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 Mobile Cellular 



Communications


NOTES

UNIT - I
1. Introduction to Cellular Mobile Systems

Objectives: In this introductory lesson we will learn about the basic cellular mobile systems, performance criteria, operation of cellular systems, planning of cellular system analog and digital cellular systems.
1.1 A Basic Cellular System

A basic cellular system consists of three parts: a mobile unit, a cell site, and a mobile telephone switching office (MTSO), as Fig. 1.1 shows, with connections to link the three subsystems.
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Fig. 1.1 Cellular system.
· Mobile units. A mobile telephone unit contains a control unit, a transceiver, and an antenna system.
· Cell site. The cell site provides interface between the MTSO and the mobile units. It has a control unit, radio cabinets, antennas, a power plant, and data terminals.
· MTSO. The switching office, the central coordinating element for all cell sites, contains the cellular processor and cellular switch. It interfaces with telephone company zone offices, controls call process​ing, and handles billing activities.
· Connections. The radio and high-speed data links connect the three subsystems. Each mobile unit can only use one channel at a time for its communication link. But the channel is not fixed; it can be any one in the entire band assigned by the serving area, with each site having multichannel capabilities that can connect simultaneously to many mobile units.

The MTSO is the heart of the cellular mobile system. Its processor provides central coordination and cellular administration. The cellular switch, which can be either analog or digital, switches calls to connect mobile subscribers to other mobile subscribers and to the nationwide telephone network. It uses voice trunks similar to telephone company interoffice voice trunks. It also contains data links providing supervision links between the processor and the switch and between the cell sites and the processor. The radio link carries the voice and signaling between the mobile unit and the cell site. The high-speed data links cannot be transmitted over the standard tele​phone trunks and therefore must use either microwave links or T-carriers (wire lines). Microwave radio links or T-carriers carry both voice and data between the cell site and the MTSO.
1.2  Performance Criteria

There are three categories for specifying performance criteria.
1.2.1 Voice quality

Voice quality is very hard to judge without subjective tests from users' opinions. In this technical area engineers cannot decide how to build a system without knowing the voice quality that will satisfy the users. In military communications, the situation differs: armed forces          per​sonnel must use the assigned equipment.

For any given commercial communications system, the voice quality will be based upon the following criterion: a set value x at which y percent of customers rate the system voice quality (from transmitter to receiver) as good or excellent, the top two circuit merits (CM) of the five listed below.
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tions needed)

CM2 2 Poor (speech understandable only with considerable effort, frequent
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CM1 1 Unsatisfactory (speech not understandable)





As the percentage of customers choosing CM4 and CM5 increases, the cost of building the system rises.
The average of the CM scores obtained from all the listeners is called mean opinion score (MOS). Usually the toll-quality voice is around MOS ≥ 4.
1.2.2 Service quality
Three items are required for service quality.
· Coverage. The system should serve an area as large as possible. With radio coverage, however, because of irregular terrain config​urations, it is usually not practical to cover 100 percent of the area for two reasons:
            a. The transmitted power would have to be very high to illuminate weak spots with  sufficient  reception, a significant added cost factor.
            b. The higher the transmitted power, the harder it becomes to con​trol interference.
        Therefore, systems usually try to cover 90 percent of an area in flat terrain and 75 percent of an area in hilly terrain. The combined voice quality and coverage criteria in AMPS cellular systems3 state that 75 percent of users rate the voice quality between good and excellent in 90 percent of the served area, which is generally flat terrain. The voice quality and coverage criteria would be adjusted as per decided various terrain conditions. In hilly terrain, 90 per​cent of users must rate voice quality good or excellent in 75 percent of the served area. A system operator can lower the percentage values stated above for a low-performance and low-cost system.
· Required grade of service. For a normal start-up system the grade of service is specified for a blocking probability of .02 for initiating calls at the busy hour. This is an average value. However, the block​ing probability at each cell site will be different. At the busy hour, near freeways, automobile traffic is usually heavy, so the blocking probability at certain cell sites may be higher than 2 percent, es​pecially when car accidents occur. To decrease the blocking proba​bility requires a good system plan and a sufficient number of radio channels.
· Number of dropped calls. During Q calls in an hour, if a call is dropped and Q - 1 calls are completed, then the call drop rate is 1/Q. This drop rate must be kept low. A high drop rate could be caused by either coverage problems or handoff problems related to inadequate channel availability. 
1.2.3 Special features

A system would like to provide as many special features as possible, such as call forwarding, call waiting, voice stored (VSR) box, automatic roaming, or navigation services. However, sometimes the customers may not be willing to pay extra charges for these special services.

1.3  Operation of Cellular Systems

The operation of the cellular mobile sys​tem can be divided into four parts and a handoff procedure.
Mobile unit initialization: When a user sitting in a car activates the receiver of the mobile unit, the receiver scans 21 set-up channels which are designated among the 416 channels. It then selects the strongest and locks on for a certain time. Since each site is assigned a different set-up channel, locking onto the strongest set-up channel usually means selecting the nearest cell site. This self-location scheme is used in the idle stage and is user-independent. It has a great advantage because it eliminates the load on the transmission at the cell site for locating the mobile unit. The disadvantage of the self-location scheme is that no location information of idle mobile units appears at each cell site. Therefore, when the call initiates from the land line to a mobile unit, the paging process is longer. Since a large percentage of calls originates at the mobile unit, the use of self-location schemes is justified. After 60 s, the self-location procedure is repeated. In the future, when land-line originated calls increase, a feature called "registration" can be used.
Mobile originated call: The user places the called number into an originating register in the mobile unit, checks to see that the num​ber is correct, and pushes the "send" button. A request for service is sent on a selected set-up channel obtained from a self-location scheme. The cell site receives it, and in directional cell sites, selects the best directive antenna for the voice channel to use. At the same time the cell site sends a request to the mobile telephone switching office (MTSO) via a high-speed data link. The MTSO selects an ap​propriate voice channel for the call, and the cell site acts on it through the best directive antenna to link the mobile unit. The MTSO also connects the wire-line party through the telephone com​pany zone office.
Network originated call: A land-line party dials a mobile unit num​ber. The telephone company zone office recognizes that the number is mobile and forwards the call to the MTSO. The MTSO sends a paging message to certain cell sites based on the mobile unit num​ber and the search algorithm. Each cell site transmits the page on its own set-up channel. The mobile unit recognizes its own identi​fication on a strong set-up channel, locks onto it, and responds to the cell site. The mobile unit also follows the instruction to tune to an assigned voice channel and initiate user alert.
Call termination: When the mobile user turns off the transmitter, a particular signal (signaling tone) transmits to the cell site, and both sides free the voice channel. The mobile unit resumes monitoring pages through the strongest set-up channel.
Handoff procedure: During the call, two parties are on a voice chan​nel. When the mobile unit moves out of the coverage area of a par​ticular cell site, the reception becomes weak. The present cell site requests a handoff. The system switches the call to a new frequency channel in a new cell site without either interrupting the call or alerting the user. The call continues as long as the user is talking. The user does not notice the handoff occurrences. 

1.3.1 Hexagonal cells
We have to realize that hexagonal-shaped communication cells are artificial and that such a shape cannot be generated in the real world. Engineers draw hexagonal-shaped cells on a layout to simplify the planning and design of a cellular system because it approaches a cir​cular shape that is the ideal power coverage area. The circular shapes have overlapped areas which make the drawing unclear. The hexag​onal-shaped cells fit the planned area nicely, as shown in Fig.  1.2, with no gap and no overlap between the hexagonal cells. The ideal cell shapes as well as the real cell shapes are also shown in Fig.  1.2.
A simple mechanism which makes the cellular system implement-able based on hexagonal cells will be illustrated in later chapters. Oth​erwise, a statistical approach will be used in dealing with a real-world situation. Fortunately, the outcomes resulting from these two approaches are very close, yet the latter does not provide a clear phys​ical picture, as shown later. Besides, today these hexagonal-shaped cells have already become a widely promoted symbol for cellular mo​bile systems. An analysis using hexagonal cells, if it is desired, can easily be adapted by the reader.
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Fig. 1.2  Hexagonal cells and the real shapes of their coverages.
1.4  Planning a Cellular System

1.4.1 How to start planning

Assume that the construction permit for a cellular system in a partic​ular market area is granted. The planning stage becomes critical. A great deal of money can be spent and yet poor service may be provided if we do not know how to create a good plan. First, we have to deter​mine two elements: regulations and the market situation.
Regulations. The federal regulations administered by the FCC are the same throughout the United States. The state regulations may be different from state to state, and each city and town may have its own building codes and zoning laws. Become familiar with the rules and regulations. Sometimes waivers need to be applied for ahead of time. Be sure that the plan is workable.
Market situation. There are three tasks to be handled by the mar​keting department.
1. Prediction of gross income. We have to determine the population, average income, business types, and business zones so that the gross income can be predicted.
2. Understanding competitors. We also need to know the competi​tor's situation, coverage, system performance, and number of cus​tomers. Any system should provide a unique and outstanding service to overcome the competition.
3. Decision of geographic coverage. What general area should ulti​mately be covered? What near-term service can be provided in a limited area? These questions should be answered and the deci​sions passed on to the engineering department.
1.4.2 The engineer's role
The engineers follow the market decisions by
1. Initiating a cellular mobile service in a given area by creating a plan that uses a minimum number of cell sites to cover the whole area. It is easy for marketing to request but hard for the engineers to fulfill. We will address this topic later.
2. Checking the areas that marketing indicated were important rev​enue areas. The number of radios (number of voice channels) re​quired to handle the traffic load at the busy hours should be determined.
3. Studying the interference problems, such as co-channel and adja​cent channel interference, and the inter-modulation products gen​erated at the cell sites, and finding ways to reduce them.
4. Studying the blocking probability of each call at each cell site, and trying to minimize it.
5. Planning to absorb more new customers. The rate at which new customers subscribe to a system can vary depending on the service charges, system performance, and seasons of the year. Engineering has to try to develop new technologies to utilize fully the limited spectrum assigned to the cellular system. The analysis of spectrum efficiency due to the natural limitations may lead to a request for a larger spectrum.
1.4.3 Finding solutions

Many practical design tools, methods of reducing interference, and ways of solving the blocking probability of call initiation will be intro​duced in this book.
1.5 Analog Cellular Systems

1.5.1 Cellular systems in the United States

There are 150 major market areas in the United States where           li​censes for cellular systems can be granted by the FCC. They have been classified by their populations into five groups. Each group has 30 cities.
1. Top 30 markets—very large cities

2. Top 31 to 60 markets—large-sized cities

3. Top 61 to 90 markets—medium-sized cities

4. Top 91 to 120 markets—below medium-sized cities

5. Top 121 to 150 markets—small-sized cities
Each market area is planned to have two systems. There are 305 MSAs (metropolitan statistical areas) and 482 RSAs (rural statistical areas) in December 1985. 
1.5.2 Cellular systems outside the United States
Japan. Nippon Telegraph and Telephone Corporation (NTT) devel​oped an 800-MHz land mobile telephone system and put it into service in the Tokyo area in 1979. The general system operation is similar to the AMPS system. It accesses approximately 40,000 subscribers in 500 cities. It covers 75 percent of all Japanese cities, 25 percent of inhab​itable areas, and 60 percent of the population. In Japan, 9 automobile switching centers (ASCs), 51 mobile control stations (MCSs), 465 mobile base stations (MBSs), and 39,000 mobile subscriber stations (MSSs) were in operation as of February 1985.
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Fig. 1.3 Japanese mobile telephone service network configuration.
The Japanese mobile telephone service network configuration is shown in Fig. 1.3. In the metropolitan Tokyo area, about 30,000 sub​scribers are being served.
The 1985 system operated over a spectrum of 30 MHz. The total number of channels was 600, and the channel bandwidth was 25 kHz. This system comprised an automobile switching center (ASC), a mo​bile control station (MCS), a mobile base station (MBS), and a mobile subscriber station (MSS). At present there is no competitive situation set up by the government. However, the Japanese Ministry of Post and Telecommunication (MFT) is considering providing a dual com​petitive situation similar to that in the United States.
United Kingdom. In June 1982 the government of the United King​dom announced two competing national cellular radio networks. The UK system is called TAGS (Total Access Communications System). The total number of channels was 1000, with a channel bandwidth of 25 kHz per channel. Among them, 600 channels are assigned and 400 are reserved. Two competing cellular network operators, Cellnet and Vodafone, are operating in the United Kingdom. Each network system has only 300 spectral channels. The Cellnet system started operating in January 1985. Cellnet has over 200 cell sites, covering 82 percent of the United Kingdom. Vodaphone, though, which started operations late, has served the same areas as Cellnet.
Canadian system: In 1978, a system called AURORA was designed for the Alberta government telephone (AGT). The system provides province wide mobile telephone service at 400 MHz. Ongoing devel​opmental work on the AURORA is underway at 800 MHz.
AURORA 400 system: It is aimed at 40,000 subscribers living in an area approximately 1920 km X 960 km. The AURORA 400 system initially has 40 channels and is expected to add an additional 20 chan​nels with frequency reuse and a seven-cell cluster plan. A fully imple​mented system has 120 cells. The 400-MHz system does not have a handoff capability.
AURORA 800 system: The AURORA 800 system is truly frequency-transparent. By repackaging the radio frequency (RF) sections on the cell site, the mobile unit can be operated on any mobile RF band up to 800 MHz. The handoff capability will be implemented in this system.
Nordic system: This system was built mostly by Scandinavian coun​tries (Denmark, Norway, Sweden, and Finland) in cooperation with Saudi Arabia and Spain and is called the NMT network. It is currently a 450-MHz system, but an 800-MHz system will be implemented soon since the frequency-transparent concept as the AURORA 800 system is used to convert the 450-MHz system to the 800-MHz system.
The total bandwidth is 10 MHz, which has 200 channels with a bandwidth of 25 kHz per channel. This system does have handoff and roaming capabilities. It also uses repeaters to increase the coverage in a low traffic area. The total number of subscribers is around 100,000.
European cellular systems: All the present generation of European cellular networks is totally lacking in cross-border compatibility. Be​sides the United Kingdom and NMT networks, the others include the following.
Benelux-country network: The Netherlands served on their ATF2 net​work (the same as the NMT 450 network) at the beginning of 1985. It has a nationwide coverage using 50 cell sites with two different cell sizes, 20- and 5-km radii. The capacity of the present system is 15,000 to 20,000 subscribers. Dutch PT&T is using a single Ericsson AXE10 switch. Luxembourg came on air in August 1985. In 1986, Belgium joined the network. It operates at 450 MHz. The network is compatible among the three countries.
France: A direct-dial car telephone operating at 160 MHz can access the system in 10 regional areas. The network serves 10,000 subscrib​ers. By the end of 1984, 450 MHz was in operation. In the meantime Radicom 2000 (digital signaling) was introduced, operating at 200 MHz but with no handoff feature.
Spain. It uses an NMT 450-MHz cellular network introduced in 1982. It was the first cellular system in Europe. The number of cells in service is 13. There are three separate networks operating 104 channels. Each channel bandwidth is 25 kHz.

Austria. A new NMT cellular network called Autotelefonnetz C has two mobile switching exchanges and has enough capacity for 30,000 subscribers.
The Austrian PT&T has allocated 222 duplex channels in ranges 451.3 to 455.7 MHz and 461.3 to 465.7 MHz, with a channel band​width of 20 kHz.

Although both Austria and Spain are using NMT 450 systems, their systems are not compatible because of different frequency allocations, channel spacing (bandwidth), and protocols by different PT&Ts.
Germany. A full national coverage, including West Berlin, using a C-450 cellular system was installed in September 1985 with 100 cell sites. Another 75 cell sites were completed in mid-1986. Also, Ger​many and France are working on cross-border compatibility in cellular radio systems and have proposed a CD-900 digital system. 
Switzerland. Swiss PT&T decided to install an NMT 900-MHz cellu​lar network that had a capacity of 12,000 subscribers. A pilot scheme with 20 transmitters (cell sites) was installed in the Zurich area in late 1986.
1.5.3 Cellular systems in the rest of the world. 

Australia is installing a system using Ericsson's AXE-10 switching network and will operate at 800 MHz with 12 sites concentrated in three big cities.

Kuwait's cellular system uses NEC's switches and provides 12 sites. It operates at 800 MHz. Hong Kong has three systems. The United Kingdom's TAGS system is installed with Motorola switches. The United States' AMPS system and Japanese NEC systems were also installed in Hong Kong. It is a very competitive market. All systems are penetrating the markets of both portable sets and car sets.
1.6  Digital Cellular Systems
In 1992 the first digital cellular system, GSM (Special Mobile Group), was deployed in Germany. GSM is a European standard system. In the United States, an NA-TDMA system (IS-54) and a CDMA system (IS-95) have been developed. NA-TDMA was deployed in 1993 and CDMA is planned for deployment in 1995. A Japanese system, PDC (Personal Digital Cellular), was deployed in Osaka in June 1994. 
Summary:
Here we learned about the basic cellular mobile systems, performance criteria, operation of cellular systems, planning of cellular system, analog and digital cellular systems

Technical Terms:
MTSO:  mobile telephone switching office.
Cell site:  The cell site provides interface between the MTSO and the mobile units.
MSA: metropolitan statistical area.

RSA: rural statistical area. 
ASC: automobile switching center.

MCS: mobile control station.

MBS: mobile base stations.

MSS: mobile subscriber station.
Model Questions:
1. Draw the block diagram and explain about a  basic cellular system.

2. Explain the  performance criteria for selecting a  basic cellular system.

3. Discuss the operation of the cellular mobile sys​tem.
4. What is meant by  handoff procedure?
5. How to Plan a Cellular System.
6. What is the engineer's role for Planning  a Cellular System.
7. Explain the Cellular systems in the United States and in other countries.
8. Explain the emerge of Digital Cellular Systems.
References:
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2.  Elements of cellular radio system design

Objectives: Based on the concept of efficient spectrum utilization, the cellular mo​bile radio system design can be broken down into many elements, and each element can be analyzed and related to the others. The major elements are (1) the concept of frequency reuse channels, (2) the co-channel interference reduction factor, (3) the desired carrier-to-inter​ference ratio, (4) the handoff mechanism, and (5) cell splitting. The purpose of this lesson is to introduce a simple methodology which will enable us to better understand how each element affects a cellular mobile radio system

2.1 Introduction
.

2.1.1 Maximum number of calls per hour per cell

To calculate the predicted number of calls per hour per cell Q in each cell, we have to know the size of the cell and the traffic conditions in the cell. The calls per hour per cell are based on how small the theo​retical cell size can be. The control of the coverage of small cells is based on technological development.
We assume that the cell can be reduced to a 2-km cell, which means a cell of 2-km radius. A 2-km cell in some areas may cover many highways, and in other areas a 2-km cell may only cover a few highways.
Let a busy traffic area of 12 km radius fit seven 2-km cells. The heaviest traffic cell may cover 4 freeways and 10 heavy traffic streets, as shown in Fig.   2.1. A total length of 64 km of 2 eight-lane freeways, 48 km of  2 six-lane freeways, and 588 km of 43 four-lane roads, in​cluding the 10 major roads, are obtained from Fig.   2.1. Assume that the average spacing between cars is 10 m during busy periods. We can determine that the total number of cars is about 70,000. If one-half the cars have car phones, and among them eight-tenths will make a call (
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) during the busy hour, there are 28,000 calls per hour, based on an average of one call per car if that car phone is used.
The maximum predicted number of calls per hour per a 2-km cell Q is derived from the above scenario. It may be an unrealistic case. However, it demonstrates how we can calculate Q for different sce​narios and apply this method to finding the different Q in different geographic areas.
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Fig. 2.1 To establish the traffic capacity from a geographic map (west Los Angeles).
2.1.2  Maximum number of frequency channels per cell 
The maximum number of frequency channels per cell N is closely re​lated to an average calling time in the system. The standard user's calling habits may change as a result of the charging rate of the sys​tem and the general income profile of the users. If an average calling time T is 1.76 min and the maximum calls per hour per cell 
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 is obtained from Sec. 2.1.1, then the offered load can be derived as
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assume that the blocking probability is given, then we can easily find the required number of radios in each cell.
	Example 2.1 Let the maximum calls per hour 
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 in one cell be 3000 and an average calling time T be 1.76 min. The blocking probability B is 2 percent. Then we may use Q  from Eq. (2.1) to find the offered load A.


[image: image10.wmf]earlangs

A

88

60

76

.

1

3000

=

´

=


With the blocking probability B = 2 percent, the maximum number of channels can be found from Appendix 1.1 of ref.1 as N = 100.


	Example 2.2 If we let 
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 = 28,000 calls per cell per hour, based on one scenario shown in    Sec. 2.1.1, B = 2 percent, and T = 1.76 min, how many radio channels are needed? The offered load A is obtained as
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Inserting the above known figures into the table of Appendix 1.1, we find that N = 820 channels per cell.


	Example 2.3 If there are 50 channels in a cell to handle all the calls and the average is 100 s per call, how many calls can be handled in this cell with a blocking probability of 2 percent? Since N - 50 and B = 2 percent, the offered load can be found from Appendix 1.1 as

A = 40.3

The number of calls per hour in a cell is
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	Example 2.4 If the maximum number of calls per hour per cell is 1451 and there is a seven-cell reuse pattern in the system (K = 7), and assuming that   B =2 percent and T = 100 s as in Example 2.3, then N = 50 as indicated. The total number of required channels for a K = 7 reuse system is

Nt  =  50 X 7 = 350 radios


If a large area is covered by 28 cells, Nt = 28; the total number of customers  
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 in the system increases. Therefore, we may assume that the number of subscribers per cell 
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is somehow related to the percentage of car phones used in the busy hours (
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) and the number of calls per hour per cell Q, as
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where the value 
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 is a function of the blocking probability B, the average calling time T, and the number of channels N.
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If the K = 7 frequency reuse pattern is used, the total number of required channels in the system is N t= 7 X N. We must realize that it is the maximum number of calls per cell 
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 that determines the total required channels N t,  not the total number of subscribers M t .In this case (Kt = 30 and K = 7), the total number of channels n( has been used four times in the system.

2.2 Concept of Frequency Reuse Channels


A radio channel consists of a pair of frequencies, one for each direction of transmission that is used for full-duplex operation. A particular radio channel, say F1, used in one geographic zone to call a cell, say C1, with a coverage radius R can be used in another cell with the same coverage radius at a distance D away.
Frequency reuse is the core concept of the cellular mobile radio sys​tem. In this frequency reuse system, users in different geographic lo​cations (different cells) may simultaneously use the same frequency channel (see Fig.   2.2). The frequency reuse system can drastically in​crease the spectrum efficiency, but if the system is not properly de​signed, serious interference may occur. Interference due to the com​mon use of the same channel is called co-channel interference and is our major concern in the concept of frequency reuse.

[image: image23.png]C/l=1vy
C/i=vy





Fig.  2.2 The ratio of D IR.
2.2.1 Frequency reuse schemes

The frequency reuse concept can be used in the time domain and the space domain. Frequency reuse in the time domain results in the oc​cupation of the same frequency in different time slots. It is called time-division multiplexing (TDM). Frequency reuse in the space domain can be divided into two categories.
1. Same frequency assigned in two different geographic areas, such as AM or FM radio stations using the same frequency in different cities.
2. Same frequency repeatedly used in a same general area in one system—the scheme is used in cellular systems. There are many co-channel cells in the system. The total frequency spectrum allo​cation is divided into K frequency reuse patterns, as illustrated in Fig.  2.3 for K = 4, 7, 12, and 19.
2.2.2  Frequency reuse distance

The minimum distance which allows the same frequency to be reused will depend on many factors, such as the number of co-channel cells in the vicinity of the center cell, the type of geographic terrain contour, the antenna height, and the transmitted power at each cell site. The frequency reuse distance D can be determined from
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Where K is the frequency reuse pattern shown in Fig.  2.2, then
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Fig.  2.3 N Cell Reuse Pattern
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If all the cell sites transmit the same power, then K increases and the frequency reuse distance D increases. This increased D reduces the chance that co-channel interference may occur.

Theoretically, a large K is desired. However, the total number of allocated channels is fixed. When K is too large, the number of channels assigned to each of K cells becomes small. It is always true that if the total number of channels in K cells is divided as K increases, trunking inefficiency results. The same principle applies to spectrum inefficiency: if the total number of channels are divided into two net​work systems serving in the same area, spectrum inefficiency in​creases, as mentioned in Sec. 1.3.

Now the challenge is to obtain the smallest number K which can still meet our system performance requirements. This involves esti​mating co-channel interference and selecting the minimum frequency reuse distance D to reduce co-channel interference. The smallest value of K is K = 3, obtained by setting i = 1, j = 1 in the equation 
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 (see Fig.  2.3).
2.2.3 Number of customers in the system
When we design a system, the traffic conditions in the area during a busy hour are some of the parameters that will help determine both the sizes of different cells and the number of channels in them.
The maximum number of calls per hour per cell is driven by the traffic conditions at each particular cell. After the maximum number of frequency channels per cell has been implemented in each cell, then the maximum number of calls per hour can be taken care of in each cell. Now, take the maximum number of calls per hour in each cell Qi and sum them over all cells. Assume that 60 percent of the car phones will be used during the busy hour, on average, one call per phone (ηc = 0.6) if that phone is used. The total allowed subscriber traffic Mt can then be obtained.
	Example 2.5  During a busy hour, the number of calls per hour Q, for each of 10 cells is 2000, 1500, 3000, 500, 1000, 1200, 1800, 2500, 2800, 900. Assume that 60 percent of the car phones will be used during this period (ηc = 0.6) and that one call is made per car phone. Summing over all Qi gives the total Qt
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Since (ηc = 0.6), the number of customers in the system is
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2.3 Co-channel Interference Reduction Factor

Reusing an identical frequency channel in different cells is limited by co-channel interference between cells, and the co-channel interference can become a major problem. Here we would like to find the minimum frequency reuse distance in order to reduce this co-channel interfer​ence.
Assume that the size of all cells is roughly the same. The cell size is determined by the coverage area of the signal strength in each cell. As long as the cell size is fixed, co-channel interference is independent of the transmitted power of each cell. It means that the received threshold level at the mobile unit is adjusted to the size of the cell. Actually, co-channel interference is a function of a parameter q defined as
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The parameter q is the co-channel interference reduction factor. When the ratio q increases,  co-channel interference decreases. Furthermore, the separation D in Eq. (2.5) is a function of KI and C/I,
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where KI is the number of co-channel interfering cells in the first tier and C/I is the received carrier-to-interference ratio at the desired mo​bile receiver.
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In a fully equipped hexagonal-shaped cellular system, there are al​ways six co-channel interfering cells in the first tier, as shown in Fig.  2.4; that is, KI = 6. The maximum number of KI in the first tier can be shown as six (i.e., 2πD/D ≈ 6). Co-channel interference can be ex​perienced both at the cell site and at mobile units in the center cell. If the interference is much greater, then the carrier-to-interference ratio C/I at the mobile units caused by the six interfering sites is (on the average) the same as the C/I received at the center cell site caused by interfering mobile units in the six cells. According to both the rec​iprocity theorem and the statistical summation of radio propagation, the two C/I values can be very close. Assume that the local noise is much less than the interference level and can be neglected. C/I then can be expressed as
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where γ is a propagation path-loss slope determined by the actual terrain environment. In a mobile radio medium, γ usually is assumed to be 4 (see Sec. 1.6). KI is the number of             co-channel interfering cells and is equal to 6 in a fully developed system, as shown in Fig.  2.4. The six co-channel interfering cells in the second tier cause weaker interference than those in the first tier (see Example 2.6 at the end of Sec. 2.4.1).
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Fig.  2.4 Six effective interfering cells of cell 1
Therefore, the co-channel interference from the second tier of inter​fering cells is negligible. Substituting Eq. (2.5) into Eq. (2.8) yields
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where qk  is the co-channel interference reduction factor with kth  co-channel interfering cell
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Fig. 2.5 Co-channel interference from six interferers (a) Receiving at the cell site. (b) Receiving at the mobile unit.
2.4 Handoff Mechanism

The handoff is the process mentioned in Sec. 1.3. It is a unique feature that allows cellular systems to operate as effectively as demonstrated in actual use. To clearly describe the handoff concept, it is easy to use a one-dimensional illustration as shown in Fig. 2.6, although a real two-dimensional cellular configuration would cover an area with cells. The handoff concept as applied to a one-dimensional case will also apply to two-dimensional cases.
Two co-channel cells using the frequency F1 separated by a distance D are shown in Fig.  2.6a. The radius R and the distance D are gov​erned by the value of q. Now we have to fill in with other frequency channels such as F2, F3, and F4 between two co-channel cells in order to provide a communication system in the whole area.
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Fig.  2.6 Handoff mechanism, (a) Co-channel interference reduction ratio q. (b) Fill-in frequencies.

The fill-in frequencies F2, F3, and F4 are also assigned to their cor​responding cells  C2, C3, and C4 (see Fig. 2.6b) according to the same value of q.
Suppose a mobile unit is starting a call in cell C1 and then moves to C2. The call can be dropped and reinitiated in the frequency channel from F2 to F3, while the mobile unit moves from cell C1 to cell C2. This process of changing frequencies can be done automatically by the sys​tem without the user's intervention. This process of handoff is carried on in the cellular system.
The handoff processing scheme is an important task for any suc​cessful mobile system. How does one make any one of the necessary handoffs successful? How does one reduce all unnecessary handoffs in the system? How is the individual cell traffic capacity, controlled by altering the handoff algorithm? 

2.5 Cell Splitting
2.5.1 Why splitting?
The motivation behind implementing a cellular mobile system is to improve the utilization of spectrum efficiency. The frequency reuse scheme is one concept, and cell splitting is another concept. When traffic density starts to build up and the frequency channels Fi in each cell Ci cannot provide enough mobile calls, the original cell can be split into smaller cells. Usually the new radius is one-half the original ra​dius (see Fig. 2.7). There are two ways of splitting: In Fig.  2.7a, the original cell site is not used, while in         Fig. 2.7b, it is.
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Then based on Eq. (2.6-1), the following equation is true.
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Let each new cell carry the same maximum traffic load of the old cell;
then, in theory,
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2.5.2  How splitting?
There are two kinds of cell-splitting techniques:
1. Permanent splitting. The installation of every new split cell has to be planned ahead of time; the number of channels, the transmitted power, the assigned frequencies, the choosing of the cell-site selection, and the traffic load consideration should all be considered. When ready, the actual service cut-over should be set at the lowest traffic point, usually at midnight on a weekend. Hopefully, only a few calls will be dropped because of this cut-over, assuming that the downtime of the system is within 2 h.
2. Dynamic splitting. This scheme is based on utilizing the allocated spectrum efficiency in real time. The algorithm for dynamically split​ting cell sites is a tedious job since we cannot afford to have one single cell unused during cell splitting at heavy traffic hours. Section 10.4.2 will discuss this topic in depth.

[image: image42.png]3
o
®
£
o
[e]
N7 N
/ NN

Y

\\ ,//0 \\.T//
/ 7 ) N
14 Y / ﬂ
| // ) \\

¢ e ° |

f 27N /
\ / /\ \ 4
N / 7 \ , \\

/J\\ e S~ \\\
// \ Mﬂ\

//// \\

R L

Original cell

\\\ /// \\ ///

\+\I /
| T
\ \Q\A _A lc// |
NOOMAL ¥
- N X T =~

A - AN

I Yoo Y \
|
* X_ ° _N )
\ /

/ /
//I/\(\\\\.Lf/// .\“\\I///K\l\\
/ // ,\ \\ /

1

| AN f -7 1

\ ~ - /

\ VA /
\ /7 N\ 7




Fig. 2.7 Cell splitting.
2.6  Consideration of the Components of Cellular   Systems

The elements of cellular mobile radio system design have been men​tioned in the previous sections. Here we must also consider the com​ponents of cellular systems, such as mobile radios, antennas, cell-site controller, and MTSO. They would affect our system design if we do not choose the right one. The general view of the cellular system is shown in Fig. 2.8. Even though the EIA (Electronic Industries Asso​ciation) and the FCC have specified standards for radio equipment at the cell sites and the mobile sites, we still need to be concerned about that equipment. The issues affecting choice of antennas, switching equipment, and data links are briefly described here.
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Fig.2.8  A general view of cellular telecommunications systems.
2.6.1 Antennas
Antenna pattern, antenna gain, antenna tilting, and antenna height6 all affect the cellular system design. The antenna pattern can be om​ni-directional, directional, or any shape in both the vertical and the horizon planes. Antenna gain compensates for the transmitted power. Different antenna patterns and antenna gains at the cell site and at the mobile units would affect the system performance and so must be considered in the system design.
The antenna patterns seen in cellular systems are different from the patterns seen in free space. If a mobile unit travels around a cell site in areas with many buildings, the omni-directional antenna will not duplicate the omni-pattern. In addition, if the front-to-back ratio of a directional antenna is found to be 20 dB in free space, it will be only 10 dB at the cell site. 
Antenna tilting can reduce the interference to the neighboring cells and enhance the weak spots in the cell. Also the height of the cell-site antenna can affect the area and shape of the coverage in the system. 
2.6.2 Switching equipment
The capacity of switching equipment in cellular systems is not based on the number of switch ports but on the capacity of the processor associated with the switches. In a big cellular system, this processor should be large. Also, because cellular systems are unlike other sys​tems, it is important to consider when the switching equipment would reach the maximum capacity.
The service life of the switching equipment is not determined by the life cycle of the equipment but by how long it takes to reach its full capacity. If the switching equipment is designed in modules, or as dis​tributed switches, more modules can be added to increase the capacity of the equipment. For decentralized systems digital switches may be more suitable. The future trend seems to be the utilization of system handoff. This means that switching equipment can link to other switching equipment so that a call can be carried from one system to another system without the call being dropped. 
2.6.2 Data links
The data links are shown in Fig. 2.8. Although they are not directly affected by the cellular system, they are important in the system. Each data link can carry multiple channel data (10 kbps data transmitted per channel) from the cell site to the MTSO. This fast-speed data transmission cannot be passed through a regular telephone line. Therefore, data bank devices are needed. They can be multiplexed, many-data channels passing through a wideband T-carrier wire line or going through a microwave radio link where the frequency is much higher than 850 MHz.
Leasing T1-carrier wire lines through telephone companies can be costly. Although the use of microwaves may be a long-term money saver, the availability of the microwave link has to be considered.
Summary:
In this lesson we have introduced the designing of cellular mo​bile radio system. The design  elements are  analyzed and related to the others. The major elements are (1) the concept of frequency reuse channels, (2) the co-channel interference reduction factor, (3) the desired carrier-to-inter​ference ratio, (4) the handoff mechanism, and (5) cell splitting.

Technical Terms:
Frequency reuse: Users in different cells simultaneously use the same frequency channel.

Co-channel interference:  Interference due to the com​mon use of the same channel 
C/I: Carrier-to-interference ratio 

Earlangs:  Unit for offered load  or Number of calls per cell

Handoff mechanism: The system switches the call to a new frequency channel in a new cell site without either interrupting the call or alerting the user.

Model Questions:

1. Explain the terms: a) Maximum number of calls per hour per cell and b) Maximum number of frequency channels per cell.

2. Discuss the Concept of Frequency Reuse Channels.

3. What is Co-channel Interference Reduction Factor and derive its expression.

4. Explain the concept of Handoff Mechanism with neat sketch.

5. What is Cell Splitting? Explain  cell-splitting techniques.

6. Explain the Components of Cellular Systems with help of block diagram.

7. Let the maximum calls per hour 
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 in one cell be 23000 and an average calling time T be  0.04 hours. Find out the offered load A.
8. If there are 50 channels in a cell to handle all the calls and the average is 75 s per call, how many calls can be handled in this cell with a blocking probability of 2 percent?        (A = 40.3).
9. During a busy hour, the number of calls per hour Q, for each of 10 cells is 2800, 6500, 3800, 1200, 1900, 1700, 1500, 2500, 2880, 540. Assume that 60 percent of the car phones will be used during this period (ηc = 0.6) and that one call is made per car phone. Summing over all Qi gives the total Qt.
References:
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2. W. C. Y. Lee, Mobile Communications Engineering, McGraw-Hill Book Co., 1982
3. Co-channel Interference Reduction

Objectives: In this lesson we will learn about co-channel interference, exploring co-channel interference areas in a system, real-time co-channel interference measurement at mobile radio transceivers, power control, and designing a system to serve a predefined area that experiences co-channel interference.

3.1 Co-channel Interference

The frequency-reuse method is useful for increasing the efficiency of spectrum usage but results in co-channel interference because the same frequency channel is used repeatedly in different co-channel cells. Application of the co-channel interference reduction factor q = D / R = 4.6 for a seven-cell reuse pattern (K = 7) is described in Sec. 2.4.

In most mobile radio environments, use of a seven-cell reuse pattern is not sufficient to avoid co-channel interference. Increasing K > 7 would reduce the number of channels per cell, and that would also reduce spectrum efficiency. Therefore, it might be advisable to retain the same number of radios as the seven-cell system but to sector the cell radially, as if slicing a pie. This technique would reduce co-channel interference and use channel sharing and channel borrowing schemes to increase spectrum efficiency.
3.2 Exploring Co-channel Interference Areas in a System

Problems in mobile telephone coverage (service), particularly holes (weak signal strength) which result in call drops during the custom​er's conversation, have been partially solved by applying the prop​agation (wave motion) studies for the case where no co-channel interference exists.
When customer demand increases, the channels, which are limited in number, have to be repeatedly reused in different areas, which pro​vides many co-channel cells, which increases the system's capacity. But co-channel interference may be the result. In this situation, the re​ceived voice quality is affected by both the grade of coverage and the amount of co-channel interference. For detection of serious channel in​terference areas in a cellular system, two tests are suggested.
Test 1—find the co-channel interference area from a mobile receiver. 
Co-channel interference which occurs in one channel will occur equally in all the other channels in a given area. We can then measure co-channel interference by selecting any one channel (as one channel represents all the channels) and transmitting on that channel at all   co-channel sites at night while the mobile receiver is traveling in one of the co-channel cells.

While performing this test we watch for any change detected by a field-strength recorder in the mobile unit and compare the data with the condition of no co-channel sites being transmitted. This test must be repeated as the mobile unit travels in every co-channel cell. To fa​cilitate this test, we can install a channel scanning receiver in one car.

One channel (f1) records the signal level (no-co-channel condition), another channel  (f2) records the interference level (six-co-channel con​dition is the maximum), while the third channel receives f3, which is not in use. Therefore, the noise level is recorded only in f3 (see Fig.  3.1).
We can obtain, in decibels, the carrier-to-interference ratio C/ I  by subtracting the result obtained from f2 from the result obtained from f1 ( carrier minus interference C – I ) and the carrier-to-noise ratio C / N by subtracting the result obtained from f3 from the result ob​tained from f2 (carrier minus noise C - N). Four conditions should be used to compare the results.

1. If the carrier-to-interference ratio C / I is greater than 18 dB throughout most of the cell, the system is properly designed.

2. If C / I is less than 18 dB and C / N is greater than 18 dB in some  areas, there is co-channel interference.

3. If both C / N and C / I are less than 18 dB and C / N  ≈ C / I in a given area, there is a coverage problem.

4. If both C / N and C / I are less than 18 dB and C / N > C / I in a given area, there is a coverage problem and co-channel interference.

Test 2—find the co-channel interference area which affects a cell site.
The reciprocity theorem can be applied for the coverage problem but not for co-channel interference. Therefore, we cannot assume that the first test result will apply to the second test condition. We must perform the second test as well.
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Use f2 for interference level (I). Use f1 for signal level (S). Use f3 for noise level (N)

Fig.  3.1 Test 1: co-channel interference at the mobile unit.

Because it is difficult to use seven cars simultaneously, with each car traveling in each co-channel cell for this test, an alternative ap​proach may be to record the signal strength at every co-channel cell site while a mobile unit is traveling either in its own cell or in one of the  co-channel cells shown in Fig.  3.2.
First we find the areas in an interfering cell in which the top 10 percent level of the signal transmitted from the mobile unit in those areas is received at the desired site (Jth cell in Fig.  3.1). This top 10 percent level can be distributed in different areas in a cell. The av​erage value of the top 10 percent level signal strength is used as the interference level from that particular interfering cell. The mobile unit also travels in different interfering cells. Up to six interference levels are obtained from a mobile unit running in six interfering cells. We then calculate the average of the bottom 10 percent level of the signal strength which is transmitted from a mobile unit in the desired cell (Jth cell) and received at the desired cell site as a carrier reception level.

Then we can reestablish the carrier-to-interference ratio received at a desired cell, say, the Jth cell site as follows.
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Fig.  3.2 Test 2: co-channel interference at the cell site.
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The number of co-channel cells in the system can be less than six. We must be aware that all cj and /, were read in decibels. Therefore, a translation from decibels to linear is needed before summing all the interfering sources. The test can be carried out repeatedly for any given cell. We then compare
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and determine the co-channel interference condition, which will be the same as that in test 1. NJ is the noise level in the eth cell assuming ho interference exists.

3.3  Real-Time Co-channel Interference Measurement at Mobile Radio Transceivers

When the carriers are angularly modulated by the voice signal and the RF frequency difference between them is much higher than the fading frequency, measurement of the signal carrier-to-interference ra​tio C/J reveals that the signal is
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and the Interference is
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 The received signal is
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 where 
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and 
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The envelop R can be simplified in Eq.3.6 and R2 becomes
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Following Kozono and Sakamoto's analysis of Eq. (3.6) the term 
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Assume that the random variables
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The signal to interference ratio 
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where
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Since X and V can be separated in Eq. (3.3-6), the preceding compu​tation of r in Eq. (3.3-11) could have been accomplished by means of an envelope detector, and analog-to-digital converter, and a microcom​puter. The sampling delay time At should be small enough to satisfy
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Determining the delay time A< to meet the requirement of Eq. (3.13) for this calculation is difficult and is a drawback to this measure​ment technique. Therefore, real-time co-channel interference measure​ment is difficult to achieve in practice.

3.4  Power Control

3.4.1 Who controls the power level


The power level can be controlled only by the mobile transmitting switching office (MTSO), not by the mobile units, and there can be only limited power control by the cell sites as a result of system limitations.


The reasons are as follows. The mobile transmitted power level as​signment must be controlled by the MTSO or the cell site, not the mobile unit. Or, alternatively, the mobile unit can lower the power level but cannot arbitrarily increase it. This is because the MTSO is capable of monitoring the performance of the whole system and can increase or decrease the transmitted power level of those mobile units to render optimum performance. The MTSO will not optimize perform​ance for any particular mobile unit unless a special arrangement is made.

3.4.2 Function of the MTSO


The MTSO controls the transmitted power levels at both the cell sites and the mobile units. The advantages of having the MSTO control the power levels are described in this section.

1. Control of the mobile transmitted power level. When the mobile unit is approaching the cell  site, the mobile unit power level should be reduced for the following reasons. 
· Reducing the chance of generating inter-modulation products from a saturated receiving amplifier. 
· Lowering the power level is equivalent to reducing the chance of interfering with other co-channel cell sites. 
· Reducing the near-end-far-end interference ratio. Reducing the power level if possible is always the best strategy.

2. Control of the cell-site transmitted power level. When the signal received from the mobile unit at the cell site is very strong, the MTSO should reduce the transmitted power level of that particular radio at the cell site and, at the same time, lower the transmitted power level at the mobile unit. The advantages are as follows. 
· For a particular radio channel, the cell size decreases signifi​cantly, the co-channel reuse distance increases, and the co-channel interference reduces further. In other words, cell size and co-channel interference are inversely proportional to co-channel reuse distance. 
· The adjacent channel interference in the system is also reduced.


However, in most cellular systems, it is not possible to reduce only one or a few channel power levels at the cell site because of the design limitation of the combiner. The channel isolation in the combiner is 18 dB. If the transmitted power level of one channel is lower, the channels having high transmitted power levels will in​terfere with this low-power channel. The manufacturer should design an unequal-power combiner for the system operator so that the power level of each channel can be controlled at the cell site.

3. The power transmitted from a small cell is always reduced, and so is that from a mobile unit.  The MTSO can facilitate adjustment of the transmitted power of the mobile units as soon as they enter the cell boundary.

3.5 Designing a System to Serve a Predefined Area that Experiences Co-channel Interference


A system for a service area without co-channel interference can be de​signed by using the propagation prediction model described in Chap. 4. When co-channel interference does exist, the service in the area will deteriorate to one degree or another, depending on the location of the interference (or interferers). 
First, let us assume that the ground is flat; then two theoretical equations for designing a system in a given service area can be derived for two different interference cases. Then the same approach can be used to design the systems for a service area where the ground is not flat.

Flat ground

One-interferer case. An interferer (co-channel site) is a distance d away from the serving cell site, and the mobile unit is traveling along the boundary of the serving-cell coverage. When the interferer is inactive, the coverage boundary is at a distance R from the serving site. When the interferer becomes active, the distance from the serving site to the effective coverage boundary is r, which can be less than R if the in​terference is either strong or close to the serving site or both. If we use polar coordinates, the serving site is located at (0, 0) with a trans​mitted power p0, the interferer is located at (d, θ1) with a trans​mitted power P1.
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Figure 3.3 Serving area under co-channel interference.

The mobile unit is located at (r, 0), where r can be equal to or less than R. Assume the carrier-to-interference ratio requirement is C/I, then
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Let 
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= 0 without loss of generality, as shown in Fig.  3.3 as “interferer,” and P0 = P1, Then 
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when r = R there is no interference. Then Eq.3.16 becomes
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Let 
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 = 0 the strongest interference condition and C / I = 18 dB; then Eq.(3.17)  becomes
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When r < d / 3.82, the serving area starts to decrease. Eq. (3.16) can be converted to rectangular coordinates.
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where x2 + y2 ≤ R2, the serving area has its center at (-d/
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An illustration of Eq. (3.15) is shown in Fig.  3.3 as the boundary area.

Multiple-interference case. 
For KI, interferers, Eq. (3.12-1) can be mod​ified as
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Non-flat ground

The same approach is applied to the propagation model in a real environment for predicting the serving areas.
Summary:
we have learned about co-channel interference, exploring co-channel interference areas in a system, real-time co-channel interference measurement at mobile radio transceivers, power control, designing a system to serve a predefined area that experiences co-channel interference.
Technical Terms:
C / J : Signal carrier-to-interference ra​tio. 
C I N : Carrier-to-noise ratio. 
C / I : Carrier-to-interference ratio. 

[image: image86.wmf]G

: Signal to interference ratio. 
MTSO : Mobile transmitting switching office.
Model Questions:

1. Explain how to find the co-channel interference area from a mobile receiver.

2. Explain how to find the co-channel interference area which affects a cell site.

3. Discuss the Real-Time Measurement of Co-channel Interference at Mobile Radio Transceivers.
4. Explain the Function of  MTSO. 
5. Derive the two theoretical equations for designing a system in a given service area.
References:
1. W. C. Y. Lee, "Elements of Cellular Mobile Radio Systems," IEEE Transactions on Vehicular Technology, Vol. 35, May 1986.
2. Forouzan, “Data Communications and Networking,” Third edition, TMH

3. W. C. Y. Lee, Mobile Communications Design Fundamentals, Howard W. Sams & Co., 1986, Chap. 4.

4.  Types of Non co-channel Interference

Objectives: Here we will explore different types of interference, effect on near-end mobile units, and cross talk-a unique characteristic of voice channels and  interference between systems.
4.1 Adjacent-Channel Interference

The scheme discussed in Chap. 3 for reduction of cochannel interfer​ence can be used to reduce adjacent-channel interference. However, the reverse argument is not valid here. In addition, adjacent-channel interference can be eliminated on the basis of the channel assignment, the filter characteristics, and the reduction of near-end-far-end (ratio) interference. "Adjacent-channel interference" is a broad term. It in​cludes next-channel (the channel next to the operating channel) in​terference and neighboring-channel (more than one channel away from the operating channel) interference. Adjacent-channel interfer​ence can be reduced by the frequency assignment.
4.1.1 Next-channel interference
Next-channel interference affecting a particular mobile unit cannot be caused by transmitters in the common cell site, but must originate at several other cell sites. This is because any channel combiner at the cell site must combine the selected channels, normally 21 channels (630 kHz) away, or at least 8 or 10 channels away from the desired one. Therefore, next-channel interference will arrive at the mobile unit from other cell sites if the system is not designed properly. Also, a mobile unit initiating a call on a control channel in a cell may cause interference with the next control channel at another cell site. The methods for reducing this next-channel interference use the receiving end. The channel filter characteristics are a 6 dB/oct slope in the voice band and a 24 dB/oct falloff outside the voice-band region (see Fig.  4.1). If the next-channel signal is stronger than 24 dB, it will interfere with the desired signal. The filter with a sharp falloff slope can help to reduce all the adjacent-channel interference, including the next-channel interference.
4.1.2 Neighboring-channel interference
The channels which are several channels away from the next channel will cause interference with the desired signal. Usually, a fixed set of serving channels is assigned to each cell site. If all the channels are simultaneously transmitted at one cell-site antenna, a sufficient amount of band isolation between channels is required for a multi​-channel combiner  to reduce Intel-modulation products. This requirement is no different from other non-mobile radio systems. Assume that band separation requirements can be resolved, for ex​ample, by using multiple antennas instead of one antenna at the cell site. What channel separation would be needed to avoid adjacent-channel interference? (See sec.5.1).
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Fig.  4.1 Characteristics of channel-band filter.

Another type of adjacent-channel interference is unique to the mo​bile radio system. In the mobile radio system, most mobile units are in motion simultaneously. Their relative positions change from time to time. In principle, the optimum channel assignments that avoid adjacent-channel interference must also change from time to time. One unique station that causes adjacent-channel interference in mo​bile radio systems is described in the next section.

 4.2 Near-End-Far-End Interference
4.2.1 In one cell

Because motor vehicles in a given cell are usually moving, some mo​bile units are close to the cell site and some are not. The close-in mobile unit has a strong signal which causes adjacent-channel interference (see          Fig. 4.2a). In this situation, near-end-far-end interference can occur only at the reception point in the cell site.
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Fig.  4. 2 Near-end-far-end (ratio) interference, (a) In one cell; (b) in two-system cells.
If a separation of 5B (five channel bandwidths) is needed for two adjacent channels in a cell in order to avoid the near-end-far-end in​terference, it is then implied that a minimum separation of 5B is re​quired between each adjacent channel used with one cell.

Because the total frequency channels are distributed in a set of N cells, each cell only has 1/N of the total frequency channels. We denote 
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The issue here is how can we construct a good frequency manage​ment chart to assign the N sets of frequency channels properly and thus avoid the problems indicated above. The following section ad​dresses how cellular system engineers solve this problem in two dif​ferent systems.
4.2.2 In cells of two systems

Adjacent-channel interference can occur between two systems in a duopoly-market system. In this situation, adjacent-channel interfer​ence can occur at both the cell site and the mobile unit.

For instance, mobile unit A can be located at the boundary of its own home cell A in system A but very close to cell B of system B as shown in     Fig. 4.2b. The other situation would occur if mobile unit B were at the boundary of cell B of system B but very close to cell A of system A. Following the definition of near-end-far-end interference given in Sec. 4.2.1, the solid arrow indicates that interference may occur at cell site A and the dotted arrow indicates that interference may occur at mobile unit A. Of course, the same interference will be introduced at cell site B and mobile unit B.
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Fig.  4.3 Spectrum allocation with new additional spectrum.

Thus, the frequency channels of both cells of the two systems must be coordinated in the neighborhood of the two-system frequency bands. This phenomenon will be of greater concern in the future, as indicated in the additional frequency-spectrum allocation charts in    Fig.  4.3


The two causes of near-end-far-end interference of concern here are
1. Interference caused on the set-up channels. Two systems try to avoid using the neighborhood of the set-up channels as shown in Fig. 4.3.
2. Interference caused on the voice channels. There are two clusters of frequency sets as shown in Fig. 4.3 which may cause adjacent-chan​nel interference and should be avoided. The cluster can consist of 4 to 5 channels on each side of each system, that is, 8 to 10 channels in each cluster. The channel separation can be based on two assumptions.
a. Received interference at the mobile unit. The mobile unit is lo​cated away from its own cell site but only 0.25 mi away from the cell site of another system. 
b. Received interference at the cell site. The cell site is located   10 mi away from its own mobile unit but only 0.25 mi from the mobile unit of another system.
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Fig. 4.4 Near-end-far-end ratio interference.

These assumptions are discussed in the next section. If the two system operators do not agree to coordinate their use of frequency channels and some of the cell sites of system B are at the coverage boundaries of the cells of system A, then the two groups of frequencies shown in Fig. 4.2 must not be used if interference has to be avoided. Of course, if the two systems do coordinate their use of frequency channels, ad​jacent channels in the two clusters can be used with no interference.

These observations regarding adjacent-channel interference lead the author to conclude that the existence of two systems having all colocation cell sites in a city is desirable since near-end-far-end ratio interference might be easy to control or might not occur if frequency channel use is coordinated.   
4.3 Effect on Near-End Mobile Units

4.3.1 Avoidance of near-end-far-end interference

The near-end mobile units are the mobile units which are located very close to the cell site. These mobile units transmit with the same power as the mobile units which are far away from the cell site. The situation described below is illustrated in Fig. 4.4. The distance d0 between a calling mobile transmitter and a base-station receiver is much larger than the distance dI between a mobile transmitter causing interfer​ence and the same base-station receiver. Therefore, the transmitter of the mobile unit causing interference is close enough to override the desired base-station signal. This interference, which is based on the distance ratio, can be expressed as
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                Fig.  4.5 Using spacing for co-channel isolation.
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where -γ is the path-loss slope. The ratio dI / do is the near-end-far-end ratio. From Eq. (4.1) the effect of the near-end-far-end ratio on the carrier-adjacent-channel interference ratio is dependent on the relative positions of the moving mobile units.
For example, if the calling mobile unit is 10 mi away from the base-station receiver and the mobile unit causing the interference is 0.25 mi away from the base-station receiver, then the carrier-to-interfer​ence ratio for interference received at the base-station receiver with γ = 4 is
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This means that the interference is stronger than the desired signal by 64 dB (see Fig. 4.5).
This kind of interference can be reduced only by frequency separa​tion with narrow filter characteristics. Assume that a filter of channel B has a        24 dB/oct slope; then a 24-dB loss begins at the edge of the channel B/2. The increase from B/2 to B results in 24-dB loss, the increase from B to 28 results in another 24-dB loss, and so forth.
In order to achieve a loss of 64 dB, we may have to double the frequency band more than two times as
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where L is the filter characteristic. The frequency band separation for 64-dB isolation is
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Therefore, a minimum separation of four channels is needed to satisfy the isolation criterion of 64 dB. The general formula for the required channel separation is based on the filter characteristic L, which is expressed as follows.
Frequency band separation = 
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4.3.2 Nonlinear amplification

When the near-end mobile unit is close to the cell site, its transmitted power is too strong and saturates the IF log amplifier if the received signal at the cell site exceeds -55 dBm. A typical log IF amplifier characteristic is shown in Fig. 4.6. Assume that the mobile unit trans​mitted power is 36 dBm and the antenna gain is 2 dB. The power plus the gain is 38 dBm. The receiver power is -55 dBm at the cell site.
The propagation loss L = 38 dBm - (-55 dBm) = 93 dB. We may calculate the free-space path loss, which is the maximum distance within which the saturation of the IF amplifier will occur. The calcu​lation of free-space loss versus distance at 850 MHz is as follows.
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Fig.  4.6 A typical intermediate-frequency log amplifier.

This means that when the mobile unit is within 1.24 km of the cell-site boundary, it is possible to saturate the IF amplifier, and it is likely that inter-modulation will be generated because of the nonlinear por​tion of the characteristics. If the inter-modulation (IM) product matches the frequency channel of another mobile unit far away from the cell site where reception is weak, then the IM can interfere with the other frequency received at the cell site.

Therefore, the near-end mobile unit can cause interference at the cell site with the far-end mobile unit by generating IM at the cell-site amplifier and by leaking into the signal of the far-end mobile unit received at the cell site.
4.4 Cross Talk—A Unique Characteristic of Voice Channels


When the cellular radio system was designed, the system was in​tended to function like a telephone wire line. A wire pair serves both directions of traffic at the line transmission. In a mobile cellular sys​tem there is a pair of frequencies, occupying a bandwidth of 60 kHz, which we simply call a "channel." A frequency of 30 kHz serves a received path, and the other 30 kHz accommodates a transmitted path.

Because of paired-frequency (as a wire pair) coupling through the two-wire-four-wire hybrid circuitry at the telephone central office, it is possible to hear voices in both frequencies (in the frequency pair) simultaneously while scanning on only one frequency in the air. There​fore, just as with a wire telephone line, the fall conversation can be heard on a single frequency (either one of the two). This phenomenon does not annoy cellular mobile users; when they talk they also listen to themselves through the phone receiver. They are not even aware that they are listening to their own voices.

This unnoticeable cross-talk phenomenon in frequency pairs has no major impact on both wire telephone line and cellular mobile per​formance. But when real cross talk occurs it has a larger impact on the cellular mobile system than on the telephone line, because the amount of cross talk could potentially be doubled since cross talk oc​curring on one frequency will be heard on the other (paired) frequency. Cross talk occurring on the reverse voice channel can be heard on the forward voice channel, and cross talk occurring on the forward voice channel can be heard on the reverse channel. Therefore, the cross-talk effect is twofold. A number of situations ar6 conducive to cross talk.
Near-end mobile unit: Cross talk can occur when one mobile unit (unit A) is very close to the cell site and the other (unit B) is far from the cell site. Both units are calling to their land-line parties as shown in Fig.  4.7. The near-end mobile unit has a strong signal such that the demultiplexer cannot have an isolation (separation) of more than 30 dB. Then the strong signal can generate strong cross talk while the received signal from mobile unit B is 30 dB weaker than signal A.

Near-end mobile units can belong to one system or to another (for​eign) system. If the foreign system units are operating in the new allocated spectrum channels, cross talk can occur. When the mobile unit is close to the cell site and the cell site is capable of reducing the power of the mobile unit, the near-end mobile interference can be reduced.
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Fig.  4.7 Cross-talk phenomenon.

If the operating frequencies of both home system units and foreign system units are in the new allocated spectrum channels and the iso​lation of the multi-coupler (demultiplexer) could be only 30 dB, cross talk would occur in the two interfering clusters of channels (Fig. 4.7) and could not be controlled by the system operator.
Close-in mobile units: When a mobile unit is very close to the cell site and if the reception at the cell site is greater than -55 dBm, the channel preamplifier at the cell site can become saturated and produce IM as a result of the nonlinear portion of the amplification. These IM products are the spurious (unwanted frequency) signal which leaks into the desired signal and produces cross talk. Also, as mentioned previously, the same cross talk can be heard from both the forward and reverse voice channels.
Co-channel cross talk: The co-channel interference reduction ratio q should be as large as possible to compensate for the cost of site con​struction and the limitation of available channels at each cellular site. There are other ways to increase q. An ad​equate system design will help to reduce the co-channel cross talk.
The channel combiner: The signal isolation among the forward voice channels in a channel combiner is 17 dB. The loss resulting from inserting the signal into the combiner is about 3 dB. The requirement of IM product suppression is about 55 dB. If one outlet is not matched well, the signal isolation is less than 17 dB. Therefore, for each channel an isolator is installed to provide an additional 30-dB of isolation with a 0.5-dB insertion loss. This isolator prevents any signal from leaking back to the power amplifier. Spurious signals can be cross-coupled to this weak channel while transmitting. This kind of cross-coupled interference can be eliminated by routinely checking impedance matching at the combiner.
Telephone-line cross talk: Sometimes cross talk can result from cable imbalance or switching error at the central office and be conveyed to the customer through the telephone line. Minimizing this type of cross talk should be given the same priority as reducing the number of call drops, discussed earlier.
4.5  Interference between Systems

4.5.1 In one city

Let us assume that there are two systems operating in one city or one MSA. If a mobile unit of system A is closer to a cell site of system B while a call is being initiated through system A, adjacent channel in​terference or IM can be produced if the transmitted frequency of mo​bile unit A is close to the covered band of the received preamplifier at cell site B (see Fig.  4.8a). These IM products will then leak into the receiving channel of system B and cross talk will occur. This cross talk can be heard not only at the land-line side but also at the mobile unit because of the unique characteristics described in    Sec. 4.4.
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Fig. 4.8 Intersystem interference, (a) System A cell sites in system B cell coverage; (b) interference between two cel​lular geographic service area (CGSA) systems.
This cross-talk situation can be reduced by any of the following measures.
1. All cell sites in the two systems can be located together (colocated).
2. Adjacent channels (four or five channels) at each interface (see       Fig. 4.3) of the new allocated voice channels between two of the systems should not be used.
3. To prevent a strong mobile signal from saturating the preamplifier at the cell site, a foreign-system signal should be -55 dBm down from the cell-site reception point. Otherwise IM products can be produced and mixed with the desired system by passage through the system (band) block filter.

For instance, IM may occur in either of the following cases.
(2 X 838 - 832) MHz = 844 MHz (system B at the cell site)
Either signal (838 or 832 MHz) is strong; the IM will leak into the 844-MHz channel.
(2 X 834 - 836 MHz = 832 MHz (system A at the cell site)
Either signal (834 or 836 MHz) is strong; the IM will leak into the 832-MHz channel.
4.5.2  In adjacent cities

Two systems operating at the same frequency band and in two adja​cent cities or areas may interfere with each other if they do not co​ordinate their frequency channel use. Most cases of interference are due to cell sites at high altitudes (see Fig.  4.8b). In any start-up system, a high-altitude cell site is always attractive to the designer. Such a system can cover a larger area, and, in turn, fewer cell sites are needed. However, if the neighboring city also uses the same system block, then the result is strong interference, which can be avoided by the following methods.
1. The operating frequencies should be coordinated between two cit​ies. The frequencies used in one city should not be used in the adjacent city. This arrangement is useful only for two low-capacity systems.
2. If both systems are high capacity, then decreasing the antenna heights will result in reduction of the interference not only within each system but also between the two systems.
3. Directional antennas may be used. For example, if one system is high capacity and the other is low capacity, the low-capacity system can use directional antennas but still retain the high tower. In this situation frequency coordination between the two systems has to be worked out at the common boundary because all the allocated frequencies must be used by the high-capacity system in its service area but only some frequencies are used by the low-capacity system.

Summary


We have learned about adjacent-channel interference, types of adjacent -channel interference, near-end-far-end interference, effect on near-end mobile units, avoidance of near-end-far-end interference, nonlinear amplification, cross talk — a unique characteristic of voice channels and interference between systems

Technical Terms:

Next-channel in​terference: In​terference between the channel next to the operating channel.

Neighboring-channel interference: In​terference between more than one channel away from the operating channel.

Adjacent-channel interference: It in​cludes next-channel in​terference and neighboring-channel interference.
Near-end mobile unit:  It is the mobile unit which is located very close to the cell site.
CGSA: Cel​lular Geographic Service Area. 

Model Questions:
1) Write short notes on Adjacent -Channel Interference.

2) What is Near-End-Far-End Interference.

3) Discuss about Near-End Mobile Units. 
4) Explain the avoidance of near-end-far-end interference and Nonlinear amplification. 
5) Explain about a Cross Talk.

6) Discuss about Interference between Systems.
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