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MOBI LE STATI ON LOCATI NG AND HANDOVER ARRANGEMENT FOR A DI Gl TAL

CELLULAR TELEPHONE. The invention relates to digital cellular

t el ephone net wor ks. Mobi | e tel ephone networks are_al ready. wel |
est abl i shed | Ryo bg3sesany geogr aphi cal regi ons enabling rel at i REY Q'H’f.#} and
| i ght tel ephones to be in general use. The snall ness and l'i ght ness

is due in the main NPBILE SPATION DCATING ANDEHANDOVER ARRANGEMENTVEOR A DIGITALI SSi on
between the tel erItBD.IJMRaTBlLEFHONE fixed comunications transmtters and

receivers. The 10 comuni cations transmtters and receivers are
general l'y eve®hg dinventden gredrteni cte | Pigisend eablulay ortedephhge
netwerk in an array at base stations and connected to a central
network control st aPFB¥P¥¥fch serves to control - the conmuni cations
between all the base stations and the 15 nmobi | e tel ephones. The central
control station allocates frequenci es and channel s and sel ects
appropriate base Mobllétﬁfgléi:&&r@ nhhﬁobﬁﬂ'm R4 rebagaql i edsniionaned! in
for i ndi vi dual conmuni Cati ons. Handover arrangenents are

provi ded by the Ceninaﬁjr gedgraphdal Oregichsdrenditldhgt RRelatively small and
™ llght telephones to be in general use. The smallness and
lightﬁess is due in the main part to using relatively

low powered transmission between the telephones and.
fixed communications transmitters and receivers. The

10 communications transmitters and receivers are generally
evenly dispersed geographically around the region of the
network in an array at base stations and connected to a
central network control station which serves to control

the communications between all the base stations and the

15 mobile telephones. The central control station allocates
frequencies and channels and selects appropriate base
stations at the beginning of each telephone call for
individual communications. Handover arrangements are
provided by the central controller to vary or alter the
20 channels and frequencies to connect the teiephones to
communicate with different base stations during each call
according to prevailing . circumstances. The central

contreoller also monitors and records the 'calls for user

billing.

N 25 Normally, the base stations are arranged so as to provide
areas of suitable transmission and reception over a number

of hexagonal side by side areas or so-called "cells". The



20 _.channel s and frequencies to connect the tel ephones to

commini cate with different base stations during each call accordi ng
tg prevailing circunstances. The central cont roI | er al so
nmonitors and records the calls for user billing. }\@g@%

t he base st at iywp9osrsgoe8 arranged so as to provide areas P(S:fr it l?le
transm ssi on and receptio-n over a nunber of hexagonal side by side
areas or so-called "cells". The -2 -
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carrier frequenci es SREdhy LFREUERPFIST RS 1Y ORE F‘Bl]anjys dlffer% P ARY

T oquenc o ubed | n OTBRE, SEeRReRREel 56 b imeqtacers] sRbMEnt T R E0 k0
usual |y separated byya tie sald! W2€tne@reghbicids tJb%d‘qtﬂ’WHn‘&the@'é%li‘ in

honeyconb type pattern of communication cells can be conveniently
formed usi ng thy Beitkdiddivbat semotefl afar bkaaliyegupacated & a
course, as is already known, if the nobile tel ephone noves from one

cell to anothers durifwytheraltivo chtlsomf riie network. Thus a honeycomb type
. pattern of communication cells can be conveniently formed

-ﬁsing.sgy seven different sets of carrier frequencies. Of

course, as is already known, if the mobile telephone moves

from one cell to another during a call, the control

10 station is capable and designed to transfer or handover

the mobile telephone to communicate at appropriate

different frequencies.

At present this is determined simply by signal strength
comparisons as reported between the cell with which the
15 telephone is communicating with at any time and adjacent
cells. If the signal strength of an adjacent cell
increases more than a predetermined amount above the
signél strength of the communicating cell, the central
controller will handovef the mobile telephone to. the

20 adjacent cell.

Such arrangements are not sufficiently reliable in
practice especially for networks reéuired to operate in
difficult terrains adjacent coastal areas of totally open

spaces, adjacent mountains and/or in densely populated

25 areas with high rise buildings.



10 , station is capable and designed to transfer or handover t he
nobi'l e tel ephone to communi cate at-appraoprjate di fferent

fer equenci es.

At present thiTHIS SHEET HAGIBEEN i npl y by signal

strength conparisons as reporteqRepehpepgn thel cel | witf-yhdspisdie
(o ry—t+e—ade—aed

t el ephone is woWsBedbgati ng wi th ai

acent cells.

the signal strength of an adjacent cell I ncreases nore than a

predet ermi ned anount above the

cell, the central

the 20 adjacent Idelils an object ofitheadinyentientto provwige 3unetwordniand

reliable in

difficult terrains-@&cRddft telgphone thakcap moFe FryL Gkorily op

adj acent mount ai ns dai i%rulltn ffie '}:Sa%.lng mmaefs%d ix?Sigs%r _Sil?f:m&lh: %%Jir?se
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Accoz:di_ng to one aspect of the invention there is provided
a mobile telephone locating arrangement for a digital
cellular telephone network having a central controller and
a number of mobile telephones in which a first base
station is arranged to serve a special area of the network
and two or more other remotely located base stations in
the system are selected to identify that a mobile
telephone is in that special area, in which £he mobile
telephone is arranged to measure the downlink- strength of

signals from the two or more selected base stations and

_communicate the signal strengths to the first base station

for onward transmission to the central controller.

2 handover arrangement may be provided in which each
telephone is arranged to continually measure and transmit
downlink signal strength of a first base station and
downlink signal strength measurements of a number of other
selected base stations, and in which these signals are
passed to the central controller which determines a C/I
ratio and controls a handover of the mobile telephone from
the first base station to another base station if this

ratio falls below a predetermined value, where C equals

—_—
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determine that a nobile telephone is in a special area where the
serving station may have difficulty in serving t hat special area,
within its normal area of transpission, 5 by using signals fromother

base stations and by centrally LT 1S SHEE‘PHAS‘EBEEN”[ ormat i on Gcofibiath t e

I ocation of woednssges specfal argp| ACED It is an object of the
I nvention to provide a network &hd ' t el ephone that can nore
satisfactorily operate in 10 difficult ter4atns. According to
one aspect of the t.her.e | il e telephone

| ocat i ng arrangem&*lﬂ:{i‘l gtPlg ’d'f]bls(lglnai g{:ren%é'fdpfl S’I’etfeila?&ﬁgﬁﬁ r%‘f%)‘ﬁ? ﬁﬁgl ng
a central controll g tiof g?rrggé d%%ﬂgklgl%‘gleggrggﬁé%gra ot he

first base 15 statlon |s chosen to serve over ecl a

area of the networlgeadtedOpie B 1dn2er base stations in the system
are selected for use in establishing that a nmobi | e tel ephone is in

the special area, in which the nobi | e tel ephone is arranged to
nmeasure the downlink 20 strength of signals fromthe first base station
and from t he Thgohapdoar arzrpgerend maAY sdditionaldybedetsmiriedacn

the signal str ngt the first base station for, onward
transm ssion t B‘j’&eﬁ’ﬁﬁ?ﬁ ot H ERtIPWhgES If dfcthe 'downlink strength

of signals of a potential handover target base station and
in particular chosen for handover only provided that that

C/I ratio is above a predetermined value.

The downlink strengths may be measured on control channels

10 of the network.

The selected base stations used for determining the
handover arrangement may comprise the base stations which
are the nearest other base stations in the network having

the same carrier frequency.

15 The selected base stations used for the handover
arrangement may be preselected other base stations
geographica.lly associated with the potential handover
target base station. The downlink strengths of these
selected base stations may be modified before being

20 summated by selected quotients or scaling factors relating

to previous calculations or measurements of the network.

According to another aspect of the invention there is

provided a mobile telephone for the digital cellular

This Sheet Has Been R« laced




central controller utilises the differences between the 25 downl i nk

strength of the first base stati.\.g_n__a.n.d_l-he——&we—gﬁ‘ nore downl i nk
strengths of the two or nore seI1e¢ﬁ\$dSlth’sTeHAS BE

- 4 - stations to identif thatREPIhAGE_BJbi | e ¥ el ephone [.s.) 9%1&1
speci al ar easya 96/38998 Accor di ng—e—amother aspect of the ih@'@'ﬁ‘?. on there
S provic?gg a nobile telephone for a digital cellular 5

t el ephone network having nmeans for neasuring Bhe strength of downl i nk

signals received fromthe first base station when the_nobil e .
t el ephone is | ocat etelephdne Jiniark having a cempaplyqGopkreopder fggluding
station serves and the downlin

k .
other base stati onsm??"éﬁnf°foc°nﬁ'@“§'}ﬁ§é’|staggg‘?%%sa%qwﬁ\gﬁﬁélgg;tq}e?g g%‘f&f ng
these signal éyﬁ&gﬁi‘fm& Osit?ﬁafé rfécéﬁ&% Shdnl %" first base station

when the mobile telephone is located in a special area

5 which the first station serves and the é.ownlink strengths
§ of two oi‘ more other base stations remotely located from
-the s?egial area, and means for transmitting these signal
strengths via the first base station to the central

controller.

10 To provide alternative or additional information for use
in a handover arrangement, the mobile telephone may
include means for continuously periodically measuring the
strength of downlink signals received from a first base
station and the strengths of downlink signals received

15 from a number of selected other base ‘statioris, and means
for transmitting these measurements to the first base

station.

The measuring means may be arranged to measure the
strength of downlink signals from the surrounding base

20 stations operating at the same carrier freguency.

The measuring means may be alternatively or additionally
" . arranged to measure the strength of downlink signals from
base stations that are preselected geographically

associated with a potential handover target base station.



WD 96/ 38998 t el ephone network having a central controller including

means for continuously periodically nmeasuring the strength of
downl i nk signals received froma first base station when the nobile
tel ephone is located in a special area 5 which the first ' erves
and the downl ighk iﬁgﬁngths of two or nore other base 3@@@#@%@”3
renotely | ocated the special area, and neans for transmtting

t hese signal strengths via the first-béase station to the central
controller. 10 To provide alternative or additional information for
use in a (iandover avrengements Jtmv@rmsaténgelaepﬁﬁma#aylocating

I ncl ud f t I di t.h
of downl | nk 81 gnal SARSAEEED TS FFAC: chalRiat €2lephine , netypthnc Hha
strengths of downl il 5kanals «LeoSUR" neliorid | QBLBraMDeEo Otnd L et on

ot her base stations transmtting These neasurenents

to the first base will nofitBéi @&@scribed by wIiﬁeofre@saﬂpm wikAngef@Yerlite to
arranged to neasure the strength of downlink signals fromthe

surroundi ng base 2the astcampangingealigraymatithdrawimgs ain iwirichr egquency.
Figure 1 is an idealised plan view of a cellular network:;

Figure 2 is another idealised plan view of a cellular

network;

Figure 3 is a plan view of part of a typical cellular

10 network:

Figure 4 is a schematic side view of ancther cellular
network showing a mobile telephone located in a special

area; and

Figure 5 is an idealised plan view of a cellular network

15 having some cells with super re—use carrier frequencies.

Digital cellular mobile telephone networks are already
known and typically each cell is arranged to transmit at
three different carrier frequencies providing ei-ht (time
division multiplexed) channels per carrier frequency. Two
20 channels of one of the carrier frequencies is used for
control signals and the rest of the one carrier frequency

and all the channels of the other two carrier frequencies



The neasuring nmeans may be alternatively or additionally arranged to

measure the strength of downlink signals from base stations that
are preselected geographically associated with a potenti al
handover target base station.

. 1
PCT/ _6896/0128*0\693@%38998 Handover arrangenents mcgﬂgg?%stnfl% a
speci al | ocating fascility for digital cellular tel ephone networks
and t el ephones for such networks accordizng to the invention

w || now be described by way of exanple with reference to 5 t he
acconpanyi ng di agr aammt iusedr afpngsvoirarhiozh data transmhisgion.1 Fe-galled

i deal i sed plan view of a cellular network; Fig%ure, 2 is, anot her

i deal i sed pl an vi eW&Fagficdl.| uiThe channels afs;arranged in pPRIFs; ?’égamb? an

virew of part of a tXIPaIerr?él %%l legclz rpa:i.r js used for transmission to a mobile

telephone (downlink signals) and the other channel of the
. 5 pair is used for transmission from the mobile telephone

(uplink éignals) .

The mobile telephone is normally connected for
communications at first to its neareét cell and allotted
a pair of channels by the central network controller for
10 communication of traffic. This is done by exchanges of
messages on the control channels in accordance with well-
practised procedures already known. In embodiments of the
present invention each mobile telephone is arranged to
periodically respond to signals from other cells and relay
15 to the central controller via the cell radic links the
signal sﬁre’ng_ths of signal received from the other cells
(downlink signals) in a manner to be described below. The
purpose of receiving and measuring the strength of various
downlink signals, including its own downlink signal, is to
20 provide information that the central controller can use to
"handover" the particular mobile telephone to another
cell. This is to ensure that the gquality of the
communications remains satisfactory as conditions change
which will usually be due to the mobile telephone moving
25 closer to a neighbouring cell or possibly into a poor
localised reception area of the cell presently in

communication with the mobile telephone.



10 = network; Figure 4 is a schematic side view of another cellular
networ k show ng a nobile tel ephone | ocated in a speci al area; and
Figure 5 is an idealised plan view of a cellular network 15 havi ng sone
cells with super re-use carrier frequencies. D gi ta'xﬁ%ﬂsﬂdbﬁﬁl

nobi | e t el ephgoossmwpswor ks are al ready known and typically each cell
Is arranged to transmt at three different carrier frequencies

provi ding eight (time division multipteéked) channels per carrier

[roaUENCY, 1O 20 e HISIR: St Lo e et S e B SShER BpREHL

NG hamnels 2o uduiEhel 8 A refhech BHE LRTon cells (AR ne

"traffic”. The chapRahl BrEefid andRAeld MHAFuSnaRds0dFe re~used every four

cells (V1 to V4). In Figure 1, level of re-use for the

5 traffic channels is significantly higher than the level of

. re-use of the control channels sut it will be noted that

.the “pqtential interferers" have control channels using

different frequencies. "Potential interferers" is used to

identify the cells or base stations in the system using

10 the same set of traffic channel frequencies, so that the

signals from potential interferers are potentially strong

enough to cause interference within the cell or base

station area presently communicating with the mobile

telephone.

15 During the progress of a call, the mobile telephone
periodically measures the downlink signal strength of the
serving base station and those of potential interferers.
All measurement results are reported to the central

controller which calculates the C/I ratio of the in-use.

20 radio link according to the following method :
L, = downlink signal strength of the serving base
station
Lig = downl'ink signal strength of the 1st potential
interferer
25 L,, = downlink signal strength of the 2nd potential

interferer



channel of each pair is used for transmssion to a nobile t el ephone
(downlink signals) and the other channel of the 5 pair is used for

t.ransm ssion fromthe nobile tel ephone (uplink signals).

The nobile tel ephone is normally connected for
comuni cat i OngygAfesBdeopSt to its nearest cell and allotted rcmm%m%gyflof
channels by the central network controller for 10 conmmuni cati on of
traffic. This is done by exchanges of - 9messages on the control
channel s in accordance with well - practi sed procedures already
known. In enbodi nent & of tehe «o----prFesent-q1mrentroneach” nolrie t-el*ephone
Is arranged to periodically respond to signals fromother cells and

relay 15 to the centrar'controrrer vtasthe celrl  radro’ 1inks the """ °

si‘gnal strengths Of si gnal g@piggﬁ gk&i‘e ﬁ&@ﬁéﬂ?e&ksthe mth ?Q‘EWHH

signals) in a manne Pisn 0 be d

ose of recelVvlng
and neasuring the strength ofy n%@&f@ﬁér downl i nk S|gnals i ncl udi ng
its own downlink signal, is to provide information that the centra
controller can use to "handover" the particular nobile tel ephone to
anot hér cell. This is to ensure that the quality of the

communi cat i onssr enetines G4 irsftdot ofyths turike iraddochimigels calculgiedhagii |

usual |y be due to thée nobile tel ephone nDV|ng
C/I = Ls / (Lis1 + :sz e F Lism)

When the C/I ratio falls below a predetermined level, the
central controller will handover the mobile telephone to
another cell. This type of measurement is sometimes

10 referred to as "direct C/I ratio measurement".

In Figure 2, the level of re-use of the traffic channel
frequencies is the same as that of the level of re-use of
the control channel frequencies. In the Figure the same
traffic channels and the control channel are re-used every

15 seven cells.

When using the network in Figure 2, during the progress of

a call the mobile telephone periodically measures the

downlink signal strength of the serving base station and

those of "reference" base stations. "Reference" base

20 stations is used to identify a set of neighbouring base

’ stations on different control-channel freguencies and are
specially selected for estimating the signal level of

likely interferers. All these measurement resu;ts are

reported to the central controller which calculates the



25 _ closer to a neighbouring cell or possibly into a poor | ocal i sed
reception area of the cell presently in comuni cation with the

robi | e tel ephone.

PCT/ GB96/ 01281 WD 96/ 38998 i"r‘gﬁi’ L
Figure 1, in Ghppepgdegul ar network the control channel uencres are
re-used every seven cells (Cl1 to C7). The normal traffic channels
frequencies are re-used every four celli® V1 to V4). In Figure 1,

| evel of re-use for the 5 traffic channels is significantly higher than
the | evel of appuexdingtet B£Icoatio|of endnsuset radiqi }ink aqeaxsdinchat
the "potential interferers" _have control channel s using di fferent
frequenci es. " Pot erltq dihe FOILPULRE Jrethodiseq 1o identify the cells or
base stations in the systemusing 10 the sane set of traffic channel
frequencies, so that the signals frompotential interferers are

potentially strongy = = enaugh)ifk Caieml NidRitdN Gt Windintn oretidiaar
base station ‘¥ ea presently conmunicating with the nobile
t el ephone. interferer (to be estimated)
5 L = downlink signal strength of the serving base
station.
Lo = downlink signal strength of the 1lst reference
base station for the kth potential interferer.

Ly = downlink signal strength of the 2nd reference

10 base station for the kth potential interferer.

Ly, = downlink signal strength of the xth reference

base station for the kth potential interferer.

15 The interference level of the kth potential interferer is
appréximated as :

Lige = MAX [ (L * 30, (Dpg * 370, venr (T * 3 ]
where al, a2, ...., ax are fixed quotients or scaling
factors. The scaling factors are pre-set by prior

- 20 measurements taken for network and provide necessary
adjustment so that the composite signal contour of
reference base stations after scaling is approximately
equal to that of the kth potential interferer within the

service area of the serving base station. This is

25 illustrated in Figure 3.



15 During the progress of a call, the nobile tel ephone

pericodical |y nmeasures the downlink signal strength of the servi ng
base station and those of potential interferers. Al'l neasurenent
results are reported to the central controller which t he
C'1 ratio of g§9gesgees'se 20 radio link according to the f'ol'lTow ng net hod
: Llerr] = downlink signal strength of the serving base
station L[err] = downlink signal striangth of the 1st potenti al
interferer = 25 Llerr] = downlink signal strength of the 2nd potenti al
interferer The C/I ratio\®Detheodm-use radio link per EpereHse:
g - _ : . .

- e lieggﬁculaeigwgglgk signal strength of the.nth potenti al

C/I =L, / (Lyy + Ly + oo + Ligy)
Wwhen the C/I ratio falls below a predetermined level, a
5 handover'is arranged by the central controller. Such type
of criteria is sometimes referred to as based on the

vapproximated C/I ratio®.

Some special circumstances arise for particular locations
or terrain as illustrated in Figure 4. Thus, across a
10 planned service area boundary, there can exist a number of
neighbouring base stations that exhibit a change in signal
strength relative to the serving ;:ell. A typical
situation is depicted in Figure 4 where there is a
requirement to establish that the mobile telephone is in

15 a particular or special area.

Base station A is planned to illuminate or serve a part of
a road on a mountain road but due to the position of
antennas, the base station also covers part of the ground
areas. The road is exposed to radio signals from many
20  other base stations so only very few frequencies are clean
enough to be assigned to the base station A. It is
necessary to prevent traffic 'from ground level being
captured by the base station A otherwise it will run into
congestion. . To determine where the traffic is coming

25 from, the signals from selected remotely located base



5 The CI ratio of the in-use radio link is calculated as : cll

= L[err] / (L[err] + L[err] +...+ L[err]) Wen the C1 ratio falls
bel ow a predeterm ned | evel, the central controller will handover the
nobi | e tel ephone to anot her cell. This type of neasu B 1581
sonetines 10wosas®mered to as "direct C/ | ratio nmeasurenent rP Bers In
Figure 2, the level of re-use of the traffic channel frequencies is
the sanme as that of the level of re-use of = 12 - the control channel

frequencies. In the Figure the s traffic channels and the control

channel are re-usef@FePPs Bsind %eng'é'ﬁ a9 as referencesy, fn %d‘“‘f‘ﬁ&am'
network in Figure %ﬁeduﬁéﬁglé h%eprﬁggaggs J._of in l-in‘?asfd\?” i%?r renﬁ%lf*LegPs?he

t el ephone periodi cal'Ty mneasures S gohnlHH gna

serving base stati Qa3idns B anBNA8es8f tHSRE! 8BERI iMASeighatl | Wikengths

"Ref erence" base 20 stations is used to 1dentitfy a set "of nei ghbouri ng
base st at i onlatidefl terait emtthel sehainiebagecattattonsisitighl.e on
specially selected for estinmating the signal |evel of likely

interferers. SA| grunéd mrsaur dhentsitaatlios asereversedr epostigdals firom

central controller which calculates the
base stations B and C are blocked off by buildings.

Thus, in operation_ the mobile telephone is arranged to
monitor the signal strength and pass the information to
the central controller which will determine the relative
10 location of the mobile telephone and decide in this
embodiment whether a handover is actuwally necessary or

not.

The signal strength information is dealt with as follows:-

L, = downlink signal strength of the serving base
15 station
Lgy = downlink signal strength of the 1st selected

base station
Lo, = downlink signal strength of the 2nd selected

base station

20 e e e e e s ® e s 0 s 00 ecve -lo-.o-'.-o...-..--o...g.o.o‘o --------

L = downlink signal strength of the xth selected

(=13

base station

The mobile telephone is in the planned service area if and
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- 10 - approximate C/I ratio of the in-use radio |link according
to the foll ow ng nethod: Llerr] = downl i nk signal strength of
the kth potenti al interferer (to be esti nated),cm'i,];9 Mrr]
= downl i nk wiogsas9sstrength of the serving base LR on.
L[err] = downlink signal strength of the 1st reference
base station for the kth potential interfererjs - Ll[err] = downl i nk
signal strength of the 2nd reference 10 base station for the
kth potential interbnierif: Llerr] = downl i nk signal strength
of the xth reference base station for the kth potenti al
interferer. 15 The interference level of the kth potential interferer
S approxi mated _as : ' . .

Positive Ioaic Negative Iogic

L.~-1 >d L. -L <d
5 or L::; - I.: > d; and f:sz - is < :'12
OE. L, — L, > d, and L, - L < 4,

where. é,, 4,, ... @, are constants, the values of which are
determined from the predicted or measured signal strength
10 of the serving base station and those of selected base
stations inside and outside the planned service area.
Thus the handover is subject to what can be referred to as

“service area control®.

A typical 1logic programme for determining handovers
15 generally is automatically carried out by the central

controller as follows:~

(a) A radio traffic channel is set up between a mobile

telephone and a serving base station.

(b} The mobile telephone periodically measures the

20 downlink signal strength of the serving base station

and those of other basé stations in accordance with

. the information received from the network. All
measurement results are reported to the central

controller via the serving base station. Measurement

25 results include:



Llerr] = MAX [ (L[err] * aferr]) ., (L[err] * alerr]), ...., (L[err] *

aferr])] where aferr], aferr], ...., ax are fixed quotients or
scal i ng factors. The scal | ng factors are pre-set by prior
measurenents taken for network and provi de necessary t so
that the conpggaiolssesd gnal contour of - reference base s‘f%?#%ﬁé%?ter
scaling is approxi mately equal to that of the kth potenti al
interferer within the service area of Xhe- serving base station.
This is 25 illustrated in Figure 3.

PCT/ GB96/ 01281 WD 96/ 389%% the serving base station: - 11 -

The C/I ratio of the in-use radio |ink IS, therefo cal cul ated as

gl =1L / (L + L +-.”u,pl|_r@r a1°stren the | t':
falls b[eleg)\r/v] a pgegg{ re]rm' negle é1/6|: a ﬁlﬁ%&;‘gﬁ% §t5;;"§al:§'ged gy thera °

u in
central controkler. Such ty@% - flinkChhd1igysonetimes referred to
as based on the "appr oj mated isﬁéﬂdé)between the mobile and the

serving base station

For other base stations:
Cus Cpor «+++s C, - base station identity
10 Lyge Lpr eoeeys Ly = downlink signal strength
(c) As new measurement results are received, the central
controller checks whether handover is necessary by

looking at the triggering function:

T ( Lu'LdeulelDI cn“cnz: LTI cnk' Lnl'LnZ""'Lnk)

15 If T > 0, handover is necessary, proceed to step (d).

Go back to step (b) otherwise.

(d) As handover is determined to be necessary, from the

k non-serving base stations in the measurement

reports, the central controller selects a number of

20 base stations as potential handover targets by using

the respective qualifying function:

Qni { Lu'LeruerrDr cn‘l'CnZ' seesy anl Ln1'152""'Lnk)

Q, is a function parameterized to determine whether
the base station identified by C,, is qualified as a
- 25 handover target. If Q; > 0, the base station is

qualified.



Some special circunstances arise for particular |ocations or terrain

as illustrated in Figure 4. Thus, across a 10 pl anned service area
boundary, there can exist a nunber of nei ghbouri ng base stations
t hat exhibit a change in signal strength relative tm}t%g B8 Vi ng
cell. A tYRidssiasess situation is depicted in Figure 4 ?’%ere S
a requirenent to establish that the mobile tel ephone is in a
particul ar or speci al area Base staiﬁoﬂ A is planned to
i1lum nate or serveapa a& un.tan oad_but_due t
t.he position of aﬂ%nﬁﬁ%tr?%ecﬁﬁg? %ﬁ’g’d’e(?ové?% PRI oYY ¢t ﬁ'g
gr ound areas. The. r t g r
ot her base stations so dﬁ?§E€§¥v§ géﬁ?ﬁ%%ﬁeﬁ%¥€%£%rgbbﬁ%g%d:éﬁgnﬁ&%ﬁ%&gﬂ
to be assigned to the b Stgdon A S ' necessary to prevent
traffic fromground |eve el ng captured by the base station A
otherwise it will run intop, , ®,i en,cjo.det erayg n yyh.g%e.th, )
traffic is com ng 25 fTon] tﬁ%qugﬁals gron?selecte o tely Iogg%ed
base

5 P, is a function parameterized to determine the

relative priority of the handover target identified

by C ;.

(f) The central controller commands the mobile to
handover to the target base station having the

10 highest priority.

For handover programmes using the system described with
reference to Figure 1, +the central controller is

programmed to operate as follows:-

'When a radio traffic channel has been set up between
15 . a mobile telephone and a serving base station, all
potential interferers of the serving base station are
picked out from the k non-serving base stations in

the signal strength measurement reports.

L;g, = downlink signal strength of the 1st potential
20 interferer of the serving base station.
L, = downlink signal strength of the 2nd potential

interferer of the serving base station.
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stations B and C are used as references. On the nountain, the nobil e
t&l ephone is in line of sight with base stations B and C so their
downl i nk signal strengths relative to that of the ser\é’;ag%ﬂ%ﬁm
station is hiwboesdoes 5 ground area, the situation is reversed as signals
from base stations B and C are bl ocked off by buil di ngs.

Thus, in operation the nobile tel ephone is arkéarmged to nonitor the
signal strength and pass the information to the central controller

which will determ ne the “rel atifvé® 10" °*7°dcafi"6n" of * the' nobi‘l"é *f &r ephone
and decide in this ¢ Lnmbadi f%rﬂf‘)r S Vedr | & Gitia! ddkential
%ﬁﬂ. 9@%H$ﬂ%k2?g a ' ; eexia

necessary or strength information s

wi'th as fol |l ows: - L[ ehtkrferer ciowhel Bhroifgabasd retagibnof the
serving base 15 station L[err] = downlink signal
strength of the 1st selected base station Llerr] =

downl i nk signal strength of the 2nd sel ected .
The C/I ratio for the serving base station can then be

5 calculated:
Cl, =Ly / ( Ligg ¥ Ligg * «ov + Lig)
The triggering function T is defined as:
T = ci_threshold - CI,
where ci_threshold is a predetermined minimum acceptable

10 c/I ratio.

T > 0 means that the C/I radio is worse than the minimum
acceptable 1level so handover to another better base

station is necessary.

For the potential handover target identified by Cpj. the
15 associated potential interferers are picked out from the

k non-serving base stations in the measurement reports.

Lint = downlink signal strength of the 1st potential
interferer of base station identified by C..

Linjz = . downlink signal strength of the 2nd potential
20 interferer of base station identified by Crj*

s o0 =8 s eee emvweesases 0800 e s s 0 e semsecesse a6 s aaceo0eseae

L = downlink signal strength of the mth potential

injm



base station 20 Ll[err] = downl i nk signal strength of the xth

sel ect ed base station The nobile tel ephone is in
the pl anned service area if and WO 96/ 38998

PCT/ GB96/ 01281 - 13 - O%{ i f:
Positive Logi (yoeg3sses Negative Logic PCT/GBIGII2RY, | |
L[err] > d[err] Ll[err] - L[err] < d[err] or
Ll[err] - L[err] >d[err] - 17aaAd L[err] - L[err] < d[err]
or L[err] - L[err] > d[err] and L[err] - L[err] < d[err]

where dlerr], dlerr], ... d[ emterfereronfibase statioralidentfiadikyh CGay-e
determ ned fromthe predicted or neasured signal strength 10 of the
serving base station and those of sel ected base stations inside and

outside the pl annedngreé}ferg fg'for the base station identified by C, can
then be calculated:
. CLy = Ly / ( Lygjy + Lypja + ==+ + Lign)
5 The associated qualifying function is defined as:

Q = CI;; - ci_threshold

Q > 0 means the C/I radio is better than the ninimum
acceptable level so the base station is qualified to be a

handover target.

10 In practice, a priority function of the base station
identified by C,; is defined és :
P, = CI
The briority of potential handover targets is determined
solely on the corresponding C/I ratio. The better the C/I
15 ratio and hence the signal quality, the higher the

priority.

It is also possible to determine handover on the basis of
approximate C/I ratios as explained earlier with reférenée
to Figure 2. This is carried out by picking out from the
20 k non-serving base stations in the measurement report, all
reference base stations for estimating the C/I ratio of

the serving base station.



Thus the handover is subject to what can be referred to as "service

are€a control" A typical logic programme for determ ning handovers
15 generally is automatically carried out by the central
controller as follows: - (a) Aradio traffic channel_]
between a noRE 6erasses t el ephone and a serving base strgﬁ?%%nup
(b) The nobile tel ephone periodically nmeasures the 20 downl i nk
signal strength of the serving base statiomr 18 - and those of other
base stations in accordance with he information received from
the network. Al Ly = dOWﬁkkﬁhuiﬁﬁﬂﬂ;|§§§ﬁ"ﬁ§haP§ BForSEd neferfrace
central controller vi . ' 3
25 . results include: base s%:attt:]l.%nsgéz\:/Iens%:.g%%gnéttq'}el %91 %@ SUI’O ﬂ&
PCT/ GB96/ 01281 WD 96/ 38998 ' - 14 -
For the serving base statlonserV1ng base station
Lo = downlink signal strength of the 2nd reference
S base station for estimating the C/I ratio of the
serving base station
Ly, = downlink signal strength of the xth reference
10 base station for estimating the C/I ratio of the

serving base station

The C/I ratio for the serving base station is then
calculated in the central controller'prpgramme.

CIs = Ld / MAX [(Lrs1 * asi)' (Lrsz * asZ)' Tt (Lrsx * asx)]

15 The triggering function T for handover is defined as:
T = Ci_threshold - CIs
where ci_threshold is pre-defined minimum acceptable C/I

ratio.

T > 0 means that the C/I radio is worse than the minimum
20 acceptable level so handover to another better base

station is necessary.

The potential handover target is identified by Cri- This
is picked out from the associated reference base stations

from the k non-serving base stations in the measurement



Llerr] - uplink signal strength Llerr] -

downl i nk signal strength Qerr] - uplink quality 5
Jerr] - downlink quality - di st ance bet ween
the nobile and the serw ng base St

For ot her basgovysatde9ns: Cerr], (err], = ’%%%r‘r]
base station identity 10 Llerr], L[err], cev., Llerr] -
downl i nk signal strength : (c) As newageasurenent results are
recei ved, the central control |l er checks whet her handover is
necessary by reports.| ooking at the triggering function:

T ( L[err],L[err],Qerr],Jerr],Db derr],err], ...., (Jerr],
L[err],L[err], ...., L[err]) 15 If T > 0, handover is necessary,

(pg;)cigdh;gdgf/gf fg)r&wﬂ erni ne&of"Blf.J'g?ngg‘g'}é(%goilg%&ﬁb)#t RS refergnce
non-sérving base stations inythg %??é?%?ggi?testlmatm the dtﬁp%iﬁo $P%ne

central controller selects a nunb basSe stati ons as

potential handover targets byaHgi 8€ation identified &y r@spect i ve qualifying
function: Qerr] ( Llerr],L[err],Qerr]Qerr],D,

(err],Jerr],5... mg err], ti[::wnl].nk[amx}al str;dr{g&:hr |]of the 2nd reference
Qerr] is a function paramater| zed to determ ne whet her
base station for estimating the C/I ratio of the

~ base station identified by C,.

® o e e e > 8 06O 0G0 0ems0 0 a0 ® ® 9 0P P VO GG OO PP IESeseesans

LS se e cowvssssresesse s oo s e LR A B A A A IR AR B L Y B A A B A A A ) . e

10 Logjx = downlink signal strength of the xth reference
base station for estimating the C/I ratio of the

base station identified by C;.

The C/I ratio for the base station identified by C,; can

then be calculated:

15 CIni = Lnj/ MAX [(Lrnj‘l * n_|1) » (L ™nj2 * anjz) 420 (Lrnjx * anjx)]

The associated qualifying function is defined as:

Q= CIni - ci_threshold
Q > 0 means that the C/I radio is better than the minimum
acceptable level so the base station is qualified to be an

20 handover target.

The priority function of the base station is identified by

Cnj and defined as:

P, = CI,;

n}



the base station identified by CJerr] is qualified as a 25 handover

target. |If err] >0, the base station is qual i fied.

PCT/ GB96/ 01281 W96/ 38998 - 15 - (e)
The central controller determ nes the priority of lhidsied
handover tar §snswsusi ng the priority functlon S

Plerr] ( L[err ,L[err],Qerr],Qerr],D, C[errJ C[err] ..., Jerr],
L[err],L[err],...,L[err]) P[eTrd?is a functlon paraneter|zed

it_g eﬂfit e 2’6”6 the  ihe PPy, ﬂfatpo‘é‘éngiéfrxk%d% & diridoyer ab@tfifinea

e central contr

commands the mobilg.{ n the corrék'iﬁ'ﬁlﬁ‘iﬁ &1 i {AT Ofhe st edt he QY I
having the 10 ° é%% o'hest priorit g &1 For handover prograﬁﬂ%s

usi tng Itlhe system des€ieé b%(ilxd\M hénce the r eignancendad iiygur thd , higbererithen|
controller 1Is

priority.

5 It was earlier mentioned with reference to Figure 4 that
cert;;q special arrangement may be required in difficult
terrains or locations. Normally locating a mobile
telephone in special area is to do with deciding handover
occurrences but it may be useful or required for other

10 reasons, éuch_ as deciding whether super re-use
frequencies, mentioned later, can be used or whether a
‘different C/I ratio should bé employed to determine
handover decisions. Where handover decisions are made in
accordance with location the following programme is

15 provided: -

From the k non-serving base stations in the measurement
reports, all selected remotely located base stations for
estimating whether the mobile is within the planned

service area of the in-use base station are picked out.

20 Lg = downlink signal strength of the 1lst selected

base statiop for estimating whether the mobile
is within the planned service area of the in-use
base station.

L, = downlink signal strength of the 2nd selected

25 base station for estimating whether the mobile



programmed to operate as follows:- When a radio traffic
chanhel has been set up between 15 a nobile tel ephone and a serving
base station, all potential interferers of the serving base
station are pi cked out fromthe k non-serving ba ﬁﬁé%ﬁﬁﬁf in
the signal st pRyekigeogeasur enent reports. L[err?%g ownl i nk
signal strength of the 1st potential 20 interferer of the

serving base station. L[err] = downld @& signal strength of the 2nd ~

pot enti al . interferer of the serving, base station.
is within the planned service area of the in-use

PCT/GBQG/01281 WD 96/ 38998 b - 16 -

L[ err] = downl i nk si gnal %??éﬁ&?ﬁ-&% the nth potenti al

interferer of the serving base station . ........The C/ I ratio for.the . ...
serV|ng base station can ihen be

> e ee e s © 9 9 0 8 B E LB E L E PO NS VY PP U SISO SOEO NSO ENE PSS T

5 Ly = downlink signal strength of the xth selected
' base station for estimating whether the mobile
is within the planned service area of the in-use

base station.

The triggering function T > 0 or handover function is

10 provided if:

Positive logic Negative logic
Ly - Ly > 4, 1 -L <d
or L:z -Ly>dg, and fcsz dsz
1 J .- ......IIZIZII
or Lcsx Ld > dsx and Lcsx - Ld < dsx

T > 0 means that the mobile is outside the planned service
area of the in—-use base station so handover to another

base station is necessary.

20 The potential handover target is identified by C,+ the
associated reference base stations are chosen from the k

non-serving base stations in the measurement reports.

enit downlink signal strength of the 1st selected
base station for estimating if the mobile is

25 within the planned service area of the base



5 cal cul at ed: Cl[err] = L[err] / (L[err] + L[err] + ... +
L[err]) The triggering function T is defined as: T =
ecithreshold - Cl[err] where cithreshold is a predeterm ned m ni num
acceptable 10 c/l1 ratio. T > 0 neans that the ] LQ ]

wor se t han t hobeRsessm acceptabl e | evel so handover t%cfiﬁg@é?ﬁ
better base station is necessary. For the potenti al
handover target identified by (Jerr], the -1%2 -associated potenti al
interferers are picked out fromthe |, . .k .non-serving base stations in
the measurenent reports. station identifieg,R¥| fmk signal strength of the

1st potenti al _ L hterferer, of t ati i tiflied
Cerr]. L_[erIi"=]'l2 = d&?ﬁf‘#%ﬁk s%b_%%l_sﬂ:g%éﬁéogkt %@eZ%g‘%po%éeﬁ?‘fad
20 interferer 0hLaRa3Sgtatdbh OBokdeRtiihbeingYiel ehel mobile is
L[err] = downlink signal strength of the nth potentT al
within the planned service area of the base
5 station identified by C.

e o e® esessse ® 8 5 660 PO S ST 0N TEDS ST P PEeEEsse s ensea * o 00

Logix = downlink signal strength of the xth selected
base station for estimating if the mobile is
10 within the planned service area of the base

station identified by C;

The qualifying function Q is greater than 0 if:

Positive logic Negative Logic

L -L.>4 L. ... ~-L. < d.

cnjt nj njl enjl 0j 1
15 or Lmiz - Lm. > dniZ and Lmi2 - I_.nj < ?i’m.z
or Lcnjx = Lni > _dnjx and Lcnix - Lnj < dnjx

Q > 0 means that the mobile is with the planned service
20 area of the base station identified by C,, so it is

gualified as an handover target.

For prioritizing functions such factors as signal

strength, traffic loading and C/I ratio are applied.

25 The described handover arrangements can be applied to

underlay-overlay cellular networks. Referring to Figure
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interferer of base station identified by err]. The C/I ratio for
the base station identified by (Jerr] can t hen be cal cul at ed:
Cl[err] = L[err] / (L[err] + L[err] + ... + L[err]) 5 Th ,at ed
qual i fying f wyalkases s defined as: Q=C[err] P’Ef'f??ﬁ"g old
Q>0 neans the C1 radio is better than the m ni num accept abl e

| evel so the base station is qualified to be2a - handover target.

10 In practice, a priority function of the base station

identified by (erB} ishtefieetlular network hap[edn -underkay-overlay
configuration where some of the cells have super re-used
carrier freguencies. The operéting spectrum of. the
network is divided into two groups, namely a regular-reuse

5 group and a super-reuse dgroup. The regular-reuse
f;equencies are reused over safe distance such as that in
-7-ce1}.reuse pattern and are intended to serve mobile
telephones near the cell boundary where the C/I ratio is
usually the worst. As the name implies, the super-reuse

10 frequencies are reused very intensively to produce a

required increased capacity.

Some of the ordinary base stations are equipped with both
types of frequencies. Super—reuée frequencies allocated
to a base station are divided into several groups with
15 each group having different sources of interference.
Based on the profile of interference to which each mobile
telephone is exposed to, the central controller determines
the most appropriate frequency group to be assigned for

carrying traffic.

20 Stand-alone micro cells with antenna height well below the
roof level may be equipped solely with super-reuse
frequencies. By establishing appropriate handover
connections, a micro cell at good location can effectively
absorb the traffic of more than one ordinary base

25 stations in its vicinity. With.such an arrangement, the

surrounding base stations are usually referred to as



The priority of potential handover targets is determ ned solely on
the-corresponding C I ratio. The better the C1 15 rati o and hence the

signaLl qualgty, t he higher the priority. It is also
possi bl e to determ ne handover on the basis of appro 'aﬁ#ﬁ%

ratios as expyglogsgearlier with reference to Figgrex%. igﬁ?%
carried out by picking out fromthe 20 k non-serving base stations in
t he neasurenent report, all ref erence 2dase stations for estimating
the C1 ratio of t he serving base station.

PCT/ GB96/ 01281 WD ¥paze8@sbase stations" and the micro cell is rgferred to
L[err] = downlink signaL strength of the 1st reference .

base station for e®s T&BAAE PaRE GH2HIANS5 -0f t he serving
base station L[err] = downlink signal strength of the 2nd

ref erence 5 base station for estimating the C/I ratio of the

serving base stati @fe conventional - frequency selection mechanism used with

underlay-overlay configuration is only based on the signal
5 sgrengthfof the serving base station. A strong signal
means that the mobile is close to the base station and the
system will assign a super-reuse fregquency for a call.
Otherwise, a regular-reuse frequency will be used. The
arrangement works well over flat, homocgeneous terrains but
10 in interference limited environment, signal strength alone
is no indication in practice of the susceptibility to
interference. In open areas, the signal level is usually
high but so is the chance of interference. When the

Signal is weak, the mobile telephone may be inside

15 buildings and well shielded from interference.

A frequency selection mechanism using embodiments of the
invention is therefore more effective. The improved
handover arrangements of the present invention may be
applied to selection of .frequencies. The procedures are

20 as follows:

(a) At call set up, the central controller assigns a

regular-reuse frequency.

(b} As signal strength measurements become available

during the progress of the call, the central



L[err] = downlink signal strength of the xth reference 10

base station for estimating the C I ratio of the servi ng
base station The C/1 ratio for the serving base station is then
cal cul at ed in the central controller programe. Cl[er sl /
MAX [ (L[err] w ?E/@@ﬁd) (L[err] * af[err]), ...., (L[err] * {,err 15
The triggering function T for handover is defined as: =

C _threshold - C's where ci _threshold 28 pre-defined n1n|num
acceptable /| ratio. T >0 neans that the C1 radio is

worse than the nini num cmtrodiespchprks| é@eﬁugﬁul’l’érﬂf&‘)’erclﬁénaﬁ&}f’ﬁﬁr THeER er
base station is necessa ndoyer_t ar get
s

DaSe font 11 L w1120 FRhLALaRnCoNeL
is identified by Clerr]. frpguenci ares Gvaligby PR S SHEPSS ed
reference base stations assoclatedrgﬂiigebgsgogtéfgéﬂéﬂgH@a%ﬁlﬁbahhgmif#ﬂhﬁhe

nmeasur ement

-

functions based on:
5 - direct C/I ratio measurement (Figure 1)
- approximated C/I ratio (Figure 2)

- service area control (Figure 4)

(c) If clean super-reuse frequencies are found, the
central controller prioritizes the usable super-reuse

io frequencies according to the respective number of
idle traffic channels. The more the number of idle

traffic channels, the higher the priority.

(d) The central controller hands over the mobile
telephone to the super-reuse frequency with the

15 highest priority.

(e) On super-reuse frequencies, the central controller
constantly monitors the in-use radio links to see if
it is necessary to return to regular-reuse
frequencies. Handover triggering functions based on

20 the following criteria can be used:
- direct C/I ratio measurement
- approximated C/I ratio

- service area control

(£) If returning to regular-reuse frequencies |is
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- 19 - reports. Llerr] = downl i nk signal strength of the
ist reference base station for estimating the CI ratio
of the base station identified by (Jerr]. rr] =
downl i nk si gngl ogkgedsigt h of the 2nd reference PCHGE%%%LE
station for estimating the C I ratio of the base station
identified by (Jerr]. 10 L[err] = —~dpgwdink signal strength of the
xth reference base station for estimating the CI ratio
of the nedessaryt #s oindigated ilad ‘Q’ye C[nend?ver triggering
C'l ratio for the base station identified b err| t hen be

cal cul ated: 15 [ erfynctigng, (fhe NRX“FFE%I eﬁ"]ntr"éF@Fr |9valpfes, ] every

alerr]),...,(L[err] * a %g. e assogj ated qual {fyin nction
i s defined as: LS reEffe$rﬁque % géﬁd?cféing bade"geltiShe
and those in its nezghbourhood by using qualifying
5 functions and prioritizing functions based on :
- direct C/I ratio measurement

- approximated C/I ratio

- service area control

(g) The central contreller hands over the mobile
10 telephone to the regular frequency with the highest

priority.
{h)}) Go back to step (b).

In the described arrangements, downlink signal strengths
of control signals are measured and used to determine the
15 handover criteria and in Figurg 4 the location of the
mobile telephone. It will be appreciated that downlink
sign;l strengths of the traffic channels might also be

employed additionally or alternatively.



Q>0 neans that the C I radio is better than the m ni nrum accept abl e
| evel so the base station is qualified to be an 20 handover target.

The priority function of the base station is identified by and
defi ned as: Plerr] = Cl[err]
PCT/ GB96/ 01281 WaD»aB898B3998 - - 2(PCY/GBIENI28L The
priority of potential handover targets is determ ned solely on the
corresponding C/'1 ratio. The better the CI rati o and hence the
signal quality, the higher the priority. 5 It was earlier
mentioned with refergn Figure 4 that 26acertain special
arrangenent may be requir .N_di I_f i c_ul‘;t c terrgi DS < Qtj | ocati ons.
Normal Iy locatfng @ moldi’T $1€F °F €% e‘ﬁ_ﬁ&\e hapngl RRSF shAtiops to do with
dteﬁ' ding handovgr . ECGYerCHECSoDiaritl cBlanne1UBREY! s t¥t fopgui red for
ot her . '
c - 1" tier of co-control channel and co-traffic channel
. base stations
D - potential handover target station
E - reference base station A
F - interfering base station
G - service area boundary
H - reference base station B
) ¢ - signal level contour of the interfering base station
- zone of interference within the service area
K - scaled signal level contour of reference base stations
A and B
L - unintended (-ve logic)/intended (+ve logic) service
area of base station A | '
{Ly-Ly ) >y
or
(Log=kyy 1>de
M - unintended (+ve logic)/ihtended {-ve logic) service
area of base station A
(Lys-Lyy)>d
and y R 3} 3
(Ley=Lyy)>dg
N - base station A
(o) - reference base station B
P - reference base station C
Q - 1! co-~channel cell tier for regular-reuse freq.
R - 1%' co-channel cell tier for super-reuse freq. in
parent base station
s - 13! co-channel cell tier for child base station

SUBSTITUTE SHEET (RULE 26)



10 . reasons, such _—as --dectdi-ng—whet her super re-use

frequenci es, nentioned Iater can be used or whether a different 1
rati o shoul d be enpl oye i’mﬂﬁﬁp’a‘” handover deci sions. \Were
handover decisions are ma cordance with | ocati

fol | ow ng progwoEeses s I Fromthe k ﬁgﬁ'&gi‘f‘)\ﬁsﬁg
base stations in the rreasurerrent reports, all selected renotely

| ocat ed base stations for estimati ng shaether th

t he pl anned service area of the in-use base stafiThWS SHEE;

20 L[err] = d&RAIMEK signal strength of the 1st sglect eBEPLACED

base station for estimating whether the nobile I's wthin
the planned service area of the in-use base station.
L[err] = downl i,nk si { t < s
base station for es}tl mat'i ng e%%g'rgﬁgﬂlgé %D%%%Fgﬂg éﬂg’%&%m" £or digital

PCT/ GB96/ 01281 WO 28433988 telephone network having a central coﬁérbller and
a number of mobile telephones in which a first base

5 station is arranged to serve over a special area of the

netwozjk. and two or more other remotely located base

stations in the system are selected to identify that a

mobile telephone is in that special area, in which the

mobile telephone is arranged to measure the downlink

10 strength of signals from the two or more selected base

stations and communicate the signal strengths to the first

base station for onward transmission to the central

controller.

2. A handover arrangement incorporating the locating
15 arrangement of claim 1, in which each telephone is
arranged to continually measure and transmit downlink
signal strength of the first base station and downlink
signal strength measurements of a number of other selected
base stationé, and in which these signals are passed to
20 the central controller which determines a C/I ratio and
controls a handover of the mobile telephone from the first
base station to another base station if this ratio falls
below a predetermined value, where C equals the downlink
signal strength of the first base station and I is a
25 summation of the downlink signal strengths of other

selected base stations.

* ¢ L M 5 %



Is within the planned service—area—of—thein-use base

st at’i on. 5 Ll[err] = downlink signal strength of the xth selected
-base station for esti mtﬁmmﬁ cefbbi | e is within
t he pl anned service area ‘ base station.

The triggeri Rgobésseds on T(t I r function is 10 m%’&’ggmff
Positive Logic Negati ve Logic Llerr]-
L[err] > d[err] Ll[err] - L[ersg < d[err] or L[err] -
L[err] > d[err] and L[err] - L[err] < d[err] 15
or L[err] - L[err]3> d[®rhdndover arrangement ascdrifiagrto-cldin r1] in dheeh]
T > 0 neans that the nobile is outside the planned service area of
the in-use base sthandevewn immlsrcdeternimedcon the basimofseaC/dnratios
necessary. 20 The potential handover ;target is identified by (Jerr],
t he associ aPetRY ePPPERc @ HREAekexpipRd devednosHh VRiGRt fe 3& the

downlink signal strength of the one or more potential

. 5 handover target base stations.

4. A handover arrangement according to claim 2 or 3, in
which the downlink strengths are measured on control

channels of the network.

5. A handover arrangement according to any one of claims
10 2 to 4, in which the selected base stations for the
handover arrangement comprise the base stations which are
the nearest other base stations in the network having the

same carrier frequency.

6. A handover arrangement according to any one of claims

15 3 to 5, in which selected base stations for the handover
. arrangement are preselected other base stations
geographically associated with the potential handover

target base station.

. 7. A handover arrangement according _t'O any one of claims

20 2 to 6, in which the downlink strengths of these selected
base stations are modified before being summated by
selected quotients or scaling factors relating to previous

calculations or measurements of the network.

A



non-servi ng base stations in the neasurenent reports. Llerr] =

downl i nk signal strength of the 1st selected base station
for estimating if the nobile is 25 wi thin the planned service
area of the base

PCT/ GB96/ 012840 WRsd& 38998 _PCIISBIGIN1281
station identified by (err]. Llerr] = downl i nk signal strength of
the 2nd sel ected base stat+4+@p f-or estimating if the nobile
S wi thin the planned service area of the base 5

station identifie®Bdby @& ewaljile telephone for a digitainicdediudaynbelephaneyt h
of the xth sel ected base station for, estimating,if_the

mobile is 10 network agaogAingho pimh Re K \FiGd Mg dat8f 7 hingrding
f thg';i 8ni :c :dent 1 edme@’ns%%g J:t":ntinucusly-r;r)]eer{’::ud?.’il<.*ia]cl¥l.iyn ﬂegglgf{l‘llé) th ééreq{geﬁ} er

of downlink signals received from a first base station

5 when the mbbile telephone is located in a special area

aver which the first station serves and the downlink

strengths of two or more other base stations remotely

located from the special area, and means for transmitting

these signal strengths via the first base station to the

10 central controller.

9. A mobile telephone according to claim 8, for use in
association with handover arrangements, including means
for continuously periodically measuring the strength of
downlink signals received from one base station and the
15 strengths of downlink signals received from a number of
selected other base stations, and means for transmitti.ng
these measurements to the one base station, in which the
measuring means is arranged to measure the strength of
downlink signals from the surrounding. base stations
20 operating at the same carrier frequency as the one base

station.

10. A mobile telephone locating arrangement for a digital
cellular telephone network substantially as herein
described with reference to Figure 4 of the accompanying

25 drawings.
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Positive Logic Negati ve Logic Llerr] -
L[erir] > d[err] Ll[err] - L[err] < d[err] 15 or
Ll[err] - L[err] > d[err] and L[err] - L[err] < d[err]

and L[err] - L[err] < d[err] or L[err r] >

dlerr] wo ds/3s9ggeans that the nobile is with the pl anned’kg'{g"fn\#)élg5

area of the base station identified by CJerr] so it is qualified as

an handover target. For prioritizingsfguactions such factors as

si gnal strength, traffic loading and C/'I ratio are applied. 25

The described handauer ar meBiPectébepsitohd efaipa iddgital cellular telephone

under | ay-overl ay cel lular networks. Referring to Figure WO

96/ 38998 network incorporating a telmgmmgm arrangement
"23 - 5, the «cellular network _has imderl ay-overl ay

conf | guration wher EUBSFEnGEathe %PF?F\B\)‘P%@F r $1tl gpference to Figure

4 of the accompanying drawings.

AT



carrier frequencies. The operating spectrum of the network is
divided into two groups, nanely a regular-reuse 5 group and a
super-reuse group. The regul ar-reuse frequenci es are reused
over safe distance such as that in 7-cell reuse pattern and are

i ntended to sAVQ86/388%i | e t el ephones near the cell bouR$AIGPINPREE t he
Cl ratio is usual ly the worst. As the nane inplies, the super-reuse
10 frequencies are reused very intensively to produce a required

i ncreased capacity. Sone of thetfFdinary base stations are equi pped
wi th both types of frequencies. Super-reuse frequencies allocated

to a base station are divided into several groups with 15 each group
having different sources of interference. Based on the profile of
interference to which each nobile tel ephone-is exposed to, the
central controller determ nes the nost appropriate frequency‘gyoup
to be assigned for carrying traffic. 20 St and-al one mcro. cells
wi th antenna hei ght well bel ow the r oof , may be equilPped
solely wth super-reuse &r equenci es. establishing &=
appropriate handover \ good | ocaM®on can
effectively

SUBSTITUTE SHEET (RULE 26)



25 . . stations in its vicinity. Wth such an arrangenent, the

surroundi ng base stations are usually referred to as WO 96/ 38998
- 24 - "parent base stations"” and the micro cell is referred to

as "child base stations". The conventional frequency sel ection
mechani sm us e WQP638998 under | ay-overlay configuration isPEHCEHIYI on
t he signal 5 strength of the serving base station. A strong signal
nmeans that the nobile is close to the base station and the system
wi || assign a super-reuse frequency for 28 call. O herwi se, a

regul ar-reuse frequency will be used. The arrangenment wor ks wel |
over flat, honbgeneous terrains but 10 ininterference limted

envi ronnent, signal strength al one is no indication in practice of
the susceptibility to interference. In open-areas, the signal |eve
Is usually hi gh but so is the chance of interference. When _t he
signal is weak, the nobile tel ephone may be inside ™

SUBSTITUTE SHEET (RULE 26)



15 . .buildings and well shielded frominterference. A frequency

selectlon mechani sm usi ng enbodi nents of the I nvention is therefore
nore effective. The i nproved handover arrangenents of the present
i nvention may be applied to selection of frequencies. The procedures
are 20 asWO6I36998 : (a) At call set up, the cent PEI/GBMR| | er
assigns a regul ar-reuse frequency. (b) As signa
strength measurenents becone avail abl e during the progress of
the call, the central WO 96/ 38458 -
25 - control ler checks if sufficiently clean super-reuse
frequenci es arg ayailable (including those in associ ated child
base statlons) ng quat i~f yi0g, functions based pg: 5
- direct d|I ral E}asurenent (FlgUre\l) o

[V

O

freq,é
F1
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- approximated C/I ratio (Figure 2) - service area control

(Figure 4) (c) If clean super-reuse frequencies are found,

t he central controller prioritizes the usable super-reuse 10
frequenci es according to the respective nunber of idle traffic
channel s. Thewasessedse nunber of idle traffic chZERGBOZe

hi gher the priority. - (d) The central controller hands over the
nobi | e t el ephone to the super-reuse frequency with the 15

hi ghest priority. (e) On supMb-reuse frequencies, the centra
controller constantly nonitors the in-use radio links to see if
it is necessary to Xeturn to regular-reuse frequenci es.
Handover triggering fupct'ons based on 20 the following criteria

can be used: pyt - direct C/l ratio neasurenent
- approxi mated C/ | a@ : - service area control
(f) If returning & [-reuse frequencies 1is

N\

FIG.4
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necessary as indicated by the handover triggering function, the
central controller eval uates every regul ar-reuse frequency of

t he serving base stations and those in its nei ghbourhood by
usi ng qual i f ywueper3sss functions and prioritizing funct PCHEB¥AIZEA on
- direct CI ratio neasurenent - approximated C/|I ratio

- service area control (g) The central controller hands over the
nobile 10 t el ephone to the regubB frequency with the highest
prtority. (h) Go back to step (b). In the descri bed
arrangenents, downlink signal strengths of control signals are
measured and used to determine the 15 handover iteria and in Figure 4

the | ocation of the

wn
9
u.
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that downl i nk si gnal

nobi'l e tel ephone. It wll be apprec
\ | enpl oyed additionally

strengths of the traffic channels
or alternatively. - 27 -

CLAI M5 ' nobi l e tel angenent fyatmehohGid al
cellular tel eph‘gﬂé rk having a central cﬁntrol | er and a nunber
of nobile tel ephones characterised in that a 5 first base station is
chosen to serve over a special geographi cal area of the network and
two or nore other base stati ons AMENBEDCISMMEEmM are selected for use
in. est abl i shi ng t hdieceivedbyitiel Itterbagibral Buteasoni 13 Decamlieh 1996 (12.12.96);

area, in which the nobile twigaplivhivl inendsd;ramiying cloips wobaoged @ page®!  t he
downlink strength of signals fromthe first base station and from
the two or nore selected hobfléettéldplfone locatihmy drvangeiunt cede a Begstgnal
strengths to the first base station for onward transm ssion to the
central controll er,cellular tglepheohe tiatwoak having @t cehtral (gartixxdderhand

di fferences

a number of mobile telephones in which a first base
5 station is arranged to serve over a special area of the
network and two or more other remotely located base
stations in the system are selected to identify that a
mobile telephone is in that special area, in which the
mobile telephone is arranged to measure the downlink
10 strength of signals from the two or more selected base
stations and communicate the signal strengths to the first
base station for onward transmission to the central
controller, in which the central controller utilises the
ratios between the signal strengths to identify the

15 special area.

2. A handover arrangement incorporating the locating
arrangement of claim 1, in which each telephone is
arranged to continually measure and transmit downlink
signal strength of the first base station and downlink
20 signal strength measurements of a number of other selected
base stations, and in which these signals are passed to
the central controller which determines a C/I ratio and
controls a handover of the mobile telephone from the first
base station to another base station if this ratio falls
25 below a predetermined value, where C equals the downlink

signal strength of the first base station and I is a

AUEKDED SHEET RS 1WA 0GR



15 -~ between the downlink strength of the first base station and the
tivo or nore downlink strengths of the<taaQ.Qr _nore sel ect ed base
stations to identify that the nobil e THIS SHE@I@@W s in the special

ar eas. 2 A nobile tel ephpne f REMABEFI cel lul ar felephans,
20 network acHOMPEYBio claim1, c ans for

measuring the strength of downli nk signal s r 8&ei ved from the first
base station when the nobile tel ephone is | ocated in the speci aI

area over which th t o) wisElES h 9@%&1 k
of. t wo or nore sel gg]t;ng%hﬁ ¥t Otne do 2 sﬁBﬂal = Q ot he ase

stations fromthe seRectbdabese stativnens for transnmitting these signal
strengths to the first base station.

AMENDED SHEET (ARTICLE 19)
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- 28 - 3. A handover arrangenent- according to claim.l in which
handover. i's al so determ ned on the basis of a C | ratios- bei ng above
a ‘predetermined level, in which Cis the downl i nk signal strength of
the one or nore potential 5 handover tar get—base stations. 4. A
handover arrangenment according to claim?2 or 3, in whi ch the downlink
strengths are m&ﬂnﬁﬁﬂﬁtﬁﬁ%ﬁﬁgﬁola Tocatcinyh it cangement ndgyweligclosed tos,
A handover arran enent,according to .a one_of clains 10 2to4,.1n

which the sel ectd® RSt BR*bn MR0Y te‘ephﬁﬁﬁddﬁ%r“&r?aﬁﬁ%ﬁiﬂ] area
e ek vor b RS SR 8P PR ShEtson, mhSFpBRRL Ry AL g SARHRS°
handove t [ t .0f claj 15 to 5 in which
cel ected base oI bRbagE t AL ez Adsat™ 18s RePhdl ardn o 4 Eamspliaihr oy
th b cat i e hi.cal : ' ] the. L al
e el S Lo 30nad8YFBR bERLIYLABEOG 8L FEnY bRa'EY ESREFLI Y
storing information cpncerning the location of such a

special area.

It is an object of the invention to provide a network and
a mobile telephone that can more satisfactorily operate in

10 difficu]t terrains.

According to one aspect of the invenfion there is provided 
'a mobile telephone locéting arrangement for a digitaf
cellular telephone network having a central controller and.
a. number of mobile téléphones.irl which a first base
15 station is chosen to serve over a special geographical .
area of the network and two or more other base stations in
the system are selected for usé'in establishing that a
mobile telephone is in the special area, in which the
mobile telephone 1is arranged to ﬁeasure the downlink:
20 strength of signals from thé_first base statjdﬁ and from
the fwo or more sé1ected baée stations and to communfcate
the signal strengths to the first base station for ohward
tranémiSsion to the central controller, in which the
central contrdl]er utilises the differences between ‘the

26 downlink strength of the first base station and the two or

more downlink strengths_of the two or more selected base

AMENDED SHEET



7. A .handover ar rangenment accdrding to any one of clainms 20 2to 6, in

whi ch the downlink strengths of these sel ected base stations are
modi fi ed before being sunmat ed. by sel ected quotients or scaling -
factors relating to previous cal cul ati ons or measurenents of the
network. : -4 - o

PCT/ GB96/ 01281 WD 96/ 38998 - - 29 - 8.

A nobil e tel ephohationsatdi gdeatifyl [tinadr tthel apdtoinke telephanewi& ancdheéi ng
to any one of clainms 1 to 7, including means for continuously
periodical |y meSRe€fiady &reasetrength of downlink signals received from
a first base station 5 when the nobile tel ephone is located in a

speci al area - over which the first station serves and the downlink

strengths of two or nopre other bfﬁe stations r ocated from

the special ar ACCARATRBat® f3POLPERsATRETHy °$m}‘theelt K'ég‘éegrﬁflﬁﬁl hertgifs.
i the T1ot et SR %8 Wobffe fe1p8R0hE2 FRP" A% bibiear coniBrar’
5 te1ephoné network having_meahs for measurihg the strength‘

of downlink signals received from the first base station

when the mobile telephoﬁe is located in the special afea
over which .the first station_ serves and the downlink |

strengths of two or more selected other base stations frdm

10 the special area, and means for transmitting these signa1

strengths to the first base station.

AMENDED SHEET



associ ation with handover arrangenents, |nclud|ng means for

continuously periodically nmeasuring.the ‘strength of downlink signals
recei ved. fromone base station and the 15 strengths of downlink signals
reteived froma nunber of sel ected other base stations, and neans for
transmtting t hese neasurenents to thelbrie base station, in which the
measuring neans s arranged to neasure the strength of domnlink
signal s fron1theg%%lM§unding. base stations 20 operating at the sane
carrier frequency as the one base station. 10. A nobile

t el ephone | ocating arrangenent for a digital cellul ar tel ephone
network substantially as herein described with reference to Figure 4
of the acconpanying 25 dr awi ngs. WD 96/ 38998 - _

AENCED LA T A OB118 SRIAREPTS e N AR g far, o 93t
e 550150 ot amor el R B R A S

arrangenent for 2 digble?® of mobile telephones characterised in that a

| 5 first base station 1s chosen to serve over a special

| geographical area of thé network and two or more other

base statiohs in the system are. selected for use in

estab]ishiné that a mobile_te1ephone is in the'specfal

area, in which the mobile telephone is arranged to @easuré

10 the downlink strength of signals from the first base

stat{on and from the two or more sélected base stations

and to-qommuniéate the signal strengths to the first base

statibn for onward transmission to the central contfo11er,

~in which the central controller utilises the differences

15 between the downlink strength of the fjrst base station

and the two or more downlink strengths of the two or more.

selected base stations to identify that the mobile .

telephone is in the special areas.

2. A mobile’tg)ephone for a'digita1'ce11u1ar telephone
20  network according to claim 1, characterised'by means fof |
measuring the strength of'downlink signals received from'
the first base station when the mobile telephone is
Iocatéd in the special area over whidh the first station

serves énd the downlink strengths of two or more seTecfed

W secwse




; | ir . .
cellular tel ephone network having a central controller and a nunber
of nobile tel ephones in which a first base -5 station is arranged to

Jserve over a special area of the network and two:or nore other
renotely | ocated base stations in the systemare selected to identify
that a mobi | e tel ephone is in that-s¥cral area, in which the . -

nobi | e tel ephone is arranged to neasure the down|ink 10 strength of
signal s from tbthemobesenstetionscifawmdde special Arems and BeARENiTCLt e

the signal strengths to the first ~ ~ base statjon for onward

transm ssion tbransmithingl these signad| | etrengtis & theechtis base
controller utilises the ratios between the signal strengths to
identify the gbatigpecial area. 2. A handover arrangement

i ncorporating the |ocating - arrangenent of claim11, in which each

t el ephone is . arranged to continually neasure and-transmt downli nk
signal strengt-h of the first base station and downlink 20 si gnal
strength neasufenents of a nunber-of other sel ected base stations,
and in which these signals are passed to the central controller which
determnes a CI ratio and controls a handover of the nobile

tel ephone fromthe first base station to another base station if this
ratio falls : : ' '

AR A 0
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25 b-él ow a predetérm ned val ue, where C equals the downlink

stati ons.

st rgn‘gt h of the first base station and | is a WD 96/ 38998 RTMP
summat i on of the downlink signal strengths of other sel ected base CoP \/
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(57) Abstract

A digital cellular telephone network is provided with mobile telephone handover arrangements in which the mobile telephone supplies
signals relating to the strengths of downlink signals via a first base station to a central controller of the network, The signals are the signals
from the first base station serving a special area within which the mobile telephone is located and with which the telephone is communicating,
as well as downlink signals from two or more other selected remotely located base stations in the network. Based on this information a
central controller determines whether or not the mobile telephone is located in the special area.




