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he Advanced Mobile Phone Service
(AMPS) cellular system at 850 MHz,
as used in North America, is a high-
capacity system. Its spectrum uti-
lization is based on the frequency
re-use concept, in which a frequen-
cycanbe re-used repeatedly in different geographical
locations. Various locations using the same fre-
quencies are called cochannel cells.

The minimal separation (D) required between
two nearby cochannel cells is based on specifying
a tolerable cochannel interference, which is mea-
sured by a required carrier-to-interference ratio
(C/T)s. The (C/T)g ratio also is a function of the
minimum acceptable voice quality of the system.
In an AMPS system, (C/I)g is equal to about 18
dB (the point at which 75 percent of the users call
the system “good” or “excellent”), and the mini-
mal required separation Dy, based on (C/I)g = 18
dB, is about 4.6R, where R is the radius of the
cell. In a cellular system, the number of cells K in
a cell re-use pattern is a function of the cochan-
nel separation Dg. For Dg = 4.6R, then K = 7.
This means that a cluster of seven cells can share
the entire allocated spectrum. In each of the two
bandsallocated for cellular, there are 395 voice chan-
nels; each cell can have 57 channels on average.

In 1991, the conventional cellular systems in
use since 1984 began to reach their capacity in
the larger markets. Inorder toincrease system capac-
ity, we may take approaches based on what will
be called the cochannel interference reduction
factor (CIRF), gg, which is defined as [1]

qs =Dy / RAV3K M

Dy is the minimum required distance between
any two cochannel cells in a cellular system (see
Fig. 1a) where Dy is corresponding to the required
carrier-to-interference ratio (C/I) received at
both the cell site and the mobile unit in a cell. R
is the cell radius, K is the number of cells in a cell
re-use pattern. Kisalso called cell re-use factor. The
three approaches for increasing capacity are stat-
ed as follows. The first two are conventional approach-
es; the third one is the new approach. Equation

(1) is derived from an idealized hexagonal cell
layout and is commonly used.

* Split cells. In this approach, capacity can be
increased by reducing R but keeping g¢ unchanged
as in Equation (1) (shown in Fig. 1b), i.e., rescal-
ing the system. When R is smaller than one mile
orone kilometer, the cell iscommonly called a micro-
cell. As a first-order approximation, every time R
is reduced by one half, capacity increases by four.
The measurement of capacity in this approach is the
number of channels per square kilometer. The
cell splitting approach leads to an increase in
radio capacity [2]. Splitting cells is system scale inde-
pendent, i.e., the value of g remains unchanged.
This approach can be used in any analog or digi-
tal system.

* Reduce the cell re-use factor (also called “a
reduction of the required D/R” approach). In this
approach, we seek to increase capacity by deter-
mining methods by which D can be reduced, i.c.,
forming a new configuration, but keeping R
unchanged in Equation (1) (shownin Fig. 1c). There-
fore, qg can be reduced, and thus is the cell re-use
factor K, as shown in Equation (1). The value of
Dy, however, is a function of the required (C/1)5. For
example, if a new cellular system can achieve a
frequency re-use factor of K = 3, then the capac-
ity of the new system can be obtained by compar-
ing it with the AMPS system of K = 7. Since K is
reduced from K = 7to K = 3, the capacity isincreased
by 7/3 = 2.33 times. The measurement of radio capac-
ity in this approach is the number of channels per
cell.

_ total voice channels 2
B K
The reduction of the cell re-use factor approach
would increase radio capacity m, as shown in
Equation (2).

In the past, sectorization was used to reduce
the value of K inan analog system. When the cochan-
nel interference in a cell increases, either a three-
sector or six-sector cell configuration should be used
in order not to expand the required cochannel
cellseparation Dg. Inotherwords, with agiveninter-
ference, the sectorization seems to be able toreduce
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Figure 2 Microcellular concept

the value of Dg. However, when we take a good
look at sectorization, the method of assigning a
set of frequency channels in each sector is the
same as if assigned in a cell. The handoffs occur
as the vehicle passes among the sectors, the same
as among cells. Therefore, if in a K = 7 system of
thrce-sector cells, the number of channels per
sector, assuming a total of 395 voice channels, is

395

7x3 = 19 channels/ sectors

In a K = 4 system of six-sector cells, the number
of channels per sector is

%gg = 16 channels/sectors

From the above two values, there is not much dif-
ference in radio capacity between the two cellular
configurations. In order to gain further capacity
by using the splitting cells concept as stated in the
split cells approach, the size of each sector can be
reduced. The problem for the sectorization is that

the trunking efficiency of the utilized channels
decreases. The cell usage with the same number
of channels in an omni cell is much higher than
that of a sector cell. Therefore, sectorization is
not an effective method of reducing gg.

* Reduce the required D/R by a new microcell
approach. The concept of the new microcell sys-
tem is shown in Fig. 1d. In this case, not only the
cell radius reduces, but the CIRF also reduces.
Furthermore, there is no degradation in trunking
efficiency; it is a true K = 3 system. The advan-
tages of this system include both reduction of cochan-
nel interference and confining the cochannel
interference relative to the signal to a small area.
It will be described in the following section.

Description of New Microcell
System Design

Generally this new microcell consists of three
zones, as shown in Fig. 2[4]. (It can be more than
three zoneswhen needed.) Each zone hasazonesite,
and one of the three zone sites usually is colocat-
ed with a base site. All radio transmitters and the
receivers that serve a microcell are installed at
the base site. Every zone site physically shares the
sameradio equipment installed at the base. Toserve
a vehicle from a zone sjte, an 800 MHz cellular
signal can be up-converted to a microwave or
optical signal at the base and then down-convert-
edback toan 800 MHz signal at the zone site toserve
the vehicle at that zone as if the vehicle is located
at the base.

Conversely, the received cellular signal, after
boasting with alow-noise amplifier at azone site, can
be up-converted to either a microwave or optical sig-
nal, then down-converted to 800 MHz at the
base. In this case, the zone site only requires an
up/down converter, power amplifier and alow-noise
broadband pre-amplifier, which is easy to install
because of the small size and the light weight of
the zone-site apparatus.

Signal coming from mobile unit. A mobile
unit driving in a microcell sends a signal. Each
zone site receives the signal and passes it through
its up/down converter, up-converting the signal
andsendingit through either the microwave or opti-
cal signal medium, then down-converting the sig-
nal at the base site. Thus, the mobile signalsreceived
from all zones are sent back to the base site. A
zone selector located at the base site is used to
select a proper zone to serve the mobile unit by choos-
ing the zone having the strongest signal strength.
Then the base site delivers the cellular signal to
the proper zone site through its up-converting
processing.

Signal coming from base site. The prop-
erzonesite reccives the cellularsignal from the base
site through a down-converting process and trans-
mits to the mobile unit after amplification. There-
fore, although the receivers at threc zones are all
active, only the transmitter of one zone is active
in that particular frequency to serve that particu-
lar mobile unit. When the mobile unit is moved from
zone to zone, the assigned channel frequency remains
unchanged. The zone selector at the basec site
simply shifts the transmitting signal (base-to-mobile)
from one zone to another zone according to the
mobile unit’s location. Only one active base-
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transmitting zone at one time is serving avehicle (one
assigned frequency) in a cell. Therefore, no hand-
off action is needed when the mobile unit is enter-
ing a new active zone.

Analysis of Capacity and Voice
Quality

In order to prove the increase of capacity and
the improvement of voice quality in this new
microcell system as shown in Fig. 1d, we may calculate
the cochannel interference reduction factor
(CIRF), qg, which is a key element in designing
the cellular system. In the conventional macrocell
system, qg is used for taking care of both the voice
quality and the capacity since they are related. In this
microcell system, which is different from the
macrocell systems, there are two CIRFs to be
considered. One CIRF qg; is used to measure the
voice quality and the other, CIRF g, isused to mea-
sure the radio capacity, because in this microcell sys-
tem the voice quality and the capacity are
measured differently. The microcell system isshown
in Fig. 3.

The CIRF between two active base transmit-
ting cochannel zones. Thisisanew CIRF qg; defined
asqg; = Dy/R;, where Dy isthe distance between one
active zone in one microcell and the correspond-
ing active zone in the other microcell, as shown in
Fig. 3. Ry is the radius of each zone. Although the
antenna is mounted at the edge of each zone, the real
coverage area of each zone is used for estimating
interference. Therefore, the radius R of a real
coverage area is used to confine the zone area.

There are many values of qg;, depending onwhich
two active cochannel zones are considered. Among
them, the two closest cochannel active zones are
the worst case to be used for measuring CIRF,
qg;- As we know, in an AMPS system, C/I has to
be 18 dB, thus implying that g must be 4.6 in
order to maintain an acceptable voice quality
when using 30kHz analog FM radios. In the AMPS
system, the earlier simulation shows that qg; = 4.6
was adequate for omni-directional cells [5].

When the cell site antenna height is normally 100
ft. to 150 ft. high and the ground is not flat, how-
ever, the cochannel interference received on the
reverse link (mobile-to-base) is larger than expect-
ed. Therefore, asectorization architecture was intro-
duced for the macrocells. In a microcell system,
the microcell antenna height is always lower than 100
ft., normally 40 ft. to 50 ft., and generally the
ground in a small area around the antenna is flat.
Under this condition the cochannel interference
on the reverse link is reduced, and the sectoriza-
tion arrangement becomes unnecessary for a
K = 7system configuration. This is supported by mea-
sured data. Since the same radios are used in the
microcell system, qg; has to be at least the same
as 4.6 in order to be back on the K = 7 configu-
ration.

By construction, it isshown that the qq; of the two
closest cochannel active zones in their corre-
sponding microcells is 4.6, as shown in Fig. 3. In
this microcell, normally, the qq; between any two
active zones in two corresponding cochannel
microcells is always equal or greater than 4.6, asshown
in Fig. 3. It is proven that the voice quality in this
microcell system based on qg; > 4.6 is equal or

Separation
D=3R

Microcell Utilizes D1/Ry ~ 4.6
for Active Zone Separation

This Provides a D/R = 3 for
Microcell Cell Separation

This YieldsaK=3
Which Provides m = 131
channels per cell

This is a 2.33 Capacity
Increase

D/Re V3K
m = 395/k

Figure 4. A K-3 microcell system

better than the voice quality of AMPS system.
This qg is used to measure the voice quality only
in the new microcell system.

The CIRF between two cochannel microcells. The
radio capacity isbased on the separation of two neigh-
boring cochannel cells. In the microcell system,
the CIRF, q; is defined as qgp = D/R where D is
the distance between two cochannel microcells
and R is the microcell radius as shown in Fig. 3.
Inthiscase g5, = D/R = 3,equivalent to K = 3shown
in Equation (1). The three zones per microcell
and the K = 3 system isillustrated in Fig. 4. The anten-
na pattern for each zone coverage is 160°, as
depicted in Fig. 4. Thus, the entire cell is covered.
Since K is reduced from K = 7 of the AMPS sys-
tem to K = 3, the microcell system has increased
7/3 = 2.33 times, as is shown by Equation (2).
Therefore, qg; is used to measure the capacity.

The frequency assignment in a K = 3 system is
shown in Fig. 4. The total allocated 395 channels
canbe divided into three groups. The first group con-
sistsof channels 1,4, 7, 10, etc. The second group con-
sists of channels 2, 5, 8, 11, etc. The channels of
the third group are 3, 6, 9, 12, etc. Each group will
be assigned to each cell according to the cell num-
ber shown in Fig. 4.
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Figure 5 Reduction of handoffs in microcell system
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Improvement of Carrier-to-
Interference Ratio

The gy = Dg/R = 4.6 in an AMPS system is
based on two requirements: all cochannel cells
are adistance of 4.6R away from the serving cell, and
the value of qg = 4.6 is based on C/I = 18 dB,
where the interference is received from six cochan-
nel cells at the first tier [3], as shown in Fig. 1a.
The C/I of 18 dB at RF averaged over Rayleigh
fading, provides a good or excellent signal to the user
in an analog system.

In a microcell system, the separation D; of
any two nearest cochannel zones between two active
zones in two corresponding microcells is 4.6R;, as
shown in Fig. 3. All other cochannel zones in
their microcells are separated farther than 4.6R ;.
For consideration of the worst case scenario, we
can choose between an active zone in the center
cell and individual cochannel zones in six corre-
sponding microcells, and calculate the C/I received
at that zone in the center cell of the microcell sys-
tem, as shown in the following (in Fig. 4).

R} R

Sor 3(4.6R) . X5.75R))
i=1

=105(=)20dB (&)

3 A-zones 3 B-zones

Equation (3) shows that C/Iin amicrocell system
according to the worst case is 2 dB better than
that of an AMPS system. Since Equation (3)
shows the worst case, where all the cochannel
zones are in either A or B zones, the C/I can be
even better if all of the active cochannel zones
are other than A or B zones. The C/I in the nor-
mal case then is always greater than 20 dB. The

C/1220dB s at least 2 dB better than the required
(C/T)gof the AMPS system. This proves that the voice
quality of the microcell system is always better
than that of the AMPS system. One remark is
that this calculation is based on the signal cover-
age in each zone regardless of the type of anten-
na. This is because the shape of the coverage
takes care of the antenna pattern.

Reduction of Handoffs

The definition of handoffs is to hand off a fre-
quency to another frequencywhile the vehicle enters
a new cell or a new sector. Within each microcell,
no handoffs from zone-to-zone are needed; zone-
to-zone switchings are handled by a zone selec-
tor. The active zone follows the mobile unit as it
moves from one zone to another. The channel
frequency assigned to the mobile unit remains
unchanged.

In this section we may roughly estimate how many
handoffs can be eliminated relative to a microcell
plan in which three zones are used. In a regular
cell, there are three sectors. The car can move in
any one of three directions, asshownin Fig. 5. When
a car moves through the other two sectors, it
needs handoffs. When it enters, as well aswhen mov-
ing out of a cell, a handoff occurs. In a microcell,
a car moving to either of the other two zones
doesnot need handoffs. A handoff only occurswhen
the car moves in or out of the cell. Since the
shape of a zone is based on the hexagonal cell, it
isdiamond shaped. Symmetry to its diagonal line can
be observed from the left side of the diagonal line
where no handoffs are required, and on the right side
handoffs are needed. Therefore, we may estimate
that only one half of the handoffs required in a
regular cell configuration will occur in a microcell
configuration. This reduction in handoffs in the micro-
cell system makes a great contribution to the sys-
tem capacity.

System Capacity

Inany cellular system, system capacity is the over-
all capacity of each system, and can differ from
system to system. System capacity may be capped
by three limiting elements: radio capacity, control
link capacity, and switch capacity, as shown in
Fig. 6.

s Radio capacity is the element most often
addressed in the public domain and in published
literature [3].

s Link capacity/switch capacity are the two
elements often overlooked in measuring system
capacity. Control link capacity measures the
capacity of the fast control link between the cell
site and the switches. If the number of microwave
links or T1 carrier lines are not sufficient, a bot-
tleneck will result. Switch capacity measures the
capacity of traffic at the switching office. Again, if
the switch is not bigenough to handle the radio capac-
ity, a bottleneck problem occurs.

Among these three elements (capacities), the
weakest element must be used to gauge the sys-
tem’s capacity. Therefore, improving the radio capac-
ity in the system is not enough. Improving system
capacity requires upgrading the lowest capacity of
the three. With this in mind, every system opera-
tor should be aware that radio capacity is not the
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entire problem nor the entire solution.

Inamicrocell system design, because fewer inter-
cell handoffs are needed as compared to a regu-
lar system, both the switching load and the control
link load are cut roughly by half, leaving two
times the load to be handled by the present capac-
ity. The easing of half the load means twice the
load canbe added back onto the system. This rough-
Iy two times (2.33 times to be exact) radio capaci-
ty is exactly what the microcell system will offer
without changing the present switching equip-
ment.

Attributes of Microcell

The new microcell design contains many
attributes:

* Increased system capacity. Based on the cell re-
use pattern (reduced from K = 7to K = 3), it is
2.33 times the AMPS system capacity.

* Voice quality improved. The voice quality of
the microcell system always is better than the
quality of AMPS.

* Interference reduced. (a) Since the antennas
of all zone sites in one cell are facing toward each
other, the interference signal has to cross the cell
before interfering with the neighboring cell. Fur-
thermore, the coverage is only served in one
active zone; therefore, the interference is very
weak compared with the interference from a
transmitter from the center of a regular cell. (b)
The three zone sites receiving the mobile signal simul-
taneously from three zones form a three-branch dif-
ferent-site diversity that is suitable for low-power
portable units. It is increasing the probability of
signal reception at the base due to diversity
schemes. (c) The microcell system is the best arrange-
ment to control interference. The active zone fol-
lows the vehicles.

* Adaptability. This microcell design can be added
to any vendors’ system without modifying the

vendor’s hardware or software.

* Size of the zone apparatus. The zone up/down
converters are small, and they can be mounted on
the side of a building or on poles. Therefore, it is
a PCS (Personal Communications Service) type sys-
tem because of the tight control of interference.
Also, it is easy to remount from pole to pole
when the signal coverage requirement is changed.

Conclusion

This new microcell system is easy to imple-
ment, and poses a very low risk investment.
Capacity, based on the K = 3 system, is 2.33
times higher than the existing analog system of K
= 7. Furthermore, this microcell system can provide
better voice quality than the AMPS system. It
also canbe used with digital cellular with slight mod-
ification. A microcellcan serve inasmall arca; there-
fore, it is suitable for inbuilding communications.
This microcell system is currently being implemented
in west L.A.
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