boundary scan cells get correctly connected to it. 

If we do not want to do test on one of boundary scan components which is in a boundary scan 
chain (shown in figure 27) we can easily bypassing that in test and that component get transpires 
in test. 
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Figure 27- boundary scan chain 

Boundary scan has a real big working area and it get wider and wider each day by new 
technology. 
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4. Test details 
4.1. Test Program 

Our test program has 2 layers.  

In the bottom layer which is fixed in the LabVIEW, we send our commands to control test 
instruments or doing needed measurements. 

In the top layer we use Test Stand software for checking the results which we get form 
measurements and doing analysis and comparing with the given values in test Specification. 

4.1.1. Power up Test 

This is the first test which should be done and if this test passes we continue with rest of the 
tests. 

This test is done in 2 ways.  

• Physical check on power good led  
• Reading back power chip test result with auto check. 

The power chip in this modem has a kind of auto check which sense if the output voltage is in 
correct form or not any kind of fault in this test cause to shut down the unit. 

This chip delivers 3.3 V, 2.5V and 1.5V and if all of these voltage levels are correct then it send 
acknowledge though I2C buss to CPU and at the same time it lite up POWER GOOD led on 
the board. 

We set up the power supply on and listen to the I2C port which is for power supply to get the 
result back if it goes good then we continue to the next stage and if it fail we do these actions: 

• Read the fault error which define which bank on the chip failed. 
• Inform the debugger about the fault and extra information which help to repair this 

fault. 

When it get passed in this stage then we continue it in next stage. 
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4.1.2. Boundary Scan Tests 

Figure 28 - Provision process 

In this test we use boundary scan to verify components which are in boundary scan chain. We 
can find these problems with boundary scan test: 

- Are components soldered correctly? 
- Are we using right components in right place? 
- Is there any solder bridge between component pins? 
- Is there any bad soldered joints? 

Software which is used for boundary scan is Provision. Figure 28 shows the provision 
process. 

We have separate tests in Provision and then export the test to Test stand and reload them in 
test stand libraries in boundary scan steps. 

For building a test in provision we need 4 type of files: 

• Netlist  
• Component description 
• BOM list 
• BSDL file 

These files are provided by modem designer company. Netlist windows in provision is shown 
in figure 29. 
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Figure 29- Provision Project 

By defining these 2 files to software it starts to go through all nets and components and make 
a structure for them. 

In the next step we need to define a model for each component. Components which have 
boundary scan cells need special files.in the BSDL files we can define each pin action and how 
they should act and which cell is controlling the pin. This file is BSDL type and is shown in 
figure 30. 

  
Figure 30- Provision model detecting 
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The software does automatic model detecting. If these is some models which is not detected 
by software then we should define them manually. 

If they are boundary scan components then we should have a BSDL file for them and if they 
are not then we should find out what component does and find a model which fit to components 
in the Provision libraries. It is shown in figure 31. 

From other side if we have components which have no roles in boundary scan chain then we 
can define them as active or passive component. 

  
Figure 31- Provision Model and BSDL file 

In the next step we add BOM to the project.  

The reason which we use BOM is because we can have different version of layout for PCB and 
in different versions it is possible that some components are not mounted on the board. 

In BOM we define which components exist for this board which we are testing. This windows 
in provision is shown in figure 32. 
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Figure 32-Provision BOM 

In this part before we start to generate test we should check that all of nets which is connected 
to Power source is defined correctly. 

If we get some errors we should check them and especially in the schematics of board then it 
depend on how you analysis it. 

Sometimes you need to change some nets to power or ground net. 

Another thing which should think about is if some nets are related to CPU. JTAG usually put 
the CPU reset pin active but in some models you should defined it manually to get active. 

Now we can start to generate tests. 

4.1.3. Infrastructure 

This is a kind of start test. In general this test is running in the beginning of each test. 

In this test the software verifies each component version with defined the version which is in 
the BSDL file. 

Passing this test is good sign for continuing the other tests. 

If it fails in this step this means the boundary scan chain is not complete or even some 
components are not mounted or even they can have wrong version. Figure 32 shows the test 
result from the infra test. 
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Figure 33- Infra test 

4.1.4. Interconnections Test 

In interconnection test we check the connection between components and it shows if 
components are in correct contacts or not. 

In this test we usually choose the safe pattern to avoid driver conflict on a net after the drive 
switches. 

 For each net all tests are activated through the same tri-stat able and bi-directional driver. 
However in some situations using the same tri-stat able and bi-directional driver gives an 
incomplete coverage over all possible bridging patterns.  

In that case extra test-patterns a in addition to the minimal patterns, the patterns can be applied 
in a "distributed" way,  for nets this means that the test patterns are not activated through the 
same net driver (output), but the values are evenly spread over all possible devices. Pattern 
distribution provides better fault detection in CMOS circuits, and allows for detection of 
''leaking'' buffer drivers. Activated through other tri-stat able and bi-directional drivers are 
added. In figure 34 we can see the result of a working board in interconnecting test. 
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Figure 34- interconnection test 

4.1.5. Pull Up Down Test 

In Pull up down test mostly focus is on nets which are Pulled Up or down. 

In simple way the method which is used for this test is to target each of these nets and drive 
them in opposite side and release them again and read the value of the net again to see if the 
Pull up and down working correctly. Result is show in figure 35. 

Figure 35- pull Up-Down 
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4.1.6. Memory Test 

Memory test is a sort of patterns which is going through memory clusters and return back and 
check with the original values. 

In this test we target the Memory components on the board. 

This test can take some extra time in running mode and this is completely related to size of 
memory.  

4.1.7. JTAG CPU Programming 

This is not actually a test but due to the need of this programming process it is used in this part. 

In normal way we try to just read flash memory of CPU and in this board which we fixed debug 
station for it CPU is programed before and then is soldered to the board. 

In some rare cases CPU is not programed correctly and should get programed again. 

It can be wrong program version or even faulty flash on CPU. 

Now in this case JTAG programing is handy and we do not need to unsolder the CPU and 
program it and solder it back to board. 

We just use the chain we have in boundary scan and program directly the component which we 
to program it. 

Because we need to do this programming in faster mode then we just put other components on 
the chain in bypass mod and have just CPU active in chain. 

4.2. BIST Test 

BIST is short term of BUILT-IN SELF-TEST. 

In a digital instrument designed for troubleshooting by signature analysis this method can find 
the components responsible for well over boards from the instrument. [6] 

BIST is now becoming more accepted as the preferred method of VLSI circuit testability 
insertion. [11] 

This is because BIST hardware overheads have come down. Particularly for memory BIST (1-
3%), but also because BIST enables partition of the testing problem for large hardware systems. 
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At present memory BIST is widely used linear feedback shift registers, multiple input shift 
registers and built in logic block observers are most commonly used schemed to provide 
pattern generation and response compaction for BIST.[10] 

For running BIST test on the board first the modem should boot in Debug mode. 

For booting to debug mode we need to have right software on the eUSB and boot the modem 
from it. 

When the modem is booted then we send the test command through serial port to CPU UART 
to run the test and we read the result form it and show it for Debugger to see possible faults. 

4.3. Network Test 

After BIST test we can use this Debug mode and test network connections. 

As we have told the wireless connection is converted to a LAN connection and it is possible to 
test it in this part. 

In this Test we use Putty software to make a file server and upload some test files through 
Network connection to the modem. 

After adjusting the configuration on the server it is time to test all the LAN ports one by one. 

Each time we want to load a file to the modem we use one port so in this way we can test all of 
them and from other side we load the next test files to the modem. 

Fail in this test is causing fail on the next tests which is test on CPRI links. 

We activate each port by sending SNMP messages to the switch and after sending the specified 
file to the port and uploading it completely then we disable it and continue the rest on the next 
port until all files get uploaded to the modem. 

If one port is disable to communicate with the server we define it and send an error message to 
the debugger to find the fault on the port and fix it and run the test again. 

4.4. CPRI Traffic Test 

In the traffic test we use the VI which followed by the instrument by NI, this VI is in LabVIEW 
and cover all of test which we need. 

The instrument is connected with a multimode fiber optic cable to a SFP transceiver and then 
connected to modem. 

Debugger should connect the CPRI ports in modem in series and then connect them to the 
instrument and run the test. A loop back test method is shown in figure 36. 
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Figure 36- CPRI loopback 

4.4.1. Multimode Fiber 

Multimode fiber uses numerous spectrums (colors) of light, each takes a different path through 
the fiber, bouncing off the reflective walls. It has the advantage of less expensive interfaces and 
electronics cost.  However, distance is limited and the fiber itself is more pricey than single-
mode. Multimode cable is made of glass fibers, with a common diameters in the 50-to-100 
micron range for the light carry component. Multimode fiber gives you high bandwidth at high 
speeds over medium distances. However, in long cable runs (greater than 915 meters, multiple 
paths of light can cause signal distortion at the receiving end, resulting in an unclear and 
incomplete data transmission. There are two main types of Multimode fiber construction - Step 
Index, and Graded Index. Figures 37 and 38 show multimode fibers .[8] 
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Figure 37- Multimode fiber Step-Index 

Figure 38 - Multimode fiber Graded-Index 

4.4.2. Single-Mode Fiber 
Single-mode fiber is for long distances, and therefore is not as common as multi-mode fibers.  
It uses one beam of light that shoots straight through.  It has the advantage of high information-
carrying capacity, low attenuation, long distance, and low fiber cost.   Telephone and cable 
television networks install millions of kilometers of this fiber every year. Single-mode fiber is 
a single strand of glass fiber with an extremely narrow diameter of only 8.3 to 10 microns 
(typically 9 microns is used) that has one mode of transmission. 

Single-mode fiber gives you a higher transmission rate and up to 50 times more distance than 
multimode fibers, but it also costs more. Single-mode fiber has a much smaller core than 
multimode. The small core and single light-wave virtually eliminate any distortion that could 
result from overlapping light pulses, providing the least signal attenuation and the highest 
transmission speeds of any fiber cable type. Figure 39 shows a compare between single and 
multimode fibers. 

Figure 39- single and multimode fiber 

4.4.3. SFP Transceivers 

SFP is the shorted term of Small Form-factor Pluggable and it is a transceiver for Gigabit 
Ethernet applications. 
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A small transceiver that plugs into the SFP port of a network switch and connects to fiber 
Channel and Gigabit Ethernet optical fiber cables at the other end. Superseding the GBIC 
transceiver, SFP modules are also called "mini-GBIC" due to their smaller size. By choosing 
the appropriate SFP module, the same electrical port on the switch can connect to fibers of 
different types (multimode or single-mode) and different wavelengths. If the fiber is upgraded, 
the SFP module is replaced. 

Figure 40- SFP Transceiver 

4.5. GPS Test 

This is the last test which is done on the modem, files and software which is needed to run this 
test on the modem and activate the GPS module is loaded through FTP server in LAN test to 
the modem. 

For running this test we control the GPS signal simulator with GPIB port and activate the 
simulator. 

The output of the simulator is connected to GPS module. By sending defined command 
through serial port to CPU and make the GPS satellite finder program activate. 

When this is done the module should find the simulated satellite and we compare the data from 
the simulator and the finned satellite from the module if they are same so GPS module is 
working correctly. 

We run this test at least 3 times to get sure about the GPS module functionality. 
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5. Problem statement and Results 

5.1.1. Tasks 

In this project we had lots of tasks and some of them are named below: 

Fixture: 

One of our challenges were to design a prototype fixture which can cover mostly all of our 
needs for test. 

It should be easy to use mechanically and have the mobility characteristic. 

Debuggers should have to access to different parts of the board around the board for manual 
measurements, in this way the fixture should not have lots of cove around it. 

Boundary scan test: 

 This test was completely new done for this version of the modem. The software which was 
used for it was provision and it was a new platform to learn and develop a test in it. 

In this boundary scan test we could cover a majority of tests like memory, chain and programing 
tests. 

BIST test: 

BIST test was a test which was updated to newer version which fit to resent software update 
for modem board. 

CPRI Test: 

This test was not new and it have been done by a hardware which was designed just for this 
type of modem , but in this debug station we did not use the same hardware , instead we used 
national instrument hardware and all of test were regenerated with new sequence due to  new 
instrument.  

All other test which were in this project is an updated version of the existing test from the 
original tester. 

5.1.2. Platform 

Most of the tests and functions and commands were designed in LabVIEW and have been 
saved as LabVIEW VI separately. 

We had separate VI for each function like power supply or serial communication and etc. 



54 

These VIs were on first layer of the test and in the top level all of them were called by TestStand. 

In the TestStand platform different tests were organized and have been called and results were 
compared to check if the test pass or not. 

In the case that the Test does not pass then results and measured values were reported as a 
message dialog to the debugger and have been saved on the server. 

5.1.3. Test process 

Debuggers can run the test in 2 ways. 

The first way is to run it manually and choose which test should be run. The test stops after 
each test and show the measured results. The debugger decide to continue or redo the test or 
stop the test. 

The other way to do the test is to run it automatically, in this way TestStand runs through all 
tests and do not stop after each test and at the end it shows all results as a report to the debugger 
and at the same time results get saved on server for further reference. 

The process which is use is straight forward for the test. 

First debugger slide the board to the fixture and connects all of connections to the board. 

Then they run the test, one dialog box pops up and ask for serial number on the board. 

In this part serial number get scanned, due to serial number, program download the mac address 
and IP addresses related to the product form the server and set the variables which is needed 
for the test. 

In another dialog windows we ask the debugger to choose to run in automatic mode or manual 
mode. 

 If the test should runs in manual mode we ask the debugger which parts should get run like 
testing power or GPS or Network or CPRI ,etc. 

In manual mode debugger have the ability to run each test as many times as needed.  

In automatic mode the test runs in this routine: 

• Power up  
In this test we drive the board with 5 volts and current is limited to 9 amperes, the current 
usage is monitored and if there is a short circuit in the board we find it and inform the 
debugger. 
If the board is working correctly then we control the power chip through I2C interface 
and checking different power banks on this chip to deliver correct voltage. 
The CPU is in reset mode for this test. 
If the board pass the power up test then we turn the power off and on again but we still 
keep the CPU in reset mode to use this mode for boundary scan tests. 
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• Infrastructure 
After power test if the board pass then it is time to check main components which is 
on the board like FPGA and CPU and Ethernet controller. 
All of these chips have some ID and version number and some other important 
information. 
These information are saved in BSDL files which we used in boundary scan. 
By running the infrastructure, TestStand runs this test through provision add-ons and 
check the chips ID which are in the boundary scan chain. 
After this test we still keep CPU in reset mode for next test. 

• Interconnection 
In this part, the same way which we run the Infrastructure we run interconnection by 
use of add-ons in TestStand. 
Mail goal of this test is to find if we have some solder bridge or short circuit between 
components. 
After this test we keep CPU in reset mode for the next test. 

• Pull Up-Down  
In this tests we check all pull up – down in the board with help of the boundary scan 
test.  
If some components are connected in wrong way, we can see which net and which 
component does not connected to the correct net. 
The CPU is in reset mode for the next test. 

• Memory test 
In this test we just test memory sectors in pattern which is used in provision. 
This is a just an algorithm to test each sector by writing and reading each sector. 
We keep the CPU in reset for the last boundary scan test. 

• Programing 
Programming though JTAG take a long time because it should pass through all chain to 
reach to CPU. This way is not effective way to program the CPU. 
In production CPU is preprogramed and then it get mounted on the board. 
We can use this method for reprograming the CPU in necessary cases. 
In this test we just read the CPU program and check the size of program with original 
size and if it is the same then we pass the test. 
In manual mode debuggers have this possibility to activate reprograming. 
In this part of the test we can release the CPU from reset mode and let it boot up in 
normal mode for further tests. 

• BIST  
After programming test we do a restart on the board by turning the power off and on. 
The board boots up in normal mode and then we have access to the modem through 
serial port. 
By sending the test command the modem enter the test mode. 
This mode is locked just for debugger and have user name and password. 
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The test program is loaded on the eUSB and by entering to this mode we can do the 
BIST test. 
The most important part of BIST test is FPGA test. Which get check by internal BIST 
test. 

• Network 
We still stay in test mode and run a FTP server on the PC by putty software. 
We have 4 LAN ports on the Board, we activate one Port each time and start to upload 
test files from PC to the Board. 
These files are used in the next tests. 
In this way we do test the LAN connection and at the same time we upload the other 
tests to the Board. 
The Board has an embedded Linux OS and test files are programmed in Linux 
Development area by the producer company. 

• CPRI traffic 
In this part we run the fan in highest level to cool down the board. The CPRI traffic 
test is a high performance test in all channels which are on the Board. 
This test is done by help of National Instrument Tester and VIs which is used are VIs 
that came with the instrument. 

• GPS 
After testing traffic on the board we run the last test in test mode. 
In this part we activate the satellite GPS simulator and ask the modem to scan and find 
the satellite. 
The program which is used in this part for GPS is the program which we have uploaded 
during LAN test to the modem. 
This test is run in 3 loops to get best result. 

• Final  
In this part we just simply ask the debugger to change the eUSB from the test to the 
normal software boot. 
We send the restart command to the board and check how many seconds it takes for 
modem to boot in normal mode.  
If this booting time is under 15 seconds we can finish the test and save the reports and 
show it for the debugger. 
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5.2. Conclusion  
5.2.1. Further work space 

First step is the function test. 

In this step one universal eUSB is used, which is programed with test program for all sort of 
modem for the function test. 

In this step many faults, which modem can have, comes up. Debugger, based on experience and 
debug book and test results should find the faulty components. Problem is that debugger just 
can see (Pass or fail) on results. 

More test details will be more useful in this Step, BIST test result, measurement results on clock 
distributer or different voltages on power manager.

This is one of biggest area which can be use in the next version of our debug station. 

The idea is to communicate with power manager and put it in different modes, force it to 
activate different outputs and check them one by one to find eventual short cut or even damaged 
components on power parts. 

In some cases problem is on the clock distributer. It is really useful to communicate with this 
chip and test different clocks and see all clocks are in correct timing or which one is not 
presented. 

One major fault in this kind of modem is booting up error. 

Reason of this fault can depend on different parts which are damaged, but common reason for 
this kind of error is that some clock signals are not presented to CPU, or wrong program on 
eUSB and even CPLD. 

In this case modem should get reprogramed or get correct boot address. 

One of solution for these errors is to have simple boundary scan test on bench for debugging. 

We can have two application methods for boundary scan. 

 One way is the normal mode to just check connection between pins finding bad solder points 
and similar failure. 

The other way of BS for this type of mode is to read and write on flash memory reprograming 
CPLD or FPGA chips in case that they are corrupted.

There is some other faults that is not more common like problem with network chip and similar 
forms, that can get solve by repeating test or come to concrete solution by changing 
components. 

After getting pass on functional test then modem is tested with related attachment this step is 
called OTA1. Software which is use in this part is specified to each sort of modem. 

After passing function test modem is equipped with more boards and filters and so on. 

1-Over-the-air (OTA) tests are utilized to accurately predict real-world wireless device reliability, safety and performance capabilities.



58 

OTA test is performed on modem then it get glued in box and then it return to OTA test again 
and get tested again. 

In our debug station we can add some test from OTA, but we need good analysis on which part 
needed to be tested more before and after glue step, we have limited access to metro modem 
board after this level. 

If we add this step to debug station we should keep it in mind which we need more equipment 
to take care of RF signals and some measurement tools. 

They all should get adapted through only contact port which is reachable from modem box. 

After gluing we do not have contact with serial port for debug but I think we can reach to this 
debug mode through metro dock board. 

I have got some reports that flash memory can get corrupted and needed to be programed again. 

In some rare cases eUSB get corrupted or has wrong software. 

In Further work it can be useful to make debug station equipped with some parts which can do 
same function test or important part of it. 

It can be unnecessary to unglue the box again to find out, do modem have component fault or 
it is just wrong software? 

If it is software error then we try to find some way to reprogram it without opening up the box 
or glue. 

Next step is customization which modem get programed with customer order. 

If modem have some fault in this level, fault is mostly in software or booting address.  
Reprograming is useful way for corrupted memory. Problem like booting up or application not 
starting can get solved by reprograming or changing boot address in modem. 

5.2.2. Does the debug station is useful? 

Answer to this question is definitely yes. 

Original Fixture has limited access to different parts of the metro modem. It is hard to do 
measurements and debugging because component are not reachable. 

Another problem is that it is just possible to see pass or fail results, it happens fast. 

One of the good feathers of debug station is that, debugger has control on different parts of test. 

Debugger can stop or redo tests, can put modem in different modes for doing measurements. 

Best benefit which we can get form debug station is that debugger does not need to stop other 
test processes to do debugging. This is useful when they have mass production. 
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This means that debugger has its own station, can do all important tests without interfering in 
production line test. No need to change fixture for modem. Debugger can have this station on 
his table due to small size that it has. 

5.2.3. Does the debug station support just one sort of modem? 

The idea behind this is to just show function of station and continue this work with other models. 

It is possible to use converter in different modem connectors to make it possible to use in the 
same debug station. 

This can be a point of view in future works. 

We can say in general function of most of this modems are similar in test mode. 

They mostly get updated or have got some different connectors but function is nearly the same. 
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