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Assi st ed Handover Arrangenents for Digital Cellular Tel ephone Networks

The invention relates to handover arrangenents for digital cel lul ar
t el ephone net wor ks. 5 Mobi | e tel ephone networks are aIr hm
est abl i shed i nwo96r38997 many geogr aphi cal regions enabling rela é’%ﬁé

and | i ght tel ephones to be in general use. The snall ness and

lightness is giid1é Askiétedviidndpvert Abranyeients rforaligitdly Cellular Telaphpradiptyprks
transm ssi on bet ween the tel ephones and 10 fi xed conmuni cati ons

transmtters and receivers. The communi cations transmtters and

receivers are generally evenly di spersed geographically around, the

regl on of the Thendnwenkitn relatiesayo hanievers pRrapgenents £oRndtettrt o
central netwark control station which serves to control 15

the*connunlcatlons ARt eRBORA R K Sons and t he mobi | e

t el ephones. The central control station allocates frequenci es and

channel s and sel ects appropriate base stations at the begi nning of

each tel ephone gal | ﬁcﬁsue telephbidi Ne€hbtxs GRENHNLEadY OMSL] estaBUo¥REd in
arrangenents are 20 prOV|ged by the central controller to vary or

alter the .Chiemie| geanrhphrieqile neigionto enabdéng trhdativelhosmall oand
comuni cate with different base stations during each call accordi ng

to prevailing c|rcxwghtuﬁﬁigphonehetoCQQHmnﬂgeneral use. The smallness and

lightness 1is due in the main part to using relatively

low powered transmission between the telephones and

10 fixed communications transmitters and receivers. The

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

15 the communications between all the base stations and the

mobile telephones. The cenfral control station allocates

frequencies and channels and selects appropriate base

stations at the beginning of each telephone call for

individual communications. Handover arrangements are

20 provided by the central controller to vary or alter the

channels and frequencies to connect the telephones to

communicate with different base stations during each call

according to prevailing circumstances. The central

controller also monitors and records the calls for user

" 25 billing.

Normally, the base stations are arranged so as to provide

areas of suitable transmission and reception over a number



controller also nonitors and records the calls for user 25 billing.
Normal |y, the base stations are arranged so as to provide areas of
suitabl e transm ssion and reception over a nunber WO 96/ 38997

- 2- of hexagonal side by side areas or so-called "cel lgopcabi6izse
carrier frequepedrderused by one cell is different to any carrier
frequencies in an 1medi ately adj acent cell but are the sane as the
frequenci es used in another cell in 5 they network sonmewhat renote and
usual |y separated by a further two cells of the network. Thus a
honeyconb type of hpaagenal cfideohyusides arenascet |so-callled Eoallst enfhe
f.ormed using say seven different sets of carrier frequencies. O
course, as is al r eRRruigsAregnergiesiifiace bycpapheatl nb% R1fgrenty tonfBKe
cell to another durin t he coptrol station.is d

. | | . :
dési gned to transf & R_%HS%ES%?""“-*S R HERT R tede o a%%ﬁ‘brﬁﬁ? ate
at appropriate are dnel 2aRB! ab ge?gé&?encies used An Rl 1S if

determ ned sinply by signal strengt ~ conparisons as reporte et ween
the cell with gwhi chedihetwork sdotleGRBENPehdtEOBRENLSRRLTY YeblratednYyt b

and adj acent cells.., If the signal strength of an adjacent cell
{urther two cells of the networ_k. Thus a honeycomb type

p;tterq of communication cells can be conveniently formed

using say seven different sets of carrier freguencies. O0f

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

10 from one cell to another during a call, the control

station is capable and designed to transfer or handover

the mobile telephone to communicate at appropriate

different freguencies.

At present this is determined simply by signal strength
15 comparisons as reported between the cell with which the
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
signal strength of the communicating cell, the central

20 controller will handover the mobile telephone to the

adjacent cell.

Such arrangements are not sufficiently reliable in
practice especially for networks required to operate in
difficult terrains adjacent coastal areas of totally open
25 spaces, adjacent mountains and/or in densely populated

areas with high rise buildings.



I ncreases nore than a predeterm ned anount above the signal strength
of the communicating cell, the central 20 er will handover the
nobi | e tel ephone to the adj a , QTHASBE Such arrangenents

are not sufficiently reliable in DL NCER especial ly for
requi red to op@pI6MegeN di ffil adj acent coabt¥ Pﬁiﬁ\ﬁ@ of
punt ai ns and/ or in densely popul at ed

totally open 25 spaces, adj acent
areas with high rise buildings. WQ 9$/.38997

PCT/ GB96/ 01280 - 3- It is an object of
the invention to prrviigean oejeet lofanttie inventidmwitid providphansetitatk aad
nore satisfactorily operate in difficult terrains and also in | ess
difficult terrainsa mobileripienhonecthaetcan nore \saisfiagtonidy eperatednt y

of .use 5 i s high. Accordi ng tao_one aspect of t resent
i nvention there is dlfflcu%?o%élﬁshéﬁéo@éﬁ"ar’ﬂa W‘-ﬁ-tdl*b?’iré?lms

cel l ultar tele hon net wor vi ng a .central ntr e a nber
of nobile tel ephon mﬁvﬁﬂ gﬁg °% e SVEN awgﬁﬂgg%e éfps{%x)gyjuse

continual l'y asursg qgg transmt downlink signal strength of a
first base station ancti' ownl i nk si gnal

According to one aspect of the present invention there is
provided a handover arrangement for a digital cellular
telephone network having a central controller and a number
of mobile telephones, in which each telephone is arranged
10 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
15 controls a handover of the mobile telephohe 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
summation of the downlink signal - strengths of other

20 selected base stations.

According to another aspect of the present invention there
is provided a handover arrangement for a digital cellular
4te1ephone network having a central controller and a number
of mobile telephones, in which each telephone is arranged
25 to continually measure and transmit downlink signal

strength of a first base station and downlink signal
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strength nmeasurenents of a nunber of other selected base stations,
and in which these signals are passed to the central controller which

determnes a C/I ratio and 15 co ®EEN !of the nobile
tel ephone fromthe first basg @?H@E gDanot er base P zﬁf
this ratio fakfe&oesmsseer bel ow a prege ere Cl’g’guas t

downl i nk signal strength of the first base statlon and | is a

sumat i on of the downlink signal strengths-ofy ot her sel ect ed base
stations. Accordi ng to anot her aspect of the pr esent invention

t here i s prostdength heetdinrements oo caomuniierr of ditherasetected gbase

t el.ephone network having a central controller and, a nunber of npbile

~tel ephones, in which %%HP?@I%O%% vRich (thepey signpals (ayre RafSeLN? ythe
nmeasure and transpnit B?qg controlfe:gnw ich detészt-x{ien th o :a"iflé'%%gf’

stati on and downl i nkK=%F
96/ 31997 ntrols a handover of tHe mobJ.le ELSB% 'i:ﬁge@ifs@f
|ch these signals

a nunber of other se?ect eds base statl ons,

are passed to she bpase §ﬁlﬁdvﬁ wrgnbehéﬁrba@ecbtmcﬁf Prevsaad Gkhis afaei&and
controls a handover of the nobile tel ephone fromthe first 5 base

station to another bsscabxuve | an predetésninkds value, wherei < aleguals the
predeterm ned val ue, where C equals the
downllnk signal strength of potential handover target base
station and I is a summation of the downlink strengths of

the other selected base stations.

10 The downlink strengths may be measured on control channels

of the network.

The selected base stations 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 may be preselected other base
stations geographically associated with the potential

handover target base stations.

The downlink strengths of the selected base stations may
be modified before being summated by selected gquotients or
20 scaling factors relating to previous calculations or

neasurements of the network.

Where the first base station is arranged to serve a

special area of the network, two or more other remotely
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downl i nk signal strength of potential handover target base station

and | is a summation of the downlink strengths of the ot her selected
base stati ons. 10 The downlink g asured on control
channel s of the network. THifHSHER] Nalse station "
conprise the bwe®ésiwsti ons whi ¢h ar REMACHRar est] ot her %‘5&’%”@?. ons
I n the network havi ng the sane™tarrier frequency. 15 The

sel ected base stations nay be presel ected ot hgr- base stations
geographically associated with the potenti al handover target base
stations. Theatednbask statiopdsinf thbesystent mdybbee seflateds toay

be nodi fied before being sumated by selected quotients or 20 | scaling
factors rel ating tddppsifyuehataiacmphilentelephone is dpgthaterrcial anea.,

net wor K. Where . the first base station is arranged to serve a..

speci al area of th@“ﬁef‘f?\ﬂr’&?b ]\ﬁ)tﬁieﬁﬂf’ﬁeo??@“?%ef“gasure the qgynlink

96/ 38997 strength BgT /s%gig 1%§9m the two or more selected base
. 5 stations and communicate the signal strengths to the first

base station for onward transmission to the central

controller.

According to a further aspect of the invention there is
provided a mobile telephone for the digital cellular
10 telephone network, including means for continuously
periodically measuring the strength of downlink signals
received from a first base station and the strengths of
downlink signals received from a number of selected other
base stations, and means for transmitting these

15 measurements to the first base station.

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

stations operating at the.same carrier frequency.

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

associated with a potential handover target base station.

The measuring means may also be arranged to measure the

strength of downlink signals from selected two or more

This.Sheet Has Been Replaced




| ocat ed base stations in the systemmay be selected to I dentify that
a nobile telephone is in that special area, d the nobile tel ephone

arranged to neasure the downlink THIS sﬂEE’FWBEHN ignals fromthe two or
more selected base 5  stations n(lj—l CoRpsiNcERt € the signal strengitI pﬁs&o
the first wo Sgseo7st ati on for sstoh to the EEH

controll er. . According to a further aspect of the invention there is
provi ded a nobile tel ephone for the digital .cgllular 10 t el ephone
network, including neans for continuously peri odi cal ly measuring
the strength of dowdogdaphigaily positimmes vadlhtdwea tor sthédasmotsdratian
and- t he strengths of downlink signals received froma nunber of

sel ect ed ot her hangeyer tangebrgtatignd neans for transmitting these
15 neasurenents to the first base station. - The neasuring neans
may: be arranged to neasure the strength of downlink signals fromthe

di b . ti i t i f .
The measuring neandiapdsE L AFSa RGO Bk AFePEIT RAALEL eSO |
neasure the strengtietRiorftedhd telephbabs £6°Buch netPdsks a%tc%Hi?Ht? '%% %ver

are preselected geographically associated wth a potentia

target base stmtioninvention will@ Mo@Sbe MesBrdbed ™y alay0 Jie edfanp1ecdsith
neasure the strength of downlink signals fromselected two or nore
reference to the accompanying diagrammatic drawings in

which :-
Figure 1 is an idealised plan view of a cellular network:;

Figure 2 is another idealised plan view of a cellular

10 network;

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

network:;

Figure 4 is a schematic side view of another cellular

network; and

15 Figure 5 is an idealised plan view of a cellular network

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 eight (time
20 division multiplexed) channels per carrier frequency. Tvo

channels of one of the carrier frequencies is used for

This Sheet Has Been Reﬁaced
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geographically positioned relative to the potenti al handover target
station. Handover arrangenments for digital cellular tel ephone

net wor ks and tel ephones for such networks according to the 5 I nvention

w || now be degglokhg@dr by way of exanple with ref erence PEIER¥01280
acconpanyi ng di agranmati c drawi ngs in whi ch : - Figure 1 is an
i deal i sed plan view of a cellular network; _ 2 - Figure 2 is another

i deal i sed plan view of a cellular 10 net wor k; Figure 3 is a plan
view of part of a todnta®l edbhdlgrand the #eEwO6E; the one cakirjarefdedquercy
schematic side view of another cellular net wor k; and 15 Figure 5

is an idealised pl and/iadd theachahnhelisaofnsheopkher two earigrs fnequengies
mnth super re-use carrier fre%uenC|es

are used or voice or data transm1551on, so—-called
‘ vtraffic". The channels are arranged in pairs and one
. 5 channel of each pair is used for transmission to a mobile
telephone (downlink signals) and the other channel of the
pair is.used for transmission from the mobile telephone

(uplink signals).

The mobile telephone is normally connected for

10 communications at first to its nearest cell and allotted
a pair of channels by the central network controller for
communication of traffic. This is done by exchanges of
messages on the contreol channels in acqordance with well-
practised procedures already known. In embodiments of the

15 present invention each mobile telephone is arranged to
periodically respond to signals from other cells and relay

" to the central controller via the cell radio links the
signal strengths of signal received from the other cells
(downlink signals) in a manner to be described below. The

20 purpose of receiving and measuring the strength of various
downlink signals, including its own downlink signal, is to
provide information that the central controller can use to
vhandover" the particular mobile telephone to another

cell. This is to ensure that the dguality of the

. 25 communications remains satisfactory as conditions change
which will usually be due to the mobile telephone moving

closer to a neighbouring cell or possibly into a poor



Digital cellular nobile tel ephone networks are already known and

typically each cell is arranged to transmt at three different
carrier frequencies providing eight (time 20 di vi sion mul tipl exed)
channel s per carrier frequency. Two channel s of one of the carrier
frequenci es i syeis@ssogror WD 96/ 38997 PCT/GB6/01280

PCT/ GB96/ 01280 -7- control signals
and the rest of the one carrier frequency - 8 -and all the channels of the
other two carrier frequencies are used for voice or data

transni ssi on, so-cal9ealised repeptior" arepheofhafthel sceld apresgptdy nin

pairs and one 5 channe f,_eac Is.ysed for transm ssion to a

nobi | e t el epHoTEd: FPﬁkwg'Frng}es)'m&l’raetFl%l?i’ll‘%‘?e'channel of the
pair is. used for transm ssion fromthe nobile tel ephone (uplink
signal s). The nobile telephone IS normal |y connected for
10 communi cati onsyrtriigui@l 1f0iht QeééfﬁiléieHe%@kaltth E8fitrol chadngdl f
of channels by the central network controller comuni catlon o
traffic. This is dofregqueneiebaage xedfused evefgew&thScemlé hecic@dt €9). The
channel s in accordance with-well - practised procedures al ready known.

| n enbodi nment s5of tnarma15tra§fm ehannglenfreguenadlesnabe | m-usledpévery ifour

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

traffic channels is significantly higher than the level of
re-use of the control channels but it will be noted 'that
the "potential interferers" have control channels using
10 different frequencies. “Potential interferers" is used to
identify the cells or base stations in the system using
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
15 station area presently communicating with the mobile .

telephone.

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.
20 All measurement results are reported to the central
controller which calculates the C/I ratic of the in-use

radio link according to the following method :

L = downlink signal strength of the serving base

S
station
25 Ly = downlink signal strength of the 1st potential



periodically respond to signals fromother cells and rel ay to the
central controller via the cell radio links the signal strengths of
signal received fromthe other cells (downlink signals) in a manner
to be described below The 20 purpose of receiving and neggyicaidorpdoe
strength of Vi gelases7 downlink signals, including its owm downlink
signal, is to provide information that the central.controller can’
use to "handover" the particul ar nobi-l @ +el ephone to anot her

cell. This is to ensure that the quality of the 25 conmmuni cat i ons
remmi ns satisfactory as cond#@¢6ﬁ§e€ﬁ§nge which will usually be due

to.,the nobil e tel ephone nDV| ser to a neighbouring_cell or
possibly into a pooPis S%WB]'QB}‘?SQQ‘?&‘I strength of the 2nd potential
PCT/ GB96/ 01280 - 8- | ocal i sed

réception area of the cell pﬁ€§§n€ §an comuni cation with the

nmobi e tel ephone. Jn Figure 1,.in the cellular network the control

channel frequenC|es are re-used every seven cells’ ¢t ‘t'o C7) . "The

5 nornmal trabfic channels frequencies.are re-ysed.every.four.........cells
(V1 to V4). In Figure 1, level of re-use for the traffic channels is
si gni ficantly hi ghek;g harr t hdowatdhkofignal strengtde of the ntimt potential
channels but it will be noted that the "potential interferers" have
control channel s using interferer

The C/I ratio of the in-use radio link is calculated as :

c/I =1L, / (L

isl * Lisz ool t Lism)

10 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

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

In Figure 2, the level of re-use of the traffic channel
15 fregquencies is the same as that of the level of re-use of
the control channel frequencies. 1In the Figure the same
traffic ;hannels and the control channel are re-used every

seven cells.

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

20 a call the mobile telephone periodically measures the

- downlink signal strength of the serving base station and
those of "reference" base stations. "Reference" base

stations is used to identify a set of neighbouring base

stations on different control-channel frequencies and are



10 different frequencies. "Potential interferers” is used to

identify the cells or base stations in the system using the sanme set
of traffic channel frequencies, so that the signals from potenti al
interferers are potentially strong enough to cause inégg%ﬁbag
within the celwossssherse 15 ~ station area presently conmmuni g t he
nobi | e t el ephone. During the progress of a call, the nobile
t el ephone periodically nmeasures the dowol nk signal strength of the
serving base station and those of potential interferers. 20 Al

measur ement  resul tspecied lyemelestiedo fidye esfrimatiing the cgignaj | tevehi of
calculates the CI ratio of the in-use radio |link according_to the
fol | owing method likely |inferferers. _Add\fihefe JeasyreReptqgefudts: gee
:te;{\élngghbgfset he 1stri‘gﬁré:fﬁdi gPStt%tel %Q:nt%gl cldlng{'cr:ifer waoic | Icna c%ll 'i]:%ls the

- PCT/ GB96/ 01280 WO 9%;?&1%3&& %/I Tat:iko of the in-use radio ink according
L r = ownlin

interferer signal strength of the 2nd potenti al
interferer 5 .to -the .following method:. . .. ... ... e
Lige. = downlink signal strength of the kth potential

interferer (to be estimated)

L = downlink signal strength of the serving base
station.
10 L, = downlink signal strength of the 1st reference

base station for the kth potential interferer.
Ly, = downlink signal strength of the 2nd reference

base station for the kth potential interferer.

15 -0 o LA ] o ® & 8 ¢ O P SO 0 PO e O P IO S 8 S S as e o ® o ®» 9 & ¢ & O & B S e S e
L = downlink signal strength of the xth reference

base station for the kth potential interferer.

The interference level of the kth potential interferer is
approximated as :.

20 Lige. = MAX [ (L * 25), (Lyp * @), --oer (L, * 3) )
where al, a2, ...., ax are fixed quotients or scaling
factors. The scaling factors are pre-set by prior
measurem_ents taken for network and provide necessary
adjustment so that the composite signal contour of

25 reference base stations after scaling is approximately

egual to that of the kth potential interferer within the



5 .. e

L[ err] = downl i nk signal strength of the nth potenti al

interferer The C/1 ratio of the in-use radio link is calculated as
Gl =L[err] [/ (L[err] + L[err] + + L[err]) 10 When the (/| rzgéio
falls bel ow a Rygpstmsrni ned | evel , the central control PEHGHHPL
handover the nobile tel ephone to - anot her cell. This type of
nmeasurenent i s sonmetines referred to-ag1"direct C/I ratio

measur enent . In Figure 2, the level of re-use of the traffic
channel 15 freqeenviee iareeheofartbeassermingf bake | staticsf. r e-Thsis ofis
t he control channel ,frequencies. In the Figure the sane traffic
channel s and the cohitBPtERtRMHhN FXGUFE-3sed every seven cells.
When using the network in Figure 2, during the progress of 20 a call

t he rrqbi | e tel ephone periodically neasures the downl i nk si gnal
strength of the seryhog daserstadi 82 Ak in-use! 9390071kl 2L ok 0008
stations. "Ref erence" base stations 1s used to 1dentify a set o

nei ghbouring base calcul&teéd iggs on different control-channel frequencies
and are
5 C/T =L, / (Ljy + Ly, + oo + L;

is2 lsm)

When the C/I ratio falls below a predetermined level, a
handover is arranged by the central controller. Such type
of criteria is sometimes referred to as based on the

"approximated C/I ratio".

10 Some special circumstances arise for particular locations
or terrain as illustrated in Figure 4. Thus, across a
planned' service area boundary, there can exist a number of
neighbouring base stations that exhibit a change in signal
strength relative to the serving cell. A typical

15 situation is depicted in Figure 4.

Base station A is planned to illuminate or serve a part of
a road on a mountaih 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 freguencies 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



WD 96/ 38997 PCT/ GB96/ 01280

- 10 - specially selected for estimating the signal |evel of

likely interferers. Al these neasurenent results are reported to
the central controller which calculates the appr oxi mat | 0 of
the in-use ragywedEsdy accordi ng 5 to the foll ow ng net hor]’.%r'g]’ba&ﬁ’Ld
Llerr] = downl i nk signal strength of the kth potential . '

interferer (to be estinated) L[err] - 2 - downlink signal strength
of the serving base station. 10 Llerr] = downlink
signal strength of fhemlstheetsdgnads from selected renigkedystlndahed ogpagehe
kth potential interferer. Llerr] = downl i nk signal strength of the
2nd reference stations B andcaxrg Beedps eferenges. pAeihpahountaln,
e Ferer. the mobile "teélephone "is 'in 'line ' of 'siglit ~ with "base -

Llerr] = downl | nkséi?ﬁ@{s Skr heofgd henghip rd%%ﬁ.?ﬂﬁeﬁignlal strengths

base station for the potential interferer. nterference

| evel of the kgh poterdtile it €hAEr6f tife servingPiMO Eudlion a8 higk) on
Ll[err] + MAX [ (L[err] * a[err]), (L[err] * a[err]) .... (L[err] *

alerr]) ] whereumd , axeh, .the sktuatsidn xiexd cpuerised asorsipwElsigfrom
factors. The scaling factors are Ere-set by prior nmeasurenents
taken for network oh@s®rifAtdoOngeBeandry are blockgfluetfiehi kg ldimgsthe

conposite signal contour of

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

not.

The signal strength information is dealt with as follows:-

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

base station

L = downlink signal strength of the 2nd selected
20 base station
L = downlink signal strength of the xth selected

base station



25 ref erence base stations after scaling is approximately equal

to that of the kth potential interferer wiwthin the WO 96/ 38997
PCT/ GB96/ 01280 - 111 - service area
of the serving base station. This is illustrated i ngﬁ#g#;gzﬁ
The C/1 ratio wbob/bes97 n-use radio link is therefore ed as
5 Cl =L[err] / (L[err] + L[err] + .. + L[err]) . When t he
C/'l ratio falls below a predeternined | evel - a3 - handover is arranged
by the central controller. Such type . of criteria_is sonetines
referred to as basedh§nmphile telephgpg: bxiimtde planpedgprvice agea ifHmnd
speci al C|rcunstances ar|§e for particular |ocations or terrain as
illustrated in Flgu Thus, across a pl anned service area
boundary, there can exi st a nurrber of nei ghbouri ng base stations that
exhi bit a change in signal strength relative to the serving cell.
A typical 15 si tpealiitgPel BogfiPi cted in Figure 4. Neﬁ%&@esiﬁéién A
is planned to illumnate or serve a part of
) Lg - L, > 4 L - L, < d,
5 or L., - L>d andL‘:sa,--i<d2
or Lcsgt - L >d and L., - L, < &,

where 4,, dy, ... dx are constants, the values of which are
10 determined from the predicted or measured signal strength
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®.

15 A typical 1logic programme for determining handovers
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.

20 (b) The mobile telephone periodically measures the
downlink signal strength of the serviné base étation
and those of other base stations in accordance with
the information received from the network. All
measurement results are reported to the central

25 controller via the serving base station. Measurement

results include:



a road on a nountain 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 frommany 20 ot her base stations so only very
few frequencies are cl ean enough to be assigned to the!}%? ‘h | on
A It is woosrseeZssary to prevent traffic fromground le ’5%3‘? g’“
captured by the base station A otherwise it will run into. congesti on.
To determ ne where the traffic is coming - 14 - WD 96/ 38997

PCT/ GB96/ 01280 - 12 - from the

signals from sel ected r &Rbt &h§ FIICHNI) bBgEestation: stations B and C are
used as references. On the npuntain, bi.l e te ephone is in line

of sight with base _ s{% ions B % lgkﬁﬁlgﬁ:%}s Fﬁ? s! gnal

strengths 5 rel ative togpthat_ of s nis high. On
ground area, tgie situation |§drev.ersea°a§1§hér@fx fgyom base stations
B and C are bl ocked of f by bubl di-ngs. distance bEBHéenlEh@pﬂéﬁﬂ&naﬁ&ethe
mobi | e tel ephone is arranged to setwilhyObasdastatdoal strength and pass
the information to 10 the central controller which will determ ne the
relative | ocation of the nobile tel ephone and decide in this
embodi nent whet her a haf@8vekhex haseustriippsessary or not .

Cair Cn2r ----+ C, - base station identity

10 Loaas Lge +---, L, - 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'Ld'Qu'Qd'D' CM,C"Z, oo, an, L'“'an'o.o'Lr* )

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 statiops as potential handover targets by using
the respective qualifying function:

Qi LulLdeulelD Ca1rCrar e eee, Coxr LayeLnor-oorlp )

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.



The signal strength information is dealt with as follows: - 15 Llerr]

= downl i nk signal strength of the serving base station
Llerr] = downl i nk signal strength of the 1st sel ected
base station Llerr] = downl i nk signal strength of cRdb1280
sel ected 20 wo96/38997 base station e e E'B‘F'. ..
e . Ll[err]=
downl i nk signal strength of the xth selected 15 = base station
- 13 - The nobile tel ephone_is in the glanned service areg if and
only if: Pot§h i V9 ogftral controller determines the)RLIPZiLYyaf
Llerr] - Llerr]>dferr] gualified handover targetlé[ ekE};] usinb'[%rhre] zfrz'ggrefgyl
or L[err] -L[err] > d[errdynetion: and L[err] - L[err] <d
[err] where d[err], d[err], ... d[err] are constants, the val ues
of whi‘ch are Poi ( LyrLgsQueQueDr CrysCras woves Copr LnpeLigseee sy )
5 F;i-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 in accordance with embodiments of
the invention and wusing the system described with
reference to Figure 1, the central controller is

programmed to operate as follows:-

15 When a radio traffic channel has been set up between
a mobile telephone and a serving base station, all
pdtential interferers of the serving base station are
picked out from the k non-serving base stations in
the signal strength measurement reports.
. 20 L = downlink signal streﬁdth of the 1lst potential
interferer of the serving base station. '
L, = downlink signal strength of the 2nd potential

is2

interferer of the serving base station.



10 determ ned fromthe predicted or nmeasured signal strength of

the serving base station and those of sel ected base stations inside
and outside the planned service area. Thus the handover is subject
to what can be referred to as "service area control". éﬁ%“
typi cal | ogi ovpo@smemme for determ ning handovers géﬁ%% ylls
automatically carried out by the central controller as foll ows: -
(a) Aradio traffic channel is set up betweerie-nobile
t el ephone and a serving base station. 20 (b) The nobile telephone
periodically neasures tdre <creccececsc.downl-icnk.si gnal..st-rength.of.1he
ser.ving base station and those of other base stations in
accordance with e ** the:tnformetticon- receiVéd“PPonrthe net wor k.
Al l ur ement a ported t ent
control ler via theaE%WV|ng bggéHéiéﬁléﬁgJ a%EF%ﬂ%Q% wed pé%ﬁﬂﬁlﬁé
I ncl ude: WO 96/ 3899
PCT/ GBOG/ 01280 {nterferer of the serv1nq Eﬁfg_statlon For
t he serving base station: Llerr] - upl i nk signal
strength Llerr] - downl i nk signal strength

5 The C/I ratio for the serving base station can then be

calculated:

CIs = Ld / ( Lis'l + I."isz *oee. F Lism)

The triggering function T is defined as:
T = ci_threshold - CI,
10 where ci_threshold is a predetermined minimum acceptable

c/I ratio.

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

station is necessary.

15 For the potential handover target identified by C,jr the
associated potential interferers are picked out from the

k non-serving base stations in the measurement reports.

Liniinh = downlink signal strength of the 1st potential
interferer of base station identified by C,-

20 L downlink signal strength of the 2nd potential

inj2
interferer of base station identified by C;.



- uplink quality 5 derr] - downlink quality

D - di stance between the nobile and the

serving base station For ot her base stations:

Cerr], CJerr] .., (err] - base station identity 10 —

Ll[err], L[err]WO9G88fl| i nk signal strength (c) As ne&cﬁggsurerrent

results are received, the central controll er checks whet her

handover is necessary by | ooki ng1&t -t he triggering function:

T ( L[err]L[err]qerr]qerr] D, err],(err] Cerr] Llerr],L[err]
L[err] ) Linin = f GowWn %mha‘-h’cﬂﬂﬁér ﬁfsrqthéss’ér ;thqormré’empt@@aép

(d) Go back to st %%#ﬁ% otgpL té As handover

i s determined to be necessary™™® ase Statl°q<ﬁﬁﬁ? EL6RNEY vage

stations in the measurenent reports, the central controller

setects a nunber of 20 base stations as potential handover

target's by using The C/I ratiBefbLSBRE! by Ee U5Ed n

Qerr] ( Llerr]L[err], Qe/rr]Q[err] D, Jerr], C[ertlfidﬂ..rgéﬂ,é& lé!rarf:'y cll'[err

Ll[err]..,L[err]) then be calcuxaimd.] is a function paraneterized to

det erni ne whet her : t he base station identified by Clerr] is

qualified as a®25_ -. €l ahgoX ef banget b, #f . ek rd, =)0, the base

station is ' quallfled

The associated qualifying function is defined as:

Q= CInj - ci_threshold

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

10 handover'target.

In practice, a priority function of the base station
identified by Cnj is defined as :
P"j = CIni
The priority of potential handover targets is determined
15 solely on the corresponding C/I ratio. The better the C/I
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 reference
20 to Figure 2. This is carried out by picking out from the
k non-serving base stations in the measurement report, all

reference base stations for estimating the C/I ratio of
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(e) The central controller determnes the priority of qualified
handover targets by using the priority function:
Plerr] ( L[err] Llerr] Qerr] Qerr] D, C[err] derr] . ( d 96/0 rr]
Ll[err] . . ,L[wop§38p97 5 Plerr] is a function paraneterized to
determ ne the relative priority of the handover target
i dentified by Clerr]. < f)8 Fhe central controller
comands the nobile handover to the target base station
having the 10 %’ SeTyHEg: Pase Fration. For handover progranmes
in accordance with enbodi ments of the invention and using the system
described with reference to Figure 1, the central controller is
programed to operaie as fol 4gWRiink sighal strend@?)erb@ €Rdi el TAl é:(énce
channel has been set™up between a nobil e tel ephone an
serving base station, all base statiopOf6ntdstindtiingf €here/Pirathe &farﬁﬁeng
base station are pi cked out fromthe k non-serving base
stations in t he seygwihg asengthtdeasur enent reports. 20
Llerr] = downlink signal stre &kh of the 1st potentia

5 L, = ownli signal strength of the 2nd reference

base station for estimating the C/I ratio of the

serving base station

ewe Y LA AL AL B B L R K IR I R N N e

1o Ly = downlink signal strength of the xth reference
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 programme.

15 CIS = Ld / MAX [(Lrs‘l * as‘l)l (L (LI'SX * asx)]

rs2 * asz)' secce
The triggering function T for handover is defined as:

T = Ci_threshold - CIs
where ci_threshold is pre-defined minimum acceptable C/I

ratio.
20 T > 0 means that the C/I radio is worse than the minimum
' acceptable level so handover to another better base

station is necessary.

The potential handover target is identified by Cnj- This



interferer of the serving base station.
strength of the 2nd potenti al

base station.
PCT/ GB96/ 01280

Llerr] = downl i nk signa
interferer of the serving

WD 96/ 38997

of the nth potenti al

- 16. - PCI‘!GB96!01280

Ll err] = domnllnk si gna
i nt erfeger- of the serving base

station 5 The C/I ratio for the serving base station can then be

cal cul at ed: is pidBddeonk frofeth¢/agsddietef, refefencd base. stations
Llert]) The tri gerlng function T is defined as:

cithreshold - CI[erf]T°m é& wﬂ@?éﬁ%ﬁv%ﬂﬂeﬁﬂﬁﬁ(fqa§18n§réﬂeﬁéﬁnﬂﬁéﬁuﬁ?mﬁm%n1

accept abl e c/ | tio. T >0 neans that the C 1 radio is
wor se than the niniﬁﬁﬂ? : acceptabl e I evel so handover to anot her
better base station is necessary. 15 For the potenti al

handover target

10

L

rnjl

“rnj2

identified by CJerr] the

downlink SLgnal strength of the 1lst reference
base station for estimating the C/1I ratio of the
base station identified by Caj*

downlink signal streﬁgth of the 2nd reference
base station for estimating the C/I ratio of the

base station identified by Crj

I R I IR I N R O R I R N R R R R R R R N IS RN I S )

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

base station identified by Crj*

strength

15 The C/I ratio for the base station identified by C, can
then be calculated:
CIﬂi = Lni / MAX [(Lrnj‘l * anjx)]

ﬂ.ﬂ) . (L rnj2 * anjz)"'" (Lrnjx *

The associated qualifying function is defined as:
Q = CI,; - ci_threshold

20 Q > 0 means that the C/I ratio is.better than the minimum

acceptable level so the base station is qualified to be an

handover target. In other words, provided the C/I ratio

for the poteritial handover target station is above a

predetermined value a handover can be carried out.



associ ated potential interferers are picked out fromthe Kk

non-servi ng base stations in the neasurenent reports. L [err] =
downl i nk signal strength of the 1st potenti al interferer
of base station identified by Cfer] . 20 L[err] = downli '
strength of thwo?3ea8IpDt enti al interferer of éégg#g@g%?on
identified by (Jerr]. .
.......................................... - 20 -
.......................................... WD 96/ 38997

PCT/ GB96/ 01280 The priority function of the tfrget base |§tation= is
dowd i nk signal strength of the nth potential interferer
of base station i dehffPEitied RY &, jand defined 8% /| ratio for the base
station identified by CgrrL &40 t hen be cal cul at ed: 5

Clerr] =L [err] /(L[err]ni+ vferr] + ... + L[err]) The

associ ated qualifying function is defined as: Q=CdCJerr] -

ci _threshol d Q> 0 neans the T radio is better than the m ni num

acceptabl e | evel soThBepbiseity abf Gibtiehtiddl hbh@dvép tergetslls ddteptioned
target.

5 solely on the corresponding C/I ratioc. The better the C/I

ratio and hence the signal quality, the higher the

priority.

It was earlier mentioned with reference to Figure 4 thlat
certain special arrangement may be required in difficult
10 terrains or locations. Where handover decisions are made
in accordance with location the following programme is

provided:-

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

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

Lg = downlink signal strength of the 1lst selected
base station for estimating whether the mobile
is within the planned service area of the in-use

20 base station.

L, = downlink signal strength of the 2nd selected
base station for estimating whether the mobile
is within the planned service area of the in-use

base station.



In practice, a priority function of the base station I dentified by

Clerr] is defined as Plerr] = Cl[err] The priority of
potenti al handover targets is determ ned 15 solely on the correspondi ng
C'l ratio. The better the 1 rati o and hence the sign i1y,

t he hi gher thewo096/38997priority. It is also possible ??T@g’wr#yne
handover on the basis of approximate C/I ratios as explained earlier
with reference 20 to Figure 2. This is eaeried out by picking out from
t he k non-serving base stations in the neasurenent report, all

ref erence base statirems for esti-Aakkngsthe G- rattk@e@bccacaacaa.d WD eeooss
96/ 38997 PCT/ GB96/ 01280

- 18 - t he servitng tase- statrontecsssecessccece> Lferri=--dowrrl-i-nk--

signal strength of &‘he st v Suriek signal strenggmi%sﬁgéég .g%%%ﬁzteg

estimating the C/| 7#&io of the

Llerr]" = downlink signal Stﬂa@lgt&a@io}lh?o%ng EShEL £ Suhethér th bi
base station for estimating the CI ratio o tﬁe e moblle
5 is within the planned service area of the in-use

base station.

The triggering function T > 0 or handover ‘function is

provided if:

Positive Loqgic Negative lLogic
Y oIl e

or L - L, > d_ and L - L, < d,,
15 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.

The potential handover target is .identified by Crje the
associated reference base stations are chosen from the k

20 non-serving base stations in the measurement reports.

L = downlink signal strength of the 1lst selected

cnjl
base station for estimating if the mobile is
within the planned service area of the base
station identified by Coj*

25 L

enj2 downlink signal strength of the 2nd selected



serving base station

.............................................. 10 L[err] = downlink
S|gnal strength of the xth reference base station for
estimating the C1 ratio of the serving base station
The C/1 rati o womeB#9e7 servi ng base station is then cal WEIER t he
central controller programme. 15 Clferr] = L[err] /| MAX [ (L[err] *
a[ferr] ), (L[err] * a[err]), (L[err] *-apgr&]) | The
triggering function T for handaver is defined as: T =
C threshold - C's vx/neba;eclsﬁa‘teamolfbn segiinadrinionedf nthe nmobile is

acceptable 1

wor se than the m ni mum
base
Is identified by C[err

better
t arget

PCT/ GB96/ 01280

5

10

15

20

25

ratio.

station IS n Ges

fromthe associated reference ‘base” stat'

L

enjx

> 0 nmeans that the |

ldeY.ntlf;ed W

ons

® S GA LSS0 ee s BOLOELIEBEBSOESEES

The potenti al
§6138997
19 - i

oc.--o-o-o-o.oo.o-oo-.-o.onoo

radio is

Wjé@'t?é‘pt‘té}ﬂ ePlaneed sseruiaevarea o ofnotirer base

handover

S pi cked out

downlink signal strength of the xth selected

base station for estimating if the mobile is

within the planned service area of the base

station identified by Cri

The qualifying function Q is greater than 0 if:

Positive logic
L - L >d
enjl nj‘l
or Lcan Lru nJZ
or L_.

'enix Lnj > dnjx

Negative Logic

cnj 1 Ln; <d
and Lcﬂjz Lm. gm.z
and L L.<d

Q > 0 means that the mobile is with the planned service

area of the base station identified by Crj

qualified as an handover target.

For

prioritizing

functions

such

factors

as

so it is

signal

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

The described handover arrangements can be applied to

underlay-overlay cellular networks.

s, the

cellular

network

has

Referring

an

to Figure

underlay-overlay

configuration where some of the cells have super re-used



fromthe k non-serving base stations in the neasurenent reports.

L[err] = downlink signal strength of the 1lst reference 5

base station for estimating the C/I ratio of the base
station identified by CJerr]. L[err] = downlink signaﬁ#%w
the 2nd ref er eya»6/38997 base station for estimatin

rati o of the base station identified by (Jerr]. 10
.............. Llerr] = downl i nk= s23yral strength of the xth
reference base station for estimating the C1 ratio of the

base station identif¢axrigr Cfsegpencias,  The GPeIRLLpg fITReIHAMHaQE the
station identified hen be ca

T Terr] T M [ ( CleseER g éﬂ;}ﬂ}ed 1PfEf’e’F"(‘T fgroa'péwﬁmelev > Fepupey-Tadsd
G Gler] - ci_tn g SO Ukl GRUL" SR PRuTir vense

better’ than the m nifRghyencies reCPLGELS olv%‘feEaEQ §1Sc RSP SR hONehSt in
qualified to be an handover target. In other words, provided the |
ratio fos therqeadxnt rehsdapdevern t ahgehret alnitended aROVéerve mobile

predeterm ned val ue a handover can be carried out.
telephones near the cell boundary where the C/I ratio is

usually the worst. As the name implies, the super-reuse
frequenqies are reused very intensively to produce a

required increased capacity.

10 Some of the ordinary base stations are equipped with both
types of frequencies. Super-reuse frequencies allocated
to a base station are divided into several groups with
each group having different sources of interference.
Based on the profile of interference to which each mobile

15 telephone is exposed to, the central controller determines
the most appropriate frequency.group to be éssigned for

carrying traffic.

Stand-alone micro cells with antenna height well below the
roof level may be equipped solely with super-reuse
20 frequencies. By establishing appropriate handover
connections, a micro cell at good location can effectively
absorb the traffic of more than one ordinary base
stations in its vicinity. With such an arrangement, the
surrounding base stations are usually referred to as
25 "parent base stations" and the micro cell is referred to

as "child base stations".



WO 96/ 38997 PCT/ GB96/ 01280

- 20 - The priority function of the target base station is
identified by (Jerr] and defined as: Plerr] = Cl[err]

The priority of potential handover targets is deferm ned 5 (gagk{g

t he correspondiwpgssod?r rati o. The better the T rati IR nce the
signal quality, the higher the priority. [t was earlier
mentioned with reference to Figure 4 that - 24 ~certain special

arrangenent may be required in difficult- 10 terrains or |ocations.
Wher e handover deci S‘hensoavmml frequehqyas%l#m mgichianligwauserh wikh
f.ol | ow ng programe is | de Fromthe k non-servi ngl

base stations in th8PAGELYY eqmlay °°“fi'=7‘€iﬁ¥r1f3§ ig|eniyppasedLn &hst signa
| ocat ed base stationsg_for t| ng whet h éhe nmobi | e d‘%
t he pl anned gF %%ha?gatgé lrr"nggu 2 %% T onkarsgrpl%kei o:}t
- e a iPe i 1 se station an e
Llerr] downl i nkeghg el 1.5%%”%9 pé téﬂe gaé &6t3! 8 d th
base station for estinmating whether the nob Is wthi
the pl anned sersvi cesgstamovilbeakBighea super—reuse frequency for a call.
Otherwise, a regular-reuse frequency will be used. The
arrangement works well over flat, homogeneous terrains but
in interference limited environment, signal strength alone
is no indication in practice of the susceptibility to
10 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

buildings and well shielded from interference.

A frequency selection mechanism using embodiments of the
15 invention 1is therefore more effective. The improved
handover arrangements of the present invention may be
applied to selection of frequencies. The procedures are

as follows:

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

20 ~ regqular-reuse frequency.

(b) As signal strength measurements become available
during the progress of the call, the central
controller checks if sufficiently clean super-reuse
frequencies are available (including those in

25 associated child base stations) by using gqualifying



20 base station. Ll[err] = downl i nk signa

strength of the 2nd sel ected base station for estimating
whet her the nobile is within the planned service area of

" the in-use base station. PCT/ GB96/ 01280
- 21 - WOOGBITT . . ... ... TCT/GBI6/01280
................................................. Llerr] =
downl i nk signal strength of the xth selected 25 - base station
for estinmating whether the nobile 5 is within the planned
service area of the in-ufenctions based on: base station. The
triggering function T > 0 or handover function is provided if:
Positive Logic - direct C/ﬂwggéﬂpv%61§gﬂewenﬁ)(FxgureLghrr] -
Llerr] > d[err] _ . Llerr]l - Llerr
L[err] - L[err] > d[err] approxzméfed k/ﬁnﬁitf?ﬁ ﬁlgdﬁﬁ:§$r] < d[err]
or L[err] - L[err] > d[err] _ err - Llerr] <
dlerr] 15 T > 0 neans tha?e %f%n)r B chtfg& f%é%*## Blanned service

area of the in-use base station so handover to anot her

5 (g) If élean super-reuse frequencies are ' found, the
central controller prioritizes the usable super-reuse
frequenciés according to the respective number of
idle traffic channels. The more the number of idle

traffic channels, the higher the priority.

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

highest priority.

(e) On super-reuse frequencies, the central controller
constantly monitors the in-use radio links to see if
15 it is necessary to return to regular-reuse
frequencies. Handover triggering functions based on
the following criteria can be used:
- direct C/I ratio measurement
- approximated C/I ratio

20 - service area control

(£) 1If returning to regular-reuse frequencies is
necessary as indicated by the handover triggering
function, the central controller evaluates every

regular-reuse frequency of the serving base stations



base station is necessary. The potential handover target is

identified by (Jerr], the associ ated reference base stations are
chosen fromthe k 20 non-servi ng base stations in the neasurenment

. reports. Llerr] = downl i nk signal strength of the_lst selected

" base station fovosssedomating if the nobile is PCICR ?’f?
pl anned service area of the base station |dent|f|ed by
Clerr] . 25 L[err] = downlink signal ~st6ength of the 2nd sel ected
WD 96/ 38997 PCT/ GB96/ 01280
- 22 - a%s@’%ﬁ%t%nl#%rnwhhmrmgdu byt msingbiaualifying
within the planned serV|£hnz¥£%%sof 5he base sfation
identified by (err]. and prioritizing functions based on :
e T e e e e e e ?&??FF.?(;.?é?%é measgremEferr] = downl i nk
signal strength of the xth sel eppedximated c/I ratio DPase station for
estimating if the nmobile is - _ wi thin the planned service
area of the base - servistaarea caltiriclf i ed by Clerr] 10 The

qualifying function Qis greater than 0 if:

(g) :he central controller hands over the mobile
telephone to the regular frequency with the highest

priority.

(h) Go back to step (b).

1o In the described arrangements, downlink signal strengths
of control signals are measured and used to determine the
handover criteria and in Figure 4 the location of the
mobile telephone. It will be appreciated that downlink
signal strengths of the traffic channels might alsc be

15 enployed additionally or alternatively.

It will be apprgciated that in embodiments of the
invention the handover criteria is determined on the basis
of C/I ratios and ‘when this ratio falls below a
predetermined value for a serving base station, -or
20 otherwise, C/I ratios of potential handover target base
stations are monitored to identify and choose an

appropriate of those stations for handover.



Positive Logic Negati ve Logic Llerr] -

L[err] > d[err] Llerr] -L[err].<d[err] or
L[err] - L[err] < d[err] and L[err] - L[err] < d[err]
e e PCTICROGIZS
or L[err] -L [err] > d[err] and L[err]-L[err]
<d[err] Q> 0 nmeans that the nobile is with the planned service
area of the base station identified by Clerr] sméat is qualified as

an handover target. Jgawinglegengor prioritizing functions such factors as
si ghal stringt v, tr8Ffiien efdengcestral channelo base apticns
The descri bed handover arremge_rrentsr

b ljed t .
under | ay-overl ay Bel | 0l ar het Witk ® Cﬁ%?éfﬁﬁg’pfbsﬂ'gl&bé“ﬁ“‘E’,“’ t he

cel lular networky has anyt undsr 163y ¢BYEEAEN1 channe ICAMY 95L&l 11 VB Lfhet
sone of the cells have supggse @:dt%8ns

PCT/ GB96/ 01280 WD 96/ 38997 - 23 -
carrier frequencbes. - Thepotmmtiiaili hgndpeert ntarget stiahdon network is
divided into two groups, nanely a regul ar-reuse group and a
super-reuse grodb. ~The Telefense- Pasecstation Arequencies are reused over
safe distance sucp as that.in .o . 7-gell reuse pattern and are intended to
serve nobile interiering ovas ation

G - service area boundary

H - reference base station B

I - signal level contour of the interfering base station

J - zone of interference within the service area

K - scaled signal ievel contour of reference base stations

A and B :
L - unintended (-ve logic)/intended (+ve logic) service

area of base station A

(Ly-L,;)>a
or ;+H il B
(Ley=Lyy)>de

M - unintended (+ve logic)/intended (-ve logic) service
area of base station A ’

{Lgs~L,)>d
and (B2l ]
( ch°L‘z ) >dc

N - base station A
- reference base station B
- reference base station C

1* co-channel cell tier for Tegular-reuse freg.

wm O v O
'

1! co-channel cell tier for super-reuse freq. in
parent base station

. s - 1"* co-channel cell tier for child base station
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t el ephones near the cell boundary where the ¢/ ratio is UUMHMMMEEW"
worst. As the nanme inplies, the SquI’TH[@L@EET HAS BEFgquenci

_very intensively to produce a r equi RE LA(‘:‘]‘_‘U eased capacity.

| Some of the ordinary base stations are—egt+ppee—w-th—-both Fﬁ{)&ﬁ

. frequenci es. SwWeasREWlise frequencies all ocated to a basBCUFRT N are
~divided into several groups wth each group having different sources
of interference. Based on the profile-ot7interference to which each
nmobile 15 tel ephone is exposed to, the central controller determ nes

t he nost appropri at ELRE¥M8uency group to be assigned for carrying
traffic. Stand-al one mcro cells with antenna height well below the
roof |evel may be equi pped solely with super-reuse 20 frequencies.

By establishing appropgi o] on tlons mcro
good | ocation can e ectzlﬂvgﬁﬁ advey! \éo ngefuﬁrégtrgﬁ?l ¢ of Jf%? ﬁigﬁi
ordinary base t818PhONE ridtwork MG taY cediidn %&&z%filaifé&w%ﬂgﬁfnbe{-he

surroundi ng base stations are usually referred to as arent base

stations" and the nmo€rmobild ﬂﬂéphbﬁééedlhowhlch eacﬁste!‘szﬂx&x@@.%? arranged
stations". W96/ 38997
5 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 ¢/I ratio -and
10 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
summation of the downlink signal strengths of the other

15 selected base stations.

2. A handover arrangement for a digital cellular
telephone network ﬁaving a central controller and a number
of mobile telephones, in which each telephone is arranged
to continually measure and transmit downlink signal
20 étrength 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
25 base station to another base station provided this ratio

is above a predetermined value, where C equals the

This Sheet Has Been Replaced




- 24 - The conventional frequency sel ection mechani smmﬁﬂllm"u" “rl“'
under| ay-overlay configuration is -yn-l—%-based_:m_r_him gnal ey *
of the serving base station. A s{ 1Ky SHEEh&AS BEEN | means fhat the nobile

. is close to the base station and the 5 RERMAGERM wi I|l assign % %ﬁ o use
- frequency for woes3s997 O her w3E, a Tegutar=t+etse freque S?’

- used. The arrangenent works well over flat, honpbgeneous terrains but
in interference limted environnent, signal-sggeagth al one IS no
indication in practice of the susceptlbllltyto 10 interference. 1In
open areas, the si gdawnlmblszag@aasanmqgth of potetiak hamdover feaxgatndasef

I Nt erference When th nal is weak, the nobile tel ephone may be
i nsi de bui | di ﬁ'g%tém W |I i| Bl FUMIYIGN Of &hecAeNRlink strengths of
frequency sel ection nism g‘oodl e t,s of the 15 i nvention is
t herefore nore effesgﬁg ST T ‘3"’%‘% 0 19Rftdover arrangenents of the
present invention may be applied to selection of frequencies. The
procedures are as follows: (a) At call set up, the central
contro] I er assigns 8. 20a handoverCfitatgdmRintCabb8HHERAS Yoo clain 2, Jfrp}dh&‘%h
signal strength neasurenents becone availl abl e during t

progress of thé cal thetdmwniddimk skrengths are meastred |2f coReels ¢rfannels of
sufficiently cl ean super-reuse frequenci es are avail abl e
(including those inthe network.

4. A handover arrangement according to claim 2 or 3, in
which the selected base stations comprise the base
stations which are the nearest other base stations in the

10 network having the same traffic channel frequency.

5. A handover arrangement according to claim 1 or 2, in
which the selected base stations are preselected other
base stations geographically associated with the potential

handover target base station.

15 6. A handover arrangement according to any one of claims
.1 to 5, in which the downlink strengths of the selected
base stations are modified before being summated by
selected quotients or scaling factors relating to previous

calculations or measurements of the network.

20 7. A handover arrangement according to any one of claims
1 to 6, in which the 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

This Sheet Has Been Reilaced




25 associ ated child base stations) by using qualifyi

zcrcaoey o (M W I Ll I

96/ 38997
- 25 -

measur enent (Figure 1)

- service areawWoegs®NtY (Figure 4)
found, the central controller prioritizes
frequenctezs according to the respective

frequenci es

nunber of

traffic channel s,
hands
super-reuse freque

controll er

return to

- direct T

are
t he usabl e super-reuse

idle traffic channels. The nore the nunber of idle

tFR HiYMelH feo uahide tplephone in that specialerayen, in
A (HRE eoBile “telepnonenis 3

- f t
Sontore the 1o ﬁ?ﬁ&gﬂ%ﬁ?&f‘ég%ﬁgﬁé%mm the, o o BiEE R doteq |

regul arpdsdistations and cdrinf@i@ateCehe @Wefst%hgﬂﬁé' €8 the
functions based on

tele hone to the

the following criteria ctan be uséed

rat i o fiesshubasenstation for onward transmission to the central

10

15

20

controller.

8. A mobile telephone for a digital cellular telephone
network according to any one of claims 1 to 7, including
means for'continuously'pefiodically measuring the strength
of downlink sigﬁals received from a first base station and
the strengths of downlink sighals received from a number
of selected other base stations, and means for

transmitting these measurements to the first base station.

9. A mobile telephone according to claim 8, in which the
measuring means is arranged to measure the strength of
downlink signals from the surrounding base stations

operating at the same carrier frequency.

10. A mobile telephone according to claim 8 or 9, in
which the measuring means is arranged to measure the
strength of downlink signals from the immediately
surrounding base stations operating at different carrier

freguencies.

11. A mobile telephone according to any one of claims 8

to 10, in which the measuring means is arranged to measure

functions based on: THIS SHEET HAS BEEN t di fect "rafio”
. appgpLAoEBt ed (|

su%ﬁﬁéﬁé@%e ?

‘2hee yto measure (g}e n
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Ef?pplr?Xi ?Eelt 5?nﬁ11; r?gi Oregzggl ar-reuse fréqﬁga\é: gg i ea cont rHllllll mnuwuml IIII

as indicated by the handover triggeri ng %§ SHEET ﬂp@ggm) the central
controll er eval uates every equency

servi ng base stWO96/PRI7 WO 96/ 3899 hEEEﬁCEfD" P&’éﬂ%lm
26 - and those inits neighbourhood by using qualifying
functions and prioritizing functions based en3p - - direct
C/1 ratio nmeasurenent - approximated C/I ratio 5

- service area contridle strength qfypfowmhink cuigneds fromtsellected tremds: mover
the nobile tel ephone to the regul ar frequency with the highest
priority. WGGBPBSERI }% zqugiely) positigned hasehstatiensped
arrangenents, downlink signal strengths of control signals are
measured and used to determ ne the handover criteria and in Figure 4
the | ocation of the,s. gandover

arrangements for a digital cellular
telephone network substantially as herein described with

5 reference to the accompanying drawings.

13. A mobile telephone for a digital cellular telephone
network substantially as herein described with reference

to the accompanying drawings.
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nobil e tel ephone. It wll be appreciated that downlink si gnal
strengths of the traffic channels m ght also be 15 enpl oyed additionally
or alternatively. It will be appreciated that in enbodi nents of the
‘invention the handover criteria is determ ned on the basis of C1

rati os and wheWeR#BM9%htio falls bel ow a predet er m ned \RAWEBISHE28
serving base station, or 20 otherwi se, C1 ratios of potential handover
target base stations are nonitored to identify and choose an
appropriate of those stations for handover, WO 96/ 38997

PCT/ GB96/ 01280 : 1/5 26a Dr awi ng
Legend A - 1[err] tier of co-control channel base stations

- I[err] tier of co-traffic channel base stations C - | [err]
tier of co-control channel and co-traffic channel - base stations
D- -, potential handover target station E - reference baga
station A F - Interfering base station G - service area
boundary H - ref erence base station B si gnal Ievé_P_
contour of the interfering base sta#ion J Ne of interferggce
within the service area m
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K - scal ed signal |evel contour of reference base stations

A and B L - uni ntended (-ve logic)/intended (+ve | ogic) service
. area of base station A [err] M - uni nt ended (+ve
. logic)/intended (-ve logic) service area of base station A
C[err] N WO96/38%3se station A 0 - refer ence basBCHERIGFHAS0R
P - reference base station C ~ Q - | [err] co-channel cell tier
. for regul ar-reuse freq. R - lit co-channel cell tier for
super-reuse freqg. in par ent b&&2 station S - [ err]
co-channel cell tier for child base station WD 96/ 38997
PCT/ GB96/ 01280 - 27 - CLAI V5
1. A handover arrangenment for a digital cellular t el ephone
. network having a central controller and a nunber of nobile
i tel ephones, in which each tel ephone is arranged 5 tp continually e
‘ measure and transmt downlink signal l:l
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strength of a first base station and downlink signal strength
measurenents of a nunber of other sel ected base stations, and in
whi ch these signals are passed to the central controller which
determnes a C tio and 10 control s a handover of the npbil

"t el ephone fromvhl Ast base station to another base s"ﬂf‘i%aﬂ‘“ﬁ‘“
this ratio falls bel ow a predeterm ned val ue, where C equal s the
downl i nk signal strength of the fi rsst base station and | is a
sumat i on of the downlink signal strengths 4% the other 15 sel ected
base stations. - 2. A handover arrangenent for a digital
cell-ul ar t ibeptfone metwork having a central controller and a nunber
of nobile tel ephones whi ch eachi~telgphone is arranged ro
continual l'y neasur transmt downlink signal 20 strength ¢ a first
base station and dpwnl Tk signal strengtl nmeasurenents of e=~nunber
of other selected bage stations, and in whikch these signal Bare
passed to the [ gqentral controller which detetN\anes a 1 ratio and
controks a handov«jr ofi.t he nobil e tel ephone fromthexfirst 25 base
station to another base station provided this ratio \ _, ‘is above a
predet ermi ned val de, where C equal s the “ Thi s
Sheet Has Been Rep\‘l aced W 96/ 38997 J
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4
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- 28 - downl i nk signal strength of potential handover target base

station and | is a sumation of the downlink strengths of t he ot her
sel ect ed base stations. 3. A handover arrangenent according to
claim?2, in which 5 the downlink strengths are measured on_cantral

- channel s of WO Tnet wor k. 4. A handover ar r angBHHfjB0/01280

. according to claim2 or 3, in whi ch the sel ected base stations

. conprise the base -statijons which are thgsnearest other base stations

in the 10 net wor k havi ng tfhe sanme traffic channel frequency. 5.
A handover arrangenment according to claim1 or 2, in whi ch the
sel ected base stations are J4r&gel ected ot her base stations
geogr aphi cal ly associated wat h Y\he potential =~ ° handover target base
station. 15 6. A handgver angenent according to any one of cl ains
1 to 5, in which the downligk gths of the selected - base

b

stations are nodified befor nmmat ed by sel ected quotients or

scaling factors relating to eyd O -3 cal cul ati ons or neasurenents of
t he networKk. 20 7< han§ioyer \ar rangenment according to any one off
cl ai s 1to 6, E' ich g\ne2 firNgt base station is arranged to
serve a special area okgthe netywrik and or nore other E
-
g
U -—
w o\ 2
o -
0 - K.
<
-t
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e o]
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l‘L' N
| O
) et
il
1! T—=
&
i
!
!
i
I
! o
[ 4
& o

SUBSTITUTE SHEET (RULE 26)



renotely | ocated base stations in the systemare sel ected

WD 96/ 38997 PCT/ GB96/ 01280 _

- 29 - to identify a nobile tel ephone in that special area, in

. which the nobile tel ephone is arranged to neasure the downl i nk
“strength of si WaA688Fom the two or nore sel ected bas e PSTGBIINE, g
- communi cate the signal strengths to the 5 first base station for
~onward transm ssion to the central controller. 8. A nobile
t el ephone for a digital cellular tel ephone 5/5 network according to any
one of clainms 1 to 7, including means for continuously periodically
measuring the strength 10 of downlink signals received froma first base
station and the strengths of downlink signal ei ved from a nunber
of selected other base stations, and neans transmtting
these measurenents to the first esStation, -mbi | e

t el ephone according to claimS8, :
arranged to neasure the s
surroupndi ng base stationg

15

Gt
. or,

(T
L1
.
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whi ch the neasuring nmeans is arranged to nmeasure the

downlink signals

from the immediately surroundl ng bummm“ll ulm““l

operating at different carrier frequenci es. 11. A nbbite"

.t el ephone according to any one of clains 8 to 10, in which the

. measuring neans is arranged to neasure WO 96/ 38997

PCT/ GB96/ 01280 wo 96/38997 -31- ' PCT/GB96/01280

AVENDED CLAI M5

[recei ved by the |+dlernational Bureau on 6

Decenber 1996(06. 12. 96); : or| |naI clainms 1-13. replaced by
anended clains 1-11(4 pages)] overs enent for

a sdigital cellular ”ﬁgﬁ[ﬁ'ﬁg’“@?‘w gg! ;s %A cont rol | er
and a nunber of nDbﬂF@m? o) l'ch each one is

arranged 5 to

continually neasure and transmt downlink signa

strength of a first base station and downlink signal strength
measur ements of a nunBer ok chanﬂowgm eorcdn@qmﬁnt for staﬂishsaleunhllnlar

whi ch these signals ar

entral. controller whic

ot ot ee T ot [ EeaRaRens) “et"’P‘ﬁFt*?%‘fié'? 8 R e FOREE ST isE aBA) & Mumber

t el ephone fromthe

whenever this

of moﬂ*f% oﬁ&ét ':B{' 1 cRNeL & rtéi%%ﬁcﬁ&aié Oﬁganged

I’atIO OW& etermned v

equal s t he dowgbi naorswmngt rﬁashliu:é)f dnde trdmdmitnsdcwhainhen sihal

10

15

20

25

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
initiates a handover of the mobile telephone from the
first base station to another base station whenever this
ratio falls below a predetermined value, where C equals
the downlink signal strength of the first base station and
I is a summation of the downlink signal strengths of the

other base stations.

2. A handover arrangement for a digital cellular
telephone network having a central controller and a number
of mobile telephones, 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
initiates a handover of the mobile telephone from the
first base station to another base station whenever this

ratio falls below a predetermined value provided the C/I

AMENDED SHEET (ARTICLE 19)



| is a summation of the downlink signal strengths of the “l“ﬂ I“j“‘ﬁ'ﬂj”“‘
stations. 2. A handover arrangenent for ﬂJ

t el ephone network having a central controller and a nunber fobi'l e

t el ephones, in which each tel ephone is arranged to contlnually
measure and tr aggeidsesown! i nk signal 20 strength of a firsPCHEH01280

station and downl i1 nk signal strength neasurenents of a nunber of

ot her sel ected base stations, and in which these signals are passed

to the central controller which determngs a C/1 ratio and

initiates a handover of the nobile tel ephone fromthe 25 first base.

stafion to another basgsgf at#en V‘EﬂQeVQi:héP' Spase stheéid® 2kl sabeve@w @ne

predeterntned val ue provided the C WO 96/ 38997

PCT/ GB96/ 01280 predeterm:.ned value , where C equ&ls the downlimit isdgheal

t he. ot her base station is above redeterntned val ue, .where C

Equals t he downl i nk s¥¥ffRgth ot P°te§F?%%gR?PqﬂVeﬁbFéﬁgFﬁl b3se Ao PRS: T
ase station and | ti o] r e

ot her c esuh@agxéH”WE e %wtr&ﬁgﬁ w&khﬂﬁ'ﬁﬁé spoLhHs Q:ftnEQ

cF a
sel ect €d” bas I ons over arrangemnent

according to clagm 1 g&)ebtdd base stativhg.ch the downlink strengths are
nmeasured on control

3. A handover arrangement according to claim 1 or 2, in
which the downlink strengths are measured on control

channels of the network.

4. A handover arrangement according to claim 2 or 3, in
10 which the selected base stations comprise the base
stations which are the nearest other base stations in the

network having the same traffic channel frequency.

5. A handover arrangement according to claim 2 or 3, in
which the selected base stations are preselected other
15 base stations geographically associated with the potential

handover target base station.

6. A handover arrangement according to any one of claims
1 to 5, in which the downlink strengths of the base
stations are modified before being summated by selected
20 quotients or scaling factors relating to previous

calculations or measurements of the network.

7. A handover arrangement according to any one of claims

o w ‘;Eﬂl to 6, in which the first base station is arranged to

[REPLACEMENT 3H
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Claim2 or 3 in 10 which the selecied base ot ?ﬁfﬂllfﬂﬂmﬁllﬂﬂlml N

t he base stations which are the nearest other base stati‘ons
network having the same traffic channel frequency. 5. A
handover arrangggrghsesecording to claim2 or 3, in WhipCi/GBh601280
sel ected base stations are presel ected ot her 15 base stations
geograbhically associated with the potenti al handover target base
station. 6. A handover arrangenent_,according to any one of

cl ai ns, 1 to 5, in which the downlink g?rengths of the base
stations are modifi eddielonCohelidh HUIRLELIY RhREkoEna tuc’ Qe noHe! bEMk:s
or scaling factors relating to previous cal cul ations or

nmeasurenents of the nemotelly located base gtatioririsothe systugearenselected

according to any one of clains to 6, in which the first base station is
arranged to “to 1den@1§3/3899pi1e telephone in that special area, in

PCT/ GB96/ 01280 .
serve a special area"SAPhdMfe IR LnPIREBE i o fﬁﬁﬂﬁgd to measure the

5 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.

8. A mobile telephone for a digital cellular telephone
10 network according to any one of claims 1 to 7, including
means for continuously periodically measuring the strength
of downlink signals received from a first base station and
the strengths of downlink signals received from a number
of other base stations, and means for transmitting these

15 measurements to the first base station.

9. A mobile telephone according to claim 8, in which the
measuring means is arranged to measure the strength of
downlink  signals from the surrounding base stations

operating at the same carrier frequency.

20 10. A mobile telephone according to claim 8 or 9, in
which the measuring means is arranged to measure the
strength of downlink signals from the immediately
surrounding base stations operating at different carrier

. frequencies.
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renotely | ocated base stations in the systemare sel ected l"l“"uul H """
identify a nobile tel ephone in that special area, in
nobi | e tel ephone is arranged to neasure the 5 downl i nk strength of
" signals fromthe two or nore sel ected base stations and
comuni cat e t hqyepégiyagdy Strengths to the first.basecPcl/aBIsON28POr
onward transm ssion to the central controller. 8.
A mobil e tel ephone for a digital cellular tel ephone 10 net wor k
according to any one of clainms 1 to 7, includlsg ‘ means for
continuously periodically measuring the streng of downl i nk

I df f th t hs _of
doonii nk Si gnals recbbyed %ﬁ%sﬁaiﬁépéne §Soraing §p BPYRFhALe THIFORS
and means for ”ansnl:&tigdqgikkk@t?ﬁcq the ur{ﬁ@%&é&ﬁgeﬁ Sax&%nb&ﬂ Ebrn?éaé?&'ée

st«at i on. ete ep one according to clfaim 8,

~which the théBiTehghl OFAmN1ink &BgYErs TfQoﬁﬁﬁél&atdd‘lewstdiﬁﬂ@&b
of downl i nk signals fromthe surroundi ng base stations
operating at the sangeegwaphdcally¥quemelely positioped base statiopsie
t el ephone according to claim8 or 9, in whi ch the measuring
nmeans i s arranged to neasure the strength of. downlink signals
fromthe inmediately surroundi ng base stations operating at

different carrier frequencies.
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WO 9& 38997 PCT/ GB96/ 01280 G 97054282
- 34- 11. A nobile tel ephone according to any one of clains &g j
to 10, in which the nmeasuring neans is arranged to nmeasure t W,
strength of downlink signals fromselected two or nore dm

eogr aphi cal | [ enot el ositi oned base stations.
geograp y P&pr y P wonmmmmgruumommommmnou
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(57) Abstract

A digital cellular telephone network is provided with mobile telephone handover arrangements in which a mobile telephone supplies
signals relating to the stengths of downlink signals. The signals are the signals from a fixst base station, with which the telephone is
communicating, as well as downlink signals from other selected base stations in the network. Based on this information a central controller
calculates a carrier-to-interference ratio C/I and determines when and to which other base station the mobile telephone should be banded
over to.




