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Dynamic Channel A11ocat1on in a Cellular Telephone System 

DCKGaOVllD 

'l'he present invention relates to cellular 
telephone systems, and :mora particularly to the allocation 
of channels to cells in a cellular telephone system. 

In cellular telephone communications systems 
10 (henceforth referred to as "cellular systems", or simply 

•systems"), it is important to maximize tr~fic-handlinq 
capacity. one factor that affects capacity is the way the 
totality of available c01lllllUllication channels are allocated 
for use by particular cells within the system. The use of 

15 the same channel by two or more cells that are in relatively 
close proximity to one another can cause each cell to 
experience excessive co-channel interference, and should 
therefore be avoided. 

One solution for avoidinq excessive co-channel 
20 interference is to have each cell operate on a dedicated 

group of channels that are not used by any other cell in the 
system. Although this strategy successfully avoids the 
occurrence of co-channel interference, it limits the 
system's traffic-handling capacity to the number of channels 

25 that the system is permitted to use. 
In order to increase the system's traffic-handlinq 

capacity, it is possible to devise a reuse plan whereby any 
one channel may be concurrently used by two or more cells. 
While some co~channel interference may occur, excessive 

30 interference is avoided by ensuring that the one channel is 
allocated to calls that are qeographically located far 
enough apart (referred to as the "reuse distance") so as not 
to significantly interfere with one another. The 
appropriate distance for avoiding aignif icant interference 

35 will depend on factors such as the power level at which each 
of the base stations or mobiles broadcasts on that 
particular channel. 
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A number of techniques have been devised for 
selectinq and assiqninq traffic channels in a way that 
reduces the likelihood of co-channel interf erenca in a 
cellular cmmnunication system usinq a fixed channel reuse 

5 plan, that is, a plan that does not change over time. u. s. 
Patent Application No. 08/114,347, filed by R. Bod.in et al. 
and entitled •Channel Selection In a Cellular COJDJDunications 
System•, describes such a plan. Essentially, such 
techniques require that an a priory channel plan be devised 

10 by the cel.lular system operator, and then "hard-wired" into 
the system. The channel plan designates, for each cell, a 
particular subset of channels to be used within that cell. 

Fixed channel reuse plans are based upon 
assumptions about anticipated traffic in each cell. 

15 However, the nu.bar of calls th~t are handled by any given 
cell may increase or decrease over tiae. consequently, 
cellular systems that utilize fixed channel reuse plans may 
suffer a deCJradation in traffic-handling capacity as a 
result of their inflexibility in the face of changing 

20 conditions. 
To avoid such deqradation, an adaptive channel 

allocation (ACA) plan may be used instead of the fixed 
channel reuse plan. In an ACA plan, as the name implies, 
the allocation of channels to cells adapts over time in 

25 order to accommodate changes in system use that occur over 
time. The adaptation is made on the basis of system 
measurements that are at least periodically made. The goal, 
in such a scheme, is to allocate channels so that all links 
have satisfactory quality. A common feature of ACA systems 

30 is that they allocate a channel out of a set of channels 
which fulfills some predetermined quality criteria. 
However, different ACA schemes utilize different criteria 
for selectinq channels from the set. 

The general concept underlyinq ACA systems is 
35 well-known to those having ordinary skill in the art. For 

example, H. Eriksson, "Capacity Improvement by Adaptive 
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Channel Allocation", :IUE Glob81 TeleCOJU!l. cQDf., pp. 1355-

1359, Nov. 28-Dec. 1, 1988 1 illustrates the capacity qains 

associated with a cellular radio system where all of the 

channels are a common resource shared by all base stations. 

5 In the above-referenced report, the mobile measures the 
siqnal quality of the downlink, and channels are assiqned on 

the ):)asis of aelecting the channel with the highest carrier 
to interference ratio (C/I level). 

A different approach is described by G. Riva, 

10 "Perf oraal)Ce Analysis of an Improved Dynamic Channel 

Allocation Scheme for Cellular Mobile Radio Systems•, ~ 

IEEE Yeh· Tech. cont., pp. 794-797, Denver, 1992, where the 

channel is selected based on achieving a quality close to or 

sliqhtly better than a required C/:I threshold. Also, Y. 

15 Furuya et al., "Channel Segregation, A Distributed Adaptive 

Channel Allocation Scheme for Mobile COJDJDunications 
Systems", Second, Borclic Seminar on Digital Lind M9bile Rac:lio 

comm,unicaticm, pp. 311-315, Stockholm, October 14-16, 1986, 

describes an ACA system wherein the recent history of link 
20 quality is considered as a factor in allocation decisions. 

In addition, several hybrid systems have been presented 

where ACA is applied to a small block of frequencies on top 

of a fixed channel allocation scheme. such an example is 
presented in IC. Sallbarq et al., "Hybrid Channel Assignment 

25 and Reuse Partitioning in a Cellular Mobile Telephone 
System•, Proc. IEEE yrc '87, PP· 405-411, 1987. 

Apart from increases in system capacity, adaptive 

channel allocation obviates the need for system planninq. 

Planning is instead performed by the system itself. This 

30 feature of ACA is particularly attractive when system 

changes are implemented, when new ~e _stations are added, 
or when the environment changes, for example by the 
construction or demolition of larqe buildings. 

It is preferable to implement ACA schemes in two 

35 parts: a •slow" part, and a •fast" part. The "slow" part 

determines, for each cell, a set of channels to be used 
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based on interference and traffic fluctuations that occur 
over a relatively lonq period of tiae (e.g., over a period 
of tille that -Y span hours or even days). The •fast" part 
is concerned with selecting at any given aoaent, from the 

5 slowly determined set of channels, the "best• channel for 
each connection. One reason for splitting an ACA scheme 
into two parts (i.e., •fast• and "slow") is because of the 
use of combiners that are mechanically tuned, by means of 
small motors, to desired frequency ranges. Tuning is an 

10 automatic, but slow, operation that cannot be performed when 
a call arrives at tbe cell. 

For a conventional ACA plan to work at its best, 
it has been important for both downlink (i.e. from base 
station to mobile station) and uplink (i.e., from mobile 

15 station to base station) measurements of channel 
interference levels to be made on all channels. 

Considerinq only digital cellular systems for the 
moment, ACA schemes have been feasible because there are 
some resources for makinq both uplink and downlink 

20 measurements. Uplink measurements may be made by equipment 
in the base station. Downlink measurements may be made by a 
mobile station, which then reports its measured values back 
to the base station. However, it is still difficult to 
obtain measurements on all channels. For example, in 

25 digital systems such as D-AMPS, the mobile assisted handover 
(MAHO) facility is used to evaluate the downlink disturbance 
levels on traffic frequencies that are currently not in use 
in the serving cell. This MAHO measurement resource is very 
limited, however, because each mobile can only measure a few 

30 frequencies. Downlink measurement resources are similarly 
·scarce in the well-known GSM system. Therefore, it is 
desirable to provide a strategy for allocatinq channels that 
compensates for the various limitations of downlink 
measurement resources in some digital cellular systems. 

35 Considering now the task of devisiJlC) an ACA scheme 
for use in analoq systems, one is faced with a difficult 
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problem because analog systems typically do not have any 
provisions for aakinq downlink JDeasurements; they are 
confined to •easurinq channel interference in the uplink 
direction only. As a result, an ACA scheme that makes a 

5 channel allocation decision exclusively on the basis of that 
channel's uplink interference aeasureaent may be ineffective 
at lilllitinq co-channel interference. This bas .resulted in 

channel allocation for analog systems being .. nually planned 
in the prior art • 

10 

15" 

20 

. In addition to the problems discussed above, prior 
art ACA schemes have also been detrimentally affected by the 
difficulty in measuring uplink interference on broadcast 
channels due to the short access bursts. 

IUJIDBY 
It is therefore an object of the present invention 

to provide an adaptive channel allocation strategy that may 
be applied to channels that cannot easily be measured in 
both the uplink and downlink directions. 

It is another object of the present invention to 
provide an adaptive channel allocation strategy that 
improves the quality of allocation decisions even where 
channels •Y be measured in both the uplink and downlink 
directions. 

25 In accordance with one aspect of the present 
invention, the foreqoinq and other objects are achieved in a 
cellular c0111Runication system comprising a plurality of 
cells and a plurality of channels. The plurality of 
channels comprises a plurality of probe channels for which 

30 interference can be measured in both uplink and downlink 
directions and a plurality of unmeasured channels for which 
interference measurements are not made in both uplink and 
downlink directions. The probe channels may be, for 
example, channels for use in a digital communication system. 

35 The unmeasured channels may be, for example, channels for 
which only uplink interference measurements can be made, 
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such as traffic channels for use in an analog co111JDU11ication 
system such as AMPS. In accordance with one aspect of the 
invention, the plurality of channels are allocated by first 
orqanizing the plurality of channels into a plurality of 

5 channel groups, wherein each channel group comprises at 
least one probe channel, and wherein at least one of the 
channel groups further comprises at least one UIUlleasured 
channel. 

Next, in each one of the calls, an allocation 
10 routine i~ performed, comprising the steps of monitoring at 

least one of the channel groups by making and collecting 
uplink and downlink interference measurements on the probe 
channel of said at least one of the channel groups over a 
predetermined time period. The collected uplink and 

15 downlink interference measurements are then analyzed, and a 
selected one of the monitored channel groups is allocated to 
the cell in dependence on the analyzed uplink and downlink 
interterence measurements. For example, if a cell 
determines that there is very little detected interference 

20 on a probe channel over a predetermined period of time, then 
it may assume that the channel group to which the probe 
channel belongs is unassigned to any other nearby cells. 
Accordingly, the cell may allocate all of the channels in 
the channel group (including the unmeasured channels) to 

25 itself. 
In accordance with one aspect of the invention, 

the entire channel allocation process may be decentralized 
by having each cell perform its own channel allocation 
routine. 

30 In accordance with another aspect of the 
invention, determining that there is very little 
interf arence on a probe channel over a predetermined period 
of time may comprise generating a filtered measurement from 
the collected uplink and downlink probe channel interference 

35 measurements, and then comparing the filtered measurement 
with a predetermined value. 
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Alternatively, a number of channel groups might be 
monitored by the cell, and a filtered interference 
•easurem.ent determined for each. In this instance, 
determining that there is very little interference on a 

5 probe channel aay include comparing the filtered 
interference measurements to one another. 

Zn yet another aspect of the invention, all of the 
channels are measured channels. To be a measured channel in 
this aspect of the invention, it is not a requirement that 

10 both upli~ and downlink measurements be made 1 the ability 
to make measurements in only one direction is sufficient, 
although making measurements in both uplink and downlink 
directions is permissible. Zn this aspect of the invention, 
the channels are organized into channel groups, and each 

15 channel in the group is monitored over time by the cells. 
Allocation decisions are made with respect to entire channel 
groups, ~ot just individual channels. For example, the 
.. asurements for each channel group may be combined, and a 
decision to allocate a given channel group made on the basis 

20 of comparisons of the various combined measurements with one 
another. Because the total number of measurements per time 
unit on a channel group is much higher than the number of 
measurements per individual channel, better channel 
reallocation decisions can be made. Also, where the 

25 channels are, for _example, all analog channels (which can 
only be measured in the uplink), using the combined 
measurement instead of individual measurements si911ificantly 
increases the probability that a cell will be able to 
accurately detect whether any given channel group is already 

30 being used by a nearby cell, and should therefore be 
avoided. 

•ID' DBSCJt.J:ftIOll. OJI 'ID DDWDIGS 

The objects and advantages of the invention will 
35 be understood by reading the following detailed description 

in conjunction with the drawings in which: 
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FIG. 1 is a ach811latic diagr~ illustrating ten 
cells in a cellular mobile radio telephone system to which 
the present invention applies; 

FIG. 2 is a diagram showing the organization of 
s all of the channels in the cellular system in accordance 

with one embodiment of the invention; 
FIG. 3 is a flowchart depicting a strategy for 

allocating channels to cells in the cellular system in 
accordance with one embodiment of the invention; 

10 PIG. 4 is a high level block diagram of processing 

15 

20 

equipment for carrying out the invention; 
FIG. 5 is a block diagram of an apparatus for 

producing a filtered probe channel interference :measurement 
in accordance with one aspect of the invention; 

FIG. 6 is a schematic diagram of a one pole filter 
for use with the present invention; and 

FZG. 7 •. is a diagram showing the organization of 
all of the channels in the cellular system in accordance 
with an alternative embodiment of the invention. 

Dn&D.BD DUCR%ft%Oll 

The various features of the invention will now be 
described with respect to the figures, in which like parts 
are identified with the same reference characters. 

25 FIG. 1 is a schematic diagram illustrating ten 
cells, Cl to c10, in a cellular mobile radio telephone 
system 100. 'l'he cellular mobile radio telephone system 100 
may be, for example, a D-AMPS system. Normally the :method 
according to the present invention would be implemented in a 

30 cellular system comprising :many :more cells than ten. For 
purposes of this description, the system depicted herein is 
considered to be an isolated portion of a larqer system 
which has been fragmented. 

For each cell Cl to Clo, there is a respective 
35 base station Bl to 810. FIG. 1 illustrates base stations 

situated in the vicinity of the respective cell centers and 
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having omni-directional antennas. The base stations of 
adjacent cells may however be located in the vicinity of 
cell borders and have directional antennas. 

FIG. 1 also illustrates ten mobile stations Ml to 
5 KlO, which are aovable within a cell and froa one cell to 

another cell. The aethod according to the present invention 
aay be iapleaented in a cellular mobile radio aystea 
coaprising many aore mobile stations than ten. Zn 
particular, there are normally many more mobile stations 

10 than there are base stations. 
Also illustrated in PIG. 1 is a mobile switching 

center (MSC). The mobile switchinq center is connected to 
all ten illustrated base stations by cables. The mobile 
switching center is also connected by cables to a fixed 

15 public awitchinq telephone network PSTN or similar fixed 
network with ISDN facilities.. All cables from the mobile 
switching center to base. stations. and cables to the fixed 
network are not illustrated. FUrther, other media may be 
used instead of cables for base to mobile switching center 

20 communications, such as fixed radio links. 
The cellular system 100 includes a plurality of 

radio channels for communication. The illustrated system is 
designed both for analog information, e.g., speech, 
digitized analoq"intormation, e.g., digitized speech, and 

25 pure digital information, e.q., pure diqital data. In the 
context of the present invention, the term connection is 
used for a communication channel between a mobile station 
and another mobile station in the same system or another 
system, between two fixed telephones or terminals in a fixed 

30 network connected through the cellular system 100, or 
between a mobile station and a fixed telephone. A 
connection aay be a call where two people talk to each 
other, but may also be a data communication channel where 
computers exchange data. 

·35 Each cellular system 100 is assigned a particular 
frequency band over which it can operate. A set of 
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c01111unication channels is allocated to each cell. For 
exmnpla, between tan and thirty different voice channels and 
one control channel may be allocated to any qi van cell. One 
criterion for allocatinq channels in each cell is the 

5 avoidance of excessive co-channel interference. 
Hardware embodiments of the above-described 

cellular system components are well known, and need not be 
described hara in detail. For purposes of this description, 
it is sufficient to understand that each of the base 

10 stations ~1 to 810 and each of the JllObile stations M1 to MlO 

comprise respective antennas and other radio transceiver 
equipment to be able to communicate with one another by 
means of select ones of the communication channels. Each of 
the base stations 81 to 810 and mobile stations Ml to MlO 

15 aay include a processor for controlling the operation 
thereof, and each aay further com.prise equipment for 
measuring the signal strength and the C/I of selected ones 
of the cOJDJllunication channels. 

Referring now to FIG. 2, this is an illustration 
20 of how all of the channels in a cellular system 100 are 

organized in accordance with one embodiment of the 
invention. 'rile channels are logically divided up (i.e., 
organized) into a number, N, of channel groups 201-1, ••• , 

201-N. Each channel group 201-x (1 s x s N) has at least 
25 one probe channel 203-x that. is capable of being Jlleasured 

for interference in both the uplink and downlink directions. 
A channel group 201-x may have more than one probe channel 
203-x, but for purposes of illustration, only one is shown 
in each channel group 201-x in FIG. 2. 

30 Techniques tor making both uplink and downlink 
interference measurements are well known in the art, and are 
not described bare in great detail. Essentially, for a 
probe channel 203-x that is not in use by the measuring 
cell, what is measured is signal strength of the channel. 

35 ~his siqnal strength measurement may be used directly as a 
aeasure of interference, because it is this signal energy 
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that would interfere with the cell's own use of the channel. 
Although, strictly speaking, a cell does not actually 
experience interference if the channel is not actively used 
in the cell, the measured level of •expected interference" 

5 will henceforth be referred to sblply as "interference" in 
this description. 

A technique for •easuring interference on an 
unused channel has just been described. Zf, however, the 
probe channel 203-x is in use by the measuring cell, then 

10 the level.of interference cannot be measured directly. 
Instead, a C/I measurement is made, usinq known-techniques. 
Since the measurinq cell also knows the strength of the 
carrier signal (C) that it is using, it is a simple matter 
to determine the level of interference (I) that caused the 

15 measured C/I value. 
Bach channel group 201-x has, in addition to the 

probe channel 203-:-x, a number, ~. of unmeasured channels 
205-x-y (1 ~ y ~ Ifs). The number ~ of unmeasured channels 
205-x-y in any channel group 201-x need not be constant, but 

20 can vary from group to group, and can even be zero. It is 
desirable to be able to assiqn channel groups 201-x to cells 
in such a way that the number of available channels (i.e., 
the number, Ifs, of unmeasured channels plus the number of 
probe channels) ls equal to the number of transceivers in 

25 that cell's base station. This is because if the number of 
transceivers is lower than the nwnber of available channels, 
a number of channels will never be used, which is a waste of 
system resources. Therefore, it may be appropriate to 
define the number Ifs of channels within each channel group 

30 201-x to be a small number in order to achieve a better 
"granularity". Alternatively, some larger channel groups 
might be created and assiqned to cells more permanently, 
maybe months or years, until the qrowth of traffic causes 
cell splits or other confiquration changes and to have 

35 smaller channel groups which are assigned to cells more 
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temporarily to account for short term fluctuations in 

traffic. 
In accordance with this enbodiment of the 

invention, the -••uremant resources of the cellular system 

5 100 are concentrated on the probe channels 203-1, ••• , 

203-N, and these are measured regularly. The remaining 

channels in the system 100 are the unaeasured channels 

2os-1-1, 205-N-K,,, which, as the name implies, are not to be 

measured. Each channel that cannot be measured in 1'oth the 

10 uplink an4 downlink directions, such as AMPS (analog) or 

broadcast channels, should be treated as one of the 

unmeasured channels 205-x-y in accordance with this 

eml>odiment of the present invention. 
A strategy for allocatinq channels to cells in the 

15 cellular system 100 will now be described with reference to 

the flowchart of FIG. 3. In practice, these steps are 

preferably carried out by well-knC?WJ1 measurement equipment 

located in the mobile stations (for downlink) and in the 

base stations (for uplink), and by processinq means, such as 

20 a qeneral purpose digital computer, coupled to receive the 

measurements and programmed to perform the followinq steps. 
Xn step 301, for each of the cells Cl to Clo, both 

uplink and downlink interference measurements are made on 

each of the probe channels 203-1, ••• , 203-N. Because the 

25 number of probe c~annels 203-1, ••• , 203-N is preferably 

relatively small when compared to the total number of 

channels (i.e., nwnber of probe channels plus number of 

unmeasured channels), there is no difficulty in makinq all 

of these measurements. Also as explained earlier, 

30 interference on unused ones of the probe channels 203-1, 

••• , 203-N is preferably determined simply by measurinq the 

signal strenqth on these channels. For those ones of the 

probe channels 203-1, ••• , 203-N that are in use by the 

cell, interference is preferably computed fro• measurements 

35 of C/I, coupled with knowledqe of the cell's own carrier 

siCJJlal strenqth. 
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Hext, in step 303, the uplink and downlink 
interference measurements that were made on the probe 
channels 203-1, ••• , 203-N are supplied to an ACA algorithm 
that, in conventional systems, determines the allocation of 

5 just those probe channels 203-1, ••• , 203-N. one such ACA 

algorithm •ight, for example, take the form of, for each 
cell, determining Which probe channel has the smallest 
amount of detected interference, and than allocating that 
probe channel to the cell. other algorithms are also well 

10 known, such as those referred to in the BACKGROUND section 
of this description, and may be applied in the present 
invention. As the particular choice of ACA algorithln is not 
critical to the operation of the present invention, this 
aspect is not described here in further detail. 

15 In accordance with the present invention, after 
the selected ACA strategy is applied to determine tbe 
allocation of the probe channels 203-1, ••• , 203-N, each 
allocation decision concerning a respective ona of the probe 
channels 203-x is also applied to all of the unmeasured 

20 channels 205-x-1, ••• , 205-x-lfx, so that each probe 
channel's entire channel group 201-x is allocated. As 

illustrated in FIG. 3, the inventive ACA algorithln repeats 
steps 301 and 303 so that allocations of the channel groups 
201-1, ••• , 201-H are not static, but instead change over 

25 ti•e in order to IUlke accommodations for changing system 
conditions. 

By having each cell perform the steps illustrated 
in FIG. 3, the channel allocation strategy can be effected 
in a completely decentralized manner. However, it is not a 

30 requirement that each cell perform the steps illustrated in 
FIG. J. In alternative embodiments of the invention, 
information about interference that is detected at each of 
the calls may be transmitted to several (partly 
decentralized) or even just one (completely centralized) 

35 node that contains the necessary equipment for making 
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channel allocation decisions in accordance with the steps 
illustrated in PIG. 3. 

The theory behind the above-described strategy is 
as follows. If a cell observes low interference on any 

5 particular probe channel 203-x over a long period of time 
(e.g., over a period of time that may span hours or even 
days), it assumes t:hat none of the channels in the 
associated channel group 201-x are in use by any nearby 
cells, and that it can allocate the entire channel group 

10 201-x to itself. In this way, a nWlber of channel groups 
203-x can be allocated to each cell in the cellular system 
100, CJUided by the 11l8asurements of the probe channel 203-x 
in each group. 

In a preferred embodiment of the invention, each 
15 cell gives the probe channel 203-x priority over the 

umaeasured channels 205-x-y when it comes to assigninq a 
channel for use on a cal~. This increases the likelihood 
(but does not guarantee) that the probe channel 203-x will 
be in use, which in turn increases the likelihood that 

20 neighboring cells will detect this use and, in response, 
avoid allocating the associated channel group 201-x to 
themselves. This probe channel priority is not a 
requirement of the invention, however. 

An alternative approach is to ensure that the 
25 probe channel 203~x is always active, even if there is no 

traffic on it. This guarantees that neighboring cells will 
avoid use of an already-allocated channel group, but has the 
drawback of unnecessarily utilizing part of the radio 
spectrum. 

30 It is recoqnized that, on occasion, two cells that 
are relatively close to one another may each select the same 
channel group 201-x. In such instances, the resulting 
channel interference may be solved by, for example, 
subsequent handoff of the competing connections. 

35 The inventive ACA scheme makes ACA more feasible 
in analog systems. It is also a solution tor providing ACA 
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on broadcast channels if diqital channels are present that 

can be measured in both uplinks and downlinks, such as in 

AMPS/D-AllPS, GSM, and PDC. For.example, consider an AXPS/D­

AMPS system having 40 D-AllPS (digital) carriers and 200 

5 analoq AMPS carriers, making a total of 240 carriers. In 

accordance with the invention, the 240 carriers are divided 

up into 40 channel groups 201-1, ••• , 201-40, each channel 

group 201-x (1 s x s 40) C011lJ)rising 1 D-AMPS carrier and 5 
AMPS carriers. 

10 .It is possible to measure signal strengths and bit 

error rates in both the uplink and downlink directions on 

the D-AMPS carriers, making it therefore feasible to apply a 

"slow" ACA strategy on them. This means that each base 
station will allocate one or more D-AMPS carriers based on 

15 lonq term measurements of interference in both up- and 
downlinks • 

. However, for each D-AllPS carrier that is allocated 
to a base station in a cell, the 5 associated AMPS carriers 
are also allocated. When connecting a call to a base 

20 station, one of the channels on the carriers allocated to 

this base station is chosen. Selection of an allocated 
channel for use on a call may be based on factors such as 

whether the call is associated with an AMPS or a D-AMPS 
mobile, and whether a priority scheme, as described above, 

25 ·has been adopted in the base station. 
:It can be seen from this example that the AMPS 

system will be adaptive, based on the adaptive plan of the 

D-AJIPS system, although there are no measurements performed 

on the AMPS carriers. Allocation decisions :made in this. 

30 manner with respect to AMPS channels yield improvements in 

system performance because system utilization chanqes that 
require an adaptation of the allocation of unmeasured 
channels 205-x-y are mirrored in the utilization chanqes of 

the measurable probe channels 203-x. 
35 A preferred embodilllent of an apparatus for 

carryinq out the steps of FIG. 3 will now be described with 
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respect to FIGS. 4-6. Referring first to FIG. 4, a high 
level block diagram of the necessary processing equipment 

for carrying out the whole of the inventive procedure is 

shown. I:n this illustrated embodiment, a system is presumed 
5 to have defined therein a number, P, of channel groups 

201-1, ••• , 201-P. The elements for performing the 
processing associated with each of these channel groups 

201-1, ••• , 201-P is identical, so the following description 

is limited to a discussion of the-hardware 400-1 associated 

10 with the ~irst one of the channel groups 201-1. · It should 
be understood, however, that this description is equally 
applicable to any of the channel groups. 

As mentioned earlier, each of the channel groups 

201-1, ••• , 201-P m.ust include at least one probe channel, 

15 but it may include more than one. I:t will therefore be 
assumed that the first channel group 201-1 includes an 
arbitrary number, m, of probe channels 203-1, ••• , 203-m, 
where m ~ 1. For each of the probe channels 203-1, ••• , 
203-m. there are corresponding filtered interference 

20 measurement units 401-1, ••• , 401-m in place for generating 
a filtered interference measurement. A more detailed 

25 

description of an arbitrary one, x, of these identical 
filtered interference measurement units 401-1, ••• , 401-m 
will now be presented with reference to FIG. s. 

At each ~ime interval Tl, ~n uplink interference 

measurement unit 501 determines uplink interference on the 

probe channel 203~x in accordance with known techniques as 

described aboVe. In accordance with a preferred embodiment 
of the invention, downlink interference on the probe channel 

30 203-x is taken to be the average of the downlink 
interference levels as measured by a number, n, of mobiles 

Kl, ••• , Mn that are currently operating within the cell, 

where preferably n ~ 1. Accordingly, FIG. 5 shows n 
downlink interference measurement units 503-1, ••• , 503-n 

35 which determine downlink interference on the probe channel 

203-x as experienced by a corresponding one of the mobiles 
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Ml, ••• , Jin. Bach of these •easuremants is made in 
accordance with known techniques as described above. 

The downlink interf arance measurmnents are made 
once every ti.lie interval T2, and summed in a·first smmning 

5 unit sos. The output of the first summing unit 505 is 
provided to a first dividing unit 507 that divides the sum 
J:»y the nUllber n in order to obtain the avera9e measured 
downlink interference value. 

The output of the filtered interference 
10 measurUlel\t unit 401-x is taken to be the average of the 

uplink interference value 511 and the avera9e downlink 
interference value 509. This is produced by providing each 
of the uplink interference value 511 and the average 
downlink interference value 509 to respective inputs of a 

15 second smmning unit 513, and supplying this to a second 
dividing unit 515 that divides by 2. 

Returning now to PIG.·4, output~ from each of the 
filtered interference measurement units 401-1, ••• , 401-m 
are averaged by being supplied to respective inputs of a 

20 third ammning unit 403, the output of which is supplied to a 
third divider 405 that divides by the number m. 

The output of the third divider 405 is than 
supplied to a filter 407 which generates the value upon 
which an allocation decision processor 409 will operate. 

25 The operation of the filter 407 will now be described in 
greater detail with reference to FIG. 6. 

In a preferred embodiment of the invention, the 
f iltar 407 is a one pole infinite impulse response (IIR) 
filter that generates a sequence of outputs from a sequence 

30 of inputs. The nth output, y., of the filter 407 is related 
to the nth input, x_, by the followinq equation: 

Ya • Y.1 + k • (X. - Y.1) , . 
where k is a constant, and y., y.1 and x. are all 
interference values expressed in Watts. 'l'he value of k is 

35 preferably 10~ or smaller. The filter 407 illustrated in 
nG. 6 generates the desired output as follows. The input 
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x. is supplied by the output of the tbird divider 405 to a 
first scaling unit 601 that generates an output that is k 

times the input value. The output of the first scaling unit 
601 is supplied to a first input of a fourth S1111l11ling unit 

5 603. A second input of the fourth s'Wlmlinq unit 603 receives 
a signal that is (1-k) times the previous output value, y .. 1, 

and which is generated by the delay unit 605 and second 
scaling unit 607 as shown. Those having ordinary skill in 
the art will recOCJDize that the filter 407 operates as a low 

10 pass filter, whose time constant is determined by the value 
Of k. 

Returning now to FIG. 4, the allocation decision 
processor 409 receives outputs from each of the filters 407 
associated with each of the channel groups. The allocation 

15 decision processor 409 performs step 302 that was described 
above with reference to FIG. 3. As indicated earlier, the 
steps involved in decidinq which of the channel groups 
201-1, ••• , 201-P to allocate to the cell will depend upon 
the particular ACA strategy that is selected. The strategy 

20 may be to select that one of the channel groups 201-1, ••• , 
201-P that has the lowest filtered interference value (from 
the filter 407). Alternatively, the strategy may be simply 
to allocate that one of the channel groups 201-1, ••• , 201-P 
whose filtered interference value is an acceptably low 

25 value, even if it is not the lowest compared with other 
channel qroups. 

In another aspect of the invention, it is possible 
to define two different types of channel groups 201-x 
according to the reuse partitioning principle. A first type 

30 of channel group 201-x comprises groups of channels which 
typically are used at a Slllall distance around base stations 
and which require only a low transmission level resulting in 
extra low disturbance and a short reuse distance for the 
same radio channel. A second ~ypa of channel group 201-x 

35 comprises groups of chann~ls which typically occupy the 
periphery of larger cells around base stations and which 
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require a high transmission level resulting in considerable 
disturbance and a relatively long reuse distance for the 
same radio channel. 

An alternative embodiment of the invention, which 
5 is particularly advantageous where downlink interference 

measurement resources are scarce (e.g., GSM) or nonexistent 
(e.g., AMPS and 'l'ACS), will now be described with respect to 
FIG. 7. In this embodiment, interference measurements are 
performed on all of the channels in the syst~ 100, not just 

10 a select -nUJDber of probe channels. The channels are divided 
up into a number, N, of channel groups 701-1, ••• , 701-N. 
Each channel group 101-x (1 s x s N) comprises a number Ms 
of channels 703-x-y (1 ~ y s lfa), where the number Ha of 
channels in any given channel group 701-x need not be 

15 uniform from group to group. In accordance with this 
alternative ACA strategy, interference measurements are made 
on all of the channels.· These ·measurements may be made in 
both the uplink and downlink directions., if possible, or may 
only comprise uplink interference measurements, as in the 

20 case of analog systems. Then, for each channel group 101-x, 
the measurements for the constituent channels 703-x-1, ••• , 
703-x-Mz are combined to form a measurement value 
representative of the qroup as a whole. For example, the 
interference measurements may be averaged on a per-group 

25 basis. The method and apparatus described above with 
respect to FIGS. 4-6 may be used to implement this 
embodiment of the invention as well. Then, the set of 
average measurements are applied as inputs to an ACA scheme 
which, for example, might comprise allocating to a cell that 

30 one of the channel groups 701-x having the lowest average 
interference value. 

This strategy is advantaqeous, where feasible 
(i.e., where measurements can be made on all channels in the 
system 100), because the total number of measurements per 

35 time unit on a qroup is much higher than the number of 
measurements per individual channel. This results in better 
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channel reallocation decisiODSI instead Of reallocating a 

channel whose infrequent utilization can be aistaken for 
non-use by nearby cells, a channel group 701-x is 
reallocated on the basis of combined aeasureaants of all of 

5 the channels in the group. This embodiment of the invention 

is particularly well-suited for use in ayat... where 

downlink.measurement resources are scarce or non-existent 

because, by basing an allocation decision on a combined 
uplink measurement instead of on uplink measurements for 

10 individual channels, it is statistically more likely that 

the decision will be baaed on an accurate assessment of 
whether the channels in question are already in use in a 

nearby cell. That is, if one were to aeasure uplink 

interference on only one channel, a low interference value 
15 would not necessarily aean tha~ the neighboring cell was not 

using this channel. Thus, the channel could not be 

allocated to a present cell with the confidence that this 

would not cause interference. However, if it is determined 
that low uplink interference levels are detected on most, or 

20 all, channels belonging to a particular channel group 701-x, . 
then it is very likely that this is because the neighboring 

cells have not allocated this channel group 701-x for their 

own use. consequently, the present cell can make a 
reasonable decision to allocate the channel group 701-x for 

25 its own use. 
The above-described embodiments of the invention 

iaprove ACA performance for both diqltal and analog systems. 
This aethod can also be applied to adaptive planninq o~ 
broadcast channels by including a broadcast channel as an 

30 unaeasured channel 205-x-y in a channel group 201-x. 
. By dividing the channels into the N channel groups 

201-1, ••• , 201-N, the diaensions of the channel allocation 
probl•• are reduced. Instead of monitorinq all channels and 

treatinq thea individually, only a fraction of the channels 

3 5 are ~onitored. 
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'l'be invention has been described vith"raferenca to 
a particular embodi•ant. However, it will be readily 
apparent to those Skilled in the art that it is possible to 
embody the invention in apecif ic f OZ'llS other than those of 

5 the preferred embodiJaant described above. This may be done 
without departinq from the spirit of the inve~tion. The 
preferred fllllx)diJDent is aarely illustrative and should not 
be considered restrictive in any.way. The scope of the 
invention is CJiven by the appended claims, rather than the 

10 precedinq.description, and all variations and equivalents 
which fall within the ranqe of the clai11S are intended to be 
mnbracecl therein. 
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1. In a cellular communication syst- comprising a 
plurality of cells and a plurality of channels, the 
plurality of channels comprising a plurality of probe 

5 channels for vbich interference can be measured in bath 
uplink and downlink directions and a plurality of unmeasured 
channels far which interference aeasur-nts are not .. de in 
botb uplink and downlink directions, a aetbod of allocating 
the plurality of channels, comprising the steps of: 

10 -organizing the plurality of channels into a 

15 

plurality of channel groups, wherein each channel group 
comprises at least one probe channel, and wherein at least 
one of the channel groups further comprises at least one 
unmeasured channel; and 

for each one of ~e cells, performing an 
allocation routine.comprising the ~taps of: 

monitoring at least one of the channel groups 
by making and collectinq uplink and downlink interference 
measurements on said at least one·probe channel of said at 

20 least one of the channel groups over a pr~eteriained time 
period; 

analyzing the collected uplink and downlink 
interference measurements; and 

allocating a selected one of the monitored 
25 channel groups to -said one cell in dependence on the 

analyzed uplink and downlink interference measurements. 

2. The method of claim 1, wherein for each one of the 
cells, the allocation routine is performed in said one of 

30 the cells. 

3. The method of claim 1, wberein the selected one of 
the monitored channel groups is one of the channel groups 
that further comprises at least one unmeasured channel, 

35 whereby said at least one unmeasured channel is allocated to 

I lllllll llllll lllll lllll II llll 
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said one cell wbenaver tbe selected one of the monitored 
channel groups is allocated to said one cell. 

4. Tba Mthod of claim 1, wherein the plurality of 
5 mmaasured channels includes a channel for use in an analoq 

cellular communications system. 

s. The aetbod of claim 1, wherein: 
the step of analyzing the collected uplink and 

10 downlink interference lll8asurements comprises generating a 
filtered measurement from the collected uplink and downlink 
interference measurements; and 

the step of allocating the selected one of the 
monitored channel groups to said one cell in dependence on 

15 the analyzed uplink and downlink interference measurements 
comprises allocating the selected one of the monitored 
channel 4J1"0Ups to said one ceil in dependence on a 
comparison between the filtered :measurement and a predefined 
threshold value. 

20 

6. In a cellular c011JDunication systea comprising a 
plurality of cells and a pluraiity of channels, the 
plurality of channels comprising a plurality of probe 
channels for whieh interference can be measured in both 

25 uplink and downlink directions and a plurality of unmeasured 
channels for which interference measurements are not made in 
both uplink and downlink directions, a method of allocating 
the plurality of channels, comprising the steps of: 

organizing the plurality of channels into a 
30 plurality of channel groups, wherein each channel group 

comprises at least one probe channel, and wherein at least 
one of the channel groups further comprises at least one 
unmeasured channel; and 

for each one of the cells, performing an 
35 allocation routine comprising t:he steps of: 

li1i1Hi1tiiOi 
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•onitori119 at least two of the channel groups 
by making and collecting uplink and downlink interference 
measurements on said at least one probe channel of each of 
said at least two of the channel groups over a predetermined 

s time period; 
analyzing the collected uplink and downlink 

interference aeaauraaents by generating, for each one of 
said at least two of the channel groups, a f ilterecl 
measurement from the uplink and downlink interference 

10 measureaents collected for said each one of said at least 
two of the channel groups; and 

allocating a selected one of the monitored 
channel groups to said one cell in dependence on a 
comparison to one another of the filtered measurements of 

15 each one of said at least two of the channel groups. 

7.. In a cellular coamunica~ion syst•• CODlprisinq a 
plurality of cells and a plurality of measurable channels 
for which interference can be measured in at least one of 

20 uplink and downlink directions, a •ethod of allocating the 
plurality of measurable channeis, coaprising the steps of: 

organizing the plurality of channels into a 
plurality of channel groups, wherein each channel group 
comprises at least one measurable Channel, and wherein at 

25 least one of the Channel groups COllprises at least two 
measurable channels; and 

30 

for each one of the cells, performing an 
allocation routine comprising the steps of: 

monitoring at least one of the channel groups 
by making and collecting interference measurements on each 
one of said at least one measurable channel of said at least 
one of the channel groups over a predetermined time period; 

analyzing the collected interference 
measurements; and ---------
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allocating a selected one of the monitored 
channel groups to said one call in dependence on the 
analyzed interference measurements.· 

5 8. '!ha -tbod of claim 7, wherein each of the 
measurable channels.is a channel for which interference can 
be aeasurad in both tbe uplink and downlink directions. 

9. The method of claim 7, wherein the step of 
10 analyzing.the collected interference measurements comprises, 

for each of the at least one of the channel groups, 
gen~ating an average interference measurement from the 
collected interference measurements. 

15 10. In a cellular communication system comprisinq a 
plurality of cells and a plurality of channels, th• 
plurality of channels comprising a plural! ty of ·probe . 
channels for which interf arence can be measured in both 
uplink and downlink directions and a plurality of umaeasured 

20 channels for which interference ••asurements are not made in 
l:)oth uplink and downlink directions, an apparatus for 
allocating the plurality of channels, COlllprising: 

means for organizing the plurality of channels 
into a plurality.of channel groups, wherein each channel 

25 group comprises at-least one probe channel, and wherein at 
least one of the channel groups further compri•es at least 
one unmeasured channel; and 

for each one of the cells, means for performing an 
allocation routine comprising: 

30 means for monitoring at least ~ne of the 
channel groups by makinq and collectinq uplink and downlink 
interference measurements on said at least one probe channel 
of said at least one of the channel groups over a 
predetermined time period; 

35 means for analyzinq the collected uplink and 
downlink interference measurements; and 
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••ans for allocating a selected one of the 

monitored channel groups to said one cell in dependence on 

the analyzed uplink and downlink interference maasuraaants. 

5 11. The apparatus of claim 10, wherein for each one of 
the calls, the means for performing the allocation routine 

is located in said one of the cells. 

12. The apparatus of claim 10, wherein the selected 
10 one of the aonitored channel groups is one of the channel 

groups that further coaprises at least one unaeasured 
channel, whereby said at least one unmeasured channel is 

allocated to said one cell whenever the selected one of the 

monitored channel groups is allocated to said one cell. 
15 

13. Th• apparatus of claim 10, wherein the plurality 
of .unaeasured channels includes a channel for use in an 
analog cellular cmmaunications system. 

20 14. The apparatus of claia 10, wherein: 
the aeans for analyzing th~ collected uplink and 

downlink interference aeasurements comprises means for 
generatinq a filtered measurement fro• the collected uplink 
and downlink interference measurements; and 

25 the means for allocatinq the selected one of the 
monitored channel caroups to. said one cell in dependence on 

the analyzed uplink and downlink interference measurements 

comprises aeans fo~ allocating the selected one of the 
monitored channel groups to said one cell in dependence on a 

30 comparison between the filtered measurement and a predefined 

threshold value. 

15. In a cellular comauni~ation system comprising a 

plurality of cells and a plurality of channels, the 

35 plurality of channels comprising a plurality of probe 
channels for which interference can be measured in both 
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uplink and downlink directions and a plurality of unmeasured 
channels tor which interference measur-anta are not •ade in 
both uplink and downlink directions, an apparatus for 
allocating the plurality of channels, comprising: 

means for orvanizinq the plurality of channels 
into a plurality of channel groups, wherein each channel 
group ccmpriaes at least one probe channel, and wherein at 
least ona of the channel groups further CODaprises at least 
ona umneaaured channel; and 

10 ·for each one of the cells, means for performing an 
allocation routine comprising: 

means for monitoring at least two of the 
channel groups by making and collecting uplink and downlink 
interference measurements on said at least one probe channel 

15 of each of said at least two of the channel groups over a 
predetermined time period; 

means for analyzing the collected uplink and 
downlink interference measurements by generating, for each 
one of said at least two of the channel groups, a filtered 

20 measurement from the uplink and downlink interference 
measurements collected for said each one of said at least 
two of the channel groups; and 

means for allocating a selected one of the 
monitored channel groups to said one cell in dependence on a 

25 comparison to one another of the filtered measurements of 
each one of said at least two of the channel groups. 

16. Xn a cellular communication system comprising a 
plurality of cells and a plurality of measurable channels 

30 for which interference can be measured in at least one of 
uplink and downlink directions, an apparatus for allocating 
the plurality of measurable channels, comprising: 

means for organizing the plurality of channels 
into a plurality of channel groups, wherein each channel 

35 group comprises at least one measurable channel, and wherein 
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at least one of the channel groups comprises at least two 
aaasurable channels; and 

tor each one of the cells, means for performing an 
allocation routine caapriaing: 

5 .. ans for aonitoring at least one of the 

10 

15 

channel groups by llak.ing ancl collecting interference 
measureaents on each one of said at least one m~asurable 
channel of said at least one of the channel groups over a 
predetermined time period; 

means tor analyzing the collected 
interference measurements; and 

means for allocating a selected one of the 
monitored channel groups to said one cell in dependence on 
the analyzed interference measurements. 

17. The apparatus of claim 16, wherein each of the 
measurable channels is a channel for which interference can 
be measured in lx>th the uplink and downlink directions. 

20 18. The apparatus of claim 16, wherein the means for 

25 

analyzing the collected interference measurements comprises 
means for generating, for each of the at least one of the 
channel groups, an average interference measurement from the 
collected interference :measurements. 
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