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Channel Allocation in a Cellular Tel ephone System5

BACKGROUND The present 1nvention relates to celTular tel ephone systens, and
nmore particularly to the allocation of channels to cells in a cellular

t el ephone system |In cellular tel ephone comunications systens 10
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i mportant to maximze traffic-handling capacity. One factor cts
capacity is the way the totality of available comunication channels are’
al l ocated for use by particular cells within the system The use of 15 the
same channel by two or nore cells that are_in relatively close proximty to
one anot her can cause each cell to experience excessive co-channel
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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 traffic-handling
capacity.' One factor that affects capacity is the way the
totality of available communication 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'avoiding excessive co-channel

20 interference is to have each cell cperate 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-handling
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 cells that are geographically located far
enough apart (referred to as the "reuse distance") so as not
to significantly interfere with one another. The
appropriate distance for avoiding significant interference

35 will depend on factors such as the powér level at which each
of the base stations or mobiles broadcasts on that
particular channel.
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PCT/ SE96/ 00442 -2- A nunber of techniques have been devised for selecting
and assigning traffic channels in a way that-reduces the |ikelihood of
co-channel interference in a cellular conmunication systemusing a fixed
channel reuse 5 plan, #ahatumber afrienhrtﬂqabsdhaverﬁexcwea/%rti me.
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Into 5 plan, that is, a plan that does not change over time. U.S.

Patent Application No. 08/114,347, filed by R. Bodin et al.
and entitled "Channel Selection In a Cellular Communications
System", describes such a plan. Essentially, such
techniques require that an a priory channel plan be devised

10 Dby the cellular 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 number of calls that are handled by any given
cell may increase or decrease over time. Consequently,
cellular systems that utilize fixed channel reuse plans may
suffer a degradation in traffic-handling capacity as a
result of their inflexibility in the face of changing

20 conditions.

To avoid such degradation, 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 systenm
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 selecting channels from the set.

_ The general concept underlying 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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underlying A Stens IS avi n skill in
the art. Fopxgnal gquality of the downlink, and channels are ass gne on

the basis of selecting the channel with the highest carrier
to interference ratio (C/I level).

A different approach is described by G. Riva,

10 "Performance Analysis of an Improved Dynamic Channel
Allocation Scheme for Cellular Mobile Radio Systems"™, 42nd
IEEE Veh. Tech. Conf., pp. 794-797, Denver, 1992, where the
channel is selected based on achieving a quality close to or
slightly better than a required C/I threshold. Also, Y.

15 Furuya et al., "Channel Segregation, A Distributed Adaptive
Channel Allocation Scheme for Mobile Communications
Systems", Second Nordic Seminar on Digital Land Mobile Radjo
Communication, pp. 311-315, Stockholm, October 14-16, 1986,
describes an ACA system wherein the recent history of link

20 gquality 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 allcocation scheme. Such an example is
presented in K. Sallberg et al., "Hybrid Channel Assignment

25 and Reuse Partitioning in a Cellular Mobile Telephone
System", Proc. IEEE VTC ’87, pp. 405-411, 1987.

Apart from increases in system capacity, adaptive
channel allocation obviates the need for system planning.
Planning is instead performed by the system itself. This

30 feature of ACA is particularly attractive when system
changes are implemented, when new base.stations are added,
or when the environment changes, for example by the
construction or demolition of large 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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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 the 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.

Considering only digital cellular systems for the
moment, ACA schenmes have been feasible because there are
some resources for making 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 treQuencies. Downlink measurement resources are similarly
‘scarce in the well-known GSM system. Therefore, it is
desirable to provide a strategy for allocating channels that
compensates for the various limitations of downlink
measurement resources in some digital cellular systems.

35 Considering now the task of devising an ACA scheme
for use in analog systems, one is faced with a difficult
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days). Thg "f@3hnel®hllocation decision exclusively on the basis of that
channel’s uplink interference measurement may be ineffective
at limiting co-channel interference. This has resulted in
channel allocation for analog systems being manually planned
in the prior art.

10 . 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.

15" SUMMARY _

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.

20 ' 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 may be measured in both the uplink and downlink
directions. '

25 In accordance with one aspect of the present
invention, the foregoing and other objects are achieved in a
cellular communication 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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Next, in each one of the cells, an allocation

10 routine is 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
interference measurements. For exﬁmple, 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
interference 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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interference measurements to one another.

In 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 reguirement that

10 Dboth uplink and downlink measurements be made; the ability
to make measurements in only one direction is sufficient,
although making measurements in both uplink and downlink
directions is permissible. In 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, not just individual channels. For example, the
measurements 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 significantly
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.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention will
35 be understood by reading the following detailed description
in conjunction with the drawings in which:



15 SUMVARY 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
upli nk and downlink directions. 20 It is another object of the
present invention to provide an adaptive channel allocation strategy that

| nproves the wodsiaioge of al |l ocati on deci sions even where chanf@fmmioe
measured in both the uplink and downlink directions. 25

accordance with one aspect of the present invention, the foregoing and

ot her objects are achieved in a cellular conmuni cat i on system conprising a
plurality of cells and a plurality of channgls. The plurality of thannels
conprises a plurality of .probe channels for which 30 interference can be

neasur ed Id n Eoth uplink aye. dQW!l!blQ?s&kéﬂﬂi&ﬂia@?dnaipiw&dﬁihgoﬁ:en

ot b upl § k. andEBbim e HeideLAb b L Sndle S SRRENE SEgkdi'q Bhich”

exanpl e, channethe fpresent dnvanuigntewpkinqnwncaxuon system 35 The

unmeasured channel s nay hae. fQrigxanuigg:gﬂuauaa&ggfQﬁemafgah;xgaﬁdhpbfnk

I nt erferenc% rreafijre tsc%a isn?n 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 . FIG. 4 is a high level block diagram of processing
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;

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

FIG. 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.

20
DETAILED DESCRIPTION
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, C1 to C10, in a cellular mobile radio telephone
system 100. The 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 larger system
which has been fragmented.

For each cell C1 to C10, there is a respective

35 Dhase station Bl to B10. FIG. 1 illustrates base stations

situated in the vicinity of the respective cell centers and



WD 96/ 31989 PCT/ SE96/ 00442 -6- such
as traffic chanpels for use in an_anal og communi cati on system such as AMPS.
In accordance with one aspect of the invention, the plurality of channel's
afe allocated by first organizing the plurallty of channels into a
plurality of 5 channel groups, wherein each channel group conprises at

| east one pwolbeswemnnel , and wherein at | east one of the chepnsRbodaupPups
further conprises at |east one unneasured channel. Next, in each one of the

cells, an allocation 10 routine is performed, conprising the steps of
nmonitoring at | east one of the channel groups by making and coll ecting
uplink and downlink interference nmeasurengnts on the probe channel of said
at | east one of the channel groups over a predeterm ned tine period. The

col:ectgd Up ha¥ing ndmﬂfkdik&ﬁﬂﬁﬁﬂﬁ$ Eh%bﬁﬁiGDCQHﬁEQﬁHkﬁE&BEioﬁéeofhF” { ed
fo the cel | a0aBERERAELS oesd oyl Be, ThSve L Sl NARTRALY 58! (o ence
measur ement s cefdr bordexrs cand fhavec dilregtional mnterinas.t here is very little
get ectteg interference ﬁfbtﬁptaa qtiqusbaaesé é&?h&ﬂ@%@?ﬁ&ﬁhﬂeglpé‘é] i od lof
bel ongs 18 ude) wRTEH Fre, Rpvai WIEB1R a26RtL and H5l aus, cBifcteci | ey
aIIocate al | apother céhhnelThe method according to the present invention
may be implemented in a cellular mobile radio system
comprising many more mobile stations than ten. In
particular, there are normally many more mobile stations
10 than there are base stations.
Also illustrated in FIG. 1 is a mobile switching
center (MSC). The mobile switching 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 switching 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 analog information, e.g., digitized speech, and
25 pure digital information, e.g., pure digital data. 1In 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 may 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




t he channel group (including the unneasured channels) to 25 itself. In
accordance with one aspect of the invention, the_entire channel allocation
process may be decentralized by having each cell performits own channel
afl ocation routine. 30 I n accordance with anot her aspect of the
I nvention, determning that there is very little interference on a probe
channel over womsee® er mi ned period of tinme nmay conprise genstférobiioss

filtered measurement fromthe collected uplink and downlink probe channel
interference 35 neasurenments, and then conparing the filtered measurenent

wi th a predeterm ned val ue. WD 96/ 31989
PCT/ SE96/ 00442 -7- Alternatively, a nunberimf-channel groups m ght be
nonitored by the cell, and a filtered interference neasurenent determ ned
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criterion for allocating 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 here in detail. For purposes of this description,
it is sufficient to understand that each of the base

10 stations Bl to B10 and each of the mobile stations M1 to M10
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 Bl to B10 and mobile stations M1 to M10

15 may include a processor for controlling the operation
thereof, and each may tﬁrther comprise egquipment for
measuring the signal strength and the C/I of selected ones
of the communication channels.

Referring now to F1G. 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. The channels are logically divided up (i.e.,
organized) into a number, N, of channel groups 20i-1, ...,
201-N. Each channel group 201-x (1 < X £ N) has at least

25 one probe channel 203-x that is capable of being measured
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 for making both uplink and downlink
interference measurements are well kxnown in the art, and are
not described here 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 This signal strength measurement may be used directly as a
measure of interference, because it is this signal energy



channel s are neasured channels. To be a neasured channel in this aspect of
the invention, it is not a requirenent that 10 both uplink and downlink
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downlink directions is pernissible. In this aspect of the invention, the
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group is nonitored over time by the cells. Allocation decisions are nade
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by a nearby tkis$ desutiptdend t herefore be avoi ded. BRI EF DESCRIPTICN OF THE

DRAMVNGS A technique for measuring interference on an
unused channel has just been described. If, 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, using known -techniques.
Since the measuring 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.

Each channel group 201-x has, in addition to the
probe channel 203-x, a number, M,, of unmeasured channels
205-x-y (1 < ¥y < M,;). The number M, 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 assign channel groups 201-x to cells
in such a way that the number of available channels (i.e.,
the number, M,, of unmeasured channels plus the number of
probe channels) is egqual to the number of transceivers in

25 that cell’s base station. This is because if the number of
transceivers is lower than the number 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 M, 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 assigned to cells more permanently,
maybe months or years, until the growth of traffic causes
cell splits or other configuration changes and to have

35 smaller channel groups which are assigned to cells more




The objects and advantages of the invention will 35 be understood by

reading the follow ng detailed description in conjunction with the draw ngs
~in which: WD 96/ 31989

PCT/ SE96/ 00442 FIG 1 is a schematic diagramillustrating ten cells in a
cellular nobile radio tel ephone systemto which the present invention
applies; FlG wodsnioae di agram showi ng the organi zation of 5 pétisEdbeoddie
channels in the cellular systemin accordance with one enbodi nent of the
invention; FIG 3 is-a flowhart depicting a strategy for allocating
channels to cells in the cellular systemin accordance with one enbodi nent
of the invention; 10 FIG 4 is g kigh | evel block diagram of
processi ng equi pnent for carrying out the invention; FIG 5 is a block

di agram of an tpppordrily do mceduntngon shdtertednpfibectuabions imterference

measurenent in ggfgqunce wi th one aspect of the invention; 15

FIG 6 is a scﬁena Ic diagramof_ a one,pole filter for use_wth the present
nEEﬁ

invention; and FIG 7. ikn AGRordanges¥ith ihis,embodipent; o all of the
channel s in thgneehtidm, the mpssurenent riesmerces 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 unmeasured channels
205-1-1, 205=N-M,, which, as the name implies, are not to be
measured. Each channel that cannot be measured in both the

10 uplink and 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
embodiment of the present invention.

A strategy for allocating 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-known measurement equipment
located in the mobile stations (for downlink) and in the
base stations (for uplink), and by processing means, such as

20 a general purpose digital computer, coupled to receive the
measurements and programmed to perform the following steps.

In step 301, for each of the cells C1 to C10, both
uplink and downlink interference measurements are made on
each of the probé channels 203-1, ..., 203-N. Because the

25 number of probe channels 203-1, ..., 203-N is preferably
relatively small when compared to the total number of
channels (i.e., number of probe channels plus number of
unmeasured channels), there is no difficulty in making all
of these measurements. Also as explained earlier,

30 interference on unused ones of the probe channels 203-1,
ee., 203-N is preferably determined simply by measuring the
signal strength 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 from measurements

35 of C/I, coupled with knowledge of the cell’s own carrier
signal strength.




with an alternative enbodi nent of the invention. 20 DETAI LED DESCRI PTI ON
The various features of the invention will now be described with respect to
the figures, in which like parts are identified with the sane reference
characters. 25 FIG 1 is a schematic diagramillustrating ten
cells, C1 to C10, in a cellular nobile radio tel ephone system 100. The

cel l ul ar nmowblegafemsli 0 t el ephone system 100 may be, for exappl/Seosiodsr AVPS
system Normally the nethod according to the present invention would be

i npl emented in a 30 cellular systemconprising nmany nore cells than ten.
For purposes of this description, the systemdepicted herein is considered
to be an isolated portion of a |arger sygsem which has been fragnented. For
each cell Cl to Cl10, there is a respective 35 base station Bl to B1O.

FIG 1 illustrates bafNesxt,atirostepi 803} cthe mplink iandndoyndinkhe respective

cell centers
PCT/ SE96/ 004 gegﬁf%%%g‘ omni - di ngt F%%%Iw?izr.]et gr?r?aes .onTﬁgebggghgt ajions of

adj.acent cel Fhbanpels Rk, be -1,02985N ARe$WPRIIed, Yo, ap; ACA algorithm
that, in conventional systems, determines the allocation of

§ 3just those probe channels 203-1, ..., 203-N. One such ACA
algorithm might, for example, take the form of, for each
cell, determining which probe channel has the smallest
amount of detected interference, and then allocating that
probe channel to the cell. Other algorithms are alsoc 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 algorithm 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 the
allocation of the probe channels 203-1, ..., 203-N, each
allocation decision concerning a respective one of the probe
channels 203-x is also applied to all of the unmeasured

20 channels 205-x-1, ..., 205-x-M,, so that each probe
channel’s entire channel group 201-x is allocated. As
illustrated in FIG. 3, the inventive ACA algorithm repeats
steps 301 and 303 so that allocations of the channel groups
201-1, ..., 201-N are not static, but instead change over

25 time in order to make 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. 3. In alternative embodiments of the invention,
information about interference that is detected at each of
the cells may be transmitted to several (partly
decentralized) or even just one (completely centralized)

35 node that contains the necessary egquipment for making




cell. borders and have directional antennas. FIG 1 also illustrates ten
mobile stations ML to 5 MO, which_are novable within a cell and from one
cell to another cell. The nethod according to the present invention nmay be
i ipl emented in a cellular nobile radio system conprising nany nore nobile
stations than ten. In particular, there are nornmally many nore nobile
stations 10 tQ{yvehitgée are base stations. Also illustrated ipofdidsmohad S @
mobil e switching center (MSC). The nobile switching center is connected to
all ten illustrated base stations by cables. The nobile switching center is
al so connected by cables to a fixed 15 public swtching tel ephone network
PSTN or simlar fixed network with | SDN fagglities. Al cables fromthe
nobil e switching center to base stations and cables to the fixed network

gre_ not il Ibulst raﬁafﬁﬂe%!:ﬂllﬁﬁtidﬁ gwcimdha_ mnyg&manmeihmtn?ﬂne;seﬁg es for
Toks. The cel aPERoERa B - &-Cace a plurality of radio channels for
comuni cation. The il usThertheomsbehind ghe abeve-doscribedgtrategy is
el ani o5 S ESLABASE 1810 culle Spaasses 1ok usmipeusanseton oy |1
contexi of Phe HBTSIERLF Sokd shannel” dpatrleret A sel paBied of tide
comruni cati on dfeamngl over weprriadiof &ipeathat may span hours or even

days), it assumes that 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 number of channel groups
203-x can be allocated to each cell in the cellular system
100, guided by the measurements 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
unmeasured channels 205-x-y when it comes to assigning a
channel for use on a call. 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
spectrunm.

30 It is recognized 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 for providing ACA



apd another nobile 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 nobile station and a fixed tel ephone.
A’ connectiion may be a call where two people talk to each other, but may

al so be a data comuni cati on channel where conputers exchange data. 35
Each cel | ulwoosy®gem 100 is assigned a particul ar frequencpchsedgnser which
it can operate. A set of WO 96/ 31989 .
PCT/ SE96/ 00442 - 10 - conmmunication channels is allocated to each cell. For
exanpl e, between ten and thirty different voice channels and one control
channel may be allocated to any given <ejg .- One criterion for allocating
channel s in each cell is the 5 avoi dance of excessive co-channel

i nt er f er enc eon Harcadcaste dhasined st $£ odigital whannedsc argcpresent | thatyst em

COMpONeNt s agn VL Imddliitaa A% pBERTaBRInIG dIRP Yowri1dnha) Cstion igé aih - For

pur poses of t |s descrlptlon | s _suf

ient to understand th h of
the base 10 AMBS/BrAMES, (G5¥a) @nd,EDEC, c FON - SXARRIR, €O éﬁroﬁg ﬁpf)}f
conpri se resAMPSi systen draving 4o Dbhl!PSreaﬂ.gntt]anmxiers and 200

S analog AMPS carriers, making a total of 240 carriers. 1In
accordance with the invention, the 240 carriers are divided
up into 40 channel groups 201-1, ..., 201-40, each channel
group 201-x (1 € X < 40) comprising 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
"glow" ACA strategy on them. This means that each base
station will allocate one or more D-AMPS carriers based on

15 long term measurements of interference in both up- and
downlinks. '

However, for each D-AMPS 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-AMPS 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 changes that
require an adaptation of the allocation of unmeasured
channels 20S-x-y are mirrored in the utilization changes of
the measurable probe channels 203-x.

35 A preferred embodiment of an apparatus for
carrying out the steps of FIG. 3 will now be described with




equi pnent to be able to communicate with one another by neans of sel ect
ones of the communication channels. Each of the base stations Bl to B10 and
nobil e stations ML to MO 15 may include a processor ‘for controlling the
operation thereof, and each may further conprise equi pnent for nmeasuring

t he signal strength and the C/I of selected ones of the comrunication
channel s. Refwonss@snow to FIG 2, this is an illustration Zecgdeeieyrl |~ of
the channels in a cellular system 100 are organi zed in accordance with one
embodi ment of the invention. The channels are logically divided up (i.e ,
organi zed) into a nunber, N, of channel groups 201-1, ..., 201-N. Each
channel group 201-x (1 [err] x [err] N) -hase at | east 25 one probe channel
203-x that is capable of being neasured for interference in both the uplink
and downl i nk drespectrtn PIGShadmél gReferriyg fixsy taovEIGoré, thidddgne probe

channel gr oup’ S8} Plodk @idRRmOLe! the/ Shédbadaty 9*“3“?""*%%"& pe
s for i ng bo

uplink and dowhP¥ n‘R‘mgﬁ Sgenﬂﬁgﬁ?e%rﬁl? 31"3‘%8‘3]’ ©RERA art,

and are not deshowbed Trerthian iglestratedi énbddizenti, okl gysten tsrpnﬂ!nned

channel 203 at;, ,ggh irddd Lgigrmntgemmur |1=ng°QeL_.h,anittgi. Suggasured is
si gnal strength 0 annel SI stren as renent may be
used directly 2913 nensur @BrBent QPFeFi??E%‘% ef@&'u?@rg ge €si gnal

ener gy 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 first one of the channel groups 201~1l. ' 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 must include at least one probe channel,

15 but it may include more than one. It will therefore be

) assumed that the first channel group 201-1 includes an
arbitrary number, m, of préhe channels 203-1, ..., 203-m,
where m 2 1. Por 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
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. 5.

25 At each time interval T1, an uplink interference
measurement unit 501 determines uplink interference on the
probe channel 203-x in accordance with known technigues 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
M1, ..., Mn that are currently operating within the cell,
where preferably n 2 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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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 neasured |evel of "expected
interference” 5 will henceforth be referred to sinply as "interference" in
this descripoigsi3198f techni que for neasuring interference opcpGrdspfasd
channel has just been described. If, however, the probe channel 203-x is in
use by the nmeasuring cell, then 10 the |evel of interference cannot be
measured directly. Instead, a C/| neasurenent is made, using known

t echni ques. Since the neasuring cell alsxy khows the strength of ‘the carrier
signal (C) that it is using, it is a sinple matter to determ ne the |evel

of jnterferdfte (4, Mmat Eachedftthesd neasurements/ Ls\vmade irfach channel

group 201-X deSorddhctWithORnbin! técithies” A" Aeker P84 :a&%ﬁber, Nlerr],
of unneasured channelgﬁépa-x-xééé &grr4q€gﬂﬁ?'rha errf). e nunber
Merr] of unneasured nfteve -inte €. REARBF £ axe made.qq not
be const ant ,onee e@ry fimeaintéerval gfaumnd symmed, inna first\wamningzero. |t
i's 5 unit 505. The output of the first summing unit 50S is

provided to a first dividing unit 507 that divides the sum

by the number n in order to obtain the average measured

downlink interference value. :

The output of the filtered interference

10 measurement unit 401-x is taken to be the average of the
uplink interference value 511 and the average 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 summing unit 513, and supplying this to a second
dividing unit 515 that divides by 2.

_ Returning now to FIG. 4, outputs from each of the
filtered interference measurement units 401-1, ..., 401-m
are averaged by being supplied to respective inputs of a

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

The ocutput of the third divider 405 is then
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
filter 407 is a one pole infinite impulse response (IIR)
filter that generates a seguence 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 following equation:

Yo=Y t ke (x, - Ya1) »
where k is a constant, and y,, y,, and x, are all
interference values expressed in Watts. The value of k is

35 preferably 10° or smaller. The filter 407 illustrated in
FIG. 6 generates the desired ocutput as follows. The input



desirable to be able to assign channel groups 201-x to cells in such a way
that the nunber of available channels (i.e., the nunber, Merr], of
unmeasured channel s plus the nunber of probe channel s) is equal to the
nunber of transceivers in 25 that cell's base station. This is because if
t he nunber of transceivers is |ower than the nunber of avail able channels

a nunber of cweyediseewi || never be used, which is a waste ofpgy
resources. Therefore, it may be appropriate to define the nunber % err] of

channel s within each channel group 30 201-x to be a snmall nunber in order
to achieve a better "granularity". Aternatively, sone |arger channel
groups m ght be created and assigned to <ejg s- nore permanently, maybe
nonths or years, until the growmh of traffic causes cell splits or other
configuration ghdmgsappmdieacbj'rm Iutpntobifethe etiixel djvddesr wobctoaste

I%SC‘:% %Egg/ 8842‘;&5?1?5@%11”3\/\9:1 ?'Q 3&5%%0 "ferf‘ t“ 9 ?u't:% tiusagtr ons in
traffic. In actémemiche Jnput: NP&“Enbo'E‘ﬂEﬁ'ﬂtW Pﬁetpﬁvmﬁ'érﬁcﬂ}fé‘g unit
nmeasur enent regour issswpliea ¢ol aukfrstyhiput of A0foarth commeing airdt on t he
probe chanQ§I55893 ]1 second input of the fourth summing unit 603 receives

a signal that is (1-k) times the previous output value, y,,,

and which is generated by the delay unit 605 and second

scaling unit 607 as shown. Those having ordinary skill in

the art will recognize 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 deciding 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 groups. :

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 small 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 type of channel group 201-x

35 comprises groups of channels which typically occupy the
periphery of larger cells around base stations and which



203-N, and these are neasured regularly. The remaining channels in the
system 100 are the unneasured channels 205-1-1, 205-N-Merr], which, as the
nanme inplies, are not to be neasured. Each channel that cannot be neasured
in both the 10 uplink and downlink directions, such as AWPS (anal og) or
broadcast channel s, should be treated as one of the unmeasured channel s
205-x-y in qasgmgggce with this enbodiment of the present igMaRbiddr A
strategy for allocating channels to cells in the 15 cellular systen1100
wi Il now be described with reference to the flowhart of FIG 3. In
practice, these steps are preferably carried out by well-known neasurenent
equi pnent | ocated in the nobile stations #éf" downl i nk) and in the base
stations (for uplink), and by processing ans, such as 20 a general

P oo ammea t o SISFEP 8 High LifingHisbion favd 9“’8“%3 39" S Eods Mbkante
cells Cl to Cﬂgstm‘ﬂ’plqw aaﬁslégmlhk long éi%ﬁeﬁéétﬁﬂﬁeu#%ﬁ%% are
made on each ginérradxaﬂuhaﬁmaunels 203-1, ..., 203-N. Because the 25

e compalee. o L. - i lfskmaptes Spfiddbe st Sl ekslfpa, el
channel s [ usifupareti Qs:lamweagumuaqmemgre Mink hntgrfermmy in
making al | of nblSSFel@is Yedithitces 4t Oscdrde N é%lgrl‘%d | b8 noriékistent
interference ?Q 8 %ﬁ&é’%& %chs]e Bifi)e Ch%en%escr 'with respect to
FIG. 7. In this embodiment, interference measurements are
performed on all of the channels in the system 100, not just
10 a select number of probe channels. The channels are divided
up into a number, N, of channel groups 701-1, ..., 701-N.
Each channel group 701-x (1 < x < N) comprises a number M,
of channels 703-x~y (1 £ ¥ < M), where the number M, 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 701-%x,
the measurements for the constituent channels 703-x-1, ...,
703-x-M, are combined to form a measurement value
representative of the group as a whole. For example, the
interference measurements may be averaged on a per-group
25 Dbasis. 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 coﬁprise allocating to a cell that
30 one of the channel groups 701-x having the lowest average
interference value.
This strategy is advantageous, where feasible
(i.e., where measurements can be made on all channels in the
system 100), because the total mumber of measurements per
35 time unit on a group is much higher than the number of
measurements per individual channel. This results in better




., 203-Nis preferably determ ned sinply by neasuring the signal strength
on these channels. For those.ones of the probe channels 203-1, ..., 203-N
that are in use by the cell, interference is preferably conputed from
nmeasur enent-s 35 of C/ I, coupled with knowl edge of the cell's own carrier
si gnal strength. WD 96/ 31989
PCT/ SE96/ 0044®&096ri389 Next, in step 303, the uplink and downpdmsgessnoed2
i nterference neasurenents that were made on the probe channels 203-1,
203-N are supplied to an ACA algorithmthat, in conventional systens,
determ nes the allocation of 5 just those probe channels 203-1, ...,
203-N. One such ACA algorithm m ght, fer2exanple, take the formof, for
each cell, determ ning which probe channel has the small.est anmount of
det.ect ed i nt erdrammedereahliocdiciom|dexisiong;t hinstpad vt deallocatingha cell .

ACKErRD oo g, Shpf Shle i RuL) puShon ol g b et 1 (1
i nvention. As RREUSe bYcBPAF H'o?ﬁé"oﬁ E&"&ggoﬁ?m il"ﬁ'oti'scri tical to the
operation of tremllocated onvthe ikmsgis [ofs conpivedi seasuramants ofdahdrefin
further degailgne channels in the group. This embodiment of the invention
is particularly well-suited for use in systems where
downlink .measurement resources are scarce or non-existent
bacause, 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 based on an accurate assessment of
whether the channels in gquestion are already in use in a
nearby cell. That is, if one were to measure uplink
interference on only one channel, a low interference value
15 would not necessarily mean that 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
improve ACA performance for both digital and analog systems.
This method can also be applied to adaptive planning of
broadcast channels by including a broadcast channel as an
30 unmeasured channel 205-x-y in a channel group 201-x.
By dividing the channels into the N channel groups
201-1, ..., 201-N, the dimensions of the channel allocation
problem are reduced. Instead of monitoring all channels and
treating them individually, only a fraction of the channels
35 are monitored.



15 In accordance with the present invention, after the selected
ACA strategy s applied to determine the allocation of the probe channels
203-1, ..., 203-N, each allocation decision concerning a respective one of
t he probe channels 203-x is also applied to all of the unneasured 20
channel s 205-x-1, ..., 205-x-Merr], so that each probe channel's entire
channel growmgeBissx is allocated. As illustrated in FIG 3pd, )Pﬁ%h,mntive
ACA al gorithmrepeats steps 301 and 303 so that all ocatlons 0 channel
groups 201-1, ..., 201-N are not static, but instead change over 25 ting
in order to make accomodat i ons for changi ng system conditions. By having
‘each cell performthe steps illustrated g FIG 3, the channel allocation
strategy can be effected in a conpletely decentralized manner. However, it
is not a 30 requi remmie t:hwtema.oh Mblb@ﬂhfd&ﬂbﬂmaswepn refaféncé atb i n

nter fer ence® PaF cjifns KHddIRERE, 0} 3?5‘{%*‘“ ML bE BREBLLYT, T000 (o
sever al (par?P?‘HEEEn'E? eﬁt}"!@d priilgdcin; the %ﬁﬁieﬁ-ﬁl possible tocd) 35
node that coenbody tihe irsretiony inqspectric fformiother thi® €862d 5P
PCT/ SE96/9044ge preferred embodiment described above. This may be done
without departing from the spirit of the invex;tion. The
preferred embodiment is merely illustrative and should not
be considered restrictive in any way. The scope of the
invention is given by the appended claims, rather than the
10 preceding description, and all variations and equivalents

which fall within the range of the claims are intended to be
embraced therein.




14 - channel allocation decisions in accordance mﬁth the steps
|IIustrated in FIG 3. _ThETheory petmrmnd—tihe—above—desgri bed strategy is as
follows. If a cell observVes IRBRPLACED SHEEFSon & 5 particul ar probe
channel 203-x over a | ong riod of time (e.g., over aj period of tinme that
may span hours or even daﬁﬁesq"f’t@sﬂ?ﬁ% -t-halo RAGEE -0«  he channels in the
associ at ed cheyevehiegs oup [ Claim(s) e tipagedse. Bytoapageme%.?b/ cel | serdidghoddpnt it
can allocate the entire JRDRRNing) oqgg dd..201¢ 455 nge f. :P t |shmay, a

ch cell in the

nunber of channel groups | ec
cel lul ar system 100, gui %gﬁm e 2%3%L?éﬁe ﬂ? the probe channel 203-x

I n each group. In a preferred enbodr ment _o o LIC TTIVETT] on, each 15 cel

gi ves the probe channel 203-x priority ovefthe unneasured channel s 205-x-y
when it cones hgaiﬁgggnrng a channel for use on a call. This increases the
| i kel i hood (but does not_guarante that the probe channel 203-x w Il be in

use, which in farn incr Hdt G4 eFPHB'é‘EIi‘E ™ SYSEER,SORPRSinNG (& i | |
det.ect this usplardlity of spallac andvai platality |dn;1dtﬂaanelspcthéed channel

0 Py BAUELELYSor ol e AOL, ey ohchlog 1
5 channels tot which interference can be neasured in
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:

10 -organizing the plurality of channels into a
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

15 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 uplink and downlink interference
measurements on salid at least one  probe channel of said at

20 least one of the channel groups over a pregeterhined 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, wherein 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

Iy i



25 probe channel 203-x is always active, even if there is no traffic on

It. This gquarantees that neighboring cells will avoid use of an
al ready-al | ocat ed channel gro as the dramback of unnecessarily
utilizing part of the radio sp m 30 I s recogni zed that,

el act the ‘warsapesnnel S?Euﬁ” : LTI taﬁcé’é‘e a“°;2g;ﬁ”f,i,-nga?“
a

channel interference may be solved by, f8r ®xahple, subsequent ndof f of

t he conpeting connecti ons. The inventive ACA scheme nakes ACA
nore feasible in anal og systens. It is also a solution-for providing ACA
WO 96/ 31989 PCT/ SE96/ 00442 - 15 - on

broadcast channels if digital channels a?% present that can be neasured in

both uplinksgaRd SRuNééd W%Mraihb”sﬂﬁ &'A&‘P&%si?g %For

exanpl e, cons der n ANPS ANPS s ste av] ng 40
caerers and rﬁPQaqﬁi;al of 240 carriers.

I n accordance mﬁth the |nvent|on the 240 carriers are divided up into 40

channel grougs 201-1. sne methba’Be E34imCI2NAGr i the’ Bhukalle]obk]

rising 1 carrier
Lerr] 40)5COan;aL ed channels includas a channel for use in an analog

cellular communications system.

S. The method of claim 1, wherein:
the step of analyzing the collected uplink and
10 downlink interference measurements 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 groups to said one cell in dependence on a
comparison between the filtered measurement and a predaefined
threshold value.
20
6. In a cellular communication system comprising a
plurality of cells and a pluraiity of channels, the
Plurality of channels comprising a plurality of probe
channels for which 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 the steps of: —
" This Sheet Has

I



AMPS carriers. 10 It is possible to neasure signal strengths and
bit error rates in both the uplink and downlink directions on the D AWPS
carriers, making it therefore feasible to apply a "slow' ACA strategy on
them This -means that each base station will allocate one or nore D AMPS
carriers based on 15 long term neasurenents of interference in both up- and
downl i nks. Hawevygsiessf or each D- AMPS carrier that is allocat }sﬂs»ﬁoomse :
station in a cell, the 5 associated AWPS carriers are also allocated. Wen
connecting a call to a base 20 station, one of the channels on the carriers
all ocated to this base station is chosen. Selection of an allocated channel
for use on a call may be based on factorsg,guch as whether the call is
associated with an AMPS or a D- AMPS nobil e, and whether a priority schene,

as described above, 25 has bewi®sidRicc @t F_ehgg £ B itie %gmghc @&seen
fromthis exa tem w e agdapti.yve, sed on"the
adaptive pl anr% %2’% é\ﬁfgsé %@f’%ﬁ%lﬁ&ﬂ&h‘%e&%&"ﬁ@ﬁgﬁFﬁﬁﬁﬁt S
perfornmed on (Measavenents:eRrsaid\ st deastnovecprohm chanpeli oft each36f nanner

Wi th respect tguitMdt 1ea#tCtvo Yo thd ENadnBIEGisups’ Vel A" pRe PRiYiéa
because sygtegg*iliz ti,on changes that requi?g é% adapta??%naggat e

al l ocati on™of PELPRA7 channel s 205-x-y are mrrored in the utilization
changes of analyzing the collectéd uplink and downlink

interference measurements by generating, for each one of
said at least two of the channel groups, a filtered
measurement from the uplink and downlink interference
10 measurements 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 communication system comprising 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 method of allocating the
plurality of measurable channels, comprising 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 comprises at least two
measurable channels; and
for each one of the cells, performing an
allocation routine comprising the steps of:
monitoring at least one of the channel groups
30 Dby 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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t he neasurabl e probe channels 203-x. 35 A preferred enbodi nent
of an apparatus for carrying out the steps of FIG 3 will now be descri bed
wth WO 96/ 31989 PCT/ SE96/ 00442 -

16 - respect to FIGS. 4-6. Referri | FIG 4, a high |evel block
di agram of the necessary processi rfmﬂmﬁﬂ:lﬂﬂmmufarryl ng out the whole of
the inventiweogsmsedure i s shown. [N I At ed enbogfREYsioadz2 SYSt em
is presunmed 5 to have defined therein a nunber, P, of channel groups -
201-1, ..., 201-P. The elenments for perform ng the processing associated
wi th each of these channel groups 201-1, ..., 201-P is identical, so the
follow ng descriptionis limted to a diggussion of the hardware 400-1
associated 10 with the first one of the Channel groups 201-1. It should be

under st ood, however, that Ta!ihj:aﬁiagi Rtsdledted Yiidl of #RE! h6APESHd® any of

t he channel groups, As nentioned.eaflier, each of the channel groups 201-1,

..., 201-P el grRuPS to.sald ppe cell {huﬂﬁﬂﬁnpefﬁebﬂP FRermy incl ude

nor.e than onenalyzed|intdrference heasusementd.hat the first channel group

201-1 includes an arbitrary nunber, m of probe channels 203-1,..., 203-m
5 8. The method of claim 7, wherein each of the

measurable channels.is a channel for which interference can
be measured in both the 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,
generating an average interference measurement from the
collected interference measurements.

15 10. In a cellular conmunicat;on system comprising a
plurality of cells and a plurality of channels, the
plurality of channels comprising a piurality of probe .
channels for which interference can be measured in both
uplink and downlink directions and a plurality of unmeasured

20 channels for which interference measurements are not made in
both uplink and downlink directions, an apparatus for
allocating the plurality of channels, comprising:

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 comprises 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 one of the
channel groups by making and collecting 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 analyzing the collected uplink and

- downlink interference measurements; and S T ————
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where m[err] 1. For each of the probe channels 203-1, ..., 203-mthere are
correspondlng filtered_interference_20 neasurenent unlts 401-1, ., 401-m

in place for generating a f|ILeLed_LﬂLQLigiﬁﬂﬁg_geasUrenent A nore
detail ed description of an arbitrary one hese identical filtered

i nterference measurenent uni ts m'"lm“mrn) mwi || now be presented with
reference to wo631989 25 , i nterval T1 pcarsEddrioisdak

i nterference neasurenent unit 501 det'er di nés tplink interference on the
probe channel 203-x in accordance with known techni ques as descri bed above’
In accordance with a preferred enbodi nent of the invention, downlink
interference on the probe channel 30 203-¥gis taken to be the aver age of
the downlink interference | evels as neasured by a nunber, n, of nobiles

ML, ..., M that are current neamsctoti ajlocating taraelnctednwbnacopretier ably n

[err] 1. Acco t EIf t

i 15 5037, mdnideea %lsﬁgpeg%mﬁ%i%?m G AR pepphdanca B
probe channel thezapaly¥zed jiplink and,dounlink cintevd q#gnenenepsvmmmm es
WO 96/ 31989 PCT/ SE96/ 00442 - 17 -

ML, '\@ Iﬁch of thﬁﬁee a t%';re%scﬁiﬂeﬂ? 'vﬂmrcin for each one of
the cells, 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 monitored channel groups is one of the channel
groups that further comprises at least one unmeasured
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. The apparatus of claim 10, wherein the plurality
of unmeasured channels includes a channel for use in an
analog cellular communications system.

20 14. The apparatus of claim 10, wherein:

the means for analyzing the collected uplink and
downlink interference measurements comprises means for
generating a filtered measurement from the collected uplink
and downlink interference measurements; and _

25 the means for allocating the selected one of the
monitored channel groups to said one cell in dependence on
the analyzed uplink and downlink interference measurements
comprises means for 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 communication 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

Thls Sheet Has Been Reilaced
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accordance wth known techni ques as descri bed above. The downli nk

I nt erference neasurenents are nade_once every tine interval T2, and sumred
ina first sunmng 5 unit 505. The output of the first summing unit 505 i s

provided to a first dividing unlmgmnmnmm des the sum by the nunber n
in order to obtain the average I"Hm:interference val ue. The
out put of twodsisidsered interferénce 10 " nBastrenent unit f,@.},smsaken to
be the average of the uplink interference value 511 and the average .
downlink interference value 509. This is produced by providing each of the
uplink interference value 511 and the average downlink interference val ue

509 to respective inputs of a 15 second, ?unn1ng unit 513, and supplying
this to a second dividing unit 515 thaf &7 vTdes by 2. Returnlng now to FIG

4, outputs f R iARCAnA  abiR) it (@t Bhgf&ﬁ&eggx gu.uﬂgé
..., 401-m a&g&ﬁﬁiaggd %@)EI W#ﬁ?ﬁh’%re ectl ve | nput's 2
third summin ASUTARATLR) are RothmAdeini der
405 that di vibesh tplink lmddﬂnwnniﬁkhdiaabpﬂbnoir?ﬂmapﬂimstuihtagfgh4gﬁ i's
Eatlhlegc;?:ogl ! ggg'?gfgﬁi%rgéﬂégglf gg {zg?nopera lé §§§ il# gration of the
filter 40% will now bem@RRS f9k Prgand Fé&ﬂe?hﬂe?ma%% cchannelsto FI G
6. into a 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
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. In 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

This Sheet Has Been RTlaced
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In a preferred enbodi ment of the invention, the filter 407 is a one pole
infinite i mpul se response (I1R) filter that generates a sequence of outputs
froma sequence 30 of inputs. The nth output, y[err], of the filter 407
is related-to the nth input, x[err], by the follow ng equation: [err] where

k is a constant, and y[err], y[err] and x[err] are all interference val ues
expressed i n wétsss1989he val ue of k is 35 preferably 10[err] wrrseossdsey . The
filter 407 illustrated in FIG 6 generates the desired output as foll ows.

The i nput WD 96/ 31989
PCT/ SE96/ 00442 - 18 - x[err] is supplied by the output of the third divider
405 to a first scaling unit 601 that gemepgtes an output that is 'k tinmes

the input value. The output of the first scaling unit 601 is supplied to a
first input ofata Yeast: Aneuetithe whanr@lsgzoups sconpriisemat deashetwourt h

sunmi ng unit G RaB1ECEhAnRe A add1at s (1 k) t| mes the previous output
val ue, y[err], and mhlcaﬂn%ﬁﬁgerate 353 g uni t, 605 agd gcond
scaling unit 607 as shoWf? ERfhR r&ﬂl $y meang for pexrforpipg an
recogni ze t hataklesationcroutime momprising:a | ow 10 pass filter, whose tine
constant ig determned by thgedfd Yor monitoring at least one of the
channel groups by making and collecting interference
measurements on each one of said at least one ngasuiable
channel of said at least one of the channel groups over a
predetermined time period;
10 . means for 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.
15
17. The apparatus of claim 16, wherein each of the
~measurable channels is a channel for which interference can
be measured in both the uplink and downlink directions.

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

25

. * c L M S *
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of k. Returning nowto FIG 4, the allocation decision processor 409
receives outputs fromeach of the filters 407 associated with each of the
channel groups. The allocation 15 decision processor 409 perfornms step 302
that was. descri bed above with reference to FIG 3. As indicated earlier,

t he steps involved in deciding which of the channel groups 201-1, ...,
201-P to alogusRliget 0 the cell will depend upon the parti cRCHSEWOBN42E I at egy
that is selected. The strategy 20 may be to select that one of the channel

groups 201-1, ..., 201-P that has th? | owest filtered interference val ue
(fromthe filter 407). Alternativel§,7the strategy may be sinply to
all ocate 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
| owest conpared with other channel gy, _g# anpt her aspect of the

I nvention, it is possible to define/Aw Ui e types of channel groups
201-x according to the reuse partitioning principle. Afirs ﬂﬂ&pe 30 of
channel group 201-x conprises groups whi ch Ically are used
at a small distance around base stayions and whicQ require only a | ow
transm ssion level resulting in exyra | ow disturbagce and a short reuse
di stance for the sane radi o channgl. A se d type Qf channel group 201-x
35 conprises groups of channel s/which tygfgally occ\py the

7
. VY

]
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peri phery of larger cells around base stations and which WO 96/ 31989
PCT/ SE96/ 00442 - 19 - require a_high transm ssion |level resulting.in

tonsi derabl e disturbance and a relatively |long reuse distance for the sane
radi o channel . An alternative enbodi nent of the invention, which 5 is
particul arly advant ageous where downlink interference neasurenent resources
are scar Cayp9gshogy GSM or nonexistent (e.g., AWS and TAG®I/sEséHE44n0OW be
described wth respect to FIG 7. In this enbodinent, interference
measurenents are perforned on all of the channels in the system 100, not
just 10 a select nunber of probe chgpnels. The channels are divided up
into a nunber, N, of channel groups 701-1, ..., 701-N. Each channel group
701-x (1 [err] x [err] N) conprises a nunber Merr] of channels 703-x-y (1
[err] y [err] Merr]), where the nunber Merr] of channels in any given

channel group 701-x need not be 15 wuniformfrom to . In
accordance with this alternative ACA strategy, Interference neaqurenents
are made on all ¢f the channels. These neasurenent s By be made fin both the
upl i nk and downl i{nk directions,]i4 possibldq, or mamonly corrPri upl i nk
I nterference rreas;uteng\ s, as ihp e = =
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20 case of anal og systens. Then, for each channel group 701-x, the
freasurenents for the constituent channels 703-x-1, ..., 703-x-Merr] are
conmbied—to form a measur enent value representative of the group as a
whol e. For exanple, the interference neasurenents nmay be averaged on a
per-group 25 basis. The nethod and apparatus described above with respect
to FIGS. Awg e used to inplement this embodi ment of gdygspbilpbasy i on as
wel | . Then, et of average neasurenents are applied as inputs to an .ACA
schene mhlch, for exanple, mght conprise allocating to a cell that 30 one
of the channel groups 701-x having thg,l owest average interference val ue.
This strategy is advantageous, where feasible (i.e. , where neasurenents
can be made on all channels in the system 100), because the total nunber of
measurenents per 35 tinme unit on a group is nuch higher than the nunber of
measur enents per individual channel. This results in better WO 96/ 31989
PCT/ SE96/ 00442 - 20 -- channel reallocation decisions; instead of
real | ocati ng a channel whose infrequent utilization can be m staken for
non-use by nearby cells, a channel group 701-x is

C smrr )

MEASURE UPLINK &
DOWNLINK INTERFERENCE —301
ON PROBE CHANNELS

1

ADAPTIVELY ALLOCATE CHANNEL GROUPS
70 CELLS, BASED ON UPLINK AND DOWNLINY 1303
NEASUREMENTS OF PROBE CHANNELS
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reall ocated on the basis of conbined neasurenents of all of 5 the channels
in the group. This enbodinent of the invention is particularly well-suited
for use in systens where downlink neasurenent resources are scarce or
non- exi stent because, by basing an allocation decision on a conbined uplink
measur enent instead of on uplink neasurenents for 10 individual channels,
it is statiwoissasldsy nmore |ikely that the decision will be BapSgbspssdn -
accurate assessnent of mhether the chyﬁnels in questlon are already in use

in a nearby cell. she - e Gt o+ efice on
only one channel ,/ & Iom1|nterference vajigat woul d not necessari|y nean
that the neighbofi hg cell was not using channel . Thus, the-chpnnel
coul d not be alfocated to a present cel ISAXW the confidence that fhis
woul d not caugk inferference. However, iRYSis deternined that | o uplink
interference A evel § are detected on nnst*:?iﬁuzo all, channels belfnging to
a particul ay channgé—g+oup—/0l- a¥=Ta = = ha S
because t he| nei ghboring cells have not allocated thls channel grodp 701-x
for their o usfe. Consequently, the present cell can nake a redsonable

decision to| al locate the channel group 701- or 25 its own uSg The
above- descr| bed enbodi nents of the inventioi i nprove ACA perfor@nce for
both digital /and anal og systens. This nmethpd ican al so be ggplied to
adaptive pl gnni ng of
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broadcast channel s by including a broadcast channel as an 30
channel 205-x-y in a_channel group. 201-x. By dividing the channels into the
N channel groups 201-1, ., 201-N, the dinmensions of the channel

&l | ocati on problem are reduced. Instead of nonitoring all channels and
treating themindividually, only a fraction of the channels 35 are

noni t or ed. woo)iosH/ 31989 PCT/SE96/00442

PCT/ SE96/ 00442 - 21 - The invention ha$/been described with reference to-a
particul ar enbodi nent. However, it will bg readily apparent to those
skilled in the art that it is possible Qe

unnmeasur ed

y the invention jn specific
forms other than those of 5 the prefer@% di ment described above. This
may be done wi thout departing fromthe ﬁ@gg fof the invention. The
preferred enbodinent is nmerely illustra

_ gg%? shoul d not be consi dered
restrictive in any way. The scope of the e ion is given by the appended

clainms, rather than the 10 preceding descrjption, and all variations and
equi val ents which fall within the range of The clainms are intended to be

enbr aced thereiar
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The Swei ~sh Patent COcfie2 - 22 - WHAT IS CLAIMED I S: 1. In a
~cellular communi cation systemconprising a plurality of cells and a
plurality of channels, the plurality of channels conprising a plurality of
probe channels for which interference can be neasured in both uplink and
downlink directions 5 and a plurality of unnmeasured channels for which
interferen rements are not nmade in both uplink and e omnle
dlrectlonsgﬁ%aﬁéﬁﬁod of allocating the plurality of channgﬁg %onp}|5|ng
the steps of: organizing the plurallty of channels into a plurality of
channel groups, wherein each channel pr conprises at |east one probe
channel, and wherein 10 at | east one o he channel groups further
conprises at |east one unneasured channel; and for each one of the cells,
perform ng an allocation routine conprising the steps of: nonitoring at

| east one of the channel groups by making and 15 col l ecting uplink and
downlink interference neasurenents on said at | east one probe channel of
said at |east one of the channel groups over a predeterm ned tinme period;
anal yzing the collected uplink and downlink interference neasurenents; and
allocating a sel ected one of the nonitored channel groups to 20 said one
cell in dependence on the anal yzed Qpllnk and downlink interference

nmeasur enent s. ’
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2. The nethod of claim1, V\,herel n for each one of the cells,
“the.allocation routine is perforned_in said _one of the cells. 25 3.

The method of claim 1, wherein the selected one of the nonitored channel

gtoups is one of the channel groups that further conprises at |east one

unmeasur ed channel, whereby said at | east one unnmeasured channel is

al l ocated twoe&s®ss -23 - one cell whenever the sel ected gRgsEénddie

noni t ored channel groups is allocated to said one cell. 4. The

met hod of claim 11, wherein the plurallty of unnmeasured channels 5 incl udes
a channel for use in an anal og cel | J'&r " communi cat i ons system 5.

The nmet hod of claim 1, wherein: the step of analyzing the collected uplink

and downlink interference nmeasurenments conprises generating a filtered

nmeasurenent fromthe collected uplink 10 and downlink interference

measur ements; and_the s nmoni t or ed
channel groups t§ said one cell in dependence on the analyzed up i nk and
downlink interfenence neasurenents conprises aIIocakin t he sel ected one of
the nonitored chdnggl -gifoups to sa? one cell ndence §n conpari son
bet ween the fi ldeq reasur Qren aed p edef| ned |t hrg8hold vpl ue. 6.
In a cellular cbn |Gat|onsys emdo I si pg a pl Iltiof celfs and a
plurality of cﬁﬁrn s,=tlhe Ziurélﬁgj of chapnel s Copri sing ¢ plurality of
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. pirmmm— . PCI/ A
ehannel s for which interferend@®he Swellizh PamntiD8F N]bot h upl i ik éﬁc? 6d A4k

directions 2 0 and a plurality{PoT Intamessused chanagl s for whigh -5 1997
interference neasurenents are not nade ||n ooltn upt fnkhand Jdovvnl ink
directions, a nmethod of allocating the plurality of cparpels—eofPri-sStng
the steps of: organizing the plurality of channels infRERL A{IEMEN " BT
channel groups, wherein each channel group conprises pt |east one pr bg
channel, and wherein 2 5 at least one obhathe channel. grp h?rvtﬁ
conprises at |east one unneasured channel; and for eafh o e 0
“performn an aI | ocation routine conprising the stepsjo
noni tori ng dSSELAIMER IShe channel groups by makl g and coI I ecting
uplink and dovvnl i nk |nterfe{1 nce neasurenments on said at fE€ast OnNe_ probe

channel of leach of sai B &CC/WAE FOmyHNiGation, system: CoMPrising 3 puralify of gells
predet er m &fKh pluf@itp OF cRehneR, the (?h?rrgg?u rf channels %om% ﬁyk %Slfdﬁ{gﬂy 192 f,mg%l | ect ed

uplink and domnllnk i nterferenc enent s ch one

of said at chapnels fomhmh intbefereheecanl begneaspred ia botH tslirkdandrizsuliaiaiecddem t he
upl i nk %gad terfer ence neasurenments collected for said each one
B f%

of sai d Pﬂlﬂlﬁ@u&ﬁiaﬁmgne gfqmmich mf@mn@otacasugnmnmreuwd one

Compar 2‘3%@5 e TR oS FOPRACifeR PR, % BEBed B anechng BERNRERA: “cai o

at |east totnnéls] Esmprisg gk s#poeps.

organizing the plurality of channels into a plurality of channel

dqd lls,

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

and

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

15 collecting 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;

analyzing the collected uplink and downIink interference
measurements; and

| allocating a selected one of the I_nonitofed channel groups to

20 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 the cells.
25

3. The method of claim 1, wherein the selectéd one of the monitored
channel groups is one of the channel groups that further comprises at least one

unmeasured channel, whereby said at least one unmeasured channel is allocated to said

* [ L ] S * ’
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7. In a cellular panuﬂ@aat¢gmgsy$15nnFonprls
cells and a plurality of neas ers 1or which in
Jreasured in at 15 |east one of uplink and downlink direc
allocating the plurality of measurable channels, conprisifn
organi zing the plurality of channels into a pIurallty of [chan
wherei n each channel group conprises at |east one neasur
wherein at | east one of the channel gr-o28s conprises at
measur abl e channel s, 20 and wherein each channel group fur l.ses
at |east one upneasured channel: and for each one of the cells, performng
an al | ocatangsel sthengver thesrlected gpef the mopiorsd channel genuph is %loc#téﬁiq saihe of
t he chanan Q%ﬁups by making and 2 5 collecting interference neasurenents
~on each one of said at |east one neasurable channel of said at |east one of

t he channel groups over a predeterm ned tinme period; analyzing the
.collected interference neasurenents; and -25- allocating a sel ected one
of the nork.tored channdhe glﬂﬂlquﬂftciﬁlsal,dﬂhmandm plmdxwepmmwdmhanmﬂs

anal yze |nterfer nce asurenent s he net hod of claim 7,
her o1 nSedBHHoAg S FETRELIOR i RerciRaingaeLulas comauaicatiom sYPeR. whi ch

I nterference can be neasured in both the uplink and downlink directions. 9.
The nethod of claim 7, wherein the step of analyzing the collected

5. The method of claim 1, wherein:

 the step of analyzing the collected uplink and downlink interference

measurements comprises generating a filtered measurement from the collected uplink

ﬁg St eps of :

eIs, an

10 and downlink interference measurements; and
the step of allocating the selected one of the monitored channel
groups to said one cell in dependence on the analyzed uplink and downlink interference
measurements comprises allocating the selected one of the monitored channel groups to
said one cell in dependence on a comparison between the ﬁltered méasurement and a
15 predefined threshold value.

6. In a cellular communication system comprising a plurality of cells
and a plurality of channels, the plurality of channels comprising a plurality of probe
channels for which interference can be measured in both uplink and downlink directions
20 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 plurality of channel
groups, wherein each channel group comprises at least one probe channél, and wherein
25 at least one of the channel groups further comprises at least one unmeasured channel;
and
for each one of the cells, performing an allocation routine comprising

the steps of:

* c L M H *
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Winterference measurenents codpnﬁseSpﬂﬁorﬁeach;o£Wthe at Ieagguﬁﬁé98FIQ%é*2
channel 10 groups, generating an average I nterference ne E
;collected interference nmeasurenents. 10. - In a

comuni cation systemconprising a plurality of cells and

channels, the plurality of channels conprising a pluralit 0%9@%
channels for which interference can be neasured in both I nk and.-"d
directions and a plurality of unneasure®4channels for whijch—rmterference

measurenents are not nmade in both uplink and downlink dirtections, an

apparatus for allocating the plurality of channels, conprising: .
organizing the plurality of RIadAHBE at keastdwa of the channs] gzeups by making and

roups, wh : | : nnel, .
and aner of OUEEAnE GRSk BB ERARY B ieher BT baif IR ABE oFIRC
one unneasghaflelcdTaacte bf saidat 1B tvwa 6N thethame! ghsups @vesa predaw@emined gy f or m ng
an allocation routine conprising: 25 nmeans for

noni t or i ngperiod;east one of the channel groups by nmaking and collecting

upl i nk d downlink interference neasurenents..on said at .| easif one probe
channel %f said at |east oném%f'z'f‘g@lec‘?ﬂﬁﬁ'ﬁauglr‘%ﬁg gow “ﬁ“ﬁFeé EP m ned
time periOffeasurernétis b ts--atg%ﬂ 6 GcH Hhe' 91 Ezﬁ_& at RastGWoTT thiPeHafel FOuFAOUN! | NK

i nterference neasure
filtered measurement from the uplink and downlink interference measurements

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
10 said one cell in dependence on a comparison to one another of the filtered '

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

7. In a cellular communication system comprising a plurality of cells
and a plurality of meésurable channels for which interference can be measured in at
15 least one of uplink and downlink directions, a method of allocating the plurality of
measurable channels, comprising 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 least one of the channel groups comprises at least two measurable channels,
20 and wherein each channel group further comprises at least one unmeasured channel;
and
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
25 collecting interference measurements on each one of said at least one fneasurable
channel of said at least one of the channel groups over a predetermined time period;

analyzing the collected interference measurements; and

A
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sreans for allocating a selecte

one cell in dependence on the Shbk.and--dbwnl i nk mﬁe?f»é? en@ﬁé’
Jreasurenments. 11. The apparatus of claim 10, whBje

one of the cells, the neans for performing the allocation A

| ocated in said one of the cells. 10 12. The

claim 10, wherein the selected one of the nonitored channg gr@ggsmy% .ane
of the channel groups that further conp2jses at |east oneju neasured

channel, whereby said at | east one unneasured.channel is
one cell whenever the selected gne of the nonitored channel_g
allocated to said one cel | . alosating a selected one of theanegjfnsed,channe

n anal og i o &1 l&ydﬁﬁé #@@iﬁs%ﬂg&?%ﬁ%?#feé&%'rﬂgﬁre%eﬁi%ﬁQ“S'ppé‘r’ét usof
claim 10, wherein: the neans for anal yzi ng the

col l ected uplink and downI ink interference neasurenents conprises neans for
generatingd.a filtered bametkodeoficldimoty whereinastach of the mmsumblmhdrmbjwsld nk

|nterferen ur nts;.and the neans for all atln cted one of
the moniX o‘ﬁ@&“@%ﬁﬁ?‘(ﬁﬁ&@ﬁﬁ?ﬂ%c e}?%lmﬁ?%‘r bqﬂ?u Wgéﬁ‘?aﬁ" e anal yzed
upl i nk anddﬂ% ¥i8hd Nk interference 2 5 nmeasurenents conprises neans for

al l ocatin e sel ected one of the nonitored channel groups to said one

cell in dependence on a conparison between the filtered neasurenent and a

predefi ned threshol d val ue. AVENDED SHEET
0. The method of claim 7, wherein the step of analyzing the collected

interference measurements comprises, for each of the at least one of the channel
10 groups, generating an average interference measurement from the collected interference

measurements.

10. In a cellular communication system comprising a plurality of cells
and a plurality of channels, the plurality of channels comprising a plurality of probe
15 channels for which interférence 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, an apparatus for allocating the plurality
of channels, comprising: _
means for organizing the plurality of channels into a plurality of
20 channel groups, wherein each channel group comprises at least one probe channel, and
~ wherein at least one of the channel groups further eomprises at least one unmeasured
channel; and | |
for each one of the cells, means for performing an allocation routine
comprising:
25 means for monitoring at least one of the channel groups by
making and collecting 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

A1 w

period;
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=27 - 15 In a cel ljul an.coumuni catj on gystem conprising a

plurality of cells and a plurd ; pl urali
.comprising a plurality of probe channels for which interfer|eng&isasy SHEET
measured in both uplink and downlink directions and a plurglijty of
unnmeasur ed channel s for which interference neasurements aré¢ _'rotogml&;“a%f n
both uplink and downlink directions, an apparatus for allog¢afing the
plurality of channels, conprising: nmeanggfor organizing the pruratty—e&
channels into a plurality of channel groups, wherein each thannel group
conprises at |east one probe channel, and wherein at |east one of the
channel groups further conpinegasfosianplyzing theolleated aplinke and dowlinknnel ; and
for each q_n{e&%f the cells, nmeans for performng an allocation routine
conpri si ng“.ne 5‘?{’5%1”6‘?35%%3{“& at |east two of the channel groups by
making and col | ecting upl i nkncanelfe Qb 4 SRR T RITENERInheLn S2I d
at least 15 one probe channel of each of said at |east two of the channel
gr oups ovegroapptocsaid enecalkin depemsleper omthe amelyrned iplinkzand| dpwmintigk idterferehdeect ed
uplink and downlink interference neasurenents by generating, for each one
of sai doatMFPIEEMENEH, of the channel groups, a filtered neasurement fromthe
uplink and downlink interference 20 measurenents col l ected for said each
one of said at |least two of the channel groups; and neans for allocating a
sel ected opr of the nDITHe@pparafiRDTRRAMA0Q WRrdi® ferajach ook kelly) tikependence

on a conparison to one another of the filtered = .
means for performing the allocation routine is located in said one of the cells.

10 12. The apparatus of claim 10, wherein the selected one of the monitored
channel groups is one of the channel groups that further comprises at least one
unmeasured 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. The apparatus of claim 10, wherein the plurality of unmeasured
channels includes a channel for use in an analog cellular communications system.
14. - The apparatus of claim 10, wherein:

20 the means for analyzing the collected uplink and downlink

interference measurements comprises means for generating a filtered measurement from
the collected uplink and downlink interference measurements; and
the means for allocating the selected one of the monitored channel
groups to said one cell in dependence on the analyzed uplink and downlink interference
25 measurements comprises means for allocating the selected one of the monitored channel
groups to said one cell in dependence on a comparison between the filtered

measurement and a predefined threshold value.

|
| \\\\\\\\\\\\\\\\\%\\\\!\\Q\\ |
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.measurenent s of each one of saigd at.-'east. two of the channel ﬁgs
In a cellular conmunication s&sﬁﬁﬂﬂﬂﬂﬂﬂTﬁTﬁﬁ‘E'ﬁfhraI|ty of 0

:plurality of measurable channels for which interference can be neasured |n:
at -28 - least one of uplink and downlink directions, an apparatus for
allocating the plurality of measurable channels, conprising: means for
organi zing the plurality of channels into a pIurallty of channel groups,
wher ei n each channel group conprises at2]east one neasurable 5 channel,
and wherein at |east one of the channel groups conprises at |east two

nmeasur abl hannel s, rein_each hannel ro furt es at
| east one ‘Mnnmeasur ed cﬁhﬁmg laracrquqa\g}lc BRY SR g@eﬁ’flgaﬁ*gg?&l 8 or
per form ngpan hfﬂﬁ?bf&lﬁnﬁﬁb‘tth@ lur&l zﬁﬁxe

means for rtrlonlglorl ng at | east oﬁlﬁo 0Eehc aﬁnewpélrsenugp%plurah%ﬁf %’bﬁn

col | ecti ngchannels forrvehicle interferemceroan tbs noeaswrad lin both uplink and dewnlisadireatioas
nmeasur abl e .channel . of -said at | east_ onpe of the channel groups over a

pr edet er mi andp plnrality of paygeaspred channgsls fop a\{h}cﬂ intpriorence anqagemgntls e PPler ence
measur egeny,gqe 1:11[ soth aﬂ%ﬁ?ﬁ@déﬁlmﬁ'&%ﬁﬁ&ﬂs ﬁhﬁg E&dalﬁgftyn%f tgé Bﬁ.} Eﬁ?' tored

channel “groups one ce pend e ana erence
measur enendfschannels, comprising:

means for organizing the plurality of channels into a 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
10 channel; and
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

15 one probe channel 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 leést two of the
channel groups, a filtered measurement from the uplink and downlink interference

20 measurements collected for said each one of said at least fwo of the channel groups;

and |

meané for 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 each one of said at least two of the channel groups.

25 |

16. ~ In a cellular communication system comprising a plurality of cells

and a plurality of measurable channels for which interference can be measured in at
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:17. The appar at us ”_f:“;‘fp’T"‘éﬁ"-T"ﬁ’fl%%‘-”‘\'ﬂh%Fé‘? n,2 ach of the gpag§ MB9P
channels 20 is a channel for Wi e feiantactan be measured in both the
-uplink and downlink directions. 18. The apparatus of claim 16,

wherein the neans for analyzing the collected interference neasurenents
conprises neans for generating, for each of the at 2 5 | east one of the
channel ‘groups, an average interference neasurenent fromthe coll ected
i nterference measurenents. -28-

least one of uplink and downlink directions, an apparatus for allocating the plurality of
measurable channels, comprising: | |
' means for 6rga_nizing the plurality of channels into a plurality of
channel groups, wherein each channel group comprises at least one measurable
5 channel, and wherein at least one of the channel groups comprises at least two
measurable channels, and wherein each channel group further comprises at least one
unmeasured channel; and
for each one of the cells, means for performing an allocation routine
comprising: |
10 means for 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;
means for analyzing the collected interference measurements;
15 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
20 is a channel for which interference can be measured in both the uplink and downlink

directions.

18. The apparatus of claim 16, wherein the means for analyzing the
collected interference measurements comprises means for generating, for each of the at
25 least one of the channel groups, an average interference measurement from the

collected interference measurements.

|-
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A cellular communication system has
a plurality of cells and a plurality of chan-
nels. The plurality of channels includes a
plurality of measurable channels for which
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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 measurable
channels, designated probe channels, may
be channels for use in a digital system. The
unmeasured channels may be channels for
use in an analog system, or broadcast chan-

NEASURE UPLINK &
DONNLINK INTERFERENCE
ON PROBE CHANNELS

——301

ncls. A method and for allocat-
ing the plurality of channels comprises ini-
tially organizing the plurality of channels

l

into a plurality of channel groups, wherein
each channel group includes at least one

probe channel, and wherein at least one of
the channe] groups further includes at least
one unmeasured channel. Then, each one
of the cells performs an allocation routine
comprising the steps of monitoring at least
one of the channel groups by making and
collecting uplink and downlink interference
measurements only on the probe channel of
cach monitored channel group over a pre-
determined time period. Then, the collected
uplink and downlink interference measure-

ments are analyzed in accordance with an adaptive channel allocation strategy. Finally, a selected one of the monitored channel groups
is allocated to the cell in dependence on the analyzed uplink and downlink interference measurements. In this manner, the unmeasured

ADAPTIVELY ALLOCATE CHARNEL GROVPS
T0 CELLS, BASED ON UPLIRK AND DONKLINK
NEASURENERTS OF PROBE CHANNELS

303

channels are also subjected to an adaptive channel allocation strategy.




