i

2 pad¥0m9goasi2and down between cell |ayers wherein di r eqidmgEISHID33

be done to any |ayer. 2. System according to claiml1l 5 c har a
c.t eri zed i n t hat, the first criterion is used for |
deciding if a handover from acell in alower hierarchical layer to a
cell in a higher hi erarchical layer is to be considered. 10 3.
System according to claim2 characteri zedinthat,
according to the first criterion a cell in a %igher | ayer is eligible
for handover if the current value of the nonitored si gnal paraneter

Valte (iferr]) CRAGLAN SQRIE KR GAroN SYSFRL (1) modiiod vith a
hyst eresi s (H[err]) for that cel |
' FIELD OF THE INVENTION _

5 The present invention relates to a cellular mobile communica-
tion system with radio base statioﬁs and mobile stations. The
system domprises a number of cells which are arranged in two
or more different layers or levels and the mobile station
connections can be handed over from one cell to another. The

10 system comprises means for monitoring and/of measuring at
least one signal parameter of at least those cells not being
in the uppermost layer and at least one threshold value is
given for said signal parameter for at least each of said
cells.

15 .

The system furthermore comprises means for controlling said
handovers between different cells.

The invention also relates to a method for controlling

20 handovers in a celluiar mobile communication system wherein
the cells are arranged in at least two different levels or
.layers.

A communication system of this kind comprises a number of

25 base stations which generally are organized into a network.
Each base station serves a geographical area which is called

a cell. The geographical area can be said to be given by the

. radio propagation properties of the base station and of the.
surrounding radio base stations. The system furthermore

30 comprises one or more mobile stations and when a mobile
station moves, mobile connections can be handed over from one

cell to another which is known as a handover. In this context
however, a number of factors play an impbrtant role since it

is of utmost importance that the most appropriate cell is

35 selected when a handover is carried out, both under normal
circumstances as under more oOr less extraordinary



4 Syste ng to claim3 characterizedinthat,
9&65&8{’1‘%\ hi gher hierarchical layer is eligible foPQT4E5/00933

over |f the current value of the nonitored signal paraneter (Iferr])
is smaller than the threshold value mnus a hysteresis (Herr]). 25
5. System according to anyone of the preceding clains charact e
rizedinthat, the second criteria to used for deciding if a
handover from ~a higher hi erarchical 2 ayer to a cell in a | ower

hi er ar chi cal | ayer is to be considered. 30 6. System according

toclaim5s circum;;pgpgsa_§tti§ Fhereferg pxtremely wimportantcthatitiet o

the second @dl¥s idFe fofganizédcin] theMmdskOWRAitable Wyl archical. layer is
eligible for handover if the current 35 noni tored val e on the nonitored

signal parameter (I[err]) exceeds thé threshold value (I[err]) of
that cell arS¥A¥E t0® THE ART -
' 5 A number of attempts have beéen done to provide a cellular
mobile communication system with a cell structure which is
appropriate. '

One known system applies a so called "umbrella" cell treat-

10 ment. Different cell layers, i.e. preference layers or

priority layers, are in this case arranged according to the
selection and placement of the radio base stations. Powerful ‘[

base stations with high antennas then constitute so called

umbrella cells whereas low~power base stations e;g, mounted

15 at street level form so called "micro-cells"” whereas fur-

thermore so called "pico-cells" can be arranged which then

e.g. may be mounted indoors. Thus there are either two or

three different cell layers. In this case the normal cell

‘selection mechanism, locating, is the mechanism responsible

20 for providing the desired behaviour. However, no logic is

dedicated to the purpose. The intention with the use of so

called "umbrella" cells is to provide a safety net to the

normal cell network by bridging coverage holes, providing

spare capacity at call set up procedures and to have the

25 function of rescue at radio disturbances etc. The purpose

with micro-cells (in relation to umbrella cells or normal

cells) is to provide the main capacity, particularly in high

. denSity traffic areas. The system with umbrella cells there-

fore direct traffic to the appropriate cells in the appro-

30 priate layer, in order to assure call continuity and to

assure a successful call set up procedure. The cell structure

with'umbrellaicells without dedicated logic however, does not

work satisfactorily'when base stations belonging to different

layers are placed close to each other. The cell selection

35 mechanism, locating, will then result in a number of unnec-

essary handovers such as from a micro-cell to an umbrella
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3 t hipo bgbgayal ue (I[err]) nodified with a hysteresis (p&lﬁ@i;,)o”g,

7. System according to claim®6 characteri zed | t
a,t, 5 threshold value (I[err]) is nodified in such a way that a
hysteresis (H err]) is added thereto. 8. System according to anyone
of the preceding clains characterizedinthat, 10
the cells ((err], Cerr]) are sorted into cagegories based on a .
nunber of sorting criteria. 9. Systemaccording to claim8 c
haracter delzl %x%ﬁ 1 teke amicré.Scemngrseaaéagraaubeeowaﬁqr&{s Sfich

normal | ocating, 1. ourin are ranked in

conparison to trﬂg‘%é@@quate. T%scéﬁ i}@?ﬁ%??feé g1 C%f‘-gt ~hdy WRICh #hays Jwo
wor se than that midto-cells (A lan mralﬂae&enlonpomnémmbémtmn MS

par amet et (1 Ler ele b par it yiff ookl AR Hilid S AN S Srdl.
cells (Cer5]) @Xonsaguenitiytthautesil ivilbasrkyrthe idonriection. The mobile
station MS 2 will be in radio shade from both micro-cell base

stations BS 1, BS 2. In this case the umbrella cell C,

fulfills its purpose and provides coverage where the micro-

cells C,, C, fail to do so. However, for the mobile station

10 MS 3, the micro-cell base station BS 2 is in line of sight

and should therefore be able to carry the connection without

problems. Nevertheless, the umbrella cell base station BS,

which also is in line of sight has a signal strength which is

higher and will therefore take over the connection. Also at

15 e.g. .radio disturbances and call set up congestion
connections may unnecessarily be taken over or upheld by the

umbrella cell or may be generally upheld or taken over by
less appropriate cells. This will lead to a waste of capacity
which may lead to loss of connections etc. In other words,
20 the occupation of less appropriate resources will increase.
Moreover an efficient frequency planning and efficient
dimensioning of the hard-ware is difficult. Furthermore the
number of handovers is unnecessarily high which results in a
high load on the switches and thus a non-negligible risk of
25 loosing connections.

In another known system different cell layers are given

~ different priorities and a priority has been given to hand-

. overs to the umbrella cell layer which is higher than the

30 priority of handover due to a number of other radio network
functions. Interactions with a number of radio network func-

tions have been given different priorities. A higher layer

has then been given a higher priority in case of radio
disturbances and call set up congestion etc. Thus the passing

35 between the layers is triggered by a number of different,
extraordinary events such as e.g. congestion at call set up



rel ating the nonitored signal paranmeter as conpared to the ¢
ﬁ@%&?éégf)ondi ng val ue of the serving cell ((err]) PECF/SESSMMI3t0 the

nonitore

nonitored value of a cell (Cferr]) as conpared to the t hreshol d val ue
of that sane cell ((err]). 11. System according to anyone .of the
precedi ng cl ai ns characterizedinthat, 30 t he
cells are sorted into categories based on which |ayer they are in.

12. System according to anyone of clains 84t o 11 character.
zedint h. , 35 _.priority ranking arrangenment conprises a nunber of
criteria an%r bP&t ﬁﬂalﬁ'gya?ﬁﬁﬁ%&sgf %gﬁoﬁ'?%%sa%m)i $Rtin fhigcaseyr e
4 ar r cophectionsliare hott Akwagst dipgectedeto ale Mt Hdfuate cell

layer. Moreover coverage holes are not adequately covered.

5 GB-A-2 242 806 describes a cellular system comprising
macro-, and micro-cells. Handovers'are always effected via
the macrocell layer in order to avoid unnecessary handovers
from macrocell to microcell and back again. A handover to a
lower layers is merely carried out when the link from the

10 equipment to the base station associated with the underlying
microcell has a guality which exceeds predefined criteria for
a time interval that exceeds a predetermined time interval. 'l
Handover from a microcell to another microcell thus never
occurs. ' _ a

15 Thus, also in this case the “wrong“'resource will be occupied
to a great extent. ' '

WO-A1-92/02105 discloses a cellhlar.radio system. A handover-
initiation system cdmprises ‘"means for determining the

20 distance of a mobile station from the base station of a cell
' and means for measuring the signal strength to determine the
path of a mobile station. With the use of the location
determinating system it is possible, with the use of therein
stored information and signal character on the estihated

25 distance, to determine the location of a mobile station
within a micro-cell. The system furthermore comprises means

for storing information-pairs on location and signal

. character of said location and means to form a current pair
comprising these parameters for a mobile station which is

30 moving and means to compare stored parameters with current
parameters; However, also in this case the wrong resources

will be occupied leading to a non-efficient use of the
resources and increasing the risk of loosing connections etc.

35



whet her t hewipoglagsirns are fulfilled or not. 13. Syst e@PrAge&E¢es30
' at |

toclaim12 5 characteri zed I n t hat, east
sonme of- the conditions are so called alarmcriteria such as e.g. bad
gqual ity urgency e.t.c. - 14. System according to anyone of the
precedi ng clains 10 characteri zed I n t hat, t-he
priority ranking arrangenment conprises an orqgnizing tabl e of cel
categories which is sorted depending on a nunber of criteria. 15

15. System according to claim 14 characterizedintha
t, the cells are sorted into the organizing table into cat- _

egori es whi ch JSPMNARYn OFt THE; ENVENTXAON st and t he second criteria and
a nunber of conditions. 20 - 16. System according to anyone of the

precedi ng cl ai ns characterized in that,:’ t he _
si gnal paranet eft si®hani ghdecH refigtthe present; inyeptiPRc BP diRFpvide a
anyone of ghe peeladilas RbBLlE commufiiBadibnisgstem dsiinditidlly Fdfdired to
wherein the cells are organized into layers of preference in
such a way that the system resources are used in an optimal
way. _ _ _
_ A further object of the invention is to provide a system
10 through which it is at the same time assured that traffic is
directed to the cells for which the network is dimensioned,
that there is free capacity in the cells to provide spare
capacity at call set up and to assure that there is free
capacity in the cells for them to act as rescue cells at the
15 same time to as to assure call continuity and successful call
set up. It is also an object of the invention to direct
connections to cells which confidently can take care of the.
connection and to bridge coverage holes. Still another object
of the invention is to enable an efficient frequency planning
20 and an efficient dimensioning of the hardware of the system.
Still- another object of the invention is to keep the number
of handovers at a low level and to minimize the load on the
switches as well as to minimize the risk of loosing

connections.

25 |
These as well as other objects are achieved through a system
of the above mentioned kind comprising controlling means

.‘which comprises a ranking arrangement which is based on a
number of criteria.

30 '

One criterion is based on a comparison of the current moni-
tored value of a signal parameter of the serving cell with
the given threshold value for the serving cell and a second
criterion is based on a comparison between a comparison of
35 the current monitored value of a signal parameter of a
neighbour cell with the given threshold value for that



the sign ter(s) I s/are the pathloss or pathloss as wel | as
q*@ﬁé@%ﬁ? 18. System according to anyone of tR(I/980IBng

si gnal

cl ai ns c har a cterizedint hat, the cells are

divided into two different |ayers. 19. Systen1according to anyone of

clains 1 to 17 35 characterized I n t hat, t he

cells are divided into three different |layers, e.g. pico-

5 cells, nicro ceIIs and nacro cell & 20. System accordi ng

to anyone of C'f‘g@ haracterized i n that,
ghbour cell. The handovers between cells are governed by

the priority ranking arrangement in such a way that a sSys-
tematic passing between cells or cell layers or levels is
ocbtained, also for passing up and down between the layers.

It is also an object of the invention to provide a method for
controlling the handover procedure in a | cellular mobile
communication system wherein the cells are arranged hier-
archically in at least two different layers or levels so that

10 the resources of the system are used in the optimal way and
so that the traffic or the connections are directed to the ..
appropriate cells in agreement with the dimensioning of the ll
system etc. ' '

15 These and other objects are achieved through a method wherein.
a priority ranking is carried out based on a number of
criteria. '

The method comprises the steps of:
20 - introducing a threshold value for the serving cell:;
- introducing a threshold value for at least each cell
not being in the uppermost layer:; |

- monitoring at least one signal connection parameter
for the serving cell;
25 - monitoring at least one signal connection parameter
| for a number of neighbour cells;
- comparing the monitoréd-current value of the signal

parameter for the serving cell with the threshold
. value for serving cell;

30 - comparing the monitored value of the signal
' parameter for the neighbour cells with the threshold

value for the respective cell;
- carrying out the handovers in agreement with the
priority ranking arrangement in such a way that a
35 - syétematic passing between cells or cell layers is
obtained, also for passing up and down between cell



5° the cel iwoogessih vi ded into nore than three |ayers. PCTSEISHGES M

according to anyone of the preceding clains characteri.zed
i.nt hat, t he handover strategy that is used is the Mbile
Assisted 10  Handover (MAHO strategy. 22. System according to
anyone of the preceding clainms characterizedinthat,
a threshold value (I[err], I[err]) is given for cells also in the 15

upper nost | ayer 23. System according to anyone of the preceding
clains char acayses,i zedi nt hat, interactions with
ot her network functions are given a prior- 20 ity yielding the sorti.ng
order in the priority table of the system 24. System according

to anyone of therHy efeéhba Cdén Mparticuldrldy b8 Guddfied #of SompPiseh shy

t, 25 for a par

uni gue sequence

of eval uatisn rawmldtion to the system itself.

10

15

20

25

net work control,led function tefval hat i on,

i‘tccglt“?er’b%t &or i8Ry | SORRINATAPT 3% R e"a%"‘}?é‘ier%n in

A number of advantageous embodiments are e.g. 'given by the
features of the appended subclaims.

With the cellular system according to the invention connec-
tions will systematically be directed to a lower layer and at
radio disturbances and call set up congestion among others
there will be a systematic redirection of connections to
cells that confidently can take care of them. Through the
introduction of a threshold for each cell, a systematic way
of passing between layers is obtained. The threshold can e.g.
be for signal strength, path loss or both. Other signal
parameters are also possible. Which signal parameter (I) is
used, depends on the general haﬁdover strategy that the
system applies. In a particular embodiment the so called
Mobile Assisted HandOver strategy is used (MAHO). Then the
mobile station ;ierforms signal strength (and/or other)
measurements on radio energy transmitted from a number of
neighbouring base stations. The mobile station transmits .
these measurements to the base station which delivers them to
the unit responsible for the decision logic. However, also

- other handover strategies can be used such as NCHO (Network
~ Controlled HandOver) wherein the mobile is passive, MCHO

30

35

(Mobile Controlled HandOver) wherein the mobile both measures
received signal strengths etc and takes decisions as to
handover.

In a particular embodiment Time Division Multiple Access
(TDMA) is used. With the system according to the invention
the threshold is used for passing upwards as well as down-
wards, i.e. for paséing to cells of a higher level of prefer-



25. Syst%wlgi ng to anyone of the preceding clainms 30 é_l%a cte
' ceR 33or

rized 1 n t hat, Time Division Miultiple Ac

Frequency Division Mul tiple Access (FDVA) or Code Division Miltiple
Access (CDVR) is applied. 35 26. System according to anyone of the
precedi ng cl ai ns characteri zed I n t hat,

6 it is a tel ephone comuni cati on system - 27. System
according to anyone of the preceding clai characteri zed

nthat, en%e atsh‘?ve(:ﬁMasé a&gaé&ig é'feg'lower level of preference, or
having a lower priority. According to a particular embodiment
the threshold is modified with the hysteresis which’' is added
or subtracted accordiﬁg to the direction of movement. In. the
5 normal case, e.g. when no extraordinary events or
simultaneous functions are demanded, one condition for
passing to a hj.gher"layer is that if the signal strength (in
this particular case) monitored from the ‘cell currently
serving the connection, i.e. the serving cell, decreases
10 below the threshold for that particular cell (in an  ad-

vantageous embodiment with hysteresis subtracted), the system
extends the set of neighbour cells which are eligible for ‘
handover to cells in a higher hierarchical layer. However,
the cells in the higher layer have a lower priority than
15 cells in the current layer and in lower layers. A condition
for passing to a lower layer is that if the signal strength
monitored or measured for a neighbouring cell in a lower
hierarchal layer increases above the threshold for that cell
(in an advantageous embodiment with hysteresis added) that
- 20 cell will be added to the set of neighbouring cells which are
eligible for hando_var. This cell will have a higher priority

than cells in the current layer or in higher layers.

In advantageous embodiments the interactions with other radio

25 network functions are dealt with. Examples of other radio

' network functions are intra-cell handover, overlaid-underlaid

sub-cell handover, extended range, directed retry, assignment

- to another cell, alarm handover etc. Particularly one or more

. of these or other radio network functions are given different

30 priorities in relation to one another and to normal handover

functions. This is particularly relevant when different radio

network functions propose different types bf actions
simultaneously. | R '

Particularly with the invention the mobile stations can

35 systematically be directed to the lowest possible layer. This

saves the capacity of the higher layers for extraordinary



28. System {Eeggdsa0 t 0 anyone of claims 1 to 26 c ha i
' t hat b6 e g. the ADC, PDC or the DECT s?g?ﬁg?%Pﬁég

zed in
used. 10 29. System according to anyone of clains 1 to 26 c h a
racterizedinthat, it is an | SDN-conmuni cati on system
15 30. Method for handing over connections between a nobile station
and different cells in a cellular nobile co ni ca- tion system
conprising a nunber of radio base stations and a nunber of nobile
stations, the s c | SisNg : n%gg%' 1 L ' €

in a hierarchi cga?éé?%u%%?lealhngé "2 reast TS cfi&fe féeérle%\{g%gy‘gé S:;%{;&é&gfgn
| evel s, the met®Bd.conprising the foll ow ng steps: _

i ntroducing a threshold value for at |east one si gha
paranmeter of the cell _serving_a given 25 ' connecti on; -

i ntroduci ng a tﬂ3§§50P589§FE§IPH?°§tTﬁ@a?ﬁﬁﬂ%§Gs si gna
paraneter $or at |east each cell not being in t he upper nost

| ayer; - noni torin e.at lea ne ,signal parangt for the 3
serving cell; = The ix_mven&:go,%%iiﬁlgr g tbﬁegﬁl%%ggg?ﬁ "g‘?rg%;%au% a%%?‘é?”?%&
a - inmuabevorofl imel g uwageinster reference toorhe | awcdiyanying
noni t or ed currqa}a¥fhag aﬁegggngggnal

10 Fig. 2 very schematically illustrates a mobile communication
system, _
Fig. 3 illustrates a flow diagram of the main flow in the
locating procedure,

15 Fig. 4a illustrates a table for the ranking order in a two-
layer structure wherein the serving cell is in the lowest
layer and the signal strength for serving cell is under the
threshold,

20 - Fig. 4b illustrates a table for the structure of fig. 4a but
- wherein the serviﬁg cell is in the lowest layer and the
signal strength of serving cell is over the threshold,

Fig. 4c illustrates a table for the structure of fig. 4a but
25 wherein the serving cell is in a higher layer (forming an

"umbrella"),

_Fig. 5a illustrates a table for ranking order in a.threeé

. layer structure wherein serving cell is in the lowest layer

30 and the signal-strength of the serving cell is under'the
threshold, '

Fig. 5b is a table relating to the same structure as in Fig.
5a but wherein the signal strength of the serving cell is
35 over the threshold,



paranmeter for the serving cell with the threshold 35 . value for

t he ser vify9¢46512 conparing the nonitored PCIISESS/O00983 t he
si gnal 7

paraneter for the neighbour cell with the threshold val ue for
the respective cell; ‘using the conparisons to provide a basic
ranki ng list, 5 - carrying out hierarchical cel

| evel eval uations conprisindOa | evel oriented reorgani zation
rel ating to whether cells are over/under the respective

t hreshol d, carrying out an organizing procedure using a
nunber 10 Fi . 5¢c iQfaCQHSlé'Eaiatiﬂbdtér&ﬁg'§hﬁ€ Btaeilre %sg nb%&?Q
tabl e-contro chto e a candi date &

cel | candida 8 ut eé'eti"éﬂ Isﬁ’éﬁi':ngngfell 1% 'in thepr%%@@édsd@m and

channel all owhérennamﬂé)rszghhl strength of RIreAINPNcéFl dQR’e whdeH REENT
W th thg gIV%Rr R igg

Fig. 5d is a table relating to the same structure as in Fig.
5c but wherein the signal strength of the serving cell is
over the threshold,

10 _ _
Fig. 5e is a table relating to the structure of Fig. 5a but
wherein serving cell is in the 3rd or uppermost layer, '[
Fig. 6 illustrates how categories of handover candidates are

15 ordered in a particular scenario. '

DETAILED DESCRIPTION OF THE INVENTION

The cellular communication system comprises a cell structure
20 wherein the cells are arranged in at least two layers in a
hierarchical manner. :

Fig 2 very schematically illustrates a cellular, mobile
communication system, in this case the GSM-system. Fig 2 is
25 merely shown for brief explanatory reasons, indicating very
schematically a part of a mobile cellular system and it has
of course in no way any limiting effect on the invention.

The Base Station System BSS comprises a number of Base
30  Transceiver Stations BTSs wherein a group of BTSs is
controlled by a Base Station Controller BSC and a number of
Base Station Controllers BSCs are controlled by a Mobile
Switching Centre MSC of the Switching System SS controlling
calls to and from a network such as e.g. the Public Switched
35 . Telephone Network PSTN, the Public Land Mobile Network PLMN,
the Packet Switched Public Data Network PSPDN, the Circuit



15 WO gkigésf2 i n such a way that a systematic passing bgEywapispee3s

cell layers is obtained also for passing up and down or that
npbi |l e -stati ons can be directed to any | ayer. 20 WO 96/ 06512

PCT/ SE95/ 00933 - 8 ence as wel |
as to cells of a lower |evel of preference, or havi ng a | ower
priority. According to a particul ar enbodi the threshold is

nodi fied with the hysteresis which is added or subtracted according

to the directi of, Of HEY PN 1 'li%tg‘ﬁﬁ&ork-'?o‘i:ﬂgl Int fat_e&-é’ervi’.‘@&% Diital
extraordinary ‘events or si nmul t aneous unct1ons  are denmanded,” one
condition for NetwoXssESHY €% any ghber| BREWOr¥-that if the signa

strength (in this particular case) nonitored fromthe cell currently

serving the connection, j.e. the serving cell, decreases 10 bel ow t he
threshol d for tthe ﬁﬁF#FBGPSrQﬁﬂ?eﬂiﬁugﬁhﬁﬁ-c°mPrises a Visitor Location

5 Register VLR comprising a data Location Area, a Home Location
Register HLR with data on subscribers etc. which however is
not relevant for the present invention. OMC indicates an

- Operation and Maintenance Center OMC in a manner known per

se. Dashed lines in the figure relate to information trans-

10 ‘mission and full lines relate to call connections and infor-

mation transmission and dashed lines also relates to, in the

case of boxes, alternative networks, alternative or optional
functions (of the SS etc.)u . ...

15 According to the invention a threshold is introduced at least
for each cell not being in the uppermost layer. This is one
feature for the provision of a systematic way of passing
between layers. The threshold can be for the signal strength
or for'path loss or for both or for any other parameter

20 depending on the general handover strategy of the system
(among others). In the embodiments described in the following
merely these cases which relate to a signal strength
threshold will be described. This is however by now means
limitative and the treatment when e.g. a path loss threshold

- 25 or another threshold or both is applied, is substantially
identical.

_The threshold is used for passing upwards as well as down-

_ wards in the cell hierarchy. According to advantageous em-

30 bodiments the threshold for passing upwards and downwards is
generally referred to as a threshold. It may however be
modified with a hysteresis which is addéd_ or subtracted
according to the direction of movement. In a generalized case

the condition for passing upwards, i.e. from a lower layer to

35 a higher layer is that if the signal strength measured from
the cell currently serving the connection, i.e. the serving



vant ageous enbodi nent with hysteresis subtracted), the system ext ends

t he set Hoour cells which are eligible for han®OTSEIPRE| | s i n
a hi gher hi erarchical |ayer. However, the cells in the higher |ayer
have a |ower priority-than 15 ceIIs in the current layer and in | ower

| ayers. A condition for passing to a lower layer is that if the
signal strength noni tored or neasured for a neighbouring cell in a

| ower hi erarchal |ayer increases abd%e the threshold for that cel

(in an advanta gfou < nbodi nent V\nthtgér ereS| added). that 20 cell wll -

be added to

¢f elRy JHiR HhERs trell (pagtigudeslyowith

handover. Thas igsterésis hasibtrddosd) Iﬁh@rsirhtem ekbandaseltie | Bdtheos
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20

|%O ﬁgh;% %;i gﬁg%#£g¥§5%¥y witﬁ hysteresgs gdégg)ggggglégllf

will be added to the set of neighbour cells which are
eligible for handover. That cell will have a higher priority ‘

than cells in the current layer or in a higher layer.

Thus the cell structure can be said to be a hierarchical cell
structure. Therethrough‘the locating function is affected and
modified. The basic ranking is done owver the different cell
levels and a basic ranking list is formed. This 1list
comprises a number of candidates and the list is organized
depending on different conditions. The organization_may be
governed by a table and e;g.'supplied as Permanent Exchange
Data. The candidates in the 1list are also divided into

categories which will be further discussed below.

25

In the following, some concepts are explained. Basic ranking
means the ranking of cells based on signal strength and/or
path loss criteria (or any other appropriate parameter).

.Locating relates to the procedure that, using measurement and

. parameter data, proposes the most ap.p_ropriate connection. The

30

- 35

output from the locating procedure is a list of possible
candidates, the candidate list, for handover or assignment.
Urgency refers to a condition requiring an urgent handover.
Such is present if the transmission quality is too low, if
Timing Advance (TA) is too large, if the time dispersion is
too 1érge or if any other criterion for extraordinary radio
events is met depending on which physical measurements are
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9 events such as e.g. coverage gaps or call set up congestion

etc. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 .The invention will in
the followng be noré fully described in anon-limting way under
reference to the acconpanying drawi ngs wherein : 10 Fig. 2 very
schematically illustrates a nobile comuni cat44n system Fig. 3
illustrates a flow diagramof the main flowin the - | ocating procedure,

15 Fig. 4aill
structure wherein

10
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35

a4 tgf;\a/fé]éb{ﬁ?ffl giélaﬁcaﬁaébmoar dgs t® %He'Ymbrelld N1
concept, a cell may be defined as an umbrella cell. An
umbrella cell is a cell in a network of large cells

encompassing the normal network. However, this invention is

based on a concept of hierarchical cells.

Generally there will be a great number of different
requirements on the Base Station Controller BSC for the
locating algorithm. The locating algorithm is here particu-
larly defined as a collective term for cell and subcell
selection, including all types of intra-cell change of
channel. The locating function generally describes a func-
tionality that comprises one of many functional components of
the locating algorithm. In the following a handover genera1ly'
describes a channel change between cells. In the following
will be referred to the measured'parameters or quantities.
Those are quantities which are monitored in the (in a
particular embodiment) MS, Mobile Station and in the BTS by
a measuring device e.g. as specified in the GSM recommen-
dations. When applying the Mobile Assisted Handover strategy
MAHO, the quantities measured'or monitored in the Mobile
Station MS are transferred to the BSC over the air. Quan-~
tities measured or monitored in the Base Transceiver Station
BTS are transferred to the BSC. However,'the ways in which
measurements are carried out, informed on etc. depend on the
particular handover strategy that is used. In a particular
embodiment, as will be further discussed later on, the

- measurements that are considered include uplink and downlink

signal strength and uplink and downlink signal quality
measurements. As already stated, there are of course a
number of other alternatives. In the same embodiment reported
quantities refers to quantities which are used in the MS,
Mobile Station. The reported values are transferred from the
MS to the BSC, Base Station Controller over air. Reports
considered in the described embodiment include Timing Ad-
vance, TA, coming form the BTS. As in any known system,



| ayer and the S|2nal strength for serving cell-is under the t hr eshol d,
20 Fig.WaB6MeSIstrates a table for the structure of fig. PI/SRISN0933

wherein the serving cell isin the |owest |ayer and the si gnal

strength of serving cell is over the threshold, Fig. 4c illustrates
a table for the structure of fig. 4a but 25 wherein the serving cell is
in a higher layer (formng an "unbrella"),- Fig. 5a :
illustrates a table for ranking order in a4t hr ee- | ayer structure
wherein serving cell is in the |lowest layer 30 and the signal-strength of

the serving £&Aterdingnmay bperequired.cIfomgy be necepsgrysio smeoithbbat
relating to ghachashis! WVaciwrdohs idtdl Phis wiPh Mewfrﬁbe Bawﬁaggpg& 15

strength of éhe serV|ng cell is 35 over the threshold
PCT/ SE95/ 00994scussed.

5 ° In one embodiment, as in a number of known systems, cell and
subcell evaluation may be performed together in a cYcle which
is completed at least within one SACCH (Slow Associated
Control Channel) period, and repeated every SACCH period
unless certain mechanisms prevent selection for a time

10 interval. This however merely constitutes one example among
many others.

As more thoroughly discussed later on, the cell selection is
based on the'ranking in the ranking list which it estab-

15  lished. The ranking list is preferably established in the
beginning of the cycle according to given basic principles.
The final cell selection is obtained through reorganization
of the list according to different principles which depend on
the different criteria which will be further discussed later

20 on. The locating function continuously monitors and evaluates
the radio environment and suggest the most favourable cell
(and/or subcell). '

Based on a number of comparisons-of-measuremente'bf measured

25 and reported quantities a candidate list is produced. This
candidate list comprises cells in order of preference. In an
advantageous embodiment the signal quality and timing advance

- are continueusly monitored and evaluated together with signal

- strength estimates (comprising possible filtering functions).

30 The candidate list which is produced will e.g. in a known
| manner be'sent to the call process handler to be used for
channel allocation. Generally the locating comparison and the
preparation of the candidate list according to the given
prerequisites start immediately after the initiation of the

35 locating algorithm.



10 Wdlosid1d s a table relating to the sane structure %ﬂéﬁﬁb@s

5a but wherein serving cell is in the second | ayer and mhereln t

si,gnal -strength of serving cell is under the 5 t hreshol d, Flg.

5d is a table relating to the sane structure as in Fig. _ 5c¢ but

wherein the signal strength of the serving cell is over the :
threshol d, 10 Fig. 5e is a table relati to the structure of Fig. 5a
but wherein serving cell is in the 3rd”™or uppernost |ayer,

Fig. 6 illustrates how categories of handover candidates are 15 ordered

in a particular scenari o. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The cel lular coPmee &he candidede ddat discregedyad byr fheufunction handling
the candidate list, the candidates are used in attempting to

allocate the channel according to the information in each
5 candidate entry. In the attempts, the candidates are used in
the order they are placed in the list e.g. with one attempt
for each candidate. If channel allocation to a particular
candidate fails (e.g. in the case of a congestion), the
candidate next in the list is to be used for the next attempt
10 and so on until the channel has been allocated successfully
or all candidates have been tried unsuccessfully. This is a
procedure which generally is known per se which of course
could be more or less modified but also completely exchanged -
through another procedure without departing from the scope of
15 the invention.

Particulariy‘, the interactions with other radio network
functions such as intra-cell handover, overlaid-underlaid
subcell handover, extended range, directed retry, assignment
20  to another cell, alarm handover etc. will be discussed later
‘on. This is particilarly relevant when various radio network
functions propose' different types of actions at the same
time. The cell candidates are according to the invention
sorted into categories depending on a number of factors, in
25 one embodiment on three factors, namely the layer, the
ranking as compared to the serving cell and a measured
parameter such as signal strength (or path loss or similar)
~ compared to the threshold. Each combination of results from
... the evaluations of the radio network control functions is
30 connected to a defined list of categories describing the
precedence of the candidates in a so called "handover candi-

date list”.

Fig. 3 illustrates in a general way the main flow of the
35 locating procedure in one particular embodiment. Timing
Advance TA reports and measurements are filtered in a wherein



20 wherein the.cells are arranged in at least two layers in a

“hi er ar chVOO} 3 ner . Fig 2 very schematical ly il | usPFHSESS0§933
cellular, nobile communi cation system in this case the GSM system
Fig 2 is 25 nmerely shown for brief explanatory reasons, indicating very
schematically a part of a nobile cellular systemand it has of course
in no way any limting effect on the invention. The Base Station
Syst em BSS conprises a nunber of Base 3016 Transceiver Stations BTSs
wherein a group of BTSs is controll ed by a Base Station Controller
BSC and a n@fe8g &ther things cthei BitcErTod Rate porscheckednetol.| da iy a

Mobi | e the (6816 Q%?ﬂfﬁad\/s_@sdpéiqﬁoﬁ%acwnﬂ;rﬁﬁb?%cﬁt% c z@#gﬂlgr
calls to and.froma twork such as e,g..the Public _Sw tched 35 ephone
Net wor k PST isﬁl‘ésﬁﬁﬂ&a& e R VI e TRE: RdPFapEhical cellhdevalievadmached
Publ i ¢ Dat atilensoerePddtiddicodt) clidé. the eVBLISt96AE2as to if a cell
PCT/ SE%S/ Ooggg’over/under a threshold etc. 11 -
Thereafter follows (d) the evaluations in relation to other
Radio Network Functions, such as e.g. urgency conditions,
overlaid/underlaid evaluation, intra-cell evaluation etc.

10 ‘These so called flags are introduced into the tables and
constitute examples on conditions which can be controlled or
modified. ' ' ' o ‘

Thereafter '_follows the organizing procedure which depends on
15 2 - d and wherein a candidate list is organized.’ Thereafter
is ‘proceeded e.g. as in any known system or Locating Flow.

In the particular described embodiment in the initiation pro-
cedure the Base Station Controller BSC block is initiated,

20 = the channel allocation process is initiated and the table(s)
is/are read. The initiations are performed at activation of

a locating individual or a cell, e.g. at handover at recep-

tion in the Base Station Controller BSC o'f a complete hand-

over signal from the MS (Mobile Station) in the handover

25 procedure. Ambng others the parameters layer, better/worse,
over/under threshold are read. The initiation block fur-
thermore comprises the so called CPH (Call Process Handler)
.process which handles the BSC (Base Station Controller)

. signalling, data structure, updating and processing the

30 parameters, e.g. sig_nal strengths etc. reports to the active
locating instance. The procedures referred to are referred to

in a simplified manner since most steps in the procedure
correspond to the procedures that are carried out in known
cellular mobile communications systems e.g. with conventional

35 umbrella cells. E.g. filtering functions are carried out in
a manner known per 'se etc. The basic ranking procedure will
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applied, is substahuatib; and inttaueldabvaluation_are dealt with in a way
10 similar to known cellular systems comprising umbrella cells.
After the intracell evaluation follows an organizing
procedure. This is different from known systems and will be
‘further discussed and illustrated later on. The organizing
procedure may comprise a grooming procedure whereafter the
15 list is sent in a manner known per se, as well as the ad-
ministration of the allocation reply is dealt with in any
appropriate way.

In one embodiment the organizing prbcedure-may e.g. comprise

20 four procedures wherein cross-reference tables are built for
cells in the parameter list; e.g. signal strength etc. to
cells in the ranking list, cells in the parameter list to
cells in the measurement value list, cells in the ranking
list to cells in the parameter list and cells in the ranking

25 list to cells in the measurement value list. This procedure
is followed by the second procedure wherein each cell in the
ranking list is fragmented according to three parameters,
.namely (as referred to above)

.. 1.= layer, |

30 2 - better or worse than serving cell and :
3 - if it is over or under its own threshold. Thereafter the
cells are sorted into a three-dimensional datastructure. The
ranking list is stepped through in the ranking value order.

35 Table entries are found in any appropriate manner which
generally is known per se.
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added or subtracted according to the direction of novenent. In a
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a higher layer is that if tA® signal strength measured from

the cell currently serving the connection, i.e. the serving WO

- 96/ 06512

Particularly relating to one embgidimesrtpstii@oRgown umbrella

12 celdalll cdiddyt t 88nt beeguild ’f:@r-bbh'%:ﬁéﬂdeép@étécwiéy Hildal
(0]

a hysteresis sg tracte t he _syst extends the set

nel . ghbour

cel | s which §P&teSEFUGTUTEy, Ygh At (can pe used tao,eyiger cover up
hi erar chi cal hodesr .iTheoveragei Frofe noghel €eY¥EE. Accotdind'WE 8nbkOo\Wa-

priofi Lk NaRoalmene QuhlBnChEbBt mdY Hot inc1dlil o Rydthred) thibaholrd

correspondi ng

10

15

20

25

30

35

or a second threshold), the transitions between normal cells
and “"umbrella" cells are controlled by the threshold (the
signal strength threshold I*) and the modified threshold,
i.e. the signal strength threshold modified with hysteresis
H¥, In a particular embodiment these parameters (the first
and the second thresholds) are defined for normal cells, i.e.
not for cells forming so called "umbrellas". In this par-
ticular case this leads to a basic ranking list (among others
referred to in Fig. 3) comprising 7 categories. This is
illustrated in figs. 4a to 4c. For cells in level ll(the
lowest layer),'in this embodiment so called normal cells, the
signal strength is compared with the threshold value. In
relation to the herein described embodiment "over" for serv-
ing cells means that the signal streng'th'.I° 2 I, -H,* and
"under" for serving cells means that the signal strength I,
< I¥, -HY, whereas for neighbouring cells "over" means that
the signal strength I; 2I,* + H;”” whereas "under" means that
the signal strength I, <I,*” + H,**. The candidate list is
organized depending on different conditions. This means that

‘one or more categories which normally might be in the list

can be removed from the list, and categories can be added
etc. and the categories are arranged in a proper order

. according to the particular needs and requirements. The

organisation as such is governed by a table as mentioned
above. This table form permanent exchange data but it can
also be changeable and possible to correct etc. The table
comprises one part referred to as conditions. The conditions
an e.g. be according to the following table, hereinafter
referred to as Table A: '

generally referred to

v



passi ng dowepdgissid - € froma higher layer to a | ower |ayer, PCT/SE9S/0095d 1S
I f the signal strength nmeasured from a nei ghbour cell in a Fomer

hi erarchi cal | ayer increases above the threshold 10 for that cel
(particularly with hysteresis added) that cell will be added to the
set of neighbour cells which are eligible for handover. That cell wll
have a higher priority than cells int current |ayer or in a higher

| ayer. 15 Thus the cell structure can be said to be a hierarchical cel
structure. Therethrough the locating function is affected and

nodi fied. The basic ranking is done over the different cell | evel s and
a basi c ranki ngt |1 AssignmentRequest| asrived, conprises a nunber of

cang! flat es a% 3he AW%tétaﬁe O(M'izlgeﬂegﬁs Aﬂéﬁgﬁﬂgﬁ% €8 tebb%}‘s@ %@C}l),
Suppl i ed a5 PerdmdCRAHIR GELRLNG MAYERSe,L R HFERPEY in the |5t are
al so divided into- Bad Quarpoyiesgehcgh will be further discussed bel ow

means the Tankihg GO TASRE R inPele "L an o path | oss

criteria (or arfy -otintrapfelbbrhandoperanet er). Locating relates to the
procedure thatw ' asurenent and paraneter data, proposes the
nost appropriate connection. The 30 output fromthe | ocating procedure is
a list of possible candi dates, the candidate |ist, for handover or
assi gnmenlp  of ARKY Jitbled! Soh@itichiarePB1580PbELDH18 aN WETY as there
handover. Such 1s present if the transmssion quality 1s too | ow, |

might be fewer or more conditions, depending on the particu-
lar needs and the particular requirements. The conditions can
be true, indicated with a "1", false, indicated as "0" and
finally they may be irrelevant, indicated as "-".

15 The table furthermore relates to different categories. In the
tables illustrated in figs. 4a - 4c
-] : - ﬁeans.serving cell,
1 bo - better cell in layer one, SS (Signal Strength)
over threshold,
20 1 bu - better cell in layer 1, SS under threshold,
1 wo - worse cell in layer 1, SS over threshold,
1 wu - worse céil in layer 1, SS under threshold,
2'b - better cell in layer 2, '
2w - worse cell in layer 2.

25 The table in fig. 4a illustrates the serving cell in layer 1
(normal) wherein the signal strength is under the_threshold;
.24 different cases are illustrated. In the tables (Fig. 4a-
4c) in referred to whether the serving cell has a signal
- strength which is over or under the threshold for the serving
30 cell (se also Fig. 5a-5e).

The tables of Fig. 4 have been made up according to guide-
lines which have given a certain priority order between the
different radio network functionalities. This priority order

35 is given by the following table, hereinafter referred to as
Table B: '
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5 - Intracell Handover

6 - BQ urgency '

7 - Going to a higher layer
(Table B)

The table in Fig. 4b illustrates serving cell in layer one
(normal) and the signal strength being over the threshold for
24 cases and finally the table in Fig. 4c¢ illustrates the
serving cell in layer 2 (which in this case -relates to an
"umbrella" cell) for 24 different cases. Particularly it is
also poss;ble to divide a number of cases into different
cases for subcell change conditions which however will not be
further discussed here. '

'~ The embodiment described above relates to a case with two
‘cell layers or levels. Of course there can be more layers. In

the following another embodiment will be described. In this
case there are three different cell layers.

The hierarchical cells structure according to the invention
can be applied to the umbrella cell functionality. An um-
brella cell functionality provides a second level in a

. network comprising large cells which logically (and physi-

cally) are organized above the original cell network and
works as a backup network therefor. In the bresent embodiment
a third level is introduced which logically (and physically)
is arranged below the original cell network and comprises
small cells. In one embodiment this level forms a micro-cell
network. Herein the first level or the lowest level (level 1)
or the bottom level is called the micro-level and the second
level or the middle level is called an normal or an original

Timng A LJA) is too large, if the tine dispersionis 35 too |large

or if anwgsﬁ@?élgri terion for extraordinary radio everRGI/SEIS(H0433

dependi ng on whi ch physical nmeasurenents are WO 96/ 06512

PCT/ SE95/ 00933 13 avai | abl e for

the radi o connection. As to the unbrella cell concept, a cell may be

defined as an unbrella cell. An unbrella cell is a cell in a network
-of large cells enconpassi ng the norn&P network. However, this

invention is 5 based on a concept of hierarchical cells.

Generally there will be a great nunber of different requirenents on

t he Base Stali enNegmkloHafdoR®y for the | ocating algorithm The

| ocating alggrithm.is here partigu- 10 | arly defined as a coll.ective term

for cell andgsﬁbgéwﬁ'ng idv?E‘F@cfrﬁoﬂﬂrqquudi ng all types of intra-cell

change of 3 -cBGaingl toThe loweat iYayerincti on generally describes a func-

tionaligy that_c L.§€S f many functional conponents of t he

Iocating alggritﬁﬁgakaitﬁggﬁﬁacwwng a handover generally '
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be referred to the neasured paraneters or quantities. Those are
quantities which are nonitored in the (in a particul ar enbodi nent) M5,
Mobile Station and in the BTS by a neasuring device e.g. as specified
in the GSM recommen- 20 dations. Wien applying the Mbile Assisted
Handover strategy MAHO, the quantities asured or nonitored in the
Mobi | e Station Ms are transferred to the BSC over the air. Quan-

Lities measuredygyefiOBLACLAL ithil AR T6ANERE! KB Tedelotay be HS1HE o
transferred to the BSC." However, the ways In which 25 neasurenents are
carried out, irteiFdd @n an. URRAINJ1eVedhe Genergddy cthgr hakeBfipn with

strategy that ig118€8tihg MoBaiksCihdthe hicHEHiBHl .cebl VetFudbuFeri8eto
di scussed | ater _on neasurenents that are cogaldered i ncl ud
I

t he e
uplink and dowf+hk the lawest level Fiust dg qrprthf moRd 18 #APEARNFRAYLD be
quﬁjoi ty ]':305 hllﬁﬂéflveﬂ”erﬁys. aAscelX e%ﬁy that G.d:swédd‘tﬁrpossdbﬂ.‘e CheweE ora layer
nunmber of other,_alternatives., ln I men ort
nuanci t1es r of PECREEETINE 1dvel "R TEuT RIS g}, LR HiThesy, copactty.
Station. The reThhischasoascs consequencerthatftbermbbile stafion not &Baays
Base Station 1 d.er alt,. p | dered 1 e |
orbodi ment | nol Ukt 108 a8¥Rhaby cRRBESY Sp11 i WidC 4 ddialSCElgtn
any known systepy a path \ipss/peint of view but by a cell which is good
PCT/SE9/Q9933 enough and in the lowest possible layer.

The invention particularly relating to the treatment with a
threshold and with a system of tables as e.g. illustrated in
Fig. 4, furthermore allows for any other strategy by changing
15 the priorities as e.g. given by table B as referred to in the
foregoing.
Moreover, the system comprising'tables as e.g. in Fig. 4,
. allows for different strategies in different layers. In e.g.
this way, traffic can be directed to any layer and not only
20 to the lowest etc.

Of course fhe invéntion likewise relates to networks having
more“thah two or three layers, but since the principle is the
same independently of the number of layers only networks

25  comprising a two and a three-layer structure will be. more
fully described herein.

A hierarchical cell structure according to the invention can

. be related both to the umbrella cell concept and to cells

30 generally in different layers or levels. Through the intro-
duction of the signal strength threshold I,*" or a threshold

for upwards transition, below which a transition may occur,
transitions to a logically higher level or layer is facil-
itated. A flag, in a manner know per se, indicating that a

35 handover to a higher layer cell is allowed should be set when
the signal strength in the serving normal cell falls below
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however, after handover to a higher level cell, the signal
strength from a lower layer cell again rises above the

threshold, then this cell should not immediately (accordiny

to the particular embodiment) become part of the candidate
list. The signal strength should preferably reach a level

somewhat above I® or threshold I¥ + H'_’ ‘or a threshold for ‘

downwards transition in order to get a hysteresis effect

which will prevent repeated handovers or so called "ping-_-pong |

handovers”. When the signal strength from a lower level cell

exceeds 1* + H™ a flag is set (in this particular
embodiment). This flag can bee seen as a Lower Level Change
Allowed. The candidate list is then sent containing the lower
level cell exceeding I* + H*,

I* and H' here relate to ‘cell parameters and the serving
cell uses its own threshold values when evaluating I'-H® (I,
- H,*) (for a possible move to a higher level). When the
serving cell evaluates neighbours it uses the threshold
values corresponding to the neighbouring cells (I,*” + H,*").

1f a third level below the two other levels is introduced,

.the cells of that level shall generally be assured traffic
. in preference to all the other levels. This is achieved if

30

35

the above reasoning is applied on the bottom level. In the
following the bottom level is called level 1. For the provi-
sion of a candidate list a basic ranking is performed among
all cells which fulfil a minimum criterion. After that a
level oriented rearrangement is done. Any cell in the lower
layer with a signal strength eiEce‘eding- I,+H.,* (which refers
to a preferred embodiment) will set a flag indicating Lower

As- nor e t horoughly

z



Based on a wwbgdespd conpari sons of measurements of nmeasured PeT/SEI)6h933
reported quantities a candidate list is produced. This candi date |i st

conprises cells in order of preference. In an advant ageous enbodi nent
the signal quality and tim ng advance are continuously nonitored and
eval uated together w th signal strength estinmates (conprising possible
filtering functions). 30 The candi date |isjgwhich is produced will e.g.

in a known manner be sent to the call process handler to be used for

channel all ocat é’Per@H&'i 'ﬂi@ﬁeﬂ%iéﬂ%ﬂ?ﬂ%ké%hé%ifethe top candi-
preparation of the cand| || st accordlng to gl ven

prerequi sites date # ﬁW@E?%r isE- |¥1ft?%ﬁ?%na¥ﬁ nore Buch ¢ells|the

al gorithm vés D6/ PhBiIng result will be used at the ranking Zguong t] them-
PCT/ SE95/ 00933

15
candi date |ist $e1YeRei TEqthe Bhghepnlaysr Egﬁ&pﬁh@ll°weqtﬁ}§§uﬁﬁ ?y the
list, the Sandiaséembbingusefl theit temdidate 0list prboeede tdenebalbgl as

according to trﬁéifgﬁgpnééffsiﬂegggp than the serving cell, in the same or
in a higher higher layer, may be candidates, cells in the

same layer have priority over higher layer cells. Cells among
_ the "better" cells above with a signal strength below the
10 Higher Layer Change Allowed threshold, have a lower priority,
(in casé there are any at all). In the last category higher
level cells have priority over lower level cells. This is due

to the fact that going to a lower layer cell with a signal
strength below the threshold for Higher Layer Change Allowed
15 would immediately result in a transfer to a higher layer
anyway. This saves two unnecessary handovers. If however an
urgency flég is set simultaneously to the flag indicating
Higher Layer Change Allowed, than also worse cells may be
appended to the candidates 1list. The assembly to the
20 candidates list is given by a table which implements the in
the foregoing'cons;dered.principle of priority. The table can

be supplied as a permanent exchange data which allows tuning

of the algorithm without changing the actual code. However,

in an alternate embodiment the table is not permanent but can

25 be changed e.g. by command. Of course it is possible to
provide for means e.g. preventing handovers to lower layer

cells under certain conditions, such as in the case of fast
~moving mobile stations etc. Moreover it is possible to add

. further cell types, e.g. indoor cells or pico-cells etc.

30 Therethrough it can be necessary to introduce more levels in

the cell ranking list. |

The thresholds and hysteresis parameters can be set per BSC
or per cell level or per MSC level or per system level.
35



5 candé@gé&@&gﬁry. In the attenpts, the candi dates are used in t he

order th aced inthe list e.g. with one attenpt PCT/SR95/00838
candidate. |If channel allocation to a particul ar candidate fails (e.qg.
in the case of a congestion), the candidate next in the list is to be
used for the next attenpt 10 and so on until the channel has been

all ocated successfully or all candi dates have been tried
“unsuccessfully. This is a procedure W4 ch generally is known per se
whi ch of course could be nmore or less nodified but also conpletely
exchanged t hrough anot her procedure w thout departing fromthe scope

of 15 the iIpveRel else of thré8lédIl! Péydrs (d¥ iUl W allsld ranking
radi o networ function SL{h-as | {a-cel- han%er, '
over | ai d- undd® A1ape oveg ikhe | iﬁfr?d_ 0‘3& L levet§ed The, randidates dipetthe
assi gnnent 2eandidates Ndistaire @8 alrdadyodiscessed\abbvie ddvidedsashto

| at er: o] S.4.S P i G riy., vAan en various radi g network
functi oRs prgzggsggogiiéerg’rﬁ# t%%s #O?(%dgn%iﬁea?hes ﬁ?t‘égti:" 'll':c}??re.s onal

cel | candi das¢senagthatbreshadd: enthbysteresisnand the wekll level e gaedes

d di fa e | : | t h fact ,
nanely the | £ BT Ehe’cdtiidhfes for the HELGHBOUEIRG, oBT1E" B el °
measur ed aspalyaady zetersedstgnalltsideestnotohayet ita dve thessdghal)
conpared to gheenitdSBaklcottahat88hd HHd bath V1584 | Srld 81gna1 sfthnggha

eval uations of thi’tlradl o network control functions iI's 30 onnect e
defi ned9 i st 8§ WEile38: the BatRrilpsSyOr 8ny othgrocepwapient pRramgterdat es
in a so called "handover candi - date list". '

In Figs. 5a - 5e tables are illustrated from which the ‘
candidate lists are formed as already mentioned above in
relation to the embodiment comprising two cell layers. First

15 a basic ranking is performed, advantageously among those

' cells which fulfil a minimum criterion of exceeding a thres-
hold value of at least one given signal parameter.

Thereafter a hierarchical level evaluation is performed, i.e.

20 a level-oriented rearrangement is done. This means that a
candidate list is assembled governed by one or more tables.
Examples of such tables are illustrated in Figs. 5a- 5e.
These tables will in the following be explained. As above TA
relates to Timing Advance and AW relates to Assignment to

25 worse cell. In the tables, the number defines the layer, i.e.
in this case three layers, layer 1, layer 2 and layer 3
wherein layer 1 is the lowest layexr etc.

Better and worse is illustrated through b and w respectively
30 whereas o and u means over and under the threshold respect-
ively, plus or minus the hysteresis as the case may be, e.g.
if an hysteresis is applied or not. If a hysteresis is
Applied, this may be dealt with by the locating function.

35 As' in the embodiment relating to a hierarchical 2-layer
structure, the table (Figures 5a - 5e) comprises a number of
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procedure in one particular enbodinent. Timng Advance TA reports
and neasurenents are filtered in a wherein WD 96/ 06512

PCT/ SE95/ 00933 16 anong ot her
things the Bit Error Rate is checked etc. In b the basic ranking is
performed which is nore thoroughly di sggssed later on. In c the

hi erarchi cal cell |evel evalua- tions are carried out, i.e. the
evaluations as tgnifitdong/,! 5 is over/under a threshold etc.

Thereafter follows i%)'the evaluations in relation to other Radi o

Net wor k Functi oR8™es¥éh as e.g. urgency conditions, overl ai d/ underl ai d

~evaluation, intra-cell evaluation etc. 10 These so called flags are

can be control | &d or

ntroduced intojthe tables and. ., SORSLE!ULT UL AR (AALidnES"

S

10

15

20

25

worse cell) state,

2 - Assignment'request Arrived and not AW-state,

3 - Excessive Timing Advance TA urgency,

4 - Bad quality urgency, _

5 - Overlaid-Underlaid subcell change request,

6 -~  Intra-cell Handover request, o

7,8 - Layer, wherein 00 indicates the lowest layer, Ol

indicates the second layer, 10 indicates the third
_ layer and finally 1l indicates the highest layer,
9 - . Own cell signal strength under the threshold,
10 - Not used (but in this case indicated 0).

This table will hereinafter be referred to as Table C.

Table 5a relates to layer 1 under i.e. the own cell (serving
cell) is in the lower layer (conditions 7 and 8) and the
signal strength is under the threshold of that particular
cell (condition 9). 32 different cases are indicated in the
table.

Table 5b refers to layer 1 over, i.e. own cell is in the
lower layer and the signa1 strength is over the threshold.

Table 5c relates to layer 2 under, i.e. the second layer

30

35

wherein the own cell is in the second (in this case inter-
mediate) layer and wherein the signal strength is under the
threshold of that particular cell; i.e. I, < IL,*.

Table 54 relates to layer 2 over i.e. the second layer and a
signal strength which exceeds the threshold (I, > I,*).

Finally Table 5e relates to layer 3 over, which indicates



nodi fi ed, Thereafter follows the organizing procedure which depends

on 15 WOIPSIHY wherein a candidate list is organi zed. TRETSESS40933 i's
proceeded e.g. as in any known system or Locating Fl ow. In the
particul ar described enbodinent in the initiation pro- cedure the Base
Station Controller BSC block is initiated, 20 - the channel allocation
process is initiated and the table(s) Is/are read. The initiations are
performed at activation of a locatingpindividual or a cell, e.g. at
handover at recep- tion in the Base Station Controller BSC of a

conpl et e harkByer 3 owar ofldndln fypRETrhdayex( Nsbi this: casenpndn & heignal
handover 25 stﬁﬁ&éﬂ%eeﬁﬂf?hﬁ@%ﬁi ERB1R3r R1BE »th&! 1
over/under threshold are read. The i niet I ation Elgogﬁs‘fb#jre&i& tﬂétﬁg"ﬁén%ﬁéf&
conprises t e Pt Fhagked (call Process Handl er) process which

handl es the BSC (Base Station Controller) - signalling, data structure,

updat i an rQcessi t.,he 30 argneters, e.g. signal strengths etc.

r eport ;!9 tot t}ﬁ %pélrl%winq £y Pﬁﬁﬁﬁ?ﬁﬁfo@"aﬂ%&eﬁr ggg&upﬁsgigﬁr?’édﬂ%%
are referrednteractioms aofi thei hietarohniraki oekl nesrustape withhaether
procedure t t.al. arr.ied out .i n _known
cel | ul ar rmgﬁ%&c(g:%imerfﬁ‘%? %g{'élgsh's hg%{:g&ﬁ@ig&g@ \tfmﬂgh ié%& é%ﬁim %h URI | a
cel | s. E. g. netwark nfunghiensnargr giyven iadoiority vieldingnithe lsunteder

se etc. The Jafdf IRNLEPPLOFEEY Earl! of the system both if e.g. the
10 tables (such as Fig. 4 and Fig. 5) are based on the priority
between the radio network functions or not. ‘

In a first exainple the interaction with the intra-cell
handover function will be described for a particular embodi-

15 ment. Two or more radio network functions may make their
propositions at the same time. In this case the intra-cell '
handover function proposes a change of channel within a cell
at the same time as the hierarchical cell structure function
proposes a handover to another cell either in a higher layer

20 or in a lower. In this particular embodiment a handover to a
higher layer has préfei'ence over an intra-cell handover (se
Table B). However, an intra-cell handover has preference over ‘
e.g. a quality alarm handover. but of course e.g. a quality
alarm handover may alternatively have prefetence over an

25 ‘intra-cell handover etc. This dep'ends on the particular
system needs and requirements. '

When neighbou_r cells measurements have been received from the
. mobile, the corresponding cells are categorized according to
30 the combination of three parameters, namely"

l - the hie_rarchical iayer they belong to, _
2 - their ranking as to if they are better or worse than the
‘'serving cell according to normal locating criteria and

35 finally .
3 - if the measured signal strength is above or below the
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17 be further discussed belowin relation to two exanpl Ss%rlgﬁgslm”

establi-shing a priority table based on a hierarchical struc- ture
conprising two and three | evels respectively. 5 In the | ocating
procedure the neasurenent reports can e.g. be taken care of directly
in the locating procedure itself or be &Q}aced in a buffer. However,
preferably they are taken care of directly. Both urgency conditions

and- overlaid/u ' dl uatixgn and JdJat | g i on .ar e
with in a way Eﬁggéégégqeﬁpﬁi?ﬁ§#£§$¥;ﬂ I"U g?ﬂgig%%ﬁ% g%ﬁ%%% Fh%#%ﬁ%#éﬁ%gal
cells. - Af tleyers dre rimplenavtedatitwal Yo |categenies gre zi ng obtained.
procedure. This is different fromknown systenms and will be further

di scussed and illustrated |ater on. The organi zi ng rocedure ma
sFOF‘g

conprise a gro&ANRFHkle Akl Popsiklesituations apd igations &
known per sse, aftisild wiidNcasd relevadtntst Ak ¢arebubheadhbo nritwdri Yin-

's dealt with I*t:r:]r:'oa.'l.n.e/ed funggfég pre#rgigavt\q\t/:hs are analyzed. Based thereon a
unique sequence of cell categories are assigned to that par-
ticular combination of evaluation results. The sequencing of
categories can e.g. be done in order to comply with a given

10 priority 1list, such as e.g. the one given in table B. This
sequence or candidate list, as already explained above thus
represents the list of the handover candidates in the par-
ticular order of preference. Fig. 6 further explains how the
different categories of cells can be arranged in order of

15 priority in a list, e.g. the cases 6, 7, 8 in Fig. 4a. In
Fig. 4a the two categoriés 2bo and 2bu form one single
category 2b. For 2w the corresponding throwing together has
been done for 2wo and 2wu. Furthermore, in Fig. 6 o/u
(over/under) relates to the signal strength of the neighbour

20 cell I; being over/under the threshold value for that
neighbour (or candidate) cell I,*. The reason for this
splitting up is to avoid unnecessary handover ping-pong
effects (first going down a layer and directly thereafter
having to go up to a higher layer again).

25
In the following an example will be considered wherein the
structure comprises two cell layers and wherein the serving
.cell is in the lower layer. It is assumed that besides the
. normal locating the radio network evaluations have proposed
30 three actions simultaneously, namely a bad quality alarm
handover, handover to a higher hierarchical layer and an
overlaid-underlaid subcell change. In this case a handover to
a higher hierarchical layer has the highest priority whereas
a bad guality alarm handover has the lowest priority. The
35 highest priority of all is to remain in the lower layer, i.e.
a normal better cell handover initiated by the normal



I n one enpbodi nent. the organi zing procedure nmay e.g. conprise 20 f our
procedur&om‘?ﬁg n cross-reference tables are built for PCT/SES5/#0933 n t he

parameter list, e.g. signal strength etc. to cells in the ranking
list, cells in the paranmeter list to cells in the nmeasurenent val ue
list, cells in the ranking list to cells in the paraneter |list and
ceIIs in the ranking 25 list to cells in the nmeasurenent value list. This
. procedure is foll owed by the second2Brocedure wherein each cell in

t he ranking list is fragnented according to three paraneters, -
nanely (as rEPG?%éﬂgtoﬂﬂiﬁuﬁhis combinatignr of3@valuation txeseltspr the

t han servi ngcgrgidaed list of hahéobvér éaﬁ&f&a%és“ﬂgeillﬁ§t9%ehhiﬁsﬁfbd
Thereafter t s are sorted hr ee- di mensi on

e |
dat ast ruct ur E i§h9bta(inedr -afGGRE 13 sF apgigg ep¥edbeniasating tffén@ﬁ-'hﬂm ngs
val ue order.performedavherefircelarsrd Auttbtetd Vut v adid wekae RARAM tHli Ch

I 6/0
' %E—?/e[cfég%/y 063§§ngpgelie and theré/g%i? éée handover candidate list is

established. As referred to above, above/below the threshold
' refers to the threshold for that particular cell. According
to this list, the highest priority is to stay in the lower
layer but only if a better cell appears which is illustrated
10  in the first line. The second priority will be to go up to
the upper layer which is illustrated in lines 2 and 3 of fig.
6. If going to a better cell will result in immediately going ‘
up to an upper layer or an "umbrella" cell which is the case
if the signal strength of that cell is below the threshold,

15 the first handover will not take place and instead there will
be a handover directly to the upper cell or the "umbrella"
which is illustrated on lines 1 and 4. The third priority
will be to perform a subcell change which is illustrated on
line 5. Finally, the lowest priority is to go to a cell which

20 is ranked as worse than the cell currently serving the

connection. Also in this case a cell in the lower layer has
preference over a cell of the upper layer but not if a second
handover to the upper layer would ensue which cén be seen
in lines 6 to 8 of fig. 6. '

25 _ :
The advantageous embodiments invention applies to TDMA (Time
Division Multiple Access) or FHMA (Frequency Hopping Multiple

. Access) or CDMA (Code Division Multiple Access). Moreover,

_ . the invention is not limited to any particular: handdver

30 strategy but a number of different strategies can be used

such as Mobile Assisted Handover strategy MAHO, Network
Controlled Handover NCHO or Mobile Controlled Handover MCHO.

With the invention it is possible to apply a systemaﬁical
35 approach upon designing hierarchical cell structures. Of °
course an arbitrary number of layers can be designed and the



18 Pwéb@wsﬁl y relating -to one enbodi ment the known urﬂgﬁg 33
cell concept can be said to be extended to a hierarchical -

structure. Therethrough it can be used to e.g. cover up holes in
coverage fromnormal cells. According to one em 5 bodi nent (whi ch may
or may not include a hysteresis threshold or a second threshold), the
transitions between normal cells and "?Ebrella" cells are controlled
by the threshold (the signal strength eshold I[err]) and the

nodi fied thresh g S| I d e t
hysteresis 10 ﬁh?ail d I%bré&ig%?ﬁcul%gp n‘gﬁ'gl%#en% ﬁé%égggra eir‘és ?“ﬂ\%qe Qe
first andCeREre ésﬂdiﬂhNQQM§<R§ Qﬁi$QF§arﬁRFtha ng| betveen layers
not for cells fagmaySoggaly edbtatiue! kﬁ%erph&yt h&:&rﬁ’abther radid Uh@twork
case this leads to a basic ranking |list (anmong Ot hers referred to In
Fig. 3) conprisPRptFodied dunctions.s s 15 illustrated in figs. 4a to
4c. For cegls in level 1 (the | owest |ayer), in this enbodi nent so

call ed nornmal cgll t he st th is co
t hreshol d val ue S 9namong Qf‘:&eﬁ %5'3[ tf@‘ﬂg tg'f }%\%r‘ﬁ%ﬂ‘i‘niﬂl’ers is
"over" for servgenerallyngpreﬂletmhhes tdnatsytdﬁemmgmﬂl Stcelgt blehaiihly and

[err] I[err] - f or S th

signal strength ?{‘E}’s?ggiag l[ﬁbc?ﬁr ﬁerr%?w:\%\%gfn@ f%ge %&l"iﬁbﬁ to
cells "over" nedidrectamobile sthtigngnub theehQWGSt[baypr[bnr§|$2$t¢matica1
H err] whggeas r

+[ H e]rr] q"he c‘a‘ﬁgl da%gﬁﬁﬁgé éﬂ?éady s%ar'%égla?e cfepenc?eé‘| on % ﬁt? %’? {:ﬂ\e
condi ti ons. ThiBi EEGHSJ-PYIGFSZG‘W rfe- SOVRRAg: AARH OTeSanki EatHDrGongestion

m ght be in theehcstA1temaecaﬁveu9 AR\ hdggaB L 6 d 'cﬁre@ﬂ%&@if@%t@ﬁiéﬁ@

be added ' etc. the c teg_orfl es are arranged in a proper order
_ to any ayer o erence.

_D

]

15 With the invention it is among others thus ini:ended to be
able to direct the traffic to the cells for which the network
or the Hierarchical Cellular System HCS actually is dimen—
sioned and to ensure that there is free .cap'acity in those
cells which shall provide spare capacity at call set-up and

20 which have the function of rescue cells.

Cells in a higher iayer have priority at coverage holes and

at radio disturbances to ensure call continuity. At call set-

up congestion cells in a higher layer also have priority in
25 order to ensure successful call set-up procedures.

The invention is of course not limited to the shown embodi-
ments but can be varied in a number of ways within the scope
. of the claims.
30 :
Particularly the invention can be applied to generally every
known standard, such as GSM, PDC, all PCS-standards, 1S54,
1890, ADC, (D-)AMPS, DECT etc.



according to the particular | enents.  The or gani sati on

as such WO¥RSIhed by a tablferzs gp:@gtrl,.m'gagE@,Q above. THRCI/SES&00935 or m
per manent exchange data but t cannEpLAcE@I so ke changeabl e and possible to
correct etc. The table referred to as conditions.

The conditions an e.qg. be accord| ng to the foll omlgg,e&amEeenRe laced
her ei naf t er referred to as TabIeA 35 V\DQ
PCT/ SE95/ 00933 30 1
Assi gnnent Request arrived, 2 - AWstate (which
wor se cell), 3 - Excessive Tinmng Advance (TA) urgency, 5 - Bad
Quality urgency, - 5 - Overl aid-Underl aid subcel | change, -
Intra-Cell handover. (Tabl e A)
' ' CLAIMS
5

1. Cellular mobile communication system w:l.th 'a number of
radio base stations (BS) and’ a number of mobile ‘stations
(MS), said system comprising a number of cells which are
arranged in at least two different layers or levels wherein
10 mobile stations (MS) can be handed over from one cell to
' another and comprising means for monitoring or measuring at
least one signal connection naraﬁleter'of at least those cells ‘
which are not in the uppermost layer and wherein at least one
threshold value (1.5, 1I1,*) for said at least one signal
15 parameter is given for at least each cell (c
Ci.ie1.....n) DOt being in the uppermost layer the system
furthermore comprising controlling means for deciding on and
controlling handover decisions, '
characterized in that,
20 the controlling means comprises a priority ranking arrange-
ment based on a number of criteria of which a first criterion
is based on a comparison of the current, monitored value (1,)
'of a signal parameter (Iaer I,.,..) of the serving cell with the
'given threshold value (I.**) of the serving cell (C,) or the
25 cell currently serving a given connection, and a second
criterion which is based on a comparison of the current,
- monitored value (I,) of a signal parameter of a neighbour
.cell with the given threshold value (I,*) for the same
- - neighbour cell (C;) wherein the handovers are governed by the
30 priority ranking arrangement in such a way that a systematic
passing between cells or cell layers or levels is obtained,
also for passing up and down between cell layers.

2. System according to claim 1
35 characterized in that,

the first criterion is used for deciding if a handover from
e e T

A I



10 o CoioReéRer conditions are also possible as well
m ght be fewer or nore Cﬁ{?schhtzdtgsbﬂae d&@ﬁ&dl ng -on the particu- P&P'Eﬁﬁ’(m”

needs and the particul ar he conditions can be true
indicated with a "1", faI "0" and finally fhey pay
irrelevant, indicated as - table furthernore rg

S5Een 7 AS BEEN
different categories. In the tabl es |Iéfstrated in figs. 4ngpL4>@ED
- means serving cell,. 1 bo better cell i e S

S =, -

(Signal Strength) : . 0O resn

cell in layer 141 @'unldtér t%?ggﬁoﬁg'eraréﬁ{él 01%312 ° aecgg af)eﬁ}é&%r
SS over t hr eshdikerarchical Wiayer- 1aot9ebeeppnisﬁd|expdr 1, SS under

t hreshol d, 2 b - better cell in layer 2, 2 w - Worse
cell |nIayer 2. 25 The table in fig. 4a illustrates the serving cell in
| ayer 1 GrorSus tenAseeFAing E'Pgﬁ&? Bt 2ength is under the threshol d.
24 different cagsas are ald;uetéa&-eﬂ zl@& ghe B_ahl est( hi @ t43- _ 4c) in
referred to whet her_i servi.n eII has strengt.h jch is
over or under t Q‘l%o‘f%l ‘f jrﬁsge‘?ﬁﬁ%r % &t e ;%ﬁ@ayer is
5a- 5e). eliwibld| for diandgver hivthbecenrredt valaecoflithe mbrgitcked

| i nes which hay rytyy O h ent
‘radi o network fsﬁirﬁallg:g%ﬁé{&[}ﬁgiﬁg i &;_Ie&(‘]é) %ﬁﬂ‘é Se]g]l'vgﬁ ﬂ;% %
follow ng tabl e;hmrﬁnelammsln@l@rveblueo(is') and/gubtbeBthreshold value
10 (1,") modified with a hysteresis (H,"") for that cell.

4. System according to claim 3
characterized in that,’
a cell in a higher hierarchical layer is eligible for hand-

15 over if the current value of the monitored signal parameter
(I,) is smaller than the threshold value minus a hysteresis
(Hotr ).°

5. System according to anyone of the preceding claims

20 characterized in that,
the second criterion is used for deciding if a handover from
a higher hierarchical layer to a cell in a lower hierarchical
layer is to be considered.

25 6. System according to claim 5
characterized in that,
according to the second criterion a cell (C;) in a lower
. hierarchical layer is eligible for handover if the current
. monitored value on the monitored signal parameter (I,)
30 exceeds the threshold value (I,) of that cell and/or the
threshold value (I,*") modified with a hysteresis (H;™).

7. System according to claim 6
: characterized in that,
35 threshold value (I,*) is modified in such a way that a
| hysteresis (H,*) is added thereto.

AR
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20 éV’I&i'm!‘isﬁt)rmal Handov gF Fim-ngy Advance TAPGIFESS00933 3
- Going to a lower layer 5 'mﬂSSHEEKHASBEBNg 5 - Intracell
Handover .- . 6 - BQ urgency RERLACERI ng a hi gher |ayer

(Table B) 10. . The table17T1#1r—1ﬂrTTfustratesT elaged ayer
one (normal) and the signal strength -being over % for

24 cases and finally the table in Fig. 43% | | ustrate Vi ng
cell in layer 2 (which in this case relates to an 15 "unbrella" cell)
for 24 different cases. Particularly it is al so possible to divide a
nunber of c#eSystem Hddsrdhig to angoena@sofotheupeeldedihy’ e Liqmyli tions
whi ch howevecr hWIa| Ir not be eri furtger gl scus%eg here

the cells (C,, C,) are sorted into categories based on a
5 number of sorting criteria.

9. System according to claim 8

characterized in that,

one sorting criterion comprises normal-locating, i.e. the
10 neighbouring cells (C;) are ranked in comparison to the serv-

ing cell (C,) e.g. if they are better or worse than that cell

(C;) for at least one monitored signal parameter (I,; I p.1.) e

10. System according to anyone of the preceding claims
15 charact erized in that,
the cells (C;) are sorted into categories based on criteria
relating both to the monitored signal parameter as compared
to the monitored corresponding value of the serving cell (C,)
and to the monitored value of a cell (C,) as compared to the
20 threshold value of that same cell (Cg)

11. System according to anyone of the preceding claims

characterized in that,

the cells are sorted into categories based on which layer
25 they are in.

12. System according to anyone of claims 8 to 11
characterized in that,.
. priority ranking arrangement comprises a number of criteria
30 relating to a number of conditions.

13. System according to claim 12

characterized in that,

the cells are arranged according to the sorting criteria
35 depending on whether the conditions are fulfilled or not.
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0 The erqp@g?,g@@i descr Mt es to a case With tversgosnssas!
|l ayers or leve KRRt HidoBEd Reglicebe NOT € | ayers. In the fol | owi ng

anot her enbodi ment w I I I this case there are three
different cell |ayers. - Hm&mﬂﬁmr archical calls st 0
the invention can 0 the unbrella cell FUﬂqgiS@@@}ringBégN
um brella cell functionality provi des second | effel | m@PLACED
network conprising large cells which |ogica ?y (and physs

organi zed above the original ‘cell network and 30 works as a backup
network therefor. In the present enbodi nent a third level is

i ntroduced whi t4-| Sgstam 93995'6!%&%8]1%#)‘“ 12 ox sl3arranged bel ow t he

original cell gepvarg ané %0@)&1 gegz e d sinld ceflw.al® pne enbodi ment
this level forns oL

in_the t _lLevel
owest | evel (FE,Leakf Sane of the GobdbHipnbortelsh trrtelalftE, ot EbaTa
and the sgcondsuch akewely.obadhqualddve urgericy .calded an nornal or an
ori gi nal WO 96/ 06512
PCT/ SE95/ 00933

15. System according to anyone of the preceding claims
characterized in that,
the priority ranking arrangement comprises an organizing
10 table of cell categories which is sorted depending on a
number of criteria.

16. System according to claim 15 _
characterized in that,

15 the cells are ‘sorted into the organizing table into cat-
egories which depend on at least the first and the second
criteria and a number of conditions.

17. System according to claim 15 or 16

20 characterized in that,
a priority list or a handover candidate list is formed from
the organizing tabie. '

18. System according to anyone of the preceding cla_ims
25 characterized in that,
the signal parameter is the signal strength.

19. System according to anyone of the preceding claims

. -~ echaracterized in that,

30 the signal parameter(s) is/are the pathloss or pathloss as
well as signal strength.

20. System according to anyone of the preceding claims
characterized in that,
35 the cells are divided into two different layers.

,——————‘_——_—'/
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ﬁgﬁbﬁﬁ?d the third or the top level may be l,cal |l ed a %ﬁ
th|rd or | evel . G4 on W th Y00

nobiles in the hierarchica fill the |lowest |evel
first i.e. the nobile stat erved by acell in the Iovvest

| s tBEDAGRD
possi bl e level .or layer becausé thrs=Feveel parThi
hi ghest capacity. This has as a consequence tha ation
not always . wll be served by the bes®4cel | from trengt h

or a path loss point of view but by a cell which is good 10 enough and in
t he | owest possible |ayer. The invention particularly relating to

t he treat mren2lwi Spstem accbirdénboltd an‘gbom‘d lofa cmaimmnftdames ‘as e.g.
illustrated uit he re | ows r a ot her strategy by
changi ng 15 én’t‘h% prgogl FI Ss‘rraé' g "4 |v§'hnoy t & referred to in the
foregoi ng. the ceillsaxrs dmeg/m thmeei dirﬁgerehltelagers,ge go pigo-4,
al | ows g or fLenhiakba h1§Sahg g _ yers. In e.qg. this
way, trafflgé%jénébe :(‘ilérgc%gg toaany Pg:yer gr’altot only 20 to the | onest
et c. Of course the invention |ikew se rel ates to networks having

more than tvgporsystes hé!ééi-&in UioS aRgend ®£/d1din 4 ito 1P sane
|ndependentl¥ of the nunbe ayerﬁoonl y networksél 21:5 . conprising a two

and a three-Fye? EtPubt Er@ ﬁn t zpe

" the cells are divided into more than three layers.

r

10
23. System according to anyone of the preceding claims
characterized in that, ‘
the handover strategy that is used is the Mobile Assisted
Handover (MAHO) strategy. ' ' : '

15 o
24. System according to anyone of the preceding claims
characterized 4in that,
a threshold value (I, I,*”) is given for cells also in the
uppermost layer. '

20 |
25. System according to anyone of the preceding claims
characterized in that,
cells in a higher layer form a so called "umbrella" for cells
in a lower layer.

25

26. System according to anyone of the preceding claims
characterized in that,
.interactions with other network functions are given a prior-
_ . ity yielding the sori:ed order in the priority table of the
30 system. - '

27. System according to anyone of the preceding claims
characterized in that, |
for a particular network controlled function evaluation a

35 unique sequence of cell categories is assigned to that combi-
‘nation of evaluation results.

E O R VL



fully descwidwsibeser ei-n.~-~— A hierarchical cell structur PCRERGGHos tO
the invention can . 88l Blfflegtoédr t o the unmbrella cel | concept and to
cells 30 general ly i iy ers:or |evel ,rou-h the intro-
duction of the signal % l\n : old I{err] orf" ToF O ===,
upwards transition, bel nsition may HA$ BERYI {f i ons

to a logically higher level or layer is facg- , in a
manner know per se, indicatlng that- a 35 handover to a hlg er cel |
is all owed shoul d be set when the signal strength in the serving
normal cell WO 96/ 06512

PCT/ SE95/ 009334 stem according to anyone of the precgding claimsg [err]
-Herr]. The f¢dy asreagc beeref£rzed 80 ad a H gher aLeweI Change

Al d flag. | d | '

pasi o r anki ng vt BLpEbEen, M tiRY Rakksd! trBih) Chr EEedtiqtias HiviEeldn
flags ar é set )Multiple Iﬁmesss ¢FPMA) or Cddeeddvision Molbipler Aatéss
exi st; then thﬁuﬁﬂbi'fsséﬁﬁifaa. :

29. System according to anyone of the preceding claims
characterized in that,
10 it is a telephone communication system.

- 30. System according to anyone of the preceding claims
characterized in that,
15 .the GSM standard is used.

31. System'according,to anyone of claims 1 to 29
characterized in that, e. g.
the ADC, PDC or the DECT standard is used.

20
32. System according to anyone of claims 1 to 29
characterized in that,
it is an ISDN-communication system.

25  33. Method for handing over connections between a mobile

station and different cells in a cellular mobile communica-
tion'system comprising a number of radio base stations and a
_number of mobile stations, the system comprising a number of
 cells which are arranged in at least two different layers or

30 levels, the method comprising the following steps:

- introdncing a threshold value for at least one
signal parameter of the cell serving a given
connection; .
35 - introducing a threshold value for at least one

signal parameter for at least each cell not being in

e

R R R



remains i rent cel /= ' e serV| ng cell. If weyer
after han oélgér?osgg{a hi gher HEgh [ SHpnal st Fﬂéf?‘ﬁ%&gﬁ a

| ower |ayer cell again risgs abdyepgt t hrestrotd,—then this cell
shoul d not .imedi atel'y (acCOT O he partlﬁglsﬂgetﬁgQQQ
becone part -of the candi date e signal
preferably reach a | evel - somevx/nat aggve I[err] lm] mlmﬁ [err] +
H err] or a threshold for dovvnvvards ransition

- hysteresis effect which w revent repeated handovers or so cal | ed
"pi ng-pong 15 hand&9& é‘PPW’f hg %? ’naI strength froma | ower |evel
cell exceeds #[err] wmdricoring thHea@t |lsassha'o'ne( sdgnalli parpmettiexulfar the
enbodi ment). This fla% r@g N as a Lower Level  Change - Al'l owed.
The candi date |i st Shen c¢ont ai ning the | ower - | evel cell

exceeding I[err] + H @aritoring the at|iepptampeHsignakpparaneter forca |

paramet egs and the sen(inMer of neféml,o@feéeli g. own threshol d val ues when
evaluating I[err]-Herr] (I[er ] - He ] ) (for a possible nove to

a hi gher level F. WenCo@paring the monitored %%‘&Fegaﬁﬁﬁgﬁﬁo&h§ pignads
the threshold 25 Fzﬁﬂmmrﬁé@ouengéﬂriﬁga 86e1¥hkAtH nehé ektheeshbear |

+ Herr]). | e w the fwo other levels is

i nt roduced, thé’ag'éﬂ é (i?% g 5et1: fgenerally be assured

tr affic =i n prefcompareing athet hmoﬁﬂwrddeve#alué'hl ofi s tivdi egggnal
above reasoning |S.. ' : L§ el n e :

foI | ow ﬂg the bottom P&’%ﬂl %%e%ggéﬁ}%vrke&%m‘%gn%% p‘i’%ﬂ\-thg thr_e?f’Sﬁidof

a candidate list a basiaduearfdmdche rRspechive ceby; all cells which ‘

fulfil a mninmym cri t‘%féi% e Gonipddlisdns for carrying out the handovers
' in agreement with a given priority ranking order in
such a way that a systematic passing between cells
15 | or cell layers is obtained, also for passing up and
down between cell layers.

(T
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l'evel ori ergv?qdogﬁrzr angenent is done. Any cell in the |ower gErisgosogdsar
with a signal 'strength exceeding I[err]+H err] (which refers to a

preferred enbodinent) will set a flag indicating Lower WO 96/ 06512
PCT/ SE95/ 00933 23 Layer Change
Al'l owed which will nake the cell the top candi - date in the candidate
list. If there are nore such cells the basic ranking result wll be
used at the ranking anong them selves. |If the Hi gher Layer Change
Allowed flag is set, the 5 assenbling of the candidate |ist proceeds
general ly as follows: cells better tlhahbthe serving cell, in the sane
or in a higher higher |ayer, may be candi dates, cells in the

sanme | ayer have priority over higher layer cells. Cells anpong t he
"better" cells above with a signal strength below the 10 Hi gher Layer _
Change Al |l owed threshold, have a Iomeréfﬁi ixy, (in case there are
any at all). In the last category high ~4 s |]%evel cells have priority
over lower level cells. This is due to the fact that going to a | ower
| ayer cell with a signal strength bel ow the threshold for Hi gher
Layer Change Allowed 15 would inmredi ate Ut in atransfer to a

hi gher | ayer

Cu
o Switching
m System
L-T_J
= HLRL—I. k
- _ | | \\
_— ‘
MSC \
\
\\
BSS S I 4 OMC
BSC
|
Base Station
B:l‘S System
MS




anyway. Thi )(,Fﬁtwo unnecessary handovers. |f however an per/sE9RfRACY
flag is set SI taneously to the flag indicating H gher Layer Change
Al'l oned, than also worse cells may be appended to the candi dates

I'i st. The assenbly to the 20 candidates list is given by a table which

i npl enents the in t he foregoing considered principle of priority. The
tabl e can be.supplied as a permanent exchange data which all ows

t uni ng of the algorithmw thout changing the actual code. However,

in an alternate enbodinent the table is not permanent but can 25 be
changed e.g. by command. OF course it is ébﬁEGble to provi de for
nmeans e.g. preventing handovers to | ower |ayer cells under certain
conditions, such as in the case of fast novi ng nobil e stations etc.
Moreover it is pOSSIb|e to iqu further cell types, e.g. indoor cells
or pico-cells etc. Ther, (;Lg t can_he necessary to introduce nore

| evel s in the ceII ranking |ist. The threshol ds gnd
hysteresis paraneters can be set per BSC britipéiore| | | evel or per MsC
| evel or per systemlevel. 35 WO 96/ 6512
PCT/ SE95/ 00933 '

Channel TA reports Measurements and
measur-— , filtering of TA, _a
ement Measurements | RXLEV and RXQUAL

handling

§
Basic Ranking L —b

1

Hierarchical c
level evaluation —

1

Evaluations of
(other) Radio —d
Network Functions

{ New locating
- round
Organizing
Empty list
Sending Administration{.
the list of allocation
reply
]
Candidate Allocation

list reply

Call process handling

(handling of candidate
list, channel allocation)




22 Wo ddigsgase of three cell layers or levels, the bapifskedijobsio

is made over the three cell levels. The candidates in the candi dat es
|ist are as already discussed above divided into 5 categories and the
reported signal strength, the signal strength threshold and
hysteresis and the cell |evel are used to set the categories for the
nei ghbouring cells. Likew se, as already referred to, it does not
have to be the signal . strength but cowddial so be the path-1oss, the
signal strength 10 as well as the path-loss or any other convenient
par anet er . In Figs. 5a - 5e tables are illustrated fromwhich the
candi dat e Iisl%. g[8 formed as al ready nentioned above in relation to
t he enmbodi nent” Conprising two cell layers. First 15 a basic ranking is
per formed, advantageously anong those cells which fulfil a m ninmm
criterion of exceeding a thres- hol d val ue of at |east one given
si gnal par ameéese. Cordidemaf t er a Re@gesiehi cal | evel evaluation is
performed, i.e. 20 a *@ﬁgk-ori ented rearrangenent is done. This neans
that a candi date | s assenbl ed governed by one or nore tables.
Exanpl es of spch tabl espagopoi | | ustrat egpd, ufitge: 5Sa- Se. These tabl es
will in the follow ng be explained. As above TA

2 0-0001 1bo, 2b, 1bu, s;

3 0—-0010 1bo, 2b, 1bu, s;

4 0-0011 1bo, 2b, 1buy, s;

5 0-0100 1bo, 2b, 1buy, Iwo, 2w, Twu;

6 0-0101 1bo, 2b, 1by, s, 1wo, 2w, lwu;

7 0-0110 1bo, 2b, 1by, s, 1wo, 2w, 1wu;

8 0-0111 1bo, 2b, 1by, s, 1wo, 2w, 1wu;

9 0-1000 _ 1bo, 2b ,1bu, 1wo, 2w, 1wu;

10 0-1001 ' 1bo, 2b, 1by, 1wo, 2w, 1wy, s;

11 0-1010 1bo, 2b, 1bu, 1wo, 2w, 1wu, s;

12 - 0-1011 1bo, 2b, 1bu, 1wo, 2w, 1wy, s;

13 0-1100 ' 1bo, 2b, 1by, 1wo, 2w, lwu;

14 0-1101 1bo, 2b, 1hu. 1wo, 2w, 1wy, s;

15 0-1110 1bo, 2b, 1bu. Two, 2w, lwu,s;

16 0-1111 1bo, 2b, 1bu, 1wo, 2w, lwu, s;

17 1000-- 1bo, 2b, 1bu, s;

18 1001— ibo, 2b, 1bu, s;

19 1010-- 1bo, 2b, 1bu, s;

20 1011— 1bo, 2b, 1bu, s;

21 1100~- 1bo, 2b, 1bu, s, 1wo, 2w, 1wu;

22 1101-- 1bo, 2b, 1by, s, 1wo, 2w, 1wu;

23 1110— _ 1bo, 2b, 1bu, 1wo, 2w, 1wuy, s;

24 1111-- 1bo, 2b, 1bu, 1wo, 2w, 1wu, s;



relates to Wovdssfdvance and AWrel ates to Assignment to 25 pcyvRESS0983 | -

In the tables, the nunber defines the |layer, i.e. in this case three
| ayers, layer 1, layer 2 and | ayer 3 wherein layer 1 is the | owest
| ayer etc. Better and worse is illustrated through b and w
respectively 30 whereas o and u neans over and under the threshold
respect - ively, plus or mnus the hysteresis as the case nmay be, e.g.
if an hysteresis is applied or not. |If a hys#eidésis is applied, this
may be dealt with by the |locating function. 35 As in the enbodi nent
relating to a hierarchical 2-layer structure, the table (Figures 5a -
5e) conpri ses gpghygpber of WO 96/ 06512
PCT/ SE95/ 00933 25 condi tions,
nanmel y:
Case Condition Categories
123456
1 0-0000 ' 1bo;
2 0-0001 1bo; s;
3 0-0010 1bo, s;
4 0-0011 1bo, s;
S 0-0100 1bo, 1wo, 2b, 2w, 1bu, 1wu;
6 0-0101 1bo, s, 1wo, 2b, 2w, 1bu, Twu;
7 0-0110 1bo, s, 1wo, 2b, 2w, 1by, 1wu;
8 0-0111 1bo, s, 1wo, 2b, 2w, 1bu, 1wu;
9 0-1000 1bo, 1wo, 2b, 2w, 1bu, 1wu;
10 0-1001 1bo, 1wo, 2b, 2w, 1bu, 1wy, s;
11 0-1010 1bo, 1wo, 2b, 2w, 1bu, 1wy, s;
12 0-1011 1bo, 1wo, 2b, 2w, 1bu, 1wy, s;
13 0-1100 B 1bo, 1wo, 2b, 2w, 1bu, 1wu;
14 0-1101 1bo, 1wo, 2b, 2w, 1bu, lwu, s;
15 0-1110 1bo, 1wo, 2b, 2w, 1buy, 1wuy, s;
16 0-1111 1bo, 1wo, 2b, 2w, 1bu, 1wuy, s;
17 1000~- 1bo, s, 1bu;
18 1001—— . 1bo, s, 2b, 1bu;
19 - 1010— | 1bo, s, 2b, 1bu;
20 ]011"" 1b09 S9 2b; lbu;
21 1100~ 1bo, s, 1wo, 2b, 2w, 1bu, 1wu;
22 1101~-- 1bo, s, 1wo, 2b, 2w, 1bu, 1wu;
23 1110~-- 1bo, 1wo, 2b, 2w, 1bu, Twu, s;

24 1111-- 1bo, 1wo, 2b, 2w, 1bu, 1wu, s;



1 -

" wor se cekwg 96106812,

AW st at e,

., Bad quality urgency,

request, 10

second | ayer,

3 -

2 -

Assi gnnment request Arrived and AW (Assignnment to
Assi gnnment

PCT/SE95/00933

request Arrived and not
Excessive Tim ng Advance TA urgency,

4 -
5 - Overl ai d- Under | ai d subcel | change
6 - Intra-cell Handover request, 7,8 - Layer,
wherein 00 indicates the | owest |ayer, 01 i ndi cates the
10 indicates the third 5:16

i ndi cates the
the threshol d,
- This table w |

relates to FHye4c 1 under i

| ower

hi ghest | ayer,

15 10 -
| hereinafter

. e.

t hreshol d of that particular

are indicat
i.e. own cel
the threshol d.

1
2
3
4
5
6
7
8
9

16

Is in the
456

0-0000
0-0001
0-0010
0-0011
0-0100
0-0101
0-0110

0-0111

0-1000
0-1001
0-1010
0-1011
0-1100
0-1101
0-1110
0-1111

1000—
1001--
1010--
1011--
1100
1101--
1110--
1111--

&N the Conditidmbl e.

| ower

signal stren

cell (condition 9). 32 d
Z@tcéo )

| ayer and finally 11
9- Om cel |l signal
Not used (but

be referred to as Table C

the own cell (serving 20 C
| ayer (conditions 7 and 8) and the

strength under

in this case indicated 0).

Tabl e 5a
ell) is in the

gth is under the

i fferent cases

Tf3ble 5b refers to | ayer 1 over,

| ayer and the signal
1bo, 1wo, 2b;
1bo,1wo, 2b, §;
1bo, 1wo, 2b, §;
1bo, 1wo, 2b, s;
1bo, 1wo, 2b, 2w, 1bu, 1wu;
1bo, 1wo, 2b, s, 2w, 1bu, 1wu;
1bo, 1wo, 2b, S, 2W, 1bu, 1wu;
1bo, 1wao, 2b, s, 2w, 1bu, 1wu;
_ 1bo, 1wo, 2b, 2w, 1bu, 1wu;
1bo, 1wo, 2b, 2w, 1bu, 1wy, 5;
1b6, 1wo, 2b, 2w, 1buy, 1wy, S;
1bo, 1wo, 2b, 2w, 1bu, 1wu, §;
1bo, 1wo, 2b ,2w, 1bu, 1wu;
ibo, 1wo, 2b 2w, 1bu, 1wy, §;
1bo, 1wo, 2b ;2w, 1bu, 1wy, §;
1bo, 1wo, 2b, 2w, 1bu, 1wu, S;
1bo, 1wo, 2b, s, 1bu, 1wWU;
ibo, 1wo, 2b, s, 1bu, 1wu;
1bo, 1wo, 2b, s, 1bu, 1wu;
1bo, 1wo, 2b, s, 1bu, Iwu;
1bo, 1wo, 2b, s, 2w, 1bu, 1wu;
1bo, 1wo, 2b, s, 2w, 1bu, 1wu;
1bo, 1wo, 2b, 2w, 1bu, 1w, §;

1bo, 1wo, 2b, 2w, 1bu, 1wu, §;

strength i s over



Tabl e 5c rewdfmek@ | ayer 2 under, i.e. the second |ayer Lo the
% Peepsinhs

own cell is in the second (in this case inter- 30 nedi at e)
wherein the signal strength is under the t hreshol d of that particular
cell; i.e. I[err] < IJerr]. ' Table 5d relates to |layer 2 over i.e.
the second |l ayer and a signal strength which exceeds the threshold
(Iferr] > 1IJerr]). 35 Finally Table 5e relates to |layer 3 over, which
i ndi cat es WO 96/ 06512 6:16 :
PCT/ SE95/ 00933 26 | ayer 3 own
cell in upper layer in this case and a signal strength exceeding the
t hreshol dFI® s&rnatively the threshol d I s not checked. 5 In the
follow ng two particular exanples will be given on the i nteractions
of the hierarchical cell structure with other
Case _ Condition Categories
1 0000000010, 1bo, 2bo, 3bo, 3bu, 2bu, lbu;
2 1000000010, 1ibo, 2bo, 3bo, 3bu, 2bu, 1bu, s, 1wo, 2wo, 3wo, 3wu, 2wu, 1wu;
3 0100000010, 1bo, 2bo, 3bo, 3bu, 2bu ,1by, s ;
4 0010000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wu, 2wu, 1wu;
5 1010000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wy, 2wu, 1wy, s:
6 0110000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, s ;
7 0000100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, s ;
8 1000100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, s , 1wo, 2wo, 3wo, 3wu, 2wu, lwu;
9 0100100010, " 1bo, 2bo, 3bo, 3bu, 2bu, 1bu s ;
10 0010100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, iwo, 2wo, 3wo, 3wu, 2wu, 1wy, s;
11 1010100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3w, 2wu, 1wy, s;
12 0110100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu,'s ;
13 0000010010, 1bo, 2bo, 3bo, 3bu, 2buy, 1bu, s ;
14 0010010010, 1bo, 2bo, 3bao, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wy, 2wu, Twu. §;
15 0000110010, 1bo, 2bo, 3bo, 3bu, 2bu, 1buy, s ;
16 0010110010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wu, 2wu. 1wu. s:
17 0001000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wu, 2wy, 1wu:
18 1001000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1by, s, 1wo, 2wo, 3wo, 3wu, 2wu, 1wu;
19 0101000010, 1bo, 2bo, 3bo, 3bu, Zbu, 1bu;
20 0011000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, Iwo, 2wo, 3wo, 3wu, 2wu, Twu:
21 1011000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wy, 2wu, 1wu. s;
22 0111000010, 1bo, 2bo, 3bo, 3bu, 2bu, 1buy, s ;
23 0001100010, 1bo, 2bo, 3bo, 3buy, 2bu, 1by, s , 1wo, 2wo, 3wo, 3wu, 2wu, lwu;
24 . 1001100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1by, s , 1wo, 2wo, 3wo, 3wu, 2wu, Twu;
25 ' 0101100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1buy, s ;

26 0011100010, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wo, 2wo, 3wo, 3wu, 2wu, 1wu. s;



net wor k f unwiiogiagsizParticularly the interactions with other PCT/SESRRBINR! K
functions are given a priority yielding the sorted order 1nthe
priority table of the systemboth if e.g. the 10 tabl es (such as Fig. 4
and Fig. 5) are based on the priority bet ween the radi o network
functions or not. In a first exanple the interaction with the
intra-cell handover function will beygescribed for a particular
enbodi - 15 ment. Two or nore radi o network functions may make their
propositions at the same tine. In this case the intra-cell handover
function_proposes a ch e of channel within a the same tine
toL1tjb0

as the htérarchical 40y J0Pu£R0, 3hAC DD 2 b“: b“aﬂr“&boé’&aaa"%%‘iﬂb\?é% ﬂb’u s;
another ¢gll eit her‘oﬂﬁ(molpogq% ﬁl?é’%'ﬁongu, %[1 k&‘ g | Jower. In this

particul ar enbodi ment a handover [ | ayer has preference over
an intra22el | hand@OﬁIOl(O@éO 1bo Zlabl%o,a)bu,labueym,,s Abwo12we,- Bed,| 3ving rBsay @ wu;
has prefgrence over &0‘1 ty._al m handover, but of course e.qg.

a qualit al aPHHFMQ&%rI ’r#&b 1ot o, r?r@»@?"éh@é"“@\?é’l“r WU
i1 a-cest nandovenosi frooffy 68°REH d8a0sh pﬁupﬁs& A3, 2wo, 3199 SFAIAEE T

and requirement bour célT's’ nedsur enen

recei ved32rom t he 0011110000, Elbo,tZlm Bbo, 3tap @bd; higu, dsvd, 2w, emmgpawnetﬂwu, s;
according to 30 t he conbi nati on of three paraneters, nanel y

the hierarchical |ayer they belong to,



Z - their ropfédpgspys to if they are better or worse than the PCTISEﬁ@E!:ﬁng

cell according to-normal |ocating criteria and 35 finally

t he measured signal strength is above or bel ow the WO 96/ 06512

PCT/ SE95/ 00933 27 ~threshol d
for that cell. In this case, if three hierarchical : | ayers are

| npl enmented, twelve categories are 0 yqined. Ceneral ly al
possi bl e situations and conbi nati ons. of “Si %- 5 ations which are

rel evant to the various radi o network con- trolled function

eval uati ons are anal yzed. Based thereon a uni que sequence of cel

cat egori €4Gabb assigned to that par- ticular conbination of eval uation
results. The sequenci ng of categories can e.g. be done in order to

conply with a given 10 priority list, such as e.g. the one given in table
B. This case SequegRiifén Candhdgdres! | st, as already explained above thus

represents the |ist of the handover candidates in the par- ticular
order of Ipref er ence0000DQGO00®, f tha;her expl ai ns how t he
2 1000000000, 1bo, s ,1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;

3 0100000000, 1bo, s, 1bu;

4 | 0010000000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy;

5 1010000000; 150, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, 1wu, s;
6 0110000000, 1bo, 2bo, 3bo, 3bu, 2bu, 1buy, s;

7 - 0000100000, 1bo, s ;

8 1000100000, 1bo, s, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;
9 0100100000, Ibo, s, 1bu; '

10 0010100000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;
11 1010100000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu. 2wy, 1bu, 1wy, s;
12 0110100000, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, s; '

13 0000010000, 1bo, s ;

14 0010010000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, 1wy, s;
15 0000110000, 1bo, s ; |
16 0010110000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wy, 2bu, 2wu, 1bu, 1wy, s;
17 0001000000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, Iwu;

18 1001000000, 1bo, s , 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, Iwy;
19 0101000000, 1bo, s , 2bo, 3bo, 3bu, 2bu, 1bu;

20 ' 0011000000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wy, 2bu, 2wu, 1bu, 1wy;

2 ‘ 1011000000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wy, 2bu, 2wu, 1by, Twu, s;
22 0111000000, 1bo, 2bo, 3bo, 3bu, 2bu, 1bu, s; |
23 0001100000, 1bo, s , 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;
24 1001100000, 1bo, s , 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wy, 2bu, 2wy, 1bu, lwu;
25 . 0101100000, 1bo, s , 2bo, 3bo, 3bu, 2bu, 1bu;

26 0011100000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2buy, 2wu, 1bu, 1wu, s;



d'ifferent oWbogeEs19s of cells can be arranged in-order of 15 P019§ﬂ99/059ta¥ in

alist, e.g. the cases 6, 7, 8 in Fig. 4a. In Fig. 4a the two

cat egori es 2bo and 2bu form one single category 2b. For 2w the
correspondi ng throw ng together has been done for 2wo and 2wu.
Furthernore, in Fig. 6 o/u (over/under) relates to the signal strength
of the nei ghbour 20 cell I[err] beiggigver/under the threshold val ue '
for that nei ghbour (or candi date) peil I[err]. The reason for this
splitting up is to avoid unnecessary handover ping-pong effects (first
going down a |layer and directly thereafter having to go up to _a higher
layer ag&in). 25 l%uugqpuphelbpoh’"@v@% 20, SRanshe WQ:I:S%Q"@BnEWH’e}@d 1wy, s;
wherei n bge ¢ i t I yers and wherein the
serving celI%P§¥?¥Kpﬂbqﬁgagy§?%?b?&*qﬁbf%bggguned t hat besi des the

normal | @8ati ng the)002010800etiboy &, dwal Rbd,i 2w, 3bay 8bpr Hpe,sie, by, 2wuIREg 1wy;
actions aénultaneogi*x <ﬂﬁﬁeb¥ a_bad_quality alarm handover, handover
to a hi gA8r hi er ar dB1481000d, dibog hO.7bO, 2w0, 3503ty ideas iyas I2BK d2wWubk, (1w, s;
change. this ca 1006 ° 0. ' Il J C I r{y1as., ...
t he hi ghggt priori t%yo%er ea’svl%’ 3 lgob% ’?ﬁ’% %@a?ﬁg%‘b%‘r" as ]tbﬂéfwu’
| onest pBRority. THO1B510000] dbesiwe, 2ty 2iwo, Gboa3bu, i3svd,Dwii,e2bu, 2wiu 1bl €l iy \wer
| ayer, i.e. a nornmal better cell handover initiated by the nornmal

WD 96/ 06512 PCT/ SE95/ 00933



28 | Werdeogfr2a Wth this conbination of evaluation resul
candi date |ist of glr?andover candidates as illustrated in fig. f'ér/sﬂyé)olpsss
obtained. First a ranking by the locating function is per f or med
wherein cells are denoted better and worse than the 5 serving cell and
thereafter the handover candidate list is established. As referred to
above, above/bel ow the threshold ret{, r& to the threshold for that
particular cell. According to this 17i'st, the highest priority is to
stay in the |lower - | ayer but only if a better cell appears which is

Il lustrated 10 in the first line. The second priaority will be to go up to
t he upper FI@y€¢ which is illustrated in lines 2 and 3 of fig. 6. |f
going to a better ceII will result in imed ately going up to an
upper layer or an "unbrella” cell which is the case if the signal
strength Q&sd hat celQonditionel om&g@ﬁe@reshol d, 15 the first handover wl |
not take place and instead there wll be a handover directly to the

upper cel b or the " @80QQ0140, 1bo, 1w 2be, 3be, 3bu, @by ated on lines 1 and 4.
Thi hird i ori | L1 ~ch
M Fustracga on | 10ppg00tao. 185, 1o o, 368, Su UBGT , 2005 345, Biug Aty Lop, 1w

cell whicg 20 is 10206000126, %bspwbnw 3dee 366, 2bnf; &, BB, l1wuS er Vi ng the
connection. Also in this case a cell in the | ower Iayer has pr ef erence

over a ceftl of the GQ!)QQOOD-A‘},erleUIW%oEbQ,BbQ, 3t @by, 2wo, 3wandwueciwe,olbun dwu;
upper | aygr woul d e’iﬁikﬁ‘odﬁ‘ﬂ& h %o lwo, fboe%bo 3bu, 2bu, 2wo, 3wo, 3wu, 2wu, 1by, 1wu, s;

6 0110000110, 1bo, 1wo, 2bo, 3bo_, 3bu, 2bu, 1bu, 1wu, s;

7 0000100110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, § ; _

8 1000100110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, s , 2wo, 3wo, 3wu, 2wu, 1bu, Iwu;

9 0100100110, -1bo, 1wo, 2bo, 3bo, 3bu, 2by, s, 1bu, 1wu; '

10 0010100_110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wu, 1bu, 1wy, s;

11 1010100110, 1bo, 1we, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wu, 1bu, 1wy, s;

12 0110100110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wy, s;

13 0000010110, 1bo, 1wo, 2bo, 3bo, 3by, 2by, s ;

14 0010010110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wu, 1by, Twuy, s;

15 0000110110, 1bo, 1wo, 2bo, 3bo, 3bu, 2by, s ;

16 0010110110, 1bo, 1w, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3w, 2w, 1bu, 1wy, s;
17 0001000110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wu, 1bu, 1wu:

18 1001000110, 1bo, Iwo, 2bo, 3bo, 3bu, 2bu, s , 2wo, 3wo, 3wu, 2wu, 1bu, 1wu;

19 0101000110, 1bo, 1wo, 2bo, 3bo, 3bu, 2by, s, 1bu, 1wu;

20 0011000110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wu, 1by, Twu;

21 1011000110, 1bo, 1wo, 2bo, 3bo, 3bu, Zbu, 2wo, 3wo, 3wy, 2wy, lbu, 1wy, s;

22 0111000110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wy, s;

23 0001100110, 1bo, Lwo, 2bo, 3bo, 3bu, 2bu, s , 2wo, 3wo, 3wu, 2wy, 1bu, 1wy,

24 1001100110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, s, 2wo, 3wo, 3wu, 2wu, 1bu, lwu;

25 0101100110, 1bo, lwo, 2bo, 3bo, 3buy, s, 1bu, 1wu;

26 . 0011100110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wy, 2wu, 1bu, 1wu, s;



i'n lines 6 fig. 6. 25 The advant ageous enbodi ne i on
| nes S wiafioda | 5 . el

applies to Division Multiple Access) or FHVA equency
Hopping Multiple Access) or CDWVA (Code Division Miltiple Access).

Mor eover, the invention is not limted to any particul ar handover 30
strategy but a nunber of different strategi es can be used such as
Mobi | e Assi sted Handover strategy MAHO,_ Net wor k Control |l ed Handover
NCHO or Nbbile Control | ed Handover McHA1:16 Wth the invention it is
possible to apply a systematical 35 approach upon designi ng hierarchical
cell structures. O course an arbitrary nunber of |ayers can be

desi gned2and the 1011100018,6/186510, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo 3wy, 2wy, 1bu, 1wy, s;

PCT/ SE95/ 00933 detail ed
conditi oA for swi O3kIHIOIAR: Abenlwasehas 3Pam3te 2bu, lb‘bolt’h’%él'» led in terns of

criteriaqg§or changloaglmk%tlweqbbay\% 200, ab?a%l}’"‘%h as 2@0dgml B, SWEETHR, F¥ey;

with ot her radi o net cont unctions.
30 0011010110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wy, lbu, 1wy, s;
31 0001110110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, s , 2wo, 3wo, 3wu, 2wy, 1bu, 1wuy;

32 0011110110, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 2wo, 3wo, 3wu, 2wy, lbu, 1wy, s;



5 Duepyiiigst hers to the fact that passing between Iayﬁgﬁ,si;sm,”
generally predictible, a systematical cell planning and | mensi oni ng
i.s possible. Furthernore it is possible to direct nobile stations to
the lowest layer in a systematical 10 way which, as already stated above,
saves the capacity of the hi gher | ayers for e.g. coverage gaps or call
setup congesti on etc. Alternati ve[‘_%_'ﬂs Is possible to direct nobile
stations to any | ayer of preferencé’ 15 Wth the invention it is
anong ot hers thus intended to be able to direct the traffic to the
cells for which the network or the H erarchical Cellular System HCS
act uaIIyFliGsiﬁ men- sioned and to ensure that there is free capacity in
t hose cells which shall provide spare capacity at call set-up and 20
whi ch have the function of rescue cells. Cells in a higher |ayer
have priQasety at cQefdiies holCaggarie at radi o di sturbances to ensure
call continuity. At call set- up congestion cells in a higher |ayer

al so havk priori tyompwglm,oi%rlwwgﬁsure successful call set-up

brbodi~ 2o ment s {AARORINETIEE el 2By € 22 AB8 3 ek St bt 7 i s
of the daims. 30 0100000100, 1bo, iwo, 2bo, s , 2bu, 1bu, 1wu;
4 0010000100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;
5 1010000100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wy, 2bu, 2wy, 1bu, 1wy, ;
6 0110000100, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wu, s;
7 0000100100, 1bo, 1wo, 2bo, s ; o
8 1000100100, 1bo, 1wo, 2bo, s , 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, 1wy;
9 0100100100, 1ibo, 1wo, 2bo, s , 2bu, 1bu, 1wu;

10 0010100100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;
11 1010100160, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, 1wu, s;
12 0110100100, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 1bu, 1wu, s; '

13 0000010100, 1bo, 1wo, 2bo, s; |

14 0010010100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, Iwuy, s;
15 0000110100, 1bo, 1wo, 2bo, s ; | | |

16 0010110100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1buy, 1wy, s;
17 0001000100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wuy;
18 1001000100, 1bo, 1wo, 2bo, s , 2wo, 3bo, 3bu, 3wo, 3wu. 2bu, 2wu, 1by, Twu;
19 0101000100, 1bo, 1wo, 2bo, s , 3bo, 3bu, 2bu, 1bu, 1wu;

20 0011000100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;

21 1011000100, 1bo, 1wo, 2bo, 2wo, 3b0, 3bu, 3w, 3wy, 2bu, 2wu, 1bu, 1wy, ;
22 0111000100, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 1by, 1wy, s;

23 0001100100, 1bo, 1wo, 2bo, s , 2wo, 3bo, 3bu, 3w_0, 3wu, 2bu, 2wu, 1bu, 1wu;
24 1001100100, 1bo, 1wo, 2bo, s , 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1by, 1wy;
25 0101100100, 1bo, 1wo, 2bo, s , 3bo, 3bu, 2bu, 1bu, 1wu;

26 0011100100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;



Particul ar iqaventi on can be appli ed to general ly every
WO deisid'y | S54, | 558',“’55\?%5}’%1

st andard, suc M PDC, all PCS-standards,

(D) AVPS, DECT etc. WD 96/ 06512 PCT/ SE95/ 00933
30 ' CLAI M5 5 1. Cellular nobile
communi cation systemw th a nunber of radi o base stations (BS) and a
nunber of nobile stations (M), said systemconprising a nunber of
cells which are arranged in at | 835¢6t wo di fferent | ayers or |evels
wherein 10 nobil e stations (MS) can be handed over fromone cell to
anot her and conprising neans for nonitoring or measuring at | east one
signal @nection pEIA00100; bibo,dwd, 26! 2WH 03, Gbl) Swo, 3wu, 2by, 2wy, 1bu, 1wy, s;
28 0111100100, 1bo, 1wo, 2bo, 3bo, 3bu, 2bu, 1by, 1wuy, s;
29 0001010100, 1bo, 1wo, 2bo, s , 2wo, 3bo, 3bu, 3wo, 3wu, 2Zbu, 2wy, 1bu, 1wu;
30 - 0011010100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu, s;
31 0001110100, 1bo, 1wo, 2bo, s , 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;

32 0011110100, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1w, s;



whi ch are o 9gidssidne upper nost
I[err]) for said at
at
| ayer,
controlling nmeans for deciding on and

t hreshol d val ue (I
paraneter is give
being in the upper

charact er:

conprises a priority ranking arrange
criteria of which a first criterion
nmoni tored value (I[err])
with the
| (C[err]) or the 25

current,
I[err]) BIG.t3e ser
of the serving cel

connection, and a
the currepe
nei ghbour ce

nei ghbout cel |
priority_ranking a
between %ells or ¢
up and dgpwn bet vvee
har acter

[err],
n for
nost

i z ed

ving cell

second

l(jlaﬂ&'tﬁ)

red qabeg

the girven threshold value (I[err]) for the sane
( C[ 6667001060, eilbo,t Tveo, I2bodBwey 3baribugover ned by the 30

AGORTEL: 1
bwdiighoé@y%é 1wo, 2bo, 2%, %tﬁﬁ‘ 8

| ayer and wherein at |east 0”?0{/&1:95/00933

| east one signa
Cerr]) not

cell (Cerr],

furthernore conpri sing
control ling handover deci sions,
a4 1620 the controlling neans
ment  based on a nunber of
i s based on a conparison of the"
of a signal paraneter (I[err],
given threshold value (I[err])
cell currently serving a given
criterion which is based on a conparison of
eI [€rr]) of a signal paraneter of a

| east each
t he system

i n

. T 208, D90, B0 3 ¥ Swo, s gow.pwbaes A
copndbRg, iy, awaim 1 35 ¢

'rst’criterron s used

for decidling if a 061600616060, 1boyn 1wo, 2bo 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;

17
18
19
20

SRR

25
26

1010001000,

0110001000,

~ 0000101000,

1000101000,

0100101000,
0010101000,
1010101000,
0110101000,
0000011000,
0010011000,
0000111000,
0010111000,

0001001000,
1001001000,
0101001000,

001001000,

1011001000,
0111001000,
0001101000,
1001101000,
0101101000,
0011101000,

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;
1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 2bu, 2wu, 1bu, 1wu, s;

1bo, 1wo, 2bo, 2wo, 3bo, 3buy, s ;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, s , 3wo, 3wu, 2bu, 2wu, 1bu, 1wy;

“1bo, 1wo, 2bo, 2wo, 3bo, 3bu, s , 2bu, 2wu, 1bu, 1wuy;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, 1wy, s;
1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wy, 2bu, 2wu, 1bu, Iwuy, s;
1bo, 1wo, 2bo, 2Zwo, 3bo, 3bu, 2bu, 2wu, 1bu, 1wy, s;

1bo, 1wo, 2bo, 2wo, 3bo, 3buy, s ;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu,
1bo, 1wo, 2bo, 2wo, 3bo, 3by, s ;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wu, s;

2buy, 2wu, 1bu, 1wy, s;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu. 1wu;
1bo, 1wo, 2bo, 2wo, 3bo, 3buy, s , 3wo, 3wu, 2bu, 2wu, 1hu. 1wu;
1bo, 1wo, 2bo, 2wo, 3bo, 3by, s , 2bu, 2wu, 1bu, 1wu;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo , 3wu, 2bu, 2wy, 1bu, Twu;
1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;
1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 2buy, 2wu, 1bu, 1wy, s;

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, s , 3wo, 3wu,
1bo, 1wo, 2bo, 2wo, 3bo, 3bu, s , 3wo, 3wu. 2bu, 2wu, 1hu, 1wu;
1bo, 1wo, 2bp, 2wo, 3bo, 3bu, s , 2bu, 2wu, 1bu, 1wu; |

1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;

2by, 2wy, 1bu, Twu;



VID 96/ 065130 96/06512 " PCT/ SE95/ 0Q34%E9s/00933

a cell in alower hierarchical layer to a cell in a higher

hi erarchical layer is to be considered. 3. System according to
claim2 5characteri zed i n t hat, according to

the first criterion a cell in a higher |ayer is eligible for handover
if the current value of the nonitored signal paraneter value (l[err]) -

of the serving cell (([err]) is less 15:18 han the threshol d val ue
(I'[err]) and/or the threshold value 10 (I[err]) nodified with a
hysteresis (Herr]) for that cell. 4. System according to claim3
c har 27ct e r 102181000, 160, 1Wo,lCtd, Bwo, 3bo, 3ta, Geld, 3w, 2bb] WEr1bu, 1wy, s;
hi erarchical |ayer is eligible for hand- 15 over if the current value of -
the nonitdred si gnQﬂlbl&lQ&%t dpo, 1wo, 2bo} Rwy Bho,j 3bus 2By, 2wui Hith 1% St hr eshol d

value magys a hyst gh8fd13000, 1bo,1HE 3tk) 2wo, 3bo, 3bu, s, 3wo, 3w, 2bu, 2wy, 1hy, Iwy;
30 0011011000, 1bo, iwo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wy, 1bu, 1wy, s;
31 0001111000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, s , 3wo, 3wu, 2bu, 2wu, 1bu, 1wu;
32 0011111000, 1bo, 1wo, 2bo, 2wo, 3bo, 3bu, 3wo, 3wu, 2bu, 2wu, 1bu, 1wy, s;



5 System | to anyone of the preceding clainms 20 t e
rized 6wlﬁ%’aﬁlgh at, the second criterion is usedi“g‘/ﬁg@g@ﬁng

i f a handover from a higher hierarchical layer to a cell in a | ower

hi er ar chi cal | ayer is to. be considered. 25 6. System according to
claimb5 characteri zed I n t hat, according to
the second criterion a cell (CJerr]) in a |l ower hi erarchical |ayer is
eligible for handover if the current nig ored val ue on the nonitored
signal parameter (I[err]) 30 exceeds the threshold value (l[err]) of
that cell and/or the threshold value (I[err]) nodified with a
hysteresis (Herr]). 7. System according to claim®6 c har a
cteri z 67§ n t hat, 35 threshold value (I[err]) is nodified
in such a way that a hysteresis (Herr]) is added thereto. WO
96/ 06512 PCT/ SE95/ Q0933

1 lower layer cells | better than serving 6cll above the threshold | lbo

2 upper layer cells | better than serving cell above the threshold | 2bo

3 upper layer cells | better than serving cell below the threshold | 2bu

!: lower layer cells | better than sérving cell below the threshold | 1bu

5 | serving cell ' S

lower layer cells | worse than serving cell above the threshold | 1wo

[+)

upper layer cells | worse than serving ceil above the threshold | 2wo

00
58]
g

—— s s e s

upper layér cells | worse than serving cell below the threshold

L
~

9 lower layer cells | worse than serving cell -} below the threshold | 1wu



precedi ng cl ai ns ~.ch
cells ((erifls Ceérr])~are

32 8. System according to anyon
aracterized |
sorted into categories ba sortlng criteria.

9. System according to cl acter. @ .ﬂg_ngg t h
at, one sorting criterion conprises nornal Iocatlng, Z

nei ghbouring cells (CJerr]) are ranked i,n conpari son to the serv- i ng
cell (Cferr]) e.g. if they are better or worse than that cel

(Cferr]) for at |east one nonitored signal paraneter (I[err]; | [err]).

10. System according to anyone of the preceding clains 15 charact
eri zed I n t hat , the cells (Cjerr]) are sorted into
categories based on criteria retcghig both to the nonitored signa

par anmet er as conpared to the ronitored correspondi ng val ue of the
serving cell (derr]) and to the nonitored value of a cell ((err])

as cogpared,t cdiurXdr mobhuéS*E&nﬁtdtﬂé@tﬁntbﬂfbtéﬁW&:mﬂa( Huaibdn - of

1. System age2 i {2cNVORS Yad™oaR S Ulih %8 mobiie “slatibnd © !

(MS), said system comprising a number of cells which are
arranged in at least two different layers or levels wherein
mobile stations (MS) can be handed over from one cell to-

10 another and comprising means for monitoring or measuring at
least one signal connection parameter of at least those cells
which are not in the uppermost layer and wherein at least one
threshold wvalue (I,***, I,*) for said at least one signal
parameter is given for at least each cell (Co.

15 Ciiar..... .) not being in the uppermost layer, the system
furthermore comprising'dontrolling means for deciding on and
controlling handover decisions,
characterized in that,

_ ‘the cells are arranged in a hierarchical structure and in

20 that the controlling means comprises a priority ranking
arrangement through which at least a basic ranking and
hierarchical cell evalﬁations,are performed which are based
on a number of criteria of which a first criterion is based
on a comparison of the current, monitored value (I ) of a

25 signal parameter (I,,, I, . ) of the serving cell with the
given threshold value (I,”) of the serving cell (C,) or the
cell currently serving a given connection; and a second
criterion which is based on a comparison of the current,
monitored value (I,) of a signal parameter of a neighbour

30 cell with the given threshold value (I,) for the same
neighbour cell (C,), wherein wvia an organizing procedure
using the results of at least the basic ranking and the
hierarchical celi evaluations, e.g. using tables, a candidate
list is provided which is usé& for channel allocation and/or

35 cell selection in such a way that a systematic directing to
or passing between cells or cell layers is obtained, also for
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the cells are sorted into cat egori @ﬁﬁﬁkﬁWEMhﬁchsfa lr 25 they are
in. 12. System according t gernatinal i 0 r:y...35k0 hja ¥
aacteri zed i n t hat,! rity ranking arrangenent

conprises a nunber of criteria 30 relating to a nunber of coqpyLugnsmgs
|

13. System according to claim 12 characteri zed

hat, the cells are arranged according to the sorting criteria 35
dependi ng on whet her the conditions are |filled or not. WO

96/ 06512 . PCT/ S 95/0

33 192SERF R A0 ARy PREVELR FP1E LpYeES n er%lﬂ iilFe%t’c“? @i 2
ed i n behdene to any layer.

2. System according to claim 1

5 characterized in that,
the first criterion is used for deciding if a handover from
a cell in a lower hierarchical layer to a cell in a higher
hierarchical layer is to be considered.

10 3. System according to claim 2
characterized in that,
according to the first criterion a cell in a higher layer is
eligible for handover if the current value of the monitored
signal parameter value (I,) of the serving cell (C,) is less
15 than the threshold value (I ) and/or the threshold value
(I,") modified with a hysteresis (H,”") for that cell.

4. System according to ciaim 3
characterized in tha=t,

20 a cell in a higher hierarchical layer is eligible for hand-
over if the current value of the monitored signal parameter
(I,) is smaller than the threshold value minus a hysteresis
(H,). )

25 5. System according to anyone of the preceding claims
characterized in that,
the second criteria to used for deciding if a handover from
a higher hierarchical layer to a cell in a lower hierarchical
layer is to be considered.

30
6. System according to claim 5
characterized in that,
according to the second criterion a cell (C;) in a lower
hierarchical layer is eligible for handover if the current
35 monitored wvalue on the monitored signal parémeter (1,)
exceeds the threshold value (I,”) of that cell and/or the
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D SHEET Catee 10 MR 997

) T



at least some of the conditionsga
e.g. bad quality urgency e.t.c.

riteria 5 | .such.as
Frdlng t o- anyone * 6f”

the preceding clains ¢ h alk - ' n t

the priority ranking arrangenent conprlses an organ|2|ng 10 Eﬂéﬂﬁ% 8%cel |
categories which is sorted depending on a nunber of criteria.

16. System according to claim15 C aracterized in t h

at, 15 the cells are sorted into the “organizing table into cat-

wh | east woyiteria and
2gor! o5 WhERBAERAR) UL (£95] ol ddP it o Sl (el teri S an

characteri zed N t,ha t, ~a priority list or a

handover candisdaiten atlcdraiiy & 1 6 t he organi zi ng table.
18. Systen1accord|ng to anyone of the precedln%hclains 25 charact e

rizedChPRrRTrACFeTizalk silgfa pgarufetlerris the signal
strength. threshold wvalue (I,**) is modified in such a way that a

hysteresis (H,*”) is added thereto.

8. System according to anyone of the preceding claims
characterized in that,

10 the cells (C,, C,) are sorted into categories based on a
number of sorting criteria.

9. System accofding to claim 8
characterized in that,

15  one sorting criterion comprises normal locating, i.e. the
neighbouring cells (C,) are ranked in comparison to the serv-
ing cell (C,) e.g. if they are better or worse than that cell
(C,) for at least one monitored signal parameter (I, I ,, ).

20 10. System according to anyone of the preceding claims
characterized in that,
the cells (C,) are sorted into categories based on criteria
relating both to the monitored signal parameter as compared
to the monitored corresponding value of the serving cell (C;)
25 and to the monitored value of a cell (C;) as compared to the
threshold value of that same cell (C;). '

11. System according to anyone of the preceding claims
characterized in that, _

30 the cells are sorted into categories based on which layer
they are in. '
12. System according to anyone of claims 8 to 11
characterized in that,

35 priority ranking arrangement comprises a number of criteria
relating to a number of conditions and in that the cells are

A
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19. System accordi ng to anyone of the ' allns ...characte
rized in that, 30 Swedigh 7et b (s) i s/-af e-t'he’ pathi vss

;
of pathloss as wel | as si I 20. Sy \C i ng

to anyone of the preceding claimﬁt character. ?gaggw t

hat, 35 the cells are divided into two different |ayers. WO

96/ 06512 4 PCT/ SE95/ 00933

34 21. System according to anyone~of clains 1 to 19 char ac

difterent PRfoiady ghodbiho jro GfIf Bl ot bHR] dUMALES on
22. Syst emwhstheyr rghe congbhtons arej fwlfiliedoor not.

13. System according to claim 12

5 characterized in that,
at least some of the conditions are so called alarm criteria
such as e.g. bad guality urgency e.t.c.

14. System according to anyone of the preceding claims

10 characterized in that,
the priority ranking arrangement comprises an organizing
table of cell categories which is sorted depending on a
number of criteria.

i5 15. System according to claim 14
characterized in that,
the cells are sorted into the organizing table into cat-
egories which depend on at least the first and the second
criteria and a number of_conditions.
20
16. System according to anyone of the preceding claims
¢ ha f acteriz é da- 4in that,
‘the signal parameter is the signal strength.

25 17. System according to anyone of the preceding claims
characterized in that,
the signal parameter(s) is/are the pathloss or pathloss as
well as signal strength.

30 18. -System according to anyone of the preceding claims
characterized in that,
the cells are divided into two different layers.

19, System according to anyone of claims 1 to 17
35 characterized in that, _
the cells are divided into three different layers, e.g. pico-

} NN O -

M
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characterized i n-

—Lhe cells are.divided into--
nore than three layers. 10

i o anyone of- thé-

precedi ng cl ai ns c h ar alecrist t ha h
handover strategy that is used i e Mobile Assisted JOJ@r &ﬁh
strategy. 15 24. System according to anyone of the preceding clains
characteri zi d in t hat_, a threshold value (I[err],
I[err]) is given for ceIIs also inthe 3 uppernost |ayer. 20 25.
Systen1accor g tq an of t r ecedi clalns character.
zed i q‘tlsh Jyero- 1c%|"’}'§,‘ie '&‘P%F%T Stayer forma so called
unbrella for cells in alower |layer. 25 26. System according to

anyone of zy d i n t ha
27 B Bty vo aifpdhd Setblaing L AP L 0,

| ty yi el d| nfght Rers@ted @derl imatd prictityttliretof the 30 system

27. SESte”‘t?l%C%Eq_'l@é:%meed)fiﬁi@ W% SchdlY GhPddBlayerst h ar act e

ri ze for a particul ar netmork controlled
functlon evaluatlon a 35 uni que sequence of cell categories is assigned

to that coghi.- system according to anyone of the preceding claims
characterized in that,
the handover strategy that is used is the Mobile Assisted
10 Handover (MAHO) strategy.

22. System according to aﬁyone of the preceding claims

characterized in that,

a threshold value (I,”, I,*) is given for cells also in the
15 uppermost layer.

23. System according to anyone 6f the preceding claims

chara cterized in that,

interactions with other network functions are given a prior-
20 ity yielding the sorting order in the prlorlty table of the

system.

24. System according to anyone of the preceding claims
characterized in that, ,

25 for a particular network controlled function evaluation, a
unique sequence of cell caFegories is assigned to that combi-
nation of evaluation results.

25, System according to anyone of the preceding claims

30 c h.a racterized in that,
Time Division Multiple Access (TDMA) or Frequency Division
Multiple Access (FDMA) or Code Division Multiple Access
(CDMA) is applied.

35 26. System according to anyone of the preceding claims
characterized in that,
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nati on of eval uation results.

PCT/ SE95/ 00933 28 eIt mgmmb anyone of the precedlng
cl ai ns c har act e rihetyted - 0 7e-0Bk v on
Mul tiple Access (TDVA) or Freds Di vision 5 NUItipIe Access (FDWA) or
Code Division Miltiple Access (CDVA) is applied. 29. System
according to anyone of the preceding clalns characteri zed
i n t hat, is a tel ephone co ni cati on system 30.

System_ accord| ng tq;fg'éb?}%e()f t he i{ﬁfﬁ%%{,{%}ﬂ“ character.

zedi

i 10

15

20

25

30

35

27. System according to anyone of the preceding claims
characterized in that,
the GSM standard is used.

28. System according to anyone of claims 1 to 26
characterized in that, e.g.
the ADC, PDC or the DECT standard is used.

29. System according to anyone of claims 1 to 26
characterized in that,
it is an ISDN-communication system.

30. Method for handing over connections between a mobile
‘station and different ceils in a cellular mobile communica-
tion system comprising a number of radio base stations and a
number of mobile stations, the system comprising a number of
cells which are arranged in a hierarchical structure in at
least two different layers or levels, the method comprising
the following steps:

- introducing a threshold value for at 1least one
signal parameter of the cell serving a given
connection;

- introducing a threshold value for at 1least one
signal parameter for at least each cell not being in
the uppermost layer:

- monitoring the at least one signal parameter for the

. serving cell;

- monitoring the at least one signal parameter for a
number of neighbour cells:

- comparing the monitored current value of the signal
parameter for the serving cell with the threshold
value for the serving cell:;

- éomparing the monitored wvalue of the signal
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31. System according to any. Tich ) 268 characteri z
ed i n t h at e. {4~ PCor t he “DEET “st andard-i s
Mdsed. 20 32. System actehe 0 anyone of clains 1 to 29 h a
racterizedinthat, it is anlSDI\I—com‘ruﬂl'ka%‘oﬂQQﬁ/stem
25 33. Method for handing over connections between a nobile station
and different cells in a cellular nobi Iz conmuni ca- tion system
conprising a nunber of radio base stations and a nunber of nobile
stations, the syst s u C C ranged
in at |least two dlﬁgl‘%g%?é akggsegg gg%hpgurl gel aur?gt\re\% t‘l'h%grglhgqug t he
fol l owi ng steps: value for the ri?-ﬁPeG&mUBngeélﬁhreshol d value for at |east
one - S59A§| t aEBhBArPEohEe tof! pré&vide " B&kYEN ranking
connection; 35 i ntroducing a threshold value for at |east One

si gnal paraneter fb+Sht | east each cell not bei ng in

5 - carrying out hierarchical cell level evaluations
comprising a level oriented reorganization relating
to whether cells are over/under the respective

threshold,
- carrying out an organizing procedure using a number
10 of conditions, said brganizing procedure e.g. being

table-controlled to establish a candidate list,

- sending the cell candidate list to a call handling
process so that channel allocation and/or cell
selection is done in agreement with the given ranking

15 order in such a way that a systematic passing between
cell layers is obtained also for passing up and down
or that mobile stations can be directed to any layer.

20

L
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(57) Abstract

The present invention relates to a cellular mobile communication
system comprising a number of radio base stations (BS}) and a number
of mobile stations (MS) wherein the system comprises a number of
cells which are arranged in at least two different layers of preference.
Connections carried on the communications system can be handed
over from one cell to another and at least one- signal parameter is
measured or monitored. At least one threshold is given at least for
each cell in the lower layers or at least one signal parameter. The
system furthermore comprises means for deciding on and controlling
handover decisions comprising a priority ranking arrangement based
on a number of criteria of which one is based on a comparison between
a monitored value (I,) of a signal parameter with the threshold value
(™) of the serving cell and a second one is based on a comparison of
the monitored value of a signal parameter (I;) with the corresponding

govemned by the priority ranking arrangement so that a systematic
passmgalsoupnswellasdownbetweenlnyemnobmmed.

threshold value (I;*) for a neighbour cell wherein handovers are
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