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stations in the ggeearapNpcor HEeaw@frIBgcause the cells are relatively
smal |, nobile stations often travel between a nunber of different
cells. The process of swi tching the established call froma hone base
station in one The pekkehe @ntangbén hisdixeattedntonaanethes &anél appakam

as handof f . 25 | n stl n reque Di_vi n_Milti ceess
( FDVA) cd | Foxr %‘ifé‘i @ +€n 3 el ?ﬁg ‘ﬁ%’é’&“?gFaﬁ
handof f of nobi mtsb&kl,omndlmcres pmdbubgrbgseﬁbmnomoddlimg low capacity

measurement s of m%,g‘i%asg&@t Iéde e fla K ggalceq_‘i@:l.'a{ry g%léggmmun%ggzi&}fs

(nobil e station oh)“vol ce channel recel ve
each nobil e st anetworkgaged in a call. If the

m

Conventional cellular mocbile radioc telephone systems include
10 a land system and many mcbile stations. The land system
consists of at least one mobile switching center and several
radio base stations which are distributed over a geographical
area. Each radio base station serves a cell, i.e., a part of
the geographical area, by sending and receiving information
15 +to and from mobile stations over radioc channels. The mobile
switching center, connected on one side to.the public swit-
ching telephone network and on the other to the base stations,
performs most of the control functions required for calls to
and from the mocbile stations in the geographical area.
20 Because the ¢cells are relatively small, mobile stations often
travel between a number of different cells. The procass of
switching the established call from a home base station in one
cell to a target base station in another cell is known as

handoff.

25 In existing analog Frequency Division Multiple Access (FDMA)

cellular systems, a base station determines the need for a

- handoff of mobile stations it is handling based on periodic
measurements of the signal strength and signal quality of the

’ uplink (mobile station to base station) voice channel signals
30 received from each mobile station engaged in a call. If the

measured signal strength or signal quality is below a prede~

termined level, that home base station sends a handoff request



measur &d si gnal strength or signal quality is below a prede- term ned .
Ievgl that home base station sends a handoff request

2 to the mobile switching center. The nobile sw tching center

queries neiyal9snsasy base stations Tor reports of the previ ousPCI/SEd4y072s

measur ed si gnal strengmissa&etggsg;ggg R34t he voi ce channel currently being
used by the nobile stat ring 5 base station is defined as any
base station in the geo l“”ﬁﬂ@ vi ci nf ty of the serving base station
that detects or can naI strength of conmuni cati ons between
t he serving base statlon and one or nore nobile stations served by

the serving bas asii%scfhat h%@:l_ghgw@%iﬁ%%z{ﬂy ng’rﬁgnﬁ?ﬁlfg@nﬁttcché%g[ g%nter

nei ghbor base tTon reportin tTongest Si
signal is aboveqtaeriﬁfeshégdboamg th%?sﬁ:%élons 5]5’&6?)??%@% @o%ﬁagvﬂ-éuﬁhat

target base staie}t%ﬁ?&é@ slilial s@ahgenSéﬁtgp«g] ¥ig éﬂ‘%ﬂ@%l’&ésé}:ﬁhﬁélon

to tune to a s new voi ce Channel € exa

nei ghbor - assi stm%‘qfﬂéh(ﬁﬁlfn%r‘{?@édl?ﬁ’e% &ﬁ"?d-ll&séa‘atl’r"l‘} S Apgfzég{xbonng
5,175,867, 5 KBt RGS iGNk incd blse apyedasl istaedonodn the gebra-

dual - rmdesste s speci.fied_ip,.th TILA 1S andoff
may al so beyl %ﬁ?ﬁt p ’ﬁg %bﬁ’% %%rﬁ/ag %’? ég‘ﬂ%?dbﬁ’ I\/ﬁﬁg}?cg

this pr ocegur e,ca% melmelc& Shatsngnﬂo strength ofd@mmumycamnsammgneme oI
measure and repor gg.,,g a
radi o channel e%qg?g%e St%%'&ﬁggrré%rgés]grg‘%%% g%%rlg_%;? gl%sts or dgﬂ’a%
stati ons. Th| stl'a\abmsngém statioest Theyrebiienevhshing ceg{@tr salectpe
based not ﬁ?ﬁjﬂ.@ﬁ?'bféé SO SO b OE i D D06 AGBEGhGe . & | nk

si gnal recel ve station, but alsqg gn the down |ITn

signal paranet @@Vﬂé@ct@%ﬁt siggal hisnabere & diixRshaldhandnkrapepits
nei ghbor base s f ate coﬁaﬂﬁugrtovﬂ@mtRﬁﬁgyﬂnmas&amd@hfaﬁaomaﬁhe

analog to a di |t chann used because the npbi I
station cannot r":FtéPé‘n‘é?é Y%Hgﬁq‘i" ng8tﬁé?‘€§‘F e q’rﬁ’:ﬂ% t%rsPec
measurenments  fied exﬁavﬁﬂcaaal olyaphehnelCne exaﬂaiepufehynd;gﬁhat-&isﬂm
Systems; m)ﬁl: | %ansas %rél:ae%ge is disclosed in U.S. Patent 5,175,867,

commonly-assigned with the present invention.

In dual-mode systems, as’ specified in the EIA/TIA 1IS5-54
standard, handoff may also be implemented using Mobile-Assi-
sted Handoff (MAERO). Using this procedure, a mobile station

20 may be ordered by the land system to measure and report signal
strength and other parameters of the digital radio channel
emitted by the home base station, and the neighbor base
stations. This enables handoff requests by a home base
station to be based not only on the signal strength and other

25 parameters of the uplink signal received from the mobile
station, but also on the down link signal parameters detected
by the mobile station of the home and neighbor base stations.
However, when performing a handoff from an analog to a digital
channel, MAHO cannot be used because the mobile station cannot

30 report signal strength or other signal parameter measurements
over an analog channel.

In purely digital cellular systems, mobile-assisted handoff
may always be used. For a more detailed description of



may akthays be used. For a nore detailed description of

nobi | e- assisted handoff, reference is nade to U. S. Patent No.
5, 042, 082. ne of the disadvant ages that results when these handof f
net hods are used is that a |arge amount of network resources 5 are consuned
during t heWea#Mshss process. In particular, in di gi tal net VREKEEINES
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measur enent val ues for cpnnection as well as signal
strengt h measur enent ssages the nobile station receives
on the 10 broadcast chann e nelghborlng cells. The measurenents
fromthe nobile station together with signal strength neasure- ment s

fromthe base gighhgl ateihedoashioke) +heepuabuatiogade €6 bUS. Patent
measur enents by stem This handoff process is illustrated in

Fig. 1, fromtHNe- nét%?kog «land system 15 side. In particular, the network
perforns the neasurenent collection (10) fromthe m)bile stations and
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assi sted hando{fiyes of the messages the mobile station receives on the

10 broadcast channel of the neighboring cells. The measurements
from the mobile station together with signal strength measure-
ments from the base station are the basis for the evaluation
of the measurements by the land system. This handoff process
is illustrated in Fig. 1, from the network or land system

15 side. In particular, the network performs the measurement
collection (10) from the mobile stations and from the base
stations in the network. The network then performs the
measurement evaluation (12) to determine whether or not
handoff should occur (14) and which base station should be

20 selected to receive the handoff. This evaluation process
utilizes a large part of the resocurces used in the handoff
process. In particular, due to the large amount of data
required to be processed, system processors are tled up with
such evaluations and therefore are unavailable for other

25 functions.
SUMMARY OF THE INVENTION

. It is therefdre an object of the present invention to provide
: a method and apparatus for controlling mobile assisted handoff
which does not suffer from the disadvantages noted above.

30 It is an cbject of the present invention to provide a method
of controlling handoff which combines the reduction of
processing capacity utilization and the maintenance of the



whi ch does not suffer fromthe di sadvantages noted above. 30 It is an
obj ect of the present invention to provide a nethod of controlling
handof f whi ch conbi nes the reduction of processing capacity utilization
[ networ k char aglgideshlofds

and the rral‘ﬂégﬁ} g of_ _t_he~———-——
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enbodi nent of the presen nmet hod of controlling handoff in
a tel ecomuni cati ons net ﬁ“ﬂ“l ded4 the network including a |land
systemand a plurality ations, the |and systemincluding a
plurality of cells, the nmet hod i ncl udi ng the steps of dividing each
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10 mnent values is not performed performing an evaluation of
measurement values when a mobile station enters the first

region, and controlling the handoff based on the evaluation of

measurement values.

According to one embodiment of the present invention, a method
15 of controlling handoff in a cellular network is provided, the
network including a land system and a plurality of mobile
stations, the land system including at least one base station,
the method including defining a plurality of rules in the land
system and sending the plurality of rules to the plurality of
20 mobile stations, determining, in a mobile station, if at least
one of the rules is satisfied, sending a first message from
the mobile station to the land system responsive to at least
one of the rules being satisfied, and performing evaluation of
measurement values by the land system responsive to receiving
25 the first message.

According to one embodiment, a cellular mecbile radio telephone
system includes a land system and a plurality of mobile
stations, the land system including a pldrality of base
stations covering corresponding geographical areas in the
30 system. The system comprises means for_ monitoring signal
connection parameters between the mobile stations and the land
system, means for dividing the area covered by each base
station into an evaluation region and a non-evaluation region,
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eval ua- t i batwkenhdhe gedileostatias pardinkherbase stations, and a
mobile switching center for coordinating communications
between the plurality of mobile stations and the plurality of
base stations. The mobile switching center includes means for
15 dividing the area covered by each base station into a first
region where evaluation of the signal connection parameters
is performed and a second region where the evaluation of
signal connection parameters is not performed, means for
performing the evaluation of signal connection parameters
20 when a mobile station enters the first region, and means for
controlling handoff of a call handled by one of the base
stations for a neighboring base station based on the evalua-
tion of the signal connection parameters.

Still other ocbjects, features and attendant advantages of the
25 present invention will become apparent to those skilled in the
art from.a reading of the following detailed description of
the embodiments constructed in accordance therewith, taken in
conjuncticn with the accompanying drawings. -

BRIEF DESCRIPTION OF THE DRAWINGS

30 The invention of the present application will now be described
in more detail with reference to the preferred embodiments of



Still "other objects, features and attendant advantages of the 25 present -

invention wll becorre apparent to those skilled in the art froma
reading of the follow ng detailed description of t he enbodi nent s
constructed in accordance therewith, taken in conjunction with the
acconpanyi Wp Ss@sdEngs. BRIEF - DESCRI PTI ON OF THE DRAW N@Er/s894/0¢¥85

i nvention of the’preseng;a ﬂa? ehﬁgﬂa\md now be descri bed in nore
detail with reference to nbodi nents of

6 t he device, gi ve of e>§arrp| e, and with reference to
t he acconpanyi ng draw ng Fig. 1 illustrates the handoff
process fromthe side of the cel I ul ar conmuni cati ons netvvor k accordi ng

to the prior a . Fi ' c ' '
exanpl e of a Ehee‘? Y r#)igfelrg érn;L o§s€ ‘{r %)ﬁq?ugg g%ﬁ"% eaﬁn(?ﬁshl p
of the systen tocthe @C@mﬁI@%\ﬁm@thg.cmtmicmase statlons and

nobi | e stations; 10 Fig. 3 is a block diagramillustrating a nobile
station in a cellul ar nobile radio systemaccording to Fig. 2;

Fig. 4 is a bl Big- t dgliptyates the hgndofspPracess tEremdhe sidenod the a
cel lular nobi | g2126lOr YsiRIA RELOLShd hdtworkJacdording to the prior art:
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Fig. 2 is a schematic diagram illustrating an example of a
cellular mobile radio system, illustrating the relationship
of the system’s cells, a mobile switching center, base
stations and mobile stations;

10 Fig. 3 is a block diagram illustrating a mobile station in al
cellular mobile radio system according to Fig. 2;
Fig. 4 is a block diagram illustrating a mobile switching
center in a cellular mobile radioc system according to Fig. 2;

Fig. 52 is an illustration showing the designation of an
15 evaluation region in the case of overlaid/underlaid cells for
a mobile station connected to the overlaid cell;

Fig. 5B illustrates the evaluation region for the case of a
mobile station connected to the underlaid cell;

Fig. 6 is an illustration showing the detection of a mobile
20 station approaching a small cell lying within an umbrella
cell;

Fig. 7 illustrates the handoff process from the side of the
cellular communications network according to one embodiment
of the present invention:



Fi g. 5Ais an illustration show ng the designation of an 15 eval uation

region in the case of overlaid/underlaid cells for a nobile station
connected to the overlaid cell; Fig. 5B illustrates the eval uation
region for the case -ef—a———nobit+e—stati on connected to the underlaid
cell; wOo Bsigs0s% is .gn il 1uys ra |?n Fhomﬁng the detection pr@esfrise 20
station approaching a & within an unbrella cell

Fig. 7 illustrates th;ﬂzﬁﬁﬁ s fromthe side of the cel lul ar
conmuni cat i ons network ne. enbodi ment of the present

I nventi on; ' 7 Fig. 8
Illustrates the handoff process fromthe side of the cel | ul ar
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of an overl ai an un | N a tel ecomuni cati ons
net wor k; Fig. 11 illustrates a typical configuration of an unbrella 10

cell and mcrqqgll s tjnanRith-abekhithst 46V E600HURIECH 1 8831 in a cellular
5 telecommunications network into an cuter and an inner region
according to the present invention;

Fig. 10 illustrates a typical configuration of an overlaid and
an underlaid cell within a telecommunications network:

Fig. 11 illustrates a typical configuration of an umbrella
10 cell and microcells therein within a telecommunications

network:;

Fig. 12 is a flow chart illustrating a method of controlling
handoff in a cellular telecommunications network according to
one embodiment of the present invention; and

15 Fig. 13 is a flow chart illustrating a method of controlling
handoff in a cellular telecommunications network according to
one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before describing the details of the present invention, an
20 example of the construction of a cellular mobile radio system

in which the present invention can be used will be described.

While the construction show depicts a digital system, it is

possible to implement the present invention on either analog

or dual-mode systems. The modifications required are within
25 the skill of an ordinarily skilled artisan.

Fig. 2 is a schematic diagram illustrating ten cells, €1 to
€10, in a cellular mobile radioc telephone system. Normally
the method according to the present invention would be
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net work; Fig. 12 is a flow chart illustrating a nmethod of controlling-

handoff in a cellular tel ecommuni cations network according to one
odi nent of the present invention; and 15 Fig. 13 is a flow'chart
| I | ustrating a nmethod _of controlli ng handoff in a cellular
t el ecomunwoakigsoss net wor k accordin ng-to- one enbodi nent of pdheEqaraaent
i nventi on. DETAI L Eifbis DESGHRS Rkh Rl THE PREFERRED EMBCDI MENTS
Bef ore descri bing the dejf} resent i nvention, an 20 exanpl e of
t he construction of a ce M radi® system in which the present
i nvent.ion can be used wi Whi |l e the construction show

depicts a digital system it is pOSSI ble to inplenent the present

I
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Fig. 2 is a sommidellsi &ganntehl usFeat pugpesescel] thigldiscussi@i), the a
cel | ul ar mobi 's‘irsft%%'cg’ éﬂ@@ﬁgfgiﬁ%ﬁ%nﬁq@é@wto be &H‘is%%%%fi e@&%’{&& ng

to the present 3 nvention wou
cel lul ar nobi [of RalRBIEY SFYSHEOKBLFY RES nResn fra%"é‘re@el |'s than ten. For

purposes of this discussion, the system depi cted herein is considered
(0p0e an 1 0 Hate B U] cp et BhAER Y BEMILERL R Do, LA o
B10. Fig. 2 i iougimat es';hp.se dflatistratest tased stattifons sitvatied tin dheel |
centers and h%\:liicr:{%lgy of dc':éﬁthie%Q:%lrsa%u%having omni-directional anten-
nas. The base stations of adjacent cells may however be
collocated in the vicinity of cell borders and have direc-

10 tional antennas.

Fig. 2 also illustrates ten mobile stations M1 to M1l0, which
are movable within a cell and from one cell to ancther cell.
The method according to the present invention may be implemen-
ted in a cellular mobile radic system comprising many more

15 mobile stations than ten. In particular, there are normally
many more mobile stations than there are base stations.

Also illustrated in Fig. 2 is a mobile switching center. For
simplicity of description, only one such mobile switching
center is shown; however, the network may include more than

20 one such center. The network may also include base station
controllers connected between the mobile switching centers
and the base stations.

The mobile switching center MSC illustrated in Fig. 2 is
connected to all ten illustrated base stations by, for

25 instance, cables or other physical connectors. The mobile
switching center is also connected by, for instance, cables to
a fixed public switching telephone network or similar fixed
network with ISDN facilities. All connections from the mobile
switching center to base stations and connections to the fixed

30 network are not illustrated. Further, other media may be used
instead of cables for base to mobile switching center com-
munications, g¢.a., fixed radio links.



nas. The base stations of adj acent cells may however be collocated in
thepvicinity of cell borders and have direc- 10 tional antennas.

Fig. 2 also illustrates ten nobile stations ML to MLO, which are
nmovable within a cell and fromone tell to another cell. The met hod
accordi ng twoloBgsgre esent - nvenﬁ*on—rray be i npl enen- ted i SES J,égyi‘ar
nobi |l e radi o system CONMRB s SheBGralBIRY 15 nmobile stations than ten.
particular, there are no m)re nobil e stations than there are
base stations. Jni]i n Fl?g 2 is a nobile swtching
center. For sinpl i CI t only one such nobile sw tching

center i s shown; however, the network may I ncl ude nore than 20 one such

center. The netvvork al so NG | ude se st ntrqQllers _,
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all ten illustrated base, st.at.i I ns anc cabl es or othe
physi cal conne¥Gt-$® ]a‘l ﬁ%ngo‘@{ fs%‘ofagx%?.ﬁa ‘éh Jsm'éﬂ &%dnﬁ@ﬁ?@é * by,
for instance, da'@ie:s.zled analagf |mé:'@rmmi|°@,sml rdigidl igEhbnspeethpr kndr
simlar fix Ci I t fr h
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e.g., fixed radio
The cel | ul ar nﬁEﬁ"—I'flénQ&d&i%t%yst emillustrated in Fig. 2 i ncl udes a
plurality of radio channels for comrunicati on. The syst emis designed

oo digit zedcheRehTula svEed 180FEFIaPeT 4 SRRELFON2ReP5SdunlrE R
data. Thus 1@ (we.wanadnﬂeomnmorbena'a:alinemeremwa pma@:d:ﬂcaiakl. toerhelar
ot her, system (i.e., one using fixed channel allocation) a set of
communication channels is allocated to each cell. For
example, between 10 and 30 different voice channels and 1
control channel may be allocated to any given cell. Different
15 sets of communication channels must always be allocated to
neighboring cells since, in order to maintain full radio
coverage, cells overlap each other. Using the same channels
in adjacent cells would cause co—-channel interference in these

overlapping areas.

20 Referring now to Fig. 3, an embodiment of a mobile station
that can be utilized in a cellular telephone system that
operates in accordance with the present invention is il-
lustrated. This particular example pertains to a mobile
station that can be used in a digital communications system,

25 i.e., one inwhich digitized voice information is transmitted
between base and mobile stations on a full-rate transmission
basis. It will be readily appreciated, however, that the
invention is equally applicable to other types of cellular
radio systems, such as those in which information is transmit-

30 ted in an analog format or transmitted digitally a* a half
rate. Only those portions of the mobile station which are
used in connection with the present invention are shown. The
remainder of the parts of the mobile station may be provided
in accordance with known techniques and components.



but mayu al so be a data communi cati on channel where conputers exchange

dat a. Each cellular systemis assigned a particular frequency band 10
(wire line or non-wire line). 1In a traditional cellular system (i.e
one using fixed channel allocation) a set of conmmuni cation channels is
al | ocat ed twoessasossel .~ For  exanple, between 10 and 30 dipftRESHEeTYPI CE

channels and 1 Contrqihxssiibamiekeeﬂngplabs al located to any given cell.

Different 15 sets of commuili nel s nust al ways be allocated to
i1l intath full radio coverage, cells
nel s I n adj acent cells would

nei ghboring cells since,

overl ap each other. Using

cause co-channel interference in these overl apping areas. 20 Referring
nowto Fig. 3, [ 1@8{9 st nbe tilized in
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mobi | e st ati onsTBR SE¥RGLh Qfcthe FRGAIMEGDLFionaha Axe mpasyrer by 3 sdgna)l
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The microprocessor contreller 130 controls the mobile station
activity and the base station communication, and also handles
the terminal keyboard input and display output 135. Decisions

15 by the microprocessor controller 130 are made in accordance
with received messages and measurements that are made. The
keyboard and display unit 131 enable information to be
exchanged between the user and the base station.

A base station that can be utilized in a cellular telephone
20 systenm that operates in accordance with the present invention
incorporates component parts which are substantially iden-
tical in construction and function to component parts of the
mobile station illustrated in Fig. 3 and described in con~
junction therewith. The components of such a base station is
25 within the skill of the ordinary artisan and will not be
described in detail herein.
There are, however, some distinctions between the mobile and
base stations. For instance, the base station does not
include a user keyboard and display unit 135 as utilized in
30 the mcbile station. Additionally, there can be a plurality of
channels provided in the base station, with a plurality of
inputs and outputs. The number of channels used would be
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value' is then sent to the microprocessor controller 130.

transmtter/recei ver TRX 100 and det erm nes the bit err

i nventi on. The: m
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Fig. 4 is a block diagram of an example of a mobile switching

" center which can be used to implement the method according to

the present invention. Fig. 4 shows but one example of a
mobile switching center. Other systems may also be used.

The mobile switching center 70 is a highly modular system
which includes a central processor 72 and a mobile telephone
subsystem 74 for the cellular system which is integrated with
the other subsystems. A group switching subsystem 76, a
common channel signalling subsystem 78, and a trunk and
signalling subsystem 80 are connected to the central proces-
sor 72. The mobile telephone subsystem 74 includes a regional
processor 82, amobile telephone base station line terminal 84
and a signalling terminal 86. The remaining subsystems also
each include a regional processor 82.

The mobile telephone subsystem 74 handles all specific mobile
subscriber functions, cellular network functions, as well as
the signalling with the mobile stations. Subsystem 74 also
provides the common channel signalling subsystem 78 with the
necessary data from the mobile switching center signalling.
The operation and maintenance functions specific for the
cellular system are alsc implemented in the mobile telephone
subsystem 74. The mobile telephone subsystem 74 includes the
mobile telephone base station line terminals 84 which connect
the mobile telephone subsystem 74 to the various base stations



dependent upon systemrequirenents as deternined by the system
desi gners. ~ Finally, the base station to be used with the present
i nven- tion would_include additional conponents used for nessage 5

conmmuni cation with the nobile switching center MSC. The
functi on WO 3589380 np o nEhin SheeaHas BadrtReplaced he ski | | of t he o%’%@ﬁz‘% i san

and wi Il not be descri befl [ her ei n. Fig. 4 is a block
di agram of an exanpl e ot}
ng to

tchiq3g 10 center which can be used to
i mpl ement t he net hod accordi the present invention. Fig. 4 shows
but one exanple of a nobile switching center. Qther systens may al so be
used. The nobile switching center 70 is a highly nodul ar system

whi ch incl udegignegnithal $fsaoassend 72oarthen pulblie seleghime tBlephopet em
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subsystem 74 handles al| specific . .nmobil . . subsctiber functions, cellular
network functhandling siamleys r?ﬁtlf‘ﬁeag‘?dﬁaﬁq CRE2GATR T3 Fobi e stations.

Subsystem 74 al so provi des the common channel signalling subsystem 78
with the necessary dat.a.fraom Ll &.syLtchi i kRg.
The oper at i onTB&JIRAFR TR FER 3%;%&2& I c (;érl%tl(f;l%&t %5.( %e??%kg?'e
system are al ontspl cemivdysktem (o sbbivng .t T MMM EWIESH 8T fPEYSThe
mobi I'e tel gphone { 68 ThddiiWleSah 81 cardREhhEct £6EPRAAVRAS Ehe
station | ﬁe g%?rﬁﬁ%@s‘:%ﬁﬂqvmsﬁﬁ]&?&nnec? the nobile tel ephgne igbsgstem
74 to the vargoespbawdtshat(nefs shown). The common channel’ signallin

subsystem 78 contains functions for signalling, routing,

supervision and correction of messages sent in accordance with

a predetermined standard. The trunk and signalling subsys-

15 tem 80 supervises the state of the trunk lines to the public

switching telephone network and to the other mobile switching

centers.

The central processor 72 stores and executes the central
processoi- software for the switching system, handling the more
20 complex functions. These ‘functions include, but are not
limited to, job administration, store handling, loading and

changing of programs, etc.

The present invention relates to a method and system for
performing the measurement evaluation portion of the handoff

25 process, and particularly, for performing the measurement
evaluation porticn as seldom as possible. The method provides
the means to select only the mobile stations which are located
in a part of the coverage area of a cell for measurement
evaluation. For purposes of this description, this area will

30 be referred to as the evaluation, or first, region. The
remaining part of the coverage area of a cell will be referred
to as the non—-evaluation, or second, region.



12 - Wi thin the systemand to the public switching tel ephone

netsmork. The signalling terminal 86 provided in the nobile t el ephone
subsystem 74 handl es data comruni cati on between the nobi |l e swi tching
center and_the base stations—The regional 5 processor 82 proyided in each
of the subBYSTERE St or esyaRd.. 1. pEXREHIES the regional sof t wdid/Fof0He

swi tching system ihan routine and high capacity tasks.

The group switching subsy m mt roiked by a traffic cont rol
subsystem (not shown). Th i ng subsys- 10 team 76 sets up,
supervi ses and cl ears connections through the group switch (not shown).
The - common channel signalling subsystem 78 contains functions for

signal |l i ng, ronttogding tosaipeefiesired emvbdiment: the wdthed dagom lsenintiat
accordance wtJ. d r-ghne a t RUNks . an Lgpnal |
subsys- 15 ten?%ﬁh’éﬁge?%ﬁ‘s'gé&t %%s%%ﬁc? %ﬂgtggﬁﬁk%% nklerg \g‘gé%‘ge ﬁgblr%c?
swit chi ng t el cpandefhalewisdamd €8 thdsowpxr Bbei netuerk harpcteriatias s.

The central procpssQl #4 NaPeE ANtk UhfdetNeneedidrol ?f;;@{x‘éssi%d

software for the swtching system handling the mMyre 20 co unct | ons.

pl ex 1,
These funct$orgYsErBud@hepgetipd Y be pentammed i5 the ekt isstitahing

store Pa_ndl i n?;eﬂ@é’&d,i B?séf‘gttatiorﬁbﬁﬁgfﬁwé.Ef,Ft{lOEh ch et eont¥'ollif[§%tart
present invention_ relates to a nmejhod an stem. for erformn e
easur enent ovef (16 SAPSCIThARof KOREVARN T ToEmase0f, EAREIAIGY ol 1 y,
for perfornm ngdéseripaisin eefers onky daidheomopblé iswitachise) dentes qothedl e.
The net hod pro]\./%l%fs the nmeans to select only the nobile stations which
are | ocated fy;?&refn’of the coverage area of a cell for neasurenent
eval uati on. For purposes of this description, this area will 30 be

referred | asmld\GMpldialdbrdind 1£5!a bedir@ired Thabod1hEHE! NhlAPRLL Of
ge area of a cell w referfe to as the non-evaluation,
or second, regiessages to report measurement values of various sigmal
connection parameters from the mobile station to the network,
or mobile switching' center, MEASUREMENT VALUES and CONDITION
FULFILLED. The MEASUREMENT VALUES message is sent periodical-
15 1ly from the mobile station and the CONDITION FULFILLED message
is sent from the mobile station whenever at least one of the
conditions or rules assigned by a CONDITIONS SET message is
satisfied. A CONDITIONS SET message is sent to the mobile
station by the mobile switching center to assign one or more
20 of the following reporting conditions or rules regarding the

various signal connection parameters for each connection.

1. SSNEIGH 2> SSOWN + SSTHNEIGH
2, SSMIN 2 SSOWN
3. BEROWN 2 BERMAX
25 4. SSOWN 2 SSMAX
5. SSNEIGH 2 SSNEIGHMIN

The parameters SSOWN, SSNEIGH, and BEROWN are measured by the
mobile station. The other parameters are defined by the land
system as necessary and are sent to the mobile station in the
3¢ CONDITIONS SET message. These three messages are described
herein in general terms only. In different telecommunications
standards around the world (e.g., GSM, ADC, JDC), some or all
of these messages exist. However, none of these standards
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13 According to a preferred enbodi nent, the nethod is inplenented

w thout letting the nobile stations be in charge of the handof f
decision. In this way, the network characteristics rel ated to handof f
remai n un Lontrol—of—-the-land-5-system The nethod perfor rred
in the rmbr{)ggfgﬁr ma%?_bé?

‘tchr n cent er base station controller
controlling part Hovvever for purposes of
simplicity, the descr onl y4to the mobile switchi ng center
or the | and system , according to a preferred

enbodi nent, uses two rressages to report measur enent val ues of various
si gnal connect ion paraneters fromthe nobile station to the network,
or mobile swi tisgitlmgecether poNEABURERENP S/ABSESLIRG d tBENDI Iy g numpelF| ¢£ ED.

The MEASURENE
station and t NSRBI Ok FLLL L LED mEasats oo Prestnt (e oe, oot

stati on wheneW@luge ¢ ibe BREABPLEFR depend op theqrrl b FtrurEurss RefeEpy a

CONDI TI ONS SEE+rageaee, Iénd the abs&&eadbehévmlaﬂc%alﬁﬁﬁﬂeﬁéﬁﬁ?iqtﬁe§em
to the nobiJe statl o the gbtd?f chr Egpcent er._}o assign one or

nore 20 of sthé’hf’ﬁplﬁfﬂbl TRt ng t he

various si gnal connecti on par arret ers for each connecti on.

1. SSNEI GH >,SS + > > .
3. BEROM > BRRMSP9ECIng Conditions nay he changed By the Wedlle uic-
SSNEI GH > SSNehdriyldenter athanptimen eidhessGyatomsnNmiadly andbBERONS o
measured by Qg ORPI bR, Skétt& hoIaer%MeéﬁfﬁE%&%a%&%ndfét;n d & the

| and system as necessary are sent to the nobile station
CONDI Tl ONS SEthﬁe%%gevah%%ﬂeort mesd aRe 98 af e ldr @cgezeingcke the puasent; n
general talps j89bNtidA, daf 1elmmad:arym landSisyedands amgund

the world (e. e_nessages exi st.
However n(()ne%BFn‘Eﬁeéé sdr%t‘rﬁja‘? Sa rasponse to the CB{\}SiTION ILLED

message from the mobile station, when the mobile station
enters the evaluation region, or when the land system detects
that the mobile station has left the evaluation region (and

15 thus has entered the non-evaluation region). According to a
preferred embodiment, when at least one of the reporting
conditions which have been assigned for the connection is
satisfied, the mobile station has entered, by definition, the
evaluation region.

20 The parameter SSOWN represents the signal strength value of
the current connection between the mobile station and the base
station currently handling the call. The SSNEIGH parameter
represents the signal strength value of a neighboring base
station. The SSTHNEIGH parameter represents the signal

25 strength threshold to a neighboring base station, or cell.
This threshold is set for each neighboring cell by the
CONDITIONS SET message and can be both a positive and a
negative wvalue. Using both positive and negative values
provides the possibility of defining the border between the

30 evaluation region and the non-evaluation region of the cell in
a flexible manner. SSTHNEIGH is used to define the signal
strength threshold towards a neighboring cell; when the signal
strength of the neighboring base station is greater than the
signal strength of the current connection plus the threshold,



14 ) i nclude the possibility of setting the |arge nunber of

conditions or rules provided by the present invention. The val ues of

t he paraneters depend on the cell structure, network structure, and the
desired behavi or, accordi.ng-to-techniques 5 which are within the skill of
t he ordi n3¥q 9505 an. ‘ TPe Eeportin conditions nmay be ckRamgesd/geyest he

nobile swit- chi ng C either automatically or by
r g tween t he eval uation regi on -and
cording to the present 10 invention,

oper at or i ntervention
t he non-eval uation regio

a change is initiated by the land system This change is done as a
response to the CONDI TION FULFILLED - nmessage fromthe nobile station,

uhen the mobi kfieSwiill stalAbAl 3! WA AV AL HIAD Ll V&Fu‘ggon&ggéa“d

system detects | the nobile station
(and 15 thusrﬁaé-"éntered t he non-eval uation regi on) Accord| ng to a
preferred enbodi nent, when at |east one of the reporti ng condi tions

whi ch have beﬁg assi ggeg fo$#£§ connecti on Jﬁ% tisfied, the nobile
station has ent8r BAFEBG-BES ohePYfREAtS ¢ ‘Fu’ﬁ%’? SAFRL strengih
par amet er Sg%ﬂ.uepoﬁsﬁm sr;xi:hrersh g:m_ ecttiemngt h'gnalsupagémet_ei-hgs CHE¥ eﬁlgr
connecti on_.be n e o) se stati curreng

handl i ng tRe %%?ﬁc%e%eﬁ %%#%n%%g}geé rk?‘e:epﬁé’ggﬁ?:sai’ﬂ%"%&g?%ﬁe%?%%gt h
val ue of a nelghebriotgtb&s@lrrem;mctth@ SEIHNEi&opdﬁerrstatmnmments

th [ | 2 ' t
This t b eshol 305 SPE oPLpnbat SEppotridy 3‘?‘?%9‘?%@?*’39"??&355 e st
message and céﬁlﬁ'éh-bféﬁ rantassi t Thés PRIEMETeR QR beeusadudn kAl dni.tlrs

posi tive and ryﬂﬂéw&ﬂﬁh Uglbrel H QE148s atrtasargasawnmaﬂad\/dlf Aefd Vi rf y‘
bor der between the eval ation re n an t e non-eval uation regio
the cel| #% thatp tr?&tﬁ‘?é’r SgH%EﬁdfFYs BER P (XPHm e theuts jagyyal

strength thr e@dw)éﬁa@é)vﬁ d&ila nehdebbimiy cghl alybepe heditthderineSithghdt h
Che! B ren?" S56EE: BRRGRAO A rlp i e o108 or o RELAELIETN] 1
‘which is not covered by its overlaid cell. Fig. s5a il-
lustrates the movement of the mobile station towards the
15 evaluation region of an overlaid cell. When the signal
strength of the current connection SSOWN (measured by the
mobile station} goes below the minimum signal strength SSMIN,
the mobile station has (by definition) entered the evaluation
region. The mobile station reports this (to the land system)
20 by the message . CONDITION FULFILLED. In this case, the
evaluation region is more or less the same as the region of an
underlaid cell which is not covered by its overlaid cell.

If the mobile station moves towards an uncovered area it will
(sooner or later) satisfy rule 2: SSOWN =< SSMIN. If the

25 condition is set for the mobile station, the fulfillment of
rule 2 will be reported to the land system (in the CONDITION
FULFILLED message). At this stage, the evaluation process
will start.

The BER parameter represents the bit error rate of the current
30 connection and BERMAX represents the maximum allowed bit error
rate of the current connection. BERMAX is set for each
connection and defines when the mobile station enters the
evaluation region based on the reception quality. That is,



the nobile station is said to have entered the eval uation regi on. .
The> paraneter SSM N represents the m ni mum signal strength val ue of the
current connection. This paraneter is set for 5 each connection. SSM N
defines theyhgxpsiks al | owed reception | evel for the curregiq nection

t hat the nobi | e stati onThié $Heet Has BeacReplated Wi t hout reporting ne ?%%é’ﬁ?m

val ues to the nobile er. This paraneter can be used in
smal |l cells lying wit I el 1 46and as a nethod of discovering

10 that nobile station |smﬂﬂm way | nto a region wthout any cover age
at all. This limt can also be used to define the bor der between an
overlaid and the region of an_under]aid cell whi ch is not covered by
its overlaid céfjen moppfthapthe maximym aiigyed AU oERINORA ochsraoiié e

station towar danddig el statidnidls Gtrestgiedn tf v @itardl cald -evait%ﬁé:be

si gnal strengt.h of the current connection SSOM (nmeasured by
nobi | e stati on)r & pel ow t he ni ni num si gnal strength SSM N, t he
nobil e station has (by definition) entered the eval uation region. The

bi | tati ' . 2 b .
CONDI 1 O\ FULFRETER Porrdsbnts® ndd madlihu 8150k, HaeaRbatle vEIRR0UE the
l ess the sar$e. surrieatr sghoacbionn set ﬁm‘dsﬁbai Gpnaébtsimnch SsMatoOtdeiiriee d
by its. overl ai ‘ih%eljxi?l?est al%o%&d%"ce?@?. %@v W lf89f'§59ér’ gﬁ’é'&gﬁ@ré%%ﬂa&%;éon

uncovered area It W s‘_one.r or frater Satj S
SSM N. |f thethatdhriprbéheistatdoniwill RECREEi TithAuh renort hng meafsuderent

I oy S e P L
The BER par arref’gi Pep lé%@i??%iﬁh%téﬁ’t rblgf%f"rﬁa e SValpetier, gpgign. This
connect i on1andlBERMean dps esed! Sot def i itherbariercHebivée R I regidiibe Of
the current copheEhhQhai STV i1 s' At @bred by its overlaid cell,
and its overlaid cell. Fig. 5B illustrates the movement of
the mobile station towards the evaluation region of an
underlaid cell. When the signal strength of the current
15 connection SSOWN (measured by the mobile station) goes above
the maximum signal strength SSMAX, the mobile station has (by
definition) entered the evaluation region. The mobile station
reports this (to the land system) by sending the message
CONDITIONS FULFILLED. In this case, the evaluation region is
20 more or less the same as the region of an underlaid cell which
is covered by its overlaid cell.™
The parameter SSNEIGHMIN represents the minimum reception
value of a neighboring cell. This value is set for each cell.
SSNEIGHMIN is the lowest reception level that the mobile
25 station can éccept for a certain neighboring cell. When
passing this level, the mobile station enters the evaluation
region. This parameter can be use to detect when the mobile
station is getting clese to a small cell lying within, for
instance, an umbrella cell.

30 Fig. 6 illustrates this process.. The "+" represents SSNEIGH
of base station BS2 for a mobile station in a cell .served by
base station BS1. When the SSNEIGH (measured by the mobile
station) goes above SSNEIGHMIN, the mobile station has (by
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connection and defines when the nobile station enters the eval uati on
regi on based on the reception quality. That is,
16 when nore than the maximum al |l owed nunber of errors occur, t he

nobi | e st Spresunmed to have entered the eval uation lL.on.
SSMAX rep?@gegr'}?fngﬁsche eb s aRepht:ﬁdength val ue of the 5@&?&3&9"”’5
connection, set for eac SW defi nes t he hi ghest all owed
reception val ue for the tlorn.7 that the nobile station wll
accept without reporting rreasur e-- ment values to the nobile sw tching
center. \Wen passing this val ue, the nobile station enters the
evaluation region. This 10 limt can be used to define the border between
the region of defimitismiemngiededethe etlurticmargionerddthy ¢ell cvertend d

cell, andaﬁsaéwer qncﬁﬁllle sE%gzoﬁBréHJiﬁé r@{gsfrteetﬂenn R ﬁd.eme)ll

the nobil e st on towar evaluation Tegion o
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the nobile st aéwl'ﬁﬁa&@%e%h@i‘ethe molbif TB¥EHEEh SHAIA be! £6ANEELSSM tHd1e
nobi l e station has definition) entered the evaluation region. The
mobi | e st at? orfmall F@é&r?é' B®Fs (to the Iand system) by sending the nessage
CONDI TI ONS FULFILLED. In this case the evaluation region is 20 nore or

| ess the sane as the regqion_of an [ el Lover, d
e overl oo disgoding adng' saPadinght e £t etk tnwdb i
reception padsible ta seiggtbon agdoceff thEhnessages r@csmmg)nneaam-ee-el | .
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accept for i nhel ghborl ng cel
mobi | e stati omtemrerssartdseaema‘aaawo%rde*m@gﬂtm mcml§ p&ﬁ&d@meuem:b@ouse

f;’. ggt ect hﬁe v}i&w'aﬁl gg off ét:'ﬁea&"eﬁ'&r“cingeix&éé‘&g&é 0sgip, F §T8hkeiakls
the handoff process according to this alternative embodiment.
Initially, according to this embodiment, MEASUREMENT VALUES
is switched off and CONDITION FULFILLED is switched on. As
long as no CONDITION FULFILLED message is received by the

15 mobile switching center, no measurement evaluation is
performed (NIL, 16). When a CONDITION FULFILLED message is
received (18), the measurement evaluation is started (10)}.
Then, MEASUREMENT VALUES is switched on and CONDITION FUL~-
FILLED is switched off. The measurement values from the

20 MEASUREMENT VALUES message_ {(and the initial CONDITION
FULFILLED message) are used to decide whether or not to
perform a handoff (12, 14). If none of the conditions
assigned by the CONDITIONS SET message is true (20), the
mobile switching center switches back to the initial con-

25 ditions, i.e., MEASUREMENT VALUES is switched off and CON-
DITION FULFILLED is switched on, since the fact that the
condition that triggered (18) no longer exists means that the
mobile station MS has, by definition, left the evaluation
region. The land system then switches back to the NIL state

30 (16) and sends a CONDITIONS SET message (20) to the mobile

station MS.

An alternative embodiment in which the reporting messages are
not switched on and off is illustrated in Fig. 8. In this
case, no message evaluation will be performed until the



30 Fig. 6 illustrates this process. 'The "+" represents SSNEI GH of

base station BS2 for a nobile station in a cell served by base station
BS1. When the SSNEI G—IW@Tedtﬁhe—Hcebi | e station) goes above

SSNEI GHM Nwqt 95508301 | € St sheinbas,, PCT/SES4/00725

17 definitiaon) ent "t"l on region of the cell served

by BS1. The nobile statlamw the | and system by the
message CONDI TI ON FULFI LL yst can now eval uat e whet her
the nmobil e station shall be connected to the 5 small cell or not.
According to one enbodi mrent of the present invention, it is possible to

switch on and nt _val ues. Thi
Gone_by 1 ho BRI EEONEIAGTTAPRILLA00 IR Rea. ol s Bt | ©
nobi | e st ati oncellecticen mmswmm Babblie éﬁfﬁtshengmamgonessmgsmt&ﬂ.g 7
|l ustrates h t Ot r nat

i1lu thd eotx@&quk PFPOEEE B CRESEALE t D Qb@eabkﬁ/a%\éwa\m&_ LES

enbodi nent . Initial accordjng to this’ enbodi nen
is switched of?emwﬁwmmfmmﬁé@h begins cardl e bandoff desdsionno
CONDI TI ON F§LFi4 Ifdadgasgge is received by the 15 nobile swtching
center, no neasurenent evaluation is performed (NIL, 16). When a
CONDI TI ON FULFI LLED nessage i s received (18), the neasurenent

eval uation is Gtarapglit@rion foihethe VEASHEREVENEoYALLES ics thé t ptedenad and

20 MEASUREVENIORCHET o e CaBkbraliF P s BRI nat® E3nuat) 1o
message) are uSHRigitalededdudia Melescommunication gystfem,MRERhAhaADAETAT D,
14). . If non%ﬁi sTB2298A0R0L085Ch & DBYELORREhD bR FIDRLNSspE fE S Sa0e

is true (20 e swtching_center, sw e-rnrtial

con- 25 di}¢ orRecemher, WORSIREMBRTRORLLESSFatian MShds alfowsd toNEeport

DI TI ON FULFI Lyl dvi-emtirits Red v ;ﬁé%ifdﬁlﬁra?heégaéet héorrnmf@z@"k%%é%"rt hat
triggered (18) no I n%g_r exists IBS. | e station
by definition, Ief ];;]:ﬂ e mobile s‘.ata.on MS to send the same

1n§ormatz.on as is sent pericdically in the message CONDITION
REPORT 1) by a separate message (CONDITION REPORT 2) whenever
15 a neighboring cell is "A" db better than the own cell. %A" is
in the range (-127 ... 0 ... 127 dB). The condition (rules)
is set by either of the messages CONDITION REPORT INFORMATION
= or CONDITION REPORT STATE. Further, the mobile station can
only report when the measurement value of a neighboring cell
20 1is better than that of its own cell (as described in Appendix
C of RCR STD-27B). This means that the normal division of a
cell according to the Japanese standard is in two regions: an
inner region and an outer region as shown in Fig. 9. This
division is equivalent to rule 1 discussed above. The outer

25 region then constitutes the evaluation region.

In the Japanese standard RCR STD-27B, the mobile sends
measurement values of the neighboring cells to the mobile
switching center periodically. This is done by the message
CONDITION REPORT 1. The mobile station can also be regquested
30 to report to the mobile switching center if a certain con-
dition is satisfied. This is reported by the message CON~
DITION REPORT 2.. The message CONDITION REPORT 2 is sent as
scon as there is a frequency (which is subject to measure-
ments) of a neighboring cell that is received a predetermined



regi on. The |and system t hen swi tches back to the NIL state 30 (16) and

sends a CONDI TI ONS SET nessage (20) to the nobile station MBS An
alternative enbodi nent_in which the reporting nessages are not sw t ched
on and off |S|Ilustrated|n Fig. 8. Inthls case, no ne

eval uat i orVQ#F 5052 MH eprlR BCRREsarm07s

CONDI TI ON FULFI LLED rres ed ~That is, neasurenent col l ection
(10) by the nobile svmt ontlrlwes unti | t he CONDI TI ON

FULFI LLED nmessage is recel ve measur enent eval uation (12)
begi ns and the handoff deci sion 5 i s made (14). One application for
the nmet hod according to the present I nvention is in Japan. According to

t he Japanese shaisitar df deci{Bélgifcl) Strboger tharetbencwrrent GrrraEainn RCR
St andard", STD; 27 € t f | ],53@{ ns,
10 Decenber )pr?‘%%te%%ﬁfe st%%\% éll% glﬁl{ O?iﬂ &ﬁreg%r tgé“iE ® ¢
measur enent vamm@ewmcthwglqemgagag eddtsrre ot QESSONQQTIQ%O
al lovs the Mobids 3iieRuiBI0N GERINDIeTONREPORY Bfrarts! Ialceally, Sapit
periodically i'n e nmessage COND ITIO\I cgé\ r‘y fsip%cgoe{? e
((CONDI TI ON REFGRT 24 Giheh el —uR; and r?e?"@?bc?r"erﬁ’ qeqsSIy rer=Fhan
the own cell. ghretaSl repdrn'lhBGcbﬁaﬂmén?Ere setOby. thd ZONIRTI AN REPORT
condltlon(rule i S set eit Of 4 4. sqge (|

| NFORMVATI ON IN'%? er"@ﬁéfomgsﬁ?ﬁ@ tgf?ﬂwﬁ? 3%t %&%‘ﬁ&gﬁa gr?_can
onl'y report wherrdii seiem) perdudiciltye off thencONDITION RERIRT 20 Hassnge or
than that of its, own_cell reb | di B) .
Thi s means thélfh¥§1¥aﬂr T"(‘%?%%g?’o%nioﬁgs sk cei %1(1:%81 &IQeOE to ﬁ§@ lenese
standard isgi rsﬁmg*tﬂglt:hmashaﬂd A tqg nrmlg‘lﬂmm%ﬁ-‘élénbﬁﬁt3§ﬁ #é’@@i

shown in Fi g Iéiﬁo;i# §hmﬁ_ssg | $508, I15e @UHtY ekl Olﬁuéerén&wsw @EQPVG

The outer Cco stltut es the eval uation reg
127 dB. Finally, the frequencies for wh ch the reception

level is to be measured are indicated. Between 0 and 20
frequencies may be measured.

15 Whenever a reporting condition is to be changed, a CONDITION
REPORT STATE message c<an be sent. This message would not
change the indication of the frequencies on which measurements
are to be performed. If the frequencies on which measurements
are to be performed are to be changed, a CONDITION REPORT

20 INFORMATION message is sent. Reference is made to the RCR
STD-27B, "RT Management" chapter and the appendix C to the
"Layer 3 Standards" chapter for further explanation of these

messages.

Since the mobile station does nct send a CONDITION REPORT 2
25 messag'e if the bit error rate (BER) decreases, the mobile
switching center has to supervise the BER of the uplink
{mobile station to base station) and downlink (base station to
mobile station) connections, as well as the received signal
strength. If the BER incereases to an unacceptable level, or
30 if the received signal strength decreases to an unacceptable
level, the mobile switching center requests that the mobile
station sends a CONDITION REPORT 1 message periodically, for

example, every second.



In the Japanese standard RCR STD-27B, the nobile sends measur enent

val ues of the neighboring cells to the nobile swi tching center
periodically. This is done by the nessage CONDI TI ON REPORT 1. The

mobi | e station can al.so_be requested 30-to report to the nobile swtching
center if woogsmsegsn con- dition is satisfied. This is repwsEsd/ 00325t he
message CON DI TI O\ § HECR 4 °‘ﬁlessage CONDI TI ON REPORT 2 is sent as
soon as there is a frequ B“ subj ect to measure- ments) of a
nei ghboring cell that is M edet® i ned

19 nunber of decibels (dB) stronger than the current connection.

The predeterm ned nunber of decibels, A dB, is set by the nobi | e

swi tching centgr, using, gi 1 O 2 A8 TESESAGE S L&l QN4
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i ndi cat ed. BegmpoRT CNFORMMIION hesgagaciThe fhysbeangiddondis tigatWeniser a
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can be sent. THS ﬁ%mﬁgg'mﬁﬁg %%? gndgéﬁ%lggﬂtgﬁghﬁ%%g%%i#ﬁgé§é
frequenci es orraguctedess sekion as pafseihle -he SgePPdr nEle Predpkermined
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"Layer 3 standgidgls’c£hapleiatiaitilon Heghionxplesaticonnef cel@sbordepertages.

this condition is satisfied. -

Because the CONDITION REPORT 1 message canncot be switched off
15 completely (it appears every 255 seconds) the message has to
be ignored as long as the mobile station is not in the
evaluation region. The measurement values are thus collected
but not evaluated (Fig. 8). As soon as there is a CONDITION
REPORT 2 message received, the message is acknowledged. The
., 20 mobile station is now in the evaluation region. The reporting
conditions are changed by the sending of a CONDITION REPORT
STATE message to the mobile station as follows. T2 is set,
for example, to 1 second, to increase to a relatively frequent
occurrence, the reporting of measurement values. A is set

25 +to 127 dB, which condition is normally never satisfied.

If the evaluation and the subsequent decision leads to
handoff, the reporting conditions are set to whatever is
desired for the new cell after handoff into the cell. If the
mobile station MS is in the evaluation region of the new cell
30 <the conditions are set such that the mobile station MS reports
measurement values every second. On the other hand, if the
mobile station MS is in the "inner" region of the new cell, no
evaluation is needed and the reporting conditions are set
accordingly (CONDITION REPORT 1 every 255 seconds and CON-



Si.nce the nobile station does not send a CONDI TI ON REPORT 2 25 message if

the'bit error rate (BER) decreases, the nobile swtching center has to
supervise the BER of the uplink . (nobile station to base stat i on) and
downl i nk  ( p&§ 9s/gdpas | eﬁ—t—or"‘""rﬁ)‘b'“T e station) connections, ﬁ]&,-«tjhe

| evel, or 30 if the rece rength decreases to an unacceptabl e
| evel, the nobile switch uest 81t hat the nobile station

sends a CONDI TI ON REPORT} | odi cal | Y for exanpl e, every
second. 20 A "normal "

cell is a cell which only has ne| hborlng cell's out si de its_coverage
area. Accordi n§Ifd® Hnegﬁé%% SP VRE the, canditiaR edfi oAl lgfyﬁﬂﬁégtl on
of the method uawébarJamaesnnd sysaeﬂamywmée yettHet hetf diowhnagsages
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REPORT | NFORVARLENrding atge tHEhTapanesecshandapd.is that T2 is set to,
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| ess than tSe Apwepplieatiem of an jembekimento of SBpghbeseny ieventibnsto
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t he sendi ng of 5
the underlaid cell covers a larger area. A mobile station

which is positioned in the coverage area of both the overlaid
and the underlaid cell is generally preferably connected to
15 the overlaid cell. According to an embodiment of the present
invention, when the method is applied to the Japanese stan-
dard, the following scenario for overlaid and underlaid cells

received signal . strel iﬁ HaLﬁeehh@:laBﬁR i ncreases to an unaccepta

results.

The conditions must be set such that the border line where the
20 condition for the CONDITION REPORT 2 message is satisfied

coincides with the border between the overlaid and the region

of the underlaid cell which is not covered by its overlaid

cell. This means that the evaluation region is the region

covered only by the area of the underlaid cell which is not
25 covered by the overlaid cell.

In cases of umbrella cells, that is, a large cell which covers
an area where there are small cells that cover small areas
within the large cell coverage area, the application of an
embodiment of the method according to the present invention to
30 the Japanese standard yields the following scenaric. Aan
umbrella cell is schematically illustrated in Fig. 11, where
X is the center of the umbrella cell and Y are the centers of
the small cells. The reporting conditiens within the umbrella



STATE nessage to the nobile station as follows. T2 is set, for exanpl e,
to.l second, to increase to a relatively frequent occurrence, the
reporti ng of neasurenent values. Ais set 25 to 127 dB, which condition is
normal |y nhad i sfied. T the eval uati on and the sulRSgsrHbTS
deci si on Iea sto mmaiﬂasaea@eﬁﬁgprti ng conditions are set to whatever

S desired for the handoff into the cell. If the
nobi | e statioanBisin n reg§fon of the new cell 30 the
conditions are set such | e station M5 reports measur enent
val ues every second. On the other hand, if the nobile station MSis in
the "inner" region of the new cel.l al.uation i,§ needed an
reporting con@edilobdve e keiset %Fd?‘ﬁﬁ% a‘IR’E'E:’C]%‘ 3er§}%55
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I no e

underl aid cel W scri bed. Overlaid and underl ai d cel |s are
cel |l s whi ch usvainatianeregieny or transm ssi on but use different

transm ssi on power |evels. Thi S is schenat i caI ly represented in Fig.

10, where X is the 10 center . bot h th und Qve d ce The
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under |l ai d cel
sides of the flow chart, respectively.

In the embodiment shown in Fig. 12, in step 200, the reporting
conditions, or rules are, defined in the land system which
15 delimit the evaluation region and these rules are sent to the
mobile station in the CONDITIONS SET message, at step 210.
The rules are redefined at the beginning of each connection,
after each handoff, when the mobile station MS moves from the
non-evaluation region into the evaluation region, and when the
20 mobile station MS moves from the evaluation region into the
non-evaluation of a cell. In the embodiment shown in Fig. 13,
the measurement values necessary for the handoff decision are
sent continuously from the mcobile station to the land system
(step 300). In a preferred embodiment step 300 should be
25 repeated periodically regardless of the other steps.

A first of the rules requires that a mobile station is
determined to have entered the first region when a signal
strength value of a neighboring cell is greater than or equal
to the sum of a signal strength value of the mobile station
30 connection and a signal strength threshold towards a neigh-
boring cell, wherein the signal strength threshold is set for
each neighboring cell. A second of the rules requires that a
mobile station is determined to have entered the first region



The condi ti ons nust be set such that the border

f'or the CONDI TI ON REPORT 2 nessage is satisfied coincides with the

border between the overlaid and the region - of the underlaid cell which

I S not cov&h?;og%s | ts overlaid-- - cell=—This nmeans that the e¢aisakjofhs
region is o cover nly. .dt he area of the underlaid cell
which is not 25 covered g (= el | . In cases of unbrella
cells, that is, alargec‘ l rs 23 an area where there are small
cells that cover small ar the large cell coverage area, the
application of an enbodi ment of the nethod according to the present

invention to 30 the Japanese standard yields the _follow ng scenari 0
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art respecti vel
station is determ:.ned to ave ente%ed the first region when a

signal strength value of the mobile station connection is
greater than or equal to a maximum signal strength value for
the mobile station connection, wherein the maximum signal
strength value is set for each connection. A fifth rule
requires that a mobile station is determined to have entered
the first region when a signal strength level of a neighboring
cell is greater than or equal to a minimum reception level of
the neighboring cell, wherein the minimum reception level is
set for each neighboring cell.

In step 220, the mobile station receives the rules and deter-
mines, on a continucus basis, whether any of the rules are
satisfied (step 230). When one of the rules is satisfied, the
first message is sent to the land system (step 240). This
message is received in the land system (step 250). The land
system then sends new rules to the mobile station at step 255,
including e.g., an order requiring reporting measurement
values continuously {or periodically). The mobile station MS
then acts in accordance with those new rules, i.e., reports
measurement values continuously (step 300).

In the embodiment of Fig. 12, the collectiocn and evaluation of
the measurements necessary for the handoff decision begins in
the land system after the message is received from the mobile
station (step 260). In the embodiment of Fig. 13, only the
evaluation of the measurement values begins after the message

| i ne where the 20 condition

géi' ee?%h + &E‘d theedach Sl Pduishammt tdhendifille and

si de



In the enbodi mrent shown in Fig. 12, in step 200, the reporting

conditions, or rules are, defined in the |l and systemwhich 15 delimt the
eval uation region and these rules are sent to the nobile station in the
CONDI TI ssage, at step 210. The rules are redefi t

begi nni ng cﬁsEséndsgﬁ connecti on, after each handoff, when tmﬂ"éﬁg
station M5 noves from'the non-eval uation region into the eval uation

regi on, and when the 20 nobile station MS2zeoves fromthe ‘eval uati on region
into the non-eval uation of a cell. In the enbodi mrent shown in Fig. 13,
t he neasurenent val ues necessary for the handoff decision are sent
continuously fromthe nobile station to the | and system (step 300). In
a preferred erfsodieneitvest gra@0tishoashilse sBbigreaistbpeiitdi cailnge the
regardiess of Jddiq piieh YEPhe valued BaSShodth IRsies 1 oUBAS L4aL a

nobile station TS have .ent ered f1Tst region when a
si gnal st eddernEa uﬁhﬁfhﬁ‘M%Wﬁg%éFIreF%db?‘%zﬁtelstFEaWBr equal

to the sumof a signal strength value of the nobile station 30 connection
and a signal str.eng t hfeshol.d towards a.neigh- bor | cel | erejn -
the signal st &ddenh 8 ﬁgﬁddﬁcﬁ'&’{" Gig dgs‘é‘g%ﬁeie%ﬁb%ﬂgm}eiﬁl‘?lg%t%ejewnd
of the rul &s wequdeed,t it iz undebstecdtthabnthe detthod reml taphawetus
entered the first '

When o m i uACEPEAAASSEPe RPN PTRPERE IYRECLOR B3 3hsedig ipplenensed
greater than msmquathen si'.amctﬁms,stsmhmﬁ %ﬁu@mﬁurnpean-rmbl l e station
connection, wherein the m ni nrum si gnal strength value is set for each
connection, and wherein a third 5 rule requires {hat a nohile station is

det er mi ned t oThevEoregoing 8esGTiREirn et the SRRCHAtR erhodiments Wikl SQf
the current fu1§9n£@%aprtné genedhal nkbabe It weahnbenalsﬂxmcﬁ&ﬂwd

bi t t th al | d bit t e
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maxi mum si gnal
such adaptations and modifications should and are intended to

be comprehended within the meaning and range of equivalents of

15 the disclosed embodiments. It is to be understood that the
phraseology of terminoclogy employed herein is for the purpose
of description and not of limitation.
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the nobile station connecti on, wherer nal strength
val ue is set for each connection. n' I l .lﬁa " ﬁui res that a nobile
station is determ ned to have entered gi on when a' si gnal

strength | evel of a neighboring ceII |s greater than or equal to a

m ni mum r eC¥BISOMOFevel| of t he nei ghboring cell, mherein PRa/ SESHOBATAN
reception level is set for each nei ghboring ceII In step 220,

the nobile station receives the rules and dgfer- ——ﬁtnes— -6h-a continuous
basi s, whether any of the rules are SatISerd (st Q) v%en_one of
the rules is satisfied, the first message is sent 4 | Replagedo
(step 240). This nmessage is received in the land s

land 25 syst emgpidery S @dMERIVIEYl s to the nobile statl i [
including e.g., an order requiring reporting neasurenent values
continuously (or periodically). The nobile station M then acts in

<'i<:c;3rdanceI Wi Eh%l hosgomm) cfdchQSri:oht[:!Bolliﬂ@Qfa‘.rﬁioff %ﬁ?&i@%ﬁmt ﬁ.\tﬁlcﬁlons
cont i nuous S n af _Fi e..Co tion
and eval uatlyon ’t‘ﬁgw Sk r@%@&&ﬁ?&&ﬁ?gfﬁgg’g %“Fo?y?ﬁ%mlﬁ%oﬁ PR
begins in e niai:ﬁsys&ta@moaﬂst,ethehkamwmr an:buéln@chfphmalmtymiﬁ l e
stat|on (step 2600 | b g eRRRA0LAROLL O1nd the Lhecdy: the  evaluatior

of the nmeasurenen vaIues egins a

24 ~is recei ved frdiﬁ‘t’itblnﬁ)bﬁlaé‘lst%ﬁ-ﬂonl{@t?e@ 3fdrstsirepiome where
col l ection of the fHMﬂ“GIaluelsn JEOF:Erfgbmed ahRdiaMeind he
handof f deci si on |s reac ed at step e the above descri pt I on

di scusses the JeBsHfELcviaeget fhe ?Vﬁlé?ﬁéf-é-r"& 9% measyxe@eRtostRIVRS dFe not
net hod and appaiattsrmed; according to the present invention may also be
| mpl ement Ed performing an evaluation of measurement values when
a mobile station enters the first region; and

controlling the handoff based on the evaluation of

measurement values. ¢

2. The method according to claim 1, further comprising the
15 steps of:
sending a first message from the mobile station to
the land system when a mobile station enters the first region;
and
beginning the step of performing the evaluatiotx of
20 the measurement values when the land systen receives the first
. message.

3. The method according to claim 2, further comprising the
step of: _
'performing collection of the measurement values
25 from the mobile station before the step of performing an
evaluation of the measurement values when the mobile station
enters the first region. '
4. The method according to claim 3, further comprising the
steps of:
30 sending a second message from the mobile station to
the land system when the moblle station leaves the first
region; and



usi ng ot her standards, such as U.S. or European. The foregoi ng
description of the specific enbodinents will so fully reveal the
general nature of the _invention_that others 10 can, by applying current

know edge, W@ a8030§5 nodi 1%' and/ or adapt for various appli cmmmb
speci fic enbodi nent s js Sheot Has BepReffldcrlg f rom t he_generic concept, a

therefore, such adapt fi.calions sh nded to
be conprehended within t range of equi t‘ ﬂﬁ lﬂ m
di scl osed enbodi ments. It 1s to be understood that y of

term nol ogy enpl oyed herein is for the purpose -of descrl ption and not of

limtation. stopping the evaluatmn  PF th@ﬁneé%nle%%ﬁ%g 'S

1. A . nethod of controlling handof

t el ecommuni cat FERBORELYBI I %sr%emermesmw ng a I and system and a
plurality of nobile statlons the | and system including a plurality of
cells, the net od C'{%HB” S| t he measurin

. _Sleps .aof
conti nuousl y, RESPFELng t5 s‘islaﬁlinbﬁs HRF PREE £RTisiRy the
i ndependent of sthp sfngfeoppiong the sbhdlhgndfsmé ameasiyerEgn #a 1ged ity of
speci fied chan rL e} t esults of
sgi d step Q Q%%Sl?r%%lsltjrlér’??g 85.& %gt? %‘3& SysS %fi EeEES‘&e 1s S€"Hn'd“‘|\;/' kﬂ €each

cell into a fimsbilegtatidmere eval uati on of neasurenent values is
performed by the | and system and a second regi on where the eval uation

of measurenent values is not perfornmed by the |and system
performng an ®val JEhe cRethod h@?@%iﬂ%n‘é‘ht‘:lalm N:al‘ﬂb%fed%bnﬂaa nebep eof

Sta: Ih on ené ersa%thd%tﬁ&aéﬁgbam &Mo the first fandC%Tdo%' ':{Q;f&l}f‘s hgg doff
The. method- ac PETHRED 10 bt §3nd AR BBMTPUITiFes the AEoRECRS: of |
sending a ig#rst nessage defiminkerubés ldeldmdting the firettfeyiamdosysd @
when a nobi l es n.gat t region; and
begi nni ng t he s%‘@%) g‘f r‘? %?%er% é‘"al uation
sending the rules to the mobile stations in the
network.

. 7. The method according to claim 6, wherein a first rule of

15 said rules requires that a mobile station is determined to
have entered the first region when a signal strength value of
a neighboring cell is greater than or equal to the sum of a
signal strength value of the mobile station connection and a
signal strength threshold towards a neighboring cell, wherein

20 the signal strength threshold is set for each neighboring
cell.

8. The method according to claim 6, wherein a second rule of
said rules requires that a mobile station is determined to
have enterad the first region when a minimum signal strength
25 wvalue of the current connection is greater than or eqﬁal to a
signal strength value of the mobile station connection,
wherein the minimum signal strength value is set for each
' connection.

9. The method according to claim 6, wherein a third rule of
30 said rules requires that a mobile station is determined to
have entered the first region when a bit error rate of the



of the measurenent val ues responsive to the |and system receiving the

first nessage. 3. The nmet hod according to claim?2, further conprising
the step of: perform ng collection of the neasurenent val ues
from the nRpgiskasegsat rom before tThe step; of perforning an PCEYRolyadon Of
‘the nmeasurenent val ues TheR:HIEREORIplaced station_enters the fi rst
region. 4. The net to claim3, further
| R
station ystem
when the nobile station | eaves the first reglon stopplng
t he eval uation of etﬂrjé measur epent ,val ues onsi ve %p %he second
message. 5. GUIT GRARBTGCHRR o/ r%eta(}-e(? % uFER Sy i g

the step of stfyiuwe bliiec eepdripid, ol rrerians bhe e imem @dd owed bitrarinr
nobi | e statlon f1 oL S0 ent fromthe nobile
station. 6. % %%%ggg A CCor mgtof% aim1, wherein the step of

di vi di ng each cell into the first and ‘second regions is performed in
the land syst e‘{q an%lﬁ?ﬁﬁ'&hﬁﬁ%&&@r&iﬁ@%ooélalm 6, wherein a fORHtH f‘ﬁlélﬂies
delimting the

I rst region for each |nth_e | and systemy an
sendi ng t hes r adsl okese TRBITEES (tHdh R ‘F‘?Pltll'?e statiqidf rqg ined t°l'he

met hod accor diyig,d @ntleded Ehe WEFSE frs’zyifdrf &heht& Signal strenydnred e of
reqwres that a nobile statiqn |s determn ve entered the first

regi on when aféﬁgﬁ‘ﬂblé-ter Stgiton conpgchd oz 15 ﬁﬁ?ﬁjﬁﬁﬁr | ‘ﬂa]g er
than or equal ff3eiten signalustebngthi gm]aﬂzesﬂmert@ehmuhihe s;&afa;mumcmﬂec-

connecti on bet ween the bi d ng
the call a si gtr{‘éﬂn's;%ﬁ t‘{ﬁ) %Mm% Seken hne| g o;‘)"lgn)gée'lc:%;e‘Iq#y"‘1

wherei n t heo sigaedl conneagtilont.hr eshol d is set for each neighboring
cell. 8. The nmet hod according to claim6, wherein a second rule
of said rules requires that a nobile station is determ ned to have

entered the filist Ty oethednaecardingtsicdddm 6, wherein a fifth rule of
said rules reguires that a mobile station is determined to

have entered the first region when a signal strength level of
a neighboring cell is greater than or equal to a minimum

15 reception level of the neighboring cell, wherein the minimum
reception level is set for each neighboring cell.

12. The method according to claim 6, further comprising the
step of:
in the mobile station, reporting measurement values
20 continuously to the land system, and sending a first message
from the mobile station to the land system reporting that it
has entered the first region of the cell when one of the rules .
defined for the cell is satisfied, which message triggers the
performance of the evaluation of the measurement values in the

25 land system.

13. The methed according to claim 6, wherein when one of said
rules defined for the cell is satisfied, the mobile station
sends a first message to the land system reporting that it has
entered the first region of the cell, which message triggers
30 the performance of the evaluation of the measurement values in
the land system, the performance being delayed to allow
sufficient time to receive enough measurement values from the



strength val ue of the current connection is greater than or equal to a

si gnal st rengt h value of the nobile station connection, wherein the

m ni mum si _engiJQ—xLaI—ue—l—s ———=set for each connecti OQ’F&% he
met hod acc t'o claim er 4 third rule of sai Pﬂgﬁ7~5
requires that a nmodbi | erm ned ve enter f| rst
regi on when a bit error ﬁ |[ﬁ zﬂﬁ M‘"

the current connection n or equal to W ovved
bit error rate, whereln t he maxi mum al | owed bit error T at%, Sis*set for
each connecti on. The net hod according to claim6, wherein a fourth
rule of samdbliﬁlleesta@.mn tosnaiteathe handiofd deaisbrni yhesrdnna fleer the t o

have entered tgq LLI SLokagh ok WARR 2enl Hiila Yyt Bends ¥4 SRl diEne

nobi |l e station~Connectron great ér than or equal to a maxi mum signal
strengt h val uempbilenstabisn é‘—° repgr hinRAF AR Wéﬂueﬁh"é%?hntlﬁ'ésl’{ﬂw mum
signal strength value is set for each connection. The net hod
according to claim6, wherein

of said,r S, requires that
a nobile statidft+isT é@t@%%ﬂcwr‘{“}%%ﬂaﬁ%‘%gére'tﬁh?‘F%"‘? %lﬁ%%ﬁgﬁtﬁﬂen a
signal streggt Brders ey abh 01 e ZtRRIIGADS pegfeeh| rigoiian oF thaReakuegual

to a m ni rru tiaon |l evel t he nei ghboring cell, wherein t he
m ni mum receptt“ﬁ %ﬁ\? e Fophlnpgps %%th nei ghbori ng cell. 12. The
met hod accordi ng to claim6, further conprising the step of:

in the nobile ati (4t f@?ﬁ“ ,_Lgltq,] t
the | and syst e?hg an?iﬂgédr’tgﬁ%d é&?‘l’ rs ég@glgséaé »}‘}?é she jbd]*&)gg%¥?ﬁ
to the | and ‘syeréers the m@lpz-)le istgtipamat tRarergRtethe HW‘#E#@HW ¥alees of

the cell &Qﬁﬂ;ﬂ@@u@i it inub esedefidadrioe EJEStQ&Ueﬂ@eﬁmth%f ffflst
whi ch rressage triggers th e performance of the evaluation of

nmeasur enentdvaF@€3%Rn the | and system 13. The met hod accordl ng to
claim12, wherein the | and systemorders the nobile station to perform

TR RPN G R T R R P o e

cell is satisfterd néﬁmmhnbkudlng a land system and a plurality of mobile

stations, the land system including at least one cell, the
method comprising:

15 defining a plurality of rules in the land system and
sending the plurality of rules to the plurality of mobile
stations; _

determining, in a mobile station, if at least one of
the rules is satisfied;

20 sending a first message from the mobile station to
the land system responsive to at least one of the rules being
satisfied; and

performing evaluation of measurement values by the
land system responsive to receiving the first message.

25 17. The method according to claim 16, further comprising
making a handoff decision responsive to the evaluation of the
measurement values in the land system.

18. The method according to claim 16, wherein a first rule of
the plurality of rules requires that a mobile station is
30 determined to have entered the first region when a signal
strength value of a neighboring cell is greater than or equal



staation sends a first message to the |and systemreporting that it has

entered the first region of the cell, which nmessage triggers the
performance of the evaluation of the nmeasur enent values in the | and
system thwom'msassrrance bei ng ng del ayed to all ow suff| Ci erﬁcﬁmmb’_
rece| ve enough SheetHasBeenR laced rfeasureﬁent
val ues fromthe m)bl |l e st handof rein
after the first nessage | and systi ” ,il to the
nobile station to report rreasur t ‘val ues co The
met hod according to claim 14, wherein the |and system orders {he mobil e

station not t ort h al.ues. continuouslLy until gfter

t he nobile %D 5i 8 eﬁFe‘I‘; ss{%g‘%] ‘i-_gfé}i%t e‘me.Qq:'t the -3 §totion
controlling ha;mﬂmfefcqmnaanél ammmbtamangth threshodidvicwands wdinedgh~l and
system and a f »alTRD I ncl,udi ng at
| east one I[?Jcel E&%IP wl;ne.. ngoﬁ%gls:i@éf'}&re%%h eﬂgegggggﬂ% %
plurality of e@chsnpighkeringedlst em and sending the plurali ty of
rules to the plurality of nobi | e stations; conti nuously
determ'nin%, i.n a nobile st tlon Least one of, the rules is

satisfied:; 19. The me réf’ﬂgr &p ﬁi% oS £ MORTHE RoFecens: auten

to the land sygt eﬁerp}smime 4 :&ﬂ@satdqﬁd&hsoﬁﬁaef ath@blle stHt&enbes ng
satisfied; a oy m n %%I ation of measurerrent val ues by

the | and systgﬁtﬁgﬁ?ﬁﬁﬁg R }l‘%‘P?e FRAeE ¢ 173% TREioRcvhen 2 miniwgp
met hod accor deignad strengt,vdlue hef tiwrpa:ummgt conne®kicg fs hgregtér

deci si h
o svat em - ThEh ‘6 byhic SutebBha P diengtn vhiGe AR RER L St Ry 1
rul e 18f chpnettioni mheseinuthe mmmgxmm@mnanue is set

strength val ug,pfea-ined %QE‘-&BH cell is greater than or equal to the
sum of a si gna? strength val ue of a current connecti on between the

nobil e station and the cell currently handling the call and a signal
strength thresdpl dThe methodpddisomifg} 8bbOIA NG X&) khevBenel ReiHa $190as

strength — fOrgshoifity S& rhebsaa gl anhgring cell .. | station is
determined to have entered the first region when a bit error
15 rate of the current connection is greater than or equal to a
maximm allowed bit error rate, wherein the maximum allowed
bit error rate is set for each connection.

21. The methoé according te claim 16, wherein a fourth rule
of the plurality of rules requires that a mobile station is

20 determined to have entered the first region when a signal
strength value of the mobile station connection is greater
than or equal to a maximum signal strength value for the
mobile static: connection, wherein the maximum signal
strength value is set for each connection.

25 22. The method according to claim 16, wherein a fifth rule of
the plurality of rules requires that a mobile station is
determined to have entered the first region when a signal
strength level of a neighboring cell is greater than or equal
to a minimum reception level of the neighboring cell, wherein

30 the minimum reception level is set for each neighboring cell.



19. The net hod according to claim 16, wherein a second rul e of
the plurality of rules is satisfied when a m ni nrum

29 SwoRjesesl engt-h—vatue—of —the—Turrent connection i s @ceaEes0072s
than or equal to a si gn g;e;t%nsgéegﬂy g of the m)br | e station
connection, wherein the value is set for ea
connection. 20. Themmmaﬂ ng 3t°o cI ai rrumw Hﬂ“ﬂ“ﬂlwﬁllwl rd ruI e
of the plurality of rule when a bit t he

current connection is great er t han or equal to a maxi mum al | owed bit
error rate, wherein_the error. rate each

connection. 2123. Theme Bﬂcaﬁ‘éﬁ"%ltﬁgf |’mf‘f ﬁ}ﬁe?%’f‘%ggéi'%%rt%’ﬁ
rule of the plsgapids, dh theaschiles atbasfibad mmm gredsurementt valgel

val ue of the nobilege stati_l)grhc Qeica%dogygselgr %gE?EJ.n wheﬁm Qk éﬁ’é’%l%g a

maxi num si gnal %‘ﬁ’e’h i on connection
V\/ner ein the nadefimes |ﬁgn:al:he celltiseagthsfigdie the Eé?li-ers‘é%rﬁho’é(ﬁﬁ?&ﬁ Bon.

ka ’?:{TM neesALd ‘E'S 'Elﬂe ¢hAd @yls@em%&ﬁxﬁ; Gl tes enter@fi t he
pIuraIrtyo es I s sat’isfied when a si.gnal strength, | evel ﬁg
nei ghboring cehe| gigrbaregipRaPiorthe celgq ahich é“‘?ﬁ%ﬁ%%nﬁ'eggﬁ? Pevel
of the nei ghbcﬁéf‘ﬁaﬁﬁﬂce of thdleraguatibe of thewmsasteepdrnvhduek irsthat

for each hbori ng cell. 23. The net hod according to claiml16,
further conpri qésys €fhe step of, in the nobile station, reporting
measur enment val ues continuously to the |and system wherei n when one

gI ation ggﬁdglga d1i ?&j I neg__ggé a‘%ggﬁﬁﬁ l%qat ggn’ ﬁ'gbeo’lr.%]ﬁ i Sn?haq t)taﬁe at

| east one 1 tmﬂ.emlmﬂmadseﬂarsthedcelohrm Satlsfri@:ﬁsa@éet m@géﬁs stption
per for mance ofsg,mﬁqg\/ﬂgﬁe gf&c%get 88 the 1aﬁ&%§»§t@m&pa§ﬁs§ tiat ¢ hagd

system 24. ding to claim16, wherein when one of

the rul es def ientkenast the §irpti zegien of the “?Eh’e‘L nﬂ’ﬁ’i‘:@ message,tréggeEdds a

first message ¢y bEbeéﬂﬂné!SéEEhé%ﬁda&gon of thbaﬁeamahehemuumemf
the rules is satrsfred whi ch nessage trrg er gﬁgerf rrancelff t he

eval uation of ¥ land s¥stemandthe (B¢
performancgs suffiRiirgtdeliageto tz@web.krevermﬁqh measuremanttmlm |f\rre:met|h)e|gh

mobile station to make the handoff decision, wherein after the
first message is sent, the land system sends an order to the
mocbile station to report measurement values continuously.

25. The method according to claim 16, wherein the land system
20 orders the mobile station to perform reporting of the measure-

ment values continuously. '

26. The method according to claim 16, wherein the land system

orders the mobile station not to report the measurement values

continuously until after the mobile station enters the first

25 region.

27. Acellular mcbile radio telephone system including a land
system and a plurality of mobile stations, the land system
including a plurality of base stations covering corresponding
gecgraphical areas in the system, the system comprising:
30 means for monitoring signal connection parameters
between the mobile stations and the land system;
means for dividing the area covered by each base
station into an evaluation region and a non-evaluation region;



30 ' measur ement val ues fromthe nobile station to nmake a handof f
dect sion, wherein after the first nessage is sent, the |l and system

sends an order to the nobile station'to report the neasurenent val ues
conti nuously. 25. The met hod according to claim16, wherein the |and
syst em or dé¥YQ ¥ MI5Pobi | enstakimarBeorRpRedior m r eporting of POT/SEY4/00725

nmeasur enent val ues conti h The met hod according to claim 16,
wherei n- the | and sy%}
nmeasur enent val ues conti I

nopil e station not to report the
after at |east one of the rul es
Is satisfied. 27. A cellular nmobile radio tel ephone systemincluding a
| and system and a pluralify of nobile stations, the |and system
including a plurality of meass Statperforudner engluatiocnosEesPgALL Ndonnec~

e o SRR A Al S Phcion SBELS Ar mypange o

moni tori ng si ghegienanerdi on paraneters bet ween the nobile stations
and the | and system oIRSBI1ERY 1 yd S e ri by
each base station iﬁte%n%nfoex\'/eﬁ uat i ongjr.}égl ondéa}érf"md%aft %oﬁ-gg\ilgai%’%i‘%ﬂ%

r egi on; 5 one of thepafg stabIARREdOrA Medobberiogsbasef stapichdrased

eval uation of &hofal SRR cREBIR a1 BEAnBcEDBA! Sarametabatli On
enters the eval uation regi on responsive to recelving a nessage from

the nobile station; and _ means provided in the |and system
for control lingg. Thoasyktidn akbcerddhy tandadd by, oneesbik NehdaRuE PitywNS

for a nei oriang b tation ed on.the eval uation of the
si gnal connect‘?%ﬁm[?é{}gehﬁ%éﬁg‘.%n%?gﬁggé'ﬁf?glpr&f?t’em according to claim

27, wherein the prearss foy mEpaniiingeths abndusredrs imia T @unHetion
means for rg@ ' nj tggnal connection paraneters to
the I and SJSIOS'[ m %é.&rg Q"%Tﬁ'ggs';L/él'?aeE‘néyasccordi ng to claim28, wherein

the neans for dividing the area covered by each
29. The system according to claim 28, wherein

the means for dividing the area covered by each cell
into the evaluation and non-evaluation regions comprises:
means for deterinining a plurality of chan-
15 geable rules delimiting the first region for each base
station:;
means for sending the plurality of rules to the
mobile stations in the network:; and
the mobile stations comprise:
20 means for evaluating whether at least one of
the plurality of rules is satisfied; and
means for reporting to the land systenm that the
mebile has entered the first region of the area covered by the
base station currently handling the communication.

25 30. The systemaccording toclaim 29, wherein the land system
further comprises means for collecting the reported signal
connection parameters. '

31. The system according to claim 29, wherein the signal
connection parameters include at least one of signal strength
3¢ and signal bit error rate.

R




31 cell into the evaluation and non-eval uati on regions conpri ses:
nmeans for determning a plurality of changeabl e rules delimting the
eval uation region for each base station; means for

sendi ng t%d@ydﬁﬁl ity of changeable ~ -rules to the nobil epgiREboagzd N the
networ k; an . This Sheet HHEBAB RiplaReaSt At | ONS conpr i se

nmeans for eval uati ng wh one of the ralit rules is
satisfied; and 1 ﬁH m reporting to mﬂmgm entry
into t he eval uation i ar ea covered tation
currently handling the cormunl cat I on. The syst em accoréll ng to
claim?29, wherein the | an temfur her ses rre
col l ecting th&2repor® ays‘.em §F§ﬂ L %rﬁ?eﬁi‘ %E{rnghﬁrgf"g irs;: rulerpd
system accor dtlﬁ@ pmuehauﬁﬁ&f wargjeakillee mlgmalrequlmwnmat oa mabdleters
I ncl ude at t, one of si : ' ' r
The system ac% H?’n’b ’i‘t?‘%‘g §1J't %tegt gﬂﬁépe‘?rﬁlsf Eggﬁhagién%é'ﬁh Fgflal | ty
of changeabl arsigsaleqdn—ﬁeagthha'ﬁmm |& neigkhoxrinm bmrstahaom tshas
entered thg e g

g YALdelL %J:F%O&;ual 4 ehle Sl 9224 s%ma LErUAULE Vi1 of

nei ghboring b se at'l eater t

si gnal strengthe mobils gsabion Qﬂml"@oﬁﬁétﬁ Féﬁnﬁétm%thﬁﬁﬁheld

station ae%» basenei giboOring rbaltel ystotitd NgwvhBee Al letndsaqg
si gnal strengt {&esholxc}i t%mb hbor ,n 3 |ons \(\ﬂ%lr'el n

the signal st¥%&rp gss%? Tt eacge&%ﬁ&ﬁ?ﬁ%%aﬁﬁ FL8EieRat| on.

33. The system accordl ng to claim31l, wherein a second rul e of

oport that 1 nadHeContin peegoar il 4 B4l e Y sSBhE RS, oo

strengt h 3@l uef dthe Ipé.mlné'm of changﬁnbbeumiass rgmums thatt armebilé to a
STQnal Strengicson Ukt Olad % HRBILS: L £88 GORIERLI O oG Chuleh N

m ni num sTgna value 1 s set eac connect1 on
a m:tnimum s:.gnal strength value of the current connection is

greater than or equal to a signal strength value of the mobile
station connection, wherein the minimum signal strength value
15 is set for each connection.

34. The system according to claim 31, wherein a third rule of
the plurality of changeable rules requires that a mobile
station report that it has entered the evaluation region when
a bit error rate of the current connection is greater than or

20 egual to a maximum allowed bit error rate, wherein the maximunm
allowed bit error rate is set for each connection.

35. The system according to claim 31,' wherein a fourth rule

of the plurality of changeable rules requires that a mobile

station report that it has entered the evaluation region when

25 a signal strength value of the mobile station connection is

greater than or equal to a maximum signal strength value for

the mobile station connection, wherein the maximum signal
strength value is set for each connecticn.

. 36. The system according to claim 31, wherein a £ifth rule of

30 the plurality of changeable rules requires that a mobile

station report that it has entered the evaluation region when

a signal strength level of a neighboring base station is



REPLACEMENT SHEET 32 34. The system
according to claim31, wherein a third rule of the plurality of

changeabl av® wmssE equi r es tﬁ_at a nobil e station report t Seba/fRSe
entered the eval uati onThieghed HasBeeanhlewda bit error rate of t current"

connection is greater to a maxi mum al | owed b| t error
rate, V\/nereln t he b|t 3@ror rate is set for each
connecti on. Th m accordl ng to claim 31, wherein a fourth

rule of the pI urallty of changeable rules requires that a nobi | e
station report that it has entere the eval uation regi on when a signal

strength val ug*6RtERe THaht 1IF &3 2 PN | B?F?%t’g?%a%%ﬁ’e% haf &he
equal to a ﬁ%&bﬂ@ﬁb&t@.ﬁh@l Jﬂase sﬁ:tartalwi hwiétein ftove ﬁﬂmﬂilmlzlee:egiﬁtdx?mevel )
connecti on, erei n stre value is set for eac
connection. 382 Set £ %@%l’lg%gg%@f?&‘% 53?8 A1, wherein a fifth rule
of the plurality of changeable rules requires that a nobile station

report that |t3.7k.1as.rﬁgt Egeﬁk? c}ﬁgﬂ%l&nc&g%o ) \@ee. si naI sgrength
S

| evel of a neighbofing ase reatet %
m ni mum reéeptrrapnrltet«bﬂh sifgnal cpn@enmgntmmmeﬁm Optea'arteﬁ cmhen.auoushe

m ni mum recepagonres oﬁgy@é ﬁosaﬁeérci@f f%ﬁhuie'ﬂm%y&aeﬁaﬁ?o %Tegto'r%” end/

The system accdrding to claim 31, wherein th orting the

signal connecFRERADFHFMREH O paramesers C°"&iﬁ’c‘4%¥s?-'—9 theeépmssyete@, an

order from thghb2BEnSyEéeBne of the MERY Helthfedi SHaltHO BAGE! keat@afaaat:@t e][ S
Ity o

continuously to and s em whe n when one qf, the plura
changeabl e ruFéElﬁsfFigtecFrf%PeFﬁé %%Eeg’f’g{:iﬁﬂ thatEhedqhide statiopdhagans
for repor u.g ngeh?ai‘e& hehafobvhbuatﬁﬁh orednbsn eﬁmgda first hfesypdeloatd Ofhe ]
regi on sends S ssage 1 e ystemrep ng that Jt as
entered the e ﬂaf&gﬁ (j‘i%gar‘?rq"15'l 4he{)ch %ag‘%s Fﬁgﬁﬁﬁg %ﬁﬁ h‘g‘fﬁzﬂ
triggers oper:aegnmofcf thet Ihasniaaatatmnpewhmcm meddageVvatrigteos Otfhé he

si gnal “GPREELLON ORGP o Ber A0t NGLENL lutustiod " ML

according to arm ereln | ura
rul es defi nedsigral @Wion values in the land system.

15 38. The system according to claim 31, wherein when one of the
rules defined for the base station is satisfied, the means for
reporting that the mobile station has entered the evaluation
region sends a first message to the land system reporting that
it has entered the evaluation region of the cell, which

20 message triggers operation of the means for performing the
evaluation of the measurement values in the land system, the
performance being delayed to allow sufficient time to receive
encugh measurement values from the mobile station to make the
handoff decision, wherein the land system further comprises

25 means, responsive to the sending of the first message, to send
an order from the land system to the mobile station to report
measurement values t:pntinuously.

39. A cellular mobile radic telephone system comprising:
a plurality of base stations assigned to cover

30 corresponding geographical areas in the cellular system;

a plurality of mobile stations including:
means for monitoring signal connection
parameters between the mobile stations and the base stations;

| AR 8 R UL

and



33 station is satisfied, the neans for reporting that the mobi | e
station has entered the evaluation region sends a first nmessage to the
| and syst W@ 9545083 i ng that it has entered the eval uati oPCTSEpa0072d t he
cell, which nessage ThisSlcbgBeB&n RpRkat i on of the_neans for Derform ng the

eval uation of the, neasu I n tﬂe | and sy
performance bei ng del ay| fficient ti menﬂmulu! ﬂ ough
measur enent val ues fro ation | si on,

wherein the | and system further conpri ses neans, responsive to the
sending of the first mes LOsE ‘?nm!tﬁ’:P mto
t he nobile station to reég'%?drre su%%%eoﬁ?cgéﬁing{%ﬁféﬁuous @a%%ghs
A cel | ul ar nobeteeendine pélu@pﬂréﬁar af dcbhlecspiionmgand the PluralltYaGf
plurality of Hase HAlisHW idRuaiag:t 0 cover correspondi ng geogr aphi cal
areas in the cellular system lurality of nohile stations
i ncl udi ng: Jpganyg or é%‘rﬁﬁ%u%lhf arﬁBnFPBFFﬁﬁ byspaRal

connect i ons papaset ets'cbehvv&anot e st eresjiain anferndetdbuatiohase the

stations; and f n ni.cations
bet ween the p?ﬁ%ﬂ tcfwc%ﬁ%l ggggm%%#g%#‘?ﬁ pﬁ%aifj €%e m%f'egé
stations i nclvzluierg the evaluation orfeangnabrcmmcmm mamee:arsouerndtby
each base .into a first region, where eval uati on of the signal-

connecti on palr’arre rs |s performed and a second region where the
eval uati on of signal connect®eanHirEReRiMing she evalypkion efdsignal

means for;@eré&hmtfﬁéxhea%eﬁesoan@ﬁ Simdpdhe stat fOHNNERIdQANRR AIBLILr S
when a nobile station enters first region responsive to a nessage

recei ved fromf@kPni andyphi| e statlon, and nmeans for
control ling handoff of a calnieajmdteﬂ contrdl 1dhg Oﬁaﬁaefba&g shatd';m for

a nei ghboring base ation ed 0 he evaluation of

connect i on %ana%ﬁihg € %. ¥ % téﬁ‘f’ 8 gg’éo? d'Rye °:E+%1? %?afge

wherein the station based on the evaluation of the signal connection
15 parameters.

40. The system according to claim 39, wherein the plurality
of mobile stations further comprise: '

means for reporting the monitored signal connection
parameters to the land system.

20 41. The system according to claim 38, wherein
the means for dividing the area covered by each cell
into the first and second regions comprises:
means for determining a plurality of chan-
geable rules delimiting the first region for each base
25 station:
means for sending the plurality of rules to the
mobile stations in the network: and
the mobile stations comprise:
means for evaluating whether at least one of
30 the plurality of rules ig satisfied; and
means for reporting to the land system that the
mobile has entered the first region of the area covered by the
base station currently handling the communication.



34 ' pl urali ty' of nobile stations further conpri se: means
for reporti ng the nonitored signal connection paraneters to the

| and syst&e g, —The system-according to claim39, wher
t he neans P]or I'viding the area cov re]j by each cel | |nt1051%:34’9? 75t and

second regi ons conpri "”'HaSB‘*enReP means for ni a plurality
of changeabl e rul es “m m:e fi¥st regio m uﬁj' tat I on;
nmeans for sending the ahgeable

stations in the netvvork and t he nmobil e statlon corrprlse

means for eval uating whet her at | east ane of the plurality of rules is
satisfied; an#2. The system aggarRingtorehain 3%y vherain thrlilapdtsystamt

the nobi | By b ase i ddie fdard FR9i il ety w HePSHasl bylg{nal the

-

base station current) handl | n% t he communi cati on. The sys
according to TPRFEHT Srirst rule of the plurality of
changeabl e rul es requr res that a nobile station report that it has

entered the fjrst i on_when . Si gpal tren Iue of nei ghbaqri ng
base station +i ﬁ%r%ﬁ%?mthghoﬁqli%ugs ant"ﬂe % Frsl& gtﬁ’:ﬁ %"t th
val ue Bf conmaction pamamet:ersrﬁ.rt@tMntt heasmb:rieeoft sigoal astdrdrigth

base station I L9 ¢ all and a signal strength
t hreshol d tom%sq%%nel g ur| ng bztakseé:stat i on, wherein the signal

strength threshold is set for each nei ghbori ng base station. 43.

The system acg rd"ﬂﬁb%%ﬁ 'J&f’d]rdl‘ﬂbe{:g'é‘lﬁﬁﬁﬁon@her%l?ré“ﬂr%f" Hife of

plurality of c an e rul es requrres that _a e station report

that it has dfierBHRXREISY ref FRgngrable rpdes Fagudinfsmn BRakar FoRdAgt h
val ue of the éaer*rlem reportC @RAEC itOhaisS egiteatedr th@aﬁz.%te‘i"é%ﬁdno whetl @nal
strength of "the m gt at i on onnec )éh%rer n, t he m n| mm
si gnal Jr%ngﬁlr‘r ﬁ%rrgg?ét aﬁéﬂ"- 2 @nnsbﬂ 8??‘8‘3 aff statiopnls greater

accor di ng t 0 tHaai Il kquatletei the shir efr al eignal ekrthethl wadkist wfokhe
changeable I i1 WA ARH A AN Sna o S1GALPNSEERRLEN" Mkrdohoa®

entered the f
towa*ds a neighboring base station, wherein the signal

strength threshold is set for each neighboring base station.

15 45. The system according to claim 41, wherein a second rule
of the plurality of changeable rules requires that a mobile
station report that it has entered the first region when a
minimum signal strength value of the current connection is
greater than or equal to a signal strength value of the mobile.

20 station connection, wherein the minimum signal strength value
is set for each connection.

46. The system according to claim 41, wherein a third rule of
the plurality of changeable rules requires that a mobile
station report that it has entered the first region when a bit

25 error rate of the current connection is greater than or equal
to 2 maximum allowed bit error rate, wherein the maximum
allowed bit error rate is set for each connection.

47. The system according to claim 41, wherein a fourth rule
of the plurality of changeable rules requires that a mobile
30 station report that it has entered the first region when a



35 bit error rate of the current connection is greater than or

equal to a maxi num at—l—ev,ed_bu__er_r_ar__r_ate V\herei n the maxi mum al | owed
bit error set each connect i on. The sys -6d Ng to
cl ai m 41, w\/\%ies?oes?ﬁs a f fﬂ lased) t he pI urality of rhatril,sg) ’se}&{“l es
requires that a |, Hu pbrt that it I rst
regi on when a si gn ue ofét he m)b“m!ﬁ miﬁamljjui
connection is greater than or equal to a nmaxi mum s h val ue
for the nobile station connection, wherein t he maxi mum si gnal strength
value is set fqr each connecti on. {tﬁ}@ The s st em accord| N to
claim 41, wheFeEmad qength yalue gf RISl AL tSy' ig, SRyEente

requires that gieaeld €han ostafiaintoepmdxinhat signhdssepbngen vdipud Iﬂ’di:t

regi on when a&P dnu[ﬁq'qto 3 rﬁ%‘}{[ Q:on?z‘é%ltlgiu awlrﬂ%lrgp or ngmt%&%% tat.l on ]I f\g

greater than MmN mIm recepti on T eve

base station, swmemmhvaéummmmrene%mmwonnecrteml. |s set for each
nei ghbori ng base station. 47. The system according to claim 41,
wherei n the nmeans for reporting the signal connection paraneters
operates 5 48ont Theosksien RespsAsRG &£q 61aiR ot HeMhprednth & Ufahirale odm

to {eportNh t hetﬁbgfﬁuz%l&'ﬁ?tifﬁrbm?{gﬂiﬂ%@m'fé@ﬁﬁfé’stg?at 2 tntaﬁ:dllf and g
system erein en one O e ur.al | cna apl e rul es e|ne
PL oG hhceCstabion Pepest; thRboit nas ‘dpirea tna’ PSR EOH Shen

I’rﬁbl : e Zt ati ogifnalentwamsth leve]r.] leee ilﬂeﬁlghlbegﬂl&@' }(Siﬁdﬁgt?tﬁbhﬂs @&%&&@];e tﬁ
the | and syst ing that it _has entere e first region.of the
base st aﬁ%ﬁ oﬁ/rﬁ%%%gs% ﬁmﬂ R %?ré e ﬁrlo?fttrtee NEa (i)

per f or m ngot hbaseastation, ofhaﬁeanstlgeatlmmc:taceptmhubevel is iset ferl and
system 48. ?ch I;{g ELRNSE %%%grg.tggl%g claim4l, wherein when one
y o

of the plurall ange e rul es I ned for the base station is
satisfied, the nmeans for reporting that the nobi |l e station has entered

the first regkgn S@ﬁdssf‘s-ééﬁ HecordingPes G finP 4&“%%;@9@15%@@4&1%0%&”9
that it has entered first région of the ce whi ch nessage
triggers report the 51gna1 connection parametggs operates continucus-
1y, responsive to an order from the land system, to report the
15 signal connection parameters continuously to the land systen,
wherein when one of the rules defined for the base station is
satisfied, the means for reporting that the mobile station has
entered the first region sends a fifst message to the land
system reporting that it has entered the first region of the
20 base station, which message triggers the operation of the
means for performing the evaluation of the signal connection

values in the land system.

50. The system according to claim 41, wherein when one of the
rules defined for the base station is satisfied, the means for
25 reporting that the mobile station has entered the first region
sends a first message to the land system reporting that it has
entered the first region of the cell, which message triggers
operation of the means for performing the evaluation of the
measurement values in the land system, the performance being
30 delayed to allow sufficient time to receive enough measurement
values from the mobile station to make the handoff decision,
wherein the land system further comprises means, responsive
to the sending of the first message, to send an-order from the



operation of the neans for perform ng the evaluation of the

nmeasurenent values in the |l and system the performnce bei ng del ayed
to all ow gufficient time to receive enough measur enent m t he
nobi | e st p%h’gé% make a handof f deci si on, wherein the ﬁ?ﬁ%ﬁgﬁigm
further conprises, . means, responsive to the sending of the first
nmessage, to send’ an order fromthe |¥3hd systemto the nobile station
- to report neasurenment val ues conti nuously. 49. The system
according to claim39. wherein the | and system furt her corrpri ses nmeans
for collecting the reported gnal connecti on paraneters. The

syst em accor diard sy sELRE & e ’Rﬂ’é% L JCECIE §ﬂa"ie°°rt BBRAFBEET Sﬁ PE R er s
include at | easit ofieswd1pi gnal strength and signal bit error rate.
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