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BACKGROUND OF THE INVENTION

Many different kinds of mobile radio communication systems have
been proposed and many kinds of systems are in use. The kinds of
systems first suggested and developed were analogue systems.
There are plural kinds of analogue systems according to different
standards, e.g. those standards normally abbreviated NMT, APMS
and TACS. These systems may be classified as FDMA-type systems.

Some systems proposed and developed later than the previously
mentioned analogue éys.tems are digital systems or combined
. analogue and digital systems. There are several kinds of digital
systems or combined digital and analogue systems according to
different standards, e.g. the European standard, normally
abbreviated to GSM, and the U.S. standard TIA IS-54. These
systems and other systems such as the recently developed digital
system according to Japanese standards may be classified as TDMA-
type systems. Other digital systems, e.g. systems according to
the draft standard TIA PN 3118 to be published as TIA IS-95, may
be classified as CDMA-type systenms.

Although mobile radio commiinication- systems may be analW "
digital and may be classified as FDMA or TDMA or CDMA-type :
systems, they have a number of things in common. One thing which
is common to all cellular telecommunication systems that include



gysténs, t hey have a nunmber of things in common. One thing which is conmon
to all cellular telecommunication systens that include 2 cordl ess
communi cation is the need for handoff. Wen a nobile station is located in
one cell and hasa call connection with another nobile station or with a
subscri ber which has a fixed terninal and uses a base station for the cel
concerned for the call connection and noves further and further away from
the cell and said base station, it will be inpossible sooner or later to

use the ba?S{ﬁ&@EFoeo%?ﬁgé&fﬂ lid Ahd hedd!HRSRaRbofPNt i NUIiNg the call.

Sooner necessary to handoff to another base station
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I's that noise or i nterference fromradio signals transmtted by ot her base

and m)b| | echblel My BY vERKNDUS rdHMOHE DEdr tilandoff. One obvious reason,
which is common to all xinds of systems, is that the strength of
'the radio s1gnals transmitted by the mobile station may be too
weak when received by the base station, due to a very long
distance between the mobile and the base station. A similarly
obvious reason is that the radio signals transmitted by the base
_station may be too weak when received by the mobile station,
because of a very long distance between the base and the mobile
station. Consequently, a highly basic procedure for monitoring
thé need for handoff would be to monitor the strengths of the
signais received by either the base station or the mobile station
or by measuring the strength of the signals received at both the

base station and the mobile station.

There may be other reasons for handoff. One ob_vious reason is
that noise or interference from radio signals transmitted by
" other base and mobile stations may make it impossible to
understand or reconstruct the information forwarded by the radio
signals pertaining to the call or the quality or amount of the
information possible to understand or reconstruct may be
insufficient for the type of call concerned. A similar reason is
that the radio signals transmitted from the base and mobile
station for the purpose of the call may cause unacceptable noise
or interference on radio signals transmitted from other base and
mobile stations for the purpose of other calls. '

There may be still other reasons for effecting handoff. One
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under stand or reconstruct the information forwarded by the radio signals
pertaining to the call or the quality or amount of the information possible
to understand or reconstruct nay be insufficient for the type of cal
concerned. A simlar reason is that the radio signals transmtted fromthe
base and nobile station for the purpose & the call may cause unacceptabl e
noi se or interference on radio signals transmtted from ot her base and
nobil e stations for the purpose of other calls. There may be still other
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of system, the number of radio channels is determined by the

frequencies, whereas in a TDMA~type system, the number of

channels is determined by the time slots of the frequencies. In

a CDMA-type system, the number of radio channels is not fixed by

a number of frequencies, but is limited by the acceptable maximum
. level of noise and interference. '

In general, a successful handoff requires not only the awareness
- of the need for handoff but also requires the identification of
possible new cell base stations or new radio channels at the same
base station, and also a proper selection when more than one
alternative exists. Since the majority of cellular systems
normally have a hexagonal cell structure, most cells are
surrounded by at least six neighbour cells and theoretically,
there are at least six cells to choose from.

In scme of the existing cellular telecommunication systems, for
instance cellular mobile telephone systems, a mobile station (MS)
will be in duplex radio contact with a: base station (BS)
belonging to a serving cell. When signal strength becomes too
weak, or when the mobile passes the border to a neighbour cell,
handoff can be initiated to a base “station which generates
stronger signals.

The above description of the handoff procedure is greatly
simplified, but the technique behind the procedure is well known
in mobile telephony contexts. Variables, parameters, other than



n [}

pessi ble new cell base stations or new radi o channels at the sane base
station, and also a proper selection when nore than one alternative exists.
Si nce the majority of cellular systens nornmally have a hexagonal cell
structure, nost cells are surrounded by at |east six neighbour cells and
theoretically, there are at |east six celfs to choose from In some of the
exi sting cellular telecommunication systens, for instance cellular nobile
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data. The BEoCESSsiffe! handdr? |datldidates. It should be observed that
- "intracell"-handoff also occurs, i.e. the mobile switches to
another frequency or traffic channel within one and the same
cell, for instance when receiving and transmitting conditions are
poor.

‘"When a mobile station is in the vicinity of borders between cells
handover decisions based on comparison of actual signal strength
may cause problems because there may be frequent and rapid
changes as regards which signal is the strongest. This might lead
to frequent and rapid handoffs back and forth between two base
stations for adjacent cells. In order to avoid this a hysteresis
is introduced whereby handoff is not done until the signal
strength of a candidate base station exceeds the strength of
serving base station by a certain amount. Hysteresis is set to
equal levels with different signs on both sides of the cell
boundaries, precisely for the reason of avoiding the aforesaid
handoff back and forth due, for instance, to fading dips or
"dead~spots". Since the path losses from the base stations
concerned are generally equal, a mobile station MS which crosses
a cell border may retain its connection with the serving BS as a
result of hysteresis in the signal strength comparison.

"It is important that a mobile (MS) is connected to the correct
T cell in a cell pattern or cluster, such as 3/9, 4/12, 7/21, and
so on. This applies particularly to ‘the 3/9 and 4/12 cell
pattern, because of the short freéuency " co—channel reuse




of possi bl e handoff candi dates. It shoul d be observed that
"intracell"-handoff al so occurs, i.e. the nobile switches to another
frequency or traffic channel within one and the sane cell, for instance
when receiving and transmtting conditions are poor. \Wen a nobile station
is in the vicinity of borders between cel Ps handover decisions based on
conpari son of actual signal strength may cause probl ens because there may
be frequent and rapid changes as regards which signal is the strongest.
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hysteresis switches. By switches is meant here MSCs (Mobile Services

Switching Centres) or BSCs (Base Station Controllers).

-~ . In certain systems, the "locating"-calculations are effected in
the switch part designated TRH (Transceiver Handler), which also
organizes candidate 1lists, i.e. 1lists which organizes base
stations as handoff candidates. The handoff function in the
transceiver handler TRH examines the candidate list, allocates

1y and activates a channel and orders the mobile MS to switch to a
new channel. Those base stations whose signal strengths are
higher than a given lower threshold M, for instance -90 dBm, but
lower than an upper threshold K = 0, for instance -60 dBm, are
ranked in accordance with the K-criterion. In principle, the K-

.3 criterion is a ranking from the highest to the lowest signal
strength, including a penalty. Those signal strengths which lie
beneath the M-value are not ranked. Those base stations whose
signal strengths lie above K are considered to have sufficient
strength and are ranked in accordance with the L-criterion, which
takes, for instance, path loss and penalty into account. A
penalty is allocated to base stations which, for instance, have
failed to expedite a handoff command. The penalty is often
expressed in an additional loss allocation, in the candidate
list, to that base station which has failed to expedite a hand-
off. The penalty is also weighted into the K-criterion, and if
the signal strength should lie beneath the M-threshold. Thus, in-
the case of the L-criterion that base sta_ti%__t__x which has the



s set at a low level is the undesirable handoff s of a MS are not
sufficiently avoi ded. The overshadowi ng problemresides in the
"l ocating"-algorithmand the setting of paranmeter |evels, which formthe
basis for a handoff decision. For instance, 80 paraneters may be required
wi th each BS in sone cases. Consequentl y,6 the "l ocating"- calcul ations
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t el ephone exchange and between respective switches. By switches is neant
here MSCs glYoiid<t SEiY¥h&ES sBPeh§th NHeb8NNoRS )bl pBatsd (Bppérmbst | @7 the
Controllers),.” In certain syz%ems the "l ocati ng"-gal cul at :A%?,s are. ef.f e%t ed
in the swi PAPEFMYresfRRaPRERIRER (RPATNERISRY VANRPR PreWiRe, SdUas 128
organi zes aechadyt evd iuess ovierea given penicid @fgdimeesfonsinstanded80ads
handof f .Ca'&@éiﬁtfgé\ e dgdof f function in the transceiver handler TRH
exam nes the can |agate |'ist, allocates and activates a channel and orders
the nobile M5S to switch to a new channel. Those base stations whose signal
strengt hs ate wilbebet bshdanti freon | theerdéesorigtdlan ME fthe ibaskgroendoartBm
but | ower t a S — i d ed
i 20 r'BRIhCIBIES M ds'of1yf sibfian gg{eﬁ%&t h Yhat N cdHs dedell

in accordance Vit -criterion pnnmg \ criterion,ls.a
ranki ng frdm tHRe hI'ipeating” 1aigordthe; agdgthrts: ABngPAte; RE) thify it is
penEI Ej y. Ema}iﬂnﬁécéﬁﬁﬁ}gtm wdd Cds | m&npeasasb paeahbteatrsiefor ceancell
ranked. Thqse,base,stald 0 | L str h ' reo,:

consi dered tsg eave‘é%f #’*’gggﬁwsﬁ%ﬁgﬁqg 'a?@g?’a%gggqiégggégor%ﬁgn%glﬁc h
the L-icritcapacititdiat dgcsequiyed.ndtanan boiell dasgined jdhnah Propieas
account . AwRNd tarige alft onpidrt 0abiaplés akepe swalyltled fitito rhkamdecakave
failed to %ﬁ%gjj_te a Endoff command. The penalty is often expressed in an
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the K-crit gl hoti¥l hd added that some manufacturers of mobile telephone
systems do not avail themselves of the "path loss" criterion in

the "locating"-algorithm. Some telecommunication companies also
have their own signs for switch units (MsSC, BSC), although it
will be understood that the invention is not restricted solely to
systems which have certain criteria or names.

PRIOR ART

Generally speaking, "fuzzy"-logic is purely a generalization of
classic algebra in which two-state Boolean algebra is a set. The
"fuzzy"-logic applied- by the present invention is called the
*max-min-method". The method is based on the use of the’ logical
operators "“AND" and. "OR" and the complement. The most popular
operator, and often the most satisfactory, is the AND-operator.
When comparing variables, for instance, in "fuzzy"~logic, there
is read-out the AND=minimum=intersection, the OR=maximum=union
and the complement is as usual. AND selects the min-variable and
OR selects the max-variable.

£ The continued method of procedure is mainly as follows:
a. Allocate at least two sets for each input variable for
meaningful comparisons.



the signal strength should |ie beneath the Mthreshold. Thus, in the case
of the L-criterion that base station which has the 6 hi ghest signal
strength need not be placed uppernost in the hierarchy. The obtai ned
measur enent val ues are the equalized average val ues over a given period of
time, for instance 480 ns according to GSM It will be evident fromthe
description of the background art that,'in principle, it is only signal
strength that is considered in the "l ocating" algorithn1and that, in spite
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restricted solely to systems whi ch have certain criteria or nanes. PRI OR

ART Generally speaking, "fuzzy"-logic is, purely a general | zation of classic
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appl i ed bywdthaedh sparitablesantion is called the "nmax-m n-method". The
met hod i s based on the use of the |ogical operators "AND' and "OR" and the

conpl ement. The nost PO ul ar operator, and often the npst satisfactory, is
t he AND- op&}-at or Form F" and P"THEN® statements, which are condition

statements of the adject:l.val exp_ress-ions. "IF" and "THEN" are
bound together with the logical operators.

e. All expressions according to d. form a rulebase which is gone
through sequentially by the values of the compared variables,
parameters (the antecedents in the condition statements.

f. Each rule (condition statement) produces an output value
which affects an output set defined through its membership
function, By The output value is designated the "firing-value"
.or "rule-firing".

g. Those values which occur when the output set is affected or
influenced are called consegquences.

h. All consequénces aife weighed together, normally according to
one of the following three evaluation methods "Max-Height”,
average value method ("Average") or "centroid"-method ("Centre of
Gravity", Momentum"), which produce the "crisp"-value for any
further evaluation. In the case of the present invention, the
"crisp”-values are used to update the candidate list.

The method of procedure with regard to the centroid method is
defined remarkably well in Patent Application No. EP-A 2,424,890.
This document also discloses the state of the art with regard to
"fuzzy"-hardware and data communication between included units,
and is considered hereafter as known, particularly when it is



Wren conparing variables, for instance, in "fuzzy"-logic, there is read-out
the ANDlerrJmninmunferr]intersection, the OR[err]maxi nunferr]union and the.
conplenment is as usual. AND selects the mn-variable and OR selects the
max-vari abl e. The conti nued nethod of pr ocg/dure is mainly as follows: a.

. Allocate at |least two sets for each input Variable for neani ngful
‘conparisons. 7 b. Allocate each variable set a nenbership function
[err], i.e. a function which defines the set. Although not necessarily so,
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antecedents i n the ¢ tion stateneht’s. Each rule (condition
statenment) produces an output val ue which affects an out put set defined
through its Auermetréﬂpm tonasé oM fukey?$1og it ewikh jnutmoksil Lee tied epdminynatexth- he
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out put set IS af ected or uenced are ca consge uences
Boundary for Radio PBX", authors Y. Kinoshita&#, et al, Dept. of
Electrical and Electronics Engineering Chiba Um.vers;ty, Chiba,
260 Japan. This document describes the use of "fuzzy"-logic in
the form of a method for mapping the surface of a cell in X and
Y coordinates and for learning the cell area by simulations with
"fuzzy"-~logic. Thus, "“fuzzy"-logic is not used for handoff

decisions actively and in real time.

Another suggestion to use fuzzy-logic in mobile communication
systems is desciribed in IEEE Global Telecommunications Con-
ference, GLOBECOM '91, Conference Record (Cat. No 91CH2980-1)
Volume 2, M. Kitagawa, K Ohno, A. Kaiyama, "AN ADVANCED AIR
INTERFACE FOR INTEGRATED DIGITAL MOBILE COMMUNICATIUONS SYSTEMS"
page 1474-1479. According to this document fuzzy-logic is not
used for handover decision but for determinihg in which cell a
mobile is located. |

SBUMMARY OF THE INVENTION

The method and apparatus according to the present invention seek
to replace or simplify the "locating"-procedure with "“fuzzy-
logic" technique, so that several variables and parameters can be
weighed together in making a handoff decision. In this way, a
soft handoff decision is reached, i.e. unnecessary temporary
decisions can be avoided. "fuzzy"-hardware and}or "fuzzy"—-
software function in accordance with the minimum specification
principle, and are said to imitate the manner in which infor-
mation is judged by a human being, and hence situations such as

)
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h.* Al'l ‘consequences are wei ghed together, nornmally according to one of the
foll owing three eval uati on net hods "Max-Hei ght", average val ue net hod
("Average") or "centroid'-method ("Centre of Gavity", Mnmentuni), which
produce the "crisp"-value for any further, evaluation. In the case of the
present invention, the "crisp"-val ues ar€ used to updat e the candi date
list. The nmethod of procedure with regard to the centroid nethod is defined
remarkably well in Patent Application No. EP-A 2,424,890. This docunent
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introduce hysteresis in order to bridge obstacles in the terrain.

The following variables and. paramete:s, measured by mobiles
A and/or base stations, can be used as input data in an inventive
nfuzzy”-method and for an inventive "fuzzy"-arrangement:

a. RXLEV_DL=Receiver 1level-DownLink (BS to MS), which is the
strength of the signals received at the mobile stations. This
reported value extends from 0..63, where 0 represents ~110 dBm
and 63 represents -48 dBm.

b. RXLEV_UL=Receiver Level UplLink (MS to BS), which is the
strength of the s:tgnals received by the base stations. The input
reported values according to RXLEV_DL above.

c. RXLEV_NCELL(n)=Receiver Level Neighbouring Cell (n), which is
the signal strength measured in MS from a neighboring cell No. n.
The input reported value according to RXLEV_DL above. Although
the candidate list normally contains only 6 neighbour cells, the
mobile shall be capable of measuring the signal strength of 32
neighbour cells, for instance in the GSM systen.

d. RXQUAL DL=Receiver Quality DownLink. This variable represents
estimated BER with regard to data bursts received by MS. The
input reported values extend from 0..7, where 0 is smaller than
0.2% and 7 corresponds to more than 12.8%.



systens is desciribed in | EEE d obal Tel econmuni cati ons Con- ference.
GLOBECOM ' 91, Conference Record (Cat. No 91CH2980-1) Volunme 2, M Kitagawa,
K.Chno, A. Kaiyama, "AN ADVANCED Al R | NTERFACE FOR | NTEGRATED DI G TAL

MOBI LE COMMUNI CATI UONS SYSTEMS® page 1474;1479. Accor ding to this docunent
fuzzy-logic is not used for handover deci tfon but for deternini ng in which
cell a nobile is |located. SUMVARY OF THE | NVENTI ON The net hod and appar at us
according to the present invention seek to replace or sinmplify the
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deci si on. hi's way, decision I's reac nnecessary
t enporary dR¥QUABLLRL cakoye- avoi ded. "fuzzy"-hardware and/or "fuzzy"-
software function in accordance with the nininuntspecification principle,
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extent It ¢£fmal BOLPOSER | WE Caf® BB NI M ze the requi site software.
"fuzzy"-software can be realized in pure "fuzzy"-hardware. This is a

strength in the devel opnent of new systens, nethods, products, etc., i.e.
devel opnentgandSterednpaxamsetefscas dtnansmitsiedipaverifaend aeebhpmt basel
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product. Whim Elie.tzegu deagmmendation under, for instance, GSM Recom. 03.03,
04.08 and 05.08 ("locating"-algorithm). '

In principle, the invention is system-independent and may, in
principle, be applied in all systems in which handoff takes
place, provided that variables, parameters, are adapted to the

5 intended system and its recommendations. Examples of systems in
which methods and apparatus according to the ‘invention may
conceivably be implemented include systems according to the stan-
dards GSM, TIA IS 54, JDC, NMT 450, NMT 900, DECT, C-NET3Z, AHPS,
TACS, N-AMPS, CT-3.

At least two variables or parameters shall constitute input data
for a "fuzzy"-hardware system, a combination of "fuzzy"~-hardware
and "fuzzy"-software, or purely "fuzzy”-software. It should be
observed that when not concerned with intracell-handoff R
RXLEV_NCELL(n) will preferably be input variable, since the
strength of signals from neighbouring cells is the most important
variable in intercell~handoff (handoff to another cell).

According to the present invention, when the input data includes
many variables or parameters, these input variables and para-
meters are divided into groups of at least two variables and/or
parameters. These variables and/or parameters may occur in-
dividually in more than one group, and may even be duplicated,
triplicated, etc., and then with the values from different
measuring time points. Each group produces output data 'in the
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“introdutes soft decisions, the hysteresis can be mnimzed or, if desired,
di spensed with. However, it is sonetines desirable to introduce hysteresis
in order to bridge obstacles in the terrain. The foll ow ng variabl es and
paranmeters, neasured by nobil es and/or base stations, can be used as input
data in an inventive "fuzzy"-method and f&t an inventive
"fuzzy"-arrangenent: a. RXLEVDL=Recei ver | evel -DownLink (BS to M5), which
is the strength of the signals received at the nobile stations. This
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nmeasured di ¢hae® produced by the A/C/M/M unit and with the parameters

values obtained from MSC or BSC.
BRIEF DESCRIPTION OF THE DRAWINGS

TR Figure 1 illustrates a cellular mobile telephone system compris-
ing base stations and mobile stations;
Figure 2 illustrates an exemplifying embodiment of an inventive
“fuzzy"-hardware system;
Figure 3 (a, b, ¢, 4, e, f£f) illustrates the evaluation of two
s "fuzzy"-rules with their respective membership functions;
Figures 4a and 4b illustrate candidate lists for a mobile
station;
Figure Sa and 5b illustrates membershlp functions for SSE and SSN
respectively;
-Figure 6 illustrates membership functions for BER;
Figure 7 illustrates output functions for handover;
Figure 8 illustrates use of the center of gravity method;
Figure 9 illustrates a flow chart.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates ten cells, Cl to C10, of a cellular mobile
radio system. Each cell Cl1 to C10 has a respective base station,
referenced Bl to B10. The base stations are situated in the
centre of respective cells and have omnidirectional antennas. ALl
base stations are connected to a mobile radio switch Msc,



bet ween" M5 and BS. The di stance is neasured fromthe propagation tine
between M5 and BS. g. Stored paraneters as transmtted power from nei ghbour
base stations, path loss, CI, A CR where (Jerr]Carrier, I[err]lnter-
ference, Alerr]Adjacent, R err]Reflexion, and other paraneters specified in
t he GSM recomendati on under, for instar}@e, GSM Recom 03.03, 04.08 and
05.08 ("locating"-algorithm. In principle, the invention is

system i ndependent and nmay, in principle, be applied in all systens in
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measuring tinme points. Each group produces output data in the

When in an operatiocnal mode, the mobile stations are able to
communicate with the fixed part of the mobile radio system, by
receiving radio signals from the base stations and/or by
transmitting radio signals to the base stations. Connections for
telephone calls, telefax messages, -data transmission or for the
transmission of other information can be established between one
of the mobile stations and another of said mobile stations or a
subscriber in the fixed telecommunication network. Group call
connections for three or more parties can also be established.
The term connections used in this document implies all types of
connections that are capable of being established and where at
least one mobile station transmits or receives information via a
connection, irrespective of whether the connection is a connec-
tion with one or more parties in the fixed network or a connec-
tion with one or more other mobile stations, and irrespective of
whether the establishment of the connection has been initiated by
a mobile station or by a subscriber in the fixed network.

The mobile radio system illustrated in Figure 1 is a simplified
version of the majority of mobile radio systems. This simplifica-
tion has been made in order to enable the invention to be
understood more readily. Normally, a mobile radio system will
include more cells and more base stations than those illustrated.
The cell structure may also be more complicated than that shown,
and may include umbrella cells which cover an area which is .also



formof. a "crisp"-value. According to the invention, the output data of the
group.or groups is then processed by a unit (ACMM. This unit fornms from
t he individual "crisp" values average val ues, conpl enent val ues, naxi num
val ues and m ni num val ues. These val ues ;ﬁrned by the unit ACMM are used
for handoff-evaluation in an inventive handoff-eval uati ng device HED, which
updates the candidate |ist used in existing systens or a candidate |ist '
according to the present invention. It should also be observed that it is
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Figure 7 illustrates output functions for handover; Figure 8 illustrates

use of LeahEagipicls ALIeTELA e A ikl LLSHP G B eEgEhe,

C10, of a &€& L1, te ang$heg. Depending on where a mobile station is loca'i:e
and on existing connections with other mobile stations, prevail-
ing radio signal propagation conditions and radio interferences,
a need will arise for the use of another base station for an
established connection with the mobile station. In order to

A change base stations, so-called handoff, it is necessary to have

available basic data on which a decision can be made, so that the
station concerned will be aware of when a change shall be made
and to which base station handoff shall be effected.

In order to obtain this basic handoff decision data, a mobile
) station which has an established connection determines the values
of the parameters of received radio signals, by measuring or
éstimating said parameters, and reports the results of said
measurements or estimations to the base station which serves the
mobile station concerned. The mobile station will normally
receive radio signals from its own base station, i.e. the base
station serving said mobile station, and also from other
neighbouring base stations. The reported values will then relate
to the values of the parameters of the radio signals received
from some of these neighbouring base stations. The mobile
o stations may also report the parameter values which have been
' determined in some way other than by measuring or estimating the
parameters of received radio signals, for instance parameters
relating to the power at which the mobile station transmits at
that moment in time, which values can also be used basic handoff
data.

o
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radi o system Each cell Cl to Cl0 has a respective base station, referenced
Bl to B10. The base stations are situated in the centre of respective cells
and have ommi directional antennas. Al base stations are connected to a
nobil e radio switch MSC, 12 including cables or other fixed information
transni ssion neans, for instance radio Iifks. The nobile radio switch MSC
Is also connected to a fixed tel ecommuni cation network by neans of cables
or links. Neither the fixed tel econmunication network nor all the cables or
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that are capastanse. bél‘fng'-hesmhh@hé'eda-ﬁd 5Wﬁ§\e@ has| mgre hénnﬁB'PIEOE%b?l on

transmts opaleci ¥RsttRing NBéére/i ohnected to the telecommunication
network, it is conceivable in some cases that the traffic condi-
tions in the telecommunication network will be significant to the
choice of mobile radio switching centre and therewith the choice
TE, of a base station, when so is possible.

It is known to evaluate the basic data for a handoff decision and
to make a handoff decision in different parts of a mobile radio
system. In certain mobile radio systems configured in accordance
wi_th Figure 1, this is effected solely by the mobile radio

BIY switching centre or by corresponding devices. In other mobile
radio systems according to Figure 1, this is effected to a
greater or lesser extent in respective base stations. As opposed
to the Figure 1 system, the base stations of certain mobile radio
systems are connected in groups to cbntrollers,' so-called base

¥ station controllers, which in turn are coupled to means which
correspond in part to the mobile radio switch shown in Figure 1.
In systems such as these, handoff evaluating and decision-making
procedures can be effected by these base station controllers, to
a greater or lesser extent.

The devices and means used for measuring and estimatingl radio
signal parameters and reporting parameter values within a mobile
radio system are well known to the art. With regard to the
inventive method and the inventive apparatus, it is normally
irrelevént, or at least of lesser impoftance + Whether the
"evaluation of parameters is effected, either totally or in part,



cohnect’ion, irrespective of whether the connection is a connec- tion with
one or nore parties in the fixed network or a connec- tion with one or nore
ot her nobile stations, and irrespective of whether the establishment of the
connection has been initiated by a nobile station or by a subscriber in the
fixed network. The nobile radio systen1ll} strated in Figure 1 is a
sinplified version of the magjority of nobile radio systens. This
sinplifica- tion has been made in order to enable the invention to be
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necessary teiﬂévﬁeriod, e.g. 480 ms in the case of the GSM-system, and the
input variables are equalized by filters, FIR~filter 1, and sent
further to a common data buffer 2 or to several data buffers, in
the illustrated case LIFO-buffers 2 (Last In First out). The
input data to the "fuzzy"-logic processing unit 3 is divided into
the aforesaid groups, where variables and parameters can be
placed in more than one group. For later evaluation, the groups
may also be allotted different priorities, i.e. a special group -
" or special groups may be considered more important in obtaining
the best handoff evaluation. The “fuzzy"-logic processing unit 3
is either totally hardware, a combination (hybrid) of hardware
and software, or is constructed of solely software. Suitable
hardware for the manufacture of the unit is commercially avail-
3 able from a number of companies, such as OMRON , TOGAI INFRA LOGIC
CORP., SIEMENS, etc. Whether or not each group shall have its own
‘rulebase or whether the groups shall share a central rulebase is
a matter of choice.

It should be observed that the table (tables) may be implemented
either through the medium of software or through the medium of
hardware. The rule tables are implemented in the form of IF and
THEN conditions, where the conditions IF and THEN are coupled to
operators from the max-min-model. The THEN-éxpression can also be
evaluated in accordance with the max-min-model, when the THEN-
expression contains more output data functions. The "firing"-
values of the THEN-expressions influence the output data-member-



avail abl e basic data on which a decision can be made, so that the station
concerned will be aware of when a change shall be nmade and to which base
station handoff shall be effected. In order to obtain this basic handof f
deci sion data, a nobile station which has,an established connection
determ nes the values of the paraneters g? received radi o signals, by
nmeasuring or estimating said paraneters, and reports the results of said
nmeasurenments or estimations to the base station which serves the nobile
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radi o”si gnaks, f"Max-Reight? pindigstess thatit the twaximupowedues W chhehe

mobi | e st aphRBekhenelk! foRh éﬁ@tné{(_{rﬁﬁLvhmuéi me, which values can al so be
used basi ¢ handoff dat a. 14 The base stations also determ ne the val ues

of the paraneters of radio signals received fromnobile stations, by
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t han by neasuring radi 0 signa I s al so concel eV|ces ot her
than base stations and nobile stations in a system whi ch | ncI udes cordl ess
telecom e. The "centroid"-method, which is based on weighting of

1 centroids for boundary surfaces between membership sets.
Weighting results in a "crisp"-value ("defuzzy"-value).

The "crisp"-value or values is/are then sent to the
A/C/M/M-unit, in which the average~, complement-, maximum and
minimum "crisp"~values are obtained. No average value is obtained
when the "“fuzzy"-processing unit .3 is comprised of solely one
group, and the A/C/M/M-unit 4 then delivers only one output
value, namely the single  "crisp"-value and its complement,'
alternatively, also the maximum, minimum and average value of the
consequence value or the "firing"-values. As before indicated,
E2 all input data, "firing"-values and consequence values are
available if required. |

The values received from the A/C/M/M-unit are, in turn, sent to
the HED-unit 5 for reaching a partial handoff decision or a
definite handoff decision. The HED-unit 5 communicates in duplex
or full-duplex with a BSC and/or an MSC, from which the unit may
receive supplementary information concerning candidate 1lists,
variables, parameters, etc. The HED-unit may also deliver
information to BSC/MSC.

Furthermore, the decisions made in A/C/M/M 4 and HED 5 may be
R reached totally or partially by "fuzzy"-logic. According to one
embodiment of the invention, the candidate list is available in
HED 5, said list containing fields or records with ranking of own



muhi cation are able to determine the paraneter values as a basis on which
handoff is decided in the nobile radio system For instance, if the nobile
radi o systemhas nore than one nobile radio swtching centre connected to
the tel ecomuni cation network, it is conceivable in sone cases that the
traffic condi- tions in the tel ecormuni®&tion network will be si gni ficant
to the choice of nobile radio switching centre and therewith the choice of
a base station, when so is possible. It is known to evaluate the basic data
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control | engat$encak! &d pﬁsge;s& adysyengqntrol lers, which in turn are coupl ed
to means which correspond in part to the nobile radio switch shown in

Figure 1. In systens such as these, handoff evaluating and deci si on-nmeking
pr ocedur esThen"fuzayf'cbavdwaxe t f@ seonteel kadatvien anentaroimazes progegsgreat er
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totally or I n Bcatlon memory for sequential user instructions and "fuzzy"-
dec.151on instructions. Reference is made to EP-A 2,424,890 for a
description of the known prior art in this regard. The control

- % unit 6 controls the LIFO-buffers 2, the "fuzzy"-processing unit

3 and its memories, the A/C/M/M-unit 4, the HED-unit 5 and its
communication with the rest of the world. This communication may
also be controlled from the switch unit. Data communication
follows those principles which are well known to the person
skilled in this particular art.

The hardware units are installed in or adjacent to MS, BTS (Base
Station System), BSC or MSC. The units may be separate hardware
units ot there may be one or more ASICS, e.g. one ASIC for units
3, 4, 5 and 6. Such ASICS are commercially available. When the
A hardware for implementing fuzz-logic according to the invention
is installed in or adjacent to BTS, BSC or MSC, the hardware unit
may serve all mobile stations MS which are connected to one and
the same cell site. The hardware unit may also serve all mobile
stations in which signalling is controlled by one and the same
BSC, or units physically located in the fixed part of the
communication system may be opérationally assigned to individual
mobile stations or calls, according to system design. That the
hardware unit may also be physically placed in MS is supported by
the fact that GSM introduces MAHO (Mobile Assisted Handoff).

A first embodiment of an inventive method will now be described



by ‘respective base stations or base station controllers or nobile radio

sw tches or correspondi ng devices in the tel ecommunication system
Consequently, neither the establishment of parameter values nor the
reporting of paraneter values to those devices which utilize said values or
perform eval uati on and deci sion- maki ng pffocedures will be described in
detail here. An exenplifying enbodi nent of apparatus for processing
paranmeter values to provide basic data on which a handoff decision is made,
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tabl es: are d ol Lrepiadish ,t ﬁﬁ‘{:ﬂi.@ &fsd Koot 63 dB, which is the relative
value of maximum signal strength in the illustrated case. In the
illustrated example, input data is obtained from mobile station
Mé (Figure 1)' and the mobile is connected to the serving (own)
base station Bl. The input data variable RXLEV_NCELL(1l) derives
from the neighbour base B6, while the RXLEV_UL measurement values
derive from M6. For the sake of simplicity, only two rules are
analyzed in the illustrated case, although this analysis is quite

sufficient to provide an understanding of the method of proce-
dure.

R1l:  IF RXLEV_UL has a large measurement value AND RXLEV_NCELL.(n)
has a small measurement value THEN low grade membership to
NCELL(n).

R2: IF RXLEV_UL has a small measurement value AND RXLEV_NCELL(n)
has a large  measurement value THEN high grade membership to
NCELL(n) .

In order to facilitate an understanding of the following example,
a number of clarifications have been given below. The grade of
membership for RXLEV_UL = u, instantaneous value is referenced
A(u), and correspondingly the memberghip grade for RXLEV_NCELL(n)
= v is B(v). The membership grades A(u) and B(v) are obtained by



. .

THEN condi tions, where the conditions IF and THEN are coupled to operators
fromthe max-m n-nodel. The THEN-expression can al so be evaluated in
accordance with the max-m n-nodel, when the THEN- expression contains nore
out put data functions. The "firing"- vaI es of the THEN-expressions

I nfl uence the output data-nenber- - h|p functions according to the
rules for one of the evaluating nethods. Subsequent to having gone through
all rules, preferably sequentially, the consequences of all rules are
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in turn, deidtdrtaneous values, all Z() values are weighted. In example
according to the average value method, a "crisp"-value is
obtained (a "defuzzy"-value) as a result. A candidate 1list
according to Figures 4 (a, b) is then updated with the "crisp-
value.

The following takes place according to the max-min-model, with
reference to Figure 3 (a, b, ¢, 4, e, f):

Given instantaneous input data values for RXLEV_UL =

" _  u = 30 dB, and RXLEV_NCELL(1) = v = 38. The linguistic expression
for rule 1 states that-u = 30 dB obtains its membership grade
A(30) = 0.31 to the set RXLEV_UL large measurement value from
Figure 3a (dotted 1line). Rule 1 also states that v = 38 4B
obtains its membership grade B(38) = 0.41 to the set RXLEV NCEL-
L(1) small measurement value from Figure 3e (dotted line). The
memberships A(30) and B(38) are then compared according to the IF
expression in rule 1, the conditional statement with the minimum
operator AND, with the result that A(30) = 0.31 is chosen. The
THEN expression is then taken, which according to rule 1 states

i that the mini-value A(30) = 0.31 shall implicate the output data
set low membership to NCELL(1l), Figure 3f. The X-value correspon-
ding to A(30) = 0.31 is then read off from the Y-axis in Figure
3f, this X-~-value being referenced Z(A(30) = 0.31) = 70 and
forming the consequence value for rule 1. In the next step, rule

T 2 is executed in the same way as rule 1. According to the
linguistic expression for rule 2, the membership A(30) = 0.70 is



the HED-unit 5 for reaching a partial handoff decision or a definite
handoff deci sion. The HED-unit 5 communi cates in duplex or full-duplex with
a BSC and/or an MSC, fromwhich the unit may receive suppl enmentary

i nformati on concerning candidate |ists, variables, paraneters, etc. The
HED-unit may al so deliver information to #5C/ MSC. Furthernore, the
decisions nade in ACMM4 and HED 5 may be reached totally or partially
by "fuzzy"-logic. According to one enbodi nent of the invention, the
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communi cat | onbgggf summary of the above description will now be given in

rule fornm.

IF A(30) = 0.31 AND B(38) = 0.41 THEN Z(A(30) = 0.31) = 70
IF A(30) = 0.70 AND B(38) = 0.65 THEN Z(B(38) = 0.65) = 65

R1
R2

The average value method states that the consequence values in
the example shall be weighted in accordance with the following,
in order to obtain a "crisp'-value ("defuzzy"-value).

C_; = (membership of NCELL (1) )=(A(30)*Z (A(30))+B(38) *2(B(38)))

9 J(A(30)+B(38)) = ((0.31) (70)+(0.65) (65))/(0.31+0.65) = 67
within a range from 0 to 100, i.e. the mobile station should
belong to NCELL(1) with the unit 67 arnd present serving cell with
the unit 100-67 = 33.

The aforedescribed method is repeated cyclically with comparisons
between, for instance, 6 neighbour cells and serving cell for the
mobile M6,

Nz

The parameter RXLEV_UL belongs to serving cell Bl (own cell) and
the mobile M6. The parameter RXLEV_NCELL(l) belongs to the
neighbour cell 1 (B6 in Figure 1). Figures 4a and 4b illustrate
updating of a candidate 1list with the aid of the obtained
“crisp"-value 67 and 33. The list is based on the cell pattern
illustrated in Figure 1.



al’so be controlled fromthe switch unit. Data conmmunication foll ows those
principles which are well known to the person skilled in this particul ar
art. The hardware units are installed in or adjacent to M5, BTS (Base
Station System), BSC or MSC. The units may be separate hardware units ot
there may be one or nore ASICS, e.g. on@iASIC for units 3, 4, 5 and 6. Such
ASI CS are comercially avail able. When the hardware for inplenenting
fuzz-1ogic according to the invention is installed in or adjacent to BTS,
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handoff. In other words, when the serving cell complement value

is equal to or less than 35, a decision should be made to handoff

to one of the neighbour cells B6 or B7, for instance. The example
gave the complementary "crisp"-value 33 for the serving cell, and
consequently a handoff decision will be effected in accordance
with the candidate list shown in Figure 4b.

It should be mentioned that the choice of adequate membership
functions is an optional choice, and need not therefore be
linear. However, linear functions are often very suitable and can

r

also be stored readily in the memory, i.e. all functions which
are triangular or trapezoidal can be stored in the memory as
three points with their vertexes as coordinates. Reference is

* T made in this regard to EP-A 2,424,890. This leads to simple
calculations of the points at which the variables intersect a
line according to the linear equation. The position of the origin
is implicit in the case of trapezoidal functions.

The following procedure is followed when using the centroid
method for evaluating to obtain the "crisp"-value. The rule
output data implicates the output data function, so as to move
the vertex to the rule output data value (the "firing"-value) -and
the overlapping set section surfaces S1, S82,..., SN and their
centroids G1, G2,..., GN are weighted according ¢to crisp =
(S1%G1l+S2*G2+. . . +SN=1*GN~-1+SN*GN) / (S1+8S2+. . .+SN-14+SN) . The reader
is referred to publication EP-A 2,424,890 for further infor-



functi éns, nanely a high grade nenbership to NCELL(n) and a | ow grade
menbership to NCELL(n). Shown between the rows of diagrans in Figure 3 are
t he i nstantaneous input data variables RXLEVUL and RXLEV NCELL(1) 1 for

nei ghbour cell No. 1. Naturally, it is abgo possible to nornalize input
data and the values on the ab- scissa (X—aX|s) in this case with 63 dB,
which is the relative value of maxi mum signal strength in the illustrated
case. In the illustrated exanple, input data is obtained from nobile
station Mom@Edigm.e 1) and the nobile is connected to the serving (own) base
station Bl. The input data variable RXLEVNCELL(1) derives fromthe

nei ghbour base B6, while the RXLEV, UL neasurenent val ues derive from
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cell NCELL(X). When the group to which RXLEV_NCELL(X) belongs
- gives the best "crisp"-value and the "crisp"-value of the second
group is equal to or less than a minimum threshold value, it is
necessary to effect handoff in accordance with the candidate
list. The candidate list should be at least updated with the
value from at least one group to which RXLEV_NCELL(N) belongs.
The "“crisp"-values of several groups may also be used to update
the candidate list.

A second embodiment of a method according to the invention will
now be described in brief. In this embodiment, the "fuzzy" part
of the system is the same as that used in the first embodiment.
The main difference between the first and the second embodiments
is that in the case of the second embodiment, variables and
paraméters are duplicated, triplicated, etc., i.e. the same
- ~variable serves as input data in duplicate, triplicate, etc., to
one variable-parameter group. One or more of these input data
variables or input data parameters will then carry the latest
obtained value and the other, others, a suitable preceding value,
for instance the nearest preceding value or still earlier values.
This procedure requires the preceding, relevant value or values
to be saved (stored). The method involves supplying at least two
input data variables or input data parameters to each group,
~although these variables or parameters may be the same variable
(duplicated, triplicated, etc.) with the values time displaced.
The method according to the second embodiment is the same as the
method according to the first embodiment in all other respects,



in"Figure 3 (a, b, ¢, d, e), -pointing to the nenbership grade on the
Y-axis. The grades, or values, thus obtained formantecedents in the rules
whi ch are conpared with the m n-operator (AND). The thus m n-val ue obtai ned
i mplicates, via the THEN expression, _‘pemfic menber shi p function
(evaluation function) in Figures c, f of he Figure 3 illustration, by
pointing out, via the Y-axis, with the m ni numval ue an X-axis val ue
according to one of the evaluation functions, which is referred to as the

rule ConseexEé'ﬁecﬁhéﬂdstﬁf HlRfigeakedng( A(U)) or Z(B(v)). Subsequent to

havi ng gone throug rules sequentially to obtain a list of
I nst ant aneous val ues, all Z() values are weighted. In exanple according to
t he aver age tleiré empdihert 'ofr anpinverticved methbdi willl (row def desgtibed ue)
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digital, CMS88 analogue and CME20. In our simulation a 4/12 cell
pattern is used and a total of 90 cells exist. 1000 MS, mobile
stations, move according to tracks generated by a track genera-
tor. The MS's initiate calls to simulate a cellular mobile system
environment.

Creation of membership functions will first be discussed. To use
fuzzy logic we have to classify the different inputs by their
membership functions.

In this embodiment the most relevant parameters, to get
equivalent results as the SPS, are:
* Signal strength on downlink for own cell, named SSE
* Signal strength on downlink for neighbour cell, named SSN
. * Bit-Error-Rate on down-/fuplink for own cell, named BER
SSE, SSN

The SPS measures the signal strength for own cell and for all
reachable neighbour cells. The domain for SSE and SSN is -48 dBm
to —110 dBm. ~-48 dBm is very good signal strength and -110 dBm is

EEN regarded as very bad signal strength. If the measured value is
out of range it will be set to the nearest limit.

To be able to create membership functions one has to know which



3f, this X-value being referenced Z(A(30) = 0.31) = 70 and forning the
consequence value for rule 1. In the next step, rule 2 is executed in the
same way as rule 1. According to the linguistic expression for rule 2, the
menbership A(30) = 0.70 is 20 obt ai ned fron1F|gure 3d and the nenbershlp
B(38) = 0.65 is ob- tained fromFigure 3624 Wien conparlng A(30) 0.70 and
B(38) = 0.65 with the mn-operator AND in rule 2, B(38) 0. 65. shaII,
according to the THEN expression in rule 2, |an|cate the out put data set a

hi gh nmenber shyRaQr %@eehgtNCEgLea);ar@ecEIwr@oﬁs:m&wiy \%adae WrisA2ReanL §g
to B(38) = 0. read fromthe Y-axis in Figure 3c, I s X-val ue being

ref erenced (3§§°‘ 0.65) = 65 and forns the rul e-2 consequence val ue.
Consequently, the rule table including the rules RL and R2 has been gone

t hrough seqy r@taawne@im;éﬁlcgaﬁawem ahasab ﬂvé @waaﬁebg'@& %vabaet ed
by the average yal ue_net h o acgordin q$ fol, ng /& ?A unnarx

the above d2BLPARR; 8 MPY |t \ﬁlséab EFFQQF |ﬁ@§lﬁﬁrnv 18R - haneloyesy)ts-1p 3
AND B(88) =tfatéd]HIhed(¥NS®all 8080)vill beRlost) Fet¢ 3(hr teflly/ deANDIBEAS) =
0.65 THEN ZLBfﬁ &ﬁ)reg)%ﬁﬁ eraﬁe;%sa@s ﬂé’éé’%ﬁ%ﬁ:&'&ﬁd S5RLES Jftah {,Ea{he

consequence values in be V\BI‘? hted 1 n accordance wt

f ol | ow ng, 9ﬁ°€rd§PPFBXBB?E?}VePeﬁﬁQQ; Fhaparee €B®efuzzy"-value). C

=(menber shi # wheNCEhE( di#ﬁéﬁoﬁé&)ﬁ&(eéé&@) 53B( 383 H33)and fiis@ally SSE is

/(A(30)+B(3§2%b?a ’féég ggf;_ _1( +$(q? (65))/(0.31+0.65) [err] 67 W|thin
e

a range from e mobi T e station shoul d belong to NCELL£
with the unttThe WWMWSéﬁvPﬁﬁeE@mW to -85 4Bm aPPrOxmate Y.

* Handover is mostly initiated in the [-70 dBm, -85 dBm) inter-.
val. | '

* If signal strength reaches below -100 dBm the communication
becomes intolerable.

P It was decided to create two membership functions for the fuzzy
set Ysignal strength", called "good signal strength®" and *bad
signal strength". The domain is, as mentioned, ([-48 dBm, ~110
dBm].

It is desirable to overestimate own cell relative to the
neighbour cells. This is to avoid the "ping-pong effect” , i.e.
prevent from an immediate handover back to the previous cell.
That is' the purpose for not having exactly the same membership
functions for SSE and SSN. For instance, if SSE and SSN has the
same value, then SSE must be regarded as more "good"” than SSN.
This may be compared with the hysteresis in the locating algo-
rithm.

From these experiences, and after several simulations and adjust-
ments the membership functions for SSE and SSN were decided to
look like figures 5a and 5B respectively.

Bit-Error-Rate, measured only for own cell, gives a value for the
quality of the call. In the SPS BER varies in the [0,70] -
interval. These values refers to the estimated error probabili-
ties, in the received bitstream, before channel decoding, as
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thHe uni't 100-67 = 33. The aforedescribed nethod is repeated cyclically with
conpari sons between, for instance, 6 'neighbour cells and serving cell for
the nobile Mb. The paraneter RXLEV UL bel ongs to serving cell Bl (own cell)
and the nobile Ms. The paraneter RXLEV LL(1) belongs to the neighbour

cell 1 (B6 in Figure 1). Figures 4a and “illustrate updating of a
candidate list with the aid of the obtained "crisp"-value 67 and 33. The
list is based on the cell pattern illustrated in Figure 1. 21 Prior to

updating, ¥beiewsdi date |ist has the appearance shown in Figure 4a, with

t he nei ghboyr _cell ;1 (B hig in the hierarchy and the serving cell Bl
on the thirg F%vellfﬁgtE%aTis$s§%he candidate list is now updated with the

"crisp"-val@e=87 aRd233,taccdr4tng to Figure 4b. Since the neighbour cell 1
(B6) is theghest cglhg tbs serag ng cell Bl will obtain-its worst: conple-
ment and ngﬁt_be ugdggedtmdt #gz complenent in the candidate list (Figure
4b). The n gﬁBour ¢BFl s-Qretd ys updated with their new values. It wll

be observedotkat tBhe6%antddale2¥ists in Figure 4 (a, b) belong to the

mobi | e M. ghn=bhe gagg Ofot hgsggexanple, a mninmumthreshold val ue of 35 has
been chosen_as indica%ive of _when the nobile M6 should be permtted to nake
a handof f.. Pn=8t heP+ rd%? wHerBt he serving cell conplenent value is equa
to or | ess70han 35greatieci tham xh@# d be nade to handoff to one of the

nei ghbour cells B6 or B7, for instance. The exanpl e gave the conpl enentary
"crisp"-value 33 for the serving cell, and consequent]| alngndoff deci si on

will Be of FECERP PPAsiERdIYRIpe is out of range 1t will be set to the

nearest limit.

In the SPS, which uses the locating algorithm, BER is used only
to initiate so called alarm handover, when the quality becomes
too bad. This limit is set to 58, and at this level handover is
initiated to a cell with probably worse signal strength. When BER
is better than 58 (< 58) the handover decision is made with no
concern of BER. However, this parameter is of interest even when
its value is not at the alarm limit. In the SPS handover is
sometimes initiated right in the middle of a cell area. This
happens when SSE goes down for a short moment and a neighbour
cell reaches the top of the candidate list. This might occur
because of a short fading dip. This happens in spite of the fact
that BER often is quite good, i.e. the quality is good enough to
- maintain the communication. :

According to this embodiment three membership functions for the
fuzzy set BER were created, called "bad guality", "ok gquality"
and "“"good guality". The domain is (0,70).
* Bad quality - BER is so high that the communication is
‘ intolerable, approximately worse than 58 ( > 58 ).

* Ok quality - BER is ok, but that is all. If there is a better
neighbour cell a handover will be initiated directly, approxima-
tely 40 - 58.
* Good quality - BER is low, and the quality is good enough to
keep the communication, even if SSE falls for a short time.

s This, and several simulations and adjustmenté, lead to membership
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wi‘th the candidate Iist shown in Figure 4b. It should be nentioned that the
choi ce of adequate nenbership functions is an optional choice, and need not
therefore be linear. However, |inear functions are often very suitable and
can also be stored readily in the nenory, i.e. all functions which are
triangul ar or trapezoidal can be stored 26 the nenory as three points wth
their vertexes as coordinates. Reference is nade in this regard to EP-A
2,424,890. This leads to sinple calculations of the points at which the
vari abl es intersect q{%ing.accorging to the linear equation. The position
of the ori&ﬁwqqiqqﬁM'l Pt 'Y Ric®case of trapezoidal functions. The
follow ng procedure is foll owed when using the centroid nethod for

eval uati ng dy@a¥3lcH Bft Pezz¢icic Yahus: sdPhdnddveriviyl HaW bd MakirgBLgS the
st e vert he rul e outp

out put data _fungtion, so & nove,t e 0 ut dat

Oal be. (1 he e (GhapaR, AMBuFSandor nEnioE, PEBRPTER LS. Pt i e Sreated,
S2,..., SNaxed SiSiB;i iISS¥icahdOBER. G1, &2,..., G\ are weighted according to
Crisp = (S1*Qd +S2*G2+. . . +SN- 1* G\ 1+SNFGN) / ( S1+S2+. . . +SN-1+SN). The reader
is referred to publication EP-A 2,424,890 for further infor- 22 mation.
Accor di ng Whem devedopisgnghet fuzzy 1agie rudes, Sy the, chosen dnRtgyitpe
an input vaasaldeziidedaitol @ake ancogparpson bdtwasnsakl inputscakl ahtpsef f .

of the Rx EOAROEE, FhA%Cehfoe NHpdtY AL SLRY, Mophlefnal O M upe i th
RXQUAL UL and that the "crisp"-values fromsaid groups are sent to the
Al C' M M unithe4colBeguéhce SiaeUgerinéd OMyrads dXEddbedbhip\ias hafi@ov@x® rum
In every fuzzy logic evaluation a comparison is made between SSE,
BER and SSNx, where x is the number of a specific neighbour cell.
The consequence then will be "how much do we want to initiate a
handover to this particular neighbour cell®, in percent. At every
cycle the own cell is compared with all reachable neighbour

cells, one at a time.

- The rules used for. specifying the behaviour of the fuzzy logic
system were written as below. Referring to the inputs' different

membership functions:

IF BER,;q AND SSE,,q4 AND SSN,,q THEN ......
IF BERp,q AND SSEp,q AND SSNgooq THEN ......
IF BER,,y AND SSEgo,q AND  SSNp,y THEN ......
IF BERp,q AND SSEj0q AND  SSNyooq THEN ......
IF BER,, AND SSE,,q AND SSN_,q THEN ......
IF BER,, AND SSE,,q AND SSNgooq THEN ......
IF BER,, AND SSEg,oq AND  SSN,q4 THEN ......
IF BER,, AND SSEgo,q AND  SSNggoq THEN ......
IF BERg,,q AND SSE,,q AND SSNp,y THEN ......
IF BERgooa AND . SSE,,q AND  SSNgooq THEN ......
IF BERg,,q AND SSEge,q AND  SSNy,q  THEN ......
IF BERgooq AND  SSEgoq AND  SSNygoq THEN .......

BER corresponds to the worst Bit-Error-Rate, up- or downlink.
BER;ngex 18 the grade of membership to this particular membership
function. SSE stands for signal strength on downlink for own
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"crisp”-value, it is assumed that the signal quality is probably better in
the serving (own) cell than in the specific neighbour cell NCELL(X). When
the group to which RXLEV NCELL(X) bel ongs gives the best "crisp"-val ue and
the "crisp"-value of the second group is equal to or less than a m ni num
threshold value, it is necessary to effe®? handoff in accordance with the
candidate list. The candidate list should be at | east updated with the

val ue from at | east one group to which RXLEV NCELL(N) bel ongs. The
"crisp"-valu ve aI r S al S el e e g?ﬂ e
list. A seco(ralltsi1 rr%% dg ngrre ot as}%c?r gt“ [dt%hélilq%eﬁ%’?oﬂg é{?\%w
be descri beze}h. bri ef. In th| s enbodi nent, the "fuzzy part of the system
is the same as that used in the first embodi ment. The nain difference

b he f d d_enbod h h
Second enbalft rebtd O4F | UB1EE Srtte SRR Sar B0 Pk doa 7 T e

etc., i.e. hemn sdiscussingl eveny aules | opteored ainn terypsi off elimN;ﬁtJ&it e,
etc., [0 onggwad é@ﬂdﬁspar aneter group.. One or nore of these input data
vari abI es or 1 nput ta paraneters will then carry the | atest obtained

val ue and the other, others, a suitable preceding value, for instance the:
near est prenmli ogtpatue'gcn'radet idfl memmbeixshipaltee hanBoven¥r dee ddil destyuintss

the precedi egs wa&@c&ﬁeyallues fo%tsetsewﬁétisﬁere-ﬂﬂe Txaeenﬁtmﬁ

i nvol ves supp east two | n data vari abl es | nput™ dat a "

par anet er s Qrd'“ ﬁfgr"@ﬂ‘ﬁ’er&m’-ﬁ dFﬁ@E‘E FERASDHIYS ’Eﬁ“&iﬂ SRR e ARG PIFD ¢ he

Zarrel var ijabjﬁad@luplﬂ aﬁnméxsgﬁpﬂl | (Iat cal, mete. popullart exprasséenti Mmdo not ]
' t

et hotl acod Ot CEhEehét " dabogi s sEIRy, PHERR [t toarl® i (e

'abandon own cell immediately"

The discussion, in linguistic terms, can be summarized as:

* On the assumption that BER is bad, handover has "high grade of

membership", irfespective of the value of SSE. The only exception
might be when SSN is very bad and SSE is very good. This

exception leads to no direct handover initiation when BER get

close to the alarm limit, provided that all neighbour cells are

extrémely bad.

* On the assumption t!_iat BER is ok, the signal strength should be

T of most importance. Under these circumstances the mobile is
probably situated quite a distance away from the radio base
station antenna. If a better neighbour cell is found a handover
should be initiated to that particular cell. This means; If SSE
is better than SSN handover has "low grade of membership", and

i vice versa leads to "high grade of membership". If they are
eguivalent the grade is "decent".

* On the assumption that BER is good, no handover is initiated if
SSN is bad, irrespective of the value of SSE. For instance, this
scenario will appear when the mobile drives through a short
: fading dip, in the middle of a cell. However, if SSE and SSN are
equivalent good, or if SSN is even better, a handover might be
initiated to that particular cell. The last occurrence, with two
cells having very good signal strength, might occur often in this
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23 except with small nodifications. A third enbodi nent of an inventive

met hod will now be described. So that this enbodinment wll be understood
nore readily by those who are not skilled in this particular art, sone
general consi- derations which underly the selection of paraneters and the
desi gn of output functions, fuzzy rul es 2hd consequences will be descri bed.
Al so described are the results obtained fromsinula- tions and conpari sons
made with a system perfornance simulator (SPS) in which fuzzy logic is not

used. SPS er C 0 SY,

| evel . %«;ﬁégbeen ercf’elve g%E I{‘ r%rggsgﬁ%z‘g%g e Bgyé%d’%ﬂ‘%ﬁﬁ f‘?%%gt he
end of 1gsryne 'hﬁas%yﬁé'rtaér#ﬁmp%%EYﬁ étveessm%@imecmg%@ farecimmpl
anal ogue aswe&MERS. tHe qwbislém{i@hmbeadﬂwlﬁ@&h{ tibet bet-aerswﬁedeﬂnwlna

total of 90 IIs e 100 bile s e acks
gener at ed Bt =t Phc Ehﬁeﬁﬁlpﬁ 8?%? %1% &M ggg?eg{c}al ?§§§o mgﬁ? J

cel | ul ar rivdth canyeneas atyithemame. tdmeat i on of nenbership functions vm I I
first be discussed. To use fuzzy logic we have to classify the different

i nputs by their nmenbership functions. Ln s, emhodi e m)s.t r el evant
par arretersAp?%rgéFvﬁﬁﬁivﬁggﬁgagégﬁ?t§nés %Wés%n& ar‘g’ej{]se é{] M ARt h on
downl i nk fimpbementéd  imdil EGEWisggmlestmmssﬂueomS:nk for

nei ghbour cell, nanmed SSN * Bit-Error-Rate on down-/uplink for own cell,
nanmed BER SSE, SSN The SPS neasur ei*hhe i gnal églen th for own cell and
for all reehddFRoatei $HBoufSEedd s nt %Nghs -48 dBmto
-110 dBm *HF8 BERY ;S RNDYy §6Bglai OAND sssuyggt HTRENI lmmowmuééengegarded as

very. bad spgnagpRilengiB- b5el/le MRRBUT 88N VAL UPHEN HANDOVERy;,
IF BERy,y AND SSEgeoq AND ssngoc,d THEN HANDOVERp; gy
IF BER,, AND SSE,,q AND SSNy,4 THEN HANDOVERsecent
IF BER, AND SSEgooq AND SSNp,, THEN HANDOVER,,
IF BER,, AND SSEpy AND SSNyooq THEN HANDOVERp;g,
‘¢ IF BERy AND SSEgeoq AND SSNygoq THEN HANDOVERgecent
IF BERgoq AND SSE,,q AND SSNpq THEN HANDOVER,
IF BERgooq AND SSEgoeq AND SSNpq THEN HANDOVER,
IF BERgooq AND SSEp,q AND SSNg,oq THEN HANDOVERpgy
IF BERgooq AND SSEg,qq AND SSNggoq THEN HANDOVERgecent

\}

To evaluate the result and find a single total output, crisp
value, the Centre-Of-Gravity method (COG) is chosen. '

As mentioned, the consequence "handover" is divided into three
output functions. These are formed as triangles, with their
centre of gravities as illusttrated in figure 7. The results are

3o spread in the [0%, 100%] interval. The centre of gravity for
"decent membership to handover" is at 50%. The limit for handover
is also set to 50%.

In this COG-method all outputs will be taken into consideration.
The values of the output corisequences set the heights of their
corresponding output functions. An example is illustrated in
figure 8 where outputs from rule 2, 5 and 7 are non-zero.

2: 0.7 ( effects output "decent" )

5: 0.9 ( effects output "decent” )



out of Tange it will be set to the nearest linit. To be able to create
menber ship functions one has to know which 24 signal strength is
regarded as consi derably good, considerably bad, etc. By studying several
sinmul ati ons, nmade by the SPS, one gets a good opinion of how the signal
strength varies, when handover is ini- ?gied, when the call soon will be
| ost, etc. Briefly described; * In the near region of the radi o base
station, SSE is often very good, approximately better than -60 dBm * Wen

the di stangg |Q,cr2ea§e§_f§§gtge&5 Svh i d fi zal ly SSE is so bad that the
call is |osf. The "‘communi catlon | s-acceptable down to -85 dBm

appr oxi mat Zhe areasqand rentxr: Py |9ﬁﬁ‘f’é’(1€t§ i AT h&sedidahed. &Y (B

i nter- val dekciribeidgnathed s angt botahawrtrecbfvgravitylBs dlne cxdspumataéi on
beconmes intolerable. It was decided to create tw nenbership functions for
the fuzzy set "signal strength", called "good signal strength" and "bad
signal straRgoerviey @fnthe fyzz¥slegic| tplenentetiopnwith) thgpgeneral g
desi rabl e Fanetdons! idid edeetsicid apéalillastpatéd bei g UflowiHart THES is
to avoid t@ci Q,l ng- pong effect” , i.e. prevent froman i nmedi at e handover

back to thé guew Ous cell. That is the purpose for not having exactly the
sanme nenbership functions for SSE and SSN. For instance, if SSE and SSN has

the same vehude, evéREs SIE Nalsis Eeifﬁeaﬂ@dfﬁﬁlmr@ ’ goqﬁ'-'admaﬂnSSNe Tees may
be conpar eleu&gt%Qeapx ne Fesuitd P etllxep Cs%%u'igt system without fuzzy-

logic will now be analyzed.

The call was originally set izp at sample 20 and the MS follows
track No. 352. For the reason of space, parts of the track where
nothing of interest happens will be excluded.

At the beginning of the simulation a few handovers are made due
to bad quality. Later an alarm condition arose at sample 164 and

: it prevailed for quite some time. Finally the quality improved
and  at sample 222 there is no longer an alarm condition.

Sometimes handover is not possible to perform. There is a variety
of reasons for this. Congestion is one of them. It is caused by
a heavy traffic load and this is what causes the delayed handover
at sample 241 (see beiow). Even when quality alarm is activated
this might not lead to an immediate handover. The reason for this
might be that there exist no neighbour cell with the potential of
delivering better communication possibilities.

Now the specific file, that is created by the modified SPS
program will be analyzed. Short comments are made in order to

explain the different events.

The following was logged:

TRACK ¢+ the number of the followed track
CELL, : the cell number
CHAN : the channel number

X-/¥-pos : the mobile's position in the cell cluster
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rithm "From t hese experiences,
ments the nmenbership functions for
figures 5a and 5B respectively. Bit-Error-Rate,

and after several simulations and adj ust-
SSE and SSN were decided to | ook |ike
nmeasured only for own cell,

gives a value for the quality of the call. In the SPS BER varies in the
[0,70] interval. These values refers to PRe estimated error probabi | i -
ties, in the received bitstream before channel decoding, as 25 follows:
0 => | ess t han 02%10 => 0.2% to 0.4%20 => 0.4% to 0.8%30 =>
0.8% to 'Iiheﬁ%mﬁﬁataog%ﬁﬁe “Yealdtdlfe betwbed% 60 => 6.4%
to 12.8% 70 => greater t.han 12 ?4) the measured value is out of range
it wll be set to the Bn2E0 PR the SPS, whi ch usesthelocatlng
al gorithm BER is used Biti-Errori-Rateaor wpr cul downafiakm handover ,:-when the

qual ity becgges too badyjgHis s't&'Eh tth&etov;rpcré&l and at this |evel
handover is |n|t|atedtoace W stren

|
BER i s bet t8FNthan 58 (Sdanpl é' Hﬁﬁ’&o‘%ﬂ}‘? 'g’é%ll |fcr§§$F§{‘g‘3%’e9W?"rF g’dﬁeéncern

of BER However, thls paraneter is of interest even when its value is not
ar Lhe aland o %wsg,}}%é%% AR the IRAREACES £t Yhd idlumh8 the

m ddl e of a ceI
_ used. Every second line refers to a track and every

second line refers to a sample.

TRACK CELL CHAN X-pos Y-pos
L SAMPLE BERu BERA SSE SSN1 SSN2 SSN3 SSN4 SSNS5
352 23C 16 -12.09  11.56
223 18 50 -84 =110 =110 =152 =142 =151
352 23¢C 16 -12.09 11.55
224 18 S50 -84 -110 =110 =152 =143 =152
i3 352 23¢C 16 -12.08 11.55
225 15 45 -84 =110 =110 -89 =79 -89 23C -> 24A
352 242 85 -12.07 11.51
231 3 5 =71 =-82 =56 -90 -85 -89
352 24A 85 -12.07 11.50
" 232 0 3 =71 -82 -57 -90 -85 =90
352 24A 85 -12.07 11.49
233 0 0 =70 =81 =56 =90 -85 =91

At sample 225 a few better neighbour cells are scanned and their
signal strengths are measured. One neighbour cell, cell N4, has

- got such a good signal strength that handover is immediately made
' to this cell.
neighbour cells are being delivered. Since a handover to cell N4

At sample 231 measurement values for the new

was performed this is the cell that appears as the measured own
cell at sample 231. '

352" 24A 85 -12.05 11.45
240 3 3 -74 -85 -60 -92 -87 - -92
352 242 85 ~12.05 11.44 -
241 3 & -75 -86 -61 -92 =87 -92 24A -> 24C
352 24C 121 ~12.04 11.40

P 247 0o o0 -61 ~77 -87 -94 -87 =92
352 24C 121 ~12.03 11.39

o
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happens when SSE goes down for a short nmonent and a nei ghbour cell reaches
the top of the candidate list. This m ght occur because of a short fading
dip. This happens in spite of the fact that BER often is quite good, i.e.
the quality is good enough to maintain the comuni cation. According to this
enbodlnent t hree nenbershlp functions fcﬁ the fuzzy set BER were created,
called "bad quality", "ok quality" and "good quality". The domain is

(0,70). * Bad quality - BER is so high that the commni cation is

i ntol erabl ,¢appr oxd mately wyse thgn 58gf > Jg7K qyality - BER s
ok, but that is all. If there |s a better ne| gh our cell a handover will be
initiated 3FectdS, approddim- tel 2483 quality - BERis |ow,

and the quadety i s @ood Enougt t o-kreep- t-be copgaINi G on~9even if..SSE falls
for a shorfgyi This, ang several,s | ationg; 3y adj-ustnents,- lead to
menber shi pﬁ g% ?unctlon I ke fi 1&3% Creatlon of fuzz§ Iog| c rules for
" handover weP? now bR desti betf2 The’8hosaR®i npty, &7 whir®R nenbership
functions g€ esSﬁpEé ezl am@eﬁ;ﬂfamﬁﬂéxﬁ ﬂﬂidBEIEstV\beand fudetppangevén bettyr

sofucen a0 FR5E L, 04, hplToad " AL S elley| oy
consequencinitiiated e diuis celds (!Pétl heqa'a%e "of m%ﬁtﬂrenbéﬁshhﬁ gystem
B e e e o
consequend® ‘??Yl ’C\Hsf %b"xlrriciv g‘ w@‘twiﬁf" ﬁg ?f‘l t?ﬁ appears as .
the new own cell.
352 24C 121 -11.78 10.61
360 0 0 =50 =47 -65 -92 -87 ~-92
352  24C 121 -11.78 10.61
361 0 ©0 =-51 =-47 -65 -92 ~87 =92 24C -> 24A
352 24A 85 -11.77 10.57
367 0 0 -47 -69 ~56 -92 -92 -84
352 24A 85 -11.76 10.56
368 0 o -47 -69 ~56 ~92 -92 -84
b At sample 361 a normal handover to neighbour cell N1 is made. By
normal we mean handover due to better signal strength. Signal
strength for this cell is found to be better than own cell to a
certain degree ( hysteresis ).
352 24A 85 -11.15 9.37
N 556 53 3 -74 ~-80 -93 -94 -99 -74
352 24A 8s -11.15 9.37
557 55 3 -74 -80 -93 =95 ~100 -74
352 24A 85 -11.15 9.36
558 588 3 -75 -81 =94 -96 =101 =-74 24A -> 23C
v 352 23cC 11 -11.13 9.33 '
564 0 25 =76 -104 -104 -97 -84 -83
352 23cC -11 -11.12 9.32
565 0 28 -77 =105 -~105 -96 -84 -83
352 23C 11 -11.12 , 9.31
K 566 0 33 -76 =105 -105 ~-95 -83 -82

Here the quality on downlink has deteriorated to the degree where
handover is necessary. This is made at sample 558 to neighbour
cell NS because of quality alarm.



handover to this particul ar nei ghbour cell"”, in percent. At every cycle the
own cell is conpared with all reachabl e nei ghbour cells, one at a tine. The
rul es used for, specifying the behaviour of the fuzzy |ogic systemwere
witten as below. Referring to the inputs' different nmenbership functions:
[err] BER corresponds to the worst Bit-Err¥f-Rate, up- or downlink. [err]
is the grade of nenbership to this particular nmenbership function. SSE
stands for signal strength on downlink for own 27 cell. SSN stands for
signal strenggh ogadownl i nk Fgr nei ghgoyr, cell. Tg gind out which
consequences the rules will lead to we have been discussing every rules
outcone, in P&3ns of 20 ng8Psti t8&xpr¥%si 5189 Tha%8ut ptdl " grdfe of
menber shi p teskandacer” is diyi ded i+aiqoehree possibbe out cones, : '
out put functg as. Th2¥ ar "l Qw grade oil‘ﬁprrbe_rgghi Pilgg"” decgnt gnagde,0b,p
. menber shi p" and "hi grade of nenbership”. In a nore popul ar expression;
"do not ‘aband8R ofdBcell", "$Bu can Pds®bly chanBello another cell" and
"abandon ownseel | i mysdi asgl y"-8¥he «disscusgson, -968 |+1mui stlod terns, can be
sunmari zed aggs* t he assupption that BER i s bag, ,handover has "high
grade of rrenggrzshlg%'a, irrespEergti ve ogqt'r?g val ue g?'%%E. The only exception
m ght be wheR938SN i s3Pery5Bad 2 SSHS s v8by godd. THE od@dption leads to
no direct hapgevepapniti ati oggwhen BaR.pat cl ose ¢méhe alarmlimt,

I ©

provi ded thagggll negghbogs celds argy _gg

~94 -110 -~104

352 24B 48 -11.03 9.15

593 40 55 ~81 =79 -97 =94 -110 -104

352 24B 48 -11.03 9.14

594 40 58 =82 ~80 -97 -94 =110 -104 24B -> 24A
352 24A 88 -11.01 9.11

600 58 23 =81 =91 =99 =79 -86 -85 24A -> 21B
352 21B 114 -10.99 9.07

606 55 43 -85 =106 =-93 -88 -104 ~-86

352 21B 114 -10.99 9.07

607 60 50. -86 =107 =94 =-88 =103 -85 21B -> 24A
352 24A 85 -10.97 9.03

613 28 10 =-80 =~90 -98 -101 =102 -87

352 24A 85 ~10.97 9.02

614 '28 10 =-80 =90 =98 =101 =102 =87

Four handovers are made
sample 584 to cell N5, then at sample 594 to cell N1,

here because of guality alarm. First at

then at

sample 600 to cell N3 and finally at sample 607 to cell N5.

352 24a 85 -10.89 8.88
638 53 8 ~-79 -83 -97 -91 -98 -88

352  24A 85 -10.89 8.87

639 58 10 -80 -84 -98 -90 -97 -88 24A -> 24B
352 24B 46 -10.87 8.83

645 43 40 -83° -91 -98 -91 -99 -100

352 24B 46 -10.87 8.83

646 38 33 -81 -89 -96 -91 =99 =100

352 24B 46 -10.87 8.82

647 33 25 -79 ~87 -94 =90 =99 =100
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extremely bad. * On the assunption that BER is ok, the signal strength
shoul d be of nobst inportance. Under these circunstances the nobile is
probably situated quite a distance away fromthe radi o base station

antenna. If a better neighbour cell is found a handover should be initiated
to that particular cell. This neans; If 8SE is better than SSN handover has
"I ow grade of nenbership”, and vice versa leads to "high grade of
menbership". |f they are equivalent the grade is "decent". * On the

assunption that,K BERis good, no _handover is initiated if SSN is bad,

i rrespect i WID¥LPhAlam atosanpte €39 FALTeH @ handovercERafedl Wit appear
when the n@sd e 1B ves thr asgh a skaotédadi ng dig32in the nmiddle of a cell.
However, if E an SN.are eqw val_gpt 008, Q4 f Sg is en better, a
handover rri7g t be %n?'lstié‘l’t%ed t%lbt hat gaarti%%l ar 7c:’JeI | . §EIU'he f‘ggt occurrence,
with two ce¥3% RABng very 4§ood si ghlr63trengt h8-Milght occur often in this
28 type of TEl | cl ust er .40Thi sg1s begause-9& havm seeber erbds, where one

base statio‘{k erygfs three qurounding cglls using.directional antennas. The
1>%be 4%y & 5 -

nobile mg ing on the bordér between two cells of the same base
station, ar®B2 heref¥re #3so b8lcl 0s8lto H¥h atSennad9at~10@ sane tine.
After severgdasigggations qgd adj ushjoeess this @&.3eussi on was i npl enent ed

in the followng rul es and congequepces: _[err] o evgluate the result and
find a sin :’\gtotal But t, c?ﬁsp vgiue, % e G tre-%b-Gg%ty met hod ( COQ
i's chosen. ¥82 medB oned, t 46 conseqliBné? "hando®er”? is divided into three

734 48 58 -83 -83 -98 <-74 =99 -100
352 24B 46 -10.62 8.29

735 50 63 -84 -84 -99 =74 -99 =100 24B -> 24A
352 242 85 -10.60 8.25

741 43 23 -83 -91 -99 -90 -101 =73

352 24A 85 -10.60 8.25

742 40 20 -83 -0 -98 -91 -102 ~-73

Quality aiarm at sample 734. Because of congestion handover to
cell N3 is made at sample 735.

352 242 85  -10.58 8.19
751 38 15 -80 -88 =96 =90 =102 =67

352 24A - 85 -10.58 8.19 '

752 38 15 -80 -88 - -96 -90 =102 <-67 24A -> 23C
352 23C 17 -10.56 8.15

758 0 5 =67 =96 _-96 =83 =-90 ~88

352 23cC 17 ~10.56 8.15

759 0 8 -67 =95 -95 -84 -84 -88

- When the previous quality alarm handover had just been made one
neighbour cell with much better signal strength values than own
cell was found. A signal strength handover at sample 741 was not
possible to perform due to congestion.The situation prevailed
until sample 752 where handover to cell No. 5 was made.

It has now been described how a usual call can be followed and
how communication with the MS is maintained. The different events
that occur during the call are quite normal and are handled
according to the rules of the locating algorithm. '
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out put ‘functions. These are forned as triangles, with their centre of

gravities as illusttrated in figure 7. The results are spread in the [0%
10094 interval. The centre of gravity for "decent menbership to handover™
is at 50% The limt for handover is also set to 50% In this COG nethod
all outputs will be taken into considerat}bn. The val ues of the output

consequences set the heights of their correspondi ng output functions. An
exanple is illustrated in figure 8 where outputs fromrule 2, 5 and 7 are

non-zero. 2A ccgtégaira(.sdﬂ B%ELV?FB%MOVQE? Dale £ o%m bf the §p§ fé ﬁ':ﬁxtlitgg't RH4

"decent " ects outg areas and entre of
gravities a'i‘%“‘é%ﬁﬁ%’éﬂ’dh’tte‘d‘%ﬁ e thes Wb’édlc}ﬁét"n asee}h%yqtiﬁ% 1S ReKcdone

gravity is Byrusingpthe dutputArfidecifriotivthe She dsizinputogioc ourpbgsteamat i on
with the general functions and decisions are illustrated by the-fl owchart

of figure 9. The events of a specific M5 followng a track in the SPS
si mul at or aFaetFesulk When yeingefuzayrlegic dis AERPTRIRRR Wity Fhe Presenty | |

][10}/\/I be- a{lal yrnedntibr ididhoas agr agcmhi?aeeum,aatw;e sdihple] £be AR
N
nothing of -EhporeliZnintfialdy R R Ly RATInRAEL?, Banhlfel | 5 GU0 LS

si mul ati on 90%ewasameddppedr eamdderduliengepagvenyl n%yghh%mérc'ahlal wiigh
condi tion agpPeesatmeABekshiPitdNHahdoPerw i | 6 f @110 Ubd erenkad taémhe&élal ly

Lgﬁ d|q$ ?lolnt ytf‘lgR ' 8¥ne\d c%'ﬂ at’rh aru)all%e%ﬂu} h&{ee c'asncfL %alt%nq%rstan r@o the
‘ particular cell‘'s "grade of membership to handover”. The value
for own cell is simply set to the complement of the best

neighbour cell.

The fuzzy logic system for locating nearly always manage to
present the correct candidate list for every sample and in the
cases where it does fail it is only a question of one or two
samples from perfection. Our system alsc manage to prevent
-unmotivated handovers when for instance the neighbour cell has
got a slightly better signal strength, but the quality on the own
cell is fairly good. A handover attempt just because of a
slightly better signal strength might lead to a handback, and
will here be performed only when quality is bad, or if both SSE
and SSN are very good.

Below follows some interesting parts of the track that the MS
followed throughout the landscape, with comments. It is the same
MS that was tracked previously. For reasons of space in the
tables the same column labelled CRISP is used for both crisp-
value and the complement to the crisp-value

SAMPLE CANDIDATE CRISP TRACK CELL/CHANNEL X-pos Y-pos

223 352  23C/16 -12.09 11.56
OWN_CELL : 72.7599
NCELL 1 : 27.2401
NCELL 2 : 27.2401
NCELL 3 : 27.2401
'NCELL 4 : 27.2401

. NCELL 5 : 27.2401
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Sonet i mes handover is not possible to perform There is a variety of
reasons for this. Congestion is one of them It is caused by a heavy
traffic load.and this is what causes the del ayed handover at sanple 241
(see below). Even when quality alarmis activated this mght not lead to an
i medi at e handover. The reason for this mght be that there exist no

nei ghbour cell with the potential of delivering better conmunication
possibilities. Now the specific file, that is created by the nodified SPS
program wi |4, be anal yzed. Short corrgggts & {@de in wideipot 07exPEain the
different events. The follow ng was | ogged: ll' . the nunber of the
foll owed track Q‘,'E[.LCELL : 72nd3@81 1 nunber CHAN . the channel nunber
X-1Y-pos : the nMCEIL Sl poRi7t.kd40lin the cell cluster 30 SAI\/PLE . The
simulation tine, r ti t sanples is 480 ns BER

Bit-Error-Rate on h?f)éLL {r& l}@, %%SSE : signal strength for own ceII
SSN ¢ : si gnaf I!"}!:Il'_e?ngt I?7f°8f‘°?-he di fferent nei ghbour cells For the
presentation of daleenme i:nd7caded formats and colums will be used. Every
second line ref ermr?graczk, anlevery second line refers to a sanple.

TRACK CELL Y-pos SAVMPLE BERu BERd SSE SSN1
SSN2 SSN3 SSN4 SSN5 352 23C . 16 .-12. 09 11. 56 223
18 50 - -110 -110 -152 -1382 -lzdc/ie -12.08 11.55
OWN_CELL : 53.6718

NCELL 4 : 46.3282

NCELL_3 : 41.5887

NCELL 5 : 41.5887

NCELL_1 : 16.4494

NCELL_2 : 16.4494

v At sample 225 own cell is above 50%. This means that the fuzzy
logic system would not have initiated handover here but most
certainly at the next sample, since neighbour cell N4 is getting
stronger and own cell is getting weaker.

231 352  24A/85 -12.07 11.51

NCELL 2 : 62.18
OWN_CELL : 37.82
NCELL 1 : 30.8414
NCELL 4 : 28.6345
NCELL 5 : 25.7863
NCELL 3 : 25.4234
232 352  24A/85 -12.07 11.5
NCELL 2 : 59.45
OWN_CELL : 40.55
NCELL 1 : 30.8414
3 NCELL 4 : 28.6345
NCELL 3 : 25.4234
NCELL 5 : 25.4234

At sample 231 measurements for new neighbour cells arrive and
exactly as the locating algorithm our fuzzy logic system for
» locating comes to the conclusion that a handover to cell N2 is in
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352 23C - 16 -12. 09 11.55 224 18 50 -84 -110

-110 -152 -143 -152 352 23C 16 -12.08 11.55 225
15 45 -84 -110 -110 -89 -79 -89 23C -> 24A 352 24A
85 -12.07 11.51 231 3 5 -71 -82 -56 -90 -85
-89 352 24A 85 -12. 07 36 11.50 232 0 3 -71
.82 -57 -90 -85 -90 352 24A 85 -12.07 11. 49
233 0 -70 -81 .-56 -90 .-85 -91 At sanple 225 a few
better nelahhgyr &8hnice Q&ﬁx @%ﬂﬁuxbéfW%r1ﬁps§aibﬁéreaghhiua&Q¥H&?§ured-
a

One nei gh our cell, cell h a good signal str

handover |RARGPERF 2PRF\C tied?ge ﬂ’r%t cg‘l’ ?ﬁc} | ¥ SRS %Péné‘ﬁf"px}ﬁl ues
for the newmetghbmlpleeuls xdrerd)élanglq!@m vder eddeSi nce a handover..to cel |
N4 was perfornmed this is the cell that appears as the neasured own ceII at
sanpl e 231 352 24A 85 -12.05 11.45 240

-74 +.8536Qg0 .92 .87 -92 352 22AC/121 g5 —~11.78 _j9. Gé

11. 44 241 OWN_CEBL -¥%o.08 -61 -92 -87 -92 24A -> 24C 352

24C 121 Dhg. 995 11.40 247 o o0 -61 -77 -87
“o4 87 -02 BouhAET9.995 5 -12. 03 11.39 31 248
0 0 -62 -7HCELLgy : 4@R96 _g7 .92 352 24C 121 -12. 03

11. 38 249 0 NCEDBL 4 -H116.6858 - 88 -93 -87 -92
: NCELL 3 : 11.3189
NCELL_5 : 11.3189.

361 352  24C/121 -11.78 10.61
OWN_CELL 50.005
NCELL_1 : 49.995
NCELL 2 : 40.296
NCELL 4 : 16.685
NCELL 3 : 11.3189
NCELL_5 : 11.3189
This ( at sample 361 ) is a common signal strength handover

situation. You can see how close the system is to initiate a

handover.

556 352  24A/85 - -11.15 9.37
OWN_CELL : 52.9439
h : NCELL_5 : 47.0561
NCELL 1 : 43.0004
NCELL 2 : 33.8213
NCELL 3 : 32.4619
NCELL 4 : 24.0519

557 352  24A/85 -11.15 9.37
OWN_CELL : 52.9439
NCELL 5 : 47.0561
NCELL_1 : 43.0004
NCELL 2 : 33.8213
NCELL 3 : 31.0096
NCELL 4 : 21.9543
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352 24C 121 -12.03 11.38 250 0O 5 -62 -78
-89 -93 - 87 -92 At sanple 231 when handover had just been nmade, an
even better neighbour cell is found, cell N2, and handover is imrediately
initiated to this cell, but because of copgestion in the systemthis

handover is not possible to perform At sanple 241 the handover is finally
. possible. At sanple 247 cell N2.appears as the new own cell. 352 24C

121 -11.78 10. 61 360 0 0 -50 -47 -65 -92 -87
-92 352 2458 121 - -11..78352 24A08%1 361 -11.15 9.86 -51
-47 -65 -92 N@gm 5 92 53,2465 > 24A 352 24A 85 -11. 77
10.57 367 0 “477°°69. -56  -92  -92 -84 352 24A

85 -11. 76 OWN CELHO 5643365?832 -0 0O -47 -69 -56  -92 -92

-84 At sanple 361 NcELE al: R@ndsvsr to neighbour cell N1 is nmade. By nornal
we nmean handover q&@%ﬁ&zbet L& 49hgnal strength. Signal strength for this

cell is found to b er’ than own cell to a certain degree ( hysteresis
). 352 24A NCELL 3 : 4336428 9. 37 556 53 3 -74 -80
-93 -94 -99  NOELIB® : 2440246 85 -11. 15 9. 37 557
55 S 93 .. .- :10 - 74 11, 15
5 36 s5g A hyel ithe quality 83, thé gommirlfoabron H4e dsperigrided o frg,
23C paint where] ajchandover hag3tgsbe made. The system comes -t@4
-97 ;-84 exé’@tfﬁ&:héggme concluslibn as théjlob%tlng algoPithd ®@2d in tlﬁb
28 77 -109‘5 é) 96 84 é é& 11 -11.
9 31 and a handover is initiate to cell N5.
583 352 23c/11 -11.07 9.21
OWN_CELL : 54.9942
NCELL_5 : 45.0058
NCELL 4 : 42.3031
NCELL_3 : 36.5247
NCELL 1 : 24.9404
NCELL_2 : 24.9404
- 584 352 23¢/11 ~-11.06 9.2

NCELL 5 : 52.9141
NCELL 4 : 51.3213
OWN_CELL : 47.0859
NCELL 3 : 47.3301
NCELL_1 : 32.2786
NCELL_2 : 32.2786

A hit again! Handover is initiated to cell N5.

590 352  24B/48 -11.04 9.17
OWN_CELL : 51.212
NCELL_1 : 48.788
NCELL_2 : 35.6409
NCELL 3 : 35.6409
NCELL_4 : 23.7905
NCELL_5 : 23.7905
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566 0 33 -76 -105 -105 -95 -83 -82 Here the quality on
downl i nk has deteriorated to the degree where handover is necessary. This

is made at sanple 558 to nei ghbour cell N5 because of quality alarm 32
352 23C ' 11 -11. 07 9.21 583 20 55 -82 -109
-109 -96 -91 -88 352 23C 3811 -11. 06 9.20 584
23 58 -83 -110 -110 -95 -89 - 86 23C-> 24B 352 24B .
48 -11.04 9.17 590 33 53 -81 -79 - 96 -96 -110
-104 352 _24B 48 -11.,04 . 9 16 59 53 -81
-79 -965g 195 -110 -104 352 Jnd 248/48, .08 2 2L 9.16
592 38 OBWN_CELB1 :-%D.21206 -94 -110 -104 352 24B 48
-11.03 ON&BLBO3 : 48.78 55 -81 -79 -97 -94 -110 -104
352 24B - 9.14 594 40 58 -82 - 80
-97 -94 -110 Ncgbkﬁ °24:b6119>84?4A 352  24A 88 -11.01
9. 11600 58 NCEBL_2-8135.640P -99 -79 -86 -85 24A -> 21B 352
21B 114 ye ELL. 40.955,7905 9.07 606 55 43 -85 -106 -93
-88 -104 - 86 352 -10. 99 9. 07 607 60
50 .86 -107 NOBRLZTys.7808" 21B -> 24A 352 24A 85
-10. 97 9.03 613 28 10 -80 -90 -98 -101 -102 - 87
352  24A gg3 85 -10.97 352 248798 -11.04 9.16
OWN_CELL : 51.212
NCELL_1 : 48.788
NCELL 3 : 38.2396
NCELL_2 : 35.6409
NCELL_4 : 23.7905
NCELL_5 : 23.7905
593 ' 352  24B/48 ~11.03 9.15
OWN_CELL : 51.212
NCELL 1 : 48.788
NCELL_3 : 38.2396
NCELL_2 : 34,1987
NCELL_4 : 23.7905
NCELL 5 : 23.7905
594 352 24B/48 -11.03 9.14
NCELL_1 : 54.6901
OWN_CELL : 45.3099

NCELL_3 : 47.4029
- NCELL_2 : 44.9385

NCELL 4 : 31.2742

NCELL 5 : 31.2742 .
The system is truly great! Once again it manages to point out the
exact sample for initiating héndover, this time to cell No. 1.
Note that cells with extremely bad signal strength are ranked
below own cell. That is because BER = 58 is regarded as very bad
.but not that bad.
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614 * 28 10 - -80 -90 -98 -101 -102 - 87 Four handovers are
made here because of quality alarm First at sanple 584 to cell N5, then at
sanple 594 to cell N1, then at sanple 600 to cell N3 and finally at sanple

607 to cell N5. 352 24A 85 -10. 89 8.88 638 53
8 -79 -83 -97 -91 -98 -88 3539 24A 85 -10. 89
8.87 639 58 10 -80 -84 -98 -90 -97 -88 24A -> 24B 352
24B 46 -10. 87 8. 83 645 43 40 -83 -91 -98
-91  -99 00 352 24B 8 6

33 -g1 © .96 -91 -99 16%) 3521“‘@ n‘@‘ 3. - 10. 87
8.82 647 33 NGHLL 3 7953.68%7 -94 -90 -99 -100 33 Quality
alarm at sanpl e 63@palses gahapgever to cell Nl. 352 24B i 486.

-10. 63 8.32 7 © .80 -95 -73 -99 -100 352
24B 46 :§°éﬁ&;463 81.703Y 8. 31 731 33 40 -81 -81 -96
-74 99 -10@WBGEXELL4B : 46.31436 -10. 63 8.30 732 35
43 -8l -8l  -Qry, 175 488824~ 100 352 24B 46 -10. 63
8.30 733 40 43 =81 -81. -96 -75 -99 -100 352 24B

46 _10.62  NCELL 2 394333339 ;3 53 .83 .83 -08 -74  -99

-100 352° ZAidbther corréect decisifnf2i.e handover?&o7861l1 No5. 63 -84
-84 -99 -74 -99 -100 24B -> 24A :

606 352 21B/114 -10.99 9.07
A, OWN_CELL : 51.469
NCELL 5 : 48.531
NCELL 3 : 47.0725
NCELL_2 : 42.6104
NCELL 1 : 28.39
NCELL 4 : 28.39
607 352 ' 21B/114 -10.99 9.07
NCELL 5 : 66.4246
NCELL 3 : 66.0021
NCELL 2 : 61.1044
OWN_CELL : 33.5754
NCELL 1 : 47.1069

NCELL 4 : 47.1069
Again! i.e. handover to cell NS.

638 - 352  24A/85 -10.89 8.88
OWN_CELL : 53.7368 '
NCELL 1 : 46.2632
NCELL 5 : 42.939
NCELL 3 : 40.0501
4 ' NCELL 2 : 32.3664
NCELL 4 : 30.7448
639 352  24A/85 -10.89 8.87
NCELL 1 : 52.2522
NCELL 5 : 50.1162
& OWN_CELL : 47.7478
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352 24A 85 -10. 60 8.25 741 43 23 -83 -91
-99 -90 -101 -73 352 24A 85 -10. 60 . 8.25 742

40 20 -83 -90 -98 -91 -102 -73 Quality alarmat sanple 734.
Because of congestion handover to cell N3 is nmade at sanple 735. 352 24A

85 -10. 58 8.19 751 38 40 -80 -88 -96 -90 -102
67 352 24A 85 ~10. 58 8.19 752 38 15 -80
.83  -96 -90 - 102 -67 24A -> 23C 352  23C 17 - 10. 56
8.15 758 _96 -83 -90 -88 352 23C

17 -10. 56 NCE"L-S’ “fsé’%q” 8 -67 -95 -95 -84 -84

-88 Wen the prevmﬁﬁmeufal-'l t43 «f488m handover_ had just been made one
nei ghbour cell w tlbcnw_hl"p bet4xrseisgnal strength val ues than own cell was
found. A signal ngt h, han I gt _sa t sible to perform
due to congg%’ff%(ﬁ T‘ﬁ L1 UhA ?‘%ﬁﬁr 2‘\7§|'| ;elgl'l ?A%l sarrp%1ci Zawhere handover
to celF No. 5 was nmade. 44 has now been described how a usual call can be
fol |l owed angl3mow conmuni cat i on w t hsshe N&np.;gml nt ai rag.. 63hegdsaf f er ent
event s that OCC§&¥d$é§Eg th j are quite normal and are handl ed
according to th of T fthn ing algorithm - 34 A conparison
bet ween handover s REEEGIIred @Jtm SPS si nul at or and handovers initiated .
by the fuzzy |ogi cybpeedth Sysd®£Med S now done by using the output file from
the SPS as input to our~system The result when using fuzzy-logic in
accordance with t RCHasef 26-8385

NCELL_4 : 21.0433

NCELL_5 : 18.7886

733 352 24B/46 -10.63 8.3
OWN_CELL : 54.8702 | -
NCELL_3 : 45.1298
NCELL_1 : 43.089
NCELL 2 : 26.8385
NCELL_4 : 21.0433

NCELL 5 : 18.7886

o 734 352  24B/46 -10.62 8.29
NCELL_3 : 57.6452
NCELL 1 : 54.306
OWN_CELL : 42.3548
NCELL 2 : 44.7833
. NCELL 4 : 43.8268
NCELL 5 : 41.6579

735 352 24Bf46 -10.62 8.29

NCELL 3 : 75.7117
NCELL 1 : 75.1906
i NCELL_2 : 65.6465
NCELL 4 : 65.6465
NCELL 5 : 64.4607
OWN_CELL : 24.2883
The fuzzy logic system comes to exactly the same conclusion as
2t the real locating algorithm i.e. handover should be initiated to
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invention is shown as a candidate |ist, at every sanple, for all the cells
including owmn cell. The Iimt for handover is set to 50% as nentioned
earlier. Hence, every nei ghbour cell, which gives "nmenbership to handover™
> 50%wi || be ranked as better than own cell. The values in the candi date
list refer to the particular cell's "grafe of menbership to handover". The
value for own cell is sinply set to the conplenent of the best nei ghbour
cell. The fuzzy logic systemfor |ocating nearly always nanage to present

e OPr T PobafRrRYane WiRke! RarBUSLY 38THhRoA0IRIY LECSEADES FOETAub! B80S

fail it is°%n quéstron o om ect Qn.

system al SGOMﬁ%QieOlD othe candidateoliisht d§ ﬁaﬁHBVEr%l%e‘-r?‘-’f Sanplet Zlﬁée t he
nei ghbour cell has got a slightly better signal strength, but the-quality
on the own Il is fairly good. A dover, enpt j ust cau of a
slightly b@%?er signal strength n1§%? IegéA?éga handb?b & %daﬁnll here be
performed onl yOWRe@EQUal it\53.33023d, or if both SSE and SSN are very good.
Bel ow,fol | ows songekft, e est4nasgarts of the track that the MS fol | owed

t hroughout the | andscape, nment s: is the sane M5 that was tracked
previously. For rBG Eﬁﬁsaofwiééhéé n the tables the sane colum | abell ed
CRISP is used forNODLh ]:r: spt.888% e and the conplenent to the crisp-value

SAVPLE CANDI DATE . TRAGS4GELL/ CHANNEL  X-pos  Y-pos 223
352 230/ 16 e 11,56 OWNCELL 72,7599 NCELL 1 : 27.2401
NCELL_ 2 : 27.240MCREkLt 3 17087401 NCELL 4 : 27.2401 NCELL_5 : 27.2401
! %42 352 24A/85 -10.6 8.25
| OWN_CELL ¢ 53.6551
NCELL_5 : 46.3449
NCELL_1 : 36.0187
NCELL_3 : 34.772
NCELL 2 : 23.1672
NCELL 4 : 12.9356
743 352 24A/85 -10.6 8.24
OWN_CELL : 54.4077
NCELL 5 : 45.5923
NCELL 1 : 36.0565
NCELL 3 : 34.5645
NCELL_2 : 22.8537 .
NCELL_4 : 8.19036
744 352 24A/85 -10.6 8.23
OWN_CELL : 54.4077
NCELL_5 : 45.5923
NCELL_1 : 36.0565
NCELL_3 : 35.3417
NCELL 2 : 22.8537
NCELL_4 : 8.19036
745 352 24A/85 -10.59 8.23
. OWN_CELL : 53.1899
NCELL 5 : 46.8101

S
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35 224 ° 352. 23C 16 -12.09 11.55 OMNCELL
72.7599 NCELL_1 : 27.2401 NCELL 2 : 27.2401 NCELL 3 : 27.2401 NCELL 4 :

27.2401 NCELL 5 : 27.2401 225 352 23C/ 16

-12.08 11.55 OANCELL : 53.6718 NCELL 4 : 46.3282 NCELL 3 : 41.5887
NCELL 5 : 41.5887 NCELL 1 : 16.4494 NCELB22 : 16.4494 At sanple 225 own
cell is above 50% This neans that the fuzzy |ogic systemwould not have

initiated handover here but nost certainly at the next sanple, since
nei ghbour cell N g et.t i,ng =S ger and own cell is getting weaker. 231
NCES 3" 957 548"

352 24A 85 NCELL 2 : 62.18 OM CELL : 37.82
NCELL 1 : 30.8414 N@BEL_34 :: 35838845 NCELL 5 : 25.7863 NCELL 3 : .25.4234 232
352 24A/ 85 NCELXZ2.20% 2512088CELL_2 : 59.45 '
NCELL_4 : 10.3751
746 352  24A/85 -10.59 8.22
OWN_CELL : 53.6211
NCELL 5 : 46.3789
NCELL_1 : 36.0565
NCELL 3 : 35.3417
NCELL_2 : 22.8537
NCELL_4 : 10.3751
747 . 352  24A/85 -10.59 8.22
NCELL 5 : 50.3231
OWN_CELL : 49.6769
NCELL_1 : 35.5481
NCELL_3 : 34.3562
NCELL 2 : 23.4552
NCELL_4 : 14.1249

" At sample 741 measurements from new cells are delivered. Cell No.
S has got a real good signal strength but according to our
membership functions the communication quaiity is not bad enough
for a handover yet. The locating algorithm however, initiates an
.handover but it is impossible at sample 741 due to congestion.
- But at sample 752 the handover is made. In our system a handover
is initiated at sample 747 due to gquality deterioration. The
handover is guite correct made to cell No. 5. This is a common
signal strength handover. If the channel quality had not
deteriorated our system would have prevented an unnecessary
handover.

s

Depending on how the membership functions are constructed for
each input measurement SSE, BER and SSN, the final candidate list
is possible to adjust as to meet specific performance demands.
With the membership functions that are used unnecessary handovers
can also be prevented; for instance when the quality of the
communication is good but a neighbour cell has got a 1little
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OWNCELL : 40.55 NCELL_1 : 30.8414 NCELL_4 : 28.6345 NCELL_3 : 25.4234
NCELL 5 : 25.4234 At sanple 231 neasurenents for new nei ghbour cells arrive
and exactly as the locating algorithmour fuzzy |logic systemfor |ocating
comes to the conclusion that a handover to cell N2 is in 36 order. Since
congestion makes it inpossible to actual y nmake handover our candidate Iist
for handover is correct for sanple 232 to sanple 241 where handover is

made. 360 352 24C/ 121 -11.78 10.61 OMN CELL
: 50.005 NCELL 1 : 49.995 NCELL 2 : 40.296 NCELL 4 : 16.685 NCELL 3 :

11. 3189 NChettér:sign3188toérigth. - : 352 24C1 121

-11.78 10.61 OMNCELL : 50.005 NCELL 1 : 49.995 NCELL_2 : 40.296 NCELL_4

: 16.685 NCELL_3 : 11.3189 NCELL 5.: 11.3189 This ( .,at sampl e 3213) is a
conmon si ghR¢ INVERGLANhASISRE dmiked &R they emheddpents, desgEdbefe PYst em

is to initothér aembodiments are possible within the scope of the inven-.
tion.
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handover. 556 352 24A/ 85 : -11.15 9. 37 OMNNCELL
52.9439 NCELL 5 : 47.0561 NCELL 1 © 43.0004 NCELL 2 : 33.8213 NCELL 3 :

32.4619 NCELL 4 24.0519 5§57 352 24A/ 85
-11.15 9.37 OMN CELL : 52.9439 NCELL 5 : 47.0561 NCELL_1 : 43. 0004

365 AN g5 Il@ﬂ%lﬂ“llﬂm PNCELL 5 %55, 5168 OM CELL - 46,3832

NCELL_2

NCELL_1 :

49. 9593 NCELL 2': ®454713 NCELL 3 : 43.6428 NCELL 4 : 34.0246 A

hit! The quality of the conmunication has deteriorated to the point where a
handover has to be made. The system Srfed tIo“eQactIy t he sane concl usi on as

the locating algorithmused in the SPS, and a handover

N5. 583

1. A method perta’“ﬁﬁng egq‘(a]njdo.ff in a ndbiPd _te%;e%jommunication

system comprising cordless telecommunication, wherein at least
two telecommunication parameters are chosen as handoff parameters
for providing a basis on which a handoff decision can be made,
and the actual values of the handoff parameters are measured
characterized byusing the measured values as inputs
to a fuzzy-logic including membership functions and fuzzy
condition sets, executing the fuzzy-condition sets with the
determined handoff parameter values, weighting consequences from
the executed fuzzy-condition sets to form a crisp-value, and
using the crisp-value when making a handoff decision.

2. A method pertaining to handoff in a mobile telecommunication
system comprising cordless telecommunication, wherein at least
two telecommunication parameters are chosen as handoff parameters
for providing a basis on which a handoff decision can be made,
characterized by assigning each handoff parameter a
membership to at least two input data sets which characterize the
handoff parameters; assigning to each of said input data sets a
membership function which is characteristic of respective input
data sets; forming at least one parameter group which includes at
least two handoff parameters for each group; determining at least
two output data sets having membership functions; forming a rule
table which includes at least two rules; forming each rule as a
fuzzy-condition set which for handoff parémeters in a group of
operators compares the parameter value memberships with input
data sets and in response to the result of the comparison
implicates an output data set inembership function given by the
condition set so as to obtain a consequence of fuzzy-condition
sets; determining the values of the handoff parameters; executing
the fuzzy-condition sets with the determined handoff parameter
values; weighting consequences from the executed fuzzy-condition
sets to form a crisp-value in accordance with one of the
following fuzzy-evaluatihg methods the largest value method, the
average value method and the centroid method; and using the
crisp~value when making a handoff decision. . :

isinitiated to cell



[y

OMWN CELL : 54.9842 NCELL_5 : 45.0058 NCELL_4 : 42.3031 NCELL 3 : 36.5247

NCELL 1 : 24.9404 NCELL 2 : 24. *262"584 352 23C 11

-11.06 9.2 NCELLHmmmmmEMW : 51.3213 OMWN CELL . 47.0859 NCELL

3 : 47.3301 NCELL ' : 32.2786 A hit again! Handover is

initiated to cell . 45 352 24B/ 48 -11. 04

9.17 OANCELL : 51.212 NCELL 1 : 48.788 NCELL 2 : 35.6409 NCELL 3

35.6409 NCELL 4 : 23.7905 NCELL_ 5 : 23.7905 38 591

352 24B/ 48 -11.04 9.16, ONNCELL . 51, 212 N LL 1 : 48. 788 NCELL 3
36. 9846 NEELL 3 methog,agCoREgipg s£0 laimydsor c cte-

rized by forming at least two parameter groups; forming and

executing at least one condition set for each parameter group;

and using the crisp-'values from the condition sets of both
S groups.

4. A method according to claim 3, characterized
in that one parameter group contains at least two of the
parameters RXLEV_NCELL(n), RXLEV_UL and RXLEV_DL.

5. A method according to claim 3, characterized
in that a parameter group contains the parameters RXLEV_NCELL(n),
RXLEV_UL and RXLEV_DL.

6. A method according to claim 1, 2 or3, characte -
r i zed by using the number of available radio channels of a
base station as one of the handoff parameters.

7. A method according to claim 2 or 6, characte-~-
r i z ed in that the condition sets together contain at least
four different parameters.

8. A method according to any one of claims 1-7, charac -~
t er iz ed by establishing at least one list of handoff
candidates having a ranking constructed from the crisp-values
obtained from condition sets which include one of the handoff
parameters RXLEV_NCELL(n), RXLEV_UL and RXLEV_DL.

9. A method according to'claim8, characterized
in that the candidate 1list includes information concerning
approximate available communication capacity of those candidates
included in the candidate list.

10. A method according to any one of claims 1-7, charac-
terized by updating an existing candidate list with the
aid of the crisp-values.
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NCELL 5 : 7905 592 352 . 24B/ 48 -11.04 9.16

OM_CELL : 788 NCELL 3 : 38.2396 NCELL 2 : 35.6409
NCELL 4 : 23. 7 " l! 05 593 352  24B/ 48
~11.03 9.15 'NCELL 1 : 48.788 NCELL 3 : 38.2396 NCELL 2

: 34.1987 NCELL 4 23 7905 NCELL_5 : 2344905 594 352
24B/ 48 -11.03 9.14 NCELL 1 : 54.6901 OMN CELL : 45.3099 NCELL 3 :
47.4029 NCELL_2 : 44.9385 NCELL_4 : 31.2742 NCELL_5 : 31.2742 The Syst emis

truly gre a oi nt 0 he exac

Y0 el o CRRORLR, ACCPRERNE N Arheighe  8Y\ bl R iy Bisal
extrenely ¢al 8ignalcstremyth zare ¢ an-ked:hbﬁl bmeommwshlmfamqtsonec@xse
BER = 58 'fiﬁ@ﬂff ded &S vAnM DagdriUitridingiBs! &?dtrapes8ids when- their

vertexes are joined together.

12. A method according to any one of the preceding claims,
characterized by executing the fuzzy~-condition
statements with the latest determined handoff parameter values
‘and also with earlier determined handoff parameters; and
weighting both the consequences obtained from executing said
statements with said earlier values and the consequences obtained
by executing said statements with said latest determined values,
to obtain the crisp values.

13. A method according toclaim1l, 2or3, characte -~
r iz ed by selecting the handoff parameters from the following
variables, RXLEV_DL, RXLEV__UL, RXLEV_NCELL(n), RXQUAL DL,
RXQUAL UL, TA, transmission power from neighbouring stations,
path loss, ¢/I, C/A and C/R.

14. A method according to any one of the preceding claims in a
cellular mobile system comprising base stations and mobile
stations, characterized by measuring the parameters
of received radio signals in the base stations and also in the
mobile stations; reporfing.the measuring results from the mobile
stations to the base stations; and using both the measuring
results from the mobile stations and the measuring results from
the base stations to determine the parameter values.

15. Means for producing basic data for a handoff decision based
on at least two signal parameters in a system comprising cordless
telecommunication, c haracterized by at least one
data buffer (2) for receiving the values of at least two paramet-
-ers; a fuzzy-processing unit (3) for executing fuzzy-condition
statements with the parameter values, in which condition
statements operators are operative in comparing the memberships
of the parameter values to input data sets and, depending on the
result of the comparison, implicate an output data set niembership



600 4A/ 88 -11.01 9.11 NCELL 3 : 53.6857
NCELL 5 : : 51 7927 ONNCELL : 46.3143 NCELL 1 : 48.8624
NCELL_2 : ﬂﬁﬁ’W ect deci sion, i.e handover to cell No 3. 606
352  21B/ 114 07 OWNCEL L. : 51.469 NCELL 5 : 48.531
NCELL_3 : 47. 0725 NCELL 2 : 42 6104 NCEL171 : 28.39 NCELL 4 : 28.39 607
352 21B/ 114 -10.99 9.07 NCELL 5 : 66.4246 NCELL 3 : 66.0021 NCELL
2 : 61.1044 OMNCELL : 33.5754 NCELL_1 : 47.1069 NCELL 4 : 47.1069 Again!

i-lg- 8gangoggﬁcbﬂoﬁe|dn}\§x‘ 8the Cﬁndltlon stgtg%%%@il%%l_fgg'ﬂ&}btaln a
NCELL_3 : %8"§S6YeReeiL “"é*z 2864%1‘*&9’& ing LPppeggnces fron the
352  24A/ ggzzy-procesfifg ugitsto at least one ch.sp-value, and a handoff-

evaluating unit (5) for generating handoff decision data in

dependence on the crisp-values.

16. Means according toclaim 15, characterized in
that the processing unit includes a "fuzzy"-control unit (6), an
application memory for sequential user instructions and "fuzzy"-
conclusion instructions; and in that the control unit functions
to control the flow of data from and between the buffer(s),
A/C/M/M (4) and HED (5) in unison with the switch unit.

17. Means according toclaim 16, characterized in
that the switch unit is a BSC or an MSC.

18. Means according to claim 17, characterized in
that when only one group has been formed in the processing unit

" {(3), the A/C/M/M (4) make their decision on the consequence
values and the single "crisp"-value.

19. Means according to claim 17 or 18, characte -
rized in that the HED-unit (5) has access to all input data
values, "firing"-values and consequence values for evaluation.

20. Means according to any one of the preceding claims,
characterized in that A/C/M/M (4) and HED (5)
include decision-making "fuzzy"-logic.

21. Means according to claim 20, characterized in
that A/C/M/M (4) produces its output data through the medium of
hardware or software "“fuzzy" "OR" and "AND" decisions.

22. Means according to claim 20 or 21, characte -

r i z e d in that the HED-unit has a candidate list stored
thereih, or has access to a candidate 1list or produces a
candidate 1list.



NCELL_1 : 5272522 NCEtt-5——56- 1162 OM CELL : 47.7478 40 NCELL 3 :

48. 8903 NCEL NCELL 2 . 42.4818 Correct decision again, i.e.
‘handover to H ", 352 24B/ 46 -10. 63

©8.3 OMN CELL 45. 1298 NCELL 1 : 43.089 NCELL 2 :

26. 8385 NCELL 4 : 21. 0433 NCELL_5 . 18.7486 733 352
24B/ 46 -10.63 8.3 OM CELL : 54.8702 NCELL 3 : 45.1298 NCELL_1 :
43.089 NCELL 2 : 26.8385 NCELL 4 : 21.0433 NCELL 5 : 18.7886 734

352 24B/ 46 -10.62 8.29 NCELL_3 : 57. 6452 NCELL 1 : 54. 306 Q/\NCELL
. 42.3548 ROELL Meansiacpeydingeye glaimPprggharacterized
that a handoff decision is made in HED (5) through the medium of

"fuzzy" "OR" and "AND" operators in hardware or software "IF" and
“"THEN" statements.

« 24. Means according to any one of the preceding clainms,
characterized in that an exchange of data infor-
mation takes place between the switch unit and the HED-unit (5).

25. A inobile station in a system comprising cordless telecom-
munication, said mobile station including means for producing
basic data for handoff between base stations on the basis of at
least two signal parameters in the system, characte-
r i 2z e d by means for receiving the actual values of at least
two parameters, and fuzzy~logic means for executing fuzzy-
condition statements with the values of the parameters and
weighing 'conseqpences to obtain at least one crisp-vallie and
generating basic data on which a handoff decision can be made in
dependence on the crisp-values.

26. A mobile station in a systen comprising cordless telecom-
munication, said mobile station including means for producing
basic data for handoff between base stations on the basis of at
least two signal parameters in the system, characte-
r i z e d by at least one data buffer (2) for receiving the
values of at least two parameters; a "fuzzy"-processing unit (3)
for executing fuzzy-condition statements with the values of the
parameters, in which condition statements operators are operative
in comparing the parameter value membership to input data set,
and depending on the result of the comparison implicate an output
data set membership function given by the condition statement so
as to obtain a consequence; a unit (4) for weighting consequences
from the fuzzy-processing unit to obtain at least one crisp-
value; and a handoff evaluating unit (5) for generating basic
data on which a handoff decision can be made in dependence on the
crisp-values.



NCELL 5 : 41,6579 73— 352  24B/ 46 -10.62 8.29
NCELL 3 : 75.7117 NCEL@M\“(S. 1906 NCELL_2 : 65.6465 NCELL 4 : 65. 6465
il

NCELL_5 : 64\5\“““%‘ 24.2883 The fuzzy logic systemcones to
exactly the " »as the real locating algorithmi.e. handover

shoul d be initiafed to 41 cell No. 3.49Si nce handover is inpossible at
sanple 734 due to congestion the candidate list is correct also for sanple
735. 741 352 24A/ 85 -10.6 8.25 OMN CELL

52. 3023 NGEYL Sy (AL 007 NELLi? & 39s0BdOcbbtbsing 36rfads NeEibodn:

8. 25 O/NCBeunicatigngssuidybeER Statisn énﬂbuM@ffng fer prsfupe basic T 0
34. 772 NCE§htR for3hiRdari\GRitween bh2ed86atidis on the basis of at-ledse
24N 85 two %gqgalsspgéameters in the system, characterized
by means for receiving the actual values of at least two
parameters, and fuzzy-logic means for executing fuzzy-condition
statements with the values of the parameters and weighing
consequences to obtain at least one crisp-value and generating
basic data on which a handoff decision can be made in dependence

on the crisp-values.

28. A base station in a system comprising cordless telecom-
munication, said base station including means for producing basic
data for handoff between base stations on the basis of at least
two signal parameters' in the system, character ized
by at least one data buffer (2) for receiving the values of at
least two parameters; a "fuzzy"-processing unit (3) for executing
fuzzy-condition statements with the values of the parameters, in
which condition statements operators are operative in comparing
the parameter value membership to input data set, and depending
on the result of the comparison implicate an output data set
'membe.rship function given by the condition statement so as to
obtain a consequence; a unit (4) for weighting consequences fron
the fuzzy-processing unit to obtain at least one crisp-value; and
a handoff evaluating unit (5) for generating basic data on which
a handoff decision can be made in dépendence on the crisp-values.

29. A switch in a telecommunication system comprising cordless
communication via base stations, said switch including means for
producing basic data for handoff on the basis of at least two
signal parameters in the system, characterized by
means for receiving the actual values of at least two parameters,
and fuzzy-logic means for executing fuzzy-condition statements
with the values of the parameters and weighing consequences to
obtain at least one crisp-value and generating basic data on
which a handoff decision can be made in dependence on the crisp-
values.



OMN CELL _54—497—7-—Nm 45. 5923 NCELL_1 : 36. 0565 .NCELL_3 . 34.5645

NCELL 2 : 22 8537 N 9036 744 352 24A/ 85
.-10 6 8.23 . - NCELL_5 : 45.5923 NCELL 1 : 36.0565 NCELL 3

© 35. 3417 NCEL LL_4 :8.19036 745 352
24A 85 - 10. 59 8. 23 O/\NCELL : 5P%899 NCELL_5 : 46.8101 42
NCELL_1 : 35.3417 NCELL_3 : 35.3417 NCELL 2 : 20.2088 NCELL 4 : 10.3751 746
352  24A/ 85 -10.59 8.22 OMN CELL  : 53.6211 NCELL_5 : 46.3789

NCELL_L : 3§, 05§5o ik fhn ‘a Feribbhmtidichtion Kot boipELbify: cafaiddd

communication via base stations, said switch including means for
producing basic data for handoff on the basis of at least two
sign_'a\l parameters in the system, chara cterized by
- at least one data buffer (2) for receiving the values of at least
two parameters; a “fuzzy"-pr"oc.essing unit (3) for executing.
fuzzy-condition statements with the values of the parameters, in
which condition statements operators are operative in comparing
the parameter value membership to input data set, and 'depending
on the result of the comparison implicate an output data set
membership function given by the condition statement so as to
obtain a consequence; a unit (4) for weighting consequences from
the fuzzy-processing unit to obtain at least one crisp-value; and
a handoff evaluating unit (5) for genérating basic data on which
a handoff decision can be made in dependence on the crisp-values.

31. A telecommunication system comprising base stations for
cordless communication, said system including means for producing
basic data for handoff on the basis of at least two signal
parameters in the system, c har a.c terized by means
for receivirig the actual values of at least two parameters, and
fuzzy-logic means for executing fuzzy-condition statements with
‘the values of the parameters and weighing consequences to obtain
at least one crisp-value and generating basic data on which a
handoff decision can be made in dependence on the crisp-values.

32. A telecommunication system comprising base stations for
cordless communication, said system including means for producing
basic data for handoff on the basis of at least two signal
parameters in the system, characterized byat least
one data buffer (2) for receiving the values of at least two
parameters; a "fuzzy"-processing unit (3) for executing fuzzy-
condition statements with the values of the parameters, in which
condition statements operators are operative in comparing the
parameter value membership to input data set, and depending on
the result of the comparison implicate an output data set
membership function given by the condition statement so as to
obtain a consequence; a unit (4) for weighting consequences from

<'-’-?.i,-'r,_ R
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747 352 24A/ 85 -10.59 8.22 NCELL 5 : 50.3231
OMNCELL = : 49.6769 NCELL 1 : 35.5481 NCELL_3 : 34.3562 NCELL 2 : 23.4552
NCELL 4 : 14. 126"'@'""&'"%‘ measurenents fromnew cells are delivered.
Cell No. 5 has ignal strength but according to our

menber shi p functions t'he "corfmuni cat i on qual ity is not bad enough for a
handover yet. The | ocating al gorithm however, initiates an handover but it
is inmpossible at sanple 741 due to congestion. But at sanple 752 the
handover is nmade. In our system a handover is initiated at sanple 747 due
to quality theauzmaprocessliaghaniiowsr obtajniite leest ewie madspt-vaduk; and 5.
This is a cgméfﬂwaﬁm@qt nnbengﬂvq*or bbnkbee £ Mk Wakh ¥nari a0t

det eri or at our stem woul d have an unnecessary handayer.

Dependi ng of MRAGAHe IgEiSdPRIFIN fhan‘Pf’G Sepepgruce RN &pet 6F 1§acﬁahﬁ?ﬁt
measur enent SSE, BER and SSN, the final candidate list is p055|ble to

adj ust as to neet specific performance demands. Wth the nenbership
functions that are used unnecessary handovers can al so be prevented, for

i nstance when the quality of the comunication is good but a nei ghbour cel
has got a little 43 better signal strength. The invention is not limted -
to the enbodi nents descri bed but other enbodi nents are possible within the
scope of the inven-




tion.~ CLAI MS 1. A met hod pertaining to handoff in a nobile

t el ecommuni cati on system conprising cordl ess tel ecommuni cati on, wherein at

| east two tel ecomruni cation paranmeters are chosen as handoff paraneters for
provi ding a basis on which a handoff decision can be nade, and the actual
val ues of the handoff paraneters are neasured c har act er i z e d by
using the neasured values as inputs to asfuzzy-logic including nmenbership
functions and fuzzy condition sets, executl ng the fuzzy-condition sets wth
t he determ ned handoff paraneter- va’f‘aﬁg'éA wei ghting consequences fromthe

executed fuzzy-condi tyfosehiy WPpdidiil BefiaiRfic’ 2 Wanppd USi ng the
crisp-val.ue when mekiNg fx NAGHBIE TEIECOMMUNTCATSoN sysefet 10d pertaining to

handoff in nobi | e | eco ag,ong C T dl es

t el ecommuni i bﬂ"eﬂﬁg i ﬁggupégeaé{’ %[erﬂ%e@co&m%n%’ég{?%ﬁg a%gmét eryss taerm e
chosen as leempufifsing oerddessf 5¢1%¢W‘m1{ﬂjté°l§'as @eohnm'éﬁ

deci si ;—‘m C%ﬂkﬁrba{@f@ u@%ﬂz’é rf@zzq;-tlto@m lto’-I&(rjdllli&te'iSStgméﬂgteﬁWb Im&i@ff
ar anmet er menber shi 0 a ast two i nnut_da ractenize

F he handof CYEPHHE ¢ §§§F§‘ﬁg %‘éc‘ﬂgjﬁ l"%al §§éﬁy\@¥15% %‘ o
menber shi p pnowidebasticc date ehavhmmr& drandofit mééé?pv@a# rRﬁltm%-a% s;

formng at Jhagle R TR xﬁ@%mm!rshlpn%u@ts nhslceatszb tiwpuhamf

paraneters tor each_gr d. term ni t_twp ou Vi ng
menber shi p Sakfot @8 b ?’tﬁfﬁ‘ﬁ' s °Y’ﬁ|"be"&%?5|sé‘%?8ﬂ°?h%’?u Bg% S%ert%s 2
rules; for@ingidathintd gramps fandzp- coddi tabhesef ﬁhzz:?r'ttmdmmfsrtate-
par anet efsn{g}}@s VOB Aba 0P A Uy cefmai€§0ﬁ *&Mn@i&tsearé!aé*&dﬁﬁ@%hahl ps

wi th input sets and In res onsetot he result _of t arlso
. the consequences weighted to a crisp-value W 1c use

- conjunction with handoff. The inventive apparatus includes a
fuzzy-processing unit (3) for grouping parameters and executing
rules, a unit (4) for determining the crisp-values, for instance
the average value, maximum value and/or the minimum value of rule-
consequences, and an evaluating unit (5) which uses the crisp-
values in conjunction with establishing a candidate list or in
ﬁaking a handoff decision.

{Figure 2)



i nplicates an output data set nenbership function given by the condition
set so as to obtain a consequence of fuzzy-condition sets; determning the
val ues of the handoff paraneters; executing the fuzzy-condition sets with

t he determ ned handoff paraneter val ues; weighting consequences fromthe
executed fuzzy-condition sets to forma crisp-value in accordance with one
of the follow ng fuzzy-eval uating nethods the | argest val ue nethod, the
average val ue nethod and the centroid nethod; and using the crisp-val ue
when nmaki ng a handof f deci si on. 45 3. g hod according to claim1 or

2, char act e ri zedhbyformng east two paraneter groups;
form ng and executing at |east one condition set for each paranmeter group;
and using the crisp-values fromthe condition sets of both groups. 4. A
met hod according to claim3, char acteri zedinthat one
paraneter group contains at |east two The paraneters RXLEV NCELL(n),
RXLEV UL and RXLEV DL. 5. ‘A net hod/according to\¢laim3, char act e
ri zedinthat a paraneter group/contains the paganeters RXLEVNCELL(nN),
RXLEVUL and RXLEVDL. 6. A et hod accordiﬂg toclai\nl, 2 or 3, char a

cte-ri zed by using the nugber of Nl able r s of a base
station as one of the neters. A nmet ho¢f according No claim 2
or 6b char act e that the conditifon sets togetNher
contain at |east fouy different paraneters. 8. A fret hod according, to any

Bl
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t eri zedby establishing at |east one |ist of handoff candi dates
havi ng a ranking constructed fromthe crisp-values obtained fromcondition
sets which include one of the handoff parameters RXLEV NCELL(n), RXLEV UL
and RXLEV DL. 9. A nmethod according to claim8 c¢char acteri ze
d in that the candidate list includes information concerning approxinmate
avai | abl e communi cation capacity of those candi dates included in the
candidate list. 10. A nethod according to any one of clains 1-7, ¢ h ar a
c -t eri zedhbyupdating an existing candidate list with the aid of
the crisp-val ues. 46 11. A method accor@ihA@ to any one of the preceding
claims, ¢ h ar g } } t he menbg } }
linear, i.e. willf formtriangles or trapegoids wherj their vertexes are
j oi ned -together. {12. A nethod according tp any onejof the preceding cl dins,
characteri zedhby executing the fuzzy-ggndition statenments JWith
the | atest deterrined ha®ddfd Rar ter vplues and}al so W1 ier

det ermi ned handofjf paraneters; and meight'ng—bothrfhe consequences obt gi ned
fromexecuting sgid statements with said fearlier values and the
consequences obt di ned by executing safH\Qtatenents with said | atest
det erm ned val ueg, j ' aihes. 13, j
claiml, 2 or 3, ¢ h
paranmeters fromthe f
RXLEVNCELL(n), RXQU.
nei ghbouring stations

es| RXLEV DL, RXLEJUL,
TA, transm ssion po

Fig. 2

RXQUAL DL l:} FIR ___J\_/
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RXOUAL UL Q FIR j,/
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path loss, CI, CA and CR 14. A nethod according to any one of the
preceding clainms in a cellular nobile system conprising base stations and
nobile stations, c har act er i z e.d by neasuring the paraneters of
received radio signals in the base stations and also in the nobile
stations; reporting.the neasuring results fromthe nobile stations-to the
base stations; and using both the neasuring results fromthe nobile
stations and the nmeasuring resultsg&&p t he base stations to determne the .
par anet er val ues. 15. Means for pr cMNg basic data for a handoff decision
based on at |east two signal parameters in a system conprising cordl ess
tel ecommunication, c har act er i zedby at |east one data buffer
(2) for receiving the values of at |east two paranet- ers; a
fuzzy-processing unit (3) for executing fuzzy-condition statenments with the
paranet er val ues, in which congjtion statements oper@ors are operative in
conparing the nenbershi ps of par anet er val ues t&nput data sets and,
depending on the redylt of thgeronparison, inplicgater§@n output data set
menber shi p functi oR gi ven the condition stArenkyt so as to obtain a
consequence; a unit (4 hting consequepfé
fuzzy-processing unit tag\at &pt one crisp-vgl ug,; ® a handof f -

gci si: ta_in dependence on
rding to claim15 ar acteri ze

1 /] yi=eppt rol unit (6), an

application nmenor erdyi al user inrgtrudfi onDVand "fuzzy"- concl usion

:
i nstructi ons; and ®h tha th&control unit fud?tioﬁ% to control the fl ow of
data from and between tthbuffer(s),
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AIC MM (4) and HED (5) in unison with the switch unit. 17. Means accordi ng
toclaiml1l6, c har act er i zed.inthat the switch unit is a BSC or
an MSC. 18. Means according to claiml1l7, char acter i zedin that
when only one group has ‘been forned in the processi ng uniit (3), .the ACMM
(4) make their decision on the consequence val ues and-.the. S|ngle,,-
‘crisp"-value. .19. Means according to claim17 or 18, char act e-r i’
z edinthat the HED-unit (5) has access to all input data val ues,
"firing"-values and consequence val ues for evaluation. 20. Means according
to any one of the preceding clains, c har acter i zedin that
AlIC MM (4) and HED (5) include decision-nmaking "fuzzy"-logic. 21. Means
according toclaim20, char ac49er i zed inthat AOMM(4)
produces its output data through-the nediumof hardware or software "fuzzy"
"OR' and "AND' decisions. 22. Means according {o gﬁg§p1é0 or 21, c har a
te

cte-rized inthat the HED-unit has a tand |ist stored
therein, or has access to & candk%tae list or pro s @ candidate |ist.

48 23. Means according to ¢l aim characgt ijlz edinthat a
handof f deci sion is nmade in Through ThE gmof "fuzzy" "OR' and
"“AND' operators in hardware &gt@a “I'F" apd ' N'|statenments. 24.
Means according to any one +he “reeed:hﬂ epime—e—h{ar acteri ze

d in that an exchange of data IQﬂ"- mat i on takefaﬂlace bet ween the switch

unit and the HED-unit (5).
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25. A nobile station in a system conprising cordless tel ecom nunication,
said nobile station including neans for producing basic data for handoff

bet ween base stations on the basis of at |east two signal paraneters in the
system char acte-ri zedhby nans for receiving the actual

val ues of at |least two paraneters, and_fu -l ogi ¢ means for executing
fuzzy- condition statenents with the vﬁiﬁéé{of the paraneters and wei ghi ng
consequences to obtain at |east one crisp-value and generating basic data
on whi ch a handoff decision can be nmade i n dependence on the crisp-val ues.
26. A nobile station in a system conprising cordless tel ecom nunication,
said nobile station including neans for producing basic data for handoff

bet ween base stations on the basis of at |east two signal paraneters in the
system c har actge-r i zed by at |least one data buffer (2) for
receiving the val ues ®f at |east two paraneters; a "fuzzy"-processing unit
(3) for executing f y-condition statenents with the val ues of the
parameters, in whic dition statenents operators € opdrative in
conparing the paranet ue nenbership to input ta set,| and dependi ng
on the result of the on inplicate an oupgut data sgt nenbership
function given by the to obtain a consequence; a
unit (4) for weighti consequen fuzzy-processiilng unit to
obtain at |east one ckisp- value; and aAfandoff evaluatingjunit (5) for
generati ng basic datal on which a hangekf decision can be mhde in dependence
on the crisp-val ues. i in a systemconprising cordl ess
tel ecom nmunication, faid base i ng means for {producing basic

ation inc
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data for handoff between base stations on the basis of at |east two signa
paraneters in the system <c¢c har act er i z e d by neans for receiving
the actual values of at |east two paraneters, and fuzzy-Ilogic neans for
executing fuzzy-condition statements with the val ues of the paraneters and
wei ghi ng consequences to obtain a1€$§ﬁ§1 one crisp-val ue and generating
basi ¢ data on which a handoff deci an be made i n dependence on the
crisp-values. 28. A base station in a system conprising cordless tel ecom
muni cati on, said base station including neans for producing basic data for
handof f between base stations on the basis of at |east two signal
paraneters in the system c har acter i zedhby at |east one data
buffer (2) for receiving the values of at |east tw paraneters; a
"fuzzy"-processing unit (3) for executing fuzzy-condition statenments with
the values of the paraneters, in which condition statenents operators are
operative in conparing the paraneter value nenbership to input data set,
and depending on the result of the conparison inplicate an output data set
menber ship function given by the condition statenment so as to obtain a
consequence; a unit (4) for weighting consequences fromthe
fuzzy-processing unit to obtain at |east one crisp-value; and a handof f
eval uating unit (5) for generating basic data on which a handoff decision
can be made i.n dependence on the crisp-values. 29. Aswitch in a

t el econmuni cati on system conprising cordl ess communi cation via base
stations, said switch including nmeans for producing basic data for handoff
on the basis of at.least two signal paraneters in the system c¢c har ac:t
er i zed by ans for receiving the actual values of at |east two
paranmeters, an(d fuzzy-logic nmeans for executing fuzzy-condition statenents
with the val ygsi-of the parapeters a e es to obtain at

| east one crisp-val ue and i

basi ¢ data on
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whi ch a handoff decision can be nade in dependence on the crisp- val ues.

50 30. A switch in a tel ecomunication system conprising cordl ess

comuni cation via base stations, said switch including nmeans for producing.
basi c data for handoff on the basis of at |east two signal parameters in
the system c har acteri z gzqégghat | east one data buffer (2) for
receiving the values of at |east t meters; a "fuzzy"-processing unit
(3) for executing fuzzy-condition statenents with the val ues of the
paranmeters, in which condition statenents operators are operative in
conparing the paraneter value nenbership to i nput data set, and dependi ng
on the result.of the conparison inplicate an output data set nenbership _
function given by the condition statenent so as to obtain a consequence; a
unit (4) for weighting consequences fromthe fuzzy-processing unit to
obtain at |east one crisp-value; and a handoff evaluating unit (5) for
generating basic data on which a handoff decision can be nmade in dependence
on the crisp-values. 31. A telecomunication system conprising base
stations for cordl ess comuni cation, said systemincluding neans for
produci ng basic data for handoff on the basis of at |east two signal
paraneters in the system c har acter i z ed by neans for receiving
the actual values of at |east two paraneters, and fuzzy-Ilogic nmeans for
executing fuzzy-condition statements with the values of the paraneters and
wei ghi ng consequences to obtain at | east - one crisp-value and generating
basi ¢ data on which a handoff decision can be nade in dependence on the
crisp-values. 32. A tel ecomunication system conprising base stations for

b - '

195

FIG. 7



L)

cordl ess communi cation, said systemincluding neans for producing basic -
data for handoff on the basis of at |east two signal paraneters in the
system char acter i zedhby at |east one data buffer (2) for
receiving the values of at |east tw paraneters; a "fuzzy"-processing unit
(3) for executing fuzzy- condition state ts with the values of the
paraneters, in which condition stated%b perators are operative in
conparing the paraneter value nenbership to i nput data set, and dependi ng
on the result of the conparison inplicate an output data set nenbership
function given by the condition statement so as to obtain a consequence; a
unit (4) for weighting consequences from 51 the fuzzy-processing unit to
obtain at |east one crisp-value; and a handoff evaluating unit (5) for
generating basic data on which a handoff decision can be nmade in dependence
on the crisp-val ues.
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