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Abstract— An innovative hierarchical microcell/macrocell architecture is presented. By applying the concept of cluster planning, the proposed sectoring arrangement can provide good
shielding between microcells and macrocells. As a result, underlaid microcells can reuse the same frequencies as overlaying
macrocells without decreasing the macrocell system capacity.
With the proposed method, microcells not only can be gradually deployed, but they can be extensively installed to provide
complete coverage and increase capacity throughout the service
area. With these flexibilities, the proposed method allows existing
macrocellular systems to evolve smoothly into a hierarchical
microcell/macrocell architecture.
Index Terms—Cluster planning, hierarchical cellular architecture, macrocell/microcell overlaying system.

I. INTRODUCTION

H

IERARCHICAL microcell/macrocell architectures have
been proposed for future personal communications systems [1]. These architectures provide capacity relief to a
macrocell system and offer many advantages over a pure
microcell system. Unlike the pure microcell system, which
requires extensive microcell base-station (BS) deployment
throughout the whole service area, a hierarchical architecture
allows gradual deployment of microcells as user demand
increases. The hierarchical architecture also protects investment cost in the existing macrocellular system, while a pure
microcell system requires replacement of the macrocell BS’s.
Furthermore, the fast handoff requirement in a pure microcell
system can be relieved in the overlaying architecture by
temporarily connecting the call to a macrocell BS [2].
The method of sharing the radio spectrum is the key issue
for hierarchical microcell/macrocell systems. Different kinds
of frequency sharing schemes have been proposed in the
literature [3]–[5]. Orthogonal sharing partitions the frequency
channels into two disjoint sets: one for macrocells and one for
microcells [3]. Channel borrowing requires that the underlaid
microcells utilize the free channels of adjacent macrocells
[4]. A overlaying scheme that combines dynamic channel
allocation (DCA) and power control is proposed in [5]. Each
of the above schemes has some problems. Orthogonal sharing
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[3] decreases the macrocell system capacity if the available
spectrum has already been assigned to macrocells. Channel
borrowing [4] can only relieve hot-spot traffic, but it is
ineffective if the neighboring cells also have heavy traffic. The
scheme in [5] requires power control (both uplink and downlink) and DCA, both of which will increase implementation
cost.
This paper introduces an innovative hierarchical microcell/macrocell architecture to circumvent the above trade-offs.
Under the proposed architecture, microcells can reuse the
macrocell frequencies and will not decrease the macrocell
system capacity. Furthermore, unlike the channel-borrowing
scheme, which is effective only when the neighboring cells
have free channels, the proposed architecture allows the microcells to be deployed throughout the whole service area
regardless of the traffic loading of the neighboring macrocells.
Compared to the system in [5], our architecture neither requires
DCA nor downlink power control.
The remainder of this paper is organized as follows. Section
II describes the system architecture. Section III offers a
frequency planning algorithm to identify the low-interference
macrocell frequencies that can be used in the microcells.
Section IV describes the propagation model and system assumptions. The cochannel interference performance of the
overlaying macrocells and underlaid microcells are discussed
in Sections V and VI. The adjacent channel interference is
discussed in Section VII. We conclude our discussion in
Section VIII.
II. SYSTEM ARCHITECTURE
Fig. 1 shows a traditional three-sector
cellular
system, where each cell consists of three sectors and
is
the number of cells per cluster. In this system, the total
channels are partitioned into 21 sets. The channel sets are
assigned to the sectors so as to satisfy the frequency reuse
constraint, e.g., channel set in Fig. 1. The widely distributed
cochannel interference makes it difficult to reuse the channel
sets outside of their designated sectors. In the following,
we introduce a cluster planning procedure to change the
conventional sectoring scheme into a new structure.
A. Cluster Planning Procedure
1) Assign the same channels to each cell site as in the
traditional three-sector
cellular system (Fig. 1),
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Fig. 1. Traditional three-sector
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cellular system.

where seven cells form a cluster and share the entire
spectrum.
2) Divide macrocell clusters into three adjacent groups
(Fig. 2).
3) Let the first group be the reference group.
4) Rotate the channel sets of the sectors in the second group
120 clockwise with respect to the first group.
5) Rotate the channel sets of the sectors in the third group
120 counterclockwise with respect to the first group.
Based on the above procedure, the sector rotations create
low-interference regions outside the areas of the designated
macrocell sectors for each channel set. These low-interference
regions are called microareas. Fig. 3 shows the result of
rotating the sectors. We see that zones A
F have a very
since they are located in
low interference for channel set
the back-lobe areas of the macrocell sectors using channel set
Thus, microcells in these areas can use channel set
III. UNDERLAID MICROCELL PLANNING ALGORITHM
As shown in Section II, microcells in the proposed architecture that are located in microareas can reuse certain
macrocell channel sets. To have a greater flexibility in selecting
the microcell BS locations, it is important that we identify
all possible microareas and the available channels sets. In

our system, macrocells use frequencies on the front-lobe
area of their directional antennas, while microcells reuse the
same frequencies on the back-lobe area. In the conventional
three-sector
cellular system (Fig. 1), the back-lobe
area of each channel set will still encounter some first-ring
interferers. To protect the back-lobe areas from the first-tier
interferers, we rotate the sectors through the cluster planning
procedure described in Section II. Cluster planning creates
low-interference microareas, as shown in Fig. 3, which lie
in the back-lobe areas of the first-tier interferers. For ease
of indexing, a microarea denotes a region of three adjacent
macrocell sectors, each of which belongs to a different BS.
Fig. 4 shows an example of a microarea. Each microarea has
an interference neighborhood, defined as the 18 neighboring
macrocell sectors that surround the microarea.
Let
represent the channel set in the sector
and
of cell site
; associate the
in
with three types of
superscript
cluster rotations: 120 0 and 120 Then, the following
interesting observation can be made.

A. Observation
Consider a microarea and its interference neighborhood. A
microarea can be located in the back-lobe area of the sectors
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Fig. 2. Cluster planning for the proposed system.

using channel sets
and
if and only if it
is surrounded by the main-lobe of three cochannel macrocell
sectors using channel set
.
Based on the above observation, the following algorithm
has been developed to determine the macrocell channel sets
that can be reused in a microarea.

The indicator matrices are

B. Macrocell Channel-Selection Algorithm
1) Objective: identify low-interference macrocell channels
that can be reused in the underlaid microcells.
2) For any microarea and its interference neighborhood
let

denote the union of channel sets
that are used in
3) From
a 3
3 indicator matrix
is
constructed for cell cites
, where
if the channel set
otherwise.
has a row of ones and
4) If a certain indicator matrix
two rows of zeros, then the zero rows of
correspond
to the macrocell channel sets available for the microarea.
1) Example: We illustrate the above algorithm by the following example. According to Figs. 3 and 4, the interference
is
neighborhood of microarea

Examination of the indicator matrices
reveals that
is the only matrix having a row of ones
and two rows of zeros; the second row and the third rows
are the zero rows. According to the above algorithm,
of
and
are the low-interference macrocell channel sets
available for use in microarea
To see if microcells can
be established in any location, we have examined a system
with more microareas in Fig. 5. Through the above channelselection algorithm, Table I shows that each microarea in the
service area can reuse two macrocell channel sets. Recall that
a microarea represents an area of three macrocell sectors, each
of which belongs to three different cell sites. Thus, a macrocell
area can has five channel sets—three for macrocells and two
for microcells. In a macrocell area, each of three macrocell
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Fig. 3. Example of the proposed microcell/macrocell overlaying system. Microcells in microarea A

sectors reuses its channel sets only once, while a microarea
can reuse its two macrocell channel sets many times, say
times, with a suitable cochannel reuse distance. Thus, it is
implied that a macrocell area can use 3 2
channel
sets simultaneously. Compared with three channel sets in the
conventional three-sector macrocell, the system capacity of the
proposed architecture increases by a factor of 1 2
times.
IV. PROPAGATION MODEL AND SYSTEM ASSUMPTIONS
A. Propagation Model
Our analysis considers the simple path-loss model [7]
(1)
and
are the received and transmitted powers,
where
and
are the antenna heights of the BS and the mobile
station (MS), respectively, and is the distance between the
transmitter and receiver. Note that we incorporate the antenna
gains in the transmitted power. Although (1) is derived from
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F can reuse the low-interfering macrocell channel set

a macrocell environment, it is still applicable to characterize
the path loss outside the microcells [3].
B. Assumptions
1) Interference: In the hierarchical architecture, we consider four types of cochannel interference. In addition to
the usual macrocell-to-macrocell and microcell-to-microcell
cochannel interference, we must also consider macrocell-tomicrocell and microcell-to-macrocell cochannel interference.
Adjacent channel interference is also discussed in Section VII.
2) Antenna: The macrocell BS’s are assumed to use 120
directional antennas, while microcell BS’s use omnidirectional
antennas. The MS also uses omnidirectional antennas.
3) Uplink Power Control: In this paper, we adopt the
power control scheme used in IS-54 and AMPS systems [6].
The transmitted power of Class-IV IS-54 portable handsets
is adjusted in six levels from 22 to 2 dBW in steps of 4
dB. Downlink power control is not required in the proposed
architecture. Before proceeding, we first clarify our notation.
When
and
are used, they represent macrocells and
microcells, respectively; when
and are used, they denote
the MS and BS, respectively; when and are used, they

840

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 46, NO. 4, NOVEMBER 1997

A. Downlink Cochannel Interference Analysis
By applying (1), we express the signal-to-interference ratio (S/I) received by the MS at the macrocell boundary
as

(2)
where

Fig. 4. Interfering neighborhood for microarea A in Fig. 3.

indicate the downlink (BS-to-MS) and uplink (MS-to-BS),
respectively.
V. MACROCELL PERFORMANCE
As shown in Section II, the new cluster planning technique
with sector rotation can create some low-interference regions
so that microcells can reuse macrocell frequencies. Nevertheless, some macrocells will experience higher interference
after rotating the sectors. To evaluate the influence of the
sector rotations on the macrocell performance, we simulate
both the conventional macrocellular system (Fig. 1) and the
proposed hierarchical cellular system (Fig. 3) without the
underlaid microcells. Fig. 6 shows the simulation results of
the uplink signal-to-interference (S/I) performance for both
systems, assuming that the MS’s are uniformly distributed in
each sector and they transmit with the maximum power. We
consider the uplink case because performance is usually better
in the downlink than in the uplink [3]. With respect to 90%
coverage probability, one can observe that the sector rotation
technique creates low-interference regions at the cost of about
3.1, 3.3, and 3.5 dB S/I degradation for path-loss exponent
and
. It is noteworthy that even after sector
rotations, the macrocell can maintain S/I higher than 20 dB
in 90% of the coverage area. In the following, we further
include the underlaid microcells to analyze the performance of
the proposed hierarchical cellular system. For ease of analysis,
we hereafter adopt the worst case scenario, i.e., when an MS
is on the cell boundary.

MS received power from the desired macrocell BS;
downlink macrocell-to-macrocell interference;
downlink microcell-to-macrocell interference;
macrocell BS transmitted power;
microcell BS transmitted power;
number of macrocell interferers;
number of interfering microareas;
number of microcell clusters in a microarea;
MS distance to the th interfering macrocell BS;
MS distance to the th interfering microcell BS in
the th microarea;
macrocell BS antenna height;
microcell BS antenna height;
MS antenna height;
macrocell radius.
Referring to Fig. 5 and Table I, we examine the downlink interference when a macrocell MS using channel set is located
at the macrocell boundary near microarea 56. One can find that
the macrocell-to-macrocell downlink interference
mainly
comes from the two first-tier macrocell BS’s near microareas
How77 and 68 with distances
ever, we also consider the three second-tier interfering BS’s
near microareas 11, 17, and 62 at distances
For the microcell-to-macrocell downone can find six interfering microarlink interference
eas 35, 48, 54, 80, 86, and 99 in the first tier with distances
The second-tier interfering microareas 3, 29, 41, and 92
We
have distances
assume that each microarea has
microcell reuse clusters, with each cluster having
microcells. Through the
channel-selection algorithm in Section III, each microarea
is assigned two macrocell channel sets. We further partition these two sets of channels into
groups and then
assign each group to the
microcells in each cluster.
In this manner, a macrocell channel set is used
times
in a microarea. For ease of analysis, we assume that the
where
is the distance from a
distance approximates
macrocell MS to the center of the th interfering microarea
and
is defined in (2). In our example, the microcell
BS antenna height is one third of macrocell BS antenna
With the above assumptions
height, i.e.,
in (2)
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Fig. 5. Frequency planning for the proposed system with 100 microareas. Table I lists the available channel sets for the above 100 microareas.

(3)

We show the downlink S/I performance in terms of
and
in Fig. 7 with consideration of only first-tier
interfering BS’s; in Table II, with considerations of both firstdB for
and second-tier interfering BS’s. Observe that
and
In other words, the channel set
can be reused six times in the microarea while still keeping
the macrocell downlink S/I greater than 18 dB. Furthermore,
by comparing the results in Table II with Fig. 7, one can find
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TABLE I
AVAILABLE MACROCELL CHANNEL SETS FOR

THE

100 MICROAREAS

IN

FIG. 5

that the second-tier interfering BS’s only degrade the S/I by
about 0.5 dB.
B. Uplink Cochannel Interference Analysis
By modifying (2) slightly, we can formulate the uplink S/I
performance as

(4)
where
macrocell BS received power from the desired MS;
uplink macrocell-to-macrocell interference;
uplink microcell-to-macrocell interference;
macrocell MS transmitted power;
microcell MS transmitted power.
The other parameters are defined following (2). With directional antennas, the macrocell BS’s experience fewer interfering microareas in the uplink direction as compared with the
downlink direction. Consider the macrocell sector that is assigned with channel set
and near microarea 37. This macrocell sector encounters two first-tier MS’s and four second-tier
macrocell interfering MS’s with
and interfering microareas 23, 55, 61, 68, 74, and 100 (i.e.,
with

Fig. 6. Comparison of the uplink S/I performance of conventional macrocells
and the proposed hierarchical cellular system without underlaid microcells for
different path-loss exponent

We ignore the effect of the three other interfering microareas
4, 17, and 49 because they are located in the back-lobe area
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TABLE II
DOWNLINK S/I PERFORMANCE FOR OVERLAYING
MACROCELLS, WHERE

Fig. 7. Macrocell downlink S/I performance against
for different
values of
where
is the ratio of the transmitted power of the
microcell BS to that of the macrocell BS and
is the number of microcell
clusters in a microarea.

of the sector using channel set
By substituting the above
values into (4), the uplink S/I performance for this example
becomes

(5)

Fig. 8 shows the results. It is observed that S/I is higher than
if
18 dB for
(6)
Note that we obtained (6) by assuming that the interfering
macrocell MS’s are on the cell boundary and are transmitting
with the maximum power. Thus, (6) can be used to determine
the maximum microcell MS’s transmitted power. For the IS-54
Class-IV portable handset (that adjusts its transmitted power
in six levels from 22 to 2 dBW), (6) implies that the
maximum microcell MS transmitted power is 9 dBW, which
is still in the operation range of the Class-IV terminal. Thus,
the requirement in (6) can be fulfilled by the current uplink
power control scheme in IS-54 system without changing the
MS transmitted-power specification.
VI. MICROCELL PERFORMANCE
This section studies how to determine the microcell size to
achieve the required S/I performance.

Fig. 8. Macrocell uplink S/I performance against
for different
where
is the ratio of the transmitted power of the
values of
microcell MS to that of the macrocell MS and
is the number of microcell
clusters in a microarea.

A. Downlink Microcell Size
A feasible microcell size should satisfy two conditions:
1) -criterion: an MS will receive stronger power
at the
microcell boundary than at the macrocell boundary and 2) S/Icriterion: the signal-to-interference ratio (S/I) at the microcell
boundary is equal to or better than that at the macrocell
boundary.
1) S-criterion: From the path-loss model in (1), the microcell radius
can be calculated as
(7)
where
and
are defined in (2).
2) S/I-criterion: The S/I received by the MS at the microcell boundary can be written as (8), given at the bottom of the
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page, where the parameters
and
are already defined in (2) and
MS received power from its desired microcell BS;
downlink microcell-to-microcell interference;
downlink macrocell-to-microcell interference;
number of main-lobe macrocell interferers;
number of back-lobe macrocell interferers;
MS distance to the th main-lobe interfering BS;
MS distance to the th back-lobe interfering BS;
MS distance to the th microcell interfering BS;
macrocell radius;
microcell radius;
front-to-back ratio of the directional antenna in
macrocells.
Let
denote the required S/I. Then, (8) becomes (9),
given at the bottom of the page, where

MS, but for the microcell MS this kind of interference may
be relatively strong compared to the received signal strength
from the low-powered microcell BS. For the same reason, the
macrocell interferers in the second ring are considered here.
a) Example: Referring to Fig. 5 and Table I, microarea
56 can be assigned channel sets
Take channel set
as an example. Microarea 56 will experience three firsteach of which has the
tier back-lobe interferers
following distance:
(13)
to the center of microarea 56. Three main-lobe interfering
macrocells in the second tier are located near microareas 25,
79, and 64 with the distances of
(14)

and
are the normalized distances of interferers with respect to
Our studies assume that the microcells
macrocell radius
and macrocells have similar shapes and that the microcell
clusters are adjacent to each other in a given microarea.
Suppose the distances from a microcell MS to its interfering
microcell BS’s are equal and close to the microcell cochannel
reuse distance
(i.e.,
for
Then,
we have [7]
(10)
where
denotes the microcell cluster size. With
microcell clusters and
microcells inside each cluster, a microarea
has in total
microcells. Suppose that taken together they
are smaller than the area of a macrocell. Then
(11)
Substituting (10) and (11) into (9), we get (12), given at the
bottom of the next page. Notice that we consider
backlobe macrocell interferers in (12). The back-lobe interference
from the macrocell BS’s can be ignored for the macrocell

Additionally, three main-lobe interfering macrocell BS’s in
the third tier are located near microareas 13, 70, and 85 with
distances of
(15)
It is also important to determine if there exists interfering
microcell BS’s from neighboring microareas. From Fig. 5 and
Table I, one can find one feature of the proposed system architecture—the adjacent microareas are assigned with different
macrocell channel sets. For instance, microarea 56 in Fig. 5
is assigned with the channel sets
The neighboring
microareas 45, 46, 55, 57, 66, and 67 use channel sets
and
It is
obvious that when considering the interfering microcell BS’s, a
microcell MS will only be affected by the interfering microcell
BS’s in the same microarea. Assume that each microarea
consists of
microcell clusters. Then, an MS will experience
the interference from the remaining
microcell BS’s,
excluding the desired one. Substituting (13), (14), and (15)
into (12), one can obtain (16), given at the bottom of the next
page.

(8)

(9)
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Fig. 9. Effect of front-to-back ratio
on the microcell radius based on
and
downlink microcell S/I performance analysis, where
are the cell radius ratio and transmitted-power ratio of microcells over
dB and
macrocells, respectively. With
curves (a)
(e) are obtained by S/I-criterion for
and
dB, respectively, while curve (f) is obtained by -criterion.
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dominates the -criterion. For instance, in the case
of
dB and
one can obtain
by the S/I-criterion and
by
the -criterion, respectively. For choosing the smaller
one, the microcell radius is therefore 0.46
In this
example, one can see that a larger front-to-back ratio
does not imply a larger microcell size since the criterion, which is independent of
will dominate the
S/I-criterion when is large.
2)
: Next, we consider the case when many microcells are deployed in each microarea. Fig. 10 shows
the downlink microcell size against
for difwhere
is the ratio of
ferent values of
the transmitted power of the microcell BS to that of
the macrocell BS and
is the number of microcell
clusters in a microarea. It is observed that if
has little effect on the downlink microcell
size. This is because the interference from the microcells
will dominate the macrocell interference
when the
number of cochannel microcells
becomes large
in a given microarea. In other words, if a large number
of microcells are installed, the S/I-criterion will become
a dominating factor in determining the microcell size.
In the case
, for example, one should follow the
S/I-criterion to get
from Fig. 10.
B. Uplink Microcell Size

1)

: We first consider a special case, where only one
microcell is installed in a microarea. In the beginning
stage, this may occur when a large underlaid microcell is
first installed to release traffic load of the macrocellular
system. Fig. 9 shows the effect of the front-to-back ratio
on the microcell radius, whereby
dB
If the S/I- and -criterion result
and
in different microcell radii, then the smaller one will
be chosen. From Fig. 9, one can observe that if front-todB, the microcell radius is determined
back ratio
dB, the S/I-criterion
by the -criterion, but when

Similar to the former analysis, the uplink microcell size is
derived from the S/I analysis. More specifically

(17)

(12)

(16)
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where the parameters
and
have been defined in (2) and (8) and
microcell BS received power from the desired
microcell MS;
uplink microcell-to-macrocell interference;
uplink macrocell-to-microcell interference;
number of macrocell interfering MS’s;
BS distance to the th interfering macrocell MS;
uplink microcell radius.
and
denote the required S/I
Let
for a microcell BS. Using the same assumptions for getting
(12), one can simplify (17) as

(18)
In Section VI-A, we have shown that when the number of
becomes large, the downlink microcell
microcell clusters
size is insensitive to the interference from the macrocell. This
is also true for determining the uplink microcell size. This will
be shown by an example later. When microcell interference
dominates the performance, (18) can be approximated as

Fig. 10. Downlink microcell radius
against
for different values
of
in the case
dB,
dB, and
whereby the microcell radius is normalized with respect to the macrocell radius
represents the ratio of the transmitted power of microcell BS
is the number of clusters in a microarea;
to that of macrocell BS; and
is the front-to-back ratio of the directional antenna;
is the ratio
of the microcell BS antenna to the macrocell BS antenna. Curves (a)
(e)
are obtained by S/I-criterion for
and
while curve (f) is
obtained by -criterion.

(19)
By combining (10), (11), and (19), we obtain the upper and
as
lower bounds of
(20)
and
with
as a parameter
The relation between
is shown in Fig. 11.
1) Example: Consider again microarea 56 in Fig. 5. Referring to Table I, microarea 56 can be assigned channel
Take channel set
, for example. The worst
sets
case occurs when interfering macrocell MS’s transmit maximum power, i.e., at the macrocell boundary. For the example considered, the three first-tier interfering macrocell
MS’s near microareas 45, 47, and 77 are at distances of
the three second-tier
interfering macrocell MS’s near microareas 26, 53, and 89
are at distances
the three third-tier interfering macrocell MS’s near microareas 32, 38, and 98 are at distances
Substituting these values into (18) and letting
dB, we show in Fig. 12 the ratio of microcell
against
for
radius to macrocell radius
where
is the ratio of the
different values of
transmitted power of the microcell MS to that of the macrocell
is the number of the microcell clusters in a
MS and

Fig. 11.
against
with
as a parameter, whereby
is
the microcell cluster size,
is the number of clusters in a microarea, and
is the ratio of the microcell radius to the macrocell radius. Curve
(a) represents the lower bound of
while curves (b)
(g) represent the
for
0.15, 0.20, 0.25, 0.30, and 0.35,
upper bound of
respectively.

microarea. It is shown that as
becomes insensitive to

increases, microcell size
Suppose our objective is
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FREQUENCY MANAGEMENT PLAN
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TABLE III
AVOIDING ADJACENT CHANNEL INTERFERENCE

FOR

to implement six microcell clusters in each macroarea (i.e.,
and still maintain
dB. We first need
and the microcell radius.
to know the feasible cluster size
and
Then,
From Fig. 11, we obtain
from Fig. 12, we find the transmitted power for a microcell
MS should be at least 0.017 times that for a macrocell MS.
Consider an interfering macrocell MS, which is an IS-54
Class-IV portable handset transmitting at 2 dBW. Thus, the
microcell MS transmitted power should be larger than 20
dBW in this case. Recall the transmitted power of an IS54 Class-IV portable handset ranges from 22 to 2 dBW.
Consequently, the current IS-54 Class-IV portable handset
can be used in both the macrocells and microcells of the
proposed system architecture without changing the handset
transmit power specification.
VII. ADJACENT CHANNEL INTERFERENCE ANALYSIS
In this section, we review a frequency management plan to
avoid adjacent channel interference in the conventional macrocellular system. Then, we examine if this management scheme
still works for the proposed hierarchical cellular system. As
shown in Fig. 1, a traditional seven-cell macrocellular system
has 21 sectors. If 10 MHz of spectrum is used and each channel
occupies 30 KHz, then a total of 333 carriers will be assigned
to the 21 sectors. A frequency plan to avoid adjacent channel
interference is shown in Table III [7]. Each row in the table
represents a frequency set that is designated to a sector. This
scheme separates any two carriers assigned to adjacent sectors
by seven carriers.
Applying the frequency plan in Table III to the proposed
hierarchical cellular system (Fig. 5), we can easily see that
there is no adjacent channel interference between macrocell
sectors. Even with the addition of underlaid microcells,

Fig. 12. Uplink microcell radius
against
for different values
of
where the microcell radius is normalized by the macrocell radius
is the ratio of the transmitted power of the microcell MS
to that of the macrocell MS,
is the number of microcell clusters in a
dB.
microarea, and

a two-carrier separation is maintained for the carriers
assigned to the microcells and the cosite macrocells within
a microarea. For example, referring to Fig. 5 and Table I,
is assigned to microarea 56. The
the channel set
and
cosite macrocell sectors that use channel set
have at least a two-carrier separation. This feature is
valid for all the microareas with channel assignment of
Table I.
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VIII. CONCLUDING REMARKS
This paper has proposed a new sectoring scheme, which
allows underlaid microcells to reuse macrocell frequencies. For
each area consisting of three macrocell sectors, the proposed
architecture can reuse another two macrocell channel sets
dB. Hence, the system
six times while retaining
capacity of the proposed architecture can be five times that
cellular system (Fig. 1).
of a traditional three-sector
If the S/I requirement can be lowered, e.g., 9 dB in the
global system for mobile communications (GSM), then the
improvement can be even larger. The capacity improvement
of the proposed architecture is achieved by deploying a large
number of underlaid microcells. This feature, however, cannot be easily done in other sectored cellular architectures,
e.g., those in [8] and [9]. The proposed architecture allows
microcells to be deployed throughout the entire area, and
allows them to be gradually introduced to match the increasing
demand of the cellular service. With these flexibilities, the
proposed architecture allows the existing macrocellular systems to smoothly evolve into hierarchical microcell/macrocell
systems.
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