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System And Method For Management Of Neighbor-Channel
Interference With Power Control And
Directed Channel Assignment

This application is related to U.S. Patent Application Serial Number 08/580570,
entitled "System and Method For Managing Neighbor Channel Interference In
Channelized Cellular Systems” (M. BENVENISTE-7), and U.S. Patent Application
Serial Number 08/580568, entitled "System and Method For Management of Neighbor
Channel Interferencg With Cellular Reuse Partitioning”, (M. BENVENISTE-8), said
related applications being concurrently filed with the present application, having the same

inventor, and being incorporated herein by reference.
Background Of The Invention
A. Field Of The Invention

This application is related to wireless communications systems and more

particularly to improved means for managing neighbor-channel interference in
channelized cellular systems.

B. Background Art

In the art of wireless communications, considerations of spectral efficiency and
maximization of available channels generally dictate the use of a cellular arrangement of
such channels and the frequencies from which they are derived —~"i.e.,'a service area is
partitioned into connected service domains known as cells. Within a particular cell, users
communicate via radio links with a base station serving that cell, that base station being
connected to base stations for other cells comprising a wireless communications network. -

That wireless communications network will, in turn, ordinarily be connected with one or
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more wired networks. To communicate using such a wireless network, each user is
assigned one of a discrete set of channels.

A conventional regular hexagonal cell ‘ layout of a - wireless cellular
communications system is shown in schematic form in Figure 1.V As is known,
depicting the geographical service area in terms of a hexagonal grid establishes a
geometric pattern that permits frequencies to be assigned in a patterned disposition
allowing the reuse of those frequencies.in a controlled repeatable regular assignment
qlodcl. The cell areas each have speciﬁc.channél sets assigned to them ¥ Each channel set
comprises a plurality of individual transmit and receive radio channels for use within the
cell area. In the model shown in Figure 1, cells marked "A" are co-user cells and all use
the same channel set. The same is true for co-user cells marked "B", "C" etc., each of
which has its own assigned chan_nél set.

Each cell is radiated by an antenna system associated with a base station, which

base stations may be interconnected with each other and/or with other networks. An

1.’ It should be understood that the hexagonal shape of the cells depicted in Fig. 1 represents a
drawing copvention. Such a hexagonal cell representation has been chosen because it approaches a
circular shape that is the ideal power coverage area for a cell. However, use of such circular shapes
would involve overlapped areas and make a drawing of the served area unclear. With the hexagonal
shaped cell convention, on the other hand, the plurality of cells representing a service area can be

depicted with no gap and no overlap between cells.

& of course, as discussed more fully below, flexible channel assignment methodologies, which represent

a relatively recent development in the wireless communications art, will generally involve non-fixed
channel assignments within a cell.
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omni-directional radiation pattern is depicted by antenna 101 and a directional antenna

pattern, representing sectorization of cells into smaller wedge type service areas, is

represented by antenna 102.

It is well known that a central aspect of cellular coﬁlmunicé.tions systems is the
concept of frequency reuse. With frequency reuse, users in different geographical
locations (different cells) may simultaneously use the same frequency channel, as
depicted By commonly named cells in Figure 1 for regular channel assignment; While
frequency reuse can substantially increase sﬁectral efficiency of a sfstem, serious
interference can occur between cells involved in the common use of the same channel in
the absence of proper system design. |

Frequency reuse assignments are generally implemented through the adoption of
simple rules for identifying co-user cells and for parﬁtioniqg the RF spectrum into
channel sets. Channel assignment approaches can be broadly classified into two
categories: fixed and flexible [See, M. Benv;niste, "Self Configurable Wireless Systems",
Jforthcoming]. Fixed channel assignment fixes the relationship between cells and thé
channels serving them. Only the channels allocated to a cell can serve calls in that cell,
and each channel can be used. simultaneously by all the cells to which the channel is
assigned. An example of fixed channel assignment is "regular" channel assignment,
which is characterized By equally-sized, regularly-spaced cells. Regular channel.
assignment is optimal for a system with traffic distributed uniformly across cells.

When the traffic distribution is not uniform, an optimal fixed "non-regular"
channel allocation can be found, which allocates channels to cg.lls according to their
traffic load. [A process for achieving such an optimal non-regular ;llocétiqn is described
in M. Benveniste, "Apparatus and Method for Non-Regular Channel Assignment in
Wireless Communication Networks", U.S. Patent No. 5,404,574.]
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Flexible channel assignment methods exploit the capability of a system for
remote, software-driven, retuning of the base station‘_radios, which capability enables
channel capacity to adapt to traffic variation. The class of flexible channel assignment
methodologies includes adaptive and dynamic channel assignment methods, and a hybrid
of the two, adaptive-dynamic channel assignment [See, M. Benveniste. "Self
Configurable Wireless Systems", id].

lIt is also well known that the quality of communication in wireless systems
depends substantially on the ratio of the received signal to interference (S/I). The
primary interference of concekn consists of two components: co-channel interference and
neighbor-channel interference. Co-channel interference is the interference from
communication sources tuned to the same frequency as the operating channel.
Neighbor-channel interference comes from communication sources using channels near
the operating channel in the frequency spectrum. When the interfering neighbor channel
is adjacent to the operating channel in the spectrum, the term adjacent-channel
interference is generally used. To achieve the desired voice or data transmission quality,
the ratio of the received signal over the combined co-channel and neighbor-channel
interference must be above a specified threshold.

The need to avoid using neighbor channels within a cell and in neighbor cells has
been well-recognized. In conventional channel assignment in analog AMPS systems,
where three-sector cells re-use the spectrum in clusters of 7 cells, the spacing of 21
channels (630 kHz) between channels serving the same cell -- as illustrated generally by
the sectorized pattern of Figure 2 -- has been more than adequate to render negligible any
interference from neighbor channels. For physically contiguous ct;lls, it is sufficient to
avoid the assignment of adjacent channel sets to sectors of the same cell, or to sectors in

such contiguous cells which would be contiguous to the sector under consideration. As
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can be seen in Figure 2, such a channel assignment exists for the three-sector re-use group
of size 7.

As less conventional channel assignment approaches, iike flexible or non-regular
fixed channel assignment, are pursued, however, such near automatic satisfaction of
channel spacing requirements no longer occurs. There the cellular system designer faces
the question: what is the minimum spectrum separation required between channels used
simultaneously in a cell, or in neighboring cells. The approaches which have been
proposed for answering this question do not consider neighbor-channel interference
adequétely, ifatalld In particular, prior treatment of neighbor-channel interference, and
the derivation of channel spacing requirements, has nof considered the overall impact on
the S/1 ratio [See: W. C. Y. Lee, Mobile Cellular Telecommunications Systems,
McGraw-Hill, New York, l98§]. Such failure to consider the impact of neighbor-channetl
interference on the S/I ratio will result in a signal that is weaker than the interference. By

balancing the relative strength of an interfering signal locate_d near the receiver with the

o Examples of such prior approaches appear in the following references: N. Bambos and G.J.
Pottie, "On power control in high capacity radio networks", Third WINLAB Workshop, pp. 239-247,
1992; R. Beck and H. Panzer, “Strategies for Handover and Dynamic Channel Allocation in
Micro-Cellular Mobile Radio Systems®, Proc. IEEE Vehicular Technol. Conference, May 1989; D.C.
Cox and D.O. Reudink, "Dynamic Channe]l Assignment in Two-Dimensional Large-Scale Mobile Radio
Systems”, Bell System Technical Journal, Vol. 51, No. 7, pp.1611-1629, September 1972; S.M.
Elnoubi, R. Singh, and S.C. Gupta, "A new frequency channel assignment algorithm in high
communication systems”, IEEE Trans. Veh. Technol., Vol. 31, No. 3, August 1982; G.J. Foschini and
Z. Miljanic, "A simple distributed autonomous power control algorithm and its convergence®, IEEE
Trans. Veh. Technol., November 1993; H. Jiang and S.S. Rappaport, "CBWL: A new channel
assignment and sharing method for cellular communication systems”, IEEE Veh. Technol. Conference,
May 1993; T.J. Kahwa and N.D. Georganas,”A hybrid channel assignment scheme in large-scale,
cellular-structured mobile communication systems”, IEEE Trans. Conmmun., Vol. 26, No. 4, April 1978;.
S. Nanda and D.J. Goodman, "Dynamic Resource Acquisition: Distributed Carrier Allocation for
TDMA Cellular Systems”, Third Generation Wireless Information Networks, S. Nanda and D.J.

- Goodman (eds), pp. 99-124, Kluwer Academic Publishers, Boston, 1992; R. J. Pennotti, Channel

Assignment in Cellular Mobile Communication Systems, Ph.D. Dissertation, Polytechnic Institute of New

York, 1976; J. Zander, "Transmitter power control for co-channel interference management in cellular
systems", Fourth WINLAB Workshop, pp. 241-247, 1993.
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signal strength drop caused by channel separation, the resulting S/1 ratio would be equal
to 1 (0 dB) in the absence of co-channel interference. If some co-channel interference
were present, the resulting S/1 ratio would be less than 1 (negative, when expressed in
dB).

Since the S/I requirement implies a restriction on total interference, and total
interference ié the sum of two terms (co-channel plus neighbor-channel interference),
there is a trade-off between them. Neighbor-channel interference decreases when there is
a larger frequency-spectrum separation between. channels, thus leaving a greater margin
for co-channel interference. A lesser re-use distance is thus allowed, and the system

capacity is higher, at least in principle. A larger channel separation, however, makes

- fewer channels available in each cell, which would lead to a capacity decrease if

everything else stayed the same. Thus an important objective of thé system designer
would be a determination of the optimal channel separation for which the S/I requirement

is met, and spectrum utilization is maximum.



Summary Of The Invention

This invention provides novel methodologies for managing neighbor channel
interference in a cellular wireless communications system as a function of a service-
quality factor for a communications channel within such a system. The novel

methodologies for managing neighbor-channel interference which are disclosed herein,

each of which represents an embodiment of the invention, include:

Mixed Power Control -- for overcoming interference problems associated with
conventional power control methods;

- Directed Assignment -- for reducing neighbor-channel conflicts between
neighboring cells in non-congestion conditions; and

Mixed Power Control with Directed Assignment -- for reducing neighbor-channel
interference between neighboring cells.

Fig. 1 depicts a schematic diagram of a regular cell layout for a wireless cellular
communications system.

Fig. 2 depicts a sectorized cell arrangement based on a re-use factor of 7.

Fig. 3 shows in block diagram form the major elements of a wireless cellular
communications system and the typical interconnections among such elements.

Fig. 4 shows a schematic block diagram of a data processing system for
controlling the assignment of radio channels to various cells of a wireless cellular
communications system using a flexible channel assignment methodology.

Fig. 5 illustrates schematically a single cell including its base station, with a
served subscriber station and a potentially interfering subscriber station juxtaposed at
various positions relative to each other and to the base station.
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Fig. 6 illustrates schematically two néighboring cells, each ivith a base station,
and with a served subscriber station and a potentially interfering subscriber station
juxtaposed at various positions relative to each other and to the base stations.

Fig. 7 provides a graphical depiction of the mixed power control policy of the
invention.

Fig. 8 depicts an example of the Directed Assignment methodology of the
- invention.

Fig. 9 depicts a no interference region in neighboring cells.

Fig. 10 depicts an application of the Mixed Power Control With Directed
Assignment methodology of the invention.

Fig. 11 depicts an N of 8 omni-directional cell layout.

Fig. 12 shows the probability of adjacent channel interference as a function of

power control range for the Mixed Power Control With Directed Assignment
methodology of the invention.

Detailed Descrinti

The discussion following will be presented partly in terms of algorithms and
symbolic representations of operations on data within a computer system. As will be
understood, these algorithmic descriptions and representations are a2 means ordinarily
used by those skilled in the systems engineering arts to convey the substance of their
work to others skilled in the art. _

As used herein (and generally) an algorithm may be seén as a self-contained
sequence of stgps leading to a desired result. These steps generally involve mahipulations

of physical quantities. Usually, though not necessarily, these quantities take the form of
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electrical or magnetic signals capable of being stored, transferred, combined, compared

and otherwise manipulated. For convenience of reference, as well as to comport with

common usage, these signals will be described from time to time in terms of bits, values,

elements, symbols, _ characters, terms, numbers, or the like. However, it should be
emphasized that these and similar terms are to be associated with the appropriate physical
quantities -- such terms being merely convenient labels applied to those quantities.

For clarity of explanation, an illustrative embodiment of the present invenfion is
presented as comprising individual functional blocks (including functional blocks labeied
as "processors"). The functions these blocks represent may be provided through the use
of either shared or dedicated hardware, including, but not limited to, hardware capable of
executing software. For example, some or all of the functions of the "OMC", "MSCs",
and "BSs" presented in Figures 3 and 4, as well as the "Computer ?mcessor" of Figure 4,
may be provided by one or more processors, including shared processors. (Use of the
term “"processor” should not be constru_ed to refer exclusively to hardware capable of
executing software.)

[llustrative embodiments may comprise microprocessor and/or digital signal
processor (DSP) hardware, such as the AT&T DSP16 or DSP32C, read-only memory
(ROM) for storihg soﬁWm performing the operations discussed below, and random
access memory (RAM) for storing results. Very large scale integration (VLSI) hardware
embodiments, as well as custom VLSI circuity in combination with a general purpose
DSP circuit, may also be provided.

A typical cellular system is shown in the block diagram of Flgure 3. A plurality of

mobile switching centers (MSC), 202 and 203, are shown connecting the mobile

radiotelephone system to the public switched telephone network 201 (PSTN). The

switching of the MSCs interconnects a plurality of base stations (BS) 210 each providing
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service to a cell coverage area. Each coverage area is shown as having irregular
boundaries typical_ of an actual system. Each BS has radio transmit/receive equipment and
radiating antennas to serve mobile radio telephoned 250 within its cell coverage area.

An operation and management center (OMC) 220 is coupled to the MSCs 202 and
203 to control their system operation and their associated BSs 210. OMC 220 is a central
control station which includes data processing and input for accepting data input from
data storage and real time control. In the case of flexible channel assignment, this data
processing arrangement may be utilized in implementing channel arrangements in
combination with remotely tunable radio transceivers located at the BSs.

For such a flexible channel assignment case, an illustrative embodiment of data
processing equipment included in the OMC for controlling the assignment and tuning of
radio transcei\.rers at the BSs is shown in schematic block diagram form in Figure 4. A
Computer Processor 310 has a stored program included in an associated Memory 311.
This program may include instructions for performing the assignment of radio channels
to a cellular system. Initial input data is supplied through the Input function 312 to the
Computer Processor 310. Inputs include: the available cells, available radio frequencies.,
and interference information, usually in the form of a cell-to-cell’ interference matrix
which defines the interference to each cell from every other cell. Further inputs include
system constraints necessary for the desired channel assignment and traffic usage
patterns. |

To implement a flexible channel assignment methodology, the channel
assignment process will be performed by Computer Processor. 310 according to the
instructions contained in Memory 311. The resulting channel assig‘x'xments may be output
via the Output function 313 to the MSC 315, from which they may be forwarded to the
BSs 321. The individual tunable radios 322 included in the BSs may then be tuned to the
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proper frequencies in accord with the assignment of radio channels determined by the

assignment process.

L Methodology Of Invention

A. General

The methodology for the invention herein is presented in a plurality of
embodiments, each directed to a novél me_thod for managing neighbor channel
inte.rference toward the achievement of an overall S/I ratio goal. As will be apparent from
the specific discussion of those embodiments, each embodiment may be implemented

independently, but most are also capable of being implemented in combination with one
- or more other embodiments, as well as with embodiments of the methodologies disclosed
in the cross-referenced companion applications.

The level of interference contributed by neighbor channel transmitters depends on
the position of the subscriber units (generally, mobile or portable) relative to their base
station(s), the level of power control exercised, and the direction of communication - i.¢.,
whether transmission occurs from the base station to the subscriber unit (referred to
herein as "down link"), or from the subscriber unit to the base station (referred to herein
as "up link"). Figures 5 and 6 illustrate exemplary configurations for consideration of the
impact of nefghbor-channel interference. Figure S illustrates a single cell with base
station B, while in Figure 6, two neighboring cells are illustrated, with base stations B,
and B,. In both figures, subscriber stations i and j are shown juxtaposed in various
configurations relative to one another and to the base station(s). In all configurations the
designation i indicates the serving subscriber unit, and the designation ;j indicates the
subscriber unit operating oﬁ the nearest channel in the frequency spectrum, referred to as

the neighbor channel. In the configurations of Figure 6, serving subscriber unit i is
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served by base stétion 8, and neighbor-channel subscriber unit ; is served by base station
B,. |

As an illustrative case, consider that all calls are served with equal power -- i.e.,
no power control. Accordingly, déwn link neighbor-channel interference will be
comparable in all the cases illustrated in Figure 5 since all calls are served with the same
power. The up link heighbor—channel interference, however, will be different in the three
cases illustrated in Figure 5. Because of signal attenuation as distance increases between
transmitter and receiver, the signal strength received from subscriber unit  in Figure 5(a)
is stronger (due to its proximity to the serving base station) than the interfering signal
from subscﬁl;er unit j. Hence up-link neighbor-channel interference for this
configuration will be negligible. In the configuration of Figure 5(b) the receivc;.d serving
signal is comparable to the interfering signal since the two subscriber units are the same
disfance from the base station. Finally, in the configuration of Figure 5(c), up-link
neighbor-channel interference is high because the interfering subscriber unit is closer to
the base station than the serving subscriber unit.

If power control is used to reduce the power of calls closer to the base station, the
experienced neighbor-channel interference changes. These changes can be illustrated by
again considering the configurations of Figure 5 and now assuming that power is adjusted
so as to equalize the received serving signals. Then, up-link neighbor-channel
interference would be comparable in all three configurations of Figure S because the
signal received from all subscriber units is the same, regardless of position of the unit
relative to the base station. On the other hand, down-link neighbpr-channel interference
will be different for each of the three configurations. Power cor;t;'ol causes down-link
neighbor-channel interference to increase in Figure 5(a) since the power of the interfering

signal is higher than that of the serving signal. Power control does not alter down-link
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neighbor-channel interference in the configuration of Figure 5(b), since both the served
and neighbor-channel subscriber units are equidistant from the base station. However, in
the configuration of Figure 5(c), power control will cause down-link neighbor-channel
interference to decrease. Thus, as can be seen, power control is generally beneficial in the
up-link direction, but can often result in increased neighbor-channel interference when
used in the down-link direction. '

In the neighboring cells case shown in Figure 6, and considering first the
conﬁguration of Figure 6(a), subscriber uxiit i will experience neighbor-channel
interference on both the down link (due to the competing signal from base station B,) and
the up link (due to the competing signal from subscriber station /). As will readily be
seen from the figures, comparable neighbor-channel interference will be expetiénced on
the down link in Figure 6(b) and on the up link in Figure 6(c), but the neighbor-channel
interference will be negligible.on the up link in Figure 6(b) and on the down link in
Figure 6(c). '

In the companion cross-referenced case designated as M. Benveniste-7 (S/N
08/580570) certain relationships were developed among channel separation (between a
serving channel and an interfering neighbor channel), received signal strength for serving
and for interfering channels and the S/ ratio. Those relationships were then applied for
an illustrative wireless communications application to develop two tables relating the
realized S/I ratio and channel separation for various levels of comparative signal strength
between a serving and an interfering signal. Those tables, which provide a useful
reference for the interference managemeqt methods described hgfeaﬁer, are reproduced
below and can be characterized as follows: - -

Table 1 provides a trade-off between the S/I ratio realized by a served subscriber,

T, and channel spacing, w, based on a design co-channel S/I threshold of 18 dB.
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As will be seen the first column represents the channel spacing given in muitiples

of the channel bandwidth, while the remaining ten columns give the realized S/1

ratio (in dB) for a served subscriber, for different values of a ratio of signal

strengths (in dB) for an interfering to a serving signal, P, as experienced by the

subscriber.

Similarly, Table 2 provides, for different chan_nel spacing values w, the design

co-channel S/1 ratio, T, needed to achieve a target overall S/ ratio, T -- i.e. a -

trade-off between T, and w for dB(T) equal to 18 dB.

dB(T) = 18

Channel dB(P)

Spacing
W

2 | as | 0| s | o 4 4 | 20 | 28 40

1 1798 | 1793 | 1779 | 1736 | 1623 | 1446 | 666 | 090 | 702 | -19.01
2 18.00 | 18.00 ] 18.00 18.00 17.99 17.98 1779 '§ 17.21 . 1446 4.78
3 - 1800 | 1800 | 18.00 18.00 18.00 18.00 1799 17.97 12.79 15.47
4 18.00 | 1800 | 18.00 18.00 18.00 1800 | 18.00 18.00 17.98 17.67
5 18,00 | 1800.! 18.00 | 18.00 18.00 8.00 18.00 18.00 18.00 17.94

TABLE 1. Trade-off between channel spacing and S/I ratio dB(T)
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dB(T) = 18
Channel dB(P)
Spacing
w
20 -15 -10 -5 0 4 14 20 28 40
1 1802 | 1807 | 1822 ] 1875 | 2103 | NA NA NA NA NA
2 1800 | 18.00 | 1800 | 1800 | 1801 | 1802 | 1822 | 1897 | NA NA
3 18.00 | 18.00 | 1800 | 1800 | 1800 | 1800 | 18.01 | 1803 | 1822 | 2.7
4 1800 | 18.00 | 1800 | 18.00 | 18.00 | 1800 | 1800 | 1800 | 1802 | 1836
5 1800 | 1800 | 1800 | 1800 | 1800 | 1800 | 1800 | 1800 | 1800 | 18.06

TABLE 2. Trade-off between channel Spacing and co-channel S/I ratio dB(T)

As noted earlier, in the case of no power control being applied and both subscriber

. units { and J being served by the same base station (i.e., the configuration of Figure 5), the

down-link interfering and serving signals will be comparable, because of the equal power
with which each signal'is transmitted from the base station. Thus, the ratio of the
interfering signal to the serving signal, P, is equal to 1 and dB(P) is equal to 0. As will be
seen from Table 1, if adjacent channel use were allpwed, the S/I ratio would drop to

16.23 dB, which represents 67 per cent of the target value of 63.1 (18 dB). Setting |

channel spacing w equal to 2 is sufficient to reclaim most of the S/I drop caused by

neighbor-channel interference -- an S/1 ratio increase from 16.23 to 17.99 dB.
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A comparable condition occurs when subscriber units i and j are served by
different base stations if the serving subscriber unit i is near the common boundary
between the two cells, regardless of the position of the interfering subscriber unit j, as
illustrated in Figures 6(a) and 6(b). However, if subscriber unit  is further away from the
interfering base station B, than from its serving base station B,, as illustrated in Flgure
6(c), the P ratio wnll be less than 1, and dB(P) becomes negative. Thus the impact of
adjacent channel use on the S/I ratio is less. For instance, at a dB(P) value of -5 dB, Table
1 shows that the realized S/I ratio will be 17.36 dB, which represents 86 per cent of the
desigxi co-ch#nnel S/1 ratio of 18 dB. For dB(P) equal to -10 dB, a 17.79 dB S/I ratio is
realized, which represents 95 per cent of the design co-channel SI_I ratio. Alternatively,
this can be characterized as the value realized by the S/I ratio if neighboi'-channel
interference is limited to 5 per cent of the combined co-channel plus neighbor-channel
interference. Accordingly, a value of P may be defined for which adjacént-channel
interference becomes acceptable. That defined value is designated herein as P, and in the

exemplary case describeci is equal to -10 dB.
| Considering the trade-off between w and T in Table 2, for the case of dB(P) =0,
it can be seen that increasing the channel spacing from 1 to 2 would allow one to plan for
a co-channel S/I ratio of 18.01 dB, instead of 21.03 dB. Additionally, it will be seen that,

if the spacing were increased above 2, one would gain little in terms of the co-channel

interference bound and, hence, in terms of capacity.
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For the power control case, it has been shown that power control on the down link
exaceri:ates the imp.act of neighbor-channel interference. Consider the particular case of
power control being applied on the down link to reduée the signal strength of subscrii:er
units closer in. In this case, P would be equal to the difference in power reduction of the
signals serving the two subscriber units. The worst case occurs when the power of the
signal serving subscriber unit / is reduced substantially, and the serving sui)scriber unit j
operates at maximum power, as is illustrated by the configuration of Figure 5(a). Table 1
shows that, even though the design co-channel S/I ratio is 18 dB, the realized S/ ratio
becomes negative when down-link power is reduced by 28 dB for the near-end subscriber
unit. It takes a channel spacing of 3 to achieve a 17.79 dB S/1 ratio. _

In Section Bl hereafter, a novel Mixed Power Control Methodology is disclosed
which will permit the partial use of down-link pO.WCt control without increasing channel

spacing beyond the value of 2, while still maintaining a reasonable S/I ratio.

* In the sections following, three novel interference management methodologies are
described which provide reduced neighbor channel interference relative to that achieved
by prior art methods; These new interference management methodologies, each of which -

- constitutes an embodiment of the invention, are designated as Mixed Power Control,

Directed Assignment, and Mixed Power Control With Directed Assignment.
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Bl.  Mixed Power Control

In the prior discussion of the relationship between the application (or non-
application) of conventional power control methods and neighbor channel interference
experienced by a served subscriber, it was shown that such interference varied with the
direction of transmission (downlink or uplink) as well as with the location of the served
subscriber unit relative to other nearby subscriber units, and to the serving and/or other
nearby base stations. A novel mixed power control methodology is described below
which significantly ameliorates those variations. As will be seen, this mixed power
control methodology may be implemented independently, but it may also be incorporated
with other novel interference management methodologies described herein and in the
' companion cross-referenced applications. |
It is believed that this novel mixed power control methodology is better

understood by separately treating the downlink and uplink cases and the description of
the methodology is accordingly so divided.
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(@)  Downlink power control

[t was shown in the general discussion of power control that application of a
conventional power control policy on the down link -- i.e., reduction of the received
signal strength for those subscriber units nearer to the base station -- exacerbates the
impact of neighbor-channel interference. In such a case, the interfering-to-serving signal
strength ratio, P (in dB), would be equal to the difference in power reduction of the
signals serving the two subscriber units. The worst case occurs when the power of the
signaf serving subscriber unit i is reduced substantially, and thé signal serving subscriber
unit j operates at maximum power, as would be the case shown in Figure 5(a). In the
exemplary case reflected in Table 1, it can be seen that, even with a design co-channel S/1
ratio of 18 dB, the realized S/I ratio becomes negative when down-link power is reduced
by approximately 28 dB for the near-end subscriber unit where co-channel spacing is
used - a realistic reduction in this configuration.

As shown hereafter, a reasonable S/l ratio can be achieved using power control
and without increasing channel spacing beyond the value of 2 -~ which is generally
needed without power control -- if the magnitude of power reduction is restricted. From
Table 1 it can be seen that, when the difference in signal strengths between an interfering
and a serving signal, P ih dB, or equivalently, the felative difference in power reduction
for the two subscriber units, is less than 14 dB, the impact on the S/I ratio is small: a
17.79 dB S/1 ratio or better can be realized with a channel spacing of 2. Accor_dingly, by
limiting power control so as to maintain the received signal strength for a served
subscriber no more than 14 dB below the level, at the served subscriber location, of an
interfering signal, a channel spacing of 2 can be maintained with negligible neighbor

channel interference. This constraint on the relative power control differential is herein
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called the limiting power control ratio and will be reference from time to time by the
designation: yu. In the exemplary case depicted by Table 1, dB(yM) is -14 dB.

I an illustrative embodiment of this mixed power control methodology, power
control would be applied for subscriber units located between a cell's periphery and a
point on the cell's radius ivhere a signal reduced by xg equals the signal received at the
cell's periphery. The distance along the cell's radius from the base station to the point at
which a signal reduced by i equals the signal received at the cell's periphery is defined
as ¢yy. Thus power control would be applied for a subscriber unit located between £y and
the cell periphery. Figure 7A provides a graphical depiction of the down-link received
signal as a function of the subscriber unit distance from the base station for this

" illustrative embodiment of the mixed power control methodology.

()  Uplink power control

Unlike the downlink case, it has been seen that power control is generally helpful
in reducing neighbor channel interference for the uplink direction. Nonetheless; as
described hereafter, application of the mixed power control methodology of the invention
for the uplink case permits the elimination of power control in certain regions of a cell
without adversely affecting neighbor channel interference. '

With up-link communications, the value of P can be reduced with power control
and dB(P) becomes the difference in signal attenuation betv;veeh the serving and
interfering signals minus the difference in power reduction. This relationship and its
impact can be illustrated by a configuration where the difference in signal attenuation
between two subscriber units transmitting to a base station is 40 dB, and the difference in
received signal levels due to power reduction is 12 dB. Then dB(P) would be: 40 - 12 =
28 dB. Based on a design co-channel S/1 ratio of 18 dB and a channel spacing of 2, Table
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1 shows that a 14.46 dB S/I ratio would be realized. If, on the other hand, the power
reduction difference were increased to 26 dB, dB(P) would be 14 dB, and the total S/I
ratio would be 17.79 dB, for a channel spacing of 2. . |

From this relationship it follows that, since negligible neighbor-channel
interference will be caused by a dB(P) value of 14 dB or less with a channel spacing of 2,
power control need not be applied to a potentially interfering subscriber unit experiencing
high signal attenuation -- e.g., a subscriber unit near the boundary of a cell. Only
subscriber units with signal attenuation of 14 dB below the maximum possible
attenuation in the cell need have their signals reduced. That is, power reduction need only
be applied for subscriber units located between the base station and a point on the cell's
radius, ¢y, at which the ratio of the received signal strength relative to the m1mmum
signal strength in the cell is yn ¥ In the exemplary case of Table 1, dB(xy") is 14 dB
Figure 7B provides a graphical depiction of the up-link received signal as a function of
the subscriber unit distance from the base station for this mixed power control
methodology.

To estimate the power reduction capability needed on the up link with the mixed
power control methodology, for a given channel spacing, the highest value of P to be
encountered with some statistical significance is 'needed. The inventor has shov;m ina
related article [M. Benveniste, “Managing Neighbor Channel Interference in Channelized
Cellular Systems," forthcoming] that with a probability of 0.995, the relative signal
strength dB(P) is less than or equal to 40 dB without power control if the propagation'loss

coefficient is 4 (a generally accepted value for mobile radio systgms). Hence, a power -

Y Of course, up-link power control may be applied between ly and the cell boundary if desired for

other purposes. The point here is that up-link power control is not needed in this region for managing
neighbor channel interference.



22
reduction capability -dB(GM) of 26 dB would be adequate for a channel spacing of 2,

since:

Maximum Attenuation (40) - dB(P) Threshold (14) - Maximum Power Reduction (26
dB).

As can be seen from Table 2, a range of power control options are presented.
Examples of such options would include a reduction of the near-end subscriber unit's
power by 20 dB while leaving the far-end subscriber unit at maximum power. For a
channel spacing of 2, the design co-channel S/I threshold would have to be 18.97 dB.
Another possibility would be a reduction of power at the near end by 26 dB (while
oﬁerating the far end unit at maximum power). This would produce a dB(P) value of 14
(40 - 26), which for a channel spacing of 2 requires a design co-chaﬁnel S/1 threshold of
18.22dB.

As will also be apparent, for the described embodiments of the mixed power
control methodology, power control requirements are selected so that channel spacing
requirements are minimum. Other applications of the methodology, of course, exist. For
example, if a greater power reduction range is desirable, the channel spacing must

increase. This idea is pertinent in dynamic channel éssigmnent algorithms that employ

power control as a means of increasing capacity.

B2. - Directed Assignment

A surrogate for adjacent-channel interference is the number of adjacent-channel
conflicts, which arise when two adjacent channels are used simultaneously in the same or.
abutting cells. While it will be apparent from the preceding discussion that not every

adjacent-channel conflict gives rise to adjacent-channel interference, a generalization can-
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still be made that a reduction in the number of adjacent—channel conflicts decreases the
likelihood of adjacent-channel interference.

The embodiment of the invention described in this section is directed to an
objective of minimizing adjacent channel interference through a reduction of the -
probability of adjacent channel conflicts. The approach may be applied to both regular
ahd non-regular, fixed and flexible channel assignment, and to sectorized and
omni-directional cells. It may also be combined with other adjacent-channel interference
reduction approaches. _ ' |

" The Directed Assignment methodology will be understood by use of a simple-
example from regular ﬁxed channel assignment. Consider four cells assigned channel
sets: A4, B, C, and D, as shown in Figure 8. The channels comprising each set are
adjacent to the channels of two of the other three sets, and the further assumption is made
that each cell abuts cells assigned the other three channel sets. Consider further that for
this illustrative example, there are 24 channels available, and the four cells in question
have, respectively, 5, 3, 4, and 3 calls in progress each. If all calls were assigned to the
lowest-number channels, as depicted in Figure 8A, then there would be 4 adjacent
channel conflicts in cell 4, 3 in B, 3 in C, and 3 in D. In order to reduce the number of
adjacent channel conflicts, all calls in cells 4 and C are moved to the lowest-number
channels available, and the calls in cells B and D are moved to the highest-number
channels, the configuration depicted in Figure 8B. Consequently, there is a greater
channel separation between active channels in cells containing adjacent channels. As seen
in Figure 8B, the number of adjacent channel conflicts decreases to: '2, 2, 1, and 2, for the -

four cells respectively.

The steps followed in carrying out the Directed Assignment methodology are as

follows:
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1. The available channels are distributed among channel sets so that each set.
has a label, "+" or "-", and any two sets with adjacent channels have
opposite label.

2. Each cell is also assigned a label, "+" or "-".

3. A cell may use channels from a set(s) assigned the same label as the cell.

4. Cells with a "+" label assign their users to the lowest-number channel
available, while cells with a "-" label place their users to the
highest-number channel available.

Step 4 increases the channel sepérﬁtion of active channels in cells with opposite labels.
Since adjacent channels can be found only in cells with opposite labels, by Step 1, the
likelihood of adjacent-channel conflicts is decreased. |

Two options are available to push calls to either end of a channel set. One would
be to move the call from the highest-number channel in a "+" cell (or the call from the
lowest-number channel in a "-" cell) to the channel of a departing call in that cell. Thus,
there would be at most one channel re-arrangement per call termination or hand-off.
Another way to keep users to the proper end of the channel set without channel
re-arrangementé would be to assign incoming calls to the lowest-numbér idle channel for
a "+" cell, or to the highest-number idle channel for a "-" cell.

The Directed Assignment methodology applies both to fixed and ﬂéxible channel
assignment. However, the interpretation of channel sets differs in the two approaches. In
fixed channel assignment the channel sets are the mutually disjoint groups of channels
dedicated to the different cells. In fixed regular channel assignmgnt, wheie all channel .
sets afe of equal size, Steé 1 requires that there be an even number o;' channel sets. |

In flexible channel assignment, there would be two channel sets, (in order to

comply with adjacent channel use restrictions). Each would be assigned a “+" or “-" label.
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For example, the channel set of odd-number channels could be given the *+" label, and

the set of even-number channels the "-" label. Since "+" label cells favor low channel
numbers, and "-" label cells favor high channel numbers, the separation between the busy
channels of cells with different labels increases in low traffic conditions. As adjacent

channels may be used only in cells of different labels, the probablllty of adjacent channel

conflicts is decreased.

B3.  Mixed Power Control With Directed Assignment
For a power control policy characterized by no power control on the down link,
and full power control on the up link, it has been shown that a channel spacing of 2 would
* be adequate to reduce the impact of neighbor-channel interference within a cell with the
use of that power control policy. In the companion cross-referenced application
designated Benveniste-8 (S/N 08/580568), it was shown that, for such a power control
policy, there is a region in a cell wherein the impact of adjacent-channel interference from
a neighbor cell is negligible on the down link. Also, there is a similar region, wherein
subscriber units will cause negligible up-link adjacent-channel interference to a neighbor
cell. Specifically, with reference to Figure 11 (which corresponds to Figure 7 of the
Benveniste-8 application), a subscriber unit positioned to the left of contour XX in cell 1
would not experience downlink interference from adjacent channels used in cell 2.
Similarly, a subscriber unit p&sitioned to the right of contour YY" will not cause up;link
adjacent channel interference to cell 1.
It has also been shown that the opposite power control practice -- that is, full -
bower control on the down link, and no power control on the up link -- increases the
neighbor-channel interference expérienced from users within the same cell, and should be

avoided. However, a novel power control policy, characterized as "mixed power control®,
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was described in Section Bl which permits limited down-link power control while
maintaining neighbor-channel interference within acceptable limits. Specifically, one
could use power control on the down link outside a radius £, corresponding to a
maximum power réduction ranée %M == in the described illustrative case, £y is 0.4467 R,
corresponding to a power reduction of 14 dB. Similarly, under the described mixed
power control policy, if power control were applied on the up link only inside a radius ¢y,
the received signalé would equalize at a level 14 dB above the lowest received signal in a
cell. The received signal is plotted in Figure 7 as a function of user-to-base-station
distance (in log scale) for both communications directions. With this mixed power control
policy, a channel spacing of 2 within a cell would be adequate.

As will be appreciated, the incentive for deviating from the pure power control
policy is to reduce the impact of adjacent channel use in neighboring cells, and thus drop
adjacent channel restrictions for neighboring cells. Consider an application of the
above-described mixed power-control policy in the neighbor cell arrangement depicted in
Figure 9. Instead of the single contour XX', as shown in that figure, deﬁning the region
vulnerable to adjacent-channel interference from the neighboring cell, there will be a
family of such contours X Xy, one for each power level k used in the neighbor cell, as
illustrated in Figure 10. Contour X X' corresponds to the strongest power signal used in
cell 2. The coﬁtours Xi X' spread both to the right and to the left of contour XX'. The shift
to the right decreases the portion of users in cell 1 experiencing adjacent-channel
interference from a user in cell 2 served at power level £, but the shift to left increases it.
Now, however, users in the two cells can be matched to operate on adjacent channels in a -
way that reduces the likt.:lihood of adjacent-channel interference. N

To illustrate how user matching can reduce the probability of adjacent-channel

interference, consider user M, in Figure 10. Without power control, M; would experience
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- adjacent-channel interference regardless of the position of the user on the adjacent
channel. With power control, on fhe other hand, M, can be matched with a user in cell 2
sérved with a low power level £, so that there is no adj:acent-channel interference. Hénce,
the probability of adjacent-channel interference c;m be reduced tﬁrough a combination of
limited power control and selective niatching_ of adjacent channel users in neighbor cells.
A channel matching algorithm for carryiﬁg out this objective is described below. '

The range of power control determines. the spread of the X, X' contours. The
optimal range of power control that minimizes 5djaceht-channel interference probability
should be determined in conjunction with the specific channel matching algorithm
employed. It will be understood that the range of down-link power control cannot go
beyond y,,. |

As previously noted, the inventor has shown that the up-link requirements for
achieving no adjacent-channel interference are symmetric to the down-link requirements
described above if complementary power control policies are used on the two links. [M.
Benveniste, "Managing Neighbor Channel | Interference in Channelized Cellular
Systems," id.] That is, if up-linkl power control is restricted inside the circle of radius £y,
and there is no power control ou_tside that circle, then there would be a family of contoﬁrs
Yx ¥, for k corresponding to the different 'power levels of the users in cell 1, that define
regions where a user in cell 2 would cause no up link intérference'to the corresponding
user in cell 1. These contours are mirror images of the contours X X;' drawn for the down
link case in cell 1. As also explained by the inventor in the reference article, a user that
does not c-ause up-link adjacent-channel interference to an adjagent-channel user in 4
neighbor cell will .not be subject to down link adjacent-channel interferenée from the
neighbor-cell user. Due to the symmetry in the conditions for no adjacent-channel

interference it is sufficient to analyze user-matching algorithms for one communication
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direction only. Accordingly, the described methodology in the following sections is

focused on the down link. The performance on the up link will be comparable.

(@)  Description of Methodology

As shown in the preceding section, the probability of adjacent-chax}nel
interference can be reduced by proper matching of adjacent-channel users in neighbor
cells. The user matching problem is a complex combinatorial optimization problem.
However a good solution of that problem is reached by a simple heuristic algorithm
described hereafter.

The approach begins by ordering users in each cell. The ordered users are
assigned the available channels in order of increasing (or decreasing) channel-number,
thereby matching adjacent channel users. The objective thus becomes the determination
of a criterion for ranking the users in a cell such as to minimize the probability of
adjacent-channel interference. The user's distance from the serving base station is
selected as the ranking criterion.

The logic for selecting the distance between user and base station as the ranking

criterion can be seen by considering the two-cell example in Figure 10. In the discussion

hereafter, the following notation is used:
' m; distance of subscriber unit M; from its own base station

n distance of subscriber unit Af; from the neighbor base station

In the inventor’s referenced article, it is shown that, for the application of power control in

the down-link direction, adjacent-channel interference will not be incurred when:

P: [L”.l:l' < P"
n
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According to that relationship, in order to reduce down-link adjacent-channel interference
in cell 1, high m; values should be matched with high », values. Similarly, in order to
minimize adjacent-channel interference in cell 2, high m, values shou}d be matched with
high », values. But, in general, the channel assignments resulting from these two criteria
wiil be different. To obtain a unique channel assignment, users in each cell must be
. ranked by the same criterion. If the distance from the serving base station is used, high
m values are matched with low m, values, and vice versa. Using distance as the ranking
criterion decreases adjacent-channel interference because, in the area of cell 1 that is most
vulnerable to adjacent-channel interference, n| decreases as m, increases, and vice versa.
The methodology of the invention can be generalized to deal with

adjacent-channel use by more than one neighbor cells, as follows:

1. The available channels are distributed among channel sets so that each set
has a label, "+" or "-", and any two sets with adjacent channels have
opposite label.

2. Each cell is assigned a label, "+" or "-".

3. A cell may use channels from a set(s) assigned the same label as the cell.

4. Users in each cell are assigned in order of decreasing distance from the

serving base station. Cells with a "+" label assign their users to the
lowest-number channel first, while the cells with a "-" label place their
users to the highest-number channel ﬁrst.

Since adjacent channels are used only by cells of opposite label, by Steps 1
through 4, the assignment of high-power users to low-number channels in "+" cells, and
to high-number channels in "-" cells, increases the channel separation between them.

Consequently, a high-powef user will operate either next to an idle channel (in low traffic
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conditions), or next to a channel assigned to a neighbor cell user near its base station. The
probability of adjacent-channel interference between neighbor cells is thus reduced.

As will be seeﬁ, the methodology -here resembles in some respects the previously
described Directed Assignment methodology. However, while Directed Assignment has
no impact on adjacent-channel interference in congestion conditions, the use of power
control with proper user matching still reduces the probability of adjacent-channel
interference.

As will be appreciated, the effectiveness of the matching procedure described
above will depend on how spread out the contours Xy X;' are. This, in turn, depends on
the range of power control, which is selected to minimize the probability of

adjacent-channel interference.

As in the case of Directed Assignment, users can be packed on either end of the

available channel set in two ways. One involves channel re-arrangement upon call

departure; the other doesn't. Further channel re-arrangement may be necessary in order to
maintain a proper ranking of the users, which may change as users move. Alternatively,

channel re-arrangement may be postponed until adjacent-channel interference is

observed, thus reducing the number of re-arrangements needed.

(b)  Application of Methodology

The methodology described herein can be used with both fixed and flexible
channel assignment. In this section exemplary applications of that methodology from
fixed regular channel assignment are described. An example of the use of this method
with flexible channel assignment appeérs in M. Benveniste, A.G. Greenberg, and P.E.

Wright "On dynamic channel assignment in wireless systems: Extensions of Ordered

Borrowing", forthcoming.
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Consider a system-of omni-directional cells repeated by the N of 8 pattern shown
in Figure 11. The assumption is made that the channel sets are constructed by the
horizontal method and, therefore, that each cell shares a border with one other cell
assigned adjacent channels. Given- 400 channels, each cell would be assigned 50
channels. Table 3 shows the impact of chahnel matching on adjacent-channel interference
as.a function of offered load. If channels were assigned randomly, it has been determined
by simulation that the probability of an adjaéent channel conflict (ACC) is 79 per cent
when offered a load of 40.3 erlangs (which gives' a blocking probability of 2 per cent).
The probability of adjacent-chmmel' interference (ACI) is 10.6 per cent. When the
Directed Assignment methodology is applied, the probability of adjacent channel conflict

. drops to 73 per cent, and the probability of adjacent-channel interference becomes-10.1
per cent, for the same -offered load and blocking probability. If power control with user

matching were used, the probability of adjacent-channel interference would be reduced to

0.5 per cent.

Offered Load (erlangs per cell)
Method . ,
- 40.3 2 % blocking) | 49.6 (10 % blocking) | 58.5 (20 % blocking)
.| ACCProb | ACIProb | ACC Prob | ACIProb | ACC Prob | ACI Prob
Random | 0.79 0.106 0.89 0.121 0.93 0.129
DA | O73 0.101 0.88 '0.120 0.93 0.129
EPCDA 0.73 .0.005 | = 0.88 0.019 093 0.028

TABLE 3. Performance of channel assignment methods for
omni-directional cells with re-use factor 8
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When the offered load is increased to 58.5 erlangs (when the blocking probability
increases to 20 per cent), the probability of adjacent-channel conflict is 93 per cent, and
the probability of adjacent-channel interference is 12.9 per cent, when channels are
assigned randomly. With Directed Assignment, the probability of adjacent-channel
conflict remains 93 per cent, and the probability of adjacent-channel interference
becomes 12.8 per cent, for the same offered load. As anticipated, the impact of Directed
Assignment diminishes in congestion. If power sonu'ol with user matching are used, the
probaiaility of adjacent-channel interference drops to 2.8 per cent.

A power rahge of 11 dB was used in obtaining the above results. This value
yields the lowest adjacent-channel interference probability for an offered load of 40.3

erlangs per cell, as seen in Figure 12, where adjacent-channel interference probability is
plotted as a function of power control range. '

I.  Conclusion
Herein has been disclosed a plurality of novel methodologies for managing

neighbor-channel interference. These methods, and combinations thereof, can be

employed with fixed and flexible, regular and non-regular channel assignment. And, they
are applicable to all channelized systems whether they employ frequency-division
multiple access or hybrid frequency-division/ time-division multiple access.

As shown in the discussion, the methods disclosed herein can be easily combined,
as well as being combinable with embodiments of the invention's' ;:laimed in the cross-
referenced companion applications. An example that illustrates the potential for synergy

among the several disclosed channel management methodologies even better is that of a
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cellular system on an irregulaf grid, with a non-uniform traffic distribution, comprised of
a mix of sectorized and omni-directional cells. An objective is to find an optimal
non-regular channel assignment that respects adjacent channel restrictions. Odd/even Cell
Designation (from companion application M.Benveniste-7) can be used to ensure
compliance with adjacent channel restrictions within a cell. Mixed Power Control with
Directed Assignment will reduce adjacent channel interference between neighbor cells.
And Veriical Channel-Set Construction (from companion application M.Benveniste-7)
will ensure that sectors of the same cell do not use adjacent channels. Finally, any
channel borrowing scheme that uses channels according to a cell's odd/even designation
and a sector's orientation can make this channel assignment dynamic, without violating
adjacent channel restrictions.

Although the present embodiment of the invention has been described in detail, it
should be understood that various changes, alterations and substitutions can be made

therein without departing from the spirit and scope of the invention as defined by the
appended claims. |
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Claims:

1. A method of managing interference in a wireless communications network
having service areas partitioned into a plurality of ceils, wherein a second plurality of
communications channels are available for allocation among said cells, said method

CHARACTERIZED BY: |

causing each of said available channels to be assigned a label qorreéponding to
one of at least two mutually disjoint categories, whereby no two adjacent channels are
labelled with a same category; | '

" causing each said cell to use channels assigned a common label; and
assigning channels to users in each said cell in conjunction with an application of

power control wherein high power users are aSsigned to low-number channels in said first

labelléd cells and to high-number channels in said second labelled cells.

2. The method of managing interference of Claim 1 wherein said assigning
step operates to assign channels to users in each cell in order of decreasing distance from
each said user's serving base station, subject to a constraint that, for cells with a label
corresponding to a first of said mutually disjoint categories, said cells' users are assigned
to a lowest-number channel available, and for cells with a label corresponding to a second
of said niutually disjoint categories, said cells’ users are assigned to a highest-number
channel available.

3. The method of managing interference of Claim 1 wherein said step of
causing channels to be assigned is carried out by distributing said available channels
among a plurality of channel sets so that each set is assigned a label corresponding to said
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one of at least two mutually disjoint categories, and whereby no two sets with adjacent

channels are labelled with a samie category.

4, The method of managing interference of Claim 3 wherein said sfep of
causing cells to use commonly labeled channels is carried out by causing each said cell to

use channels selected only from one or more of said channel sets assigned a common
label.

5. The method of managing interference of Claim 1 wherein power control is
applied for transmissions from a central transmission site to a mobile unit (hereafter
“down-link transmission") only as to mobile units located beyond a radial distance from

said central transmission site, said radial distance being determined so as achieve an

acceptable level of interference.

6. The method of managing interference of Claim 1 wherein power control is
applied for transmissions from a mobile unit to a central transmission site (hereafter "up-
link transmission") only as to mobile units located within a radial distance from said
central transmission site, said radial distance being determined so as achieve an
acceptable level of interference.

7. The method of managing interference of Claim 2 wherein channel
assignments within a cell are rearranged in' accordance with the methodology of said

claim upon departure of a mobile unit from said cell.
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8. A method of managing interference in a wireless communications network
having service areas partitioned into a plurality of cells, wherein a second plurality of
communications channels are available for allocation among said cells, said method
comprising the step of:

applying power control for tra;\smissions to and from mobile units served by a
central transmission site subject to the following constraints: |

for transmissions from a central transmission site to a mobile unit (“down-
link") said power control is applied only &s to mobile units located beyond a radial
" distance from said central transmission site; and
for transmissions from a mobile unit to a central transmission site ("up-
link") said power control is applied only as to mobile units located within a radial
distance from said central transmission site;. |

wherein each said radial distance is determined so as to achieve an acceptable

level of interference.

9. A storage means fabricated to contain a model for managing interference
in a wireless communications network, said model carrying out essentially the steps of

the method for managing such interference of Claim 1.



