UNIT-V
CELL SITE AND MOBILE ANTENNAS
Equivalent circuits of antennas:
The operating conditions of an actual antenna (Fig.5.1a) can be expressed in an equivalent circuit
for both receiving (Fig.5.lb) and transmitting (Fig.5.1c). In Fig. 5.1, Za is the antenna impedance; Zl is
the load impedance, and Zt is the impedance at the transmitter terminal.
From the transmitting end (obtaining free-space path-loss formula):
Power Pt originates at a transmitting antenna and radiate out into space. (Equivalent circuit of a
transmitting antenna is shown in Fig.5.1b.) Assume that an isotropic source Pt is used and that the
power in the spherical space will be measured as the power per unit area. Thus power density, called
the Poynting vector p or the outward flow of electromagnetic energy through a given surface area, is
expressed as

A receiving antenna at a distance r from the transmitting antenna with an aperture A will receive
power

Fig.5.1 (a) An actual antenna;(b) equivalent circuit of transmitting antenna;
(c) equivalent circuit of a receiving antenna

Figure 5.2 is a schematic representation of received power in space.
From the above equation we can derive the free-apace path-lose formula because we know the
relationship between the aperture A and the gain G.

For a short dipole, G=1. Then

Substitution of the above equation yields the free-space formula

Fig.5.2 Received power in space

At the receiving end dBµV – dBm (decibels above 1µV – decibels above 1mW):
We can obtain the received power from the Fig.5.1c

where V is the induced voltage in volts. For a maximum power delivery Zl=Za*, where the
notation indicates complex conjugate. Then we obtain ZL + Z 2RL, where R1 is the real-load
resistance. Equat ion (5.14) becomes

Assume that a dipole or a monopole is used as a receiving antenna. The induced voltage V can be
related to field strength E as

Where E is expressed in volts or micro volts per meter

If we set RL=50Ω, Pr in decibels above 1mW, and E in decibels (micro volts per meter)

The notation “dBµV” in Eq. is a simplification of decibels above 1 µV/m, and has been accepted by
the Institute of Radio Engineers. We can find the equivalent aperture A because the Poynting vector p
can be expressed as

Where Zo is the intrinsic impedance of the space (=120П). By substituting we get the equivalent
aperture A.

Measuring field strength and converting it to received power:
Converting field strength in decibels above 1µV/m to power received in decibels above 1mW at 850
MHz by a dipole with a 50-Ω load is -132 dB.

The notation “39-dBµV contour” is commonly used to mean 39 dB (µV/m) in cellular system
design. Equation is valid only at a given frequency (850 MHz), for a given antenna (rnonopole or dipole E,,
antenna), and for a given antenna load (50 Ω). Otherwise the field strength and the power have to be adjusted
accordingly.
Measuring the voltage Vo at the load terminal (Fig. 5.lc) and converting to received power:
Given Pr = (Vo/RL), where RL = 50 Ω we can obtain a relationship

For example, if a voltage meter at Vo is 7 dBµV, then the received power is -100 dBm. Equation
expresses a voltage-to-power antenna array ratio which varies with the load impedance but is nt of the
frequency and the type of antenna.

Sum-and-Difference Patterns - Engineering Antenna Pattern:
After obtaining a predicted field-strength contour we can engineer an antenna pattern
conform to uniform coverage. Far different antennae pointing in different directions and with different
spacings, we can use any of a number of methods. If we know the antenna pattern and the geographic
configuration of the antennae, a computer program can help us to find the coverage. Several synthesis
methods can be used to generate a desired antenna configuration.
General formula:
Many applications of linear arrays are based on sum-and-difference patterns. The main beam of
the pattern is always known as the sum pattern pointing at an angle θo. The difference pattern produces
twin main beams straddling θo. When 2N elements are in in array, equispaced by a separation d, the
general pattern for both sum and difference is

For a sum pattern, all the current amplitudes are the same.

For a difference pattern, the current amplitudes of one side (half of the total elements) are positive
and the current amplitudes of the other side (half of the total elements) are negative.

Most pattern synthesis problems can be solved by determining the current distribution In. A few
solutions follow.
Synthesis of sum patterns:
Dolph-Chebyshev synthesis of sum patterns: This method can be used to reduce the level of
sidelobes; however, one disadvantage of further reduction of sidelobe level is broadening of the main
beam.
Taylor synthesis: A continuous line-source distribution or a distribution for discrete arrays can give a
desired pattern which contains a single main beam of a prescribed beamwidth and pointing direction
with a family of sidelobes at a common specified level. The Taylor synthesis is derived from the
following equation, where an antenna pattern F(θ) is determined from an aperture current distribution
g(l)

Fig.5.3. A symmetrical sum pattern (a) The aperture distribution for the two-antenna
arrangement; (b) The evolution of a symmetrical sum pattern with reduced inner side
lobes.
Symmetrical pattern: For production of a symmetrical pattern at the main beam, the currentamplitude distribution g(l) is the only factor to consider. The phase of the current distribution can remain
constant. A typical pattern (Fig.5.3a) would be generated from a current-amplitude distribution
(Fig.5.3b).
Asymmetrical pattern: For production of an asymmetrical pattern, both current amplitude g(l) and
phase arg g(1) should be considered.
Synthesis of difference patterns (Bayliss synthesis):
To find a continuous line source that will produce a symmetrical difference pattern, with twin main
beam patterns and specified sidelobes, we can set

For a desired difference pattern such as that shown in Fig. 5.3a, the current-amplitude distributions g(l)
should be designed as shown in Fig. 5.3b and the phase arg g(1) as shown in Fig. 5.3c.

Fig.5.4 A symmetrical difference pattern (a) A modified Bayliss difference pattern; (b,c)
Aperture distribution for the pattern Null-free patterns:

In mobile communications applications, field-strength patterns without nulls are preferred for the
antennas in a vertical plane. The typical vertical pattern of most antennas is shown in Fig. 5.4a. The
field pattern can be represented as

where u = (2a/λ )(cos θ — cos θn). The concept is to add all (sin Пu)/( Пu) patterns at different
pointing angles as shown in Fig. 5.4a. K is the maximum signal level. The resulting pattern does not contain
nulls. The null-free pattern can be applied in the field as shown in Fig. 5.4b.

Fig.5.5 Null-free patterns (a) Formation of a null-free pattern
For Coverage Use: Omni directional Antennas
High-Gain Antennas: There are standard 6-dB and 9-dB gain omnidirectional antennas. The
antenna patterns for 6-dB gain and 9-dB gain are shown in Fig.5.6
Start-Up System Configuration: In a start-up system, an omnicell, in which all the transmitting
antennas are omnidirectional, is used. Each transmitting antenna can transmit signals from N radio
transmitters simultaneously using a N-channel combiner or a broadband linear amplifier. Each cell
normally can have three transmitting antennas which serve 3N voice radio transmitters simultaneously

Fig.5.6 High-gain omnidirectional antennas (a) 6 dB (b) 9 dB

Fig.5.7. Cell site antennas for omni cells (a) for 3N channels; (b) for 6N channels
Each sending signal is amplified by its own channel amplifier in each radio transmitter, or N
channels (radio signals) pass through a broadband linear amplifier and transmit signals by means of a
transmitting antenna (see Fig.57a).
Two receiving antennas commonly can receive all 3N voice radio signals simultaneously.
Then in each channel, two identical signals received by two receiving antennas pass through a
diversity receiver of that channel. The receiving antenna configuration on the antenna mast is shown
in Fig.3.2.cFor serving 6N voice radio transmitters from six transmitting antennas is shown in
Fig.5.7(b).
Abnormal Antenna Configuration:
Usually, the call traffic in each cell increases as the number of customer’s increases. Some cells
require a greater number of radios to handle the increasing traffic. An omnicell site can be equipped
with up to 90 voice radios for AMPS systems. In such cases six transmitting antennas should be used
as shown in Fig. 5.7b. In the meantime, the number of receiving antennas is still two. In order to
reduce the number of transmitting antennas, a hybrid ring combiner that can combine two 16-channel
signals is found. This means that only three transmitting antennas are needed to transmit 90 radio
signals. However, the ring combiner has a limitation of handling power up to 600 W with a loss of 3
dB.
For Interference Reduction Use: Directional Antennas
When the frequency reuse scheme must be used in AMPS, cochannel interference will occur.
The cochannel interference reduction factor q = D/R = 4.6 is based on the assumption that the terrain
is flat. Because actual terrain is seldom flat, we must either increase q or use directional antennas.
Directional Antennas: A 120◦-corner reflector or 120◦-plane reflector can be used in a 120◦ - sector
cell. A 60◦-corner reflector can be used in a 60◦-sector cell. A typical pattern for a directional antenna
of 120◦ beamwidth is shown in Fig.5.8.

Fig.5.8. Typical 8dB directional antenna pattern (a) Azimuthal pattern of 8dB directional
antenna; (b) Vertical pattern of 8dB directional antenna

Fig.5.9 Directional antenna arrangement (a) 120◦ sector (45 radios); (b) 60◦ sector;
(c) 120◦ sector (90 radius)
Normal Antenna (Mature System) Configuration:
K = 7 cell pattern (120◦sectors). In a K = 7 cell pattern for frequency reuse, if 333 channels are
used, each cell would have about 45 radios. Each 120◦ sector would have one transmitting antenna and two
receiving antennas and would serve 16 radios. The two receiving antennas are used for diversity (see Fig.
4.2a).
K = 4 cell pattern (60◦sectors). We do not use K = 4 in an omnicell system because the cochannel
reuse distance is not adequate. Therefore, in a K = 4 cell pattern, 60◦ sectors are used. There are 24 sectors.
In this K = 4 cell-pattern system, two approaches are used.
Transmitting-receiving 60◦sectors. Each sector has a transmitting antenna carrying its own set of
frequency radios and hands off frequencies to other neighboring sectors or other cells. This is a full K = 4
cell-pattern system. If 333 channels are used, with 13 radios per sector, there will be one transmitting antenna
and one receiving antenna in each sector. At the receiving end, two of six receiving antennas are selected for
angle diversity for each radio channel (see Fig.59b).
Receiving 60◦sectors. Only 60◦-sector receiving antennas are used to locate mobile units and
handoff to a proper neighboring cell with a high degree of accuracy. All the transmitting antennas are
omnidirectional within each cell. At the receiving end, the angle diversity for each radio channel is also
used in this case.
Abnormal Antenna Configuration: If the call traffic is gradually increasing, there is an economic
advantage in using the existing cell systems rather than the new splitting cell system (splitting into smaller
cells). In the former, each site is capable of adding more radios. In a K = 7 cell pattern with 120◦ sectors, two
transmitting antennas at each sector are used (Fig.5.9c). Each antenna serves 16 radios if a 16-channel
combiner is used. One observation from Fig. 5.2c should be mentioned here. The two transmitting antennas
in each sector are placed relatively closer to the receiving antennas than in the single transmitting antenna
case. This may cause some degree of desensitization in the receivers. The technology cited can combine 32
channels in a combiner; therefore, only one transmitting antenna is needed in each sector. However, this one
transmitting antenna must be capable of withstanding a high degree of transmitted power. If each channel
transmits 100 W, the total power that the antenna terminal could withstand is 3.2 kW.
The 32-channel combiner has a power limitation which would be specified by different manufacturers.
Two receiving antennas in each 120◦ sector remain the same for space diversity use.
Space-Diversity Antennas Used at Cell Site:
Two-branch space-diversity antennas are used at the cell site to receive the same signal with
different fading envelopes, one at each antenna. The degree of correlation between two fading envelopes is
determined by the degree of separation between two receiving antennas. When the two fading envelopes
are combined, the degree of fading is reduced. Here the antenna setup is shown in Fig. 5a.
Equation is presented as an example for the designer to use.
η = h/D = 11 (8.13-1)
where h is the antenna height and D is the antenna separation.

From Eq., the separation d ≥ 8λ is needed for an antenna height of 100 ft (30 m) and the separation d ≥
14λ is needed for an antenna height of 150 ft (50 m). In any omnicell system, the two space-diversity
antennas should be aligned with the terrain, which should have a U shape as shown in Fig.5b. Space-diversity
antennas can separate only horizontally, not vertically; thus, there is no advantage in using a vertical
separation in the design.

Fig.5.10 Diversity antenna spacing at cell site: (a) n=h/d
(b) Proper arrangement with two antennas
Umbrella-Pattern Antennas:
In certain situations, umbrella-pattern antennas should be used for the cell-site antennas.
Normal Umbrella-Pattern Antenna:For controlling the energy in a confined area, the umbrellapattern antenna can be developed by using a monopole with a top disk (top-loading) as shown in Fig. 6.1.
The size of the disk determines the tilting angle of the pattern. The smaller the disk, the larger the tilting
angle of the umbrella pattern.

Fig.5.11.Vertical-plane patterns of quarter -wavelength stub antenna on infinite ground plane
(solid) and on finite ground planes several wavelengths in diameter (dashed line) and about one
wavelength in diameter (dotted line).
Broadband Umbrella-Pattern Antenna:
The parameters of a discone antenna (a bio conical antenna in which one of the cones is extended to
180◦ to form a disk) are shown in Fig.6.2a. The diameter of the disk, the length of the cone, and the opening
of the cone can be adjusted to create an umbrella-pattern antenna.
High-Gain Broadband Umbrella-Pattern Antenna: A high-gain antenna can be constructed by
vertically stacking a number of umbrella-pattern antennas as shown in Fig.6.2b.

Fig.5.12: Discone antennas (a) Single antenna; (b) An array of antenna
Interference Reduction Antenna:
A design for an antenna configuration that reduces interference in two critical directions (areas) is
shown in Fig.5.13. The parasitic (insulation) element is about 1.05 times longer than the active element.

Fig.5.13: Application of parasitic elements
Antenna Pattern in Free Space and in Mobile Environments:
The antenna pattern we normally use is the one measured from an antenna range (open,
nonurban area) or an antenna dark room. However, when the antenna is placed in a suburban or urban
environment and the mobile antenna is lower than the heights of the surroundings, the cell-site antenna
pattern as a mobile unit received in a circle equidistant around the cell site is quite different from the
free-space antenna pattern. Consider the following facts in the mobile radio environment.
1. The strongest reception still coincides with the strongest signal strength of the directional
antenna.
2. The pattern is distorted in an urban or suburban environment.
3. For a 120◦ directional antenna, the back lobe (or front-to-back ratio) is about 10 dB less than the
front lobe, regardless of whether a weak sidelobe pattern or no sidelobe pattern is designed in a freespace condition. This condition exists because the strong signal radiates in front, bouncing back from
the surroundings so that the energy can be received from the back of the antenna. The energyreflection mechanism is illustrated in Fig.5.14.
4. A design specification of the front-to-back ratio of a directional antenna (from the manufacturer’s
catalog) is different from the actual front-to-back ratio in the mobile radio environment. Therefore the
environment and the antenna beamwidth determine how the antenna will be used in a mobile radio
environment. For example, if a 60◦directional antenna is used in a mobile radio environment, the
actual front-to-back ratio can vary depending on the given environment.

If the close-in man-made structures in front of the antenna are highly reflectable to the signal,
then the front-to-back ratio of a low-master directional antenna can be as low as 6 dB in some
circumstances. In this case, the directional antenna beamwidth pattern has no correlation between it
measured in the free space and it measured in the mobile radio environment.
If all the buildings are far away from the directional antenna, then the front-to-back ratio
measured in the field will be close to the specified antenna pattern, usually 20 dB.

Fig.5.14 Front-to-back ratio of a directional antenna in a mobile radio environment
Regular Check of the Cell-Site Antennas:
Air-pressurized cable is often used in cell-site antennas to prevent moisture from entering the
cable and causing excessive attenuation. One method of checking the cell-site antennas is to measure
the power delivered to the antenna terminal; however, few systems have this capability. The other
method is to measure the VSWR at the bottom of the tower. In this case the loss of reflected power
due to the cable under normal conditions should be considered. For a high tower, the VSWR reading
may not be accurate. If each cable connector has 1-dB loss due to energy leakage and two midsection
1-dB loss connectors are used in the transmitted systems, the reflected power Pb indicated in the
VSWR would be 4 dB less than the real reflected power.
Choosing an Antenna Site:
In antenna site selection we have relied on the point-to-point prediction method, which is
applicable primarily for coverage patterns under conditions of light call traffic in the system.
Reduction of interference is an important factor in antenna site selection. When a site is chosen on the
map, there is a 50 percent chance that the site location cannot be acquired. A written rule states that an
antenna location can be found within a quarter of the size of cell R/4. If the site is an 8-mi cell, the
antenna can be located within a 2-mi radius. This hypothesis is based on the simulation result that the
change in site within a 2-mi radius would not affect the coverage pattern at a distance 8 mi away. If the
site is a 2-mi cell, the antenna can be located within a 0.5-mi radius. The quarter-radius rule can be
applied only on relatively flat terrain, not in a hilly area. To determine whether this rule can be applied
in a general area, one can use the point-to- point prediction method to plot the coverage at different site
locations and compare the differences. Usually when the point-to-point prediction method (tool) can be
used to design a system, the quarter-radius rule becomes useless.
Minimum Separation of Cell-Site Receiving Antennas:
Separation between two transmitting antennas should be minimized to avoid the intermodulation.
The minimum separation between a transmitting antenna and a receiving antenna is necessary to avoid
receiver desensitization. Here we are describing a minimum separation between two receiving
antennas to reduce the antenna pattern ripple effects. The two receiving antennas are used for a spacediversity receiver. Because of the near field disturbance due to the close spacing, ripples will form in
the antenna patterns (Fig.5.14).

The difference in power reception between two antennas at different angles of arrival is shown in
Fig.5.14.
If the antennas are located closer; the difference in power between two antennas at a given
pointing angle increases. Although the power difference is confined to a small sector, it affects a large
section of the street as shown in Fig. 5.15.
If the power difference is excessive, use of space diversity will have no effect reducing fading.
At 850 MHz, the separation of eight wavelengths between two receiving antennas creates a power
difference of ±2 dB, which is tolerable for the advantageous use of a diversity scheme.

Fig.5.15. Antenna pattern ripple effect
Mobile Antennas:
The requirement of a mobile (motor-vehicle–mounted) antenna is an omnidirectional antenna that can
be located as high as possible from the point of reception. However, the physical limitation of antenna
height on the vehicle restricts this requirement. Generally, the antenna should at least clear the top of
the vehicle. Patterns for two types of mobile antenna are shown in Fig 5.16..

Fig.5.16. Mobile antenna patterns (a) Roof mounted 3-dB-gain collinear antenna versus roofmounted quarter-wave antenna, (b) Window- mourned “on-glass” gain antenna versus roofmounted quarter-wave antenna.
Roof-Mounted Antenna:
The antenna pattern of a roof-mounted antenna is more or less uniformly distributed around the
mobile unit when measured at an antenna range in free space as shown in Fig.5.17. The 3-dBhigh-gain
antenna shows a 3-dBgain over the quarter-wave antenna. However, the gain of the antenna used at the
mobile unit must be limited to 3 dB because the cell-site antenna is rarely as high as the broadcasting
antenna and out-of-sight conditions often prevail. The mobile antenna with a gain of more than 3 dB
can receive only a limited portion of the total multipath signal in the elevation as measured under the
out-of-sight condition.

Fig.5.17. Vertical angle of signal arrival
Glass-Mounted Antennas:
There are many kinds of glass-mounted antennas. Energy is coupled through the glass; therefore,
there is no need to drill a hole. However, some energy is dissipated on passage through the glass. The
antenna gain range is 1 to 3 dB depending on the operating frequency. The position of the glass-mounted
antenna is always lower than that of the roof-mounted antenna; generally there is a 3-dBdifference between
these two types of antenna. Also, glass mounted antennas cannot be installed on the shaded glass found in
some motor vehicles because this type of glass has a high metal content.
Mobile High-Gain Antennas:
A high-gain antenna used on a mobile unit has been studied. This type of high-gain antenna should
be distinguished from the directional antenna. In the directional antenna, the antenna beam pattern is
suppressed horizontally; in the high-gain antenna, the pattern is suppressed vertically. To apply either a
directional antenna or a high-gain antenna for reception in a radio environment, we must know the origin

of the signal. If we point the directional antenna opposite to the transmitter site, we would in theory receive
nothing. In a mobile radio environment, the scattered signals arrive at the mobile unit from every direction
with equal probability. That is why an omnidirectional antenna must be used. The scattered signals also
arrive from different elevation angles. Lee and Brandt used two types of antenna, one λ/4 whip antenna
with an elevation coverage of 39◦ and one 4-dB-gain antenna (4-dB gain with respect to the gain of a
dipole) with an elevation coverage of 16◦ and measured the angle of signal arrival in the suburban KeyportMatawan area of New Jersey. There are two types of test: a line-of-sight condition and an out-of-sight
condition. In Lee and Brandt’s study, the transmitter was located at an elevation of approximately 100 m
(300 ft) above sea level. The measured areas were about 12 m (40 ft) above sea level and the path length
about 3 mi. The received signal from the 4-dB-gain antenna was 4 dB stronger than that from the whip
antenna under line-of-sight conditions. This is what we would expect. However, the received signal from
the 4-dB-gain antenna was only about 2 dB stronger than that from the whip antenna under out-of-sight
conditions. This is surprising.
The reason for the latter observation is that the scattered signals arriving under out-of- sight conditions
are spread over a wide elevation angle. A large portion of the signals outside the elevation angle of 16◦
cannot be received by the high-gain antenna. We may calculate the portion being received by the highgain antenna from the measured beamwidth. For instance, suppose that a 4:1 gain (6 dBi) is expected from
the high-gain antenna, but only 2.5:1 is received. Therefore, 63 percent of the signal is received by the 4dB-gain antenna (i.e., 6 dBi) and 37 percent is felt in the region between 16 and 39◦. Therefore, a 2- to 3dB-gain antenna (4 to 5 dBi) should be adequate for general use. An antenna gain higher than 2 to 3 dB
does not serve the purpose of enhancing reception level. Moreover, measurements reveal that the elevation
angle for scattered signals received in urban areas is greater than that in suburban areas.

.

Fig.5.18 Horizontally spaced antennas. (a) Maximum difference in lcr of a four-branch equalgain signal between a = 0 and a = 90 with antenna spacing 0.15λ; ( b) Not recommended. (c)
Recommended.
a)Horizontally Oriented Space-Diversity Antennas:
A two-branch space-diversity receiver mounted on a motor vehicle has the advantage of reducing
fading and thus can operate at a lower reception level. The advantage of using a space-diversity receiver to
reduce interference. The discussion here concerns a space-diversity scheme in which two vehicle-mounted
antennas separated horizontally by 0.5λ wavelength (15 cm or 6 in) can achieve the advantage of diversity. We
must consider the following factor. The two antennas can be mounted either in line with or perpendicular to the
motion of the vehicle. Theoretical analyses and measured data indicate that the inline arrangement of the two
antennas
produces fewer level crossings, that is, less fading, than the perpendicular arrangement does. The
level crossing rates of two signals received from different horizontally oriented space-diversity antennas are
shown in Fig.5.18.
(b) Vertically Oriented Space-Diversity Antennas:
The vertical separation between two space-diversity antennas can be determined from the
correlation between their received signals. The positions of two antennas X1 and X2 are shown in Fig.5.19.
The theoretical derivation of correlation is

Equation is plotted in Fig.10.3. A set of measured data was obtained by using two antennas vertically
separated by 1.5λ wavelengths. The mean values of three groups of measured data are also shown in Fig. 10.3.
In one group, in New York City, low correlation coefficients were observed. In two other groups, both in New
Jersey, the average correlation coefficient for perpendicular streets was 0.35 and for radial streets, 0.225. The
following table summarizes the correlation coefficients in different areas and different street orientations.

Fig.5.19 Vertical separation between two mobile antennas

Fig.5.20. Two vertically spaced antennas mounted on a mobile unit

From Fig.5.20 we can also see that the signal arrives at an elevation angle of 29◦ in the suburban
radial streets and 33◦ in the suburban perpendicular streets. In New York City the angle of arrival
approaches 40◦.

UNIT-VI
FREQUENCY MANAGEMENT AND CHANNEL ASSIGNMENT
Frequency Management:
The function of frequency management is to divide the total number of available channels into
subsets which can be assigned to each cell either in a fixed fashion or dynamically (i.e., in response to any
channel among the available channels). The terms “frequency management” and “channel assignment” often
create some confusion. Frequency management refers to designating setup channels and voice channels
(done by the FCC), numbering the channels (done by the FCC), and grouping the voice channels into subsets
(done by each system according to its preference). Channel assignment refers to the allocation of specific
channels to cell sites and mobile units. A fixed channel set consisting of one more subsets is assigned to a
cell site on a long-term basis. During a call, a particular channel is assigned to a mobile unit on a short- term
basis. For a short-term assignment, one channel assignment per call is handled by the mobile telephone
switching office (MTSO). Ideally channel assignment should be based on causing the least interference in the
system. However, most cellular systems cannot perform this way.
Numbering the channels:
The total number of channels at present (January 1988) is 832. But most mobile units an
systems are still operating on 666 channels. Therefore we describe the 666 channel numbering first. A
channel consists of two frequency channel bandwidths, one in the low band and one in the high band. Two
frequencies in channel 1 are 825.030 MHz (mobile transmit) 870.030 MHz (cell-site transmit) . The two
frequencies in channel 666 are 844.98 MHz (mobile transmit) and 898 MHz (cell-site transmit). The 666
channels are divided into two groups: block A system and block B system. Each market (i.e., each city) has
two systems for a duopoly market policy. Each block has 333 channels, as shown in Fig.1.1.
The 42 set-up channels are assigned as follows.
Channels 313-333

block A

Channels 334-354

block B

The voice channels are assigned as follows.
Channels 1-312 (312 voice channels)

block A

Channels 355-666 (312 voice channels)

block B

Fig.6.1. Frequency management chart

These 42 set-up channels are assigned in the middle of all the assigned channels to facilitate scanning
of those channels by frequency synthesizers. In the new additional spectrum allocation of 10 MHz (sec Fig.
1.2.), an additional 166 channels are assigned. Since a 1 MHz is assigned below 825 MHz (or 870 MHz) in
the future, additional channels will be numbered up to 849 MHz (or 894 MHz) and will then circle back. The
last channel number is 1023. There are no Channels between channels 799 and 991.

Fig.6.2. New additional spectrum allocation
Grouping into subsets:
The number of voice channels for each system is 312. We can group these into any number of subsets.
Since there are 21 set-up channels for each system, it is logical to group the 312 channels into 21 subsets.
Each subset then consists of 16 channels. In each set, the closest adjacent channel is 21 channels away, as
shown in Fig.1.1. The 16 channels in each subset can be mounted on a frame and connected to a channel
combiner. Wide separation between adjacent channels is required for meeting the requirement of minimum
isolation. Each 16- channel subset is idealized for each 16-channel combiner. In a seven- cell frequency -reuse
cell system each cell contains three subsets, iA+iB+iC, where i is an integer from 1 to 7. The total number of
voice channels in a cell is about 45. The minimum separation between three subsets is 7 channels. If six
subsets are equipped in an omnicell site, the minimum separation between two adjacent channels can be only
three (21/6> 3) physical channel bandwidths.
For example,
1A+1B+1C+4A+4B +4C
Or 1A+1B+1C+5A+5B+5C
Since the radio-frequency spectrum is finite in mobile radio systems, the most significant challenge is
to use the radio-frequency spectrum as efficiently as possible. Geographic location is an important factor in
the application of the frequency-reuse concept in mobile cellular technology to increase spectrum efficiency.
Frequency management involving the assignment of proper channels in different cells can increase spectrum
efficiency. Thus, within a cell the channel assignment for each call is studied.
The techniques for increasing frequency spectrum can be classified as
1. Increasing the number of radio channel using narrow banding, spread spectrum, or time
division.
2. Improving spatial frequency-spectrum reuse.
3. Frequency management and channel assignment.
4. Improving spectrum efficiency in time.
5. Reducing the load of invalid calls
6. Off-air call setup—reducing the load of setup channels
7. Voice storage service for No-Answer calls
8. Call forwarding
9. Reducing the customers’ Keep-Dialing cases
10. Call waiting for Busy-Call situations
11. Queuing

Grouping of Set-up channels.
Set-up channels also called control channels are the channels designated to setup calls. We should not
be confused by fact that a call always needs a set-up channel. A system can be operated without set-up
channels. If we are choosing such a system all the 333 channels in each cellular system (block A or block B)

can be voice channels; however each mobile unit must then scan 333 channels continuously and detect the
signaling for its call. A customer who wants to initiate a call must scan all the channels and find an idle
(unoccupied) one to use.
In a cellular system, we are implementing frequency-reuse concepts. In this case the set -up channels
are acting as control channels. The 21 set -up channels are taken out from the total number of channels. The
number 21 is derived from a seven-cell frequency-reuse pattern with three 120 ◦ sectors per cell, or a total of
21 sectors, which require 21 set-up channels. However, now only a few of the 21 setup channels are being
used in each system. Theoretically, when cell size decreases the use of set -up channels should increase. Setup channels can be classified by usage into two types: access channels and paging channels. An access
channel is used for the mobile-originating calls and paging channels for the land originating calls. For this
reason, a set-up channel is sometimes called an ‘access channel’ and sometimes called a ‘paging channel.’
Every two- way channel contains two 30-kHz bandwidth.. Normally one set-up channel is also specified by
two operations as a forward set-up channel (using the upper band) and a reverse set-up channel (using the
lower band). In the most common types of cellular systems, one set-up channel is used for both access and
paging. The forward set-up channel functions as the paging channel for responding to the mobile-originating
calls. The reverse set-up channel functions as the access channel for the responder to the paging call. The
forward set-up channel is transmitted at the cell site, and the reverse set-up channel is transmitted at the
mobile unit. All set-up channels carry data information only.
access channels and operational techniques.
Access channels:
In mobile-originating calls, the mobile unit scans its 21 set-up channels and chooses the strongest one.
Because each set-up channel is associated with one cell, the strongest set-up channel indicates which cell is to
serve the mobile -originating calls. Th. mobile unit detects the system information transmitted from the cell
site. Also, the mobile unit monitors the Busy/Idle status bits over the desired forward setup channel. When the
idle bits are received, the mobile unit can use the corresponding reverse set-up channel to initiate a call.
Frequently only one system operates in a given city; for instance, block B system might be operating
and the mobile unit could be set to “preferable A system.” When the mobile unit first scans the 21 set-up
channels in block A, two conditions can occur.
1. If no set-up channels of block A are operational, the mobile unit automatically switches to block B.
2. If a strong set-up signal strength is received but no message can be detected, then the scanner chooses the
second strongest set-up channel. If the message still cannot be detected, the mobile unit switches to block B
and scans to block B set-up channels.
The operational functions are described as follows:
1. Power of a forward set-up channel [or forward control channel (FOCC)]: The power of the set-up
channel can be varied in order to control the number of incoming calls served by the cell. The number of
mobile-originating calls is limited by the number of voice channels in each cell site, when the traffic is
heavy, most voice channels are occupied and the power of the set-up channel should be reduced in order
to reduce the coverage of the cell for the incoming calls originating from the mobile unit. This will force
the mobile units to originate calls from other cell sites, assuming that all cells are adequately overlapped.
2. The set-up channel received level: The setup channel threshold level is determined in order to control
the reception at the reverse control channel (RECC). If the received power level is greater than the given
set-up threshold level, the call request will be taken.
3. Change power at the mobile unit: When the mobile unit monitors the strongest signal strength from all
Set-up channels and selects that channel to receive the messages, there are three types of message.
i. Mobile station control message. This message is used for paging and consists of one, two,
or four words -DCC, MIN, SCC and VMAX.
ii. System parameter overhead message. This message contains two words, including
DCC, SID, CMAX, or CPA.
iii. Control-filler message. This message may be sent with a system parameter
overhead message, CMAC—a control mobile attenuation code (seven levels).

4. Direct call retry. When a cell site has no available voice channels, it can send a direct call-retry
message through the set-up channel. The mobile unit will initiate, the call from a neighboring cell
which is on the list of neighboring cells in the direct call-retry message.
Paging channels:

Each cell site has been allocated its own setup channel (control channel). The assigned forward
set-up channel (FOCC) of each cell site is used to page the mobile unit with the same mobile station
control message.
Because the same message is transmitted by the different set-up channels, no simulcast interference
occurs in the system. The algorithm for paging & mobile unit can be performed in different ways. The simplest
way is to page from all the cell sites. This can occupy a large amount of the traffic load. The other way is to
page in an area corresponding to the mobile unit phone number. If there is no answer, the system tries to page
in other areas. The drawback is that response time is sometimes too long.
When the mobile unit responds to the page on the reverse set-up channel, the cell site which receives
the response checks the signal reception level and makes a decision regarding the voice channel assignment
based on least interference in the selected sector or underlay-overlay region.
Self -location scheme at the mobile unit:
In the cellular system, 80 percent of calls originate from the mobile unit but only 20 percent originate,
from the land line. Thus, it is necessary to keep the reverse set-up channels as open as possible. For this
reason, the self-location scheme at the mobile unit is adapted. The mobile unit selects a set-up channel of one
cell site and makes a mobile-originating call. It is called a self-location scheme.
However, the self-location scheme at the mobile unit prevents the mobile unit from sending the
necessary information regarding its location to the cell site. Therefore, the MTSO does not know where the
mobile is. When a land-line call is originated, the MTSO must page all the cell sates In order to search for the
mobile unit. Fortunately, land-line calls constitute only 20 percent of land-line originating calls, so the cellular
system has no problem in handling them. Besides, more than 50 percent of land-line originating calls are no
response.
Autonomous registration:
If a mobile station is equipped for autonomous registration, then the mobile station stores the value
of the last registration number (REGID) received on a forward control channel. Also, a REGINCR (the
increment in time between registrations) is received by the mobile station. The next registration ID should be
NXTREG = REGID + REGINCR
This tells the mobile unit how long the registration should be repeatedly sent to the cell site, so that the
MTSO can track the location of the mobile. This feature is not used in cellular systems at present. However
when the volume of land -line calls begins to increase or the number of cell sites increases, this feature would
facilitate paging of the mobile units with less occupancy time on all set-up channels.
Fixed Channel Assignment Schemes:
Adjacent-Channel Assignment:
Adjacent-channel assignment includes neighboring-channel assignment and next-channel assignment.
The near-end–far-end (ratio) interference, can occur among the neighboring channels (four channels on each
side of the desired channel). Therefore, within a cell we have to be sure to assign neighboring channels in an
omnidirectional-cell system and in a directional-antenna-cell system properly. In an omnidirectional-cell
system, if one channel is assigned to the middle cell of seven cells, next channels cannot be assigned in the
same cell. Also, no next channel (preferably including neighboring channels) should be assigned in the six
neighboring sites in the same cell system area (Fig. 7.1a). In a directional-antenna-cell system, if one channel
is assigned to a face, next channels cannot be assigned to the same face or to the other two faces in the same
cell. Also, next channels cannot be assigned to the other two faces at the same cell site (Fig. 6.3b). Sometimes
the next channels are assigned in the next sector of the same cell in order to increase capacity.

Then performance can still be in the tolerance range if the design is proper.

Fig.6.3 Adjacent channel assignment (a) Omni direction antenna cells; (b)
Directional antenna cells
Channel Sharing:
Channel sharing is a short-term traffic-relief scheme. A scheme used for a seven-cell three-face system
is shown in Fig. 7.2. There are 21 channel sets, with each set consisting of about 16 channels. Figure7.2 shows
the channel set numbers. When a cell needs more channels, the channels of another face at the same cell site
can be shared to handle the short-term overload. To obey the adjacent-channel assignment algorithm, the
sharing is always cyclic. Sharing always increases the trunking efficiency of channels. Since we cannot allow
adjacent channels to share with the nominal channels in the same cell, channel sets 4 and 5 cannot both be
shared with channel sets 12 and 18, a indicated by the grid mark. Many grid marks are indicated in Fig.7.2 for
the same reason. However, the upper subset of set 4 can be shared with the lower subset of set 5 with no
interference. In channel-sharing systems, the channel combiner should be flexible in order to combine up to 32
channels in one face in real time. An alternative method is to install a standby antenna.

Fig.6.4. Channel sharing algorithm
Channel Borrowing:
Channel borrowing is usually handled on a long-term basis. The extent of borrowing more available
channels from other cells depends on the traffic density in the area. Channel borrowing can be implemented
from one cell-site face to another face at the same cell site. In addition, the central cell site can borrow channels
from neighboring cells. The channel-borrowing scheme is used primarily for slowly-growing systems. It is
often helpful in delaying cell splitting in peak traffic areas. Since cell splitting is costly, it should be
implemented only as a last resort.

Advantage of Sectorization:
The total number of available channels can be divided into sets (subgroups) depending on the
sectorization of the cell configuration: the 120◦-sector system, the 60◦-sector system, and the 45◦-sector system.
A seven-cell system usually uses three 120◦sectors per cell, with the total number of channel sets being 21. In
certain locations and special situations, the sector angle can be reduced (narrowed) in order to assign more
channels in one sector without increasing neighboring-channel interference. Sectorization serves the same
purpose as the channel-borrowing scheme in delaying cell splitting. In addition, channel coordination to avoid
cochannel interference is much easier in sectorization than in cell splitting. Given the same number of
channels, trunking efficiency decreases in sectorization.
Comparison of Omni cells (Non sectorized Cells) and Sectorized Cells:
Omni cells:
If a K = 7 frequency-reuse pattern is used, the frequency sets assigned in each cell can be followed by
the frequency-management chart. However, terrain is seldom flat; therefore, K = 12 is sometimes needed for
reducing cochannel interference. For K = 12, the channel-reuse distance is D = 6R, or the cochannel reduction
factor q = 6.
Sectorized Cells: There are three basic types.
1. The 120◦-sector cell is used for both transmitting and receiving sectorization. Each sector has an
assigned a number of frequencies. Changing sectors during a call requires handoffs.
2. The 60◦-sector cell is used for both transmitting and receiving sectorization. Changing sectors
during a call requires handoffs. More handoffs are expected for a 60◦ sector than a 120◦ sector in areas close to
cell sites (close-in areas).
3. The 120◦ or 60◦-sector cell is used for receiving sectorization only. In this case, the transmitting
antenna is omnidirectional. The number of channels in this cell is not sub- divided for each sector. Therefore,
no handoffs are required when changing sectors. This receiving-sectorization-only configuration does not
decrease interference or increase the D/R ratio; it only allows for a more accurate decision regarding handing
off the calls to neighboring cells.
Underlay-Overlay Arrangement:
In actual cellular systems cell grids are seldom uniform because of varying traffic conditions in
different areas and cell-site locations.
Overlaid Cells: To permit the two groups to reuse the channels in two different cell-reuse patterns of
the same size, an “underlaid” small cell is sometimes established at the same cell site as the large cell (see Fig.
10a). The “doughnut” (large) and “hole” (small) cells are treated as two different cells. They are usually
considered as “neighboring cells.”

Fig.6.5 Underlaid-overlaid cell arrangements. (a) Underlay-overlay in omnicell; (b) Underlay-overlay
in sectorized cell; (c) Two level handoff scheme

The use of either an omnidirectional antenna at one site to create two sub ring areas or three
directional antennas to create six subareas is illustrated in Fig. 10b. As seen in Fig.10, a set of
frequencies used in an overlay area will differ from a set of frequencies used in an underlay area in
order to avoid adjacent-channel and cochannel interference.
The channels assigned to one combiner—say, 16 channels—can be used for overlay, and another
combiner can be used for underlay.
Implementation:
The antenna of a set-up channel is usually omnidirectional. When an incoming call is received
by the set-up channel and its signal strength is higher than a level L, the underlaid cell is assigned;
otherwise, the overlaid cell is assigned. The handoffs are implemented between the underlaid and
overlaid cells. In order to avoid the unnecessary handoffs, we may choose two levels L1 and L2 and
L1 > L2 as shown in Fig. 10(c). When a mobile signal is higher than a level L1 the call is handed off
to the underlaid cell. When a signal is lower than a level L2 the call is handed off to the overlaid
cell. The channels assigned in the underlaid cell have more protection against cochannel
interference.
Reuse partition scheme in overlaid cell system and the advantages associated with it
Reuse Partition:
Through implementation of the overlaid-cell concept, one possible operation is to apply a
multiple-K system operation, where K is the number of frequency-reuse cells. The conventional
system uses K = 7. But if one K is used for the underlaid cells, then this multiple-K system can have
an additional 20 percent more spectrum efficiency than the single K system with an equivalent voice
quality. In Fig. 11(a), the K = 9 pattern is assigned to overlaid cells and the K = 3 pattern is assigned
to underlaid cells. Based on this arrangement the number of cell sites can be reduced, while
maintaining the same traffic capacity. The decrease in the number of cell sites which results from
implementation of the multiple K systems is shown in Fig. 11(b). The advantages of using this
partition based on the range of K are

Fig.6.6 Reuse partition scheme (a) Reuse partition Ka=3; Kb=9; (b) Reuse
partitioning performance

1. The K range is 3 to 9; the operational call quality can be adjusted and more reuse patterns are available if
needed.
2. Each channel set of old K = 9 systems is the subset of new K = 3 systems. Therefore the amount of
radio retuning in each cell in this arrangement is minimal.
3. When cell splitting is implemented, all present channel assignments can be retained.

Non Fixed Channel Assignment Algorithms:

1.

Fixed Channel Algorithm: The fixed channel assignment (FCA) algorithm is the most common
algorithm adopted in many cellular systems. In this algorithm, each cell assigns its own radio channels
to the vehicles within its cell.

2.

Dynamic Channel Assignment: In dynamic channel assignment (DCA), no fixed channels are
assigned to each cell. Therefore, any channel in a composite of N radio channels can be assigned to
the mobile unit. This means that a channel is assigned directly to a mobile unit. On the basis of
overall system performance, DCA can also be used during a call.

3.

Hybrid Channel Assignment: Hybrid channel assignment (HCA) is a combination of FCA and
DCA. A portion of the total frequency channels will use FCA and the rest will use DCA.

4.

Borrowing Channel Assignment: Borrowing channel assignment (BCA) uses FCA as a normal
assignment condition. When all the fixed channels are occupied, then the cell borrows channels
from the neighboring cells.

5.

Forcible-Borrowing Channel Assignment: In forcible-borrowing channel assignment (FBCA), if a
channel is in operation and the situation warrants it, channels must be borrowed from the neighboring
cells and at the same time, another voice channel will be assigned to continue the call in the
neighboring cell. There are many different ways of implementing FBCA. In a general sense, FBCA
can also be applied while accounting for the forcible borrowing of the channels within a fixed channel
set to reduce the chance of cochannel assignment in a reuse cell pattern. The FBCA algorithms based
on assigning a channel dynamically but obeying the rule of reuse distance. The distance between the
two cells is reuse distance, which is the minimum distance at which no cochannel interference would
occur. Very infrequently, no channel can be borrowed in the neighboring cells. Even those channels
currently in operation can be forcibly borrowed and will be replaced by a new channel in the
neighboring cell or the neighboring cell of the neighboring cell. If all the channels in the neighboring
cells cannot be borrowed because of interference problems, the FBCA stops.

Compare the average blocking in spatially uniform and non uniform traffic
distribution for FCA, BCA and FBCA.
On the basis of the FBCA, FCA, and BCA algorithms, a seven-cell reuse pattern with an average
blocking of 3 percent is assumed and the total traffic service in an area in 250 Erlangs. The traffic
distributions are
(1) Uniform traffic distribution—11 channels per cell;
(2) A non uniform traffic distribution—the number of channels in each cell is dependent on the
vehicle distribution (Fig.13.1).
The simulation model is described as follows:
1. Randomly select the cell (among 41 cells).
2. Determine the state of the vehicle in the cell (idle, off-hook, on-hook, and handoff)
3. In off-hook or handoff state, search for an idle channel. The average number of handoffs is
assumed to be 0.2 times per call. However, FBCA will increase the number of handoffs.

Fig. 6.7 Cellular system Vehicle and radio-channel distribution in the busy rush hour
Average Blocking: Two average blocking cases illustrating this simulation are shown in Fig. 13.2.
In a uniform traffic condition (Fig. 13.2a), the 3 percent blocking of both BCA and FBCA will result
in a load increase of 28 percent, compared to 3 percent blocking of FCA. There is no difference
between BCA and FBCA when a uniform traffic condition exists.
In a non uniform traffic distribution (Fig. 13.2b), the load increase in BCA drops to 23 percent and that
of FBCA increases to 33 percent, as at an average blocking of 3 percent. The load increase can be
utilized in another way by reducing the number of channels. The percent increase in load is the same as
the percent reduction in the number of channels.

Fig.6.8 Comparison of average blockings from three different schemes (a) Average blocking
in spatially uniform traffic distribution; (b) average blocking in spatially non uniform
traffic distribution.
Handoff Blocking: Blocking calls from all handoff calls occurring in all cells is shown in Fig. 13.3.
Handoff blocking is not considered as the regular cell blocking which can only occur at the call setup
stage. In both BCA and FBCA, load is increased almost equally to 30 percent, as compared to FCA at
3 percent handoff blocking in uniform traffic (Fig. 13.3a). For a non uniform traffic distribution, the
load increase of both BCA and FBCA at 4 percent blocking is about 50 percent (Fig. 13.3b), which is a
big improvement, considering the reduction in interference and blocking. Otherwise, there would be
multiple effects from interference in several neighboring cells.

Fig.6.9. Comparison of handoff blocking from three different schemes (a) Handoff blocking in
spatially uniform traffic distribution; (b) handoff blocking in spatially non uniform traffic
distribution.

UNIT VII
HANDOFF
Why hand off is necessary ?
In an analog system, once a call is established, the set-up channel is not used again during the call
period. Therefore, handoff is always implemented on the voice channel. In the digital systems, the
handoff is carried out through paging or common control channel. The value of implementing handoffs

is dependent on the size of the cell. For example, if the radius of the cell is 32 km (20 mi), the area is
3217 km^2(1256 mi^2). After a call is initiated in this area, there is little chance that it will be dropped
before the call is terminated as a result of a weak signal at the coverage boundary. Then why bother to
implement the handoff feature? Even for a 16-km radius, cell handoff may not be needed. If a call is
dropped in a fringe area, the customer simply redials and reconnects the call. Today the size of cells
becomes smaller in order to increase capacity. Also people talk longer. The handoffs are very essential.
Handoff is needed in two situations where the cell site receives weak signals from the mobile unit:
(1) at the cell boundary, say, −100 dBm, which is the level for requesting a handoff in a noise-limited
environment; and
(2) when the mobile unit is reaching the signal-strength holes (gaps) within the cell site as shown in
Fig.1.

Fig7.1. Occurrence of handoffs

2. the two decision making parameters of handoff explain.
There are two decision-making parameters of handoff: (1) that based on signal strength and (2) that
based on carrier-to-interference ratio. The handoff criteria are different for these two types. In type 1,
the signal-strength threshold level for handoff is −100 dBm in noise-limited systems and −95 dBm in
interference-limited systems. In type 2, the value of C/I at the cell boundary for handoff should be at a
level, 18 dB for AMPS in order to have toll quality voice. Sometimes, a low value of C/I may be used
for capacity reasons.
Type 1: It is easy to implement. The location receiver at each cell site measures all the signal
strengths of all receivers at the cell site. However, the received signal strength (RSS) itself
includes interference.
RSS = C + I
where C is the carrier signal power and I is the interference. Suppose that we set up a threshold level
for RSS; then, because of the I , which is sometimes very strong, the RSS level is higher and far above
the handoff threshold level. In this situation handoff should theoretically take place but does not.
Another situation is when I is very low but RSS is also low. In this situation, the voice

quality usually is good even though the RSS level is low, but since RSS is low, unnecessary handoff
takes place. Therefore, it is an easy but not very accurate method of determining handoffs. Some
analog systems use SAT information together with the received signal level to determine handoffs.
Some CDMA systems use pilot channel information.
Type 2: Handoffs can be controlled by using the carrier-to-interference ratio C/I
C+I/I = C/I
we can set a level based on C/I ,so C drops as a function of distance but I is dependent on the location.
If the handoff is dependent on C/I , and if the C/I drops, it does so in response to increase in (1)
propagation distance or (2) interference. In both cases, handoff should take place. In today’s cellular

systems, it is hard to measure C/I during a call because of analog modulation. Sometimes we measure
the level I before the call is connected, and the level C + I during the call. Thus (C + I )/I can be
obtained. Another method of measuring C/I is described in Sec. 9.3.
3. Concept of delaying a handoff
In many cases, a two-handoff-level algorithm is used. The purpose of creating two
request handoff levels is to provide more opportunity for a successful handoff. A handoff could be
delayed if no available cell could take the call. A plot of signal strength with two request handoff
levels and a threshold level is shown in Fig.3. The plot of average signal strength is recorded on the
channel received

Fig.7.2. A two level handoff scheme
Signal strength indicator (RSSI), which is installed at each channel receiver at the cell site. When the
signal strength drops below the first handoff level, a handoff request is initiated. If for some reason the
mobile unit is in a hole (a weak spot in a cell) or a neighboring cell is busy, the handoff will be
requested periodically every 5 s. At the first handoff level, the handoff takes place if the new signal is
stronger. However, when the second handoff level is reached, the call will be handed off with no
condition. The MSO always handles the handoff call first and the originating calls second. If no
neighboring calls are available after the second handoff level is reached, the call continues until the
signal strength drops below the threshold level; then the call is dropped. In AMPS systems if the
supervisory audio tone (SAT) is not sent back to the cell site by the mobile unit within 5 s, the cell site
turns off the transmitter.

4. the advantages of delayed handoff
Consider the following example. The mobile units are moving randomly and the terrain contour is
uneven. The received signal strength at the mobile unit fluctuates up and down. If the mobile unit is in
a hole for less than 5 s (a driven distance of 140 m for 5 s, assuming a vehicle speed of 100 km/h), the
delay (in handoff) can even circumvent the need for a handoff. If the neighboring cells are busy,
delayed handoff may take place. In principle, when call traffic is heavy, the switching processor is
loaded, and thus a lower number of handoffs would help the processor handle call processing more
adequately. Of course, it is very likely that after the second handoff level is reached, the call may be
dropped with great probability. The other advantage of having a two-handoff-level algorithm is that it
makes the handoff occur at the proper location and eliminates possible interference in the system.

Figure 7.2, case I, shows the area where the first-level handoff occurs between cell A and cell B. If we
only use the second-level handoff boundary of cell A, the area of handoff is too close to cell B. Figure
3, case II, also shows where the second-level handoff occurs between cell A and cell C. This is because
the first-level handoff cannot be implemented.
5. forced handoff
A forced handoff is defined as a handoff that would normally occur but is prevented from
happening, or a handoff that should not occur but is forced to happen.
Controlling a Handoff:
The cell site can assign a low handoff threshold in a cell to keep a mobile unit in a cell longer or assign
a high handoff threshold level to request a handoff earlier. The MSO also can control a handoff by
making either a handoff earlier or later, after receiving a handoff request from a cell site.

Creating a Handoff:
In this case, the cell site does not request a handoff but the MSO finds that some cells are too
congested while others are not. Then, the MSO can request call sites to create early handoffs for those
congested cells. In other words, a cell site has to follow the MSO’s order and increase the handoff
threshold to push the mobile units at the new boundary and to handoff earlier.

Queuing of handoff:
Queuing of handoffs is more effective than two- threshold-level handoffs. The MSO will queue the
requests of handoff calls instead of rejecting them if the new cell sites are busy. A queuing scheme
becomes effective only when the requests for handoffs arrive at the MSO in batches or bundles. If
handoff requests arrive at the MSO uniformly, then the queuing scheme is not needed. Before showing
the equations, let us define the parameters as follows. 1/µ average calling time in seconds, including
new calls and handoff calls in each cell
λ1

arrival rate (λ1 calls per second) for originating calls

λ2

arrival rate (λ2 handoff calls per second) for handoff calls

M1

size of queue for originating calls

M2

size of queue for handoff calls

N

number of voice channels

a

(λ1 + λ2)/µ

b1

λ1/µ

b2

λ2/µ

The following analysis can be used to see the improvement. We are analyzing three cases.
1. No queuing on either the originating calls or the handoff calls. The blocking for either an
originating call or a handoff call is

Where

2. Queuing the originating calls but not the handoff calls. The blocking probability for
originating calls is

Where

The blocking probability for handoff calls is

3. Queuing the handoff calls but not the originating calls. The blocking probability for
handoff calls is

The blocking probability for originating calls is

Fig.7.3Originating queue size
We have seen (Fig.7.3) with queuing of originating calls only, the probability of blocking is reduced.
However, queuing of originating calls results in increased blocking probability on handoff calls, and
this is a drawback. With queuing of handoff calls only, blocking probability is reduced from 5.9 to 0.1
percent by using one queue space. Therefore it is very worthwhile to implement a simple queue (one
space) for handoff calls. Adding queues in handoff calls does not affect the blocking probability of
originating calls.

However, we should always be aware that queuing for the handoff is more important than queuing for
those initiating calls on assigned voice channels because call drops upset customers more than call
blockings.
6. Power difference handoff
A better algorithm is based on the power difference ( ) of a mobile signal received by two cell sites,
home and handoff. can be positive or negative. The handoff occurs depending on a preset value of .
= the mobile signal measured at the candidate handoff site
− the mobile signal measured at the home site
For example, the following cases can occur.
> 3 dB request a handoff
1dB < < 3 dB prepare a handoff

−3dB < < 0 dB monitoring the signal strength
< −3 dB no handoff
Those numbers can be changed to fit the switch processor capacity. This algorithm is not based on the
received signal strength level, but on a relative (power difference) measurement. Therefore, when this
algorithm is used, all the call handoffs for different vehicles can occur at the same general location in
spite of different mobile antenna gains or heights.
7. Intersystem handoff
Occasionally, a call may be initiated in one cellular system (controlled by one MSO) and enter another
system (controlled by another MSO) before terminating. In some instances, intersystem handoff can
take place; this means that a call handoff can be transferred from one system to a second system so that
the call is continued while the mobile unit enters the second system. The software in the MSO must be
modified to apply this situation. Consider the simple diagram shown in Fig.7. The car travels on a
highway and the driver originates a call in system A. Then the car leaves cell site A of system A and
enters cell site B of system B. Cell sites A and B are controlled by two different MSOs. When the
mobile unit signal becomes weak in cell site A, MSO A searches for a candidate cell site in its system
and cannot find one. Then MSO A sends the handoff request to MSO B through a dedicated line
between MSO A and MSO B, and MSO B makes a complete handoff during the call conversation.
This is just a one-point connection case. There are many ways of implementing intersystem handoffs,
depending on the actual circumstances. For instance, if two MSOs are manufactured by different
companies, then compatibility must be determined before implementation of intersystem handoff can
be considered.

Fig.7. Intersystem handoffs

8. dropped call rate and consideration of dropped call rates
The definition of a dropped call is after the call is established but before it is properly terminated. The
definition of “the call is established” means that the call is setup completely by the setup channel. If
there is a possibility of a call drop due to no available voice channels, this is counted as a blocked call
not a dropped call. If there is a possibility that a call will drop due to the poor signal of the assigned
voice channel, this is considered a dropped call. This case can happen when the mobile or portable
units are at a standstill and the radio carrier is changed from a strong setup channel to a weak voice
channel due to the selective frequency fading phenomenon.
The perception of dropped call rate by the subscribers can be higher due to:
1The subscriber unit not functioning properly (needs repair).
2The user operating the portable unit in a vehicle (misused).
3. The user not knowing how to get the best reception from a portable unit (needs education).
In principle, dropped call rate can be set very low if we do not need to maintain the voice quality. The
dropped call rate and the specified voice quality level are inversely proportional. In designing a

commercial system, the specified voice quality level is given relating to how much C/I (or C/N) the
speech coder can tolerate. By maintaining a certain voice quality level, the dropped call rate can be
calculated by taking the following factors into consideration:
1. Provide signal coverage based on the percentage (say 90 percent) that the entire received signal will be
above a given signal level.
2. Maintain the specified co-channel and adjacent channel interference levels in each cell during a busy
hour (i.e., the worst interference case).
3. Because the performance of the call dropped rate is calculated as possible call dropping in every stage
from the radio link to the PSTN connection, the response time of the handoff in the network will be a
factor when the cell becomes small, the response time for a handoff request has to be shorter in order to
reduce the call dropped rate.
9. Relation among capacity, voice quality, dropped call rate
Radio Capacity m is expressed as follows:

Where BT/Bc is the total number of voice channels. BT /Bc is a given number, and (C/I )s is a required
C/I for designing a system. The above equation is obtained based on six cochannel interferers which
occur in busy traffic (i.e., a worst case). In an interference limited system, the adjacent channel
interference has only a secondary effect.

Because the (C/I )s is a required C/I for designing a system, the voice quality is based on the (C/I)s
.When the specified (C/I )S is reduced, the radio capacity is increased. When the measured (C/I ) is
less than the specified (C/I )S , both poor voice quality and dropped calls can occur.

General formula of dropped call rate
The general formula of dropped call rate P in a whole system can be expressed as:

Where

is the probability of a dropped call when the call has gone through n handoffs and

1. z1 and z2 are two events, z1 is the case of no traffic channel in the cell, z2 is the case of no-safe
return to original cell. Assuming that z1 and z2 are independent events, then
2. (1 − β) is the probability of a call successfully connecting from the old BSC to the MSC. Also, (1 −
β) is the probability of a call successfully connecting from the MSC to the new BSC. Then the total
probability of having a successful call connection is
The call dropped rate P expressed in above Eq can be specified in two cases: 1. In a noise limited
system (startup system): there is no frequency reuse, the call dropped rate PA is based on the signal
coverage. It can also be calculated under busy hour conditions.
In a noise-limited environment (for worst case)

2. In an interference-limited system (mature system): frequency reuse is applied, and the
dropped rate PB is based on the interference level. It can be calculated under busy hour
conditions.
In an interference-limited environment (for worst case)

In a commonly used formula of dropped call rate, the values of τ , θ, and β are assumed to be very
small and can be neglected. Then

Cell site handoff scheme:
This scheme can be used in a non cellular system. The mobile unit has been assigned a frequency
and talks to its home cell site while it travels. When the mobile unit leaves its home cell and enters a
new cell, its frequency does not change; rather, the new cell must tune into the frequency of the mobile
unit (see Fig. 10.). In this case only the cell sites need the frequency information of the mobile unit.
Then the aspects of mobile unit control can be greatly simplified, and there will be no need to provide
handoff capability at the mobile unit. The cost will also be lower. This scheme can be recommended
only in areas of very low traffic. When the traffic is dense, frequency coordination is necessary for the
cellular system. Then if a mobile unit does not change frequency on travel from cell to cell, other
mobile units then must change frequency to avoid interference. Therefore, if a system handles only low
volumes of traffic, that is, if the channels assigned to one cell will not reuse frequency in other cells,
then it is possible to implement the cell-site handoff feature as it is applied in military systems.

Fig.7.5. Cell site handoff only scheme

UNIT-VIII
DIGITAL CELLULAR NETWORKS
GLOBAL SYSTEM FOR MOBILE (GSM):
CEPT, a European group, began to develop the Global System for Mobile TDMA system in June
1982.GSM has two objectives: pan-European roaming, which offers compatibility throughout the
European continent, and interaction with the integrated service digital network (ISDN), which offers
the capability to extend the single-subscriber-line system to a multiservice system with various
services currently offered only through diverse telecommunications networks. System capacity was not
an issue in the initial development of GSM, but due to the unexpected, rapid growth of cellular service,
35 revisions have been made to GSM since the first issued specification. The first commercial GSM
system, calledD2, was implemented in Germany in 1992.

Fig.8.1. The external environment of BSS
GSM Architecture :
GSM consists of many subsystems, such as the mobile station (MS), the base station sub system
(BSS), the network and switching subsystem (NSS), and the operation subsystem (OSS) in fig.8.1.

1. The Mobile Station: The MS may be a stand-alone piece of equipment for certain services or
support the connection of external terminals, such as the interface for a personal computer or fax. The
MS includes mobile equipment (ME) and a subscriber identity module (SIM). ME does not need to be
personally assigned to one subscriber. The SIM is a subscriber module which stores all the subscriberrelated information. When a subscriber’s SIM is inserted into the ME of an MS, that MS belongs to the
subscriber, and the call is delivered to that MS. The ME is not associated with a called number—it is
linked to the SIM. In this case, any ME can be used by a subscriber when the SIM is inserted in the
ME.
2. Base Station Subsystem: The BSS connects to the MS through a radio interface and also connects
to the NSS. The BSS consists of a base transceiver station (BTS) located at the antenna site and a base
station controller (BSC) that may control several BTSs. The BTS consists of radio transmission and
reception equipment similar to the ME in an MS. A transcoder/rate adaption unit (TRAU) carries out
encoding and speech decoding and rate adaptation for transmitting data. As a subpart of the BTS, the
TRAU may be sited away from the BTS, usually at the MSC. In this case, the low transmission rate of
speech code channels allows more compressed transmission between the BTS and the TRAU, which is
sited at the MSC.
GSM uses the open system interconnection (OSI). There are three
common interfaces based on OSI (Fig. 8.2.): a common radio interface, called air interface, between
the MS and BTS, an interface A between the MSC and BSC, and an A-bis interface between the BTS
and BSC. With these common interfaces, the system operator can purchase the product of
manufacturing company A to interface with the product of manufacturing company B. The difference
between interface and protocol is that an interface represents the point of contact between two adjacent
entities (equipment or systems) and a protocol provides information flows through the interface. For
example, the GSM radio interface is the transit point for information flow pertaining to several
protocols.
3. Network and Switching Subsystem: NSS (see Fig 8.3.) in GSM uses an intelligent network (IN).
The IN’s attributes will be described later. A signaling NSS includes the main switching functions of

GSM. NSS manages the communication between GSM users and other telecommunications users.
NSS management consists of:
Mobile service switching center (MSC): Coordinates call set-up to and from GSM users. An MSC
controls several BSCs.
Interworking function (IWF): A gateway for MSC to interface with external networks for
communication with users outside GSM, such as packet-switched public data network (PSPDN) or
circuit -switched public data network (CSPDN).The role of the IWF depends on the type of user data
and the network to which it interfaces.
Home location register (HLR): Consists of a stand-alone computer without switching capabilities, a
database which contains subscriber information, and information related to the subscriber’s current
location, but not the actual location of the subscriber. A subdivision of HLR is the authentication
center (AUC). The AUC manages the security data for subscriber authentication. Another sub-division
of HLR is the equipment identity register (EIR) which stores the data of mobile equipment (ME) or
ME-related data.
Visitor location register (VLR): Links to one or more MSCs, temporarily storing subscription data
currently served by its corresponding MSC, and holding more detailed data than the HLR. For
example, the VLR holds more current subscriber location information than the location information at
the HLR.

Fig.8.2. Functional architecture and principal interfaces
Gateway MSC (GMSC): In order to set up a requested call, the call is initially routed to a gateway
MSC, which finds the correct HLR by knowing the directory number of the GSM subscriber. The
GMSC has an interface with the external network for gatewaying, and the network also operates the
full Signaling System 7 (SS7) signaling between NSS machines.
Signaling transfer point (STP): Is an aspect of the NSS function as a stand-alone node or in the same
equipment as the MSC. STP optimizes the cost of the signaling transport among MSC/VLR, GMSC,
and HLR.
As mentioned earlier, NSS uses an intelligent network. It separates the central data base (HLR)
from the switches (MSC) and uses STP to transport signaling among MSC and HLR.

Fig.8.3. NSS and its environment (a) the external environment; (b) the internal structure

4. Operation Subsystem: There are three areas of OSS, as shown in Fig.1.4. (1) network operation
and maintenance functions, (2) subscription management, including charging and billing, and
(3)mobile equipment management. These tasks require interaction between some or all of the
infrastructure equipment. OSS is implemented in any existing network.

Fig.1.4. OSS organization
2. services offered by GSM channels
GSM Channel Structure: The services offered to users have four radio transmission modes, three
data modes, and a speech mode. The radio transmission modes use the physical channels.
Physical Channels: There are three kinds of physical channels, also called traffic channels (TCHs):
1. TCH/F (full rate): Transmits a speech code of 13 kbps or three data-mode rates, 12, 6, and 3.6
kbps.

Fig.8.4. Interconnection with ISDN (a) PSTN user to ISDN user (b) GSM user to ISDN user
2. TCH/H (half rate): Transmits a speech code of 7 kbps or two data modes, 6 and 3.6 kbps.
3. TCH/8 (one-eighth rate): Used for low-rate signaling channels, common channels, and data
channels.
Logic channels:
2. Common channels: All the common channels are embedded in different traffic channels. They are
grouped by the same cycle (51 × 8 BP), where BP stands for burst period (i.e.,time slot), which is 577
µs.
3. Downlink common channels: There are five downlink unidirectional channels, shared or grouped
by a TCH.
(i) Frequency correction channel (FCCH) repeats once every 51×8 BPs; used to identify a beacon
frequency.
(ii)Synchronization channel (SCH) follows each FCCH slot by 8 BPs.
(iii)Broadcast control channel (BCCH) is broadcast regularly in each cell and received by all the
mobile stations in the idle mode.
(iv)Paging and access grant channel (PAGCH) is used for the incoming call received at the mobile
station. The access grant channel is answered from the base station and allocates a channel during the
access procedure of setting up a call.
(v)Call broadcast channel (CBCH). Each cell broadcasts a short message for 2s from the network to
the mobile station in idle mode. Half a downlink TCH/8 is used, and special CBCH design constraints
exist because of the need for sending two channels (CBCH and BCCH) in parallel.
The mobile station (MS) finds the FCCH burst, then looks for an SCH burst on the
same frequency to achieve synchronization. The MS then receives BCCH on several time slots and
selects a proper cell, remaining for a period in the idle mode.
3. Uplink common channels: The random-access channel (RACH) is the only common uplink
channel. RACH is the channel that the mobile station chooses to access the calls.
There are two rates: RACH/F (full rate, one time slot every 8 BP), and RACH/H (half rate, using 23
time slots in the 51 × 8 BP cycle, where 8 BP cycle [i.e. a frame] is 4.615ms).
4. Signaling channels: All the signaling channels have chosen one of the physical channels,and the
logical channels names are based on their logical functions:
5. Slow Associated Control Channel (SACCH): A slow-rate TCH used for signaling transport and
used for non urgent procedures, mainly handover decisions. It uses one-eighth rate. The TCH/F is
always allocated with SACCH. This combined TCH and SACCH is denoted TACH/F.
SACCH occupies 1 time slot (0.577 ms) in every 26 frames (4.615ms × 26). The time organization of a
TACH/F is shown in Fig.8.5.

Fig.8.5. Time organization of TACH/F
6. Fast Associated Control Channel (FACCH): Indicates cell establishment, authenticates
subscribers, or commands a handover.
7. Stand-alone Dedicated Control Channel (SDCCH): Occasionally the connection between a
mobile station and the network is used solely for passing signaling information and not for calls. This
connection may be at the user’s demand or for other management operations such as updating the
unit’s location. It operates at a very low rate and uses a TCH/8 channel. Radio slots are allocated to
users only when call penetration is needed. There are two modes, dedicated and idle. The mode used
depends on the uplink and the downlink. In GSM terminology, the downlink is the signal transmitted
from the base station to the mobile station, and the uplink is the signal transmitted in the opposite
direction.
8. Voice/data channels: Each time slot of a voice channel contains 260 bits per block. The entire
block contains 316 bits. Each time slot of a data channel contains 120 or 240 bits per block.
Modes in GSM channels.
The different modes of GSM channel are as follows
1. Channel mode
2. Dedicated mode
3. Idle mode
1. Channel modes: Because of the precious value of the radio spectrum, individual users cannot have
their own TCH at all times.

2. Dedicated mode: Uses TCH during call establishment and uses SACCH to perform location
updating in the dedicated mode. TCH and SACCH are dedicated channels for both uplink and
downlink channels.
3. Idle mode: During non call activities, the five downlink channels are in the idle mode: FCCH; SCH;
BCCH, which is broadcasting regularly; PAGCH and CBCH, which sends one message every 2 s.
During idle mode, the mobile station listens to the common downlink channels, and also uses SDCCH
(uplink channel) to register a mobile location associated with a particular base station to the network.
About multiple access scheme.
Multiple -Access Scheme: GSM is a combination of FDMA and TDMA. The total number of
channels in FDMA is 124, and each channel is 200 kHz. Both the 935–960MHz uplink and 890– 916
MHz downlink have been allocated 25 MHz, for a total of 50 MHz Duplex separation is 45 MHz If
TDMA is used within a 200-kHz channel, 8 time slots are required to form a frame, frame duration is
4.615 ms, and the time slot duration burst period is 0.577ms. There is a DCS-1800 system, which has
the same architecture as the GSM, but it is up converted to 1800MHz. The downlink is 1805–1880
MHz (base TX) and the uplink is 1700–1785 MHz (mobile Tx).

Constant Time Delay between Uplink and Downlink: The numbering of the uplink slots is derived
from the downlink slots by a delay of 3 time slots. This allows the slots of one channel to bear the
same time slot number in both directions. In this case, the mobile station will not transmit and receive
simultaneously because the two time slots are physically separated. Propagation delay when the mobile
station is far from the BTS is a major consideration. For example, the round trip propagation delay
between an MS and BTS which are 35 km apart is 233 µs. As a result, the assigned time slot numbers
of the uplink and downlink channels may not be the same (less than 3 time slots apart). The solution is
to let BTS compute a time advance value. The key is to allow significant guard time by taking into
account that BCCH is using only even time slots. This avoids the uncertainty of numbering the wrong
time slot. Once a dedicated connection is established, the BTS continuously measures the time offset
between its own burst schedule and the reception schedule of mobile station bursts on the bidirectional
SACCH channel. The time compensation for the propagation delay (sending to the mobile station via
SACCH) is 3 time slots minus the time advance.
Frequency Hopping: GSM has a slow frequency-hopping radio interface. The slow hopping is
defined in bits per hop. Its regular rate is 217 hops/s, therefore, with a transmission rate of 270 kbps,
the result is approximately 1200 bits/hop. If the PAGCH and the RACH were hopping channels, then
hopping sequences could be broadcast on the BCCH. The common channel is forbidden from hopping
and using the same frequency.
Different Types of Time Slots: Each cell provides a reference clock from which the time slots are
defined. Each time slot is given a number (TN) which is known by the base station and the
mobile station. The time slot numbering is cyclic. TN0 is a single set broadcast in any given call and
repeated every 8 BPs for the confirmation of all common channels. The organization of TN0 (first of
eight time slots) in sequence is as follows: FCCH(1), SCH (1), BCCH (4), PAGCH (4), FCCH (1),
SCH (1), PAGCH (8), FCCH (1), SCH(1), PAGCH (8), FCCH (1), SCH (1), PAGCH (8), FCCH (1),
SCH (1), PAGCH (8).

The symbol PAGCH (4) means that the PAGCH channel information appears in consecutive ones of
every 8 BP cycle 4 times. Each of the remaining seven TNs (TN1 to TN7) is assigned to one TACH/F
channel.
Bursts and Training Sequences : In TDMA, the signal transmits in bursts. The time interval of the
burst brings the amplitude of a transmitted signal up from a starting value of 0 to its normal value.
Then a packet of bits is transmitted by a modulated signal. Afterward, the amplitude decreases to zero.
These bursts occur only at the mobile station transmission or at the base station if the adjacent burst is
not transmitted. There are tail bits and training sequence bits within a burst. The tail bits are three 0
bits added at the beginning and at the end of each burst which provide the guard time. The training
sequence is a sequence known by the receiver that trains an equalizer, a device that reduces inter
symbol interference. The training sequence bits are inserted in the middle of a time slot sometimes
called a midamble, for the same purpose as a preamble, so that the equalizer can minimize its
maximum distance with any useful bit

There are eight different training sequences, with little correlation between any two sequences to
distinguish the received signal from the interference signal.
There are several kinds of bursts:
1. The normal burst used in TCH:

The 1-bit binary information indicating data or signaling is called the stealing flag
2. The access burst used on the RACH in the uplink direction:

3. The F and S bursts. The F burst is used on the FCCH and has the simplest format. All of the 148 bits
are zero, producing a pure sine wave. Five S bursts in each 51 × 8 BP cycle are used on the SCH. One
S burst is shown below:

ARCHITECTURE OF TDMA
NA-TDMA architecture:
The NA-TDMA architecture is similar to GSM architecture. The only difference is that in NA-TDMA,
there is only one common interface, which is the radio interface as shown in Fig. 5. The NA-TDMA
uses the intelligent network. All the components such as HLR, VLR, AUC, and EIR are the same as
used in GSM. In developing the NA-TDMA system, there were two phases:
First phase: To commonly share the 21 set-up channels that are used for the analog system. The firstphase system is only for voice transmission. Both modes, AMPS and digital, are built in the same unit.
The handoff procedure has to take care of the following four features:
1. AMPS cell to AMPS cell
2. TDMA cell to TDMA cell
3. AMPS cell to TDMA cell
4. TDMA cell to AMPS cell
Second phase: (1) generate new digital set-up channels (they were in the voice band) to access to
TDMA voice channels so that a digital stand-alone unit can be provided and (2) specify a data-service
signal protocol for transmitting data.

The signaling format and message structure in TDMA.
Signaling Format in Different Channels: A reverse digital traffic channel (RDTC) is used to
transport user information and signaling. A forward digital traffic channel (FDTC) has same format as
the RDTC (reverse digital traffic channel). Two control channels are used: the FACCH is a blank and
burst channel, the SACCH is a continuous channel, and interleaving is on the SACCH. The signaling
formats of these two channels are shown in Fig.6.

Fig.8.7.Signaling formats of FACCH and SACCH

Message Structure:
All messages contain:
1.
2.
3.
4.
5.

An application message header
Mandatory fixed parameters
Mandatory variable parameters
Remaining length
Optional variable parameters

(a) TDMA Structure (Digital Channels):

In NA-TDMA, the set-up channels are analog channels shared with the AMPS system. One digital
channel (a 30 -kHz TDMA channel) contains 25 frames per second. Each frame is 40-ms long and has
6 time slots. Each time slot is 6.66-ms long. One frame contains 1944 bits (972 symbols), as shown in
Fig. 7. Each slot contains 324 bits (162 symbols) and the duration between bits is 20.57 µs. Therefore,
one radio channel is transmitted at 48.6 kbps but only 24,000 symbols per second over the radio path.
Each frame consists of 6 time slots. The maximum effect on the signal for a forward time slot is onehalf full symbol period and for a reverse time slot is 6 symbol periods (Fig. 7b).

Fig8.8. TDMA frame and slot (a) TDMA frame structure; (b) overall length in each slot

Frame Length: There are two frame lengths, full rate and half rate. Each full-rate traffic channel shall
use two equally spaced time slots of the frame. The overall length in each slot is shown in Fig. 7b.
Channel 1 uses time slots 1 and 4
Channel 2 uses time slots 2 and 5
Channel 3 uses time slots 3 and 6
Each half-rate traffic channel shall use one time slot of the frame:
Channel 1 uses time slot 1
Channel 2 uses time slot 2
Channel 3 uses time slot 3
Channel 4 uses time slot 4
Channel 5 uses time slot 5
Channel 6 uses time slot 6

Frame Offset: At the mobile station, the offset between the reverse and forward frame timing (without
time advanced applied), is
Forward frame = reverse frame + (1 time slot + 44 symbols)
= reverse frame + 206 symbols
The time slot (TS) 1 of frame N (in forward link) occurs 206 symbol periods after TS 1 of frame N in
the reverse link.
Modulation Timing:
Modulation timing within a forward time slot: The first modulated symbol (the first symbol of the
sync word) used by the mobile unit shall have maximum effect on the signal (156 symbols) transmitted
from the base antenna, one-half symbol (1 bit) period after beginning the time slot.

Modulation timing within a reverse time slot: The first modulated symbol has a maximum effect on
the signal transmitted at the mobile unit 6 symbol periods after the beginning of the reverse time slot.
NA-TDMA Channels:
In NA-TDMA, there are no common channels such as those used in GSM. The digital call set-up uses
the 21 set-up channels which are shared with the analog system.
Supervision of the Digital Voice Channel: The supervision channels in NADC are similar to those in
GSM:
(i) Fast Associated Control Channel FACCH is a blank and burst channel equivalent to a signaling
channel for the transmission of control and supervision messages between the base station and the
mobile station. It consists of 260 bits. Mostly FACCH is used for handoff messages.
(ii)Slot Associated Control Channel SACCH is a signaling channel including twelve code bits
present in every time slot transmitted over the traffic channel whether these contain voice or FACCH
information.

Mobile -Assisted Handoffs (MAHO): The mobile station performs signal quality measurements on
two types of channels:
1. Measures the RSSI (received signal strength indicator) and the BER (bit error rate) information of
the current forward traffic channel during a call.
2. Measures the RSSI of any RF channel which is identified from the measurement order message
from the base station.
MAHO consists of three messages:
1. Start measurement order:
Measurement order message—sent from the base station to the mobile station.
Measurement order acknowledge message—sent from the mobile station to the base station.
2. Stop measurement order:
Stop measurement order—sent from the base station to the mobile station.
Mobile acknowledges—sent from the mobile station to the base station.
3. Channel quality message (mobile to base only)
The mobile transmits the signal quality information over either the SACCH or FACCH. In
the case of discontinuous transmission (DTX):

(ii) Whenever the mobile is in the DTX high state, the mobile transmits channel quality information
over the SACCH
(iii) When the mobile is in the DTX low state, the mobile transmits the channel quality information
over the FACCH
Handoff Action: When a handoff order is received, the mobile station is at DTX high state and stays
at that state. If the mobile station is at DTX low state it must enter the DTX high state and wait for 200
ms before taking the handoff action. Handoff to a digital traffic channel is described as follows:
1. Turn on signaling tone for 50 ms, turn off signaling tone, turn off transmitter which was operating
on the old frequency.
2. Adjust power, tune to new channel, set stored DVCCs to the DVCC field of the received message.
3. Set the transmitter and receiver to digital mode, set the transmit and receive rate based on the
message-type field.
4. Set time slot based on the message-type field.
5. Set the time alignment offset to the value based on the TA field.
6. Once the transmitter is synchronized, enter the conversation task of the digital traffic channel.

9. terms of CDMA digital cellular systems.
CDMA development started in early 1989 after the NA-TDMA standard (IS-54) was established. A
CDMA demonstration to test its feasibility for digital cellular systems was held in November 1989.
The CDMA “Mobile Station-Base Station Compatibility Standard for Dual Mode Wideband Spread
Spectrum Cellular System” was issued as IS-95 (PN-3118, Dec. 9, 1992). CDMA uses the idea of
tolerating interference by spread-spectrum modulation. The power control scheme in a CDMA system
is a requirement for digital cellular application. However, it was a challenging task and has been
solved. Before describing the structure of the system, we list the key terms of CDMA systems.
Terms of CDMA Systems:
Active set: The set of pilots associated with the CDMA channels containing forward traffic channels
assigned to a particular mobile station (MS).
CDMA channel number: An 11-bit number corresponding to the center of the CDMA frequency
assignment.
Code channel: A sub channel of a forward CDMA channel. A forward CDMA channel contains 64
code channels. Certain code channels are assigned to different logic channels.
Code channel zero: Pilot channel.
Code channels 1 through 7: Either paging channels or traffic channels.
Code channel 32: A sync channel or a traffic channel.
The remaining code channels are traffic channels.
Code symbol: The output of an error-correcting encoder.
Dim-and-burst: A frame in which the primary traffic is multiplexed with either secondary traffic or
signal traffic. It is equivalent to the blank-and-burst function in AMPS.

Forward CDMA channel: Contains one or more code channels.
Frame: A basic timing interval in the system. For the access channel, paging channel, and traffic
channel, a frame is 20-ms long. For the sync channel, a frame is 26.666-ms long.
Frame offset: A time skewing of traffic channel frames from system time in integer multiples of
1.25ms. The maximum frame offset is 18.75ms.
GPS (Global Position System): System used for providing location and time information to the
CDMA system.
Handoff (HO): The act of transferring communication with a mobile station from one base station to
another.
Hard HO: Occurs when (1) the MS is transferred between disjoint active sets, (2) the CDMA
frequency assignment changes, (3) the frame offset changes, and (4) the MS is directed from a CDMA
traffic channel to an analog voice channel but not vice versa.
Soft HO: HO from CDMA cell to CDMA cell at the same CDMA frequency.
Idle HO: Occurs when the paging channel is transferred from one base station (BS) to another.
Layering: A method of organization for communication protocols. A layer is defined in terms of its
communication protocol to a peer layer.
Layer 1: Physical layer presents a frame by the multiplex sub layer and transforms it an overthe-air waveform.
Layer 2: Provides for the correct transmission and reception of signaling messages.
Layer 3: Provides the control of the cellular telephone system. The signaling messages
originate and terminate at layer 3.

Long code: A PN (pseudo noise) sequence with period

using a tapped n-bit shift register.

Modulation symbol: The output of the data modulator before spreading. There are 64 modulation
symbols on the reverse traffic channel, 64-ary orthogonal modulation is used, and six code symbols are
associated with one modulation symbol. On the forward traffic channel, each code symbol (data rate is
9600 bps) or each repeated code symbol (data rate is less than 9600 bps) is 1 modulation symbol.

Multiplex option: The ability of the multiplex sub layer and lower layers to be tailored to provide
special capabilities. A multiplex option defines the frame format and the rate decision rules.

Multiplex sublayer: One of the conceptual layers of the system that multiplexes and demultiplexes
primary traffic, secondary traffic, and signaling traffic.
Nonslotted mode: An operating mode of an MS in which the MS continuously monitors the paging
channel.
Null traffic data: A frame of sixteen 1’s followed by eight 0’s sent at the 1200 bps rate. Null traffic
channel data serve to maintain the connectivity between MS and BS when no service is active and no
signaling message is being sent.
Paging channel: A code channel in a forward CDMA channel used for transmission of (1) control
information and (2) pages from BS to MS. The paging channel slot has a 200-ms interval.

Power control bit: A bit sent in every 1.25 ms interval on the forward traffic channel to the MS that
increases or decreases its transmit power.
Primary CDMA channel: A pre assigned frequency used by the mobile station for initial acquisition.
Primary paging channel: The default code channel (code channel 1) assigned for paging.
Primary traffic: The main traffic stream between MS and BS on the traffic channel.
Reverse traffic channel: Used to transport user and signaling traffic from a single MS to one or more
BSs.
Shared Secret Data (SSD): A 128-bit pattern stored in the MS.
SSD is a concatenation of two 64-bit subsets.
SSD-A is used to support the authentication.
SSD-B serves as one of the inputs to generate the encryption mask and private long code.
Secondary CDMA channel: A pre assigned frequency (one of two) used by the mobile station for
initial acquisition.
Secondary traffic: An additional traffic stream carried between the MS and the BS on the traffic
channel.
Slotted mode: An operation mode of MS in which the MS monitors only selected slots on the paging
channel.
Sync channel: Code channel 32 in the forward CDMA channel which transports the synchronization
message to the MS.
Pilot channel: An un modulated, direct-sequence (DS) signal transmitted continuously by each
CDMA BS. The pilot channel allows a mobile station to acquire the timing of the forward CDMA
channel, provides a phase reference for coherent demodulation, and provides a means for signal
strength comparisons between base stations for determining when to hand off.
System time: The time reference used by the system. System time is synchronous to universal time
coordination (UTC) time and uses the same time origin as GPS time. All BSs use the same system
time. MSs use the same system time, offset by the propagation delay from the BS to the MS.
Time reference: A reference established by the MS that is synchronous with the earliest arriving
multipath component that is used for demodulation. The time reference establishes transmit time and
the location of zero in PN space.
Walsh chip: The shortest identifiable component of a 64-walsh function. On the forward CDMA
channel, one chip equals 1/1.2288 MHz or 813.802 ns. On the reverse CDMA channel, one chip equals
4/1.2288 MHz or 3255 ns.

