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22.1 Introducing Microcells

In mobile radio communications an operator will be assigned a specific bandwidth W in which to
operate a service. The operator will, in general, not design the mobile equipment, but purchase
equipment that has been designed and standardized by others. The performance of this equipment
will have a profound effect on the number of subscribers the network can support, as we will show
later. Suppose the equipment requires a radio channel of bandwidth B. The operator can therefore
fit NT = W/B channels into the allocated spectrum W .

Communications with mobiles are made from fixed sites, known as base stations (BSs). Clearly, if
a mobile travels too far from its BS, the quality of the communications link becomes unacceptable.
The perimeter around the BS where acceptable communications occur is called a cell and, hence, the
term cellular radio. BSs are arranged so that their radio coverage areas, or cells, overlap, and each BS
may be given N = NT /M channels. This implies that there are M BS and each BS uses a different
set of channels.

The number NT is relatively low, perhaps only 1000. As radio channels cannot operate with 100%
utilization, the cluster of BSs or cells has fewer than 1000 simultaneous calls. In order to make the
business viable, more users must be supported by the network. This is achieved by repeatedly reusing
the channels. Clusters of BSs are tessellated with each cluster using the sameNT channels. This means
that there are users in each cluster using the same frequency band at the same time, and inevitably
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there will be interference. This interference is known as cochannel interference. Cochannel cells,
i.e., cells using the same channels, must be spaced sufficiently far apart for the interference levels to
be acceptable. A mobile will therefore receive the wanted signal of power S and a total interference
power of I , and the signal-to-interference ratio (SIR) is a key system design parameter.

Suppose we have large cells, a condition that occurs during the initial stages of deploying a network
when coverage is important. For a given geographical area GA we may have only one cluster of seven
cells, and this may support some 800 simultaneous calls in our example. As the subscriber base
grows, the number of clusters increases to, say, 100 with the area of each cluster being appropriately
decreased. The network can now support some 80,000 simultaneous calls in the area GA. As the
number of subscribers continues to expand, we increase the number of clusters. The geographical
area occupied by each cluster is now designed to match the number of potential users residing in
that area. Consequently, the smallest clusters and, hence, the highest density of channels per area is
found in the center of cities. As each cluster has the same number of channels, the smaller the clusters
and, therefore, the smaller the cells, the greater the spectral efficiency measured in erlang per hertz
per square meter. Achieving this higher spectral efficiency requires a concomitant increase in the
infrastructure that connects the small cell BSs to their base station controller (BSC). The BSCs are
part of the nonradio part of the mobile network that is interfaced with the public switched telephone
network (PSTN) or the integrated service digital network (ISDN).

As we make the cells smaller, we change from locating the BS antennas on top of tall buildings or
hills, where they produce large cells or macrocells, to the tops of small buildings or the sides of large
buildings, where they formminicells, to lamppost elevations, where they form streetmicrocells. Each
decrease in cell size is accompanied by a reduction in the radiated power levels from the BSs and from
the mobiles. As the BS antenna height is lowered, the neighboring buildings and streets increasingly
control the radio propagation. This chapter is concerned with microcells and microcellular networks.
We commence with the simplest type of microcells, namely, those used for highways.

22.2 Highway Microcells

Since their conception by Steele and Prabhu, [10], many papers have been published on highway
microcells, ranging from propagation measurements to teletraffic issues [1]–[8], [11]. Figure 22.1
shows the basic concepts for a highway microcellular system having two cells per cluster. The highway
is partitioned into contiguous cigar-shaped segments formed by directional antennas. Omnidirec-
tional antennas can be used at junctions, roundabouts, cloverleaf, and other road intersections. The
BS antennas are mounted on poles at elevations of some 6–12 m. Figure 22.2 shows received signal
levels as a function of the distance d between BS and MS for different roads [1]. The average loss
in received signal level, or path loss, is approximately inversely proportional to d4. The path loss is
associated with a slow fading component that is due to the variations in the terrain, the road curvature
and cuttings, and the presence of other vehicles.

The curves in the figure are plotted for an 18-element yagi BS antenna having a gain of 15 dB and a
front-to-back ratio of 25 dB. In Fig. 22.2 reference is made to junctions on different motorways, e.g.,
junction 5 on motorway M4. This is because the BS antennas are mounted at these road junctions
with the yagi antenna pointing along the highway in order to create a cigar-shaped cell. The flat part
of the curve near the BS is due to the MS receiver being saturated by high-signal levels. Notice that the
curve related to M25, junction 11, decreases rapidly with distance when the MS leaves the immediate
vicinity of the BS. This is due to the motorway making a sharp turn into a cutting, causing the MS
to lose line of sight (LOS) with the BS. Later the path loss exponent is approximately 4. Experiments
have shown that using the arrangement just described, with each BS transmitting 16 mW at 900 MHz,
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FIGURE 22.1: Highway microcellular clusters. Microcells with the same number use the same
frequency set.

FIGURE 22.2: Overlayed received signal strength profiles of various highway cells including the
inverse fourth power law curve for both the front and back antenna lobes. Source: Chia et al. 1987.
Propagation and bit error ratio measurements for a microcellular system. JIERE. 57(6), 5255–5266.
With permission.

16 kb/s noncoherent frequency shift keying, two-cell clusters could be formed where each cell has
a length along the highway ranging from 1 to 2 km. For MSs traveling at 110 km/h the average
handover rate is 1.2 per minute [1].
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22.2.1 Spectral Efficiency of Highway Microcellular Network

Spectral efficiency is a key system parameter. The higher the efficiency, the greater will be the
teletraffic carried by the network for the frequency band assigned by the regulating authorities per
unit geographical area. We define the spectral efficiency in mobile radio communications in erlang
per hertz per square meter as

η
1= ACT /ST W (22.1)

although erlang per megahertz per square kilometer is often used. In this equation, ACT is the total
traffic carried by the microcellular network,

ACT = CAC (22.2)

where C is the number of microcells in the network and AC the carried traffic by each microcellular
BS. The total area covered of the tessellated microcells is

ST = CS (22.3)

where S is the average area of a microcell, whereas the total bandwidth available is

W = MNB (22.4)

whose termsM ,N , andB weredefined inSection22.1. SubstitutingEqs. (22.2)–(22.4) intoEq. (22.1),
yields

η = ρ

SMB
(22.5)

where
ρ = AC/N (22.6)

is the utilization of each BS channel.
If the length of each microcell is L, there are n up lanes and n down lanes, and each vehicle occupies

an effective lane length V , which is speed dependent, then the total number of vehicles in a cell is

K = 2nL/V (22.7)

Given that all vehicles have a mobile terminal, the maximum number of mobiles in a cell is K . In a
highway microcell we are not interested in the actual area S = 2nL but in how many vehicles can
occupy this area, namely, the effective area K . Notice that K is largest in a traffic jam when all vehicles
are stationary and V only marginally exceeds the vehicle length. Given that N is sufficiently large, η
is increased when the traffic flow is decreased.

Using fixed channel assignment (FCA) with frequency division multiple access (FDMA) or with
time division multiple access (TDMA), the cluster size M can be two. Using dynamic channel assign-
ment (DCA) with TDMA, or code division multiple access (CDMA), causes the spectral efficiency
η to be very high because for a given traffic utilization ρ and channel bandwidth B, the S is small
(as we are considering microcells), and M may be thought of as 1, or less, due to sectorization. The
total traffic ACT , given by Eq. (22.2), is also very high because by making L relatively short, C is
accordingly high.

The traffic carried by a microcellular BS is

AC = [
λN (1 − Pbn) + λH

(
1 − Pf hm

)]
T H (22.8)
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where Pbn is the probability of a new call being blocked, Pf hm is the probability of handover failure
when mobiles enter the microcell while making a call and concurrently no channel is available, λN

and λH are the new call and handover rates, respectively, and T H is the mean channel holding time of
all calls. For the simple case where no channels are exclusively reserved for handovers, Pbn = Pf hm,
and

AC = λT T H (1 − Pbn) = A (1 − Pbn) (22.9)

where
λT = λN + λH (22.10)

and A is the total offered traffic. The mathematical complexity resides in calculating A and Pbn, and
the reader is advised to consult El-Dolil, Wong, and Steele, [2], and Steele and Nofal, [8].

Priority schemes have been proposed whereby N channels are available for handover, but only
N − Nh for new calls. Thus Nh channels are exclusively reserved for handover [2]. While Pbn

marginally increases, Pf hm decreases by orders of magnitude for the same average number of new
calls per sec per microcell. This is important as people prefer to be blocked while attempting to
make a call compared to having a call in progress terminated due to no channel being available on
handover. An important enhancement is to use an oversailing macrocellular cluster, where each
macrocell supports a microcellular cluster. The role of the macrocell is to provide channels to
support microcells that are overloaded and to provide communications to users who are in areas
not adequately covered by the microcells [2]. When vehicles are in a solid traffic jam, there are no
handovers and so Nh should be zero. When traffic is flowing fast, Nh should be high. Accordingly a
useful strategy is to make Nh adaptive to the new call and handover rates [9].

22.3 City Street Microcells

We will define a city street microcell as one where the BS antenna is located below the lowest building.
As a consequence, the diffraction over the buildings can be ignored, and the heights of the buildings
are of no consequence. Roads and their attendant buildings form trenches or canyons through which
the mobiles travel. If there is a direct line-of-sight path between the BS and a MS and a ground-
reflected path, the received signal level vs BS–MS distance is as shown in Fig. 22.3. Should there
be two additional paths from rays reflected from the buildings, then the profile for this four-ray
situation is also shown in Fig. 22.3. These theoretical curves show that as the MS travels from the
BS the average received signal level is relatively constant and then decreases relatively rapidly. This
is a good characteristic as it offers a good signal level within the microcell, and the interference into
adjacent microcells falls off rapidly with distance.

In practice there are many paths, but there is often a dominant one. As a consequence the fading
is Rician [7]. The Rician distribution approximates to a Gaussian one when the received signal is
from a dominant path with the power in the scattered paths being negligible, to a Rayleigh one
when there is no dominant path. Macrocells usually have Rayleigh fading, whereas in microcells the
fading only occasionally becomes Rayleigh and is more likely to be closer to Gaussian. This means
that the depth of the fades in microcells are usually significantly smaller than in macrocells enabling
microcellular communications to operate closer to the receiver noise floor without experiencing error
bursts and to accommodate higher cochannel interference levels. Because of the small dimensions
of the microcells, the delays between the first and last significant paths is relatively small compared
to the corresponding delays in macrocells. Consequently, the impulse response is generally shorter
in microcells and, therefore, the transmitted bit rate can be significantly higher before intersymbol
interference is experienced compared to the situation in macrocells. Microcells are, therefore, more
spectrally efficient with an enhanced propagation environment.
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FIGURE 22.3: Signal level profiles for the two- and four-path models. Also shown are the free space
and inverse fourth power laws. Source: Green. 1990. Radio link design for microcellular system,
British Telecom. Tech. J., 8(1), 85–96. With permission.

There are two types of these city street microcells, one for pedestrians and the other for vehicles.
In general, there will be more portables carried by pedestrians than mobile stations in cars. Also,
as cars travel more quickly than people, their microcells are accordingly larger than for pedestrians.
The handover rates for portables and vehicular MS may be similar, and networks must be capable of
handling the many handovers per call that may occur. In addition, the time available to complete a
handover may be very short compared to those in macrocells.

City street microcells are irregular when the streets are irregular as demonstrated by the NP
WorkPlace1 plot of a BS in a city area displayed in Fig. 22.4. To achieve a contiguous coverage
we site the BSs one at a time. Having sited the first BS and located the microcellular boundary along
the streets, we locate adjacent BSs such that their boundaries butt with each other along the main
streets. Unless many microcellular BSs are deployed, there will be some secondary streets where there
will be insufficient signal levels. Those areas that are not covered by the microcellular BS will be
accommodated by an oversailing macrocellular BS that services the complete cluster of microcellular
BSs. Figure 22.5 shows a cluster of microcells; the oversailing macrocell could be sited outside the
area of this figure. We emphasize that total coverage by microcells in a typical city center is difficult
to achieve, and it is vital that oversailing macrocells are used to cover these dead spots. The macrocell
also facilitates handovers and efficient microcellular channel utilization.

There are important differences between highway microcells and city microcells, which relate to
their one- and two-dimensional characteristics. A similar comment applies to street microcells and
hexagonal cells. Basically, the buildings have a profound effect on cochannel interference. The
buildings shield much of the cochannel interference, and the double regression path loss law of
microcells [3] also decreases interference if the break-distance constitutes the notional microcell
boundary. City microcellular clusters may have as few as two microcells, but four is more typical,
and in some topologies six or more may be required. The irregularity of city streets means that some

1NP WorkPlace is a propriety software outdoor planning tool developed by Multiple Access Communications Ltd.
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FIGURE 22.4: NP WorkPlace plot of a city street microcell. The map gridsize is 500 meters. The
color version of this plot is presented elsewhere in this Handbook.

signals can find paths through building complexes to give cochannel interference where it is least
expected.

22.3.1 Teletraffic Issues

Consider the arrangement where each microcellular cluster is overlaid by a macrocell. The macrocells
are also clustered.The arrangement is shown in Fig. 22.6. The total traffic carried is

ACT = CmAcm + CMACM (22.11)

where Cm and CM are number of microcells and macrocells in the network, respectively. Each micro-
cellular BS has N channels and carries Acm erlang. The corresponding values for the macrocellular
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FIGURE 22.5: Cluster of microcells in a city centre. The map gridsize is 500 meters. The color
version of this plot is presented elsewhere in this Handbook.

BSs are N0 and ACM . The channel utilization for the network is

ρ2 = CmAcm + CMACM

CmN + CMN0
= MAcm + ACM

MN + N0
(22.12)

where M is the number of microcells per cluster.
The spectral efficiency is found by noting that the total bandwidth is

BT = Bc (MN + M0N0) (22.13)

where Bc is the effective channel bandwidth, and M0 is the number of macrocells per macrocellular
cluster. The traffic carried by a macrocellular cluster and its cluster of microcells is

AM = ACMM0 + M0 (AcmM) (22.14)
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FIGURE 22.6: Microcellular clusters with oversailing macrocellular clusters. Each macrocell is asso-
ciated with a particular microcellular cluster. Source: Steele and Williams. 1993. Third generation
PCN and the intelligent multimode mobile portable. IEE Elect. and Comm. Eng. J., 5(3), 147–156.
With permission.

over an area of
SM = (SmM) M0 (22.15)

where Sm is the area of each microcell.
The spectral efficiency is, therefore,

η = ACM + AcmM

Bc (MN + M0N0) SmM

= ρ2

BcSmM

{
MN + N0

MN + M0N0

}
(22.16)

We note that by using oversailing macrocells to assist microcells experiencing overloading we are able
to operate the microcells at high levels of channel utilization. However, the channel utilization of the
macrocells must not be high if the probability of calls forced to terminate due to handover failure is
to be minuscule.

22.4 Indoor Microcells

Microcellular BSs may be located within buildings to produce indoor microcells whose dimensions
may extend from a small office, to part of larger offices, to a complete floor, or to a number of
floors. The microcells are box-like for a single office microcell; or may contain many boxes, e.g.,
when a microcell contains contiguous offices. Furniture, such as bookcases, filing cabinets, and desks
may represent large obstacles that may introduce shadowing effects. The signal attenuation through
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walls, floors, and ceilings may vary dramatically depending on the construction of the building.
There is electromagnetic leakage down stairwells and through service ducting, and signals may leave
the building and re-enter it after reflection and diffractions from other buildings.

Predicting the path loss in office microcells is, therefore, fraught with difficulties. At the outset it
may not be easy to find out the relevant details of the building construction. Even if these are known,
an estimation of the attenuation factors for walls, ceilings, and floors from the building construction
is far from simple. Then there is a need to predict the effect of the furniture, effect of doors, the
presence of people, and so on. Simple equations have been proposed. For example, the one by
Keenan and Motley, [4], who represent the path loss in decibels by

PL = L(V ) + 20 log10d + nf af + nwaw (22.17)

where d is the straight line distance between the BS and the MS, af and aw are the attenuation
of a floor and a wall, respectively, nf and nw are the number of floors and walls along the line d ,
respectively, and L(V ) is a so-called clutter loss, which is frequency dependent. This equation should
be used with caution. Researchers have made many measurements and found that even when they use
computer ray tracing techniques the results can be considerably disparate. Errors having a standard
deviation of 8–12 dB are not unusual at the time of writing. Given the wide range of path loss
in mobile communications, however, and the expense of making measurements, particularly when
many BS locations are examined, means that there is nevertheless an important role for planning
tools to play, albeit their poorer accuracy compared to street microcellular planning tools.

As might be expected, the excess path delays in buildings is relatively small. The maximum delay
spread within rooms and corridors may be <200 and 300ns, respectively [6]. The digital European
cordless telecommunication (DECT) indoor system operates at 1152 kb/s without either channel
coding or equalization [7]. This means that the median rms values are relatively low, and 25 ns has
been measured [6]. When the delay spread becomes too high resulting in bit errors, the DECT system
hops the user to a better channel using DCA.

22.5 Microcellular Infrastructure

An important requirement of first and second generation mobile networks is to restrict the number
of base stations to achieve sufficient network capacity with an acceptably low probability of blocking.
This approach is wise given the cost of base stations and their associated equipment, plus the cost
and difficulties in renting sites. It is somewhat reminiscent of the situation faced by early electronic
circuit designers who needed to minimize the number of tubes and later the number of discrete
transistors in their equipment. It was the introduction of microelectronics that freed the circuit
designer. We are now in an analogous situation where we need to free the network designers of
the third generation communication networks, allowing the design to have microcellular BSs in the
position where they are required, without being concerned if they are rarely used, and knowing that
the cost of the microcellular network is a minor one compared to the overall network cost. This
approach is equivalent to installing electric lighting where we are not unduly concerned if not all the
lights are switched on at any particular time, preferring to be able to provide illumination where and
when it is needed.

To realize high-capacity mobile communications we need to design microcellular BSs of negligible
costs, of coffee mug dimensions, and with the ability to connect them at the cost of, say, electrical
wiring in streets and buildings. Cordless telecommunication (CT) BSs are already of shoe-box
size, and companies are designing coffee mug-size versions. The cost of these BSs will be low in
mass production, and many BSs will be equivalent in cost to one first generation analog cellular
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BS. Microcellular BSs could be miniaturized, fully functional BSs achieved by using microelectronic
techniques and by exploiting the low-radiated power levels (<10 mW) required. At the other extreme,
the microcells could be formed using distribution points (DPs) that only have optical-to-microwave
converters, microwave-to-optical converters, and linear amplifiers, with the remainder of the BS at
another location. In between the miniaturized, fully functional BSs and the DPs there is a range
of options that depends on how much complexity is built into the microcellular BS and how the
intelligence of the network is distributed.

22.5.1 Radio over Fiber

The method of using DPs to form microcells is often referred to as radio over fiber (ROF) [5].
Figure 22.7(a) shows a microcellular BS transmitting to a MS. When the DP concept is evoked,
the microcellular BS contains electrical-to-optical (E/O) and optical-to-electrical (O/E) converters
as shown in Fig. 22.7(b). The microwave signal that would have been radiated to the mobile is
now applied, after suitable attenuation, to a laser transmitter. Essentially, the microwave signal
amplitude modulates the laser, and the modulated signal is conveyed over a single-mode optical fiber
to the distribution point. O/E conversion ensues followed by power amplification, and the resulting
signal is transmitted to the MS. Signals from the MS are low-noise amplified and applied to the
laser transmitter in the DP. Optical signals are sent from the DP to the BS where O/E conversion is
performed followed by radio reception.

In general, the BS transceiver will be handling multicarrier signals for many mobiles, and the DP
will accordingly be transceiving signals with many mobiles whose power levels may be significantly
different, even when power control is used. Care must be exercised to avoid serious intermodulation
products arising in the optical components.

Figure 22.7(c) shows the cositing of n microcellular BSs for use with DPs. This cositing may be
conveniently done at a mobile switching center (MSC). Shown in the figure are the DPs and their
irregular shaped overlapping microcells. The DPs can be attached to lamp posts in city streets, using
electrical power from the electric light supply and the same ducting as used by the electrical wiring,
or local telephone ducting. The DPs can also be attached to the outside of buildings. DPs within
buildings may be conveniently mounted on ceilings.

The DP concept allows small, lightweight equipment in the form of DPs to be geographically dis-
tributed to form microcells; however, there are problems. TheN radio carriers cause intermodulation
products (IMPs), which may be reduced by decreasing the depth of amplitude modulation for each
radio channel. Unfortunately this also decreases the carrier-to-noise ratio (CNR) and the dynamic
range of the link. With TDMA having many channels per carrier, we can decrease the number of
radio carriers and make the IMPs more controllable. CDMA is particularly adept at coping with
IMPs. The signals arriving from the MSs may have different power levels, in spite of power control.
Because of the small size cells, the dynamic range of the signals arriving from MSs having power
control should be <20 dB. If not, the power levels of the signals arriving at the DP from the MSs may
need to be made approximately similar by individual amplification at the DP. We also must be careful
to limit the length of the fiber as optical signals propagate along fibers much more slowly than radio
signals propagate in free space. This should not be a problem in microcells, unless the fiber makes
many detours before arriving at its DP.

The current cost of lasers is not sufficiently low for the ROF DP technique to be deployed. However,
there is research into lasers, which are inherently simple, low cost, robust, and provide narrow line
widths. There are also the developments in optoelectronic integrated circuits that may ultimately
bring costs down. In addition, wavelength division multiplexing will bring benefits.
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FIGURE22.7: Creatingmicrocells usingDPs: (a)microcellularBScommunicatingwithMS, (b) radio
over fiber to distribution point, and (c) microcellular clusters using DPs.

22.5.2 Miniaturized Microcellular BSs

The low-radiated power levels used by BSs and MSs in microcells have important ramifications on
BS equipment design. Small fork combiners can be used along with linear amplifiers. Even FDMA
BSs become simple when the high-radiated power levels are abandoned. It is the changes to the size
of the RF components that enables the size of the microcellular BSs to be small.

The interesting question that next arises is, how much baseband signal processing complexity
should the microcellular BS have? If the microcellular BSs are connected to nodes in an optical
LAN, we can convey the final baseband signals to the BS, leaving the BS with the IF and front-end
RF components. This means that processing of the baseband signals will be done at the group
station (GS), which may be a MSC connected to the LAN. The GS will, therefore, transcode the
signals from the ISDN into a suitable format. Using an optical LAN, however, and with powerful
microelectronics, the transcoding and full BS operations could be done at each microcellular BS.

c©1999 by CRC Press LLC



Indeed, the microcellular BS may eventually execute many of the operations currently handled by
the MSC.

22.6 Multiple Access Issues

There are three basic multiple access methods. Time division multiple access, frequency division mul-
tiple access, and spread spectrum multiple access (SSMA). SSMA comes in two versions; frequency-
hopping SSMA and discrete-sequence SSMA. The latter is usually referred to as CDMA. There are
also many hybrids of these systems. The principles of multiple access are described elsewhere in this
book and will not be repeated here. Instead, we will comment on key factors that effect the choice of
the multiple access method in microcellular environments.

As a preamble, if we observe the equations for spectral efficiency η, we see that η is inversely
proportional to the number of microcells per cluster M . The smallest value of M is unity, where
every microcell uses the same frequencies. Under these conditions the SIR will be low. Thus to achieve
high η, we need a low value of M , and for an acceptable bit error rate (BER), we require the radio
link to be able to operate with low values of SIRs. Because cellular radio operates in an intentional
jamming environment, whereas CDMA was conceived to operate in a military environment where
jamming by the enemy is expected, CDMA is a most appropriate multiple access method for cellular
radio. The CDMA system, IS-95, will operate efficiently in single cell (M = 1) clusters where each
cell is sectorized.

In highway microcells two-cell clusters can be used with TDMA and FDMA. Street microcells have
complex shapes, see Figs. 22.4 and 22.5, and when FCA is used with TDMA and FDMA, there is
a danger that high levels of interference will be ducted through streets and cause high-interference
levels in a small segment of a microcell. To accommodate this phenomenon, the system must have
a rapid handover (HO) capability, with HO to either a different channel at the same BS, to the
interfering cell, or to an oversailing macrocell. CDMA is much more adept at handling this situation.
The irregularity of street microcells, except in regularly shaped cities, such as midtown Manhattan,
suggests that FCA should not be used. If it is, it requires M ≥ 4. Instead, DCA should be employed.
For example, when DCA is used with TDMA we abandon the notion of clusters of microcells. We
may arrange for all microcells to have the same frequency set and design the system with accurate
power control to contain the cochannel interference, and to encourage the MS to switch to another
channel at the current BS or switch to a new BS directly when the SIR becomes below a threshold at
either end of the duplex link. The application of DCA increases the capacity and can also contend
with the situation where a MS suddenly experiences a rapid peak of cochannel interference during
its travels.

The interference levels in CDMA in street microcells is mainly from users within its microcell,
rather than from users in other microcells due to the shielding of the buildings. For CDMA to
operate efficiently in street microcells, it should increase its chip rate to ensure it can exploit path
diversity in its RAKE receiver. By increasing the chip rate, higher data rates can be accommodated
and, hence, a greater variety of services. CDMA should be used in a similar way in office microcells. If
the chip rate cannot be increased, however, the equipment installer can deploy a distributed antenna
system where between each antenna a delay element is introduced. By this means path diversity gains
are realized.

TDMA/DCA is appropriate for indoor microcells, where the complexity of the DCA is easier to
implement compared to street microcells. FDMA should be considered for indoor microcells where
it is well suited to provide high-bit-rate services since the transmitted rate is the same as the source
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rate. It also benefits from the natural shielding that exists within buildings to contain the cochannel
interference and the low-power levels that simplify equipment design.

22.7 Discussion

At the time of writing, microcells are used in cordless telecommunications, where indoor microcells
and outdoor telepoint microcells are used. There are very few microcells in cellular systems because
therearenocommercially availablemicrocellularBSs. Nevertheless, operatorshave formedmicrocells
using existing macrocellular BSs. Microcellular BSs, however, do exist in manufacturer’s laboratories,
and their entrance into the market is imminent. When microcells are deployed in large numbers, the
vast increase in teletraffic will call for new network topologies and protocols.

In our deliberations we focused on highway microcells, city-street microcells, and indoor micro-
cells. Minicells, where the BS antenna is below most of the buildings but above others, are currently
being deployed. We may anticipate the fusion of the types of minicells and microcells. We will have
microcells of strange shapes, like city street microcells but in three dimensions. Street microcells
may serve the lower floors of buildings and vice versa. Microcells, located in minicell environments,
may cover the streets as well as floors in neighboring buildings. We may also anticipate very small
microcells, the so-called picocells. Indeed, we will have multicellular networks with multimode ra-
dio interfaces. This means that an intelligent multimode terminal with its supporting network will
be required [11]. The role of microcells is to carry the high-bit-rate traffic and, hence, support a
wide range of services. Our teletraffic equations tell us that microcellular personal communication
networks will support orders more teletraffic than current conventional systems. Technology ad-
vancements will produce coffee cup size microcellular BSs and facilitate new network architectures
that will eventually lead to the widespread concentration of intelligence at the BSs.

Defining Terms

Highway microcells: Segments of a highway having a base station and supporting mobile com-
munications.

Indoor microcells: Small volumes of a building, e.g., an office, having a base station and sup-
porting mobile communications.

Spectral efficiency: Has a special meaning in cellular radio. It is the traffic carried in erlang
per hertz (or kilohertz) per area in square meters (or square kilometeres).

Street microcells: Small cells whose shape are determined by the street topology and their
buildings. The base station antennas are below the urban skyline.
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Further Information

The IEEE Communications Magazine Special Issue on an update on personal communications, Vol.
30, No. 12, Dec. 1992 provides a good introduction to microcells, particularly the paper by L.J.
Greenstein, et al.
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FIGURE 22.4   NP WorkPlace plot of a city street microcell. The map grid size is 500 meters.



FIGURE 22.5  Cluster of microcells in a city center. The map grid size is 500 meters.
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