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[bookmark: _Toc10203736]Introduction

In this assignment I will be talking two separate tasks which involve various activities; task 1 is using Matlab to provide an audio file which contains a short passage of speech within it that has been corrupted with another audio file. I will determine the frequency of the corrupting tone, creating a filter to remove the tone without losing to much of the original speech content. I will then use the filter to filter the audio file and produce a cleaned-out version without the corruptive background tone. Upon completing this task, I will suggest a method of analysing the effectiveness of my filter. 
Task 2 is more theory based and I will be discussing the evolution of, the mobile phone communication places and the ever-increasing demand on capacity in mobile networks. I will discuss how this practice is achieved and comparing the approach used in TDMA (Time Division Multiple Access) GSM (Global System for Mobiles) systems with the WCDMA (Wideband Code Division Multiple Access) UMTS (Universal Mobile Telecommunications Service) systems. 

[image: Image result for WCDMA UMTS and GSM TDMA cellular]




[bookmark: _Toc10203737][bookmark: _GoBack]Task 1
[bookmark: _Toc10203738]Identifying and removing the corruptive noise
Task 1 involves idinfitifying and removing the corrupted signal within a audio tone of arnold schwarzenegger’s voice, saying the iconic quote “I’ll be back” from The Terminator movies. The audiofile is given to us individually and my spercifc one is identified as ToneJ2.wav. To do this, a computer software programme is used named MatLab which contains the Fast Fourier Transfrom function (fft), allowing the programmer to produce detailed graphs and other forms of data to assist in the analysisng of the corrupted signal. It does this through identifying the corruption in the audiofile as noise, covering the initial audiofile and from that one can beging programming as seen in the image below, to devise a means of filtering out this background noise, convereting the file from the timedomain to the frequancy domain.
[image: ]The first step is to select a file location for m.file and the one chosen can be seen below, highlighted in purple. After that the main programme can be written with a “clear all” at the beginning to clear the command window at the bottom of the screen. Each step will be detailed and explained, as the coding and variables used, fail to offer a correct insight into what is actually going on.
[image: ]
. Line 5, is the identification of the tone used in the sumilation, its named ToneJ2.wav and also the contents of the individual corruptive noise freqcuency in the background.
. Line 7, allows the operator to listen to the audio file, with the corruptive noice, before any alterations are made. 
. Line 8, is where the Fast Fourier Transfer Function, is added to the wav file.
. Line 9 – 11, is establishing the length and power of the frequency within the audio file used.
. Line 12-14, will give the operator a detailed graph plotting the function and labeling it with the x and y axis, giving a viusal representation to help with analysing. 
[image: ][image: ][image: ]The programme can then be run which will play the audio file in the frequency domain and also bring up the pgraphs in a sepersate tab, as seen below in figure 1 and 2 (figure 2 is a zoomed in version of figure 1 to identify the corruption within the tone). The images below identify the corruption tone as being 1000, on the frequency axis.
[image: ]
This tab is listing all the values for each command used, which become essential later on when contructing a filter to filter out the corruptive noise, from the wav file.





[bookmark: _Toc10203739]Filter Design
Now that the frequenbcy of the corruptyive tobn has been found at the frequancy of 1000, the filter can now be added to remove it., enabling the tone to be played without the background noise that can be heard when the audio file is played. A windowing technique will be used to filter out the corruption within the tone and this is detremined by range of the frequency from the low to high cut off parameters. A wide ranged transition band will remove the corruptive singal, but can also remove a portion from the audio file, therefore a smaller tranisition band is required creating shaper more affective taps which would incresse the overall cost of the filter. 
The windowing technique will be reprented in the diagram below, detailing each element and implimentined the frequencies sued in this simulation. 


[image: ]

Lines 16 and 17 identify the low and high cut off points of the image above, which are the 30 Hz frequency that is either side of the corruptive signal at 1000 Hz.
[image: ]Line 18 represents the Tband (transition band), which is a value of 5 Hz indicated either side of the image above.
[bookmark: _Toc10203740]Normalising the frequency
The next step is to normalise the high and lowcut frequencies, that is done by implimenting the Nyquist rate, through a set of claculation, the Nyquist rate is half the sampling frequency and matlab can do this automatically by the coding seen on line 20. Lines 21-23 shows those normalised frequencies being calculated. 
Now the number of taps can be calculated from a set oc calculation: 
N = Number of Taps
3.3 = From hammning code table
TBand Norm = Normalised Transmistion band
An example of the hamming code table can be seen in figure 1.
Figure 1.
	Window Type
	Normalised transmistion width
	Passband ripple (dB)
	Stopband attenuation (dB)

	Blackman
	5.5/N
	0.0017
	74

	Rectangular
	0.9/N
	0.7416
	21

	Hanning
	3.1/N
	0.0545
	44

	Hamming
	3.3/N
	0.0194
	53



The information from figure 1 can then be used in the coding of matlab, seen on line 29 “fir1” function, this then creates the filter and then appiles it to the audio file. 

[image: ]
There is a pause command on line 28 to act as a stop action, allowing the program to play the unflitered file for the operator to hear it, then to physically press the entre key inot the command window, to active the filter and hear the audio file again with the filter attached, removing the corruption sound. 
[bookmark: _Toc10203741]Filter Analysis
In order to analysis the filters performance it needs to be compared to the original results, this is achieved by the coding on lines 34 – 40. The audio file is played until it reaches the pause command once more and requires the operator to physically press enter in the command window, activating the filter and playing the audio tone once more with the filter activated. In order to confirm this one needs to see the frequency domain represented onto a graph as they as the start of the programme. This is done by using the FFT function as seen in the segment of coding below, then the operator can compare the results on the graph that pops up, seen in figure 1. 

[image: ]
[image: ]Figure 1.






[image: ]The results indacte the filter is functuoning correctly and thius can be confirmed by listeng to the audio file and hearing there is no longer a background interference noice. This can also be seen in the final graph below.
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[bookmark: _Toc10203743]The Evolution
The evolution of mobile communications has been rapid and everchanging over the years, starting roughly in 1949 with the AT&T commercialised system (American telephone and telegraph), introducing mobile telephone services to one hundred towns by 1948. MTS (mobile telephone service) was extremely rare due to its costs at the time and approximately 5000 customers with an estimated 30,000 calls per week, which were set up manually by an operator with the user having to press a button to talk and to release to listen. This technology was very limited due to only having three radio channels available, meaning only three people at one time could make a telephone call. The UK had a vehicle based system called Post Office Radiophone Service, which was used in the city of Manchester in 1959, which operated through callers speaking to an operator in order to be transferred to another caller anywhere in the country and then service was expanded to London in 1965 and other major cities by 1972.
In 1965 the IMTS was introduced (Improved mobile telephone service), this service added additional radio channels allowing more calls to be made as once in a geographical area and introduced customer dialling which eliminated the manual call setup by the operator, also reducing the size and weight of the technology.
From that began the evolution of mobile communications, which revolutionised the communication for everyone and started with the First Generation. The First Generation (1G), was originally introduced in the early 1980’s and gave people the basic mobile voice comms using analogue access transmission (FDMA). Thus, the Second Generations was born, a decade later using (2G) systems, introducing digital multiple access technologies such as TDMA and CDMA. These systems greatly improved the quality of existing voice services and added new ones such as multimedia message services (MMS). After that came the Third Generation (3G), this generation added even greater targets for data transfers and higher speeds to expand towards mobile broadband as seen in figure 1. The image indicates the evolution of the mobile network, from the second to the fourth generations. The Fourth Generation (4G), gave people access to a wide range of telecommunications which included advanced mobile services, supported by fixed networks. Finally came the Fifth Generation (5G), which is currently the most advanced technology interconnecting the world services.
[image: ]





[bookmark: _Toc10203744]GSM TDMA (Global Systems for Mobiles) (Time Division Multiple Access)
GSM (Global System for Mobile communications), is a digital mobile network that is widely used across the world, it uses a variation of the time division multiple access (TDMA) and tends to be the most commonly used out of the three digitalised telephone technologies; TDMA, GSM and CDMA (code-division multiple access). GSM compresses digitised data then sends it down a channel alongside two other streams of data, each in a separate time slot, at either 900 MHz or 1800 MHz frequency band. This modern-day technology is an apart of the mobile communications evolution, alongside other technologies such as HSCSD (High-speed Circuit-switched Data), GPRS (General Packet Radio Service, EDGE (Enhanced Data GSM Environment and UMTS (Universal Mobile Telecommunications Service). 
There are four separate working parts within the GSM network, that function together: the mobile device, the network switching subsystem (NSS), the base station subsystem (BSS) and the operation and support subsystem (OSS). The mobile device is connected to the network through the hardware and the SIM. (Giotopoulou, 2015)
The GSM Association (GSMA), claims to represent the interest of 80% of the worldwide mobile communications when placing wireless phone calls There are a few separate GSM or CDMA mobile carries and here’s a list of them;
GSM
. AT&T
. T-Mobile
. Indio Wireless
. TerreStar
. Pine Cellular
CDMA
. Sprint
. Virgin Mobile
. Verzion Wireless
(Rouse, 2019)




[image: ]


GSM systems use TDMA (time division multiple access) to split the frequencies into time slots, ass seen in fire 1. TDMA uses a narrow band (channels) at a frequency of 30 Hz wide and 6.7 milliseconds long, split up timewise into three slots. The voice data is converted into data from digital information that is compressed so that it takes up less transmission space, this allows the conversation ratio to be at one-third of the time, therefore TDMA has three times the capacity of an analogue system using the same quantity of channels.
Figure 1.
[image: The GSM system uses TDMA to split a frequency into time slots.]
The many advantages of this system are; encryption to make calls more secure, data networking, group III facsimile services, short message service, call forwarding, call waiting, caller ID and multi-party conferencing. 
The GSM system operates on a 900 MHz band in Europe and ASIA and a 1900 MHz in the United States, by using digital cellular and PCS-based systems. 
(Unknown, Unknown)
[image: ]Fixed Wireless Access



 

[image: GSM network organization]Diagram of the GSM network organization 

GSM networks also use a method called cellular blocks, to calculate how to evenly spread a network coverage across a specific area and minimise its interference with other competing frequencies. Using 20ms bursts of data alongside the time slotting minimises the chances of interference from other frequencies or external interference such as the environment.  
Cellular blocks use frequency resue, this is because only a small number of radio communication channles are available or mobile systems, therefore, engineerser had to discover a way around this osticle and their solution was to reuse frequencies. This is where the cellular concept came from, the concept is based upon assigning each cell to a group of channels used within a small geographical area. The cells are asigned a gropu of channels that are total different from their neighbouring cells, this techunique can be used to cover a desired area which is then called a footprint.  The footprint has a boundary so that the same group of channels can be used in different cells that are at a distance from one another and so that their frequencies do not interfere. (Consotrium, Unknown)
[image: ][image: ]	
[bookmark: _Toc10203745]WCDMA UMTS (Wideband Code-Division Multiple Access)
Wideband code-division multiple-access is one of the main technologies in an air interference standard found in 3G mobile communication networks and supports the cellular voice, text and mms services but can also carry data at high speeds, allowing the operators to transfer higher bandwidth of applications. The WCDMA uses channel access with a pair of 5 MHz wide channels and the systems are criticised for their large spectrum usages which if acted slowly upon like the United Sates, can affect the development in allocating new frequencies for 3G services. 
[image: Related image]
The frequency bands are defined by the UMTS (Universal Mobile Telecommunications System), these standards are at 1885-2025 MHz for the mobile-to-base uplink. Then 2110-2155 MHz for the downlink, Europe operates under 900 MHz The Third Generation (3G) cellular systems, is based on the radio access technique proposed by ETSI Alpha group and it was finalised in 1999. This multiple access Third Generation project at the end of 2005 had 100 WCDMA networks and a total of 150 operators in operation, the networks developed in UTMS bands were around 2 GHz in Europe and Asia and was developed in the 850Hz and 1900Hz frequencies. The WCDMA mobile network allows it to carry a greater share of voice and data traffic and the technology provides some advantages to the operator in that it allows improvement for the voice of base. 
The key areas of 3G WCDMA (UTMS), that’s allowed it to leap performance wise over its 2G predecessors are;
. CDMA Technology – 3G UMTS relies on code division multiple access to enable the users equipment or handsets to gain access to the base station, using direct sequences spread spectrum the separate UE’s can have different codes and call all talk to the base station regardless that they’re all on the same frequency.
. Radio Interference – The UMTS radio interference allows basic definition of the radio signals and the WCDMA that occupies the 5 MHz channels, has defied formats for the synchronisation and power control.
.  UMTS Network Architecture – The network architecture for the UMTS was designed to carry packet data over the network, while still enabling it to support circuit switched voice frequencies. Other functions such as enabling the access network and roaming are also supported.
[image: ]. UMYS Channels – A verity of different channels are used to carry different data channels through the cellular system, this is used to pass information and for enabling the required resources to be allocated. (Notes, 2019)



[image: Image result for how WCDMA UMTS  works]
[image: ]
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communicate.” First Generation (1G) of telecommunications technologies
were originally introduced in the early 1980’s and fulfilled the basic mobile
voice using analogue access transmission (FDMA). A decade later, Second
Generation (2G) systems followed, introducing digital multiple access
technologies (such as TDMA and CDMA) which improved the quality of the
existing voice services and added new ones as Short and Multimedia
Message Services. This is followed by the third generation (3G), which
targets for data at higher speeds to open the gates for truly “mobile

broadband”.
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Graphic 1.1: This graphic illustrates the evolution in network standards from second to fourth
generation of mobile networks.

The Fourth Generation (4G) provides access to wide range of
telecommunication services, including advanced mobile services, supported
by mobile and fixed networks, which are increasingly packet based, along
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rural application—that is, it reduces the cost of conventional wireline. FWA
extends telephone service to rural areas by replacing a wireline local loop with
radio communications. Other labels for wireless access include fixed loop, fixed
radio access, wireless telephony, radio loop, fixed wireless, radio access, and
Tonica. FWA systems employ TDMA or CDMA access technologies.

Figure 10: Fixed Wireless Access
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Personal Communications Services (PCS)

The future of telecommunications includes personal communications services.
PCS at 1900 MHz (PCS1900) is the North American implementation of DCS1800
(Global System for Mobile communications, or GSM). Trial networks were
operational in the United States by 1993, and in 1994 the Federal

icati issi began spectrum auctions. As of 1905, the

T
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The concept of frequency reuse is based on assigning to each cell a group of radio
channels used within a small geographic area. Cells are assigned a group of
channels that is completely different from neighboring cells. The coverage area of
cells are called the footprint. This footprint is limited by a boundary so that the
same group of channels can be used in different cells that are far enough away
from each other so that their frequencies do not interfere (see Figure 5).

Figure 5: Frequency Reuse
£

Cells with the same number have the same set of frequencies. Here, because the
number of available frequencies is 7, the frequency reuse factor is 1/7. That is,
each cell is using 1/7 of available cellular channels.

Cell Splitting

Unfortunately, economic considerations made the concept of creating full
systems with many small areas impractical. To overcome this difficulty, system
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Figure 6: Cell Splitting

Large cells
for rural

The final obstacle in the development of the cellular network involved the
problem created when a mobile subscriber traveled from one cell to another
during a call. As adjacent areas do not use the same radio channels, a call must
either be dropped or transferred from one radio channel to another when a user
crosses the line between adjacent cells. Because dropping the call is unacceptable,
the process of handoff was created. Handoff occurs when the mobile telephone
network automatically transfers a call from radio channel to radio channel as a
mobile crosses adjacent cells (see Figure 7).
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Mobile phone technology has developed every year. From the first introductions of cellular phone
systems in the 1980s to current day, new technology development has steadily improved the systems
available. Starting with the first generation analogues systems, new 2G digital systems were introduced
and these have moved on so that 5G technology is now being developed.

Read more about Mobile Phone History.

UMTS WCDMA specification summary

The UMTS WCDMA system offered a significant improvement in capability over the previous 2G services.

3G UMTS SPECIFICATION SUMMARY

PARAMETER SPECIFICATION
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