MOBI: LE RiDI O HANDOVER | NI TI ATI ON DEE%EM@AT@@\\@ji s invention relates to
handover; determi nati on between cells in a cel lular radi &hi t f @
comuni cations to and froma nobile unit. I£ is inportant '
between cells in a cellfilar radio network is conducted a d -
reliably. In m xed cell environnments conprising macrocells and overlying
m crocells, the usability of an established comruni cati on channel with a
base station coweBPEr bRADIOOIARDOVER INETERTEONCDETERUENATAON ar as

mai ntaining signal quality and the limtation of the effects of

interference are concerned, it is .
This invention relates to handover determination

between cells in a cellular radio system handling

communications to and from a nmobile unit.

It is important that handover between cells in a

- cellular radio network is conducted appropriately and
reliably. In nmixed cell environments comprising

ls, the usability of
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an established communhication channel with a base
station could be both noise and interference limited.
As far as maintaining signal quality and the limitation

of the effects of interference are concerned, it is
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possible to use dynamic channel assignment in all

cells. -However, tec afford an appropriate level of

reliability for a nobile unit on the move it is

riecessary to te able to perform intercell handover both
i

reliably and at the appropriate time.

In a cellular radio system comprising both
macrocells and overlying smaller nicrocells, a call to
or Zrom a mobile unit within the operating area of the
system is handled by a base station for each cell.
Whereas, a macrocell may be cf a size covering a number
of streets and extending for 1 or 2 kilometres in all
directions, 2 microcell will often be about 200 to 500

metres long and mav only extend linearly along a
street, within the coverage area of a macrocell.
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possible to use dynam c¢ channel assignnent in all cells.
affqrd an appropriate level of reliability for a nobilej
it is necessary to be able to performintercell handover'
at the appropriate tinme. In a ceIIuIar radi o system conprising b‘;
macrocel I s and overly| % shal | mcrocells, a.call tq or froma mobi | e
g

unit- within the operatt eﬁIE'é’Vcﬁr t FRCESR R erh iE HATRI 3 a bé“?é:r?cc(ﬂlllon
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will often be abou
worthwhlle effecting a handover of a mobile unit from a

macrocell to a micrccell as the latter is approached or

between adjacent micrccelis. It may be that the mobile

unit is going to enter the candidate microcell for a
significant period. in which case a handover is
benerficial, cr relatively momentarily as the candidate

microcell is crossed.

According to the present invention there is
srovided a handover determination system for é mobile
radio networi comprising a plurality of cells, each
having associated. with it -a base station for supportiné
communicaticns with a nobile unit, the system

comprising:

(a) nmeans for =monitoring a quality of a signal
respectively transmitfed ktetween each of a plurality of

candidate case staticns and the mobile unit;

(b) means Zor precducing an indicaticon of the rise

(c) cecntrzl means for :nitiating a handover from a
serving base station, supporting communications with
the mobile unit to anocther base station, on the basis
of the risesfall in the said quality of the signals
associated with the plurality of candidate Dbase

-

stations being monitcred

L
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netres |l ong and may only extend linearly along a street,

coverage area of a macrocell. 2 The handqver bet vveen a Hﬁi Mlﬂm
i ' i considerations. It is

macrocell is subject to special
systemto be able to determ ne whether it is morthmhile effectlng a

handover of a nobile ppklsdroEna, ”BGE}PQEHoEQFé muG{P@e|éo1§
bet ween adjacent microcells. It may be that t

approached or

monitoring neans and the producing means, the mobile
unit further comprising signalling means for addressing
the serving tase station with an indication of the need
for a handover to ke initiated. The signalling means
may ke arranged tc a2ddress the serving base station
with an indication of the level of priority of a
handover and/or with an indication of the possibility
of a handover ccntingent upon the proceeding results of
monitoring ihe qualility of the transmitted signal.

- . . . I .
The monitored signal i3 transmitted

from each nobile unit to the base station

The monitored signal may be the received signal
power. However, in digital communications systems the
bit error ratio can be used.

Preferably, the control nmeans are arranged to
instruct the nmonitering means to monitor a set of
signals, each signal being distinctive of one of the
corresponding set of base stations, the composition of
the set being defined in accordance with the identity
of the serving kase station. In particular, each
signal in the set of signals may distinguish a
respective kase station by the fregquency of the signal.

In one particular form of the invention, the
indication producing mneans include a guality
decrement,/ increment estimator which is arranged to
determine the rise or fall in the quality from the
calculation cf the running average of the indications.
There may also be prcvided means for storing templates
of changes :in signal guality and/or rates of change
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unit-is going to enter the candidate mcrocell for a si grhthSh&aHiSBeMdm

i n which case a handover is beneficial, or relatively no
candi date mcrocel |l is crossed. According to the present

provided a handover determ nation systemfor a nobile rad
conprising a plurality of cells, each having associated with it a base

station for SUpﬁﬁéTrkeﬂﬁ: Co-m@ntsatrsns-x%h& ar®biteandged, _bheirﬁmsitaaia a

conprising: (a) ns for moni t.ori,n qyallt of & si,gnal_ respectivel
Cransmitted bet MBBROYSH BFReT Bt sgﬁ%y {2119 b UV edSGR 4N

a substantial natch between the incoming signal and a

template.

The invention also =xtends %to a handover
determination method <for a wmobile radio network
comprising a clurality of cells, each having associated
with it a base station ZIor supporting communications

with a mobiie unit, the method comprising:

(a) monitoring a gquality of a signal respectively
transmitted =zetween each of a plurality of candidate

base stations and the mobile unit; _

(b) rrcducing an indication of the rise or fall in

the said qualitvy:; and

{c) initiating a nandover Ifrom a serving base
station supporting communication with the mobile unit,
to another zase station on the pkasis of the rise/fall
in the said guality of *he signal associated with the

plurality of candidate base staticns being monitored.

- Furthernore, the invention also ekxtends to a
mobile unit Zor.-a mobile raaio system, the mobile unit
comprising zneans for receiving a plurality of signals
each respectively transmitted by one of a set of
candidate rase stations; mneans rfor monitoring a quality
o2f the signal: means for »roducing an indication of the
rise or £all in the said gquality; and signalling means
for transmitting to a serving base station supporting
communicaticn with the mopile unit, a signai indicating

P s



candidate base stations and the nobile unit; (b) nmeans for g%g Yo med

indjcation of the rise or fall in the said quality; and (

for initiating a handover froma serving base station,

communi cations with the nobile unit to another base statlo

of the rise/fall in the said quality of the signals aSSOCIated mnth t he
plurality of cadifled® cbase RhAtbo8s Bel A9 JIMAildatRd pase station on

the basis of the rises/fall in the said quality of the
signals associated with the plurality of candidate base

stations being monitored.

The.rise or Zall in the guality being monitored may be
interpreted to derive an indication of the need for a
handover based on the likelihood of the serving base
) station and each or the candidate base stations being
able to support communication, preferably for a
supstantiai duration which would make handover

worthwhile.

The invention can be put into practice in variocus ways,
"one of which will now be described by way of example
with reference to the accecmpanying drawings in which:

Flgure 1 is a 2lock diagram of an intelligent
mobile unit for use in the invention; and

Ffigure I is a zlock diagram of a speed estimator

for use in the invention.

The embodiment of the invention includes an
intelligent =mobile unit which is able to monitor
intensively <the strength of signals transmitted from
adjacent microcell base stations in addition to a
serving micrccell cr nacrocell base station. If the
serving cell is a =icroccell which has a boundary in
common with a parent nacrocell, the adjacent macrocell
base station s alsc monitored by the mobile unit.



Preferably, the nobile wunit conprises the nnnitoringé“egyssf“fi
praduci ng neans, the nobile unit further conprising signdrrigg il
addressing the serving base station with angindication of =t h ;L
handover to be initiated. The signalling neans nay be arranged to addres

t he serving base station with an indication of the Ievel of priority of a
handover and/or witheafk i NGt 09n0f, £ NE1BRSST Bl | ¥ s@fs FndREIWL! the
contingent upon the pr.oceeding results of nonitoring the quality of ghe
transm tted sighaF1a&dPintidycotftdt TWeif¥ni Bofed T&CGHYED ROYETNSNeE ed —
from each nobil erumit t erkbe haseist abifona signal transmitted between

each target mnicrocell and possibly an adjacent
macrocell, which are candidates for a handover, and the
mobile unit which is served by a currently serving

microcell or nacroceil. -

Referring to Figure 1 the intelligent mobile unit
is used to =zonitor the signals received £from. the
serving and target base stations as well as to transmit

handover initiation commands.

The transmitted signals are relayed from a
transmitter ‘the base stafion) to the receiver (mobile
unit) radio frequency front end 50 to be processed by a

pair of receiving circuits.

On the one hand, the received signal is passed
from the radio freqﬁéncy front-end 50 to a receiver
unit 352 arranged to derive the control channel
information Zrom the incoming signal transmitted from
the serving kase station. The basic information is
then applied to a contreol channel information processor
54. The processor 54 demodulates and decodes the
control channel information ZIor use by a central
processing unit 36. The processed information is then
used by =the central processing dnit 56 in the handover

determinatizn. This is described below.

On the other hand, the received signal from each
of the serving and target base stations is also relayed
from the radio frequency front end 30 to a signal



The monitored signal nmay be the received signal power. : H N \
comnuni cations systens the bit error ratio can be used. Pr '
contiol “means are arranged to instruct the fonitoring nean

set of signals, each signal being distinctive of one of the correspondlng

set of base stations, the conposition of the set being defined in

accordance Wt hﬂbﬁ%dt@d@di y2Ritt s SQRYCRY HASPigéat i0NmeashPeRdhtl CHEar,

each signal in the set of ngnaIs dIS% uish a resp Ectlve bage station

by the frequencyidfetheTet4hal - I eUPakrt i- IEﬁVfBFn1o OF hEXPRPSRri Fh,

t he received signal strength indication or bit error rate
counter.

A running average is then determined of the
indication or count by a running averager 60. The
averaging serves to smooth out transients. A
determination of the trend in the signal quality is
then derived by an increment/decrement estimator 62
frcm the averaged signal. The averaged signal is also
used by a speed estimator 64 to provide an estimation

of the absolute speed of the mobile unit.

The information from the control channel
information processor, the increment/decrement
estimater and the =peed estimator is sent to the
zentral processing unit 36. The central processing
unit ﬁses <he contrcl channel information downloaded
from the serving base station to determine the
monitoring algorithm to bpe adopted according to the
<wype and location of the cells in and around which the

nobile unit is located.

The trend in signal quality, the speed estimation,
a look-up” table 68 of signal guality templates and the
control channel infermation downloaded from the base
station, are used to determine whether a handover is
zppropriate and, i1f so, whether it should be on an

intracell or an intercell basis.
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i ndi cation producing neans include a quality decrenenthi pgt ene stimt o
which is arranged to determne the rise or fall in the ugfl% Eeickins Been Replaced
cal cul ati on of the running average of the iadications. hez] ﬁ H,
provi ded neans for storing tenplates of changes in signal

rates of change thereof, the ccntrol neans are arranged to initiate a
handover based at. | eZ&te p&anwrRy oRrORe $Eddthi bkt of> @ tP®BLaMial amtch

bet ween the incepe@ghendpalsyrifesfiser 70 associated with the radio
frequency front end to scan .the channel set of

frequencies used by the serving and target base
stations in order to perform signal level measurements,
and to control <=he ctransmissicn and reception of

signals. -

The processing unit also controls the operation of
a transmitter 72 arranged tc transmit handover
initiation inrformaticn <via cthe radio rrequency front

end 50, to the serving base station.

Zach base station in a cellular radio system
according to the invention transmits a signal
identifying the base station specifically. Each time
the mobile unit is handed over ZIrom, sav., a macrocell
to a nmicrocell or between microcells, a new set of
—arrier frequencies to be ronitored and a new algorithm
for addressing adjacent candidate base stations, in
order zhat their signal levels can be monitored is
downloaded Zrom the newly appointed serving base
station. Each algorithm sets out the frequencies to be
monitored and the look-up table of signal level
increment/decrement gradient templates. Each template
is associated with a mobile unit moving at a particular
speed towards or away from the various nonitored base

stations.

As will be shown below, 1in many cases the
detection of a rise or £fall in signal power level
received from a particular base station is sufficient
on wWhich to base a handover decision in conjunction



tenplate. The invention also extends to a handover de emmgtl}QQBee [ﬁ

for a nobile radio network conprising a plurality of c¢el

associated with it a base' station for supporting co m mﬂ uﬂl

nobile unit, the nmethod conprising: (a) nonitoring a qual

respectively transmtted between each of a plurality of candi dat e base

stations and thg; ¢¥pbi-khe unkﬁveﬁ@iaﬁapd@ﬁ&ﬂ@ | Rdceahifingl K&RabL &L, O

fall in the said quaIJHY _|n|t|a{éng a hgndover froma serV|ng base
i.e. al _ev 1l 'thresholds “and hysteresis, the lat

causing a delay arter the threshold is passed to ensure

that the change in signal level is not simply a
momentary phenomenon. However, there are also
situations in which it 1s necessary to know the rate of
change of signai levels in relation to the speed of the
mobile unit in order =o determine whether a handover is

appropriate or not.

In our co-penaing 3ritisn Patent Applicatidn No.
9016341.1 filed on 25th July 1990, there is described a
speed estimator which can be adapted to provide'an
assessment Or the speed or a mobile unit in a cellular
radio system based on filtered received signals. As
also ‘described in that application, -the speed estimator
can be_édapted to provide an increment/decrement
indication from the running average of vehicle speed.

Such a speed estimatcr is shown in Figure 2. It
consists oOrf a received signal strength indicator
circuiz 10 which <cutguts a voltage level signal
proportional to the received signal power to an
analcgue~to-digital convertor 12 (ADC). The sampling
rate of the ADC 12 is determined by the averaging
windeow duraticn to the 2ighest required speed. The
highest speed to ke deternmined is 40 m/s and as 100
sampies are required to determine a running average, a
sampiing ratsa of l1.T7XKHz is required (i.e. 100 samples
rounded sampling rate of 2KkHz may be

)
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station supporting comrunication with the nobile unit, J{lﬁﬁsﬂb&S

associated with the plurality of candi date,base stations b

station on the basis of the rise/fall in the said quallty ﬂ“ ﬂrm
0

Furt her nore,

the invention also extends To a nobile unit f

radio system the nobile unit conprising nmeans for receiving a plurali
signal s each respectinVvel gy td apsmhked by -ane HfeA = ..10{-_ neangdabe fase

stations; neans for nonitoring a quallty of the S|g neans for. produci ng
t

an indication 6fdt k& AR a9 3 PURESTH FBEF
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for transm tti BEmcd s BRGVIiNGe PaAGEngt aihQBssupporid Ngo each with an

averaging window cf a different duration (1, nl, n2,
n3, etc.). The output from each of the averaging
windows  i1s input via an average-ourifer 26 into a
variance calculator 238 berfore being fed to speed

decision logic 30.

The averaging unit 14 with a window orf 1 sample is
equivalent t:c the iInstantaneous silignal level. A
running average can ke calculated at each clock cycle
where a new sample value is fed in parallel to all the
averaging units 14 <o 22. The estimator will not be
operational until all the averaging units and the
purfers 26 are filled with samples. Thus, the time
delay'for the system to be operational is_equivalent to
the size of the largest averaging window (n3) plus the
average-purfesr-size. The size orf the buffer 26 is
usually small, eg 10 samples. Thus, the majority of
the time delav is taken up with £filling the largest
averagihg anit n3d. For instance, 1f the largest
averaging unit n3 is for averaging over 2 seconds, then

-

the system will have a time delay of approximately 2

seconds plus 2 short time to load the buffer 26.

This speed =stimatcr can be implemented in
hardware and.cor sorftware and the number of speeds can
be estimated tv impiementing a multiple number of basic

speed detecticn modules.
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comrini cation with the nobile unit, a signal indicati gml‘SS ChadB ljcad a
handover to a candi date base station on the basis of heﬂ # m he
said quality of the signals associated withlthe plurafit base
stations being nonitored. The.rise or fall in the quality being nonitored
may be interpreted to derive an indication of the need for a handover based

on the likelihood of TR dacremgntddecrement heading estimator is an
extension of “he speed estimator. The values stored in

the average-puffers could be easily manipulated by
software to return either a majority logic vote for the
underlying trend or the slope of the running average.

The =nobile unit 1is able to base a handover
decision on an assessment of mobile unit received
signal power level indications from 2 or more adjacent
candidate base stations. Alternatively, the mobile
uqit may be arranged to alert the current serving base
station of the desirability of a handover. It will be
a;;preciated by the skilled person that any suitable
assessment ©f signal guality could be used in place of
or in combination with received signal levels. As one
example, the bit errér ratio could be used when a

. digital "information signal is transmitted by the base
stations. As another example signal delay testing
timiﬁg advance) can be used to determine the distance
of the mobile unit from a base station. Whatever
assessment is adopted, the result is used in a
determination of the mobile unit heading relative to

2ach of the candidate base stations.

When +he mobile unit is monitoring signals
cransmitfed Irom candidate base stations, various
scenarios for 2 given serving base station will be used

- -0 determine the appropriateness of handover. These
scenarios will form a set of condition templates, the
constituents of which will be specific to a particular
serving base staticn. However, there are various
predictable scenarios which can be defined in general

terms :
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station and each of the candi date base stations belng able to support'
preferably for a substanti al duratlonTmmﬁwhfhn&de

comruni cati on,
handover  wort hwhi | e.

ways, one of which will now be described by way of exa
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The invention can be put into practq
ck diagr

to the acconpanying drawings in which: Figure 1 is a blo

intelligent nobile unit for use in the invention; and Figure 2 is a bIock

di agram of a speed esE|mﬂ5N fQ6bH§S LRithe é'Bé%ﬁéd”byTQemlégggghEE@hdﬁ

the invention includes
the 51gnaL levels from both the serving microcell

base station and candidate microcell base station
are decreasing as indicated by the
increment/decrement =stimator this implies that
the mobile unit is leaving-the serving microcell
via a side road and handover from the serving
microcell to the parent macrocell should be

initiated straight awavy.

2, By cecntrast, if a mobile unit is served by the
macrocell and the mobile unit detects the signal
ievels Irom 2.adjacent nicrocell base stations
(established, for example, in line along the same
street) are increasing simultgneously, this
indicates that the mopile unit is approaching an
area served by microcells. In this situation a
handover operation nay ovotentially be required.
However, only a standby flag is set to warn the
system :iIncluding the current serving and the
“arget tase staticns or to raise +the priority of
access Zor the nobile unit to the microcell
system. o handover execution is effected until

further information is obtained.

2. After the above warning flag has been set, if
the sianal levels monitored by the mobile unit
change Zrom koth increasing to one increasing
while the other is decreasing at a pre-defined
rate, this impiies that +the mobile unit is within
the service area of one -of the microcells.

Handover from the serving macrocell to the

I’ICE



intelligent mobile unit which is able to nonitor | Nt engliouRley HisBRent ﬁ@gt

of signals transmtted fron1adjacent m crocel |l base stati
to a serving mcrocell - macrocel | base stigtion. | f thgu
a mcrocell which has a boundary in conmon with a parent

adj acent macrocell base station is also nonitored by the nobile unlt
The invention utilisebcrageblséssiBAch ghe mobidre dtnbh 18 adjndgedusbity,

e.g. received power lgyel : &, as :dentified by the increasing signal
level, should be executed immediately. The
success of the handover will only depend on the
availability of a channel in the microcell base

-

station.

4. When a mobile unit is travelling within the
area served b»py the microcell, the previous
scenario also serves as a ccnfirmation that the
mobile unit remains within it and that the
handover to the microcell was appropriate.

3. If when the nobile unit is served by the
nicrocell, it fails to locate another microcell
~ Dbhase station with increasing signal levels, then a
handover to a macrocell nust be initiated. This
will occur when a mobile unit has entered the
outer cell orf a microcell sub-network and is about
to exit from it. The outer cell is typically
constituted by the last nicrocell in a street.

3. However, when the mobile unit is in a macrocell
and the signal level from microcell base station
is on the increase, this indicates that the mobile
unit is approaching chat aicrocell. In this
situation a handover from the macrocell to the
candidate micreocell should be initiated. It must
ne noted that in this situation the rate of
increase in relation tc the vehicle speed must
also ke assessed. This is to distinguish proper
entry into a microcell from a situation where the
mobile unit is merely crossing the candidate



or bit error ratio, of a signal transmtted between each tamgskamhsB@nEhimxd

and possi bly an adj acent nacrocell, which are candi datesfor I,
and the nobile unit which is served by a cugkently serving l
macrocel | . Referring to Figure 1 the intelligent nobile uni use o}
nonitor the signals received from the serving and target base stations as
well. as to transmt handewdielilni tiali ohL 0rRBEAS s TiRctdA0e Thbtad el Nad S
are relayed froma tragsmtter (the base station) to the receiver (nmobile
unit) radio frequencySPRFReendBH t 5°Fe proddssEfPpfsgnted by normal .
approach, a delav factor should be built-in before

initiating the handover. This will allow handover
only if the signal level continues to increase

during the delay, indicating that the mobile unit

has turned into the microcell rather than

subsequently crossed it.

7. For a 3 =microcell merging situation if the
sighal levels ¢f 2 naicrocell base stations are
decreasing and the third one if increasing, this
implies <*that +the nobile unit is leaving the
microcell sub-network extending along one road and
is likeiy to 3join the microcell sub-network
extending along a branching or parallel road.

The inmplementation orf the vroposed handover
processing =echniques regquires an intelligent mobile
radio receiver which has the capabilities of processing
running averages and of nonitoring the signal level
variations. In addition it must also be able to store
all the pre-defined handover condition templates and
the information downloaded from a base station after
handover has been =2sffected, and the information
containing instructions on the nmonitoring carrier
frequencies Ior adjacent candidate base stations which
are to be monitored while the mobile unit is in that

serving cell.
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pai r of rece|V|ng t ‘On the one hand, the received Signal is pa

from the radio frmag " mmy 50 to a receiver umml§5heéZ]a§i}§é‘eﬁ.ﬁ

derive the control ion frygm the incomn HMH}M t ed
[

fromthe serving base stati on *The basic information i

control channel information processor 54. The process

and decodes thecomrol channel information for use by a central proceSS|ng
unit 56. The processed information is then used by the central - processing

unit 56 in the handover determ nation. This is described bel ow.
1 A handover determination system for a mobile radio

network comprising a plurality of cells, each having
associated with it =2 base station for supporting
communications with a aobile unit, the system

comprising:

means (14,16,18,20) for monitoring a quality of a
signal respectively transmitted between each of a
plurality of candidate base stations and the

mobile unit;

means (30) for producing an indication of the rise
or fall in the said quality; and '
coﬂirol'means-(ss) for initiating a handover from
a serving base station, supporting communications
with the mobile unit, <o another base station, the
initiation being based on the rise/fall in the
said quaiity of the signals assocliated with the
plurality of candidate base stations being

monitored.

2. A system as claimed in <laim 1, in which the
mopiile unit comprises che noniteoring means and the
crecducing means, the mnobile unit further comprising
signalling means (50) for addressing the serving base
station with an indicaticon of =he need for a handover

~o be initiated.



On the ot her hand, ignal from each of theThieshet Bﬂﬂkt'-gbt
base stations is au ﬁﬁm laﬂft he radi o frequency -fil ' :
si gnal 7 measur " ch provbdes a neasurern '

quality. The unit 58 may be, for exanple, a received sighaI'Strqngth
I ndi-cation or bit error rate counter. A running average is then determ ned
of the 3.. A system as claimed in claim 2, in which the

signalling Heans are arranged to address the serving

base station with an indication of the level of

- . N

priority of a handover and/or with an indication of the
possibility of a handover contingent upon the
preoceeding results oI &onitoring the guality of cthe

transmitted signal. _

4. A system as claimed in any orf claims 1 to 3, in
which the monitcred signal is transmitted from each

mobiie unit to the base station.

5. A system as claimed in any of claims 1 to 4, in
which the mnonitored quality of the signal is the
received signal power or the bit error ratio.

5. A "system as claimed in any of claims 1l to 5, in
which -the contrcl neans are arranged to instruct the
monitoring nmeans tTo monitor a set of signals, each
signal being distinctive of one of a corresponding set
or :andidate-base stations, the composition of the set
of candidate kase stations being defined in accordance
i Th

1e identity of the serving base station.

7. A system as claimed in claim 6, in which each
signal in the set orf signals distinguishes a respective

pase station kv the Irequency <f the signal.

3. A system as claimed in any of claims 1 to 7, in
which the indication rroducing means include a quality
decremenf/increment estimator ‘52) which is arranged to
determine the rise or fall In the gquality from the

calculation of the running average orf the indications.
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indi'cation or count b runni ng averager 60. The avermggme%gsrg&ﬁ Led
smpot h out tranS| iwum lon of the trend in { t B It
is then derived b ” m’m’:remant 5t i mat or 62 mmuma Fedy
signal . The averaged S|gnal i s* al*so used by a speed esti 188 ovi de
an estimation of the absolute speed of the nobile unit. The information -

from the control channel information processor, the increnent/decrenent

estimator and the spged LfebQy 523884 tont ngupearrailzpiﬁgeqsmg anit

56. The centraT roce sing unit uses the control
downl oaded including ﬂgans (68) storing ao %Pangetéﬂgfgggélg

changes in signal quality and/or rates thereof, the
control means being arranged to initiate a handover
pbasea at lLeast partiaily on the recognition of a
substantial match between the incoming signal and a

template.

10. A handover determination method for a mobile radio
network comprising a plurality of cells, each having
as§ociated with it a base station for supporting
communications with a mobile unit, the method

comprising:

- nonitoring a guality of a signal respectively
transmitted between each of a plurality of
candidate base stations and the mobile unit:

producing an indication of the rise or fall in the

said quality: and

initiating a handover from a serving base station,
supporting communication with the mobile unit, to
another base station, the initiation being based
on the rise/fall in the said quality of the signal
associated with cthe plurality of candidate base

stations being nonitored.

11. A nmethod as claimed in claim 10 in which the
monitoring of the said guality and producing the said
indication is conducted by the mobile unit, the method
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fromthe servi ng base station to determ ne the nonitori gsﬁgtgggmehm a}te&bé_\l_J
whi

adopt ed accordi n um i’ﬂﬂulmmlﬂ ' | ocation of the cells
the nmobile unit " rend in signal quality, BMMWE
estimation, a Iook up tablt 68 of signal quality tenplat

channel information downl oaded fromthe base station, are used.to

'deternine.mhethEuranhgminauudSmappd@pgsaiagam&ﬁiéeEMinQMQaBersuatﬂunnd
be on an 'ntraCF%LmOEhgnmbB&géc%bhtb%ikﬁ'an indication of the need for -

a handover to be initiated.

contr ol

12. A method as claimed in claim 11 in which the
mobile unit addresses the onase station with an
indication of the level of priority of a handover
and/or with an indication of the possibility of a
handover contingent upon proceeding results of
monitoring the gquality cf the transmitted signal.

13. A method as claimed in any of claims 10 to 12 in
which the nonitored signal is processed by the mobile

unit. - _
14. A method as claimed in any of claims 10 to 13 in
which the mnonitored quality is the received signal

power or the bit error ratio.

15. A methecd as claimed in any of claims 10 to 14,
including monitoring a set of signals, each signal
being distinctive of one of a corresponding set of
candidate base stations, the composition of the set of
candidate base stations being defined in accordance
with the identity of the serving base station.

16. A method as claimed in claim 15 in which each
signal in the set of signals distinguishes a respective

base station by the carrisr frequency of the signal.

17. A method as claimed in any of claims 10 to 16,
including recognising a set of unigue template
conditions for joining, leaving and/or staying within a
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8 The central pro ntrols a frequenCﬁﬁﬁgmkhesB&mmqm&ﬂi
associated with t mmll““emﬂ front end to scan t
frequenci es used bys serving and target lBase statlo ‘Eﬂ

perform signal |evel neasurenments, and to control the S1on and

reception of signals. The processing unit also controls the operation of a
transmtter 72 SAFERGELL PIFeMsANt REFIGFETITHA RF ofR an%ﬁ%eftﬁﬁﬂ- viB t he

radi o frequencysfigpali quality, the initiation of a4 handover being at
least partially determined on the basis of a
substantial match between an incoming signal and a

template.

18. A mobile unit for a mobile radio system, the
mobile unit comprising wmeans (50) for receiving a

i plurality of signals each respectively transmitted by
one of a set of candidate base stations; means
(14,16,18,20) for aonitoring the quality of the
signal; means (62) for producing an indication of the
rise or fall in the said quality; and signalling means
(50) for transmitting to a serving base station,
supporting communication with the mobile unit, a signal
indicating the need for a handover to a candidate base
station Ton the basis of the rise/fall in the said
quality of the signals associated with the plurality of
candidate base stations being monitored.

19. A mobile unit as claimed in claim 18 in which the
signalling neans are arranged to address the base
" station with an indication of the level of priority of
a hnandover and/or with an indication of the level of
oriority of a handover contingent upon proceeding
results of =onitoring the quality of the transmitted

signal.

20. A nobile unit as claimed in claim 18 or 19 in
which the nonitoring means are arranged to monitor

received signal power or bit error ratio.



., i ae
end 50, to the Serving base station. Each base station iﬁhi@S}ﬁ&'}}aybgﬁ"r*gL(P
syst.em accor di ng ' ' transmts a signal i N TR T
base station specl‘“ﬂk‘“ﬂ“‘WHmti me thez2gobile unit i s]ﬁﬁ&&!@w -mgom
.say, a macrocell te® a¢m'erdcel’l br between nicrocells, a nSWYs@EERk i ier

frequencies to be monitored and a new al gorithm for addressing adjacent

candi dat e base &flati énsiobiile omddr ashatlaimed i gny dBvelaimsini®eto 20

moni tored is downl opdedy fEpm iméﬁuna%@%ﬁeén SehdhRG DATE; akal i on

Each al gorithm sets out the frequencies to be m)nl,tgfgrg an% tﬁz f’pok-yp

tabl e of signal @ ty increment/decrement estimator (62) which is
arranged to determine the rise/fall in the quality from
the calculation of a running average of the
indications.

22. A mobile unit as claimed in anv of claims'ls to 21
including means (68) storing a set of templates of
changes in signal gquality and/or rates thereof, . the
signalling means being at least partially responsive to
a substantial match of a_ template with an incoming
signal for transmitting to the serving base station the

indication of the need for a handover. _
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I ncrement / decrenent gradient tenplates. Each tenplate |sma ed mnth a
mobile unit noving at a particular speed towards or avva m}ﬂn

noni tored base stations. As will be shown =bel ow, |n na

detection of a rise or fall in signal power |evel received

particul ar base station is sufficient on which to base a handover deC|5|on

1n conjunction with the conventional criteria determ ning handover,
ABSTRACT i

MOBILE RADIO HANDOVER INITIATION DETERMINATION

~an intelligent =xopile radio unit Is served by one
of a network of macrccells and microcells. The unit is
arranged to monitor, for example, the signal strength
- or bit error ratioc of signals transmitted from each of
a set of candidate base stations of cells surrounding
the serving base station based on the assessment of a
running average of the rises/fall in signal quality, the
unit is arranged to determine from a look-up table of
stored templates of conditions for handover whether a
handover between base stations and between macro- and
microcells is appropriate.
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i .e. sibnal | evel thresholds and hysteresis, t he Iat

after the threshold is passed to ensure that the cha ge ve
is'not sinply a nmonentary phenonenon. However, there are ns in
which it is necessary to know the rate of change of signal Ievels |n
relation to the speed of the nobile unit in order to determ ne whether a
handover is appropriate or not. n our co-pending British Patent Application
No. 9016341.1 filed on 25th July 1990, there is described a speed estinator
whi ch can be adapted to provide an assessnent of the speed of a nobile unit
in a cellular
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1. 7kHz 15" required Tﬁssﬁ‘eeﬂ—i&@eﬁ koe& p&EFEBCED) A_

2kHz may be appl i ed
fed in parallel to eed det ecti on nodul es
averaging units 14 t an averagi ng w ndow

duration.(1, nl, n2, n3, etc.). The output from each of the averaging

MOBILE RADIO HANDOVER INITIATION DETERMINATION

This invention relates o handover determination
between cells in a cellular radio system handling

communications to and from a mobile unit.

It is ‘important that handover between cells in a

- cellular radio net‘.-:brk. is conducted appropriately and
reliably. In nixed cell environments comprising

ng nicrocells, the usability of
an established communication channel with a base
station could be both noise and interference limited.
As far as maintaining signal guality and the limitation
of the effects of interference are concerned, it is
pgssible to use dynamic channel assignment in all
cells. —However, t‘c afford an appropriate level of
vel;ablll"" for a’ bile unit on -the move it is
ssary to I:a'able to perrorm intercell handover both

e
reliably and at the appropriate time.

in a celiular radio system conprising both

macrocells and overlying smaller microcells, a call fo

or from a mobile unit within the operating area of the

: ' system i's handled by a base station for each cell.
Yhereas, a macrocell may ke cf a size covering a number

of streets and extending for 1 or 2 kilometres in all

" directions, 2 microcell will often be about 200 to 500

metres long and nay only extend linearly along a
street, within the coverage area of a macrocell.
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WS
before being fed to speed c SBIASTRENR eragl L bE%WéﬁEE’f
wi ndow of 1 sanple is equi | NsWGHM aneoys na eve $

cu a |

runni ng average can be cal ach
value is fed in parallel to all the averaging units 14 to
estimator will not be operati onal until all the averaging units and the

buffers 26 are filledwd h saapl I ,gt-t%i e al tem
%ent to t te: Elgée “of’ d‘fargeé?&ave(r}‘gg‘%%g e\?\nj}ﬁdow

to be operational s e UIV
(n3) plus the is sub;ecr: to special considerations. It is important

for the system to te able to determine whether it is

--------------------------

worthwhile effecting a handover of a mobile unit from a
macrocell to a micrcceil as the latter is approached or
between adjacent nicrcceiis. It may be that the mobile
unit is gbing to enter the candidate microcell for a
significant geriod. in which case a handover is
beneficial, or -relatively momentarily as the candidate
microcell is crossed. .

According to the present invention there is
provided a handover determination system for a mobile
radio network ccmprising a plurality of cells, each
having associted.with it-a base station for supportinc-;
communicaticons with a nobile unit, the system

comprising:

- (a) means for =monitoring a quality of a signal
respectively transnitTed between each of a plurality of
candidate base staticns and the mobile unit;

(b) means Zfor preducing an indicaticn of the rise
or fall in the said guality; and

(c) contrcl means for initiating a handover from a
serving base station, supporting communications with
the mobile unit to another base station, on the basis
of the risersfzll in the said quality of the signals
associlate'd with the plurality of candidate base

‘stations being nonitcred

e,



avet.age-buf fer-si ze. 'l‘lug-ﬁ}ﬁetﬂaiﬂeeﬁ)f{e

sanples.  Thus, the 'ﬁﬁzifﬁgﬂfl
t he | ar gest averaging
uni't n3 is for averagi seconds t 3en the system wil

del ay of approximately 3 seconds plus a short time to |load the buffer 26.
This speed estimtor can be inplenmented in hardware and/or software and
t he nunber of speedsP@mﬁé‘a&kYmtebeby"v‘P#ﬁ-lleﬁFremnhE acamry peesukber of

basi ¢ speed detgghi 8BriBEUIfSans and the producing means, the mobile
unit further vuwnrlslng signalling means for addressing
the serving tase station with an indication of the need

for a handover to be initiated. The signalling means

way ke _afranged te z2ddress the serving base station

with an indication of the level of priority of a

_ handover and/or with an indication of the possibility

- of a handover csntingenﬁ upon the proceeding results of
monitoring the quality of the transmitted signal.
Advantagesousliy, the wnonitored signal is <ransmitted

ase station

o

from each nobile unit to the

The monitored signal may be  the received signal
power. However, in digital communications systems the
bit error ratio can be used.

——

Preferably, the control means are arranged to
instruct the xonitecring means to monitor a set of
signals, each signal being distinctive of one of the
corresponding set of base stations, the composition of
the set being defined in accordance with the identity
of the serving kase staction. In particular, each:
éignal in the set of signals may distinguish a
respective base station by the fregquency of the signal.

In one particular form of the invention, the
indication producing neans include a quality
decrement/increment estimator which is arranged to
deternine the rise or fall in the quality from the
calculation orf the running average of the indications.
There may also ke previded means for storing templates
of changes in signal guality and/or rates of change




Thenlncrenent/decrenent X lsion“o TS A
estimator.  The val ues nﬁﬁﬁgﬁﬂ& coul %Eﬁ%ﬁgﬁﬁ §?SﬁEtT

manj pul at ed by softmare a majority |ogicijv te fd

underlying trend or the nnlng average. The % Pia- unrrmrs """"
abl e to base a handover deC|5|on on an assessnent of nobile unit recelved
signal power level indications from2 or nore adjacent candi date base

stations.  Altenexidoml yehet BentpbL| Geanist JfYy derangearesd tinadaite the
current serving,base -
hanaover based at -east partially cn the reccgnition of

a substantial matcn between the incoming signal and a

template.

The 3invention aiso extends to a handover
determination nethod for a mobile radio network
comprising a plurality of cells, each having associated
with it a base station fog supporting ccmmunications
with a mobiie unit, the method comprising:

(a) monitoring a-quality of a signal respectively
transmitted tetween each of a plurality of candidate
base stations and the mobile unit; -

(b) ©rcducing an indication of the vlse or fall in

the sadid cua;z: : and

: (c) inaitiating a handover from a serving base
station supporting communication with the mobile unit,
to another tase station on the basis of the rise/fall
in the said guality of %he signal associated with the
plurality of candidate base staticns being monitored.

- Furthernore, the invention also e%tends to a
Aobile unit ZSor.a mobile raaio system, the mobile unit
comprising =eans for receiving a plurality of signals
each respectively transmitted by one of a set of
candidate rase stations; aeans for monitoring a quality
of the sigﬁal: means for »roducing an indication of the
rise or fall In the said guality: and signalling means
“for transmitting to a serving base station supporting
communicaticn with the nopile unic, a signai indicating



station .of the desirability of a
ski ll.ed person that any suitable
in place of or in conbination w th
the bit.error ratio could be used when a digital
transmtted by the base stations. As another exanple s
(timng advance) can be used to determ ne the distance of the m)bl | e unit
froma base statdyen. .,eeg\hagevgr nandsyerenl ai 8aad98LeE, pade €5t dn b?
used in a determ nation of the rmblle uni.t heading relative to each or the
candi dat e base & jRasis of the rises/fall in the sald quality of the

signals associated with the plurality of candidate base

stations being nmonitored.

The.rise or fall in the quality being monitored may. be
interpreted to derive an indication of the need for a
handover based on the likelihood of the serving base
’ . station and each of the candidate base stations being
able to support communication, preferably for a
substantial duration which would make handover

worthwhile. 3

The invention can be put into practice in various ways,
one of which will now be described by way of example
with reference to the acceompanying drawings in which:

Figure X is a blcck diagram of an intelligent

mopile unit for use in the invention: and
Figure 2 is a zlock diagram of a speed estimator

for use in the invencion.

The embodinent of the invention includes an
intelligent nmobile unit which is able to monitor
intensively <the strangth of signals transmitted from
adjacent microcell base stations in addition to a
serving micrccell cr macrocell base station. If the
serving cell is a =zicrocell which has a boundary in
common with a parent nacrocell, the adjacent macrocell
base _station !{s also monitored by the mobile unit.



When t-he nobile unit is nmonitoring signals transnitted frunaﬂamdwdaug}gggéf’

statjons, various scenarios for a given serving base statlfon will be used
to determnine the appropriateness of handover. These sceh®aiens? \§. M]Vfw a

set of.condition tenplates, the constltuean of whi ch w |'"—Fe=spesi
particul ar serving base station. However? there are various predlctable

scenari os which can be defined in general terns
. The invéntion utilises an &8sessment of  the
variation in signal guality, e.g. received power level _
or bit error raE&o, of a signal transmitted between
each target_nicrocéll and possibly an adjacent
macrocell, which are candidates for a handover, and the
mopbile unit which is served by a currently serving

microcell or nacrocell. : -

Referring 'to Figure 1 the intelligent mobile unit
is used to =onitor the 51anals received £from. the
serving and target base stations as well as to transmit

handover initiation commands.

The transnitted signals'are relayed from a
transmitter ({(the base sfafion) to the receiver (mobile
unit) radio frequency front end 50 to be processed by a

pair of receiving circuits.

. on the one hand, the received signal is passed
from the radio freqﬁéncy front-end 50 to a -receiver
unit 52 arranged to derive the control channel
information srom the incoming signal transmitted from
the serving base station. The basic information is
then applied to a ceontrol channel information processor
54. The processor 54 demodulates and decodes the
control channel information for use by a central
processing unit 36. The processed information is then

used by the central ‘processing unit 56 in the handover
determinaticn. This is described below.

Oon the other hand, the received signal £from each
of the serving and target base stations is also relayed
from the radio frequency front end 30 to a signal



12 1. If ,a mobile unit is served by a microcell and the signalt.levels=from
both the serving mcrocell base station and candi date micrm@.lrb..mm* 4EET .
station are decreasing as indicated by the increnment/decjfenent
this inplies that the nmobile unit is |eavi t he serving rgj'a@éog?l v1a -1
side road and handover fromthe serving mcrocell to th
should be initiated straight away. 2. By contrast, if a nobile unit is

served by the macrocell and tfe.mobile ynit gf‘&@f&éstge #e888rement of

signal quality. The unit 58 nmay be, for example, a
received signali strength indication or bit error rate

counter.

A running average is ‘then determined of the
indication or count by a running averager 60. The
averaging serves. to smooth out transients. A
) determination of the trend in the signal quality is
then derived by an increment/decrement estimator 62
frcm the 'averaged signal. The averaged signal is also
used by a speed estimator 64 to provide an estimation

o:E the absolute speed of the mobile unit.

The infor'aation from the control channel
infornation processor, the increment/decrement
timator and the speed estimator is sent to the

I.‘

(>

s
central processing unit 36. The central processing

uses tha contrcl channel information downloaded

- § -
i d ke pape -8

fron the serving base station to determine the
monitoring alcorithm ts be adopted according to the
type and location of the cells in and around which the

nobile unit is located.

The trend in signal quality, the speed estimation,
a look-up table 68 of signal gquality templates and the
control channel information downloaded from the base
station, are used to deternine whether a handover "is
zsppropriate and, if so, whether it should be on an

"intracell or zn intercell basis.



l evel s from 2 adj acent microcell base stations (establish”ﬁ?ﬁfﬁfﬁﬁ“'hﬁifﬁf:ﬂ

in li.ne along the same street) are increasing sinultaneougl V" {Hi<§ SREET
i ndicates that t'he nobile unit is approaching an area ser ﬁg b ' S.
0% 71 G0PI0% S:

In this.situation a handover operation may potentially be
However, only a standby flag is set to warn the systemincluding the
current serving and the target base stations or to raise the priority of

access for the nobilganidehRHtd e WHid O68ld iy stiemi tNosBandgyair£XgCusi on

is effected until further informati.on is_obtained, . )
frequency synthesiser 70 associated with the radio

frequency front end to scan . the channel set of
frequencies used by the serving and target base
stations in order to perform signal level measurements,

and to control the cransmission and reception of

signals. _ -

The processing unit also controls the operation of
a transmitter 72 arranéed to transmit handover
initiation informaticn <wia the radio rrequency front
end 50, to the serving base station.

Zach base station in a cellular radio system
according to the invention transmits a signal
identifying the base station specifically. Each time
the mobile unit is handed over from, sav, a macrocell
to a nicrocell or between nicrocells, a new set of
carrier fréquencies to ke monitored and a new algorithm
for addressing adjacdent candidate base stations, in
order that their signal levels can be monitored is
downloaded Zrom the newly appointed serving base
station.™ Each algorithm sets out the freguencies to be
nonitored and the look-up table of signal 1level
Jincrement/decrement gradient templates. Each template
is associated with a mobile unit zdving at a particular
speed tcwards or away from the various nonitored base

staticns. -

As will be shown below, in many cases the
detection of a rise or fall in signal power level
received from a particular base station is sufficient
on which to btase a handover decision in conjunction



3. After, the above warning flag has been set, if the sia
nnnltored by the nobile unit change fronlboth I ncreasi ng

whi |l e the ot her

nmobile unit is

fromthe serving macrocell to the mcroéell in which
adj udged to be,

VDI

is decreasing at a pre-defined rate, thi
within the service area of one -of the m

BE'Bh@CE?ﬁ‘éﬁ&s'f’:—ﬁ&

oo S MLRRE -

I.e. as identified by the increasing signal

~with the conventional criteria determining handover,

i.e. signal level thresholds and hysteresis, the latter
causing a delay arter the threshold is passed to ensure
that the change in signal level is not simply a
momentary phenomenon. However, there are also
situations in which it is necessary to know the rate of
change of signal levels in relation to the speed of the
mobile unit in order to determine hhether a handover is

appropriate or not.

. In our co-pending British Patent Application No.
9016341.1 filed on 25th July 1990, there is described a
speed sstimator which can be adapted to provide an
assessment Of the speed of a mobile unit in a cellular
radio system based on filtered received signals. As
aiso described in that application, the speed estimator
can be~€danted to provide an increment/decrement
indication from the running average of vehicle speed.

Such a speed estimator is shown in Figure 2. It

consists of a received signal strength indicator

circuit 10 which outputrs a voltage 1level signal
proportional to the received signal power to an
analcgue-to~digital convertor 12 (ADC). The sampling
rate of the ADC 12 is determined by the -averaging
windew duration to the iighest required speed. The
highest speed to be ae;ermlnea ls 40 nm/s and as 100
samples are required to determine a running average, a
sampling rate of 1.7KkHz is required (i.e. 100 samples

per 50 ns). A rounded sampling rate of 2kHz may be

applieasd.

Fobr e unit

I'S




| evel ,- ., should be executed inmedi ately. The success of tfg_f:"hmdove%—mcl:l:
only depend on the availability of a channel in the mcro Efpk—b'é:@é/‘%‘ﬁaﬁhim |
4. When a nobile unit is travelling within the area sery ?hﬁ

m crocel |, the previous scenario also serves as a conf r‘°r1 T %‘ﬁhe
nmobile  unit remains within it and thatothe handover to the mroro
was appropriate. 5. If when the nobile unit is served by the mcrocell, it
fails to |l ocate another mcrocell base station with increasing signal
levels, then a - In Figure 2, the digictal data from the ADC 12 is

fed in parailel to a number of speed <detection modules -

comprising averaging units 14 to 20 each with an
averaging window of a different duration (1, nl, n2,
n3, etc.). The output from each of the averaging
windows is input via an average-bufifer 26 into a
variance caiculator 28 berfore being fed to speed

decision logic 30.

The averaging unit 14 with a window of 1 sample is
equivalent tc the instantaneous sighal level. A
running average can be calculated at each clock cycle
where a new sanple value is fed in parallel to all the
averaging units 14 <o 22. The estimator will not be
: operational :.:nti'l all the averaging _units and the
purffers 26 2are filled with samples. Thus, the time
delay ‘for the system to be operationai is equivalent to
the size of the largest averaging window (n3) plus the
. average~-burfasr-size. The size or the buffer 26 is
usually small, eg 10_samp1es. Thus, the majority of
the time deizy is taken up with filling the largest
averaging unit n3. For instance, if the largest
averaging uhi: n3 is for averaging over 3 seconds, then
the system will have a time delay of approximately 3
seconds plus 2 short time to load the buffer 26.

P e

This speed estimatcr can be implemented in
hardware and/cr software and the number of speeds can
be estimated ty implementing a multiple number of basic

speed detecticn modules.
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handover. to a macrocell nust be initiated. This will occlr. T Aobte——
unit. has entered the outer cell of a mcrocell sub- netmnrk[:ﬁ ﬂﬁ@iﬂﬁNﬁSHEET

exit fromit. The outer cell is typically constituted by {§§ 1 &2 NDY 886
mcrocell in a street. 6. However, when thg nobile unit is B macr 066k ...
and the signal |evel fron1n1croce|| base sthtion is on the | ncreasSe, th
I ndi cates that the nobile unit is approaching chat mcrocell. In this

e initiated 1t mikepengteiettaisrenent "BepRlPHG T RFERES 4s SBR" ¢
extension of the speed estlwator. The values stored in
the average-pburffers could be easily manipulated by
software to return either a majority logic vote for the
underlying trend or the slope of the running average.

The nobkile unit is able to base a handover
decision on an assessment of mobile unit received
signal power level indications from 2 or more adjacent
candidate base stations. Alternatively, the mobile
unit may be arranged to alert the current serving base
station of the desirability of a handover. It will be
a;-)-preciated by the skilled person that any suitable
assessment o¢f signal quality could be used in place of
or in combination with received signal levels. As one
example, the bit errér ratio could be used when a
digital “information signal is transmitted by the base
stations. As another example signal delay testing
(--mlng advance) can be used to determine the distance
of the mobile unit from a base station. Whatever
assessment is adopted, <the result is used in a
deternminatiocn of the mobile unit heading relative to

each of the candidate base stations.

When the nobile unit is monitoring signals
transmitted Zfrom candidate base stations, various

_ scenarios for a given serving base station will be used

. to determine the appropriateness of handover; These
scenarios will Zform a set of condition templates, the
constituents of which will be specific to a particular
serving base staticen. However, there are various
predictable scenarios which can be defined in general

terms :



increase,in relation to the vehicle speed nust also be @
di stingui sh proper entry into a mcrocell froma situatj

unit is nmerely crossing the candidate - mcrocell. I t he 2;;
increase detected is steeper than the |init, representedjginor approac

a delay factor should be built-in before iYhti ating the Tgover. T1his wll
al I ow handover only if the sianal level continues to increase

. If a nobile unit is served by a microcell and  _
the signai levels from both the serving microcell
base station and candidate microcell base station
are decreasing as 1indicated by the
increment/decrement estimator this implies that
the mobile unit is leaving.the serving @icrocell
via a side road and handover from the serving
microcelil’ to the parent macrocell should be

-
»
-

initiated straight away.

2. By centrast, if a mobile unit is served by the

nacrocell and the nobile unit detects the signal

levels Zrom 2.adjacent microcell base stations
- (established; for e&éhple, in line along the same
street) are increasing simultgheously, this
inidicates that the nobile unit is &pproaching an
area served by micreocells. In this situation a
handover operation nay potentially be required.
However, only a-standbv flag is set to warn the
system including the current serving and the
target &tase staticns or to raise the priority of
access Zor the mobile unit to the mnicrocell
system. !lo handover execution is effected until

- further information is obtained.

3. After the anove warning flag has been set, if
the signal levels aonitored by the mobile unit
change Zron both increasing to one increasing
while the other is decreasing at a pre-defined
rate, this implies that the mnobile unit is within
the service area of one -of the nicrocells.

Handover from the serving macrocell to the

-



during-the delay, indicating that the nobile unit has t

rmmomuzmt BﬁcET '
n1croce|| rat her than subsequently crossed it. 7. Fo
merging situation if the sighal levels of 2.mcrocell b smngt

decreasing and the third one if increasing, this inplies

unit is |leaving the nmicrocell sub-network éxtending along one road and is
likely to join the mcrocell sub-network extending along a branching or

parallel road. The |nplenentat|on of the progosed handover_ processi ng

techni ques requires AGHRGE4} geht “RbPR| she noblle unit 1s adjudged to

be, i.e. as Identified by the increasing signal
level, should be executed immediately. The
success of the handover will only depend on the
availability of a channel inrthe nicrocell base

. station.

4. When a mobile unit is travélling within the
area served by -the microcell, the previous
scenario also serves as a confirmation that the
mobile unit remains within it and that the
handover to the microcell was appropriate.

5. If when the mobile unit is served by the
nicrocell, it fails to locate another microcell
- base station with increasing signal levels, then a
handover to a macrocell must be initiated. This
w11l occur when a mobile unit has entered the
‘outer cell of a microcell sub-network and is about
to exit from it. The outer cell is typically
constituted bv the last nicrocell in a street.

6. However, when the mobile unit is in a macrocell
and the signal ievel from microcell base station
is on the increase, this indicates that the mobile
unit " is approaching that nicrocell. In this
situation a handover from the macrocell to the
- candidate nicreccell should be initiated. It must
be noted that in this situation the rate of
increase in relation to the vehicle speed nust
also ke assessed. This is to distinguish proper
entry into a microcell from a situation where the
mobile unit is merely crossing the candidate




radi o rgceiver which has the capabllltles of processing I un=Rg—avEragEs=—
and, of noni toring the signal level variations. In additj GEALACEENTSHEE D

able'to store all the pre-defined handover conditjon te late825£§“ﬁpﬁﬂs
i nformati on downl oaded from a base station after handovejf DateassFeety......cooc....

effected, and the information containinl4instructions € 1TonT t or T g
carrier frequenC|es for adjacent candi date base stations which are to be

moni t or ed mhlle the mobile unit is in that serving cel
microcell. IZ the rate of ncrease .detected is

steeper <than the linit represented by normal -
approach, a delay factor should be built-in before
initiating the handover. This_will allow handover
only if the signal level continues to increase

during the delay, indicating that the mobile unit
has turned into the nierocell rather than

subseauenclv crossed it.

-

7. For a 3 nicrocell =merging situation if- the
sighal levels cof 2 microcell base stations are
decreasing and the third one if increasing, this
implies <that the mnobile unit is 1leaving the
mlcroce;1 sub-networx extendlng along one road and
. is llkelv to join " the microcell sub-network
extending along a branching or parallel road.

The implementation of the proposed handover

: processing :ecnnluuns requires an intelligent mobile
radio receiver which has the capabilities of proce551ng'
running averages and of nonitoring the signal level
variations. In addition it must also ke able to store
all the pre-defined handover condition templates and
the informatiocn downlcaded from a base station after
handover has been =2ffected, and the inforgation
containing instructions on the monitoring carrier
frequencies Ior adjacent candidate base stations which
are to be =monitored” while the mnobile unit is in that

serving cell
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o s R
respeciively transm'ited Between each of a3plurall t@‘ﬁ‘ee@ﬁa Blalgse
stations and the nobile unit; // /’l//”’lﬂl/'/’/ ’

CLAIMS

e sys*g%....

ofa

1. A handover deternination system for a mobile radio
network comprising a plurality of _cells, each having
associated with it a base station for supporting
communications with a aobile unit, the systenm

comprising:

rieans (14,16,18,20) for monitoring a quality of a
signal respectively transmitted between each of a
plurality of candidate pbase stations and the

mobile unit; .

means (30) for producing an indication of the rise
or f£all in the sai_d quality; and

control seans (56) for initiating a handover from
a serving base station, supporting communications
-with the mobile unit, to another base station, the
initiation being based on the rise/fall in the
said quality of the signals associated with the
plurality of candidate base stations being

monitored.

2. A sirstem as claimed in claim 1, in which the
mobile unit comprises the aonitoring means and the
preducing means, +the nobile unit further comprising
-sig_nalling means (50) for addressing the -serving base
station with an indication of the need for a handover

to be initiated.



means (30) f-er- praduci ng _an i ndi catiJﬁﬁl@ﬁ the YISé—‘?é\f jéaﬁﬁﬂfr‘q‘“i"ﬁé“éssw"rj
quality; and Tontrol means (56) forlliniti#RiAEED handdyjer fropnze NEWr 194389 |

base stati on, m nications Wwth the wobiT @ PRiet.-t.o..anather
H”!H t,mﬂmﬂmﬁe. ng based og the rise/falt—Tn EheS e

base station,
quality of the Si gnal s"associated with the plurali ty of candidate base

stat.ions being nmonitored. 2. A systemas claimed in claiml, I n which
the nobile uni ,.corrnrl§-e§crehe BN ich iyl nﬁan%lamntbe Piadueh DEhMRMHES |
the nobile unit fur&g I’ISII’I%
signalling -1 ans e arranged to address the serving
base station with an indication of the level of
priority of a handover and/or with an indication of the
possibility of a handover contingent upon the
proceeding results of nonitoring the quality of the

transmitted signal. _ _

4. A system as claired in any orf claims 1 to 3, in
which the monitocred signaJ: is transmitted from each
mobilie unit to the base station.

5. A system as claimed in any of claims 1 to 4, in
which the nonitored quality of the signal is the
received signal power or the bit error ratio.

5. . A-system as claimed in any of claims 1l to 5, in
which the control =means are arranged to instruct the
nonitoring means to nonitor a set of .signals, each
signal being distinctive of one of a corresponding set
of candidate base stations, the composition of the set
of candidate kase stations being defined in accordance
with the ident :y of the serving base station.

7. A system as claimed in claim 6, in which each
signal in the set of signals distinguishes a respective
base station by the frequency <f the signal.

8. A system as claimed in any of claims 1 to 7, in
which the indication producing means include a quality
decrement/increment estimator {62) which is arranged to

determine the rise.or fall in the guality from the

calculation of the running average of the indications.

TN



|nd|cat|on .of _the need for a ha'oqﬁﬁgsggf ;
claimed in claim 2, in which tRe'si gmﬂ"’l‘_ e ,.=w-l

Lgﬁdgxe/éyllmmamuﬂmﬂwr"wdlt Eafll onof the‘ﬁogfsl E)Ih|el ltivgl "_Of :

cont i ngent” ugon*t h& p#oceedlng results of nDnltorlng th

Q. A system as claimed in any of claims 1 to 8,

including means (68) storing a set of templates of
changes ‘in signal quality and/or rates thereof, the
control =means being arranged to initiate a handover
basea at ieast partiaily on the recognition of a
substantial match between the incoming signal and a

template.

10. A handover determination method for a mobile radio
network comprising a plurality of cells, each having
associated with it a base station for supporting
communications with a mobile unit, the method

comprising:

- mnmonitoring a gquality of a signal respectively
transmitted betwveen each of a plurality of
~candidate base stations and the mobile unit;

producing an indicatiocn of the rise or fall in the
said quality; and

initiating a handover from a serving base station,
supporting communication with the mobile unit, to
another base station, the initiation being based
on the rise/fall in the said quality of the signal
associated with cthe plurality of candidate base
stations being nonitored.

11. A nethod as clained in claim 10 in which the
monitoring cf the said guality and producing the said
‘indication is conducted by the mobile unit, the method

ThlS Sheet Has Been ||eﬂlaced
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transm{ted srgnat—4.. A systemas clained in anyof cj Qjams ZA(N&V ,335
whi ch the red signal is tran %é%;ftwm@@@éw bi de LI T 0 the-basg
station. meg m i med i anypgpgiad:gﬁslt 4, in which '
nonitored q ”g naI | sithe—ree Jmﬁu sigrnal power or the bit
error ratio. 6. A dysfemtas clained in any of claimse 1 to 5, in which the

control means are arranged to instruct the nDnltorlng neans to nonitor a

set of i gnal s« eache 51 90ah Sl HEHILELIYAE Wi GREEERRIRILAD o

of candi date base $ e "conposi
from the mob11e unl. with an inalcatlon of the need for

a handover to ke initiated.

12. A method as claimed in claim 11 in which the
mobile unit addresses the base station with an
indication of the level of priority of a ﬁandover
and/of with an indication of the possibility of a
hando#er contingent- upon proceeding results of
monitoring the auall‘" cf the transmitted signal.

13, A method as claimed in any of claims 10 to 12 in
which the'monitored signal is processed by the mobile
unit. - | -
14.. A method as claimed in any of claiﬁs 10 to 13 in
which- the nonitored quality is the received signal

power or the bit error ratio.

'15. A method as claimed in any of claims 10 to 14,
including monitoring a set of signals, each signal
being distinctive of one of a corresponding set of
candidate base stations, the composition of the set of
candidate base stations .being defined in accordance
with the identity of the serving base station.

16. A method as claimed in claim 15 in which each
51gnal in the set of signals dlstingulshes a respectlve
base station ky the carrier frequency of the signal.

17. A method as claimed in any of claims 10 to 16,
including recognising a set of unique template
conditions for joining, leaving and/or staying within a

- -

_This Sheet Has Been Re laced




of cand:date base stations—bei Tdé$rne“71
the: serV|nH

each si gnal

decrenentllncrenent esti nat or
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nal . 8. A syt®em as cl ai
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,mﬂﬂlﬁm m,gl gnar-gsg;sts‘:ﬁﬁngw shes a resp t{quge.?‘gs vat
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by t he-frequerfcy Lof st
to 7, in which the indication produ0|ng means include a quality
(62) which is arranged to determne the rise

msl

or fall in thexdjealodel] rcmsedeonalogkaprenavionhefr ubhe ngisedfadd oknt he

i ndi cati ons.

signal qualltj, the initiation of a handover being at
least partlally deternined on the basis of a
substantial aatch between an lncomlng signal and a

template.

18. A mobile unit for a mobile radio system, the
@obile unit comprising means (50) for receiving a
plurality of signals each respectively transmitted by
one of a set of candidate base stations; means
(14,16,18,20) for nmonitoring the quality of the
siénal:fmeans (62) for producing an indication of the
rise or fall in the said quality; and signalling means
(50) for transmitting to a serving base station,
supporting- communication with the mobile unit, a signal
indicating the need for'a handover to a candidate base
station —on the basis orf the rises/fall in the said
guality of the signals associated with the plurality of
candidate base stations being monitored.

19. A mobile unit as claiped in claim 13 in which the
signalling =eans are arranged. to address  the base
station with an indication of the level of priority of
a handover and/or with an indication of the level of
oriority of 2 handover contingent upon proceeding
results of monitoring the quality of the transmitted

signal.

20. A mobile unit as claimed in claim 18 or 192 in
which the mnonitoring means are arranged to monitor
received signal power or bit error ratio.



17.9. A systemas clained in any of claims 1 to 8, inclugr
stori ng—a— set . of terrpl ates of changes in signal quality an& Rﬁpi-lf@t?é’ﬁivTSHtET

t hereof,  the contro bei ng 1 Jhidpatle a hapdovery ha
| east pa y I cognltlo %‘ 'tr%'ia@ i al SFatch . LZnE ﬁ@? ‘3%
i ncom ng mM | ate. m nat

mobi | e radio ne‘tvvd'r rising a plurality of cells, each having
associated with it a base station for suppgérting

21. A mobile unit as claimed in any of c¢laims 18 to 20

in whlch the indication producing means include a _
guality 1ncremeﬁ%/decrement estimator (62) which is
arranged to determine the rise/fall in the quality from
the calculation of a running' average of the
indications.

22. A mobile unit as claimed in any of claims-ls to 21
including means (68) -s_tor_ing a set of templates of
changes in signal quali.ty- and/or rates thereof, . the
signalling means being at least partially responsive to
a substantial match of a,template with an incoming
signal for transmitting to the serving base station the

indic'at:.on of the need for a handover. .



communications with a nobile unit,
qual rty of a signal respectively transn1tted bet ween each oﬁ

candi date base stations and the nobile unit; producing an i

rise or-fall
base .stati on,

base.station,
quality of the signal associated with the plurality.of candi date base

the nethod conprising: npaktoring a

di cati on of

in the said quality; and |n|tpét|ng a handoveriﬂmQQZaZ

supporting comunication with the nobile unitg
the initiation being based on the rise/fall in the said

ABSTRACT

MOBILE RADIO HANDOVER INITIATION DETERMINATION

_'An intelligent zopile radio unit is served by one
of a network of macrccells and microcells. The unit is
arranged to monitor, for example, the signal strength
or bit error ratio of signals transmitted from each of
a set of candidate base stations of cells surrounding
the serving tase station based on the assessment of a
ruhning average of the rise/fall in signal quality, the
ufit is arranged to determine from a look-up table of
stored templates of conditions for handover whether a
handover 'between base stations and between macro- and
microcells is-appro?riate.

Fig. 1.

%‘“ﬁ ,';f“".\‘ A % % i\ {'%{ ;\3 f _‘
i 3 3 " ¥
I O 12 A3

R e

......




_statlons bei ng monitored. 11. A nethod as clained in claipa=38t n-whi-ch-the
moni t ori ng of the said quality and producing the said |nJ B&PL@OEMENTS&EET ‘

conducted by the nobile unit, the nethod 18 further ii Iudlggzgﬁ e
the serving base statian fron1the mobile unit with an |n_|0wbl .m.h ........ .

need for a handover to be initiated. 12. A nethod as cl ai
whi ch t he

1/2 Sn
J oQ
v )
g
1
. . £ L
§ ffsh—1 18
| € & € &
" 38 -
: -
.
-3

1K >
St Q
H L) )
il z8s H
§l| 558 | i
3| | EA3 ik
5 . -
£
3

Channel Scan Control
Handover Inltiation

Lo
w
. 35 -
=3§:§_ 'n-:ni.“
- - ] -
- sesf | Br | -
0551 - s—\
Q
-l - q
cA O ol
_ %2\ {f r-
o . - ( ~
o~
wy ) = ) ; ! -
™™ B 3- &
v - & - =2
- 2 25 e E
o E s = 2 -
o & .8 g3 g
-4 -3 v 5 8
- z gy 1) ~

N
]
1

—
4

Fig

50

ftadlo
Frequency
Front End




ty'
yii

t he

the nonitored duality is the
A nmethod as clainmed in

by the nobile t
i ch
15.

K

A method as clained in any of] bta

nobi te uwit addresses the base station with an indication;of=t-he Level of
upon proceedi ng results of nonitoring

o
]
(]
S
n C
D .— =
(&) o
om
rg
o DW.....
o)
) = =
[@Ne]
—
© ()
[ep R @) —
— ..
. — O
— O O <
c. O o
nrfm
— OO0 O (@]
C e - O
D 0. >
(@] C C o
ndmall
) ]
— nnm
Cwo 0. D
O .~ C ———
7)) m —
o« C C © O
QO ©CoO.—-0
S e e © > u—
o . oo
cC o O >
CCcCcCcwnwoc
L .= © = @®

Y

S t
J
L w33
P i
g
Vgl
iRy '
Sapesie ¥
“
aﬂ..wl.nmﬁa
. i
...... U peadg P ._
e e - i
; == : . o .Jn o
e e T e § g
; g7 ooz £ FY = soman
' " =35 ¢ g
“ _ m ....._ P 33 i r Peadg £ I
S el i
lllllllllllllllllllll "dN hy; #....M f
- —— T PUR e m
MN T — N = WG gy L
] ] B 2 —
S R S e T 2 O L
e e e r— ——— . — - — T l‘ .
............................ b
T T e e e e ————— e e -
S SaT e S A f——— PO A ST A - w —— ‘
— 1 b | 1 |
2 =, U ang nopyg | 8 1 . ’
A e T T e A “{.N.E&--—l i s e
S T T ”fa: {omrm . ) .
e e A VT ) ._
- lllllllllllllllllllllllllllllll ’ ’
I YA ot
i G2 —_— - — ]} v mopugy | 1 .
. C T2 o . j- =11 peeds
. = "QN — - .\)
- - - - Twerw s 8w L Sy - e . - - .
e T - " - ..\.
.............................. ' -
so{npayt uof1reiar] peads +l



' nct uding nonitoring a set: of si gnal s, .each signal being Hi ¥ 0 Hﬁ’é‘le i
of- a*correspondi ng set of candidate base stgﬂ ons, the co~rp%é5¢ t‘ﬁ(ag:’gﬁ $ _

set of candidate base stations belng#def| "aécordancz ____________
identity of the serving base sfation. A net hod. as c|=|npd"Tﬁ"Fﬂ """

in which each signal in the s t of S|gnals dlstanU|shes a respective base
station by the carrier frequency of the signal. .17. A nethod as clained in
any of clainms 10 to 16, i ncl udk gnising a set of unique tenplate
conditions for joining, IeaV|ng nd/ or staying mnthln a

'MOBILE RADIO HANDOVER INITIATION DETERMINATION

This invention relates to handover determination between cells in a cellular
'radio system.handﬁng communications to and from a mobile unit..

It is imbortant that handover between cells in a cellular radio network is
conducted appropriately and reliably. In mixed cell environments comprising -

- macrocells and overlying microcells, the usability of an established communication
channel with a.ba.s'e' station could be both noise and interference limited. As far as
mamtarnrng of sxgnal quahty and the limitation of the effects of interference are
concerned, itis possrble to use dynamic channel assrgnment in all cells. However,
to afford.an approprrate level of reliability for a mobile unit on. the move it is
necessary to be able to perform intercell ‘handover both reliably and at the
appropriate time. _ _

Handover decisions are conventionally performed by monitoring a property
such as signal strer\gth or bit error rate (BER) indicative of the quality of the radio
link between the mobile unit and the serving_.ba'se station, and arranging for a
handover when this quality falls below a threshold value. The threshold value may

~ be determined frbrn the signal quality of other nearby base stations,.such that if a
base station other than the current_serying base station can provide a radio link to
the mobile unit with a better signal quality, the call is handed over to that unit.
Examples - of such systems -are disclosed. in United States Patent 4829519
{Scotton) and European Patent Specrfrcatlons 0241954 (Phrhps), 0236194 (Socrete
d’Etudes et de Constructions Electromques), and 0037070 (Sremens)

In a cellular radio system compns_mg both macrocells and overlying smaller
microcells, a ca_!! to or from a m_obile unit within the operating area of the s{rstem is
handied by a t'.:as.e-station' for each cell. Whereas, a macrocell miay be cf a size
-covering' a nurnber, of streets and extending for 1 or . 2 kilometres in all directions,
a microcell'-WIfll.foften be about 200 to 500 metres long and may only extend
linearly along a street within the coVerage area of a macrocell, -~ -

The handover between a mrcrocell and a. macrocell is subject to special
consuderatuons It is important for the system to be able to determine whether it is

worthwhile effecting a handover of a mobile unit from a macrocell to a microcell as |



19 mcrocell based on interpretation-of the rise/fall’ r:a:engnai:qecéﬂ—fy——
the initiation of a handover- bei ng at |east- partially,. dm;mmmﬁﬂﬂb’#ﬁﬁk

basis of a substantial match between an inconm ng signa W@vp
A mobile unit for a nobile radio system the nobile. un tDeﬁ@ (Meledn meaﬂ
(50) for receiving a plurality of signalg each respec1

one of a set of candl date base stations; neans

the latter is appreached or between adjacent microcells. It may be that the mobile
unit is going to enter the candidate microcell for 'a.significant period, in which case
a handover is beneficial, or relatively momentarily as the candidate microcell is
crossed. | _

'According to -the present invention - there is provided a handover
determination system for a mobile radio network comprising a plurality of cells,
each having associated with it a base station for supporting communications with
a mobile unit, the system comprising: o | | S

means for monitoring a quality of a signal respectively transmitted
between each of a plufality of candidate base stations and the mobile unit; .

' means_'_fo_r pfeducing an indication -of the rise or fall in the said quality; and
control 'meéns, for initiating a handover from a serving base station,
supporting communieations with the mobile unit, --o another base station, the
initiation being based on the rise/fall in 1':he‘ said quality of the signals associated
with the plurality of candidate base stations being monitored.

By monitoring the rate of rise or fall of signal quality associated with
candidate_bas_e stations, inappropriate han-dovere can be avoided.

Preferably, the.' mobile unit comprises the monitoring means and the
producing means, the mobile unit further comprising signalling means for
addressing the serving base station with an indication of the need fer a handover
to be initiated. The signalling means may be arranged to address the serving base
station with an indication of the level of priority of a handover and/or with an
indication of the possibility of a handover continaent upon the preceeding results
of monitoring the quality of the transmitted sigf\al. : Advantageouély, the monitored
signal is transmitted from each mobile unit to the base station.

The monitored signal ma_'\; be the 'received signal power. However, in
digital commuhicatioﬁs. systems the bit error ratio can be used. |

Prefefably,;_the control means are arranged to instruct the monitoring
means to momtor ‘a set of signals, each signal being dlstmctlve of one of the
correspondmg set of base stations, the composition of the set being defmed in
accordance w1th the identity of the serving base station. ln particular, each signal

in the set of sngnals may distinguish a respective base statlon ‘by the frequency of
the sngnal
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produci ng an |nd| cation of the rise or fall in the said |

signalling means (50) for transmitting to a serving base ShaLip 'NUV ?97
supporting conmunication with the nobile unit, a signal g rhe -

need for a.handover to a candi date base stsation on the basis of the
rise/fall in the said quality of the signals associated with the plurality
of candi date base stations being nonitored. 19. A nobile unit as clained in

claim 18 i n which 60 g AL HPRR 308 IR AEEATNRS e AT BRRIG hRSSs

station with an indication o rirorit
include a quality decrement/increment esrimator whlch is arranged to determine

the rise or fall in the cluality from the calculation of the running average of the
indications. There may also be provlded means for storing templates of changes
in signal quélity ar_idlor rates of change thereof, the control means are arranged to
initiate a handover based at least partially on the recognition o_f a substantial match
between the incbmihg signal and a template
. The invention also extends to a handover determination method for a
moblle radio’ network comprising a plurality of cells, each having associated with it
a base station for supporting communications. with a mobile unit, the method
comprising: o
' monitorlng a quality of a signal respectively transmitted between each of a
plurality- of céndldaté base stations and the mobile unit; and initiating a handover
from a serving bése station, supporting communication with the mobile unit, to
another base statlon, characterised in that an indication of the rate of rise or fall in
the said quallty is produced; and |
the handover initiation is based on the indications of the rates of rise/fall in
the said quality of the signals associated with the plurality of candidate base
stations being mohitored.

Furthermore,_the invention also exetends to a mobile unit for a mobile
radio system, the mpblle' unit comprising means for receiving a plurality of signals
each respectivély transmitted by one of a set of candidate base stations; means
for monitor’ing_'the quality of the signal; and signalling means for transmitting to a

" serving base station, supporting communication with the mobile unit, a signal
indicating the need for a handover to a candidate base station characterised in that
the mobile unit includes means for producing an indication of the rise or fall in the
said quality; of' the slgnals associated with the plurality of candidate base stations
being monitored.

The rise or tall in the quahty being monitored may be interpreted to derive
an indlcatlon of the need for a handover based on the likelihood of the serving base
station antl :ea'ch' of the candidate base stations being .able to support
communication, preferably for a substantial duratlon which would make handover
worthwhlle



& handgver and/or with an indication of the |evel of pri]
conti hgent upon proceeding results of nonitoring the qu
transmtted signal. 20. A nobile unit as elainmed in clai
the nonitoring nmeans are arranged to nonitor received si
error ratio. 2 021. A nobile unit asgclainmed in any of clainms 18 to 20

The invention can be put into practice in various waYs, one of which will
now be described by way of example with reference to the accompanying
drawings in which: o

Figure 1 is a.block_diagram of .an intelligent mobile unit for use in the
invention; and . .

Figure 2 is a block diagram of a speed estimator for use in the invention.

The embodiment of the invention includes an intelligent mobile unit which

is able to monitor intensively the strength . of signals transmitted from adjacent = == ..

microcell base stations in addition to a serving microcell or macrocell base station.
If the seri/ing cell is a microcell which has a boundary in common with a
parent macrocell, the adjacent macrocell base station is also monitored by the

mobile : ' ' unit.
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incom ng signal for transmitting to the serving base station the indication
of the need for a handover o CLAIMS

1. A handover"determin'ation system for a mobile radio network comprising a
plurality of cells, each having- associated with it a base station for supporting
commumcatrons wrth a moblle unit, the system comprising:
" monitoring means (14,16,18,20) for monitoring a quality of the srgnals
respectwely transmrtted between each of a plurality of candidate base stations and
' ,the mobile unrt, T - . '
: control means {56) for rmtratmg a handover from a servmg base station
supporting comm_unrc_atrons with the mobile unit, to another base station,

- "ch'a_racterised in- that the system- comprises- indication means (30) for
p'roducing__.ah._indication of the rate of rise or fall in the quality monitored by the
monitoring.means (1__4, 1 6, 18, 20); and the control means (56) is arranged to
initiate handover in response to the indications produced by said
indication means (30), the rndrcatron being based on the rates of rrselfall in the
said quality of the s:gnals assocrated with the plurality of candidate base stations
being monitored.

2, A syste"m as claimed in claim 1, in which the mobile unit comprises the
" monitoring means {14, 16, 18 20} and the mdrcatrcn means (30), the mobrle unrt
further comprising signalling means {50) for addressmg the serving base station

with an mdrcatron of the need for a handover to be initiated.

3. A system as clalmed in claim 2, in Whlch the srgnallmg means (50) are
arranged to address the serving base station with an indication of the level of
priority of a handover and/or wnth an indication of the possrbrlrty of a handover
contingent upon t_he preceding 'results of monitoring the quality of the transmitted

signal.

4, A system as claimed in any of claims 1 to 3, in which the signalling means """~
{50) transmits the monrtored quahty of the srgnal from each moblle umt to the '

serving base statlon. S e - ' '_ ' T
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5. A system as claimed in any of claims 1 to 4, in which the monitoring

means (14, 16, 1é, 20) monitor the received signal power or the bit error ratio.

6. A system as claimed in any 6f claims 1 to 5, in which the céntrol means
(56) are arranged to instruct the monitoring means (14,16,18,20) to monitor a set
of signals, each signal being distinctive of one of a corresponding set of candidate
base stations, the composition of the set of candidate base stations being defined

. in accordance with the identity of the serving base station.

7. A system as clai'med in claim 6, in which each signal in the set of signals

distinguishes a respective base station by the frequency of the signal.

8. A system as claimed in anv of claims 1 to 7, in which the indication
producing means (30} include a quality decrement/increment estimator 11,52)
which is arranged to determine the rise or fall in the quality from the calculation of

the running average of the indications.

9. A system as claimed in any of claims 1 to 8, including means (68) for
storing a set of templates of changes’in signal quality and/or rates thereof, the
- control means {56) being arranged to initiaté a handover based at least partially on

the recognition of a substantial_- match between the incoming signal and a
template.

10. A handover determination method for a mobile radio network comprising a
plurality of cells, each having associated with it a base station for supporting
communications with a mobile unft, the method comprising:

“monitoring a quality of a signal respectively transmitted between each of a
plurality of candidate base stations and the mobile unit; and initiating ‘a handover
from a serving base station, supporting communication with the mobile unit, to
another base station, _

characterised in that an indication of the. rate of rise or fall in the said

quality is produced; and
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the handovér initiation is based on the indirections of the rates of rise/fall
in the said 'ciual-ity of the signal associated with the plurality of candidate base -

stations being monitored.

11. " A method as claimed in claim 10 in which the monitoring of the said
quality and producing the said indication is conducted by the mobile unit, the
method further including addressing the serving base station from the mobile unit

' with an indication of the need for a handover to be initiated.

12. A method as claimed in claim 11 in which the mobile unit addresses the
base station with an indication of the level of priority of a handover and/or with an
_indication of the possibility of a handover, contingent upon preceding results of

monitoring the quality of the transmitted signal.

13. A method as claimed in any of claims 10 to 12 in which the monitored
signal is processed by the mobile unit.

14. .A method as claimed in any of claims 10 to 13 in which the monitored

quality is the received signal power or the bit error ratio.

15. A method as claimed in any of claims 10 to 14, including monitoring a set
" of signals, each signal being distinctive of one of a corresponding set of candidate
" base stations, the composition of the set of candidate base stations being defined

in accordance with the identity of the serving base station. -

16. A’'method as claimed in claim 15 in which each signal in the set of signals

distinguishes a respective base station by the carrier frequency of the signal.

17. . A method as claimed in any of claims 10 to 16, including recognising a set
of unique template conditions for joining, leaving and/or st'aying within a microcell
based on interpretation of the rise/fall in signal quality, the initiation of a handover -

being at least partially determined on the basis of a substantial match between an

incoming signal and a template.
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18. A moSile unit_fo-.r a mobile 'fadio' systen:n, the mobil.z-;1 unit-comprising means

(50} for receiving a piuraﬁty of signals each respectively transmitted by one of a
set of céndidate béSé stations; means (14,16,18,20) for monitoring the quality of
the signal; and signalling means (50) for traﬁs-mitting to a serving base station,
supporting communication with the mobile unit, a signal indicating the need for a
handover to a candldate base statlon, : ) '
characterlsed m that- the moblle unit includes means {62) for producing an
indication of the rise or fall in the_ sald quality of the signals associated with the

plurality of candidate base stations being monitored.

19. A mobile unit as claimed in claim 18 in which the signalling means ({50} are
arranged to address the base station with an indication of the level of priority of a
handover and/or with an indication of the level of priority of a handover contingent

upon preceding results of monitoring the quality of the transmitted signal.

20. ‘A mobile unit as claimed in claim_ 18 or 19 in which the monitoring means

(14, 16, 18, 20) are arranged to monitor received signal power or bit error ratio.

21. A moblle unlt as clalmed in any of clalms 18 to 20 in whlch the indication
producmg means (62) mclude a quahty increment/decrement estimator which is
arranged to determine the nselfall in the quality from the calculation of a running
average of the lndlcatlons.

22. A mobile unit as clalmed in anv of claims 18 to 21 including means (68)
storing a set of templates of changes in signal quality and/or rates thereof the
signalling means (50) being at least partially responsive to a substantial match of a
template with an incoming signal for transmitting to the 's.ekving base station the

indication of the need for-a handover.




