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ABSTRACT
In GSM communications, congestion remains a major factor and stands as a high influence in
the satisfaction of subscribers and service providers[1]. Traffic Channel (TCH) and
Standalone Dedicated Control Channel (SDCCH) Congestions are two major problems faced
in GSM networks. This thesis attempted to investigate the causes of SDCCH & TCH
congestions, and the assessment of the current state of GSM networks in Liberia by using a
Liberian GSM network’s KPI (key Performance indicator) as case study to develop an

optimized GSM network model.

During the sampling and processing of the data in the investigation, a range of 49-0% was
chosen as the worst call setup success rate (WCSSR). These WCSSR locations along with
their various SDCCH & TCH congestion results were later plotted into bar chart graphs, and
point graphs using OriginPro software. Finally, a Sugeno-Takagi KPI Optimization
simulation setup was developed using Adaptive Network Fuzzy Inference System (ANFIS)
model in MATLAB. The simulations compares and demonstrates the current and expected
optimized network. The result shows that optimization is possible and can be almost at the

maximum level in real cellular networks.
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CHAPTER 1:

INTRODUCTION

1.0 Introduction

GSM

Global system for mobile communications (GSM), a digital cellular radio network, uses more
advanced technology and handles more subscribers than the analogue cellular network due to
the use of Time Division Multiple Access to divide the channel in time. High quality voice
communication and low bandwidth (96kb/sec) data connections for fax and Short Message

Service (SMS) are offered[2].

GSM communication aims to give communications anytime and everywhere between
objects. GSM Network, usually called “’cellular network™ (as the whole coverage area is
divided into different cells and sectors), is comprised of a mobile Station (MS) which is
connected to the Base Transceiver Station (BTS) through air interface[3]. In addition to other
hardware, BTS contains the equipment called Transceiver (TRX), which is responsible for
the transmission and reception of several radio frequency (RF) signals to/from the end user.
BTS is then connected to the base station controller (BSC) through abis interface. The BSC is
connected to the Mobile Switching Centre (MSC) and usually handles handovers of the calls
from one BTS (or cell/sector) to the other BTS (or cell/sector) equipped in it and radio

resource management[3].

1.1 Background of the study
The mobile industry in Africa is booming. With over 620 million mobile connections as of
September 2011, Africa overtook Latin America to become the second largest mobile market

in the world, after Asia and the fastest growing mobile market in the world. (New GSMA



Africa Mobile Observatory 2011 Report). GSM is one of the most demanding and wildest
growing of all wireless mobile telecommunication technologies[4]. According to the Liberia
Telecommunication Authority, GSM communication is the major, fastest, and simplest
means of telecommunication in Liberia. Family, friends, business partners and others use
mobile communications to quickly get messages across to each other locally and
internationally but; there are major problems faced with the Quality of services. GSM
services like emails, browsing, voice, video streaming and all multimedia demands on mobile
telephone have and are still increasing tremendously. As more people subscribe to GSM
network services due to the many features available, the issue of congestion on the GSM
network also tends to escalate [5]. GSM networks have to deliver what these services
demand, so that the performances and the user’s satisfaction will be satisfactory. Standalone
Dedicated Control Channel (SDCCH) Congestion and Traffic Channel (TCH) Congestion are
two of the many problems faced in all GSM Networks in the quest to satisfy subscribers.
When these channels are congested, successful call setup success rate (CSSR) will be at a
minimum level leading to worst call setup success rate which will be at a high level. On the
other hand, when there are less SDCCH & TCH congestions in a network, operators tends to
generate more income from subscribers, subscribers have better quality of services, and vice
versa. In order to keep subscribers, the Quality of Service (QoS) of a network should be very
good that is, GSM operator’s networks should be almost congestion free. Customers may
decide to change their network at anytime due to high charges or most especially poor quality
of Service (QoS). Operators may suffer greatly if there are congestions in these channels. The
more a network is optimized, the better the quality gets, the more subscribers will be added to
the network, and more incomes will be generated. Subscriber’s satisfaction and generating

incomes are two main reasons an operator should optimize his network.



1.2 Research Motivation & Problem Statement
From several interactions with subscribers, service personnel, mobile network engineers, and
self-observations over the years, in different cities and different GSM networks in Liberia;
delays in text, voice, and setting up calls have been major issues with networks. Subsequently
with network coverage, subscribers usually receive signs of “Network Busy” that is, when a
subscriber dial a number to call, the call don’t go through but instead drops for redial. This
also happens when trying to send message. Subscribers notice that even with network
coverage, messages takes time to send. This inspired the current research to particularly look
into SDCCH and TCH congestion in order to improve the mobile communication sectors in
Liberia.
Over the years, GSM services across the country have changed positively. Its explosive
growth has brought huge revenues both to the operators, subscribers, as well as the
government through taxations, license fees and fast businesses. Similarly, citizens and non-
citizens have benefited incalculably from those services, not only as a means of
communication but; it has provided job opportunities for many people[6]. Nevertheless, the
main development that spoils these benefits, are the fast-growing grievances raised by GSM
subscribers regarding, quality of services (QoS) rendered by the GSM operators within the
country. The unfortunate aspect of this is; the fact that, most GSM subscribers, regardless of
the operator, are being affected. In Liberia, GSM subscribers/customers major complaints
have been the delay in call setup, voice & text.
1.3 Objectives

1. The study intends to investigate the causes of SDCCH and TCH congestions in GSM

networks.
2. To assess the current state of Liberia’s GSM networks in relation to SDCCH and TCH

congestion.



3. To offer likely solution(s) that will reduce the problems associated with SDCCH and

TCH congestions in Liberia’s GSM network.

1.4 Main Objective

In GSM, the best way to get more subscribers, and keeping them satisfied, is to make the
service as easy to use and very reliable[2]. In this thesis, the main aim is to evaluate and
minimize the SDCCH (Stand Alone Dedicated Control Channel) and the TCH (Traffic
Channels) congestions in Liberia GSM(s) so that the Network accessibility, service retain-
ability, connection quality and network coverage will be almost at a maximum level for the
satisfaction of Liberia GSM’s subscribers, and the generating of more revenues for the
operators.

1.5 Structure of Work

The standpoint of this thesis is as follows: The first chapter provides an introductory
summary, research motivation, problem statement, objectives and structure of the work.
Chapter two presents an overview of the GSM Network, discusses the various channels in a
GSM network, optimization of GSM networks, types of optimization and summarizes related
works similarly done in this area of study. In Chapter three, Methodologies employed in this
research are introduced. Chapter four examines the expected findings and result(s) of the
study. In chapter five, conclusion and recommendation(s) that will be of great help to GSM
operators and subscribers are provided. This could also lead to further research in the area of

study.



CHAPTER 2:

REVIEW OF RELATED LITERATURE

2.0 Introduction

This Chapter summarizes the GSM Network Architecture based on the reviews of related
works done in this study, and strives to make readers understand the basic GSM Network
setup, the main interfaces within a GSM Network and finally Four KPI Parameters with

emphasis on TCH and SDCCH.

2.1 Overview of GSM Network

GSM networks are the section of the market for wireless devices and mobiles which are
evolving more quickly. To attain the best performances in GSM networks, service providers
have to continuously monitor and optimize their networks|[7].

A GSM system is basically designed as a combination of three major subsystems: the mobile
station (MS), the base station Subsystem (BSS), and the operation support subsystem (OSS)/

(SS) Switching System][8].

— /]

Q..

Fa

5IM

M= BSS Switching system
Figure 2.1 Overview of the GSM Network[9]



2.1.1 Mobile Station (MS)

The Mobile Station (MS) is the subscriber’s module ME and SIM (Cell Phone+SIM) most
people are familiar with. Based on F. v. d. Broek work, for a Mobile Station (MS) in a GSM
network to function, there should be a cell phone and a SIM(MS = ME + SIM)[10]. In some
of the newer applications (data communications in particular), an MS can also be a terminal
that acts as a GSM interface, e.g. for a laptop computer. In this new application the MS does

not look like a normal GSM telephone[11].

2.1.2 Mobile Equipment (ME)

The Mobile Equipment (ME) is the GSM phones people use to make and receive calls in a
cellular Network. It is basically a transmitter-receiver unit that is different from, or is added
by network providers [10].Every ME contains an International Mobile Equipment Identity
(IMEI) number consisting of, 15 or 17 digits, which includes information of the device (ME).

An IMEI can be known by typing *#06# on a mobile phone (ME)[12, 13].

2.1.3 Subscriber Identity Module
The Subscriber Identity Module (SIM) is a smart card given to a subscriber. Its user identity
is contain in a GSM network in which it is dependent[10, 14]. SIMs are uniquely identified
by their International Mobile Subscriber Identity (IMSI) numbers, and contains the following
information:
» A 2 or 3 digit Mobile Network Code (MNC) European and North American
Standards, a 3 digit Mobile Country Code (MCC), and up to 10 digits Mobile
Subscriber Identification Number (MSIN)[10].
» The Temporary Mobile Subscriber Identity (TMSI): is handed on to the MS by
the network to hide the IMSI.
» The secret key Ki

» The current encryption key, also called session key; Kc



» The Ciphering Key Sequence Number (CKSN): a 3 bit number send by the
network, acting as an identifier of the current session key

» The encoding algorithms A3 and A8[15].

2.2 Base Station Subsystem (BSS)

The Base Station Subsystem (BSS) is made of two parts, the Base Transceiver Station (BTS)
and the Base Station Controller (BSC)[4, 16]. They communicate as stated in chapter one
across the standardized Abis Interface allowing operations between components made by

different suppliers.

2.2.1 Base Transceiver Station (BTS)

A Base Transceiver Station (BTS) is another name for a cell tower, or more accurately a
name referred to the transceivers on a cell tower, that handles the mobile station and the
radio-Link protocols. A single cell defines one BTS. In general, it is just a relay station that
broadcasts to the MS packages it gets from its BSC and vice versa. All the channel
encoding/decoding, Slow Frequency Hopping (SFH), Ciphering, Gaussian Minimum Shift
Keying (GMSK) and burst formatting are all BTS responsibilities because, it is the link
between the air and land interfaces[10]. Although, most BTSs are connected via a land line,
some use a microwave directional radio link for this connection. Whether through a land line
or through a directional radio link, the signal uses the same Abis interface.

2.2.2 Base Station Controller (BSC)

The Base Station Controller (BSC) is the center of intelligence in the Base Station Subsystem
(BSS). It manages the handovers and radio channel setup from a MS, between BTSs that are

connected to the BSC[4, 16]". It also watches the status of the BSS hardware and handles the

L A single BSC controls one or more BTSs and typically serves a population of around 100, 000 to 250, 000
people[10] F. v. d. Broek, "Catching and Understanding

GSM-Signals," Master's of Science Master’s Thesis Computer Science, Radboud University Nijmegen, 2010.
(March 2009. http://openbts.blogspot.com/)



conversation of the 13kb/s voice channel over the radio link to the 64kb/s standard used in the

PSTNZ.

2.3 Mobile Switching Center/ Operating Support System

The operation and maintenance sub-system offers an ability to manage the GSM network
remotely. Mobile Switching Center is one of the most expansive and important section in a
GSM network. It is found at the core of every network[17]. This area of the GSM network is
not currently tightly specified by the SMG (Group Special Mobile) specifications. The
network operators decide what capabilities they want the operation and maintenance

subsystem to have. Operation and maintenance system comprises of two parts[16]:

1. Network Management Center

2. Operation and Maintenance Centre- OMC
2.3.1 Network Management Center (NMC)
The network management Centres offers the power to provide hierarchical regionalized
network management of complete GSM system and singles logical facility at the top of the
network management hierarchy. The NMC has a high level view of the network as compact
of network nodes and interconnecting Communication facilities[18, 19]. On the other hand, it
is used to filter information from the network equipment for forwarding to the NMC thus
allowing it to focus on issues requiring national coordination. NMC can also coordinate

issues concerning interlinking to other networks.

2 PSTN: The public switched telephone network (PSTN) is the aggregate of the world's circuit-
switched telephone networks that are operated by national, regional, or local telephone operators,
providing infrastructure and services for public telecommunication. The PSTN consists of telephone
lines, fiber optic cables, microwave transmission links, cellular networks, communications satellites,
and undersea telephone cables, all interconnected by switching centers, thus allowing any telephone in
the world to communicate with any other.


http://en.wikipedia.org/wiki/Circuit_switching
http://en.wikipedia.org/wiki/Circuit_switching
http://en.wikipedia.org/wiki/Telephone_network
http://en.wikipedia.org/wiki/Telephony
http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Telephone_line
http://en.wikipedia.org/wiki/Telephone_line
http://en.wikipedia.org/wiki/Fiber_optic_cable
http://en.wikipedia.org/wiki/Microwave_transmission
http://en.wikipedia.org/wiki/Cellular_network
http://en.wikipedia.org/wiki/Communications_satellite
http://en.wikipedia.org/wiki/Undersea_cable
http://en.wikipedia.org/wiki/Switching_center

Functionality of the NMC

» Monitors trunk routes between nodes on the network

» Monitors high level Alarms

» Passes on knowledge from one OMC region to another to improve problem solving
strategies.

» Monitors OMC regions and provides assistance to OMC staffs

> Enables long term planning for the entire network

2.3.2 Operations and Maintenance Center (OMC)

OhaC

Sy ALNC
Figure 2.2 Operation And Maintenance Center (OMC)
The operations and maintenance center (OMC) is connected to all equipment’s in the
switching system and to the BSC[20]. The implementation of OMC is called the operation
and support system (OSS)®. Based on Ajay R Mishra ADVANCED CELLULAR
NETWORK PLANNING AND OPTIMISATION 2G/2.5G/3G EVOLUTION TO 4G (4.14.4
KPI Monitoring), monitoring is usually one of the main requirements for an OSS, and most

of them will provide enough monitoring capabilities to be utilized in the packet core network

® The OSS is the functional entity from which the network operator monitors and controls the system. The
purpose of OSS is to offer the customer cost-effective support for centralized, regional, and local operational
and maintenance activities that are required for a GSM network. An important function of OSS is to provide a
network overview and support the maintenance activities of different operation and maintenance organizations.



environment. Normally, the optimization engineer will be a user of those monitoring tools.
The aim is to target any kind of irregular situation having a bad impact on the network

performance.

The OMC is a central point from which controlling, and monitoring other network entities
(i.e. base stations, switches, database, etc.), as well as monitoring the quality of service being

provided by the network as a whole, are carry out.(Figure 2.2)

At present, equipment manufacturers have their own OMCs which are not compatible in

every aspect with those of other manufacturers.

Function of OMC

The OMC should support the following functions[21].

Event/ Alarm Management
Fault Management
Performance Management

Configuration Management

vV V VYV VvV 'V

Security Management

2.4 Interfaces
Within the GSM network, there are several interfaces. But for this work, we will deal with
the basic interfaces as related to TCH & SDCCH. The interfaces to be dealt with are as

follows:

10



Abis Interface T

e

BSC

BTS

Figure 2.3 Abis Interface
Abis interface: This is a BSS internal interface linking the BSC and a BTS[22]. The Abis
interface allows control of the radio equipment, and radio frequency allocation in the BTS.
The primary functions carried over this interface are traffic channel transmission, terrestrial
channel management, and radio channel management. This interface supports two types of
communications links: traffic channels at 64 kbps carrying speech or user data for a full- or
half-rate radio traffic channel, and signaling channels at 16 kbps carrying information for
BSC-BTS and BSC-MSC signaling[23]. The BSC handles the LAPD* channel signaling for
every BTS carrier. There are two types of messages handled by the traffic management

procedure part of the signaling interface; transparent and nontransparent.

Transparent messages do not require analysis by the BTS but are between the MS and BSC-

MSC. Nontransparent messages do require BTS analysis.

* Link Access Protocol, D channel is part of the network's communications protocol which ensures that
messages are error free and executed in the right sequence. LAPD is the second layer protocol on the ISDN
protocol stack in the D channel (the ISDN channel in which the control and signaling information is carried).

11
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Figure 2.4 Air/ Um Interface

Um interface: The "air" or radio interface standard that is used for exchanges between a
mobile (ME) and a base station (BTS / BSC). The Um radio interface (between MS and base
transceiver stations [BTS] is the most important in any mobile radio system, in that; it
addresses the demanding characteristics of the radio environment. The physical layer links to
the data link layer, radio resource management sub layer in the MS and BS, and to other
functional units in the MS and network subsystem (which includes the BSS and MSC) for
supporting traffic channels. The physical interface comprises a set of physical channels
accessible through FDMA and TDMA.

Each physical channel supports a number of logical channels used for user traffic and
signaling. The physical layer (or layer 1) supports the functions required for the transmission
of bit streams on the air interface. Layer 1 also provides access capabilities to upper layers.
The physical layer is described in the GSM Recommendation 05 series (part of the ETSI

documentation for GSM). At the physical level, most signaling messages carried on the radio
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path are in 23-octet blocks. The data link layer functions are multiplexing, error detection and
correction, flow control, and segmentation that allows long messages on the upper layers. The
radio interface uses the Link Access Protocol on Dm channel (LAPD). This protocol is based
on the principles of the ISDN Link Access Protocol on the D channel (LAPD) protocol. The
following logical channel® types are supported:

+ Speech traffic channels (TCH)

8 Full-rate TCH (TCH/F)

8 Half-rate TCH (TCH/H)

+ Broadcast channels (BCCH)

8 Frequency correction channel (FCCH)

8 Synchronization channel (SCH)

8 Broadcast control channel (BCCH)

+ Common control channels (CCCH)

8 Paging channel (PCH)

8 Random access channel (RACH)

8 Access grant channel (AGCH)

+ Cell broadcast channel (CBCH)

8 Cell broadcast channel (CBCH) (the CBCH uses the same physical channel as the DCCH)
+ Dedicated control channels (DCCH)

8 Slow associated control channel (SACCH)

8 Stand-alone dedicated control channel (SDCCH)

8 Fast associated control channel (FACCH)

The radio resource layer manages the dialog between the MS and BSS concerning the

management of the radio connection, including connection establishment, control, release,

*Each logical channel is used for a specific purpose such as paging, call set-up and speech. These logical
channels are mapped onto the physical channels.
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and changes (e.g., during handover). The mobility management layer deals with supporting
functions of location update, authentication, and encryption management in a mobile
environment. In the connection management layer, the call control entity controls end-to end
call establishment and management, while the supplementary service entity supports the
management of supplementary services. Both protocols are similar to those used in the fixed
wire line network. The SMS protocol of this layer supports the high-level functions, related to

the transfer, and management of short message services.

Figure 2.5- A Interface

“A” interface (BSC to MSC): The A interface is used to provide communication between
the BSS and the MSC. The interface carries information to enable the channels timeslots, and
the like, to be allocated to the mobile equipment being serviced by the BSSs.”A” interface
allows interconnection and provides two distinct types of information; signaling and traffic,
between the BSS radio base subsystem and the MSC. The physical layer of the A interface is
a 2-Mbps standard Consultative Committee on Telephone and Telegraph (CCITT) digital

connection.
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2.5 Locating and identifying congestion in GSM Networks

Congestions in GSM network are located mainly in the logical channels. Logical channel is
divided into Common Control Channels (CCCH) and Traffic channels. Common Control
Channels (CCCH): Common Control Channel is a group of control channels that support
the establishment and maintenance of communication links between the mobile Stations and
Base station (Harte, et al 1999). It consists of Random Access Channel (RACH), Paging
Channels (PCH), and Access Grant Channel (AGCH)[24].When any of these three control
channels is congested, there can’t be any call establishment between the sender and receiver.
This failure is called a “Call Establishment Failure” (BoulMalf and Akhtar, 2003). Logical
channels can also be divided into two types: traffic channels (TCH) and control channel
(CCH).There are again two types of traffic channels: half rate (HR) and full-rate (FR). The
FR channel is a 13 kbps coded speech or data channel with a raw data rate of 9.6, 4.8 or 2.4
kbps, while the HR supports 6.5 kbps coded speech or data rate of 4.8 or 2.4 kbps.

(Madhusmita PandaAnd Saraju)[7].

| sDDCH. TCH |
B ol
CCCH
BS
Fig
a
Ea] H_I:._:ll fom .
L MS
MS

Figure 2.6 MS-MS Communication Network|[5]
RACH is used to make request for Network assignment, PCH is used to alert the mobile
station of incoming calls, and AGCH is used to assign Mobile Station to a specific DCCH or

SDCCH for onward communication. On these Common Control Channels, congestion occurs

15




under three conditions: Random Access Channel Congestion (RACHC) - occurs when
there is no free Random Access Channel to use to either make a call or respond to a call. In

this case, there is total blocking to either in-coming or outgoing calls.

|:| FACH : ﬂl:”:l

L I
M5 :\ﬁﬂ‘ MSC

Figure 2.7 Congestion on Random Access Channel[5].

Paging Channel Congestion (PCHC) - occurs when there is no free PCH to use in alerting

the mobile station of an incoming message.

PCH

ES

Figure 2.8 Congestion on Paging Channel[5].
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Access Grant Channel Congestion (AGCHC) - occurs when there is no free Access grant
channel to authenticate the responding Mobile station. It is used to assign mobile device to a

channel where it can begin to communicate with the system

%ﬂlm:ﬂl ] AGCH I:I

ES3 MS

Figure 2.9 Congestion on Access Grant Channel

Dedicated Control Channel Congestion (DCCHC): is the failure to allocate Stand-alone
Dedicated Control Channel (SDCCH) to provide authentication to mobile station, location
updating and assignments to TCHs during idle periods. The messages on SDCCH channel
includes short message service. When making a call or responding to paging message for the
allocation of an SDCCH for authentication, if there is no vacant SDCCH to use at that time,

then the call will be terminated.

Standalone Dedicated Control Channels

These channels are referred to as signaling channels.

SDDCH l

S i -+ -

;_.-“"‘H ﬂ —
LR :ﬁ"’r N '

MS5C

BS MS

Figure 2.10 Congestion on Stand Alone Dedicated Control Channel[5]
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Traffic channels congestion (TCHC): This failure occurs when an Access Grant Channel
cannot get any free traffic channel (TCH) to allocate, to the request of the mobile terminal,
through the random access channel. TCH is used to transfer voice, data, and control
information. When there is no vacant TCH, the voice communication on the GSM network

cannot be established.

TCH !

B3 M3

Figure 2.11 Congestion on Traffic Channel (TCH)[5]

2.6 Optimization of GSM Network
Optimization is the design and operation of a system or process to make it as good as possible

in some defined sense in order to get a very efficient operation.

In order to maintain and improve every GSM network performance, service providers have to
optimize their network performance continuously. Optimization is basically the only way that
network providers keep track and update their networks. U S Rahmanl, M. A. Matin2, & M
R Rahman in A Practical Approach of Planning and Optimization for Efficient Usage of
GSM, Network optimization is a tradeoff between quality, traffic/revenues and investments.
Their paper dealt with a practical method of radio network planning procedure for efficiently
usage of GSM network. Also, Richa Chitranshi, Jyoti Kushwaha, & Prakash Pancholy
Intelligent Optimization of GSM Network, optimization increases the effectiveness of the
network leading to revenue generation from the network. It allows the providers to look deep
into the network statistics and analyze them, to know how effective their networks are in

order to improve them[25]. Network Statistics in which the service providers look in and
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analyze are referred to as “Key Performance Indicators (KPIs). There are different Key
Performance Indicators (KPI) for and on different network layers. Identifying these KPIs
will make it easier to optimize the network and applications. Therefore, it is useful
for companies(service providers) that specialize in cellular network optimization, to have the
ability to measure the performances of their networks for the purpose of optimizing

the network usage and enhancing customer satisfaction[26].

2.6.1 Types of GSM Optimization

Optimization is a comparative process and requires an initial baseline of KPI’s and
objectives. This can be derived from operator’s individual design guidelines, reports
generated from OMC, service requirements, customer expectation, market benchmarks, the
telecoms regulatory body, and others[27, 28]. Basically, there are two major techniques in
optimization: The Physical and hardware. The physical technique of optimization deals with
drive testing, observing the network reports & statistics, KPIs monitoring, OMC report
reviewing, and subscriber’s feedbacks. While, the hardware part of optimization deals with

antenna tilting, antenna heights adjustment, installations, and others.

2.7 Used KPI Parameters Definition, Functions & Formulas

Optimization includes a combined study of the performances of neighboring KPI cells
statistics with regards to assessing and enhancing the availability, accessibility, and the retain
ability of an excellent network. The KPIs used in this thesis were derived from service

requirements, and the customer usage & expectations from a GSM network.

Four key KPI parameters were thoroughly studied and analyzed. These are:

Traffic Channel (TCH) Congestion

Standalone Dedicated Control Channel (SDCCH) Congestion
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Call Setup Success Rate (CSSR)

Call Drop Rate (CDR)

2.7.1 Traffic Channel (TCH) Congestion
Definition: The Call Setup TCH Congestion Rate statistic provides the percentage of

attempts to allocate a TCH call setup that were blocked in a cell.

Formula: Call Setup TCH Congestion Rate = Number of TCH Blocks (Excluding Hand

over) divided by number of TCH attempts.

Number of TCH Drops (Excluding Handover)
Total Traffic Attempts

Causes:
» When there is no free traffic channel (TCH) to allocate to the request of the

mobile terminal through the random access channel.
» Increasing number of subscriber/ traffic in a certain area or cell,
» Lesser capacity of sites,

» TRX hardware faults
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2.7.2 Standalone Dedicated Control Channel (SDCCH) Congestion
Definition: Ratio of failed SDCCH seizures due to busy SDCCH to the total requests for the

SDCCH.

Formula: SDCCH Congestion Rate = Failed SDCCH seizures due to busy SDCCH

divided by total request for SDCCH multiply by 100%.

calls drop on Radio Interfaces (SDCCH) + calls drop on SDCCH
SDCCH request for location update + SDCCH Request for SMS

*100%

Causes/ Factors of SDCCH Congestion Rate in GSM: [3]

» Congestion Caused by Faults on Equipment or Transmission: The faults on BTS,
BSC, and Abis interface, such as broken LAPD link, cause the SDCCH congestion.

» Congestion Caused by Insufficient Signaling Resources: The heavy traffic and burst
traffic cause the SDCCH congestion.

» Congestion Caused by Improper Data Configuration:

» Congestion Caused by Interference

2.7.3 Call Setup Success Rate (CSSR)

Definition: Rate of calls going until TCH successful assignment.

Formula: CSSR =

No.of Successful Seizure of SD channel or unblocked call attempts
Total No.of requests for SD channel or Total No.of call attempts

X 100%

Causes: When SDCCH & TCH are assign successfully.
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2.7.4 Call Drop Rate (CDR)

Definition: All calls that drop or terminated abnormally is refer to as call Drop.

Formula:

Dropped Calls
CDR = X 100%
Total number of attempts

Causes:

Failure to maintain communication over the air interface.

Failure in communication on any of the interfaces, although experience suggests air interface

failure is the most usual cause.

The failure to maintain good quality of service in voice

2.8 Definition of Worst Cells
Worst Cells are those cells/areas in the network that were below fifty percent (50%) from the
generated Call Setup Success Rate (CSSR). Those cells that were off during the collection of

data were also included.

2.9 Fuzzy logic Optimization Algorithm

Fuzzy theory was developed from the failure to label some physical phenomena with the
exact mathematical models uttered by more conventional Boolean models[29]. Conventional
mathematical tools (e.g., differential equations) system modeling based is not well-suited for
dealing with imprecise and uncertain systems. By contrast, a fuzzy inference system
employing fuzzy if {condition} then {action} rules can model the qualitative aspects of human
knowledge and reasoning processes without employing precise gquantitative analyses. This
fuzzy modeling or fuzzy identification, first explored systematically by Takagi and Sugeno,

has found numerous practical applications in control, prediction and inference[30].
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2.9.1 Fuzzy If {condition} Then {action} rules

Fuzzy if-then rules or fuzzy conditional statements are expressions of the form IF A THEN
B, where A and B are labels of fuzzy sets (L. A. Zadeh. Fuzzy sets 1965) characterized by
appropriate membership functions. Due to their concise form, fuzzy If-then rules are often
employed to capture the vague modes of reasoning that play an essential role in the human
ability to make decisions in an environment of uncertainty and imprecision. An example of a
first-order Sugeno-style FIS model that manages the process of mapping from a given crisp

input to a crisp output, using fuzzy set theory:

Rule 1:

If X1is Az, and X 0is Ao, ... , Xn IS An

Then

Y =Ko+ KXy + KXo+ ool Ky Xn

Where

X, Xoseiiaannann, X, are considered as inputs variables;

AL, As i Anare fuzzy sets and Y is the output variable.

Ki, Koyoriiiiio K, are considered set of consequent parameter of rules
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CHAPTER 3:

METHODOLOGY

3.0 Introduction
All GSM Operators use KPIs (Key Performance Indicators) to judge their network
performance and evaluate their QoS (Quality of Service) as regards to the end users
perspective[31]. KPIs have different parameters that are used for and on different network
layers within all networks. To optimize a network, the network provider should identify the
various parameters which he wants to optimize. Identifying these will make it easier to
optimize the network[26].
There are three major ways in collecting a GSM network KPI namely:

1. Data from BSC (Base Station Controller) or NOC (Network Operating Center)

2. Drive Test &

3. Questionnaires
Data collection from the BSC (Base Station Controller) or NOC (Network Operating Center)
is one of the most reliable data to work with when optimizing a network. This is because the
NOC connects directly to the BSC and Mobile Switching Centre (MSC) which are the most
sensitive equipment within the GSM infrastructures [32].
Drive Testing provides huge perspective to the service provider about what’s happening
from the subscriber point of view in the network. However, after completing the drive test,
data collected are not analyzed or evaluated. The Engineer(s) later analyze, evaluate, explain,
and give recommendations to correct them[33]. Drive tests takes a whole lot of time.
Questionnaires on the other hand, involve the designing of questions to customers pertaining
to the network. Questionnaires can be structured in different parts depending on how you
want to evaluate a network. It is the simplest way to evaluate a GSM network but; it is not

reliable as the Data collected from the BSC or the Drive Test.
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GSM KPIs are secretive and sensitive information and are not easily released by Operators.
KPIs are like the brain of all networks. They show how efficient a network operates. They are
used by organizations/operators in order to evaluate its success and measure progress towards
their organizational goals.

This research sought to determine the causes of SDCCH and TCH congestions in GSM
networks as well as offer likely solution(s) that will reduce the problems associated with
SDCCH and TCH congestions in Liberia GSMs. This chapter outlines the methods used in
the study.

3.1 Research Optimization Flow Chart

The below chart (Figure 3.1) shows the steps in which the research was done, and the expected

outcome after the research.

*

DATA PROCESSING 1
A RANGE OF 49-0% SET AS WORST CALL g EA:;I.?;:;EE:S:':;R{ E‘Emww‘::f
SETUP SUCCESS RATE (WCSSR) cALl

FOUND
+ |
| -
PRESENT NETWORK %ﬂﬁl NETWORK
SIMULATION ULATION

SATISFIED CUSTOMERS [

GOOD METWORK

Figure 3.1 Research Optimization Flowchart

3.1.1Research framework

This research was conducted through a mixed method approach.
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In order to assess the current state of TCH and SDCCH congestion in Liberia GSMs, a key
performance indicator (KPI) data was collected directly from a GSM company’s BSC (
Huawei BSC 6900) in Liberia describing; TCH and SDCCH Congestions, and other relevant
parameters like Call Setup Success Rate (CSSR), Call Drop Rate (CDR), etc. The data
represent prominent status of the network, resource utilization, Hardware load etc. For
confidential purposes, the name of the company will not be stated throughout the research but

will be called Company ABC.

3.2 Sample size and data processing

These KPIs parameters data for the entire country, were generated from the M2000 in the
BSC and saved in Excel format on hourly basis for a period of one month (February 12, 2014
— March 12, 2014). The KPI data which represent prominent status of the network can be
seen in Appendix B. Some of the Parameters (CSSR & CDR) used were calculated by the
BSC during the recording of the data.

To optimize a network, you start by checking for those areas that are bad in performance and
make them better, and probably those areas that are better, you make them best. In order to
optimize SDCCH & TCH in Liberia’s GSM, we identified those bad areas/cells known as
Worst Call Setup Success Rate (WCSSR). These Worst areas/cells were sampled and
processed. During the sampling and processing of the data during the investigation, firstly, a
range of 49-0% was chosen to be the worst call setup success rate (WCSSR). That is, for the
entire work, all WCSSR used, were those below 50% from the KPI data. They (WCSSR)
were separated according to their cells/areas names using normal excel formulations. From
separating the data, there were seven (7) cells/areas that was below 50% during the data
collection but; were either said to be OFF, OFF & ON etc. Those cells that were OFF are
represented by dash (-) in the data collected and were denoted as the number one (1) during

the graph plotting to clearly show the points on the graphs. Those Cells/Areas that were either
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ON or OFF are also represented (OFF= 0, ON = values greater than 1). SDCCH and TCH
congestions within these seven (7) areas/cells were found by using their various formulas
shown in chapter two 2.7.1 & 2.7.2. The remaining KPI parameters (CDR & CSSR) used,
were calculated within the BSC during the recording of data. This calculated data from the
BSC was summed and averaged over the amount of WCSSR days to find their final worst
cases results in the seven (7) areas/locations. (See Table 4.1). Secondly, these location results
were later plotted into bar graphs, and points using OriginPro software. These bars graphs,
and points clearly shows the levels of worst call setup success Rate, TCH & SDCCH
congestion, and points out those days in which the cells were off.

Finally, a Sugeno-Takagi KPI Optimization simulation setup was developed using Adaptive
Network Fuzzy Inference System (ANFIS) model in MATLAB. ANFIS is the major training
routine for Sugeno-type fuzzy inference systems. It uses a hybrid learning algorithm to
identify parameters of Sugeno-type fuzzy inference systems. By using a hybrid learning
procedure, the proposed ANFIS can construct an input-output mapping based on both human
knowledge(in the form of fuzzy if-then rules) and stipulated input-output data pairs[30, 34].
This optimization tool performs input-output KPI dataset by computing the membership
functions parameters and setting rules which allows Fuzzy Inference System (FIS) to
track the given input/output data. The rule base basic function represents the control policy
of an experienced operator in an organized way by means of if <network state>, then
<control output> rules[35]. This rule set was built defining the membership functions and
analyzes the behavior of the fuzzy inference system by fine tuning the parameters in the rule
viewer of the fuzzy logic toolbox. The simulations demonstrates and compares the current
and expected optimized networks by showing their various performance levels after been

tuned. The result shows that optimization is possible in real cellular network[36].
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3.3 Used Softwares

There were two softwares use in this thesis. They are as follow:

1. MATLAB® is a high-level language and interactive environment for numerical
computation, visualization, and programming. It can be used in analyzing data, developing
algorithms and creating models and applications. The language, tools, and built-in math
functions allow multiple approaches in order to arrive at a solution faster as opposed to
spreadsheets or traditional programming languages[37].

2. OriginPro is a proprietary computer program for scientific interactive graphing and data
analysis. It support 2D/3D plot types graphing. Statistics, signal processing, curve fitting and
peak analysis are all forms of data analysis in origin. Files are imported in origin in various
formats such as ASCII text, Excel, NI TDM, DIADem, NetCDF, SPC and it also exports

graph to various image file formats such as JPEG, GIF, EPS, TIFF, etc.[38].

3.4 Research Fuzzy Optimization system

To understand the model represented in Fig 3.4.1, MATLAB fuzzy neural inference
engine was employed by constructing the four KPI parameters in a Sugeno-Takagi FIS
while generating the required membership variables as shown in figure 3.4.1. The KPI and
Sugeno-Takagi engine are set while calling the MATLAB ANFIS function so as to load
data, train and generate the FIS. Dataset is loaded for training in the workspace by
adjusting the membership function parameters that best model the data. A single output

is generated which is used to give initial condition ANFIS data training.
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Figure 3.4.1 FUZZY OPTIMIZATION SYSTEM

3.5 TRAINING MODELS
Comparing observed data and the estimated data through developed ANFIS models, it

has been proved that the developed ANFIS models predicted better results the traditional

models, like MLR.

Multiple linear regression attempts to model the relationship between two or more

explanatory variables and a response variable by fitting a linear equation to observed data
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without a decision making logic system. The goal of multiple linear regression (MLR) is to

model the relationship between the explanatory and response variables

The model for MLR, given n observations, is:

yi = B0 + B1xil + B2xi2 + ... + Bpxip + Ei wherei=1,2, ..., n

ANFIS (Adaptive Neuro Fuzzy Inference System) is the combination of the concepts of

Fuzzy Logic and Artificial Neural Network.

In digital System we can get an output of either O or 1. Practically we can say either ON
condition or OFF condition is only possible with digital Logic. In fuzzy logic we can get all

the range of outputs between 0 and 1.

Fuzzy Logic System is a decision making logic system. It helps you to find the output for

given set of inputs.

ANN is similar to the biological Neural Network. It has learning capability. So given a set of
input and output we can train a network which acts in same manner as the set of input and

output.

Now we can combine both the concepts to get the ANFIS. ANFIS is a nonlinear methodology
putting together the learning capability of the Neural Network with decision ability of the
Fuzzy Inference System. Each layer of the ANFIS structure depicts each step of Fuzzy Logic.

The network is trained by the concept of Neural Network.

The model for ANFIS, given n observations, is

Rule 1:

If X1is A, and X205 Ay, ....... , Xn IS An
Then

Y =Ko+ KXy + KXo+ ..ol KnXn
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X1y X2 geiiiiiin, X, are considered as inputs variables;
A, A, Apare fuzzy sets and Y is the output variable.
Ki,Koyooooioninnn, K, are considered set of consequent parameter of rules

ANFIS can be trained to learn from given data. In order to configure an ANFIS model for a
specific problem, we need to specify the fuzzy rules and the activation functions (i.e.
Membership functions) of fuzzification neurons. For the fuzzy rules, we can specify the
antecedent fuzzy sets once we know the specific problem domain; while for the consequents
of the fuzzy rules, the parameters are designed and adjusted by certain learning
algorithm in the training process. On the other hand, the shapes of activation functions can
also be formed and adjusted in the training process .For ANFIS models, the most commonly

used activation function is the so-called bell-shaped function, described as:

1

=1y 1+[(X—§)2]T

Where r, s and t are parameters that respectively control the slope, center and width of the

bell -shaped function. And in the training process, these parameters can be specified and

adjusted by the learning algorithm.
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CHAPTER 4:

DISCUSSION AND RESULTS

4.0 Introduction

This chapter covers research findings from literatures reviewed and a case study of a GSM
Company in Liberia concerning SDCCH & TCH Congestion. The chapter also discusses
methods that can be used in the optimization of SDCCH & TCH Congestion in Liberia’s
GSM. Standalone Dedicated Control Channel (SDCCH) and Traffic Channel (TCH) often
referred to as “signaling channels” are those logical channels that are mainly used in voice
traffic within today’s cellular networks. These two (especially SDCCH) are the most
important resources any GSM system may depend on to accommodate subscribers needs.
Without the availability of SDCCH, a new call cannot be initiated. SDCCH and TCH
channels are the most vulnerable and directly affects the quality of service offered to
subscribers therefore, it provides understanding of when and where congestion appears in

the network[26, 33].

4.1 Worst Cells /Areas

From the analysis of the KPI data, it was recognized that seven (7) different cells were worst
and were recorded. Using Microsoft Excel Quick Analysis Tools, these cells daily WCSSR,
SDCCH, TCH, and CDR results were summed, and divided by their total number of worst
days to find the averages of each worst cell and congestions. (See Appendix D) The average
values of those worst cells SDCCH congestion, TCH congestion, CSSR and CDR during the

various days were found and tabled. (See Table 4.1 below)
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AVERAGE
WORST
CELLS/AREA
IN THE
NETWORK

CSSR

CDR

TCH
CONGESTION

SDCCH
CONGESTION

KEY PERFORMANCE INDICATORS (KPIs) VALUES (%)
DASH (-) REPRESENTS CELLS OFF & RED NUMBERS WORST/BAD

Harbel 1
39.5 4.18 6.2 2.38
Gweins_Town_1
- o 0 0
Yekepa_1
21.7 0.48 0.35 0.032
Yekepa 2 0 0 0
41.6
Buchanan 0 0 0
Road_2 48.611
Clay_3 0 0 0
48.275
Pleebo 3 0 0 0
27.8

Table 4.1 Worst Cells location/areas Performance Summary Data

4.2 Graphical Results Presentation

As stated in Chapter two, Worst Cells are those cells/areas in the network that were below

fifty percent (50%) from the data. Those cells that were off during the collection of data were

also included. Figures 4.2.1 to 4.2.7 are graphical results showing the worse call setup

success rate during the one month period.

From the data collected, Cell/area Harbel 1 fell in the worst call setup success rate group (See

Appendix B). Harbel 1 was below 50%. The points on the graph (Figure 4.2.1) shows the
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various days and the percentage level of WCSSR. It was found that Feb 12 was 49.6% which
is the highest, Feb 26. 28.6%which is the lowest and other days before these two. (See
Appendix B). The result here shows that calls setup during the various days at harbel was
very bad leading to congestions in the network. The high percentage of SDCCH & TCH

congestion in the network led to the low percentage of calls that were successfully made.

—e— POINTS OF WCSSR
A ‘

Figure 4.2.1 Location Harbel 1 WCSSR
Gweins Town 1 was off during the various days marked with the points. (See Appendix B)
The graph below indicates that this area/cell (Gweins Town) was off when the data was

recorded.
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—— POINTS OF WCSSR

Figure 4.2.2 Location GWEINS TOWN 1 WCSSR
Yekepa 1 was off from Feb 12 to Feb 18. During the remaining days, calls setup were

unsuccessful. (See Appendix B)

In this cell, SDCCH & TCH congestion were very minimal. Channels were available to calls
on time but; unfortunately in the final end, the percentage of call setup success was low due

to the low Connection Retain ability of the network in this area.

—e— POINT OF WCSSR
] ]

/
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Figure 4.2.3 Location YEKEPA 1 WCSSR

Yekepa 2 was on for a day (19" Feb) at 41.6% and off for the rest of the days. (See Appendix
B) In this cell, there were no congestion on SDCCH & TCH but the retain ability wasn’t kept

so; the Call Setup Success level was very bad. (Figure 4.2.4)

—e— POINT OF WCSSR
\

Figure 4.2.4 Location YEKEPA 2 WCSSR
Buchanan Road 2 was off, came on the 23" Feb at 48.6%, and later went off 6™ March. (See
Appendix B) In Buchanan Road 2, there were no congestion on SDCCH & TCH but the

retain ability wasn’t kept so; the Call Setup Success level was very bad.
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—e— POINTS OF WCSSR

Figure 4.2.5 Location BUCHANAN ROAD 2 WCSSR
Clay was on at 48.2% on the 16" Feb and off on the 2" March. (See Appendix B) There was
no congestion on SDCCH & TCH but the retain ability wasn’t kept so; the Call Setup

Success level was very bad.

Figure 4.2.6 Location CLAY 3 WCSSR
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Pleebo 3 was worst the 13™ of Feb. at 30.7% and dropped to 25% on the 21 Feb. (See
Appendix B) There were no congestion on SDCCH & TCH but the retain ability wasn’t kept

so; the Call Setup Success level was very bad.

Figure 4.2.7 Location PLEEBO 3 WCSSR

4.3 Graphical representation of TCH & SDCCH Congestions

The Traffic Channel & Standalone dedicated control channel are two very important channel
in all GSM networks. The graphs of Figures 4.3.1 to 4.3.7 show the levels of TCH & SDCCH
congestion in those locations that were worst, those that were off, and finally those that had

no SDCCH & TCH congestion. (See Appendix C)
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™™ SDCCH CONGESTION
[T TCH CONGESTION

Figure 4.3.1 Harbel SDCCH & TCH Congestion

SDCCH CONGESTION
¥ TCH CONGESTION

Figure 4.3.2 Gweins Town 1 SDCCH & TCH Congestion
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Il SDCCH CONGESTION
I TCH CONGESTION

Figure 4.3.3 Yekepa 1 SDCCH & TCH Congestion

SDCCH CONGESTION

¥ TCH CONGESTION

Figure 4.3.4 Yekepa 2 SDCCH & TCH Congestion
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A SDCCH CONGESTION
V¥ _TCH CONGESTION

Figure 4.3.6 Clay 3 SDCCH & TCH Congestion
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SDCCH CONGESTION
V¥ TCH CONGESTION

Figure 4.3.7 Pleebo 3 SDCCH & TCH Congestion
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4.4 Network Model & Simulations

As stated in chapter 3, a Sugeno-Takagi KPI Optimization simulation setup was developed
using Adaptive Network Fuzzy Inference System (ANFIS) model in MATLAB. The
simulations compares and demonstrates the current and expected optimized suggested
network with the four KPI parameters used in this work. From the comparism of these two
networks, we know that optimization can be done at a peak in a live network.

These KPI parameters data were created as inputs and an Output variable, stored, and loaded
for training in MATLAB. The setup was then imported from the file in the Fuzzy inference
system (FIS) editor. The range of each imported variable was set. After the KPI training and
generation of FIS, an offset rule viewer for the KPI is realized as shown in Figure 4.4.2. (See

Appendix A for source codes)

In order for a GSM network to have a good QoS and to be almost SDCCH & TCH
congestion free, we designed this optimized network and stipulated that the KPI-OPT

(threshold) in the rule viewer should be either one (1) or very close to one.

Using the rule base simplification shows the congestion level in the KPI-OPT. The function
output is added to the offset value which is then added to the KPI values. The algorithm
developed checks and matches KPI values during stabilization. When the optimized KPI
value exceeds the recommended thresholds, truncation is done. The algorithm also adjusts

for the KPI values when they are in exact ranges.

4.4.1 Present Network Simulation

From the current KPI data used for this work, in those seven (7) cells/ areas in Liberia, it was
observed and found that the average Worst Call Setup Success Rate was 35.1%, Call Drop
Rate 1.93%, Standalone Dedicated Control Channel 0.36% and Traffic channel 1.12%. The

combination adjustments of the present four KPI parameter values calculated and averaged
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from company ABC, using the rule base simplification, shows the congestion level in the
KPI-OPT (Figure 4.4.2). The four KPI parameter values calculated and averaged for training
data are: CSSR, CDR, SDCCH, and TCH. Separating the data in MATLAB work space
saved as Nardi, this was loaded for training in the neural platform. After the KPI
training and generation of FIS, an offset rule viewer for the KPI is realized as shown in

Figure 4.4.2.

~ FISEditorNARDI : -
File  Edit  ‘iewr

[a]]

flu)

TCH
‘sugeno;
CDR
Ii WPI-OPT

FIS Name: HARD] FSTyee  sugemn

nnnnnnn

ccccc

Figure 4.4.1 Sugeno-Takagi KP1 Optimization Model setup

Fuzzy theory was developed from the failure to label some physical phenomena with the
exact mathematical models uttered by more conventional Boolean models[29]. Conventional
mathematical (e.g., differential equations) system modeling is not well-suited for dealing with
imprecise and uncertain systems. By contrast, a fuzzy inference system employing fuzzy if
{condition} then {action} rules can model the qualitative aspects of human knowledge and

reasoning processes without employing precise quantitative analyses.

Fuzzy if-then rules or fuzzy conditional statements are expressions of the form IF A THEN
B, where A and B are labels of fuzzy sets characterized by appropriate membership functions.

Due to their concise form, fuzzy If-then rules are often employed to capture the vague modes
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of reasoning that play an essential role in the human ability to make decisions in an

environment of uncertainty and imprecision.

Present Network Model

The description of the present network state using the ANFIS model is achieve through the
combination of user defined inputs and model rules. KPI user inputs for TCH, SDCCH, CDR and CSSR

are 1.12, 0.36, 1.93 and 35.1 respectively. The stipulated rules defined for this model are given

below:

If (CSSR is mf1) or (TCH is mf1) or (CDR is mfl) or (SDCCH is mf1) ......... Then (Kpi-opt = Kpi 1)

If (CSSR is mf2) or (TCH is mf2) or (CDR is mf2) or (SDCCH is mf2)........... Then (Kpi-opt=Kpi 2)

If (CSSR is mf3) or (TCH is mf3) or (CDR is mf3) or (SDCCH is mf3)........... Then (Kpi-opt=Kpi 3)

If (CSSR is mf4) and (TCH is mf4) and (CDR is mf4) and (SDCCH is mf4)........... Then (Kpi-opt=Kpi 4)
Where

Mf = membership function, kpi-opt = key performance indicator output

Based on these inputs and the above defined rules, the ANFIS model trains itself to learn to
behave or act in the same manner as the present network behavior currently under study.

Figure 4.4.2 illustrated the present network behavior
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-) x
File Edit Wiew Options
CSSR =351 TCH=1412 CDR =183 SDCCH = 0364

/. |
3 | J\ |

Input

[35.11.117 1,93 0.3642]

Qpened system MARDI, 4 rules

€ B @ OSSN A

Figure 4.4.2 An Offset rule viewer for KPI algorithm

The grouping of parameter tunings and rule base simplification resulted to the

Optimization and its normalization. During the optimization, the function output is

added to the offset value which is then added to the KPI values. While during the
normalization, the algorithm developed checks and matches the KPI values. when the
optimized KPI value exceeds the recommended thresholds, truncation is done. Also,

when the KPI values are in exact ranges, the algorithm adjusts for the KPI values.

4.5 Recommended Optimized Network.

From the status of the present network, an optimized GSM Model was developed which
shows that optimization is very possible at a high level in live network. The input values used
in the present GSM network was also used in the optimized GSM network Model. (See
Appendix A). For better Accessibility in this network, SDCCH Congestion was set to zero
(0% indicates no congestion) because it is a temporary channel for signaling data before TCH
allocation. TCH Congestion was then set to one (1%) because it carries the voice data. One

TCH is allocated to every active call therefore; to ensure this channel is allocated, the
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maximum congestion targeted should be less than or equal to one percent (1%). CSSR was
set to 99% showing how successful it was to access the network. Lastly, CDR was set to 1%
showing how well the call connection was retained. From the inputs, the rule viewer (Fig
4.5.1) was set by fine tuning these four parameters to the various desired numbers selected in
order to get an optimized network. The KPI-OPT (output/threshold) from the tuning was

0.987indicating that this network is very good and is recommended for all GSMs.

Optimization using the ANFIS tool begins with resetting the model by deleting the initial
input KPIs used to illustrate the present network behavior. The model, having already

knowledgeable of the present network behavior , can be tuned by varying individually the
KPIs (SDCCH, TCH, CDR, CSSR) to obtain a averaged KP1 output whose lines coincide

after the red line.

g
I

-)] Rule Viewer: NARDI -
File  Edit  View Options

0.2667 1.067

Plot points:

N ] CICH R « [

Figure 4.5.1 An Offset rule viewer for KPI optimization algorithm
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CHAPTER 5

CONCLUSION AND RECOMMENDATION
5.0 Conclusion
From the study carried out to investigate the causes of SDCCH and TCH congestions in GSM
networks, it was identified that TCH & SDCCH are caused by TRX Hardware faults,
increasing number of subscribers/traffic in certain area, faulty equipment’s, insufficient

signaling resources, improper data configuration and interference.

In the assessment of the current state of Liberia’s GSM networks in relation to SDCCH and
TCH congestions, it was found from the seven locations considered that SDCCH & TCH

congestions were at accepted levels but need improvements.

From the comparism of the simulations carried out, the optimized network model is highly
recommended and should stand as benchmark for all GSM in Liberia. The methods of fuzzy
logic have been employed to include the heuristic rules of an experience operator. Therefore,
in order to get this optimized network with minimal SDCCH & TCH congestion, very good
network accessibility, service retain ability and connection quality in Liberia’s GSM
networks, the following methods & strategies should be employed: There should firstly be an
initial baseline for network KPI’s and operator objectives, selected sites should be visited,
information of the network present status should be collected, and determining functional
network structure (that is; antenna direction, antenna tilting) etc. Operator should ensure that
customer quality expectations be met. Hence, service availability everywhere at anytime, call

setup within limits, and very good speech quality during calls should all be achieved.

In those worse affected areas (WCSSR/ Worst Cells), it is recommended that Network
providers should add some extra TRXs, portable BTS in case of foreseeable special events

and optimize cell boundaries (i.e. Antenna optimization). Also, they should frequently check
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and make sure their configuration settings are properly set to avoid interference and improper

settings.

For those areas in which their cells were off for upgrades, maintenance, repairs or other
purposes, operators should strengthen neighboring cells power levels so that their coverage

area will increase thereby reducing congestion and drop calls in those areas that are off.

In this thesis it has been proved that Liberia GSM networks can be improve by using fine

parameter tunings method to offer high degree QoS to the end users.

49



5.1 Recommended Improvements
We start by saying Optimization is a process that never ends[33]. In order to improve and

know the QoS of a GSM network, optimization should be done frequently.

Service providers should frequently optimize SDCCH, TCH, CDR and CSSR in order to get

the best signaling for their networks.

In ensuring better quality of services as regards to optimizing TCH and SDCCH congestion
in Liberia GSMs, it is firstly highly recommended that all GSM operators must ensure the
threshold of the optimized fuzzy logic model be met in all locations in order to satisfy
customer complaints regarding service quality. That is, operators should set their benchmarks
so that management teams can easily compare network performances and apply both physical

and hardware optimization strategies to optimize them as shown in this work.

Finally, the LTA on a yearly basis should make sure GSM operators abide by all rules(QoS),
and should send a team of optimization Engineers to check the network performance data

generated over the year in all GSM companies.
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APPENDIX A: SOURCE CODE SUMMARY OF MODEL

[System]
Name="'NARDI'
Type="'sugeno'
Version=2.0
NumInputs=4
NumOutputs=1
NumRules=4
AndMethod="prod'
OrMethod="probor'
ImpMethod="prod'
AggMethod="sum'
DefuzzMethod="'wtaver'

[Inputl]
Name="'CSSR'
Range=[0 100]
NumMFs=4
MFl1='mfl':'gaussmf'
MF2="mf2':'gaussmf'
MF3='mf3':'gaussmf'
MF4="'mf4':'gaussmf'

,10.0954895645700117 0.00794]
,[0.0888 0.296227513227513]
,[0.0996 0.672391534391534]

, 10.123798763365792 0.991]
[Input2]

Name="'TCH'

Range=[0 1]

NumMFs=4

MF1='mfl':'gaussmf', [0.0887 0.0132275132275131]
MF2='mf2':'gaussmf', [0.0975821317103403 0.315]
MF3="'mf3"':'gaussmf', [0.108708696670727 0.669]
MF4="'mf4"':'gaussmf', [0.102233179664299 1]

[Input3]

Name="'CDR'

Range=[0 1]
NumMFs=4
MFl1="mfl':'gaussmf'

m [ 0.1 TOmeler/ © L]
MF2="'mf2':'gaussmf', [

v [

I[

0
0.0929625401193558 0.333]
0.100269403861516 0.667]
0.0887518812470284 1]

MF3="mf3"':'gaussmf'
MF4='mf4':'gaussmf'

[Inputd]

Name="'SDCCH'

Range=[0 1]

NumMFs=4

MFl="'mfl':'gaussmf', [0.0640361674820331 0]
MF2="mf2"':'gaussmf', [0.0772343586325407 0.333]
MF3="'mf3':'gaussmf', [0.071059923957431 0.667]
MF4='mf4"':'gaussmf', [0.0977394135252086 1]

[Outputl]

Name='KPI-OPT'

Range=[0 1]

NumMFs=4

MFl="'kpi {4=0}s':'constant', [1]

MF2="kpi {3=0}':'constant', [0.333333333333333]
MF3='kpi {2=0}':'constant', [0.666666666666667]
MF4="'kpi {1=99}':'constant', [1]
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APPENDIX B: WORST CELLS KPIs DATA
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8 102 34 100 1152 0 0- 0 ] 2 1] 0.144 1 89.041-
ALLWORKxdsx [Original] a 1.834 3 100 1.08 0 0- 0 1} 2 o 0.102 2 91071 -
Version created lasttime t.. 10 0 17 100 0.334 0 0- 0 1] 2 1] 0.055 0 768923-
HITPOATOTSPM IEE": B 00 0 0- 0 0 2 0 oo 5 7BEG-
AL WORE ftosund) 12 11638 17 100 1.368 0 0- 0 1] 2 1] 0.057 6 87.719-
X utosaved) fver..
“ersion created from the |... ElR 0 74368 0 0- - 0 1 0 0.001 0-
4/18/2014 12:44 AM 4 - 0 93582 0 0- 35.083 0 1 1] 0.0m 0-
15 1] 100 0 0- 7274 0 2 1] 0.0m 0-
ALLWORK [Butosaved) sz 16 |- 1} 100 0 0- - 0 2 1} 0.002 0-
Wersion created lasttime ... 17 - ] 100 0 0- 35.022 0 2 o 0.001 0-
HTROATIFPM 10 0 m 0 0- - 0 2 0 oom 0-
19 - 0 98232 0 0- 36.865 0 1 1] 0 0-
20 - 0 8988 0 0- 36.978 0 1 1] 0.002 0-
21 0 70963 0 0- 51.543 0 1 1] 0.002 0-
22 - 0 94309 0 0- 36.33 0 1 1] 0.002 0-
e Which file do [ want to save? 23 |- 0 7328 0 0- _ 0 1 0 0.001 0-
¢l £ n n n n — n n n n -
= ¢ b .| WorstCSSRKPI3 | TOTALCELLS | APPENDIX | Sheet? | Sheets | SDCCI.. (3) [ 0|

i) M o-——F—+ o

122 AM
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E N ALLWORK (Butosaved) - Excel 7T H - x
HOME INSERT PAGE LAYQUT FORMULAS DATA, REVIEW WIEW Signin
L o N 2w |l= = | " o ‘I'x 20 3 Aukosum A,
Calibri KA T == #r EwepTet General o D } £ o ad
Pasts E@ Copy I Ci | F St Cell IEEIrt IEE\'t FEIt EF”I‘ Szrt& Fl'dir‘lﬂ
aste ru- . CA - Merge & Center ~ 205 s & 9 Conditional Formatas Ce nsert Delete Forma o in
-+ ¥ Format Painter 4 e Srkem $ e Formatting = Table~ Styles~ - - & Clear - Filter~ Select~
Clipboard ] Fant ] Alignment ] Number 5] Styles Cells Editing ~
BNL h Je || R3139E:Number of Failed TR &llocations (Mone) v
AR AB AC AD AE AF AG AH Al Al AR AL AM AN AD AP A -
Document RGCOVery 1 |CM33 Call K3016: Cor K3006: Cor K3005: Ava RM3175:C Number cz Number CiMumber C:DL TBF ELDL EDGE Call drops Band Utiliz Band Utiliz PDCH Utili Number o Number o Numbe
Excel has recovered the following files. 2 6 12999 19.007 18.975 6 0 0 - - 0 0 100 - 0 0 3
Save the ones you wish ta keep, E] A 13 19 19 A il il o- - 2 il 100 - i] i] 6
Available Files 4 9 13 19 19 9 1} 1} o- - 1} 1} 100 - [i] [i] 4
AL WORK ot 5 1 13 19 19 1 1} 1} o- - 1} 1} 100 - [i] [i] 3
X frersion 1).xsk .. |
Wersion created from the I.., 6 3 13 13 13 3 0 0 0- - 0 0 100 - o o 4
4/18/201412:20 AM T 1 13 19 19 1 1] 1] 0- - 1] 1} 100 - [i] [i] 3
] 1 13 19 19 1 0 0 0- - 0 0 100 - 1] 1] 4
ALLWORK:xsx [Original] 9 2 13 19 19 2 1] 1] o- - 1] 1] 100 - 1] 1] t
Version created last time t.. 10 i 13 19 19 i i i 0- . i i 100 - I I 2
TGS ik 5 13 19 19 5 0 0 0- - 0 0 m- 0 T
S 12 9 13 19 19 9 i i 0- - i i 100 - 0 0 1
X utosaved) fuer.. ]
e 1 0 999 8 5% 0 0 0 0 0 GGG 0- - 0067 2964 i ]
4/18/201412:44 AM 14 0 9992 g 7.887 0 0 0 0 1] 5238 0- - 0.227 3.95 1]
15 1] 9997 g g 1] 1] 1] 1] 1] ] 0- - 0.033 4,003 a
m ALLWORK (Butosaved).dax ., 16 1) 9.999 g g 1) 1) 1) 1] 0 33333 a- - 0 4 0
version created lasttime tu 7 1] 9.995 i i ] 1] 1] 1] 1] 1] 0- - 0.143 4.004 i}
4172014 1131 PM 18 I 10 a a I I i 0. i n- ~ 1 4 1
19 1] 9.997 ] 7 656 1] 1] 1] 1] 1] 124 0- - 0.102 3.92 i}
20 1] 9976 ] 7186 1] 1] 1] 0 15636 11616 0- - 0.873 2.549 i}
2 1] 9.999 ] 5 665 1] 1] 1] 1] 1] 1] 0- - 0.035 2778 i}
22 1] 9.992 ] 7 645 1] 1] 1] 1] o 1153 0- - 0.264 3776 i}
@ vmicn i do [wart to save? 23 0 999 8 5863 0 0 0 0 0 16666 0- - 0034 2906 0
<l £ n an 11 n n n . - n o o -
= « Worst CSSRKPI3 | TOTALCELLS | APPENDIN | Sheetz | Sheets | SDCCI .. () © [« v

e8|

| et

e
1:24 AM

T
42172014

H s ALLWORK (Autosaved) - Excel ? FH - x
BRI HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REWIEW  WIEW Sign in
oy X Cut - ey | = [y f = Y AutaSum - A

Calibri | AR & EF Wrap Text General g ?‘_‘ @ @ ) % El Y

pDE@CDpy' ) C d I F . Cell |EEI Delete F - sz &Fﬂi
3ste . Iu- .|y . = EMEF o & Centar v $ .0 (-Ug Dg onditional Formatas  Cel nsert Delete Format art in
- ¥ Format Painter - . F Formatting~ Tablew Styles~  ~ M v D Clearr Filter~ Select~

Clipboard ] Font r} Alignment 1 Number ] Styles Cells Editing »

BIL v fe || R2133E:Mumber of Failed TRX Allocations (Mong) v

AQ AR A3 AT AU A B AX Y Az BA BE BC BD BE BF BG [-

Document RE‘COVGW 1 |NumhernNuthr aTRAU Errn UL Thraug SDCCH RF TCH RF Ut CSInterRa Cell_&vail HO_Failur A03710:W1 A3 712 MUILAI 7L MULAGSTLL: M CM3NC: Ca CA30D:Ca M30208:C 30200
Excel has recovered the following files, 2 2 ¥ - 1151 0647 - 33,832 b L 1 0 B 1 2 18
Save the ones you wish to keep, 3 £50 §- 1,068 0.43 - 100 0 2 2 0 3 1 1 12
Available Fles 4 44 0- 0.857 D461 - 100 0 2 4 0 1 1 1 9

5 353 18 - 0.652 0.5 - 100 i 0 ] 0 2 7 2 5
i ALLWORK (wersion 1)xlsb .

Version crested from He 1. 6 430 16 - 0.905 0,507 - 100 1 2 0 0 3 H 3 11

411520141220 AM 7 372 14- 0663 0,338 - 100 0 0 2 0 0 I 0 13

] 468 1- 0783 D39 - 100 0 1 1 0 1 1 1 5

ALLWORK s [Original] 9 313 1- 0.542  0.346 - 100 0 1 0 1 2 3 3 5

‘df:f;‘gggjzl:mttimﬁw 10 209 0- 0.289  0.123- 100 0 2 1 0 1 1 1 2

e ' 11 108 1- 0.157 0.3- 100 0 0 0 0 0 I 0 0

12 162 0- 0.305 0,438 - 100 i 0 1 i 2 7 2 3
L ALLWORK (Sutosawed) fer.,

Version crested from He .. 13 13 0 DEsE INEZS D016 0- 74,346 0 0 1 0 0 0 1 0

AHB/2014 1204 AM 14 2 00l 14815 0012 0- 98,592 0 0 0 0 0 I 0 0

15 15 0 018573 0012 0- 100 0 0 0 0 0 I 0 0

ALLWORK [Sutosaved) ss: . 16 28 0 0.002 - 0.023 0- 100 0 0 0 0 0 i 0 0

Wersion created lasttime t., 7 18 0 0 1288 0012 0- 100 0 0 1 0 0 0 1 0

A7/2014 1131 PM

i 18 12 0 0- 0.012 0- 100 0 0 0 0 0 I 0 0

19 ] 0 0438 1T7S3 0 0- 93,206 0 0 1 0 0 I 0 0

20 12 0 08S9 14234 0.027 0- 83.797 0 0 0 0 0 I 0 0

21 a0 0 L0l 12263 003 0- 0,828 0 0 0 0 0 I 0 0

2 9 0 05 18487 0.0 0- 943 0 0 0 0 0 I 0 0

@ wnieh e do snt o saver 2 15 00357 W34z 0.017 n- 73.264 i i 0 0 i 1 0 0

-
Close - - o - ~ ~ o - - o - - -
[ Worst CSSRKPI 3 | TOTALCELLS | APPENDIX = Sheetz | sheet6 | SDCCI .. (3) 1 D]
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H M ALLWORK (Sutasaved) - Excel ? ® - x
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA, REVIEW — WIEW Signin
S cut . s = = =, B e mx 2L ¥ autetum ¢ A
Calibri A T == B EewnapTer General M " D g, @ A H
PDE@COW. C d' | F o Cell IEEI [kJEE: F wrin- SZ & Find &
aste B I U-~ e Mo - =S == EE EMH e & Center = $ o s g0 0 anditional Forrnatas  Cel nsert Delete Format art in
- ¥ Famnat Painter - - & ! e Formatting = Table~ Stles- - - - & Clear~ Filker = Select ™
Clipboard [Fl Font LF] Alignment [Fl Mumber n Stvles Cells Editing -
BM1 - Fe R3139E:Murmber of Failed TRX Allocations (None) hd
BF BSG BH Bl Bl BE BL B4 BN BO BR BQ BR BS BT BU B &
Document RECOVE‘W 1 |M30208:C M30200:C M30204: CAAT2504 AL3Z51A CeII_AvaiIMalZB:CaIR3139€:A{R3139E:Nt_lmber of Failed TRX &llocations (None)
Excel has recowered the following files, 2 18 0 o 34.068 30,167 99.832 0 o 0
Sawe the ones you wish to keep, 3 12 0 il 49,438 63,059 100 0 il 0
Bvailable Files 4 9 0 o 56.927 80,585 1o 0 o 0
5 5 0 0 41299 58932 100 0 0 0
L] ALLWORK [wersion 1)xdsb .
Wersion created fram the I, 2 n 0 0 50.8 77,322 oo 0 0 0
A/16/2014 12:20 A0 7 13 0 0 44122 55.07 100 0 0 0
8 5 0 o 54,033 74,739 1o 0 o 0
ALLWORExIsx [Original] Bl 5 0 o 36.607 52835 10 0 1} 0
Wersion created lasttime £, 10 2 0 il 93,343 35,713 100 il il 0
4/17/2014 1019 P
i 1" 0 0 0 42714 B2ETS 100 0 ] 0
12 3 0 o 46,36 61,583 100 0 o 0
[3] ALLWORK [futosaved) [ver..
Wersion created from the |.. 12 0 0 0- i % y 0
4162014 12:44 40 4 0 0 0- 98,582 0 0 0
135 0 0 0- 100 0 0 0
ALLWORK [Autosaved] s . 16 0 0 0- 100 0 ] 0
Wersion created lasttime £, 17 0 0 0- 100 0 0 0
41772014 11:31 PM 15 a 0 0. 100 5 a 0
19 o 0 o- 98,206 0 o 0
20 0 0 0- 89,797 0 0 0
21 o 0 o- 70,828 0 o 0
22 0 0 0- 94.3 0 0 0
e which file do lwant to save? 23 ] 0 o- ~ 73,264 0 ] 0
-
Close =R - o - ’_n—n a
i Warst CSSR KPI 3 TOTAL CELLS APPENDIX Sheet2 : Sheets ‘ SDCCl .. 1 »

=) :

FILE HOME  INSERT  PA

ol
g{,Cut Calibri
£ Copy -

Paste

- ¥ Format Painter EIU
Clipboard [

BMN1 -

Docurent Recovery

Excel has recovered the fallowing files,
Save the ones you wish to keep,

Available Files

ALLWORK [wersion T)xlsb .,
Wersion created from the L.
418/2014 12,20 AM

ALLWORKxlsx [Original]
‘ersion created last time t...
41772014 1019 PM

ALLWORK (Sutosawed) fer..
Wersion created from the L.
4718/2014 1244 AM

ALLWORK [Autosaved)xlsx .
‘ersion created last time t...
472014 1131 PM

e Wihich file do [ want to save?

Close

izt M -———
1:27 AM
472172014

100

& 4]

ALLWORK (Autosaved) - Bxcel TEH -G X
GELAYOUT — FORMULAS — DATA  REVIEW  VIEW Signin
‘oA == - B Wap Tex General - @ @ E\:ﬂ E}g iil EAUWSUW M AY H
Fill =
=== gE=s £ . €0
B DA S=EE 5 BMegetiContr - §5-% 0 BN Fi::nda'gfn";'_ gt 85;‘! et Delte POt | g e oo 1O ®
Fant: M Alighment: [F] Number [ Styles Cells Editing A
fo | RALAGE:Number of Failed TRX Allocations (Wane) hd
A B C o] E F G H 1
| 4 14 BEcmimBEer_\«ekepa_«canndex:aa«cew:?mﬁnmmz:ﬁwe :nf gT r Esm
5 2132014 1440 BSCO1  LABEL=2G._Yekeps_1, Celllndex=561, CGIG1804001402618 4 2D 51
2% 2140014 1M0BSC0  LABEL=DG Yekepa_!, Celldex=551, CORRIEMONNOZET (4 i 1
a7 WIEQNA 1M0BSCH  LABEL=2G Yekepa !, Cellden=651, CORRIENAINNDZETS T4 i 1
28 VIGANA  MOBSCOl  LABEL=2G Yekepa ! Collidex=6S1, CORBIENMINIADZESR T4 i 1
bl VITOMA M0 BSCH  LABEL=2G Yekepa !, Celldex=AG1, CORBIEMONIAZE T4 Pl 1
30 VIBOMA  1M0BSCH  LABEL=2G Yekepa !, Cellndesiil, CORBIEAINIANZET T4 Pl 1 -
31 WROMA M0 BSCH LABEL=2G Yekepa !, Cellndex=5Rt, CORRIENAIIIADZRIE T4 0 1 9096 71428
R UEANA M0 BIC0  LABELS2G_Yekepa_l, Cellndex=iG1, COISGIMI0NA0ZEE  Td il 51 21017 89655
£ LY 140 BSCH  LABEL=2G_Yekeps_!, Cellldex=551, CORRIANMNNOZETE T4 Pl 561 9009 90.476
E)] 320014 1440 BSCH1  LABEL=2G_Yekepa !, Celllidex=6G1, CORRIENAINNDZETE T4 i 1 2433 51509
£ A0 1440 BSCH  LABEL=2G Yekepa !, Collldex=651, CORBIRAINNADEE T4 i 1 5094 86363
) WA0MA M0BSCH LABEL=2G Plesh 3, Cellndex=d2, CORBIEDANMINEE T4 Pl 73 30769 -
7 WNOMA AM0BSCH LABEL=2G Pleshn 3, Cellndex=323, CORBIEDANINEE T4 Pl 73 %10
e 90014 1840 BSCH LABEL=2G Yekepa 2, Cellndex=5i2, CORRIANAINIADZEE T4 0 3] 41BR 100
£ A4 M0 BECO  LABEL=2G_Yekepa 2, Cellndex=iG2, COI=G10M00140Z608 T4 il 2
40 222014 MOBSCH  LABEL=2G_Yekeps 2, Celldex=562, CORBIENANNOZET T4 Pl 2 100
41 WDOWA MOBSCH  LABEL=2G Yekepa 2, Cellden=6G2, CORBIENAINIDZETE T4 i )
42 WEONA MOBSCH  LABEL=2G Yekepa 2, Collldex=6G2, CORBIEMMOINNDZE T4 i L]
43 UMOMA M0BSCH  LABEL=2G Yekepa 2, Cellnde=5G2, CORBIEAINIANZET T4 Pl )
44 UEOMA  AM0BSCH  LABEL=2G Yekepa 2, Cellnde=5i2, CORBIEAINIANZET T4 Pl L)
45 WROMA  AM0BSCH  LABEL=2G Yekepa 2, Celllndexs5i2, CORRIENAINIADZEE T4 0 3]
46 DZENA 10 BSCOT  LABEL=2G_Yekeps_2, Celllndex=562, CG\=EWEDAUEIMDZ:EWE :UA :20 :552
i Worst CSSRKPI 3 TOTAL CELLS APPENDIX | Sheet? Sheett S0l ... @- E »

B A M -——+

1:29 AM

i
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=] B ALLWORK (Butasaved) - Excel ?TEH - & X%

HOME INSERT PAGE LAYOUT FORMILAS DATA, REWIEMW WIEW dignin
o X ooyt Lo = _ = = T Ex =2 3 hutaSum ¢ A
o i kK S=E ¥ Bvw B2 E3 M
F'ltjlé-@cDpy . C | F ‘)t Cell \EEllt [EEIIt F@t Fi”' Szrt&FI‘di;
aste - g - F EEE EFE - - €0 00 onditional Formatas  Cel nsel elete Formal 0 in
¥ Format Pairter BIU- L b-Ar S== &5 Buegace $r% o W Formatting™ Tablew Styles~ - - M & Clear~ Filter Select =
Clipboard F) Font [F] Alignment [F] Mumber [F] Shyles Cells Editing A
BRI e Je | R3139E:Mumber of Failed TRX Allocations (None) v
S L M N 4] P Q R 5 T u N W X Y z Ad E
Document Recavery 4 0 0 0 0- 0 0 0 0 0
Excel has recovered the followirg files, ) 0 0 o 0- 0 0 0 0
Sawe the ones you wish to keep, 76 - 0 i} 0 0- 0 0 0 0
Available Files 2} 0 0 0 0- 0 0 0 0
AL WORK it 28 - 0 0 0 0- 0 0 0 0
L fversion 1ladsb ..
Wersion created from the L. 8 0 0 o 0- o 0 0 0
471672014 12:20 A a0 - 0 0 0 0- - - - 0 0 0 0 -
Ell 0 0 100 1.536 0 0 34858 0023 0 2 0 034 0 100 -
ALLWORKgsx [Original] a2 0 0 59864 1.388 0 0 34538 0 1] 1 0 0.438 0 100 -
Version created last time t.. 33 0 2 96794 1.104 0 0 3474 0157 0 1 0 1.007 0 100 -
ANTATIA 133 w  2a9 0 TR 1A7 0 0 BAT 142 0 1 0 053 0 m-
AILHORK futosaved) 5 0 193423 07es 0 0 3ESS 0297 ] 1 0 2103 0 100 -
X utosaved) [ver..
\ersion rested from the 1. 36 0 0 91444 i 0 0- 9.433 ] 1 0 o013 0 -
A416/2014 12:44 A a7 0 0 53059 0216 0 0- 2892 0 1 0 00 0 100 -
ki 0 0 55846 0144 0 0- 0 1] 1 0 oom 0 100 -
ALLWORK [hutosaved]xlss . - 0 99193 ] 0- 121.546 0- 1 0 0 0 -
Version created last time ., 40 0 0 89204 ] 0 0- 0- 1 0 oom 0 100 -
41772014 1031 PM 41 0 1m0 1 0. 0- 3 i i 0
47 - 0 100 ] 0- 0- 2 0 oom 0
43 0 100 ] 0- 0- 2 0 0om 0
a4 - 0 100 ] 0- 0- 2 0 0 0
45 0 100 o 0- 0- 2 0 00om 0
g Which file do l'want to save? 46 - 0 100 1] 0- ) 0 2 0 0.001 0- ~ _
a P n e laNalat ] o - 4 n n A
E « v .| WorstCSSRKM3 | TOTALCELLS | APPENDIX | sSheetz | Sheetd | sDccl.. (B @ [4 ] D]
READY
m - ‘ ™
c W ¢ o WFHENEE 0 T
c 8 ¢ O E g U
H s ALL WORK (Autosaved) - Excel T E - x
HOME | IMSERT ~ PAGELAYOUT — FORMULAS — DATA  REVIEW  WIEW Sign in
¥ Cut " . . = __ [ = —— ) i ~ mx = zAutoSum - A
Calibri 1A N TEE o BinpTe General i F EI‘ Q gm 5 EI Y IH]
2 D R oy - o g, | {3 d | Fi Cell IEH DEE\' F EH”' SZ & Find &
a3te B I U- . M+ « E==lEeEE Merge & Center = v 01 €0 00 onditional Formatas  Cel nsert Delete Format ort ini
« ¥ Fomat Painter - < S erg $ g Formatting™ Tablev Stlesw = v o Sl Filter = Select ~
Clipboard [} Font IF1 Alignment [F1 Mumber [F Styles Cells Editing A
BA1 M fe ! R3L39E:Mumber of Failed TRY Allocations (None) v
Ah AB AC AD AE AR AG AH Al Al AK AL A AN D AP 20 (4]
Cocument Recovery | T 0 0 i 0 0- 0- 0 0 0
Excel has recowered the fallowing files, 2 a 10 1 0 0 i i a- 0- 0 0
Saue the ones you wish to keep, 2 ‘ 0 10 11 0 0 0 0 0- 0- ] ]
Available Files 27 0 10 1 0 0 0 0 0- 0- 0 0
28 i 10 11 0 0 i i 0- 0- 0 0
X [versian 1)dsb ...
Yersion created from the |.. % 0 10 1 D 0 0 0 0- 0- L L
A18/201412:20 M an 1] 10 " 0 0 0 0 0- 0- ] ]
Ell 09782 119 1119 0 0 0 0 0 13167 0 0 100 3917 419 0 38
ALLWORKdsx [Original] 3 i} 963 11087 11048 0 0 0 0 033 Bed 0 0 100 10657 4335 0 22
Version created last time £, 33 0 9Eer 14/ 10w 0 0 0 07 1sa 0 0 100 7692 403 0 21
AAT014 10119 PM
) 49497 12034 885 4 0 0 0 1987 B4 0 0 0 13718 3222 0 Eil
35 0 9332 13210 1227 0 0 0 0 1.0s4 10276 0 0 100 12788 3.894 0 26
e ALLWORK [Autosawed) [ver...
Version created from the |.. 36 0 9892 o2 4T 0 0 0 0- 0- 0158 0 3137
41182014 12:44 AM 7 0 99% BB 7541 0 0 0 0- 0 0 100 0.218 0 3.207
8 0 10 11 10873 0 0 0 0 0 0 0 0 100 0 3.922 0
ALLWORK (Autosaved) sz . 3 0 9599 1110912 0 0 0 0 0 0 0- 0.025 3.957 i
Version created lasttime t.. 40 0 10 1110913 0 0 0 0- 0- 0 3,952 0
ATIATIE A 4 T R T 0 0 0 0 0 0 4 o
42 0 10 1 11 0 0 0 0- 0- 0 4 0
43 0 10 11 il 0 0 0 0- 0- 0 4 0
44 0 10 1 1" 0 0 0 0- 0- 0 4 0
45 0 10 1 11 0 0 0 0- 0- 0 4 0
0 hich file o | wiant to save? 4 ] 10 1 11 i i i 0. 0- 0 4 0
¢ i n An 44 AN e n n n n — n v
€ v .| ViorstCSSRKPIZ | TOTALCELLS | APPENDIX | Sheet? | Sheetf | SDCCI.. ) : [{] I 0

READY
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H ¥ ALLORK {Butosaved) - Bxcel 7T EH - x

FILE HOME  IMSERT  PAGELAVOUT  FORMULAS  DATA  REVIEW  VIEW Sigiin
oy X Cut = = " T Bx =20 3 AutoSum A,
o i ki ==E Y B E 50 ExN v i
PDE@COPY' C d | F - Cell IEE [kJEE\1 F F‘"' SZ & Find &
aste . BT U- . &, . === £ Merae & Center = $ -0 X onditional Formatas  Cel nsert Delete Format ort ini
« ¥ Format Painter - < ! e Formatting™ Tablew Stylesw - M o Ll Filter - Select~
Clipboard n Font n Alighment: & Humber ] Styles Cells Editing a
BIL v Je | RAL33E:Mumber of Failed TRX Allocations (None) v
AQ AR AS AT AU Ay s A AY Az BA BB BC 8D BE BF BG [4]
Docurnent Recavery 2 0 0- i i 0 0 0 0 0 0 0 0
Excel has recowered the fallowing files, 5 U 0- 0 0 U 0 0 0 0 U 0
Save the ones you wish to keep, 76 0 - i 0 0 ] i 0 0 0 ]
Available Files a 0 o 1 ! 0 L 1 ! ! 0 L
28 0 0- 0 0 0 0 0 0 0 0 0
L& ALLWORK fersion T)xdsh ..
Wersion created fram the 1., 3 L 0- 0 0 L 0 0 0 0 L 0
{15/2014 12:20 AM a0 0- 0 0 i} ] 0 0 0 i} ]
Kl 3028 3 0004 1837 3089 0654 - 100 [} 0 2 0 0 0 0 0
ALLWORKAsx [Original] a2 2240 15 0408 17.601 3.918 0,594 - 99,864 3 1 1 0 0 0 0 1]
Wersion areated last time £, EEA 1 063 1736 907 05 - 96.8 4 I 0 0 0 0 I 3
41772014 10:13 P
i 34 3164 8 404 1818 £.531 111 - 76117 16 3 2 0 1 2 0 3
k] 2670 19 2066 18.338 17209 0381 - 92,726 ] 0 2 0 0 0 0 2
L& ALLWORK [Butosaved) [ver.,
Versian areated from the L. 36 b 0 5.492- 0173 0- 91,493 0 0 0 0 0 0 0 0
47152014 12:44 AM w il 0 4807- 0344 0.0% - 93.027 0 4 0 0 0 0 0 0
Ei 4 00815 0.009 006 - 98,898 0 0 0 0 0 0 0 0
ALLWORK [Autasaved)ds a0 2 0 0623 42.89 0 0- 99,138 0 0 0 0 0 0 0 1]
Version reated ast time £, 40 1 0 0.435- 0.009 0- 93.138 0 i 0 0 0 0 I 0
AT P 41 0 0 0- 0 0- 100 0 0 0 0 0 0 0 0
42 0 0 0- 0.009 0- 100 0 0 0 0 0 0 0 0
43 0 o o0.00z2- 0.003 - 100 0 0 0 0 0 0 0 0
44 1 0 0- 0 0- 100 0 0 0 0 0 0 0 0
45 0 000 - 0.009 0- 100 0 0 0 0 0 0 0 0
0 Which file do | want to save? 46 1 ] 0- 0,009 0- 100 i 0 ] 0 i i 0 ]

e PR, f o mer o
I: €0 .| WorstCSSRKPI3 | TOTALCELLS | APPENDIX | Sheet? | Sheetd | SDcci.. ® @ ¢ 1 O

SICERE R~ & S

I H i ALLWORK (Autosaved) - Excel T E - X
FILE HOME  IMSERT  PAGELAYOUT — FORMULAS  DATA  REVIEW  VIEW Signin
&y X Cut . - = =, L | o E':'x B2 3 AutoSum v A,
Calibri oAy =2 & EF Wrap Text General '| F %‘} @ £ g EI Y H
PDEECDW' . (@ d' | Fi Cell \EE 5‘ Fi EF‘”' SZ & Find &
aste . I = &= EMH o & Center * $ v 9% (-03 ng onditional Formatas  Cel nsert Delete Format ort it
< Format Painter E ’ Formatting = Table~ Styles~  ~ M o Ll Filter - Select -
Clipboard [ Font M Alignment I Mumber M Styles Cells Editing A~
B v fe | R3139E:Mumber of Failed TRX Allocations (Mone) v
BF BG BH Bl B B BL EM EN BO Ep B0 BR B3 BT EU By
Document Recovery 24| 0 o 0- 0 o i i 0
Excel has recovered the fallowing files, 25 0 0 - 0 0 0 0
Sawe the ones you wish to keep, %6 0 0 0- ] ] 0 0
Avalable Files a ! L e v ! i 5
28 0 0 0- 1] 0 0 I
LE| ALLWORK [version 1]xsh ...
Wersion crested from the L., a 0 0 g 0 L g [
4f18/2014 12:20 AM 30 0 0 0- ] ] 0 0
il 0 0 0 2955 67922 100 0 0 I
ALL VWORK.xlsx [Otiginal] 32 0 0 0 33333 565 99.664 ] 0 0
Wersion created last time L., ] 3 i} 0 30,982 52397 96,4 i} 0 i}
AT 1013 3 3 1 0 32935 56318 TAL1T 0 0 0
ALLWORK putosaed) 5 2 1 0 35389 57364 91726 0 0 0
X utosaved) [wer.
Wersion created from the ... 36 0 0 o 83 a 31439 o 0 0
4/18/2014 12:44 AM k) 0 0 0 956 ER5T9 93027 0 0 0
34 0 0 0 37833 475 95658 0 0 0
ALL VORK [futosaved).xdsx .. 30 0 0 0- 99,138 0 0 0
Wersion created lasttime .. 40 0 ] - 99,138 i} 0 ]
41772014 1131 FM 4 0 0 0. 100 0 0 0
42 0 0 0- 100 0 0 0
43 0 0 0- 10 0 0 0
44 0 0 0- 100 0 0 0
45 0 0 0- 10 0 0 0
e Which file do | want to save? 46 i i - R 100 ] i i
Close o - ’
« v | worstCsSRKRI3 | TOTALCELS | APPENDIX | Sheetz | Sheeti | SDCCI.. &) i [4] D

RERDY | Mo-——+ 1o

5 i = [ [ = 33 AM
@ e B @3 ) g i)

EW/mO OO0
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H s ALLWORK {Autasaved) - Brcel 7 E - 8 %

HOME INSERT PAGE LAYOUT FORMULAS DATA REWIEW WIEW Signin
o
“D EEE:;Y i Calibri - E N == = - %WrapText General - E} ’_? gﬂj Ex El ::t‘aSum " '%Y H
PO comatpiiny B L W E D A === &% Huegeatet - $-% 0 %3 éf:i@?n";'- F?r’:;:f‘ séﬁ‘l- et Delete Farmat | e iﬁ{ﬁff ;E ff
Clipboard [ Font M Alignment [ Mumber [ Styles Cells Editing A
BN1 v fe | R31FE:Number of Failed TRX Allacations (Nane) v
A i c D 3 ; 6 H IR
Cocument Recovery 47 BO014 14M0B3CO!  LABEL=2G Yekeps 2, Cellndex=062, COIG1BMDIA0ZE18 04 0 %2
el s recovered the falowing s, 43 JONA 140BSCOT  LABELEZG Vekeps 2, Cellndex=fb2, COEBIBOAINIAIZGEIE W4 W %R
Saue the ones youish b kezp. ) M4 140BSCOT  LABELZ2G_Vekeps 2, Cellndew=Gb2, COIGIBOAINIAOZEIE W4 W %2
Aeslabe Fls 50 AN HOBSIOI  LABELSDG Vekepa 2 Cellimisii2, COsBBMONLZEIE B¢ D 2
51 WONG 140 BSCOT  LABEL=2G Vekeps 2, Cellndex=562, CGI=51804001400618 D4 gl 2
AL WORK barsen st - | s WSOM4  140BSCOT LABELE2G Yekeps 2, Cellndexsfb2, CHRBIOOAINAOZEIE W4 W 2
4182014 122044 53 OMA  1M0BICO1  LABELEZG Yekeps 2, CellndexsGb2, CORBIBOMINAOZEIE W4 MW %2
54 WON4 140BSCOT  LABELE2G Vekeps 2, Cellndex=fb2, COEBIBOANIAIGEIE W4 W %R
ALLWORK Al [Orginal] 55 WG4 1440BSCOT  LABELZ2G_Vekeps 2, Cellndew=Gb2, COIGIBOAINIAOZGEIE W4 W %2
Wersion reated last time .. 56 WA 140 BSCOT  LABELEZG Vekeps 2, Cellndzx=SB2, CORBIBIAUNAZEI T4 @ %R
AT TE1ZRM 57 MOM014 1440 BSCO!  LABEL=2G Yekeps 2, Cellndex=0E2, COI=S1BMODIA0ZEIE D4 M 5@
58 WIM014  1440BSCO1  LABEL=2G Yekeps 2, Cellndex=562, CORS1BMIDIA0ZEIE. o4 W 52
Bl WORK Pt | 5 120014 1490 BSCOT  LABEL=2G Yekepa 2, Cellndex=562, CGI=5180400140588 T4 n e
102014 12:44 A 60 2120014 1440 BSCO1  LABEL=2G_Buchanan Road 2, Cellndex=042, CGI=B1E0R18. T4 0 B4z
&1 2130014 1440 BSCO1  LABEL=2G_Buchanan Road_2, Cellindex=042, CGIsB1E0R18. T4 i a2
ALLWORK utosaveddzc., | 67 2MB014 1440 BSCO!  LABEL=2G BuchananRoad 2, Cellndex=Bé2, CGI=6180618 04 @ B4z .
Wersion treated asttime ., 6 2090014 1440BSCO!  LABEL=2G BuchananRoad 2, Cellndex=Bé2, COI=G100618 B4 M0 B2 @E1 10
HTRTAT M 6 M4 1M0BSCO!  LABEL=2G Buchanan Road 2, Cellndex=842, COI=618018 4 n B2 .
6 MEO0N 1400BSCOI  LABEL=2G_Clay_3, Cellndex=203 CGIG130M001400CERIE D4 @ 28 BHE 10
6 M4 1440BSCOT LABEL=2G Glay 3, Cellndex=203, CG=5134001400CER1E W4 0 a3
67
68
@ which file do | want to saue? 6
Cose 4 v ... | Worst C55RKPI 3 TOTAL CELLS APPENDIX ! Sheet2 | Sheeté Spedl ... l{-) [ »

READY H B -——+ 10

1:34 AM

~ Rl
i 4 42172014

d = ALL WORK (Butosaved) - Excel T EH - 8 X
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REWIEW  VIEW Signiin
X Cut X .o = = N | " = ED)‘ 23 Autelum - A
Calibri 1A A T== # EeWrepTed General | E}‘ ﬁ LT Y
P ItjEECopy ) By ‘ . P ¥ I F t ::\ IEart DE?t F@t mF\H' Szrt& F['di;
aste . BIU- &~ - A= s Merge % Center <o 5 &b 0 Conditional Formatas Ce nsert Delete Forma il i
« ¥ Fommat Painter 2 o $ ¥ Formatting Tablew Stlesw  ~ M M & Clearr Filter+ Select =
Clipboard fa Fant r] Alignment [F} Mumber [F} Styles Cells Editing "
BN1 v Je || R3L39E:Number of Failed TR Allocations (Mane) v
K L M N [ " P R 5 " U W W X Y Z A~
Document Recovery 47 0 828l 0 0- 0- 1 0 0 0-
Excel has recavered the following files, 48 | 0 96603 0 0- B.451 1 0 0.0 0-
Sawe the ones you wish to keep, 49 |- 0 83532 0 0- B.25 - 1 0 0.002 0-
Available Files 50| 0 92808 0 0- 33333 1 0 0.001 0-
51 885 112 0 0- 0- 1 ] 0.0m 0-
L& ALLWORK fwersion 1)xlsb .
‘ersion created from the . a2 0 100 0 0- u- z 0 0 0-
418/201412:20 AM 53 0 59818 0 0- 0- 1 i 0 0-
54 |- 0 78526 0 0 0- 0- 1 ] 0.0m 0 0-
ALLWORKxIsx [Original] 55 |- 0 85081 0 0- 0- 1 1] (0.001 0-
wersion created last time t... o6 |- 0 8582 0 0- 0- 1 0 0.001 0-
AT TSR 57)- 0 %E% 0 0. 0. 1 00 0-
ALLWORK [utosaed] 58 |- 0 99.606 0 0- 0- 1 0 0.002 0-
L utasaved) (rer.,
Yersion created from the .. Al 0 sim 0 0- u- 1 o 0m 0-
413/201412:44 A0 60 i 0 99783 0 i 0 8864 0- 1 0 oo i 100-
61 0 0 100 0 0 0 24399 0- 2 0 0.0m 0 100 -
ALLWIORK [Butosaved).isx . 62 i 100 0 i- 73748 0- 2 0 oo 0-
ersion created lasttime L., 63 0 0 87362 0.024 0 0 5981 0 0 1 0 0.002 0 100 -
AT TR e 0 0 0 0 0 705 0- 2 1o 0 -
63 0 0 100 0.024 0 0 67.703 0 0 2 0 0.005 0-
66 |- 0 96182 0 0- 47.942 0- 1 0 0.003 0-
67
i3
a Which file do | want to save? 9
I 20 — v
Pl .| WorstCSSRKPZ | TOTALCELS | APPENDIX | Sheetz | Sheets | SDCCI.. B) ¢ 4 »

READY i B -————+ 1%

1:35AM

PO TN )
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5] s ALLWORK (Butosaved) - Excel 7 EH - &8 X

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW  VIEW Signin
e TN & I Tk ) 2 b
Calbi Ji x s ==E ®r  SwnpTe E B =z 4
P |tj B Copy Gy C I F ‘)t Cell IEEIrt [)E\'t Flllt Fi”' SZrt& Fl“dl
aste . I U~ 5~ - === &5 M & Conter P 0y S onditional Formatas  Cel nse elete Formal 0 ini
¥ Format Painter < = Merge &t enter $ e Formatting™ Tablev Stlesw - M - & Clear~ Filter= Select~
Clipboard [ Font [~ Alignment [F MNumber [ Shyles Cells Editing ~
BN - fe | RILI9E:Number of Failed TRX Allocations (None) v
AL AB AC AD AE AF AG AH Al Al AR AL AM AN AQ AR AQ [
Document Recovery 47 i 1 [k o i 0 o - 0 - 0 3579 0
Excel has recovered the fallowing files. 48 0 10 " 10.554 0 0 0 0 - 0 - 0 3.793 0 D
Save the ones you wish to keep. 42 0 10 " 9198 0 0 0 0 - 0 - 0 3.053 0
Available Files 50 0 10 1 10198 0 0 0 0 - 0 - 0 3.515 0
51 0 10 1 10903 1] 1] 0 1] - 1] - 0 3.944 0
L[ ALLWORK [wersian 1)xlsh .,
Wersion created from the .. > 0 10 n " 0 0 0 0 ° 0 ° v 4 v
4182014 12,20 8M 53 0 10 1" 10,98 1] 0 0 1] - 1] - 1] 3.99 0
54 0 10 " 8635 0 0 0 0 - 0 - 0 3.093 0
ALLWORKxlsx [Driginal] 55 0 10 " B.053 ] 0 0 ] 0 0 0 - i} 2.2 0
Wersion created last time b, 56 0 10 11 9413 i} i} 0 i} - i} - ] 3.971 i
AITRTIA013PM 57 I T COR L 0 0 0 0 - 0 - IR 0
ALLWORK futsaved] 58 0 10 1 10523 ] 0 0 ] E ] - 0 3.944 0
X: ko sawed] [wer.,
Version created from the L. 59 0 10 1 10991 0 i 0 ] - ] - 0 3.987 0
HE201412:04 AM 80 0 9994 1 10975 ] i 0 1] 0 3333 1] - 0.225 3.987 0
a1 0 9993 N " 0 0 0 1] 1] 0 1] - 0.143 4,006 0
ALLWORK [Butosaved)xls., 62 0 9974 " il 0 a 0 0 ool i - 0645 4,025 0
Version created last time t, 63 0 9975 " 9609 ] ] 0 ] 0 17524 ] 0 100 0,682 3.513 0
AITRDA TP & 0 99% 1 1 0 0 0 0 0 18 0 - 3 4003 0
83 0 9964 N " 1] il 0 1] 0 21854 1] 0 100 0.643 4,031 0
68 0 9.983 11 104576 ] 1] 0 ] ] 11.34 ] - 0,334 3.8 0
67
68
a Which file do [want to save? 63
ol = -
E « v .| worstcssRkpiz | TOTALCELS | APPENDIX | Sheetz | sheets | soccl .. . 1 O
READY i M-+ 1o
— = 1
| ) A .~ | My | o aE ok, 136AM
e | E @ 3 p wg " - & _@“ @_‘J P_g T_‘ . S - LI ey
H - ALLWORK (Butosaved) - Becel T HE - X
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW  VIEW Signin
X ocut e | = T e F g A ‘I‘x =3 AutoSum A,
- - == e - -, €m o
D B - Calibri 1 A r % v ¢ Wrap Text LGenﬂ\ - 1 - Eg} B o EI |:‘||. ZY IHI
Paste B I U- iie My === &5 EME’ R $ -0 s &1 Conditional Formatas Cell Insert Delete Format Sort & Find &
< ¥ Format Painter - 4 2 & Formatting= Tablew Stles~ - - - L Clar~ Filter - Select~
Clipboard I} Fant I} Alignment [Ff Murnber [} Styles Cells Editing A
BIL v Je | R3L33E:Mumber of Failed TRX Allacations (None) ¥
RO AR A5 AT AU A AN AX AY AL BA BB BC BD BE BF BG [4]
Document Recovery 4, 0 0 Dam- 0 0- 93.635 0 0 0 i i i 0 0
Excel has recowered the fallowing files, 48 0 0 0.65 - 0.003 0- 96.198 0 0 0 0 0 0 0 0 D
Save the Ones you wish o keep. 4 ‘ 8 0 567- 0.021 0- 83.131 0 0 0 0 0 0 I I
Available Files 50 2 0 2322 - 0 0- 92,338 0 0 0 0 0 0 0 0
51 4 0 0,482 - 0.009 - 99,161 0 0 0 0 0 0 0 0
L& ALLWORK fversion T)xsh ...
Version created from the |.. 52 0 P U= L o- 100 y ) o 0 0 0 0 0
4418/201412:20 AM 33 4 0 0.174 - i} 0- 53,809 0 0 0 0 0 0 0 0
54 0 0 0.97 - 0.011 0- 78,043 0 0 0 0 0 0 i} i}
ALLWWORKxs¢ [Original] 55 1 0 028- 0.0 0- 55,081 0 0 0 0 0 0 I I
Version created last ime t., 56 1 0 0.2 - 0.01 0- 85.799 0 0 0 0 0 0 0 0
AT 115 P 37 1 0 0,311 - 0.009 0- 93,792 0 0 0 0 0 0 0 0
ALWORE Butasane) 38 0 0 0,331 - 0.027 0- 99,363 0 0 0 0 0 0 0 0
X: utasawed) [wer.
Wersion created from the |, 38 2 0 0,21 - 0.009 0- 99,923 0 0 0 0 0 0 0 0
4418/2014 12:44 AM 60 3 1 0,283 18,306 0.018 0- 99,763 0 0 0 0 0 0 0 0
61 16 0 nooz 17138 0.009 0- 100 0 0 0 0 0 0 0 0
ALLWORK [Autosawed)dsx ., 62 24 0 0.002 2048 0.008 0- 100 0 0 0 0 0 0 0 0
Wersion created last time L., 83 bl 0 0E LSS 002 0Ol 87.344 0 0 0 0 0 0 I I
41772014 17:31 PM
i 64 15 0 0001 18,708 0.018 0- 100 0 0 0 0 0 0 0 0
65 a7 0 0.002 16815 0.045 0.01 - 100 0 0 0 0 2 0 i} i}
66 16 2 0,953 15.463 0.028 0- 96.047 0 0 0 0 0 0 i} i}
67
68
0 Which file do | want to save? 59
- € v .| ViorstCSSRKPI3 | TOTALCELS | APPENDIX | Sheet? | Sheet6 | sDCCI .. () ] D]

READY i3] m -———+ %
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He s ALLYYORK (Autosaved) - Excel T EH - 8 X

FILE HOME  INSERT  PAGELAYVOUT  FORMULAS  DATA  REVIEW  WIEW Signiin
oo == & r =B 2
e T L B 5DEXE v i
PDEECDW‘ C d' | F - Cell \Ba EE\' F EF\II' SZ & Find &
aste . BIU- ¥+ &A= =[5 Merqe & Center + v O 9 ¢ 91 Conditional Formatas Ce nsert Delete Format ort & Fin
¥ Format Painter - < ES e $ e Farmatting = Tablew Stylesw = M - Ll Filter = Select =
Clipboard 1 Fant [r1 Alignment [} Mumber I} Stules Cells Editing A
BNL M fe R3139E:Number of Failed TRY Allocations (None) v
BG EH Bl Bl BK BL B BN B8O Br BQ BR Bs BT BU BY B [+
Document Recovery & 0 0 99,635 0 0 0
Exiel has recovered the following files, 48 0 0- 96.198 0 0 0 |:|
Save the ones you wish to keep, 40 0 0- 23,191 i 0 0
Avalable Fles 30 ! i- .13 1 0 !
31 0 0- 95,161 0 0 0
L ALLWORK fiersion 1)xisb ..
Wersion created from the L., 32 0 0- 100 0 0 0
A418/2014 12:20 AM 53 0 0- 99,809 0 0 0
54 0 0- 78,443 0 0 0
ALLWORKsl5% [Original] 55 0 0- 55,081 0 0 0
Wersion created lasttime £, 56 0 0- 5,799 i 0 0
417720141019 P 57 0 0- 99,79 0 0 0
58 0 0- 99,363 0 0 0
e ALLWORK [Autosaved) [wer...
Wersion created from the |.. 3 0 u- B34 0 L 0
4118/2014 12:44 AM ] 0 0- 99,763 0 i} 0
61 0 0- 100 0 0 0
ALLWORK [Butosaved) sk . 62 i 0- 100 i 0 i
Wersion created last time £, 63 0 i 29 a0 87.344 i 0 0
41772014 1131 P 6 0 0- 1m0 0 1 0
63 0 0 745 53 100 0 0 0
it 0 0- 96,047 0 0 0
a7
[
0 Wihich file do | wantto save? £a
Close | ™ . -
4 v . WorstCSSRKPIG | TOTAL CELLS ‘ APPENDIX | Sheetz | Sheetf ‘ SDel ... (1) 1 D
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APPENDIX C: SDCCH & TCH CONGESTION DATA SUMMARY

B A - ALLWORK - Excel T EH - O X%
HOME INSERT PAGE LAYOUT FORMULAS DATA REWIEW WIEWS Sign in
%cw e - | F P B B [i{ Teeenca
P tD @ Gopy - - n 7 o o 0 09 Ci [;.t—‘ | F L:f‘ Cell IEE rt E‘?T F@l F‘H' SzrtY& Fﬂdil&
LR MRS s < § 0% 0 A ST S e g e e
Clipboard [ Font [ Alignment & humber [ Styles Cells Editing -~
E33 - 5 2014/02/19 00:00:00 v
C D E F G H 1 K L M N e} P Q R E
1 |Total RequSDCCH CO Start Time Period (mitME Name GCELL CM33: Call RM3175:Call Drope on Traffic Channel (TCHF) (Mone)  TTRAF (Erl) TCH CONGE:!
2 378 2.249 201402112 1440 BSCO1 LABEL=2G_Harbel_1, Celllindex=281, CGI=6180400140119 B B 12 2016 5.95
3 656 2.1 201402415 1440 BSCO1  LABEL=2G_Harbel 1, Cellndex=281, CGI=6180400140119 4 5 10 1344 7.44
4 464 2.37 2014M218 1440 BSCO1 LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 9 9 18 1.44 12.8
5 371 2.4 201402725 1440 BSCO1  LABEL=2G_Harbel 1, Cellndex=281, CGI=6150400140119 [ [ 12 1.56 7.69
6 506 3.35 2014M2726 1440 BSCO1 LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 3 3 6 1.584 3.78
7 386 3.36 201402727 1440 BSCO1  LABEL=2G_Harbel 1, Cellndex=281, CGI=6150400140119 1 1 2 1.0586 1.89
g 463 1,43 2014702728 1440 BECO1  LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 1 1 2 1152 1.73
9 384 2.8 20140301 1440 BSCO1  LABEL=2G_Harbel 1, Cellndex=281, CGI=6160400140119 2 2 4 1.08 3.7
10 209 1.9 20140302 1440 BECO1  LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 o [t} 0 0.384 o
11 109 02014/03/07 1440 BSCO1  LABEL=2G_Harbel 1, Cellndex=281, CGI=6160400140119 a i 10 0.936 10.6
12 162 4.3 201403410 1440 BSCO1  LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 El 9 18 1.368 131
13
14 12 020140212 1440 BSCO1  LABEL=2G_Gweins_Town_1, Cellindex=BE1, CGI=E180400140295 o i} 0 0 o
15 22 020140215 1440 BSCO1  LABEL=2G_Gweins_Town_1, Celllndex=661, CGI=E150400140285 o 1} 0 1} o
16 15 0201402723 1440 BSCO1  LABEL=2G_Gweins_Town_1, Celllndex=661, CGI=5180400140295 o [t} 0 0 o
17 28 0 201470224 1440 BSCO1 LABEL=2G_Gweins_Town_1, Celllndex=661, CGI=6150400140295 o o 0 1) o
18 b} 020142725 1440 BSCO1  LABEL=2G Guweins_Town_1, Celllndex=661, CGI=5180400140295 o i} 0 0 o
19 12 0 201402427 1440 BSCO1 LABEL=2G_Gweins_Town_1, Celllndex=661, CGI=6180400140295 o a 0 1) o
20 ] 0201402728 1440 BSCO1  LABEL=2G Gweins_Town_1, Celllndex=661, CGI=E180400140295 o [t} 0 0 o
21 18 020140301 1440 BSCO1 LABEL=2G_Gweins_Town_1, Celllndex=651, CGI=E130400140235 o a 0 1) o
22 20 02014/03/03 1440 BSCO1  LABEL=2G_Gweins_Town_1, Celllndex=661, CGI=5180400140295 o 1} [1} 1} o
23 29 0 20140306 1440 BSCO1 LABEL=2G_Gweins_Town_1, Cellindex=651, CGI=5130400140235 o a 0 1) o -
« .| Worst CSSRKPI2GOOD | Worst CSSRKPIZ | TOTALCELLS | Sheetz | SDCCH CONGESTION ® < .

I -——+

10:27 AM
5/28/2014

PTREN )

<l =] = ALLWORK - Excel 7 @ - O X
HOME  INSERT  PAGELAYOUT — FORMULAS  DATA  REVIEW  VIEW Signin
e 3 Cut : T T = ——= T Y s @ i Bk [ ZAuohm v A
Do, il woc| A A B BevipTen {General ] } 5; & @ =~ ,EE EE" | ; e SZY& Fﬂ‘i
aste - &= 3= < > €0 00 onditional Forrmatas ¢l nsert Delete Format art in
- ¥ Format Painter re S Sl PR Formatting® Tablew Sgles- = - - LT Firec G-
Clipboard i) Font F] Blignment ir] Number a Styles Cells Editing ~
E23 - £ 2014/02/19 00:00:00 F i v
C [») E F G ¥ H rar. i I 1 K L M N N 0 P Q R |z|
23 3 020140306 1440 BSCO1  LABEL=2G_Gwains_Town_{, Calllndey=661, CGI=5180400140255 i [ [ 0 o O
24 15 02014103407 1440 BSCO1  LABEL=2G_Gweins_Taown_1, Celllndey=661, CGI=8150400140295 i ] 0 [
25
26 0 020140242 1440 BSCO1  LABEL=2G_Yekepa_1, Cellndex=561, CGFE180400140231 0 a 0 0 [
G 0 0201400243 1440 BSCO1  LABEL=2G_Yekepa_1, Cellndex=561, CGHE1A0400140231 i 0 0 0 i
28 0 020140244 1440 BSCO1  LABEL=2G_Yekepa_1, Cellndex=561, CGEE180400140231 i 0 0 0 [
29 0 020140245 1440 BSCO1  LABEL=2G_Yekepa 1, Cellndex=561, CGFE180400140231 il ] 0 0 i
a0 0 020140246 1440 BSCO1  LABEL=2G_Yekepa 1, Cellndex=561, CGEE180400140231 i a 0 0 [
31 0 020140247 1440 BSCO1  LABEL=2G_Yekepa 1, Cellndex=561, CGFE180400140231 i 0 0 1535 i
a2 0 0201410248 1440 BSCO1  LABEL=2G_Yekepa 1, Cellndsx=561, CGEE180400140231 i 0 0 1,368 [
33 3861 02014M02/26 1440 BSCO1  LABEL=2G_Yekepa 1, Cellndex=561, CGFE180400140231 il 0 0 1104 i
34 2255 0201400228 1440 BSCO1  LABEL=2G_Yekepa 1, Cellndex=561, CGEE180400140231 4 4 8 1872 4.27
35 2209 0.1 201410301 1440 BECO1  LABEL=2G_Yekepa_1, Cellndex=561, CGHFE180400140231 i 0 0 0768 i
36 317z 018201440302 1440 BSCO1  LABEL=2G_Yekepa 1, Callndex=561, CGEE180400140231 i 0 i 0024 i
37 2689 01120140303 1440 BSCD1  LABEL=2G_Yekepa_1, Celllndex=561, CGIFE180400140231 i 0 0 0072 i
38
39 4 0[2014102A9] 1240 BSCO1  LABEL=20_Yekepa_2, Cellindex=552, CGFG1804001 40232 i a 0 0024 [
40 2 0201402220 1440 BSCO1  LABEL=2G_Yekepa 2, Cellndex=562, CGEE180400140232 i o 0 0024 0
41 1 0 2014221 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHE180400140232 0 a 0 0 [
a2 0 020140222 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGEE180400140232 i o 0 0024 0
43 0 020140223 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGFE180400140232 0 0 0 0 [
a4 0 0201402724 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGIHE180400140232 i o 0 0216 i
45 1 020140225 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHFE180400140232 0 0 0 0144 [
« w. | Worst CSSRKPI2 GOOD | Worst CSSRKPI3 | TOTALCELLS | Sheetz | SDCCH CONGESTION [©)] [« [ v
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BH - ALLWORK - Excel T EH - O X%
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  WIEW Signin
T R e S e B B B 3 Iy
poste B CoPY : = cg op  Canditionsl Fnrm‘;tax cel Em DEE\lEtE F%t M- szm& Fﬁl&
2 Srormatpaine BT L H A = erge & Conter ~ | § - % 0 %8 3% Formatting - Table~ Styles= -~ - & Clear~ Filter - Selact -
Clipboard [ Fant [ Alignment I Mumber 5 Styles Cells Editing
E39 - Feo| 2014/02/19 00:00:00
c D E F G H i 1 K M N 0 P Q R
41 1 020142721 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGFE180400140232 0 [ 0 0 [
a2 0 02014M02/22 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGIHE180400140232 i 0 0 0024 i
43 0 020140223 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGFE180400140232 0 a 0 0 0
as 0 0201400224 1440 BECO1  LABEL=2G_Yekepa_2, Celllndex=562, CGFE180400140232 i 0 0 0218 i
a5 1 0201402/25 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGEE180400140232 i o 0 0144 i
a6 0 0201400226 1440 BECO1  LABEL=2G_Yekepa_2, Cellndex=562, CGIFE180400140232 i 0 0 0 i
a7 1 02014002/27 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGEE180400140232 i o 0 0 i
48 0 02014M02/26 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHE180400140232 0 0 0 0 0
a0 0 020140301 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGEE160400140232 i o 0 0 0
50 g 020140302 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHE180400140232 0 0 0 0 [
51 2 020140303 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGEE180400140232 i o 0 0 0
sz 4 020140304 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHFE180400140232 0 0 0 0 [
53 0 020140305 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=562, CGHE180400140232 i o 0 0 i
54 4 020140306 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHFE180400140232 0 0 0 0 [
55 0 020140307 1440 BSCO1  LABEL=2G_Yekepa 2, Celllndex=562, CGIHE180400140232 i o 0 0 i
s6 1 020140308 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHE180400140232 0 a 0 0 [
s7 1 02014003409 1440 BSCO1  LABEL=2G_Yekepa 2, Cellndex=562, CGHE180400140232 i i 0 0 i
58 2 020140340 1440 BSCO1  LABEL=2G_Yekepa 2, Cellndsx=562, CGEE180400140232 0 0 0 0 [
sa 0 0201403411 1440 BSCO1  LABEL=2G_Yekepa_2, Cellndex=562, CGHE180400140232 i 0 0 0 i
50 2 020140342 1440 BSCO1  LABEL=2G_Yekepa 2, Cellndsx=562, CGIEG180400140232 0 0 0 0 [
51
62 a7 020140242 1440 BSCO1  LABEL=2G_Buchanan Road_2, Celllndex=642, C31=5150400140344 i ] 0 0 i
53 16 0201402413 1440 BECO1  LABEL=2G_Buchanan Road_2, Celllndex=842, CGI=51904001 40344 i 0 0 0 [
« .| Worst CSSRKPI2GOOD | Worst CSSRKPIZ | TOTALCELLS | Sheetz | SDCCH CONGESTION ® < .

i

L

1

PTREN )

10:29 AM
5/28/2014

T =

> AutoSum ,%Y H

Fill ~

u Sert & Find &

€ Clear~ Filter - Select -
Editing

= Jra—
€im TEx

" =
Insert Delete Format

Cells

Sign in

0o x

BHdZ - ALL WORK - Excel
HOME | INSERT  PAGELAYOUT  FORMULAS — DATA  REVIEW  VIEW
= g"c“t Arial <o - A A - B irap Text General - @ Q
B Copy ~ A
Paste .,Fmpmyalpmg, Iu- HepA = &3 ElMerge&iConter + $ - % 2 %8 88 Fimgiug[ F;;mbr:jﬂ séliv
Clipboard ] Fant i1 Alignment [F] Number [ Styles
E39 - Fo | 2014/02/19 00:00:00
c D E F < H | 1 K L
63 16 0 2014/0213 1440 BSCO1  LABEL=2G_Buchanan Road_2, Cellndex=542, COI=GIAN40N 40345 i F = 0
64 4 0 2014102416 1440 BSCO1  LABEL=2G_Buchanan Road 2, Cellindex=842, CGI=G1804001 40344 0 o 0
&5 29 0 2014/02123 1440 BSCO1  LABEL=2G_Buchanan Road_2, Cellndex=842, CGI=61804001 40344 0 a 0
56 15 0 2014103406 1440 BSCO1  LABEL=2G_Buchanan Road 2, Cellindex=542, CGI=6180400140344 0 i 0
67
68 47 0 2014102416 1440 BSCO1  LABEL=2G_Clay_3, Celllndex=203, CGI=51804001400CE 0 ] 0
63 18 0 201410302 1440 BSCO1  LABEL=20_Clay_3, Celllndex=203, CGI=E1804001400CE 0 i ]
70 0 ] 0
7 78 0 2014102413 1440 BSCO1  LABEL=2G_Pleebo_3, Cellindex=523, CGI=6150400140338 0 0 ]
72 70 0 2014102121 1440 BSCO1  LABEL=2G_Pleebo 3, Cellindex=023, CGI=5180400140398 0 ] 0
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7
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APPENDIX D: SAMPLE OF THE CALCULATED AVERAGES

B A - ALLWORK (Butosaved) - Excel 7 EH - O X%
HOME INSERT PAGE LAYOUT FORMULAS DATA REWIEW WIEWS Sign in
-
B b e A S=E e S H B2 EEE iyl
" o % F L D B4 oo S0 8 Dl s e o g e
Clipboard Fant 5 Llignment 3 Humber 5 Styles cells Editing ~
K77 - £ v
A B C ] F 5 H | 1 K L M N E
1 Start Time Periad (milNE Name GCELL MCC MNC  LAC Cl CSSR_ABC (%) (%) Handover S CALL DRC CIM30A&; G2 RKI255; TF TTRAF
2 21214 1440 BSCO1  LABEL=3G_Harbel 1, Celllndex=281, CGI=B1A04001401 1518 T4 “n el o mEn oo 3E 73 mEw 20
3 21502014 1840 BSCO1  LABEL=2G_Harbel 1, Cellndex=281, CGI=618040014011518 D4 20 291 3,561 100 2808 72 0 13
4 JARAIA 1440 BSCO1  LABEL=2G Harbel 1, Celllndex=281, CGI=B1804001401 1518 T4 “n 8 S mom o0 B9k 56 100 1
5 22502014 1440 BSCO1  LABEL=2G_Harbel 1, Celllndex=281, CGI=618040014011818 D4 2 281 35,794 100 6521 % o
3 22EA4 1440 BSCO1  LABEL=2G Harbel 1, Celllndex=281, CGI=B1804001401 1518 T4 “n 8 P e smEn s 77 18
7 2272014 1440 BSCO1  LABEL=2G_Harbel 1, Cellindex=281, CGI=618040014011818 D4 2 281 40.443 100 09 kN 010
3 2282014 1440 BECO1  LABEL=2G_Harbel_1, Celllndex=281, CGI-E18040014011818 D4 0 1 2629 100f 102 4 w1
o 3172014 1440 BSCO1  LABEL=2G Harbel 1, Celllndex=261, CGI=618040014011818 D4 20 281 45,633 100 1834 k4 o
10 F2014 1840 BSCO!  LABEL=2G_Harbel_1, Celllndex=251, GGI=618040014011518 on 0 81 - g7 17 00 0F
11 3772014 1440 BSCO1  LABEL=2G Harbel 1, Celllndex=261, CGI=618040014011818 D4 20 281 39,693 100/ 8.928 18 00 08
12 02014 1440 BSCO1  LABEL=2G_Harbel_1, Celllndex=281, CGI=E18040014011818 D4 0 31 8377 100 17 00 13
18 39.51836364 1.184909
14
15 21202014 1440 BSCO1  LABEL=2G_Gweins Town 1, Cellndex=661, COI=61804618 D4 20 - 0 7436
18 21602014 1440 BSCO1  LABEL=2G_Gweins_Town_1, Cellndex=E61, CGI=E1804CE18 4 0 " 0 gasa2
17 2232014 1440 BSCO1  LABEL=2G_Gweins_Town_1, Cellndex=661, CGI=61804618 04 0 ] i 100
18 2242014 1840 BSCO1  LABEL=2G Gweins_Town_1, Cellndex=E61, CGI=G1804C618 D4 bt 4 0 100
1 22502014 1440 BSCO1  LABEL=2G_Gweins_Town_1, Cellndex=661, CGI=61804618 4 b 5 i 100
20 2272014 1440 BSCO1  LABEL=2G Gweins_Town_1, Cellndex=E61, CGI=G1804618 D4 0 - 0 100
21 22872014 1840 BECO1  LABEL=2G_Gweins_Town_1, Cellndex=B61, CGI=B1804E18 4 20 - 1 moam
22 /2014 1440 BSCO1  LABEL=2G Gweins_Town_1, Cellndex=661, CGI=610040618 T4 20 - 0 69659
23 332014 1MDBSCOT  LABEL=2G_ Gweins Town_1, Cellnde=861, COFEIBIAEIS D4 20 - 0 70989 =
« v .| WorstCSSRKPI3 | TOTALCELLS | APPENDIX | Sheetz | Sheets | SDCCH Materials | SDCCHC . v

[xil=| = ALL WORK (#utosaved) - Excel 2@ - 0 %
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW Signi in
0 g;:;y . Arial LMY S=g #- SwepTet General - E‘_‘-! ’;}' Q %ﬂ %( Eg ’:"‘J‘tf's“'" N ‘%Y H
E MNP PP Sipeseecuray § 3 1 8 e o Gy el G0 e
Clipboard Fant =) Blignment n Number n Styles Cells Editing ~
K77 - £ 0 v
A B C D E F G H 1 K L M N [=]
23 352014 1440 BSCOY  LABEL=2G_Gweins_Town_1, Cellndex=661, CGI=51604C618 (N Sl T R 0 70969
24 G014 1440 BSCO1  LABEL=2G_Gweins_Town_1, Celllndex=561, CGI=51A0451A 4 o0 61 = 0 94309 |
25 3702014 1840 BSCOT  LABEL=2G_Gweins_Town_1, Cellndex=861, CGI=51804(518 N 0 81 E 0 738
26
27
28 2M202014 1440 BSCOT  LABEL=2G_Yekepa_1, Celllndex=551, CGI=61804001402518 s il 551 - 0 0
29 2N32014 1440 BSCO!  LABEL=2G_Vekepa_1, Celllndex=561, CGI=E1804001402518 04 20 561 E 0 0
30 242014 1440 BSCOT  LABEL=2G_Yekepa_1, Celllndex=551, CGI=61804001402518 4 20 561 - 0 0
31 2N52014 1440 BSCO!  LABEL=2G_YVekepa_1, Celllndex=561, CGI=1804001402518 04 Pl 561 E 0 0
32 2NER014 1440 BSCOT  LABEL=2G_Yekepa_1, Celllndex=551, CGI=61804001402518 4 20 561 o 0 0
EE] 2N7/2014 1840 BSCO!  LABEL=2G_Vekepa_1, Celllndex=561, CGI=E180400140:518 4 0 561 - 0 0
34 2MB/014 1440 BSCO1  LABEL=2G Yekepa_1, Celllndex=551, CGI=61804001402518 o4 0 561 E E - 0 0
35 27262014 1840 BSCO!  LABEL=2G_Vekepa_1, Celllndex=561, CGI=E180400140:518 T} Pl 561 49.096  71.428 0 0 00 18
36 2082014 1440 BSCO1  LABEL=2G Yekepa_1, Cellindex=551, CGI=61804001402518 o4 0 551 21017 89.655 0 0 99664 13
a7 /2014 1M0 BSCO!  LABEL=2G_Vekepa_1, Cellindex=561, CGI=51804001402518 ol 0 581 9009  90.476 0 2 98794 11
38 322014 1440 BSCOT  LABEL=2G_Yekepa_1, Celllndex=551, CGI=61804001402518 (N Eil 551 24339 81603 2409 0 7648 18
Et J014  1M0BSCO!  LABEL=2G_Vekepa_1, Celllndex=561, CGI=51804001402518 ot} el 551 5094 86363 0 193423 07
a0 21711 0.4818
41
a2 2372014 1440 BSCD1  LABEL=2G_Pleebo_3, Celllndex=323, CGI-E1804001403518 in 0 523 30,769 - 0 0 91444
43 212172014 1440 BSCOT  LABEL=2G_Plesho_3, Cellndex=023, CGI=6 1804001403518 4 il B23 25 100 0 0 93059 02
as 27.8845 0
a5 &l
¢ b .| WorstCSSRKPI3 | TOTALCELLS | APPENDIX | Sheetz | Sheet6 | SDCCH Materials | SDCCHC . ™
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B A - ALLWORK (Butosaved) - Excel 7 EH - O X%
HOME INSERT PAGE LAYOUT FORMULAS DATA REWIEWS WIEN Sign in
-
R EO R R Sowp s P P E iy
U i ® T L 0 A R L e
Clipboard [ Font [ Alignment [ Number [ Styles Cells Editing -
K77 - L0 i
A B C 7] E F G H 1 K L M N
45
46 21972014 1440 B3CO1 LABEL=2G_Yekepa_2, Celllndex=562, CGI=E1804001402518 N 0 562 41.666 100 o o 95.646 01 D
47 202072014 1440 BSCO!  LABEL=2G_Yekepa_2, Celllndex=552, CGI=61804001402518 t} 0 562 - - 0 99193
48 202172014 1440 BSCO1 LABEL=2G_Yekepa_2, Celllndex=562, CGI=E1804001402518 i 0 62 - 100 o o 99.204
49 2222014 1440 BSCOT  LABEL=2G_Yekepa_2, Celllndex=552, CGI=51804001402518 4 Fil 552 - il 100
50 202302014 1440 BSCO1 LABEL=2G_Yekepa_2, Celllndex=562, CGI=E1804001402518 i 0 62 - o 100
51 2242014 1440 BSCO1  LABEL=2G_Yekepa_2, Celllndex=552, CGI=51804001402518 4 Fil 552 - il 100
52 2262014 1440 BSCO!  LABEL=2G_YVekepa_2, Celllndex=562, CGI=E1804001402518 4 il 562 - 0 100
53 262014 1440 BSCOT  LABEL=2G_Yekepa_2, Celllndex=552, CGI=51804001402518 4 il 562 - il 100
54 22772014 1440 BSCO!  LABEL=2G_YVekepa_2, Celllndex=562, CGI=E1804001402518 4 il 562 - 0 100
55 2262014 1440 BSCOT  LABEL=2G_Yekepa_2, Celllndex=552, CGI=61804001402518 4 il 562 - 0 9966
56 /2014 1M0BSCH1  LABEL=2G_Vekepa_2, Cellindex=562, CGI=51804001402518 ot} il 562 - 0 96603
57 22014 1440 BSCO1  LABEL=2G_Vekepa_2, Celllndex=562, CGI=51604001402516 4 il 562 - 0 B35
58 32014 1M0BSCH1  LABEL=2G_Vekepa_2, Cellindex=562, CGI=51804001402518 ot} il 562 - 0 92908
59 42014 1440 BSCO1  LABEL=2G_Vekepa_2, Celllndex=562, CGI=51604001402516 4 o0 562 - AN RE
50 362014 180 BSCO!  LABEL=2G_Vekepa_2, Celllndex=562, CGI=51804001402518 ot} al 562 - 0 100
81 362014 1440 B3CO1 LABEL=2G_Yekepa_2, Celllndex=562, C=a18040014025158 4 0 562 - o 99.618
62 72014 1M0BSCO1  LABEL=2G_Vekepa_2, Celllndex=562, CGI=51804001402518 ot il 562 . 0 7858
63 32014 1440 B3CO1 LABEL=2G_Yekepa_2, Celllndex=562, CGI=61804001402518 D4 0 "e62 - o £55.081
64 392014 180 BSCO1  LABEL=2G_Vekepa_2, Celllndex=562, CGI=51804001402518 4 il 562 . 0 85825
65 310/2014 1440 BSCO1 LABEL=2G_Vekepa_2, Celllndex=562, CGI=61804001402518 4 =0 552 - o 99.826
56 312014 1440 BSCOT  LABEL=2G_Yekepa_2, Celllndex=562, CGI=61804001402518 4 20 B62 J 0 99606
&7 322014 1440 BSCO1 LABEL=2G_Vekepa_2, Celllndex=562, CGI=E1804001402518 D4 0 52 - o 99.928 =
) LI ‘ ‘Worst CS5R KPI 3 ‘ TOTAL CELLS APPENDIX Sheet2 Sheetg SDCCH Materials SDCCHC ... (-El Ll IZ‘

<l =] =
HOME

ALLWORK (8utosaved) - Excel

INSERT PAGE LAYOUT FORMULAS DATA REVIEW WIENY
e g;:;y i frial <o - B irap Text G e—y, . Q Q
— I s 50
PO e ormat Painter Iu- = &3 ElMerge&iConter + $ - % 2 %8 88 F?rmiug[ F;;mbr:jﬂ séliv
Clipboard ] Fant i1 Alignment [F] Number [ Styles
K77 - A |0
A B C ) E F G H
64 3972014 1440 B3CO1 LAEEL:287VEkEp372,CEHIndExZEEZ,CG\:EHDADDM_DZ'EWB_ 04 0 862 B
65 302014 1440 BSCOT  LABEL=2G_Yekepa_2, Celllndex=552, CGI=51804001402518 4 il 562 -
66 3152014 1440 BSCO1 LABEL=2G_Vekepa_2, Celllndex=562, CGI=61804001402518 D4 0 52 -
67 3M22014 1440 BSCOT  LABEL=2G_Yekepa_2, Celllndex=562, CGI=51804001402518 4 20 B62 :
B8
69
70 2N22014 1440 BSCO!  LABEL=2G_Buchanan Road_2, Celllndex=842, CGI=6180618 4 20 B42 -
71 21302014 1440 BSCO!  LABEL=2G_Buchanan Road_2, Celllndex=842, CGI=5180518 4 20 B4z B
72 262014 1440 BSCO!  LABEL=2G_Buchanan Road_2, Celllndex=842, CGI=5180618 04 0 B42 5
73 27232014 1440 BSCO!  LABEL=2G_Buchanan Road_2, Celllndex=842, CGI=5180518 4 20 B4z
74 32014 180 BSCO!  LABEL=2G_Buchanan Road_2, Cellindex=842, CGI=6180518 T} 0 B42 -
75
76
77 2HER014 1440 BSCOT  LABEL=2G_Clay_3, Celllndex=203, CGI=51804001400CEB 18 4 20 203
78 322014 10 BSCO1  LABEL=2G_Clay_3, Celllndex=203, CGI=61804001400CEB18 arl Pl 203 5
7
a0
81
a2
83
84
85
86
¢ b .| WorstCSSRKPI3 | TOTALCELLS | APPENDIX | Sheetz | Sheet6 | SDCCH Materials | SDCCHC w ) : [«
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Editing ~
r v
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BH - ALLWORK - Excel T EH - O X%
HOME  INSERT  PAGELAYOUT  FORMULAS — DATA  REVIEW  VIEW Sign in H
iy oo B e B 3 B 3 I iy g
poste B CoPY cn o0 Conditional Formatas Cell Insert De\ete Format M- Sort & Find &
7Y Sromapane BT 8 erge & Conter ~ | § - % 0 %8 3% Farmatting = Table~ Styles= = - - & Clear~ Filter = Select~
Clipboard 5 Fant 5 Alignment I Mumber 5 Styles Cells Editing -
ford - : fe v
¢ | b | E | F | & | H ) K L M | N o P @ R E
1 |Total RequSDCCH CO Start Time Period (mitME Name GCELL CM33: Call RM3175:Call Drope on Traffic Channel (TCHF) (Mone)  TTRAF (Erl) TCH CONGE:!
H 978 2.249 2014/0212 1440 BSCO1  LABEL=2G_Harbel 1, Celllndex=281, CGI=5180400140119 6 5 12 2018 5.95
3 656 212014025 1440 BSCOT |1, Cellindex=281, CGI=5180400140119 5 5 10 1.344 7.44
4 464 2.372004M2A8 1440 BSOOT 1, Cellindex=281, CGI=6180400140113 ! 3 18 144 128
5 371 2.4 201400225 1440 BSCO1 |1, Cellindex=281, CGI=5180400140113 6 & 12 156 7.69
6 505 33520140226 1440 BSCO1  LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 3 3 6 1.584 3.78
7 385 336 2014/02/27 1440 BSCO1  LABEL=2G_Harbel 1, Cellindex=281, CGI=5180400140119 1 1 2 1.056 -
g 453 1.49 20140226 1440 BSCO1  LABEL=2G_Harbel_1, Celllndex=281, CGI=6180400140119 1 1 2 1.152
9 384 2.8 201410301 1440 BSCO1  LABEL=26_Harbel 1, Celllndex=281, CGI=51804001401139 2 2 1 1.08 3.7
10 03 1320140302 1440 BSCO1  LABEL=2G_Harbel_, Celllndex=281, CGI=5180400140119 0 0 ] 0.384 ]
1 109 20140307 1440 BSCO1  LABEL=2G_Harbel 1, Celllndex=281, CGI=51804001401139 5 5 10 0836 106
1z 162 20140340 1440 BSCOT  LABEL=2G_Harbel_1, Cellindex=281, CGI=5180400140119 9 E] 18 1.368 | 131
12 2.392636 6.243636
14
15 18 20140242 1440 BSCOT  LABEL=2G_Gweins Town 1, Celllndex=651, CGI=5180400140295 ] o 0 0
16 2 20140025 1440 BSCOT  LABEL=2G_Gweins_Town_1, Celllndex=B61, CGI=E180400140235 ] 0 ] 0
17 15 2014223 1440 BSCO1  LABEL=2G_Guweins_Town_1, Celllndex=661, CGI=5180400140295 ] 0 0 0
1@ L 20140224 1440 BSCO1  LABEL=2G_Guweins_Town_1, Celllndex=661, CGI=5100400140295 ] i 0 0
19 18 2014225 1440 BSCO1  LABEL=2G_Guweins_Town_1, Cellldex=661, CGI=6180400140295 ] 0 0 0
20 12 201402727 1440 BSCOT [=5160400140295 0 0 0 0
21 8 201402028 1440 BSCOT ] o 0 0
22 18 2014/03/01 1440 BSCO1 [=5150400140295 ] a 0 0
23 20 D01AMI03 M40 BSCO1 LABEL=2G_Gweins_Town_ 1 Cellnde=B61, GOIFG1B04001 0295 ] 0 0 0 =
.. | Worst CS5RKPI2 GOOD | Worst CSSRKFI3 | TOTALCELLS | Sheetz _SDCCH CONGESTION ® <

READY

Bda = ALL WORK - Excel 7 H - 0O %
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  WIEW Signi in H
s 36 Cut Calibri £ Sevwrap Text General - D Q g Bx G 3 putosum - AY
paE B2 cay - Iu S s @ Cuna\ me‘;m cell I??m E\Iete F%t - Sort & Ftn&
 Format Painter - = 5 | B verglEnieles - % gt Formating~ Table~ Stles- - - - LClear~ Filtar - Select -
Clipboard [ Font e Alignment n Number [ Styles Cells Editing ~
C7s M F v
B | FMs H Ll LS et L P—te——n=gif™ 0 | P | q R [=]
23 20140303 1440 BSCOT  LABEL=2G_Gweins_Town 1, Gelllndey=661, CGI=5180400140295 0 [ [ . 0
24 20140306 1440 BSCOT G_Gweins_Town_1, Celllndex=661, CGI=5180400140295 i ] 0 0 |
25 20140307 1440 BSCO1 =26_Gweins_Town_{ , Celllndex=661, CGI-6180400140235 i 0 [ 0
26 i
27 y ]
28 2014002412 1440 BSCO1  LABEL=2G_Yekepa_1, Celllndex=561, CGI=6180400140231 i ] 0 0
29 20140243 1440 BSCO1  LABEL=2G_Yekepa_1, Cellndex=581, CGI=6180400140231 i 0 0 0
30 201402414 1440 BSCO1  LABEL=2G_Yekepa_1, Celllndex=561, CGI=6180400140231 " i ] 0 0
31 20140215 1440 BSCO1  LABEL=2G_Yekepa_1, Cellndex=581, CGI=6180400140231 i ] 0 0
32 20140246 1440 BSCO1  LABEL=2G_Yskepa_1, Calllndex=581, CGI=6180400140231 il ] 0 0
EE] 20140247 1440 BSCO1  LABEL=2G_Yekepa_1, Cellndex=581, CGI=6180400140231 0 0 0 1538
34 201400248 1440 BSCO1  LABEL=2G_Yekepa_1, Celllndex=561, CGI=6180400140231 il i 0 1.368
35 20140226 1440 BSCOT  LABEL=2G_Yekepa_l, Celllndex=561, CGI=6180400140231 i R o 1104
36 201400228 1440 BSCOT  LABEL=2G_Yekepa_1, Celllndex=561, CGI=51804001 40231 4 4 8 1672
a7 2209 0 1 20141301 1440 BSCO1  LABEL=2G_Vekepa 1, Celllndex=561, CGI=5180400140231 0 a 0 [ 0768
38 3172 BA8201410302 1440 BSCO1  LABEL=2G_Yekepa 1, Cellindex=551, CGFG1E0400140231 i 0 0 - 0024
Et 2689 011201410303 1440 BSCO]  LABEL=2G_Yekepa 1, Celllndex=561, CGI=G160400140231 i a 0 - 0072
a0 0.0325 L * 0355833
41 " . " =
a2 201400249 1440 BSCOT  LABEL=3G_Yekepa_2, Celllndex=562, CGI=6180400140232 i il 0024
43 201400220 1440 BSCO1  LABEL=2G_Yekepa 2, Celllndex=562, CGI=5180400140232 i o 0 0024
as 2014102121 1440 BECO1  LABEL=2G_Yekepa_2, Celllndex=562, CGFE180400140232 i i 0 0
a5 201400222 1440 BSCO1  LABEL=2G_Yekepa 2, Celllndex=562, CGI=6180400140232 i ] 0 0024 =
.. | Worst CS5R KPIZ GOOD | Worst CSSRKFI 3 | TOTAL CELLS | Sheet? | SDCCH CONGESTION ® : [
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BH - ALLWORK - Excel T EH - O X%
HOME INSERT PAGE LAYOUT FORMULAS DATA REWIEWS WIEN Sign in H
iy %o Sowp s B D B iy M
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