1 DATE OF RECEI PT BEST SERVER SELECTI ON | N LAYERED CELLULAR RADI O SYST M
BACKGROUND Ok THE INVENTICN 5 Field of the Invention The

relates to handoff of nobile stations within cellular radio systens and,
nor e partlcularly, to handoff within |ayered cell structures of such
systems. 10 H story of the Related Art In cellular radio
communi cat i ;)b systens a FESF HERVERSELECEION, I dAYRRED, plurality of

i ndi vi dual *regi ons referred to agsgtgblLir RARBHOOEYYHERh is provided with
radio service on a plurality of 15 separate RF channels the frequencies
of which are reused anong different cells sufficiently separated from one

anot her that thegggngguggigzgigg_;gy_gmgggveI of interference between
t hem VMeg a nmobile ﬁtgib Df the Invention '
The invention relates to handoff of mobile
stations within cellular radio sYstems and, more
particularly, to handoff within layered cell structures
of such systems.
10 istor f the Rel r
In cellular radico communication systems a
geographic area is divided into a plurality of
individual regions referred to as cells, each of which
is provided with radio service on a plurality of
15 separate RF channels the frequencies of which are
\ reused among different cells sufficiently separated
1 from one another that there is a sufficiently low level
of interference betweéen them. When a mobile station
receiving radio service from a particular base station
20 serving a particular cell moves from that cell into
another adjacent cell, communication with the mobile
station is "handed off" from the first base station to
the second base station serving the adjacent cell.
Such handoff is accomplished by a mobile switching
25 center (MSC) to which all of the base stations are
connected and which controls the allocation of
communication channels to the individual mobiles moving
throughout the region served by the cells.
As the demand for cellular radio service increases
30 over time, the capacity of existing systems has been
severely stressed to serve all the subscribers who
would like to have access to the system, particularly
in major metropolitan areas. To address this demand,
cellular radio technology is currently moving from
35 analog based systems, in which each subscriber
communication channel is allocated to a single radio
channel, to digital based systems in which a plurality—
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receiving radio service froma particular base station 20 serving a
particular cell noves fromthat cell into another adjacent cell,

conmmruni cation with the nobile station is "handed off" fromthe first base
station to the second base station serving the adjacent cell. Such handof f
is acconplished by a nobile - switching 25 center (MSC) to which all of
t he base statjons are connected and which-entrols the allocation of
comuni cation channels to the individual nobiles noving throughout the
region served by the cells. As the demand for cellular radio service

i ncreases 30 oy eubsckd begh ehaapedis \CHF ki 337 ineg stensarbs YBEAR

severely stressedhh@ne@’ \thrahugH ReinfIRSTFi HEGS M@ptyplédabcggstqm&m
fhi s demand, col FaRap FagFes Sl 7R AR P B FAned 15 oo
anal og based sgivedsd imto aWplﬂrahmmy1ofsmhmersbetscamdualdagnmdzemannel
I's aIIocatgd to 80§£98£ féggéh subscriber's conversation is broadcast
in a different time slot. However, even with such
improvements in channel capacity, there exist certain
areas within major metropolitan areas in which the
demands on the system are so great that it cannot be

10 successfully satisfied by existing cellular radio
architectures. For example, in the area in and around
a convention center located in a major metropolitan
area, the channel usage by portable cellular radio
transceivers may be so great that the demands for

15 service cannot be satisfied by the entire channel
capacity of the base station serving the cell within
which the convention center is located. In such
situations, it has been proposed to provide additional
"layers" -of cellular radio coverage provided by

20 additional lower powered base stations located within
an existing, so-called, "umbrella" cell and referred to
as "microcells". Such microcells may have a coverage
or service area on the order of a few hundred yards in
contrast to a few kilometers of coverage-by the base

25 station of the overlying umbrella cell. A plurality of
such microcells may be located adjacent to one another
and form a contiguous coverage area of substantial
width all of which is within the overall coverage area
of the umbrella cell.

30 When a layered cell structure, as described above
in conjunction with umbrella cells and microcells, is
used there is provided an enhanced level of radio
capacity which can be configured for individual
circumstances and which provides an assurance that

35 users can receive service despite an extremely high
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channel, to digital based systens in which a plurality -2- of subscri ber
channel s can be assigned to each radi o channel through tinme division
mul ti pl e access (TDMA) radi o technology. In TDVA radi o, each radi o channel
is divided into a plurality of tinme slots and a digitized 5 portion of
each subscriber's conversation is broadcast in an assigned tinme slot.
However, even with such inprovenents in cha&inel capacity, there exist
certain areas mnthln maj or metropolitan areas in which the denands on the
systemare so gr cannot be 1 successf ul sfied by

I
S sting ool ot GEmapavathiE i et L e e BRI AHE4 e MEPYAF and
around a convent edditdohnal leyatred dfn radia aovweetagepalayt e adsded,t fer

channel usage bye %ﬁ&ﬁQLe %@IlglaﬁlﬁggiQty of either contiguous or
. separated "pico cells" positioned within the coverage
5 or service area of the individual microcells, each of
which are in turn within the overall umbrella cell.
The base stations providing the radio coverage within
the pico cells would be of even still lower power than
the base stations serving the microcells and have a
10 coverage or service area of, for example, a few hundred
feet to provide coverage within a single building or a

single floor within a large convention center.
Thus, in layered cell architectures, the issue of
server selection and handoff of each mobile radio
15 transceiver moving within a geographic area involves
many more options. That is, it is possible. for the
mobile station to receive radio service at any given
moment £from either a pico cell base station, a
microcell base étation, or an umbrella cell base
20 - station. When conventional handoff criteria used in
single layered cellular architectures are applied to
this situation, problems arise and the solution is less
than ideal. The ability to configure the handoff
arrangement for maximum efficiency with reépect to the
25 utilization of channel availability and consistent with
high quality radio service td each mobile subscriber is

highly desirable.

When handoff is effected between adjacent cells in
a single layer cellular radio architecture, the
30 principle criterion used is that the quality of the
signal received from the mobile station by the
respective base stations capable of providing radio
service. That is, the quality'of the signal received
from the mobile station by the base station currently
35 serving the mobile is compared with the quality of
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transcei vers may be so great that the demands for 15 service cannot be
satisfied by the entire channel capacity of the base station serving the

cell within which the convention center is |ocated. I'n such situations,
it has been proposed to provide additional "layers" of cellular radio
coverage provided by 20 additional |ower powered base stations |ocated

within an existing, so-called "unbrella" céi4 and referred to as
"mcrocells". Such mcrocells my have a coverage or service arsa on the
order of a few hundred neters in _contrast to a few kil ometers of coverage
by the base 25 S?* TGFOVahPYo e R3AH FRARIR 1serEing am asliaesant y of
such mcrocel | s rmllbeahdcaish aghacepialliayonef agaghan aivl taeMatter

cont guous cover e B o HIEMAT St L nAAGY LEO DA
structure, as ded@dehetadbore sarvwiowy wict isalj adertt weirlel | airceldd taih,
mcrocellssis 5 gignal quality increment, known as an offset or
hysteresis, is also adpplied to the signal quality
difference value so that unless the signal quality in
the adjacent base station is at least "x" amount
greater than the presently serving base station,
10 handoff does not occur. This prevents oscillating
handoffs due to signal quality perturbations in which
the mobile is repeatedly handed back and forth between
two adjacent base stations.
When conventional handoff techniques, based purely
15 upon signal quality, are applied to the multiple layer
cellular architecture, the resulting serviée quaiity is
often not optimal and in many cases totally
inappropriate. This is because it is generally
preferable to serve a mobile station with the lowest
20 possible level of base station as a preferred service
provider primarily because of capacity reasons. That
is, if sufficient signal quality exists from the
microcell, it is preferred to serve the mobile from
that cell rather than handing the mobile off to the
25 umbrella cell which has fewer total channels available'
for service than a plurality of adjacent microcells
would have.
Because of the foregoing problems associated with
the use of existing handoff algorithms within layered
30 cellular architectures, it is desirable to introduce a
system of handoff algorithms which maximize the
efficient utilization of channel availability within a
multi-level cellular radio architecture. The system of
the present invention provides such a technique.
35 e e e e

heet Has Been Reilaced

"I



used there is provided an enhanced | evel of radio capacity which can be
configured for individual circunstances and which provi des an assurance
that 35 users can receive service despite an extrenely high - 3-
demand within a very small geographic area. Mreover, additional |ayers of
radi o coverage may be added, for exanple, E%na plurality of either
contiguous or separated "pico cells" positi®oned wthin the coverage 5

or service area of the individual mcrocells, each of which are in turn

wi thin the overal] unbrella ceII The base stations providing the radi o
coverage Wwithin therpee oUta e bt even still | ower power than the
base stations serV|ng:mhemmlaepeetlsfaﬂWErEnuentiHh mobt D¥esapecPib&as Vi ce

area of, for exa@&% se%vggngyeghe base station of the cell level which

is the preferred service provider for that mobile as

5 long as the signal quality is above a selected minimum
value. Should the signal quality deteriorate below
that selected minimum value, best server selection
possibilities are evaluated on the same level and such
possibilities are first exhausted before handoff is

10 made to a cell on a lower preference level.

In another aspect of the present invention,
handoff is performed of a mobile station operating
within a cellular radio system in a region in which
radio channels are provided by multiple levels of cells

15 having different service areas.- Categories of
preference are assigned within each cell with respect
to each other associated.cell within the system as to
which said cell's service area is either adjacent,
contiguous, or overlapping. The signal strength of the

20 radio signals providing communication between the

' mobile station and the base station serving each of the
associated cells within the system is measured and
compared to a preselected threshold value. Whether or
not to handoff the mobile to a base station serving an

25 ~associated cell is determined based upon whether the
signal strength of the radio signal therefrom is
greater than the threshold value and the preference
assigned to the associated cell.

In a still further aspect of the invention, best

30 server selection is performed for a mobile station
served on a first radio channel by a first base station
serving a first cell and operating within a cellular
radio system in a region in which radio channels are
provided by multiple levels of cells having different

35 service areas. Categories of preference are assigned
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nmeters to provide coverage within a single building or a single floor
within a | arge convention center. Thus, in layered cell architectures, the
issue of server selection and handoff of each nobile radio 15

transceiver noving within a geographic area involves nany nore options.
That is, it is possible for the nobile station to receive radio service at
any given noment fromeither a pico cell bd#se station, a mcrocell base
station, or an unbrella ceII base 20 station. Wen conventional

handoff criteria used |n n | ayered cellular-architectures are applied
to this situatiof?* g?i%e }allﬁlé TRRPLO UEP AT PIRET 13RFPFHRY &)
The ability to cmélllgme:l'nlmethendyétemraﬁnlg@nmiclﬁ Ogaidxdenim £f d&£v BASY

consi stent with HEE qill (S Hea SoatreRent o ABierBif Retistieror s
hi ghly desirabl e. OW@HEMCB}H | Baghf eassochetedercedd] adent assligsedn a
5 category of preferred, equal preference or non-
preferred based upon the size of its service area
relative to that of the cell within which the
assignment is made. Information on a second radio
channel broadcast by a second base station serving a
10 second associated cell is received and stored. The
signal strength of the radio signals broadcast on the
first and second radio channels, respectively, are

measured. The preference category of the cell from
which said second radio channel signal is received is
15 determined. The second base station broédéasting the
second radio channel is selected as the best server in
response to any one of the following conditions, (a)
the second cell having a preference category of
preferred and the signal strength of the radio signal
20 of said second radio channel being greater than a
preselected value, (b) the second cell having a
preference category of equal preference and the signal
strength of the radio signal of the second radio
channel beiﬁé greater than the signal stréngth of the
25 radio signal of the first radio channel, or (c¢) the
second cell having a preferénce category of non-
preferred and the signal strength of the first radio
channel being less than a preselected value and the
signal strength df the radio signal of the second radio
30 channel being greater than that of the first radio

channel.

In yet another aspect of the invention, server
selection is performed for a mobile station operating
within a cellular radio system in a region in which

35 radio channels are provided by multiple levels of
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a single layer cellular radio architecture, the 30 principle criterion
used is the quality of the signal received fromthe nobile station by the
respective base stations capable of providing radio service. That is, the
quality of the signal received fromthe nobile station by the base station
currently serving the 35 nmobile is conpared with the quality of signal
recei ved -4- by a base station serving -dmt adjacent cell and when the
quality of signal in the |atter exceeds the fOfﬂE{, t he nobihg i s handed
off to the base station serving the adjacent cel In addition, a
signal quality §€ edis S ncriafdht Ofkridih §€148 oFs sBroyidegsteiesi gadio al so
applied to the sisgralicgubyi Aybasé f stamnicm wWdlbraaddiaic Wowess dheasicanal

an'ity in the a@ﬂ%*%ﬁeb%ggufégﬁkogervice area of which varies from
larger to smaller. Each cell is provided with a list
5 of neighboring cells the service areas of which are
proximately associated with the service area of the
cell. A minimum acceptable radio channel signal
strength value is assigned for each cell. The strength
of the radio signals providing communication  between
10 the mobile station and the base station is measured for
the cell currently serving the mobile station as well
for each of the neighboring cells thereof. A server is
selected for the mobile station from among the
currently serving cell and its neighboring cells by
15 choosing the cell having both the smallest service area
and a radio signal strength which is at least equal to

the minimum acceptable wvalue.

BRIEF DESCRIPTION OF THE DRAWINGS

20 For a more complete understanding of the present
invention and for further objects and advantages
thereof, reference may now be had to the following
déscription taken in conjunction with the accompanying
drawings, in which: ‘

25 FIG. 1 is a pictorial representation of a single
level cellular radio communication system including a
mobile switching center, a plurality of base stations
and a plurality of mobile stations;

FIG. 2 is a pictorial representation of a multi-

30 level cellular radio communication system illustrating

- a plurality of microcells and a plurality of overlying
umbrella cells; '

FIG. 3 is a graph illustrating received signal

strength from a mobile station moving within a
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Is at least "x" amount greater than the presently serving base station,
handof f does not occur. This 10 prevents oscillating handoffs due to
signal quality perturbations in which the nobile is repeatedly handed back
and forth between two adjacent base stations. When conventional handoff
t echni ques, based purely upon signal quality, are applied to the nultiple

| ayer 15 cellular architecture, the r ting service quality is often
not optimal and in many cases totally inappropriate This is because
it is generally preferable fo serve a nobil tion with the | qwest
possi bl e | evel ofiGRaFed %a ay Wkt acé:ez]()1 Withpiny WhRfeth

primarily becausetfisapadidded;easons. That is, if sufficient signal

quality exists fromt rogelLl fer.r tQ serve t Qe nobile from
that cell rather thanqﬁagh%nggt dlé%F% %#(%?ml§%1 ceT?x%WH%h has

fewer total chanmdlarasedil #lzess for service than a pI uraI ity of
adj acent mgrocells r1g. 5 is a graph of receive signal strength from

a microcell and an overlying umbrella cell reflecting
different signal criteria;

FIG. 6 is a diagram illustrating handoff border
signal strengths for a microcell and an overlying

10 umbrella cell;

FIG. 7 is a block diagram illustrating a plurality
of base stations located respectively within adjacent
cells of a cellular radio system;

FIG. 8 is a block diagram of the infrastructure

15 equipment within a cellular radio system;

FIG. 9 is a block diagram of a mobile radio
transceiver for use within a cellular radio system; and

FIGS. 10-12b are flow charts illustrating
procedures used in the present invention.

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring first to FIG. 1, there is illustrated a
conventipnal single layer cellular radio communication
system of the type to which the present invention has
25 a relationship. In FIG. 1, an arbitrary geographic
area may be divided into a plurality of contiguous
radio coverage areas, or cells C1-C10. While the
system of FIG. 1 is illustratively shown to include
only 10 cells, it should be clearly understood that in
30 practice, the number of cells will be much larger.
Associated with and located within each of the
cells C1-C10 is a base station designated as a
corresponding one of a plurality of base stations Bl-
B10O. Each of the base stations B1-B10 includes a
35 transmitter, receiver, and base station controller as
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woul d have. Because of the foregoing problens associated with the use of
exi sting handoff algorithnms within |ayered cellular architectures, it is
desirable to introduce a 30 system of handoff algorithnms which
maxi mze the efficient utilization of channel availability within a

mul ti-level cellular radio architecture. The system of the present

I nvention provides such a techni que. -5:9SUMMARY OF THE | NVENTION I n one
aspect of the invention, a nobile station is served by the bﬁse stgt:on of5
the cell |evel mhlch | referred service provider for that nobile as

| ong as the signal® &ﬁ%ﬁl 5BovRe a.§%1eafbﬁgﬁ nitmubPGaP3ge stHANS t he

signal quality déﬂeﬁh@rare béloatratlvely located at the center of each
of the cells C1-C10, respectively, and are equipped
with omni-directional antennas. However, in other
5 configurations of a cellular radio system, the base
stations B1-B10 may be located near the periphery, or
otherwise away from the centers of the cells C1-C10 and
may illuminate the cells C1-Cl10 with radio signals
either omni-directionally or directionally. Therefore,
10 the representation of the cellular radio system of FIG.
1 is for purposes of illustration of a single level °
cellular radio system only and is not intended as a -
limitation on the possible implementations of the
cellular radio system within which the system of the
15 present invention may find utility.

With continuing reference to FIG. 1, a plurality
.of mobile stations M1-M10 may be found within the cells
C1-C10. Again, only 10 mobile stations are shown in
FIG. 1 but it should be understood that the actual

20 number of mobile stations will be much larger in
practice and will invariably greatly exceed the number
of base stations. Moreover, while none of the mobile
stations M1-M10 will be found in some the cells C1-C10,
the presence or absence of the mobile stations M1-M10

25 in any particular one of the cells C1-C10 should be
understood to depend, in practice on the individual
desires of the mobile stations M1-M10 who may roam from
one location in the cell to another or from one cell to
an adjacent cell or neighboring cell, and even from one

30 cellular radio system served by an MSC to another
system.

Each of the mobile stations M1-M10 is capable of
initiating or receiving a telephone call to one or more
of the base stations B1-B10 and a mobile switching

35 center (MSC); A mobile switching center (MSC) is
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that sel ected m ni num val ue, best server selection possibilities are

eval uated on the sane | evel and such possibilities are first exhausted

bef ore handoff is 10 made to a cell on a | ower preference level. In
anot her aspect of the present invention, handoff is perfornmed of a nobile
station operating within a cellular radlo ﬁysten1in a region in which radio
channels are provided by nultiple |evels of%cells 15 havi ng different
service areas. Categorles of preference are assigned mﬁthin each cel

W th respect to each Q associ at.ed . ce

i h h
i d el s sory FRERePLOS P oot 2R citn, 2 ikl e oL SR ok Bad

The si gnal strengfhuhéti&ﬂﬁﬁkratlveubasessgaaﬁenspmavmmaupndonnumheat|on
between the mobiglgcxtay, ﬂlénds[vs{ecrpaeel ShAbhan Setubng casingf, thee

associ ated cel | s w thi n emis meas conpar e
presel ect ed thre§h§W§-v@¥u’e Sw@%rflmedn@@tw@rﬂiawﬁéﬁl Ry ﬁ@l?ili%ﬂet @Ma base

station segving 3Qtegrated system digital network (ISDN) facility. The
relevant connections between the mobile switching

center (MSC) and the base stations B1-B10, or between

the mobile switching center (MSC) and the PSTN or ISDN,
are not completely shown in FIG. 1 but are well known -

10 to those of ordinary skill in the art. Similarly, it
' is also known to include more than one mobile switching
center (MSC) in the cellular radio system and to
connect each additional mobile switching center (MSC)

to a different group of base stations and to other

15 mobile switching centers (MSCs) via cable or radio

' links. ‘

Bach of the cells C1-C10 is allocated a plurality
of voice or speech channels and at least one access or
control channel, such as a forward control channel

20 (Focce) . The control channel is used to control or
supervise the operation of mobile stations by means of
information transmitted to and received from those
units. Such information may include incoming call
signals, outgoing call signals, page signals, page

25 response signals, location registration signals, voice
channel assignments, and maintenance instructions as
the mobile station travels out of the radio coverage of
one cell and into the radio coverage of another cell.
The control or voice channels may operate either in an

30 analog or digital mode or a combination thereof.

FIG. 1 illustrates a relatively conventional
single 1level cellular structure in which mobile
stations are handed off from one cell to another by it
being served with radio channels in communication with

35 first one base station and then an adjacent base

thB&mRThud
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25 associ ated cell is determ ned based upon whether the signal strength
of the radio signal therefromis greater than the threshold val ue and on
the preference assigned to the associated cell. In a still further aspect
of the invention, best 30 server selection is perfornmed for a nobile
station served on a first radi o channel by a first base station serving a
first cell and operating within a cellul at¥adio systemin a region in

whi ch radi o channels are provided by nultiple Ievels of cells having

different 35 erV|ce rea Cat egori es of ferenc re ass ed
W thi n_each cel | SHACH FoopBeed; JP0Rcn Bt henoRedoc areh B8 s ¢ A
system as to whi sltagdiosh ceébésveér\ﬁm aegahi ofei ther waEpeanste e badjieacent ,
contiguous, or oWgLl3appisNg. Each associated cell is assigned a
Referring next to FIG. 2, there is shown an
5 illustrative multi-level layered cellular architecture
in which a plurality of umbrella macrocells AQG,
analogous to the cells C1-Ci10 of FIG. 1, overlie and
include a plurality of microcells ‘a-e located within
the same service area of one or more of the umbrella
10 cells. In FIG. 2, each of the umbrella cells A-G would
be served respectively by a base station, similar to
the base stations B1-B10 of FIG. 1, and it would
include a serxrvice area within a cell on the order of,
for example, several kilometers in diameter.
15 Similarly, each of the microcells a-e would also be
served by a base station (not shown) located within the
cell and providing a respective service area on the
order of a few hundred meters for each. Just as the
service areas of the umbrella cells A-G are adjacent,
20 contiguous or overlapping to one another, so also are
the service areas of the respective microcells a-d
contiguous to one another, with the service area of
microcell e being isolated from the other microcells
but coextensive within the service area of the umbrella
25 cell A, Each of the base stations providing radio
coverage for both the umbrella cells A-G and the
microcells a-e could be operated under the control of
a single MSC (not shown).
As shown in FIG. 2, a mobile station 21 moving
30 along the path identified by arrow 22 would move from
the region served by umbrella cell A through the
regions served by microcell d and microcell ¢ and into
the coverage area of umbrella cell B. Providing radio
service to the mobile station 21 as it moves along the
35 path 22 could involve a number of different handoffs

'“’ﬁﬁiiﬂ M



5 category of preferred, equal preference or non- preferred based
upon the size of its service area relative to that of the cell wthin which
t he assignnent is made. I nformation on a second radi o channel broadcast
by a second base station serving a 10 second associated cell is

recei ved and stored. The signal strength_of the radio signals broadcast
on the first and second radi o channel s, ré%ﬁéctively, are neasur ed. The
preference category of the cell fron1mhich sgid second radig channe{ Slg?ﬁ
is received is 1 r The e an e,station_br asti.ng e
second radi o cha%rf?m i gqtsfg Zefit ed %%thn bes sesergFll PRS re§50rﬁ§3dftc TEHy one
of the foll ow ng RS i @ri@ng( afhehewsgcoddperfiingavipon a tporeef draamief £

category of pref iiedand dhensh@bed $156P9EAnOhsble L Baq'rr%l%'rr&l'?ﬁl 319%
sai d second radlglc annel being greater”than a preselect )
the second cell I%}ﬁg FPr A @é’«téﬁlﬂPQﬁlW qfr difter errtdh.and

the signal 5 the mobile station 21 could only be provided with
service by the base station serving the umbrella cell
A, while at point 23 along the path 22 it could be
served either by the base station of umbrella cell A or
the base station of microcell d. In addition, when it

10 reached point 24 on the path 22, it could be served
either by the base station of umbrella cell A or the
base station of microcell c. Further, at point 25,
service could be provided by the base station of
microcell ¢ or the base station of umbrella cell B.

15 Finally, at point 26 on path 22, the mobile station 21
could only be provided with service by the base station
serving umbrella cell B. Thus, the decision criteria
with respect to which cell the mobile station 21 should
be handed off to and the criteria which should be used

20 to determine both the timing and the result of that
handoff are important considerations in configuring the
efficiency and capacity of radio service to be provided
to the mobile stations within the multi-layered
cellular structure of FIG. 2. )

25 As discussed above, in implementing the handoff
process within a single layer cellular structure, a
mobile station is only located in one cell at a time
and leaves the old cell behind when it enters and
begins receiving service by virtue of handoff to the

30 new cell. 1In such case, the signal strength received
from the mobile station decreases for the old cell and
increases for the new cell when the handoff border is
crossed by the mobile station. However, when a
microcell is placed within an umbrella cell and is

35 totally surrounded by the umbrella cell, there is an
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strength of the radio signal of the second radi o channel being greater than
the signal strength of the 25 radi o signal of the first radi o channel,
or (c) the second cell having a preference category of non- preferred and
the signal strength of the first radio channel being |l ess than a

presel ected val ue and the signal strength of the radio signal of the second
radi o 30 channel being greater than TRat of the first radio channel. In
yet another aspect of the invention, server selection is performed for a

bl SUa1 00 oReLaLLng WML SO S Bt ElbcR el
DEC 1997i -7-variation in signal strength as the moblle moves
through the microcell located within the pmbrella cell.
For example, if the handoff border for a microcell on
5 the reverse side from the umbrella cell is crossed,
both the serving cell signal strength and the candidate
cell signal strength are increasing or decreasing,
depending upon the direction of movement of the mobile
station. This variation in signal strength becomes

10 more and more of a problem the closer to the antenna
site serving the umbrella cell site the microcell is
located. These problems may be illustrated by two
examples set forth below, Dboth for digital radio
channels.

15 In the first examéle, assume that an umbrella cell
has 50 watts erp (47dbm) and an enclosed microcell 0.1
ﬁatt erp (20dbm). The microcell is-placed 200 meters
from the base station site of the umbrella cell. 0.1
watts is an appropriate power level for a 200 meter

20 diameter microcell. As shown in FIG. 3, there is
illustrated the calculated signal strength received by
a mobile station using the formula L=30+35log d as the
path loss formula, with d being given in meters. 1In
addition, in an attempt to have an apprépriate cell

25 size, and signal offset wvalue is set to 104db, i.e.,
10db is subtracted from the measured umbrella cell
signal strength before comparison to two cells in
accordance with standard single level cell architecture
handoff algorithms. Ags illustrated, the signal

30 strength of the signal received by a mobile station
from the umbrella cell moving from the base station
location of the umbrella cell toward and through the
base stétion site of the microcell, begins quite high
and decreases exponentially as a function of the

35 distance between the mobile station and the umbrella
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cells. Each of the cells is provided with radio service by a base station
t he broadcast power of which and the resultant service area of which varies
fromlarger to smaller. Each cell is provided with a list 5 of

nei ghboring cells the service areas of which are proxi mately associ at ed
with the service area of the cell. A m ni nrum acceptabl e radi o channel
signal strength value is assigned for each4cell. The strength of the radio
signal s providing communi cati on between 10 the nobile station and the

base Fiation 1= dmayced Lencihe ool Cren L ssonaLLbe. BaLe 2l ol o1
the nobile statimobileom asmatgidhe cdirorent [theser iitgramsll andindseases
nerortor g ool bkt saaay IREEL TG (gl o hRNLQ0 U ide SR IS

m ni num accept al#exrwigiq) e heBRMERr REIGRI FT| TN QFre RS DRAINGS: from the "

5 base station of the umbrella cell and then decreases
exponentially thereafter as a similar function of the
distance from the microcell base station.

Referring next to FIG. 4, there is shown the
nominal handoff border offset value of 10db being

10 applied when the signals are compared, meaning that the
nominal handoff border is the line where the umbrella
cell is 10db stronger than the microcell. Adding a
plus or minus 5db inaccuracy in the mobile assisted
handoff (MAHO) measurement by the mobile station and a

15 +/-.3db hysteresis, the maximum and minimum cell size

“'is found where the umbrella cell is 18db and 2db -
stronger, which are shown by the inner and outer line
of FIG.'4, respectively. The lowest signal strength in
the microcell is found to be around -97dbm. Such a

20 case may work and might be acceptable in some cases,
however, the uncertainty of the handoff borders is
relatively high. Moreover, if some fading is
introduced into the consideration of signal level, such
a technique. is likely to become unacceptable from a

25 practical standpoint. These uncertainties in handoff
borders will be even worse if fading is added to the
signal strengths. Without any offset at all, the cell
is much too small considering the ability to provide
coverage with 20dbm output power.

30 A second example of the problems associated with
using the conventional single layer handoff algorithm
for a multi-layer cellular structure, may be
illustrated with the case of 200 meters between two
separate cell sites but with 30dbm for the micro cell.

35 In this case, the difference was that the microcell had
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20 For a nore conpl ete understanding of the present invention and
for further objects and advantages thereof, reference may now be had to the
foll owi ng description taken in conjunction with the acconpanyi ng draw ngs,
in which: 25 FIG 1 is a pictorial representation of a single

| evel cellular radio communication systemincluding a nobile swtching
center, a plurality of base stations and'ésblurality of nobile stations;
FIG 2 is a pictorial representation of a nmulti- 30 | evel cellular

(71 o, commint cotl g YSLERLL! bUREA B PLULY ' Veflefl SRR At o

recei ved signal ssitgrerigtétigngtimobrom shat itovw noellhyg att the ainfforood |
distances from the respective base station of the
umbrella cell and the microcell as the mobile travels

5 from the base station of the umbrella cell through the
base station of the microcell and then away from both.

While the overall structure of the respective signal

level curves is similar to that shown in FIG. 3, the
overlapping relationship is somewhat different.

10 Moreover, if a nominal offset value is selected to be
| 17db, the nominal handoff border, i.e, the line where
the umbrella signal strength is 17db higher than that

of the microcell signal strength, is represented by the
straight 1line in FIG. 6. As discussed above,

15 inaccuracies in the mobile and hysteresis values are
added giving borders at 9db and 25db offsets,
respectively. 1In this case, the umbrella cell and the
microcell are equivalent. In the worse case, the
umbrella cell is the small one and the best case the

20 microcell is the small one. This example illustrates
what can easily happen if the offset is set too high in

an attempt .to get a reasonable coverage.

The above two examples illustrate that there are

cases where the existing locating function and handoff

25 algorithm gives highly inappropriate results in the
case of multi-level cellular structures. Attempts to
address these inadequaciés may include: (1) providing
design rules to be followed by cellular system
operators to avoid dangerous situations; and (2)

30 modification of the locating algorithms to better
handle the umbrella/microcell situation. The use of

design rules is not an acceptable approach since rules

must define restrictions on microcell power levels and
distances from the umbrella cell site. Such rules have

35 to include a considerable margin of error in order to
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and an overlying unbrella cell within which it is included; FIG 4 is a

di agram of nom nal m ni num and maxi mum m crocell sizes; 5 FIG 5
is a graph illustrating received signal strength by a nobile station noving
within a mcrocell and an overlying unbrella cell with different signal
criteria than in FIG 3; FIG 6 is a diagramillustrating three different
10 handoff borders for a mcrocell %%L an overlying unbrella cell;

FIG 7 is a block diagramillustrating a plurality of base stations |ocated
Lespects el Lokl oo o bl 1o UERed s 5
radi o system Fl @almgtlaé}la’nbl eak Ehagr@mﬁﬁtaom)b@fe ‘?hﬁil FYstawcei vdmn for
use within a cel huhatibadi 0i18YStB81 Afles are not followed, either
deliberately or accidentally, the system will be
5 perceived to have a lower quality with degraded voice
quality and more dropped calls leading to system
complaints.

As pointed out above, the present algorithm used
in the case of single 1level cellular structures

10 functions adequately to use relative signal strength
between current cells and neighboring cells in order to
locate handoff borders when the cells are of equal
preference and located side by side. Another criterion
is needed for handoff between umbrella cells and

15 microcells. o _

The system. of the present invention provides
handoff criterions based on absolute signal strength.
That is{ when the serving cell is the umbrella cell and
the signal strength for a microcell neighbor, measured

20 by the mobile station in digital cellular systems and
by the signal strength receiver in analog cellular
systems, is above a "sufficient" signal level, so as to
ensure a good speech gquality in the microcell, a
handoff can be made to the microcell. This criterion

25 ensures that a handoff to the microcell is performed
whenever it can give service of sufficient quality.

A general approach inherent in the system of the
present invention is to handle each of the cells as
belonging to distinctly different 1layers, 1i.e.,

30 macrocélls, microcells, pico cells, etc., without
defining different layer types. In order to achieve,
for example, three cateéoties of neighboring cells:
(1) neighbors beside, (2) neighbbrs above, and (3)
neighbors below, such a classification is useful. 1In

35 such a definition, a "neighbor beside" will be an
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FI GS. 10-12b are flow charts illustrating 20 procedures used in the
present invention. DETAILED DESCRI PTI ON OF THE PREFERRED- EMBODI MENT

Referring first to FIG 1, there is illustrated a conventional single |ayer
cellular radi o comruni cation 25 system of the type to which the present
I nvention has a rel ationship. In FIG 1, an arbitrary geographi.c area my

be divided into a plurality of contiguousair/adi o coverage areas, or cells
c-do. Wiile the systemof FIG 1 is illustratively shown to include 30
only 10 cells, it should be clearly understood that in practice, the nunber
of cells will bexistihgrgeighbBesoonatbe wae dredrdlocet ethev ¢hirnerath of

1 Sl S A T shytbosiopled a5 o SR ERNIaR gt o
Bl - B10 i ncl udes an umbrella cell and neighbors below for an umbrella
cell would be microcells.

5 Under the present system, handoff should be
accomplished to a neighbor below whenever the signal
strength in that neighbor is above a new "sufficient™
threshold value to be defined as a cell parameter. On
the other hand, handoff to a neighbor above, for

10 example, the umbrella cell, should only be done when
the signal strength is below the same threshold
provided that it is a better candidate. A hysteresis
value will be applied to the threshold in order to
avoid oscillating handoffs.

15 The modification of the handoff criteria employed
in the application of the present invention to one
exemplary implementation of a cellular radio system,
the CMS 88 system of Ericsson Radio System, has an
impact on both the exchange and the base station

20 software in that in the exchange software handling of
new cell parameters and neighbor type information must
be added. Such new cell parameters and neighbor type
information are sent by the' exchange to the base
station and, in the base station, these pafémeters must

25 be added to the digital channel software as new
criteria for sending handoff requests. 1In the‘case of
analog channels, such corresponding software criteria
must be located in the exchange itself.

To be more general, there are two different

30 methods implied in best server selection in accordance
with the present invention: (a) Analog, in which the
signal strengths for each call are measured in the
neighbor cells, and these together with the signal
strength for wuplink in the serving channel are

35 evaluated; and (b) Digital in which mobile assisted
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transmitter, receiver, and base station controller .as is well known in the

art. In FIG 1, the base stations B1-B10 are illustratively |l ocated at the
center of each of the cells O-Cl0, respectively, and are equi pped 5
wi th ommi-directional antennas. However, in other configurations of a

cellular radio system the base stations B1l-B10 nmay be | ocated near the
peri phery, or otherwi se away fromthe centgrs of the cells O-CLl0 and nmay
illumnate the cells A-Cl0 with radio signals 10 ei t her
omi-directionally or directionally. Therefore, the representation of the
cel lul ar radi o fwsdedfof MRHG) 45|@mplnyqﬁJ@@@b@sm@iarlmgasuxﬂmentﬁﬁanﬁ singl e

evel cel | ul ar aied 3y $hEMhABL Ve ik Iepitiedd t8N RN Bas diatidy i on the

possi bl e i npl enentati ons_ of the 15 cellular radio systemw thin which
the system of tR¥§IES&R- i nvention may find utility. Wth continuing

reference to FIG 1, mhasicakbh¥ept inherent in the present invention
5 is that it is desirable to serve a mobile station by
means of a cell level within a multi-cell structure
which is at the lowest possible level provided the
signal quality is sufficient to provide good service.
In the situation shown in FIG. 2, including an array of
10 umbrella cells and microcells positioned therein, and
in which it possible to provide coverage from either
the umbrella cell or the microcell, it is normally
optimal to allow the microcell to handle the subscriber
traffic whenever it is appropriate from the standpoint
15 of quality transmission. In other words, in such
situations the microcell; i.e., the lowest level of
cells in the multi-cell array, is preferred. 1In the
case where multi-cell levels are implemented, one layer
is generally preferred over the other primarily for

20 capacity reasons.

The system and method of the present invention is
implemented based upon the processing of a list of
neighbor cells and upon the differentiation between
preferred cells, non-preferred cells and cells with

25 equal preference in order to ascertain the most
appropriate serving cell both at time of call setup as
well as during the call itself. For example, as shown
in FIG. 2, the microcells a, ¢, d, e are preferred to
the umbrella cell A, microcells a, b, ¢ are preferred

30 to the umbrella cell B, while umbrella cells A-G have
equal preference to each other and microcells a-e have
equal preference to each other.

Within the present system, one gocal is to ensure

, that the mobile subscriber radio transceiver is tuned

35 to the most appropriate cell both durlng the 1dle mode
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of nobile stations M-MO nmay be found within the cells A-C 0. Again, only
10 nobile stations are shown in 20 FIG 1 but it should be understood
that the actual number of nobile stations will be nuch larger in practice
and will invariably greatly exceed the nunber of base stations. Mreover,
whil e none of the nobile stations M-MLO will be found in sonme the cells
ad-ao 25 t he presence or absence of1®he nobile stations M-MO in any
particul ar one of the cells Cl-Cl0 shoul d be understood to depend, in
practice on the individual desires of the nobile stations M-ML0 who nmay
roam from one | Geatwohl | ast durdéepl the gaddh@ragesis.omByefaxdbdlv.o Gee an

adj acent cell oryRe) ki LBEACSh! en@NP-E¥Et f IO AN feld W 16?&! Sgystem
served by an MSC t.o anot her _system  Each of the nopbile statlons -MLO is

capabl e of i nitiSglssy & cFé&eY’bi’-ﬁ’@ hst"etll%pﬁﬂf‘e itapethi dbReand @‘5‘-’1“9 nor e
of the base st atirnspRicddd @ﬂdaacﬁpblhﬁ swideehitdd make sure that the

5 cell as selected at call setup is also accepted
immediately after the call setup.
In the present invention, data are assigned to
each cell as set forth below in the chart.

Parameter Degcription
10 1 A selected signal strength
threshold which defines a
sufficiently "acceptable"
signal strength for the cell
15 2 A hysteresis value to be used
o together with the assigned

threshold

3 : _ A list of neighboring cells

20

4 For each neighbor, an
assigned type, i.e.,
preferred, non-preferred,
equal preference

25

5 _ For each - neighbor, an
assigned hysteresis value

30 In case there ig no qualified preferred neighbor and
the signal strengths in the currently serving cell is
below the threshold, then the "best" cell should be
selected and handed off to. The hysteresis value of
parameter 5 is used in this particular situation.

35 Referring briefly to FIG. 7, there is shown a
plurality of neighboring cells 41-43 which may be at
any level within a multi-level cellular structure.
Within each cell is a base station 44-46 each of which
comprises a control channel transceiver 44a-46a as well

40 as a plurality of voice channel transceivers 44b-46b.

The control channel of the base gstation is used for
communication with mobile stations during.idle period

" i



-10- center (MSC). A mobile switching center (MSC) is connected by
comuni cation links, e.g., cables, to each of the illustrative base
stations B1-B10 and to the fixed public switch tel ephone network (PSTN),

not 5 shown, or a simlar fixed network which may include an integrated
systemdigital network (1SDN) facility. The rel evant connections between
the nobile switching center (MSC) and the2base stations Bl-B10, or between
the nobile swtching center (MSC) and the PSTN or |ISDN, 10 are not
conpletely shown in FIG 1 but are well known to those of ordinary skill in
the art. SinilaMhen|npoj sadlsohapokaeno sstahidehaste t ARg oHig ing

swi tching center 1(&\@@ dnntheeceﬁ’cwi aéhdsk P SYST@IBfnthd OieRiwRet igach

addi tional nDbIIe SW (ggég%égggeéo %Ee mobile stations relating to

neighboring cells. The voice channels are used after

5 call setup to a mobile station and carry not only voice

data but also certain signalling, for example,

measurement channel numbers for the neighboring cells

to the cell serving the mobile station, as well as a

handoff order to the mobile and measured signal

i0 strength from the neighboring cells to the cell serving

the mobile station in the case of mobile assisted
handoff (MAHO) under the IS-54 digital standafd.

Referring now to FIG. 8, there is shown an overall

block diagram of the equipment within the cellular

15 network within which the present invention is

incorporated, including the public switched

telecommunication network (PSTN) 51, a mobile switching

center (MSC) 52, and a pair of illustrative base

stations 53-54. Within the MSC 52 is a switch 55

20 controlled by a central processor 56 both of which are

connected to an interface 57. The interface 57 of the

MSC 52 is coupled by means of data lines 51 and 60 to

each of the respective base stations 53 and 54. Each

base station includes a multiplexer/demultiplexer 60

25 connected to a plurality of transceivers 63-65

connected to an antenna. 66. Each transceiver includes

a control unit 67 and a transmit unit 68 along with a

receive unit 69. Calls to or from subscribers in the

PSTN 51 are connected to the switch 55 within the MSC

30 52 where they are routed to the correct cell and voice

channel controlled by the central processor 56. The

central processor 56 also administers and processes

data regarding the location of the mobile, the

neighboring cells to the cell within which the mobile

35 is currently located, and control both call setup and
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15 to a different group of base stations and to other nobile sw tching
centers (MSCs) via cable or radio links. Each of the cells A-Cl10 is

all ocated a plurality of voice or speech channels and at | east one access
or 20 control channel, such as a forward control channel (FOCC). The
control channel is used to control or supervise the operation of nobile
stations by neans of information transm t2&d to and received fromthose

units. Such information may include incomng call 25 si gnal s,

out goi ng cal | S|gnals page signals, page response signals, |ocation
registration si gt fi5/0| c&hendimkis defivperertke MPQ Rai Anendhee base
instructions as é&@tﬂ&%' €3Stza{d Ofy t r(ﬂﬁié @ut é}{dtbﬁ) r 2QirQ i@QVeFSee of one
cell and into the radio cov e of ano ceI . .30 The contraol or

voi ce channel s dﬁ@t%pe?ﬁtﬂeiﬁ %érCPHt5H aﬁ&lGngFlﬁPgFFhF“H%dEFQW the

conbi nati on theremitrdl G uhit! | ¥t r adiachin r eda@téhveby cameentdOftdrent
5 transceivers 63-65 of the base stations 53 and 54. The
base station equipment 53 and 54 consists of the
multiplexer 60 which administrates distribution of
voice data and control information to and from the
_ different transceivers 63-65. The transceivers include
10 both control channel transceivers and voice channel
transceivers.
Referring next to FIG. 9, there is shown a mobile
subscriber unit 71 including a receiver 72, a
transmitter 73 connected to an antenna 74 through a
15 duplexer 75. A control unit 76 1is coupled to a
syntheSizer 77 which is also coupled to the transmitter
73 and receiver 72. A microphone 78 is connected to
the transmitter 73 ﬁhile a speaker 79 is connected to
the receiver 72. The synthesizer 77 is used to tune
20 the receiver 72 to the control channel £frequencies
before call setup and to different wvoice ' channel
frequencies and measurement channel frequencies during -
the call and under control of the control unit 76. The
control unit 76 measures by means of the feceiver and
25 the SYNT the signal strength of the signal being
received by the receiver 72,.receives neighbor list
information from the base station wvia the receiver 72
and processes all of the information according to the
algorithm and technique of the present invention.
30 In the present .system a mobile unit in idle
' searches the assigned frequency spectrum being
broadcast for an appropriate control channel for
communication with the cellular network. All control
channels are continuously transmitting and are

35 cyclically broadcasting neighbor cell information which
TR




single level cellular structure in which nobile stations are handed of f
fromone cell to another by it 35 being served with radio channels in
comuni cation with DaM first one base station and then an adj acent base
station based upon the signal |evel of the nobile station received from
each of the respective base stations. 5 Referring next to FIG 2,
there is shown an illustrative nmulti-I|evebz2kayered cellular architecture in
which a plurality of unbrella nmacrocells A-G analogous to the cells d-CO0
of FIG 1, overlie and include a plurality of mcrocells a-e |located within
10 t he sane ik=r vadedarfer ofthenecell noviclni t Whiohbridld amoblile. ism FI G

2, each of thel%ﬁ¥f%$éﬁ§ellcd%éa\Mn”fhe neighbor cell information
consists of the following data:

1) Control channel frequencies for the neighbor

) cells;
2) The type of neighbor, i.e.
(a) Preferred neighbor,
(b) Non-preferred neighbor, or
(c) Neighbor with equal preference;

10 3) For preferred neighbors, a signal strength
threshold value for each. This threshold value is the
threshold of sufficient signal strength in the neighbor
cell plus a corresponding hysteresis or offset value,
which may be calculated in the central processor in the

15 . - MSC or in the control unit of the base station before
it is sent; '

4) For each control channel (cell), a signal
strength threshold which 1is the threshold for
sufficient signal strength when served by the cell,

20 i.e., preferred, cell but this time with the hysteresis
value subtracted from that value; and

5) For all neighbors (with equal. preference and
for non-preferred neighbors) a hysteresis value.

The mobile station measures the sigﬁal strength

25 . periodically for the current channel and at the
frequencies defined for the current cell's neighbors.
The mobile then tunes to a preferred neighbor as soon
as the measured signal strength for this neighbor is
above the threshold set for this neighbor cell. 1If

30 more than one preferred neighbor is qualified, the
mobile tunes to the neighbor with the best margin with
respect to the threshold value. If, however, there is
no qualified preferred neighbor cell and a neighbor
cell with equal preference has a signal strength which

35 is higher than the signal strength to the current
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be served respectively by a base station, simlar to the base stations
Bl1-BIO of FIG 1, and it would include a service area wthin a cell on the
order of, 15 for exanpl e, sever al kil oneters in di aneter.
Simlarly, each of the mcrocells a-e would al so be served by a base
station (not shown) |ocated within the cell and providing a respective
service area on the order of a few hundredarters for each. Just as the 20
service areas of the unbrella cells A-G are adjacent, contiguous or

overl apping to one another, so also are the service areas of the respective
mcrocells a-d cgma'ng@duswtt@hone ametrgén, whihkht héssedeiféaeér elyof the

m crocel | e beingyi gg&%gg% é??%ﬂ?g?la Cé?lﬁggggkh ES ggé)coghgen3|ve

within the serV|c area o ase stations
provi di ng radio @@béﬂ-sgéhfear rgspReshEoukBi 8l naighbes %e@and the microcells
a-e could be operatedigngre &Egn£PETRIngth Fof BEke MBPenROEhSRRWN) is

5 below its threshold defining sufficient signal strength
and there is no qualified preferred neighbor and there
is-also no qualified neighbor with equal preference,
and a non-preferred neighbor has a signal'stréngth
which is higher than the signal strength for the

10 current channel with a margin also added which is
defined by the hysteresis value for that particular
neighbor cell, the mobile tunes to this neighbor cell's
control channel frequency,

When a call setup from the mobile is attempted,

15 the mobile is already on an appropriate control channel
according to the procedure set forth above and the call
can be set up in the corresponding cell according to
the well-established procedures. |

Another way to provide the mobile with the

20 frequencies, the neighbor types, two signal strength
levels, i.e., the threshold and the hysteresis, and
another hysteresis would be to broadcast the threshold
and the hysteresis separately and let the wmobile
calculate the two levels. .

25 Another way to describe the algorithm is: (1)
tune to a preferred neighbor when the measured signal
strength is "good enough"; (2) do not tune to a non-
preferred neighbor when the measured signal strength
for the currently serving cell is "good enough"; and

30 (3) tune to the best neighbor when the signal strength
for the serving cell is not "good enough".

As an illustration of the above-referenced
procedure, an example may be set forth with reference
~ to FIG. 2. A mobile subscriber terminal moving from

35 umbrella cell A to umbrella cell B will first be tuned
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30 As.shown in FIG 2, a nobile station 21 noving al ong-the path
identified by arrow 22 woul d nove fromthe region served by unbrella cell A
t hrough the regions served by microcell d and mcrocell ¢ and into the
coverage area of unbrella cell B. Providing radio 35 service to the
nobile station 21 as it noves along the -12- path 22 could involve a
nunber of different handoffs fromdifferesa-serving base stations at
different points along the way dependi ng upon the handoff criteria or
handof f al gorithm used to inplenent such 5 handof fs. For exanpl e, at
the beginning of tot £eddt ' 4 heomobel echaanedn fzeqvenicy oriereeipr wiilded

wi th service by EE@eP@éQbﬁ%éﬁéé%% %%&%&ﬁﬁt&Bﬁ ¥a55 £h1 Ay ot 1 WAl
point 23 along the path 22 it coul

frequencies for nelghborlng cells B-G with equal
preference as well as their hysteresis values together
5 with the ‘frequencies for the preferred neighbor
microcells a, b, d, e and their corresponding threshold
values. When. the signal strength from microcell d is
above the threshold value set for that cell, the mobile
will retune to microcell d's control channel and
10 receive information about microcell d's neighbor cells
which are now microcell a and microcell ¢ with equal
preference, and umbrella cell A as a non-preferred
neighbor cell. After having retuned to microcell c,
the neighbors with equal preference will be microcell
15 a, microcell b, and microcell 4 and the non-preferred
. neighbors will be umbrella cell A and umbrella cell B.
Finally, when the mobile station has reached a location
within umbrella cell B, it will have umbrella cells A,
C and G as neighbors with equal preference and

20 microcells a, b, ¢ as preferred neighbors.

When a call is in progress within the system of
the present invention and just after call setup and
after handoff to a new cell, information about the
control channel frequency or any other Eontinuously

25 transmitting frequency in each neighbor cell is sent to
the mobile station. The mobile measures signal
strength for the serving channel and the neighboring
cells periodically and reports those wvalues on the
current voice channel to the base station. This

30 information is processed in the control unit of the
base station or in the centrallprocessor of the MSC
according to precisely the same rules as was done in
the mobile station during idle condition. As soon as
a better serving base station is identified according

35 to rules set forth above, a handoff is performed to
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served either by the base station of unbrella cell A or 10 t he base
station of mcrocell d. In addition, when it reached point 24 on the path
22, it could be served either by the base station of unbrella cell A or the
base station of mcrocell c. Further, at point 25, service could be

provi ded by the base station of 15 m crocell c¢ or the base station of
unbrella cell B. Finally, at point 26 on-pa&t-h 22, the nobile station 21
could only be provided with service-by the base station serving unbrella
cell B. Thus, the decision criteria with respect to which cell the nobile
station 21 shoul th29 new dwHagdbdsef tabiand t BE thetbase ahathoshoul d be

used to determ ng,Hoply he %kghggna%ge%h%dWEyﬂfeﬁﬁléé¥ﬁnﬁa@ﬂgf§1§ﬁ§1

i mportant considerations In con urlng he eff ency and capaci
radi o service toSBeeRFEViQedheo thxeshs dl@u§PaP?oﬁ§JRFFﬁﬁnlﬂh@rder to

mul ti-layered 25get aC@bhphaisshrHeétule. of AEl & 2heAsadiscussfdmabese, in

Inplenentlgg thewggnggqgg the maximum allowed power level in the cell.
The system of the present invention provides an

easier and more natural way to control selection of a

cell at call setup and at handoff. The system also
provides a system for optimal cell selection within

10 such a multi-layered cell stfucture.

Referring next to FIG. 10, there is shown a flow

- chart illustrating certain functional performance in

the system of the present invention. FIG. 10
illustrates a process performed within the mobile

15 during idle period as follows: the routine begins at
101 and moves to 102 at which it selects a first
channel. Thereafter, the mobile moves to 103 where it
receives and stores information broadcast on: the
selected channel. Next, at 104 the mobile station

20 measures the signal strength for the neighboring cells
and for the serving channel. Thereafter, at 105 the

mobile selects a first channel for evaluation and moves

to 106 where it 1is determined whether or not that
channel comes from a preferred neighbor cell. If so,

25 the system moves to 107 at which it is determined
whether or not the signal strength for the neighbor'

cell is greater than a preselected threshold value plus

the hysteresis, if any. If not, the system moves to

108 where it is determined whether or not the last

30 neighbor has been evaluated. If, however, at 107, the
signal strength for the neighbor cell is greater than

the threshold value plus the hysteresis, if any, the
system moves to 109 and the mobile station retunes to

' this neighbor cell value and returns to 103 to receive
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process within a single layer cellular structure, a nobile station is only
| ocated in one cell at a tine and | eaves the old cell behind when it enters
and 30 begi ns receiving service by virtue of handoff to the new cell.
In such case, the signal strength received fromthe nobile station
decreases for the old cell ‘and increases for the new cell when the handoff
border is crossed by the nobile station-26- However, when a 35
mcrocell is placed within an unbrella cell and is totally surrounded by
the unbrella cell, there is an entirely different situation with respect to
the variation i rengd gigirestindpgmhtaont heoadbase omvelismewhh sékeatedocel |
| ocated within téﬁéﬂggyella cell. 5 " For exanple,-if the handoff border
on the

for a microcell reverse side fromthe unbrella cell is crossed,
If, however, at 106 the channel being evaluated is

determined to not be a preferred neighbor cell, the
5 system moves to 110 where it is determined whether or
not the neighbor cell is one with equal preference. If
not, i.e., the cell is a non-preferred neighbor cell,
the system moves to 111 at which it determines whether

or not the serving channel signal strength is less than

10 a preselected threshold value plus the hysteresis, if
any. If not, it moves to 108 to determine if the last
neighbor has been evaluated. If, at 111, it 1is

determined that the serving channel signal strength is
lower than the threshold wvalue minus the hysteresis
15 value, if any, the system moves to 112 where it is
determined whether or not the neighbor cell's signal
strength is greater than the serving channel's signal
strength and, if not, wmoves to 108 énd determines
whether or not the last neighbor has been evaluated.
20 If, at 112 the neighbor cell's signal strength is
determined to be greater than the serving channel's
signal strength, then the mobile station retunes to
this neighbor cell at 109 and returns to 103 to receive
and store information broadcast on this channel.
25 Similérly, if it is determined at 110 that this
neighbor cell is a cell of equal preference, the system
moves directly to 112 to evaluate the signal strength
of that cell. If, at 108, the system determines if the
last neighbor has been evaluated, the system returns to
30 104 and measures the signal strength for the
neighboring cells in the serving channel as set forth
above. If, however, the 1last neighbor cell is
determined to have not been evaluated at 108, the
system moves to 113 and selects the next neighbor for

e T
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both the serving cell signal strength and the candidate cell signa
strength are increasing or decreasing, depending upon the direction of

novenent of the nobile 10 station. This variation in signal strength
becones nore and nore of a problemthe closer to the antenna site serving
the unbrella cell site the mcrocell is |ocated. These probl ens may be

illustrated by two exanples set forth bel-aw- both for digita

radi o 15

channels. In the first exanple, assune that an unbrella cell has 50 watts

erp (47dbm and an encl osed m crocel |

0.1 watt erp (20dbm). The m crocel

is placed 200 net@ladtiom Kheubaiagstatl@@ w5 tdetfratime  duner pickfierente 0. 1
8ﬁ ﬁ&%#%g for a 200 met er di aneter

own | there is illustrated the cal cul at ed si gha
strength recelved by %tnﬁﬁnléhyﬁaﬁQNﬁQ%ﬂn@ntﬁéGfoﬂﬁUMPQP(Kh%S@@Bléeas t he
path loss formilgzatiéh dbeidy dhuien pdriBleriss kBntinually cycling

20 watts i s
m cr ocel

5

10

15

20

25

30

35

through the reception of channel information and

determining whether or-not it is appropriate to be’

handed off to a cell and applying a preference to those
potential cells to which it may be handed off in
accordance with the most efficient utilization of
channel availability.

It should be understood that the process described.
above relates to the implementation of the present
invention within a digital cellular system employing
mobile assisted handoff (MAHO) such as that specified
by the 1IS8-54 standard promulgated by EIA/TIA. It
should be clear that the invention tcould also be
implemented within other digital or analog cellular
systems in which radio signal strength measurements are
made by the base stations of the various associated
cells.

Referring next to FIG. 11, there is also shown an
alternate procedure for the evaluation of handoff
likelihood in the mobile during an idle period. The
routine begins at 121 where the mobile selects a first
channel at 122 and moves to 123 where it receives and
stores information broadcast on that selected channel.
Thereafter, the system moves to 124 and measures signal
strength for the neighboring cells and serving channels
thereof. ©Next, at 125 the system selects the first
channel for evaluation and clears a candidate channel
list. Thereafter, at 126 the system determines whether
or not the selected channel is that of a preferred

neighbor and, if so, moves to 127 where the signall

strength for the neighboring cell is evaluated to
determine whether or not it is above a preselected
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25 addition, in an attenpt to have an appropriate cell size, a signal
offset value is set to 10db, i.e., 10db is subtracted fromthe neasured
unbrella cell signal strength before conparison to candidate cell signa
strength in accordance with standard single level cell 30 architecture
handof f al gorithnms. As illustrated, the signal strength of the signa
received by a nobile station fromthe unb28-la cell noving fromthe base
station location of the unbrella cell toward and through the base station
site of the mcrocell, begins 35 qguite high and decreases exponentially
as a function ofthreshaldiwelee sphwecthet heheraeismbifeanyati 55 BAE: t he

unbrella cell bgge syi@in Mdves tbhe28i dhRal it Sis eidiulieRR wadtR¥rt Be
nmobil e station fromthe m crocel
not the last neighbor has been evaluated. If, however,

at 127, it has been determined that the signal strength

5 for the neighboring cell was greater than the threshold

value, the system moves to add this neighbor's cell to

the candidate list at 129 and thereafter to decision

128 to evaluate whether or not the last neighbor has

been evaluated. If, however, at 126 it is determined

10 that the neighbor was not preferred, the system moves

to 131 to determine whether or not the neighboring cell

is one with equal preference or not. If not, i.e., it

is a non-preferfed neighbor, the system moves to 132

and determines whether or not the serving channel

15 strength is less than a preselected threshold value

minus the hysteresis, if any, and 1f not, to decision

128 to determine if the last nelghbor has been

evaluated. If, however, at 132 the serving channel

signal strength is aetermined to be greater than a

20 threshold value plus the hysteresis, if any, the system

moves to 133 at which it is determined whether or not

the neighbor cell signal strength is greater than the

serving channel gignal strength and, if not, to a

decision as to whether or not the last neighbor has

25 been evaluated at 128. If the néighbor cell signal

strength is greater than the serving channel signal

strength, the system moves to 129 and adds this

neighbor to the candidate 1list. If, at 131 it is

determined that the cell is a neighbor with equal

30 preference, the system moves directly to decision 133

to determine if the neighboring.dell signal strength is
greater than the serving channel signal strength.

If, at decision 128 it is detérmined that the last

neighbor has not been evaluated, the system moves to

35 134 to select the next neighbor for evaluation and
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I ncreases exponentially until it passes through the 5 base station
serving the mcrocell at 200 neters distance fromthe base station of the
unbrella cell and then decreases exponentially thereafter as a simlar
function of the distance fromthe mcrocell base station. 10

Referring next to FIG 4, there is shown the nom nal handoff border with an
of fset val ue of 10db bei ng applied when t+&9si gnal s are conpared, neani ng

t hat the nom nal handoff border is the Iine where the unbrella cell is 10db -
stronger than the mcrocell. 15  Adding a plus or mnus 5db inaccuracy
in the nobil e asEPsredthardbPt demAROP eureeRedby FRRtnBRRAL28ASM on and
a +/- 3db hysteresi $het R XxneLEhecE AhBi WednC&hvaliiaa®ed saf oupd, Waeee t he

unbrella cell is _18db and 2db_st ger, ich are shown. by the_inner and 20
outer line of FI&® ?mrggﬁgétF9eﬁ§g a?ﬂeQESﬁﬁgﬁngﬁgW§Ft§F¥eﬁ§tH°FnaPHé
m crocel |l is foupdnfidddveesrioaved bedfdifiound. If not, the system returns

5 to 124 and, if so, moves to 136 to sort the candidate
list. Thereafter, the system moves to 137 and retunes
to the first candidate on the list followed by moving
to 123 where it receives and stores the information
broadcast on that selected channel.

10 As shown in FIG. 11, again the system engages in
an orderly evaluation of possible channels and selects
a channel based upon criteria determined to provide
maximum efficiency and channel utilization in a multi-
layered cell structure.

15 - Referring next to FIGS. 12a-12b, there is shown a
routine which may be executable in the system by either
the mobile station and/or base station during an
established call within an exemplary digital cellular
system. The system begins at 151 by moving to 152 at

20 which it transfers-neighbor cell information from the
base statioh to the mobile. Thereafter, at 153 the
system measures the signal strength for the neighbdring
cells and serving channels. Next, at 154 the system
selects a first channel for evaluation and clears a

25 candidate ‘list. Thereafter, at 155 the system
determines if the selected channel is from a preferred
neighbor cell and, if so, moves to 156 where it
determines whether or not the signal strength for that
neighbor cell is greater than the preselected threshold

30 vélue plus the hysteresis, if any. If not, the system
moves to 157 and determines if the last neighbor has
been evaluated. If, at 156 the signal strength of the
neighboring cell is greater than the threshold value
plus the hysteresis, if any, the system moves to 158

35 and adds this neighbor to the candidate list. If, at
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Such a case may work and m ght be acceptable in sonme cases, however, the
uncertainty of the handoff borders is relatively high. Moreover, if sone
fading is 25 i ntroduced into the consideration of signal |evel, such a
technique is likely to beconme unacceptable froma practical standpoint.
These uncertainties in handoff borders will be even worse if fading is
added to the signal strengths. Wthout anpOsffset at all, the cell 30

is much too snmall considering the ability to provide coverage with' 20dbm
out put power. A second exanple of the problens associated with using the
conventional singf® [thgerchbhddis degermingdf giot atombe i 2 ayeeferesdul ar

structure, naynef?hﬁ@&, thé | syst Rt Rvak t ot 199 ceseadf e 2P &L £T Shbet ween
two This is the re %genent shot , )
neighboring cell is one with equal preference and, if

not, to 161 to determine if the serving channel signal
5 strength is less than the preselected value minus the
hysteresis, if any. If not, the system moves to 157 to
determine if the last neighbor has been evaluated.
However, if so, the system moves to 162 where it is
determined whether or not the neighboring cell signal

10 strength is greater than a serving channel signal
strength plus the hysteresis, if any, and, if so, to
158 to add this neighbor to a candidate list and, if
not, to 157 to determine if the last neighbor has been
evaluated. If, at 159 it is determined that the

15 neighboring - cell is one with equal preference, the
system moves directly to 162 to determine if that
neighboring cell signal strength is greater than the
serving channel signal strength plus the hysteresis, if
any.

20 If it is determined at 157 that the last neighbor
has not been evaluated, the system moves to 163 to
select the next neighbor for evaluation and thereafter
evaluates it beginning at step 155. 1If, at 157 it is
determined that the last neighbor has been evaluated,

25 the system moves to 164 to determine if candidates are
found and, if not, back to 153 to measure the signal
strength for neighbdrs and the serving channels. TIf
candidates are found at 164, the system moves to 165 to
sort the candidate 1list and, thereafter to 166 to

30 select a first candidate cell for a handoff attempt.
At 167, the system determines whether or not an idle
chanmnel exists in the candidate_cell and, if not, moves
to 168 to determine if this is the last candidate and,
if so, to 169 wherein it selects the next candidate

35 cell for a handoff attempt. If the cell was the last
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separate cell sites but with 30dbmfor the micro cell. In this case, the
difference was that the mcrocell had 3Cdbm out put power. FIG 5is a
graph showi ng the signal strength fromthe two cells at the different 5

di stances fromthe respective base station of the unbrella cell and the

m crocell as the nobile travels fromthe base station of the unbrella cell
t hrough the base station of the mcrocell-3and then away from both. Wile
the overall structure of the respective signal 10 | evel curves is
simlar to that showmn in FIG 3, the overlapping relationship is
somrewhat differcamdidéteowdr 168, athenm systei f mevesalhack steelldst etot o be

L e, T AT p i1 afrohliy HaE ABRORAR I Bhboisor
i s represented Bhameeksrai ght thlel Adlei whamngl i@ the peandidziesedllabove,
i naccuraci es i n &hest®bidige A Wit @EESE Sty 2l ¥eSaRd enadlds doBE Vi8I ROs der s
at 9db and 25db éggsléate cell and, thereafter, returns to 152 to
transfer nelghborlng cell information to the mobile.

As can be seen, the system of the present
invention wutilizes algorithms which maximize the
channel utilization from various cells within a multi-

10 layered cell structure in a highly efficient manner.

As can be seen from the above description, the
present invention allows a mﬁlti—layered cellular
communication system to monitor channel signal strength
in a plurality of cells on multiple levels and perform

15 an evaluation in accordance with an algorithm which
maximizes the channel availability within the multi-
layered cellular structure.

It is believed that the operation and construction
of the present invention will be apparent from the

20 foregoing description and, while the method and
apparatus shown and described has been characterized as
being preferred, obvious changes and modifications may
be made therein without departing from the spirit and

scope of the invention as defined in the following
25 claims.
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respectively. In this case, the unbrella cell and the 20 m crocell are
equi val ent . In the worst case, the unbrella cell is the small one and in
the best case the microcell is the snall one. This—exanpte TTTustrates what
can easily happen if the offset is set too high in mgmL
reasonabl e coverage. 25 The above two exanarua!m‘]“ “ at
there are cases where the existing |ocating2f-unctio of f salygorithm
gives highly inappropriate results inh the case of multi-level cellular
structures. Attenpts to address these inadequacies may include: (1)

provi di ng 30 design rules to be followed by cellular system
operators to avrﬂgﬁ;gugngggl___gggionﬁ and (ﬁ? 7Dd|f|cafion ?f Ehe -
| ocating algorithnms to, better dle e unbrella/mcroce si tuatijon. e
use of ge3| gn rul es isthot lg mﬁgﬁ‘éﬂtg | ReX5PrBAEE femdettyqfs yomobilen, st
define restricti osisatoiomi epecat ingomethievel Sedllar radio system in a

5 region in which radio channels are provided by multiple
levels of cells having different service areas, said
method comprising:

assigning within each cell categories of
preference with respect to each other associated cell

10 within the system as to which said cell's service area
is either coextensive, adjacent, contiguous, or
overlapping;

measuring the strength of the radio signals
providing communication between the mobile station and
15 the base station serving each of the assoc1ated cells
within the system;
comparing the signal stfength of each radio
signal to a preselected threshold value; and
determining whether to.handoff the mobile to
20 a base station serving an associated cell based upon
whether the signal strength of the radio signal
therefrom is greater than said threshold value and the
preference assigned to said associated cell.

25 2. A method of performing handoff as set forth in
claim 1 in which the categories of preference assigned
with each cell to each associated cell includes
preferred, equal preference and non-preferred.

30 3. A method of performing handoff as set forth in
claim 2 in which an associated cell is assigned a
preferred preference category if its service area is
substantially smaller than that'of the cell, an equal
preference category if its service areas . is

35 substantially the same as that of the cell and a non-
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-16- distances fromthe unbrella cell site. Such rgkeshhave to include a
considerable margin of error in order to cover nonlnal7577Eﬁ77ﬁﬁ?7ﬂnrwmll

be perceived as a |limtation on the operation of J"uﬂ” - nbs5
addition, if the rules are not followed, eithen JIMimmﬂ!uu
accidentally, the systemw 1l be perceived to have a | dwef qualstys W
degraded voice quality and nore dropped caBBs | eading to system conpl ai nts.
10 As poi nted out above, the present algorithmused in the case of
single level cellular structures functions adequately to use relative

signal strength Heferredirpesferente anategpyrbsfi Agscadrviceorakea t bs

| ocat e handof f bosdsysahan 1he £81d:S @igh Anaausd R ce1p! ef erence and
| ocat ed side by side. Another criterion

4. A method of performing handoff as set forth in
5 claim 2 in which ~said cells include macrocells,
microcells and picocells.

5. A method of performing handoff as set forth in

claim 1 in which the radio signal of which the signal

10 strength is measured is the signal broadcast by the
mobile station to the base station.

6. A method of performing handoff as set forth in
claims 2 in which said determining step comprises:

15 first determining if the signal received from
each cell comes from a preferred, equal _or non-
preferred cell having a particular preference and then,
in response to said first determination, determining
whether or not the received signal strength value is

20 greater than said threshold value.

7. A method of performing best server selection

for a mobile station served on a first radio channel by

a first base station serving a first cell and operating

25 within a cellular radio system in a region in which
radio channels are provided by multiple levels of cells

having different service areas, said method comprising:
assigning within each cell categories of

preference with respect to each other associated cell

30 within the system as to which said cell's service area
is either coextensive; adjacent, contiguous, or
overlapping, each associated cell being assigned a
category of preferred, equal preference or non-
preferred based upon the sizé_of its service area
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i's needed for handoff betmeeh unbrella cells and m crocel | s.

The system of

the present .invention provides handoff criterions. basedﬂeﬁ-absorﬁté"éigna

strength. 20

: That is, when the serving cell .i’s the u and
the signal strength for a mcrocell neighbor, neas ﬂ
station in digital cellular systens and by the S|g

TSECEI ver

in

anal og cellul ar systens, is above a "sufftsaent” S|gnal IeveI so as to 25

ensure a good speech quality in the mcrocell,

the mcrocell. This criterion ensures that a handoff to the.mcrocel
performed whenevareliat e dive tdatvi of oftheuf €etl erwitjubhi twhidh gesrairdl
approach i nherentaésri%tr{},garﬁysltsermége the 30 present invention is to

handl e each of the ce

i.e., macrocells,

5

10

15

20

25

30

35

a handoff can be nmde to

S

I's as belonging to distinctly different |ayers,

ni cr ocel IXECHHERT AN Staring infsmatdam mrrRpdraster ent
| ayer types. In wrlea ls@ca®ld ev#dio channel by a second base station

serving a second associated cell;

measuring the signal strength of the radio
signals broadcast on said first and second radio
channels, respectively;

determining the preference category of the
cell from which said second radio channel signal is
received;

selecting the second = base station
broadcasting the second radioc channel as the best
server in response to any one of the following
conditions, (a) the second cell having a preference
category of preferred and the signal stféngth of the
radio signal of said second radio channel being greater
than a preselected value, (b) the second cell having a
preference category of equal preference and the signal
strength of the radio signal of the second radio
channel being greater than. the signal strength of the
radio signal of the first radio channel, or (c) the
second cell having a preferenCé category of non-
preferred and the signal strength of the first radio
channel being less than a preselected value and the
signal strength of the radio signal of the second radio
channel being greater than that of the first radio
channel.

8. A method of performing best server selection
as set forth in claim 7 in which an associated cell is
assigned a preferred preference category if its service
area is substantially smaller than that of the first
cell, an equal preference category if its service areas
is substantially the same as that of the first cell and
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for exanple, three categories of neighboring cells: 35 (1)..neighbors

beside, (2) neighbors above, and (3) -17- nelghbors bel ow, such a
classification is useful. In such a definition, nei m“[“mmlmnmlll be
an existing nei ghbor on the sane level as the currentlﬁ

Nei ghbors above for a mcrocell would be 5 an unbrefl at cel | "and

nei ghbors bel ow for an unbrella cell woul d3%e mcrocells. Under the present
system handoff should be acconplished to a nei ghbor bel ow whenever the
signal strength in that neighbor is above a new "sufficient” 10

t hreshol d val ue \onba-preefervedsprefritdngsacaregery ifnithesernire rawrah

ggzgomeho a nei glbenHARAVR 1 2195 P43YRE tnbhe twak! &' dneeldirsthdid only be

9. A method of performing best server selection
5 as set forth in claim 7 in which an associated cell is
assigned a preferred preference category within said
first cell if it is a cell which is either coextensive,
adjacent, contiguous or overlapping said first cell in
its service area.
10 .

10. A method of ‘performing best server selection
as set forth in claim 9 in which said mobile station
sequentially receives and stores information broadcast
on a radio channel by each of the cells associated with

- 15 said first cell and thereafter evaluates the base
station of each of said associated cells a& a possible
best server in accordance with the additional steps of
said method.

20 - 11. A method of performing best server selection
as set forth in claim 7 in which said associated cells

to said first cell méy include macrocells, microcells
and picocells. '

. 25 12. A method of performing best server selection
as set forth in claim 7 in which the radio signals of
which the signal strength is measured are the signals
broadcast by the mobile station to the base station.

30 13. . A method of performing best server selection
as set forth in claim 7 in which the radio signals of
which the signal strength is measured are the signals
broadcast by the base station to the mobile station.

T —
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the signal strength is below the same threshold provided that .it .is-a--
better candidate. A hysteresis 15 value will be applied to the

threshold in order to avoid oscillating handoffs. The mm“:mmm Eu‘\': he
handoff criteria enployed in the application of thelp&ﬂ“ o]

one exenpl ary inplenmentation of a cellular radio system 20" "“the CMB 88
system of Ericsson Radio System has an in®&aet on both the exchange and the
base station software in that in the exchange software handling of new cell
paraneters and nei ghbor type informati on nust be added. Such new cell

paraneters and nei ghbd# -t ype system fioxt pexrdorsvingr dasdef thpft Re MePdH&Nge to

the base stations&a&ionn o?&ateas@ shidhligna (dea3@1Rar 3Rkl Syidshm Qe added
t

to the digital channel software as,new.criteria for_ sendi handof f

Foquosts. In t he TEASENoR RHET G Tam e anned o 326, PESTUTR Y orihanie

criteria 30 nestellse dfoczd b | Ilatihwg edthfegent t sekirice areas, said
5 system comprising:

means for assigning within each cell
categories of preference with respect to each other
associated cell within the system as to which said
cell's service area is either coextensive, adjacent,
10 contiguous, or overlapping; _
means for measuring the strength of the radio
signals providing communication between the mobile
station and the base station serving each of the
associated cells within the system;
15 . means for comparing the signal strength . of .
each radio signal to a preselected threshold value}'and
means for determining whether to handoff the
mobile to a base station serving an associated cell
based upon whether the signal strength of the radio
20 = signal therefrom is greater than said threshold value
and the preference assigneé to said associated cell.

15. A system for performing handoff as set forth
in claim 14 in which the categories of preference
25 assigned with each cell to each associated cell

includes preferred, equal preference and non-preferred.

16. A system for performing handoff as set forth
in claim 15 in which an associated cell is assigned a
30 preferréd preference category if its service area is
substantially smaller than that of the cell, an equal
preference <category if its service areas is
substantially the same as that of the cell and a non-
preferred preference category if its service area is

35 substantially larger than that of the cell.
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To be nore general, there are two different nethods inplied in best server
sel ection in accordance with the present invention: (a) Analog, in-which
. the signal strengths for each call are measured in the 35 “”'nelgh ﬁs

cells, and these together with the signhal This is the re ﬁmﬁ
-18- strength for uplink in the serving channel are
and“

Digital in which nobile assisted handoff {3AHO is e S|ﬁ1lar
nmeasurenents are nade by the nobile and reported to Ihe base station and 5
eval uated. A basic concept inherent in the present invention is that it is
desirable to serve a nobile station by neans of a cell level within a

mul ti-cell structure ;7 p system for performing handoff as set forth
.in claim 15 in which said cells include macrocells,
microcells and picocells.

18. A system for performlng handoff as set forth
in claim 14 in which the radio signal of which the
signal strength is measured is the signal broadcast by
the mobile station to the base station.

10
19. A system for performing handoff as set forth
in claims 15 in which said means for determining
includes: ‘
means for first determining if the signal
.15 received from each cell comes from a preferred, equal
or non-preferred Eell having a particular preference
and means for then responding to said first
determination, and determining whether or not the
received signal strength value is greater than said

20 ‘threshold value.

20. A system for performing best server selection

for a mobile station served on a first radio channel by

a first base station serving a first cell and operating

25 within a cellular radio system in a region in which
radio channels are provided by multiple levels of cells

having different service areas, said method comprising:

means for assigning within each cell

categories of preference with respect to each other

30 associated celi within the system as to which said
cell's serﬁice-area is either coextensive, adjacent,
contiguous, or overlapping, each associated cell being
assigned a category of preferred, equal preference or
non-preferred based upon the size of its service area

et Has Been Replaced
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which is at the | owest possible | evel provided the 10 signal quality is
sufficient to provide good service. In the situation shownin FIG -2, -~

i ncluding an array of unbrella cells and mcrocells posiit.li [ and
in which it possible to provide coverage fromeither tq “lﬂ 1! j{lﬁl‘lmﬂ)r
the mcrocell, it is normally 15 optimal to allowt LOCRT T

handl e the subscriber traffic whenever it -Bg-appropriate fromthe

st andpoi nt of quality transm ssion. In other words, in such situations
the mcrocell, i.e., the lowest- level of cells in the nulti-cell array, is
preferred. |In theedative ctme WAl e aful thecerelleveithine whptkmesrid, one

| ayer is general |l yspIidniedi SuRiad he other primarily for capacity reasons.
The system and net hod of the present inventjon is_inplenmented based upon

the processing of a list of"#NS LfoncreFmbring and #PTifm imormation
differentiation hetye@saptebar aedeeohlds radad- Rkheknehy el | Sedhrl cighss Wi th

5 station serving a second associated cell;
means for measuring the signal strength of
the radio signals broadcast on said first and second
radio channels, respectively;
‘means for determining the preference category
10 of the cell from which said second radio channel signal
is received;
means for selecting the second base station
broadcasting the second radio channel as the best
server in response to any one of the following
15 - conditions, (a) the second cell having a preference
category of preferred and the signal strength of the
radio signal of said second radio channel béing greater
than a preselected value, (b) the second cell having a
preference category of equal preference and the signal
20 . strength of the radio signal of the second radio
. channel being greater than the signal strength of the
radio signal of the first radio channel, or (c) the
second cell having a preference category of non-
preferred and the signal strength of the first radio
25 channel being less than a preselected value and the
signal strength of the radio éignal of the second radio
channel being greater than that of the first radio
channel.

30 21. A system for performing best server selection
as set forth in claim 20 in which an associated cell is
assigned a preferred preference category if its service
area is substantially smaller than that of the first
cell, an equal preference category if its service areas

35 is substantially the same as that of the first cell and

This Sheet Has Been _RTlaced

[N




equal preference in order to ascertain the nost appropriate serving cel
both at tine of call setup as well as during the caLL_itseIf -For - exanple
.as shown 30 in FIG 2, the mcrocells a, referred to

umbrélla cell A microcells a, b, ¢ are preferred to It““u :ﬂﬂ ﬁ’lll;

while unbrella cells A-G have equal preference to eac ells
a-e have equal preference to each other. -39-19- W t-hin t he present systen]
one goal is to ensure that the nobile subscriber radio transceiver is tuned

to the nost appropriate cell both during the idle node as well as during
the cal | processa PPefprafeyred trreferency gareghryusédits servinenuaa

In\éentlon I s enpligy edibls® aheliadh ya 168gerMihah thakthersame ifdrket kendl e node
an

22. A system for performing best server selection
5 as set forth in claim 20 in which an associated cell is
assigned a preferred preference category within said
first cell if it is a cell which is either coextensive,
adjacent, contiguous or overlapping said first cell in
its service area.
10
23. A system for performing best server selection
as set forth in %Tlaim 22  in which said system
sequentially receives and stores information broadcast
on a radio channel by each of the cells associated with
15 said first cell and thereafter evaluates the base
station of each of said associated cells as a possible

best server in accordance with the additional means in
said systemn.

20 24, A system for performing best server selection
as set forth in claim 20 in which said associated cells
to said first cell may include macrocells, microcells
and picocells.

25 25. A system for performing best server selection
as set forth in claim 20 in which the radio signals of
which the signal strength is measured are the sgignals
bfoadcast by the mobile station to the base station.

30 26. A system for performing best server selection
as set forth in claim 20 in which the radio signals of
which the signal strength is measured are the signals
broadcast by the base station to the mobile station.
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during the process of a call in order to make sure that the_ cell_as .
selected at call setup is also accepted imedi ately after the call setup.

10 In the present invention, data are assi as set
forth below in the Ehart. Par anet er . gmﬂmmwmmmﬂmll
A selected signal strength threshold which defines 4 16 * " * *
sufficiently "acceptabl e" signal strengA®h for the cell 2

A hysteresis value to be used together with the assigned 20

threshold 3 A list of neighboring cells 4 ,
For each neighbor?7- Anmgthod of performing server select&ggigﬁgd

type, i.e., BraishiBd, stathef- priwriviery wiuvRinpref€sENeRar radio
system in a region in which radio channels are provided
by multiple levels of cells having different service
5 areas, said method comprising:
providing within each cell a 1list of
neighboring cells the service areas of which are
proximately associated with the service area of said
cell; .

10 assigning a selected radio channel signal
strength level which is acceptable for service of a
mobile station by each of said cells;

assigning within each cell categories of
preference with respect to each of said neighboring

15 cells on said list; .

measuring the strength of the radio signals
providing communication between the mobile station and
the base station of the cell currently serving the
mobile station as well of each of the neighboring cells

20 thereof; and

selecting as a server for the mobile station
the base station of any neighboring cell on said list
the preference category of which is preferred to the
currently serving cell and the measured strength of the

25 radio signal providing communication therewith is at

least equal to that assigned as an acceptable service
level.

28. A method of performing handoff as set forth
30 in claim 27 which includes the additional étep of
assigning a selected radio channel signal strength
level hysteresis value for each of said neighboring
cells to said serving cell and in which said selecting
step further comprises:
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5 For each nei ghbor, an. 30
assigned hysteresis value In case there is no quaLLfled'pTeferred nelghbor

and the signal strengths in the currently serving. ceI ‘“t w t he
threshol d, then the "best" cell should be sel ect ed E ‘\m‘ The
hystere5|s val ue of paraneter 5 is used in-this part risl tuati on.
Referring briefly to FIG 7, there is showita plurality of neighboring
cells 41-43 which nmay be at 40 any level within a nulti-Ilevel cellular

structure. Wthin each cell is a base station 44-46 each of which conprises
a control channel traRBé¥i selequingien nesigkkoring czdl as a Slenve thprof

voice channel trhacehysste 44hutdin The ! MobesbaRRek Ofnihhdiaiaed ati on
IS use or

signal strength of the radio signal providing

communication with said neighboring cell is greater

5 than the assigned accéptable service signal strength

- level by an amount at least equal to the hysteresis-:
value assigned thereto.

29. A method of performing handoff as set forth
10 in claim 27 in which the categories of preference
assigned within each cell to each neighboring cell

includes preferred, equal preference and non-preferred.

30. A method of performing server selection for
15 a mobile station operating within a cellular raaio
system in a region in which radio channels are provided
by multiple levels of cells having different service
areas, said method comprising: .
providing within each cell a 1list of
20 neighboring cells the service areas of which are
proximately associated with the service area of said
cell; o
assigning a selected radio channel signal
strength level which is acceptable for service of a
25 mobile station by each of said cells;
assigning within each cell categories of
preference with respect to each of said neighboring
cells on said list;
measuring the strength of the radio signals
30 providing communication between the mobile station and
the base station of the cell currently serving the
mobile station as well of each of the neighboring cells
thereof; and _
selecting as a server for the mobile station
35 the base station of any neighboring cell oﬁ said list

T



communi cation with nobile stations during idle period when no call has been
est abl i shed. The signalling 5 pl aced on the control channel--incl-udes
the information to be broadcast to the nobile stations relating to

nei ghboring cells. The voice channels are used after M\l‘mﬂm‘mm)bl |l e
station and carry not only voice data but al so certala“““ma

exanpl e, 10 measur enent channel nunbers42for the neighboring ceIIs to
the cell serving the nobile station, as well as a handoff order to the

mobi | e and neasured signal strength fromthe neighboring cells to the cel
servi ng the nobi [thespiefenenaet prtegeey ¢if nidhe 18s of seayal sprefererepf f

(MAHO) under the t'ost% @hgkéﬁi:l?téé‘ﬂﬁiﬁb cﬁﬁflerafri&ﬁhEOWeEQuEé@ sBrend@i € i S

shown an overall bl ock di agramof the equipnent within the cellul ar, network
wi thin which t he 9 édenFaiReRiBRY L5 NG gIguunicatign, ghirevwd

public  switched2Qyreatdel eRANMReC aldatured Widn4d PSsdrehgtha ohite
swi tching 5 radio signal providing communication with the currently

serving cell.

31. A method of performing handoff as set forth
in claim 30 which includes the additional step of
10 assigning a selected radio channel signal strength
level hysteresis value for each of said neighboring
cells to.said serving cell and in which said selecting
step further comprises:
only selecting a neighboring cell as a server for
15 the mobile  station in the event that the measured
signal strength of the radio signal providing
communication with said neighboring cell is greater
than that of the currently serving cell by an amount at
least equal to the hysteresis value assigned thereto.
20
32. A method of performing server selection for
a mobile station operating within a cellular radio
system in a region in which radio channels are provided
by multiple levels of cells, each of said cells being
25 provided with radio service by a base station the
broadcast power of which and the resultant service area
which varies from larger to smaller, said method
. comprising:
providing within each c¢ell a 1list of
30 neighboring cells the service areas of which are
proximately associated with the service area of said
cell;. -
assigning é' minimum radio channel signal
strength value which is écceptable for service to a
35 mobile station by each of said cells;

This Sheet Has Been Relplaced _

(T




center (MSC) 52, and a pair of illustrative base stations 53-54. Wthin
the MSC 52 is a swwtch 55 controlled by a central processor 56 both of

whi ch are connected to an interface 57. The interface 57 of the 25 VBC
52 is coupled by neans of data lines 61 and 62 to each of the respective
base stations 53 and 54. Each -base station includes a

mul tipl exer/demnul ti pl exer 60 connected to-&3plurality of transceivers 63-65
connected to an antenna 66. Each transceiver includes 30 a control unit
67 and a transmt unit 68 along with a receive unit 69. Calls to or from
subscribers in the PSTN 51 mgasuaumeedihed stranethswif dthesFradichigignml 5C 52

where they are r#HRddiagt Bsmﬁeﬁi@ﬁl&elﬂe@;&ﬁ/caw el st ol dgg by

the central proce sorb56 The 3 £ ﬂtral rocessor 56 al so adm nisters
and processes ase statlon of t cell currently serving the

mobile station as well of each of the neighboring cells

5 thereof; and
selecting as a server for the mobile station
from among the currently serving cell and its
neighboring cells the cell having both the smallest
service area and a radio signal strength which is at

10 least equal to said minimum acceptable value.
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-21- data regarding the location of the nobile, the neighboring cells to
the cell within which the nobile is currently | ocated, and controls both
call setup and handoff. The |Iinks betweens4the MSC 52 and the base 5
stations 53 and 54 (links 61 and 62) carries voice data, as well as control
I nformati on to aABSTTRAgQTt he control unit 67 within each of the different
transcei vers 63-65 of the base stations 53 and 54. The base station

equi pnrent 53 and C LSS 0 [ IP '
adm ni strates dig?éﬁbﬁgig%koﬁg&gkggoéa g &ﬁ ?ghtkgﬁﬁpﬁ?grggpﬁgnsyngﬁd
fromthe different transcei vers 63-65. The transceivers include both

control channel transeeiygts-28deY 0l &fe B8l 1JIANSERINESrchlit ecture
Referring next to FIG 9, ere is shown a nobile subscriber, unit, 71

t . .
i ncl uding a receiSF&VER, MPIIenSPFEEIPSS EbARLEREd (£d) amoXPgn e tAEn

t hrough a the system. Best server selection is performed for the
5 mobile stations (21) by assigning within each cell (Cl-
C10) a preference value to each other one of the cells
(C1-C10) with which is associated by proximity of
service area. The strength of the radio signal
received by the mobile station (21) from the serving

10 cell (C1-Ci10) as well as the radio channels of
associated cells (C1-C10) is measured. A decision as

to the best serving cell (C1-C10) for the mobile
station (21) is made based upon both the preference

"value of the associated cells (C1-C10) and the Signal

15 strength of their respective radio channels.

(Figure 2).
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dupl exer 75. A control unit 76 is coupled to a synthesizer 77 which is

al so coupled to the transmtter 20 73 and receiver 72. A mcrophone 78
is connected to the transmitter 73 while a speaker 79 is connected to the
receiver 72. The synthesizer 77 is used 20 %une the receiver 72 to the
control channel frequencies before call é{ p and to different voice
channel 25 frequenci es and neasurenent channel frequencies during the
call and under control of the control unit 76. The.control unit 76 neasures
by means of the receiver 72 and the synthesizer 77 the signal strength of

t he signal being received by the receiver 72, receives 30 nei ghbor - 1i st
I nformation -fromthe base station via | 72 and processes all of
the information according to the al gofithm and tecRni que of the present
invention. In the present systema nmpbile unit in i§l e node 35 sear ches
the assigned frequency spectrum /being \P

¥ /\y

=R
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e
I




-22- broadcast for an appropriate control channel for comrunication with
the cellular network. Al control channels are continuously

transmtting
and are cyclically broadcasting nei ghbor .cell information which 5 S
valid for the cell within which the nobi I,@/Qs currently | ocat ed. The
nei ghbor cell information consists of the follow ng data: 1) Cont r ol
channel frequencies for the neighbor cells; 10 2) The type of

nei ghbor, i.e. (a) Preferred nei ghbor, (b) Non-preferred nei ghbor, or (c)

Nei ghbor wi th equal preference; 3) For preferred neighbors, a signal
strength G

47dBm UMBRELLA

20dBm MICROCELL

Y T T T T T - L T T Y T —> M
0 100 200 300 400 500 600 700 800 900 1000 1100 1200

FIG. 3



15 t hreshol d value for each. This threshold value is the threshold of
sufficient signal strength in the neighbor cell plus a corresponding
hysteresis or offset value, which may be cal culated in the central

processor in the MSC or in the control uni f the base station before 20
it is sent; 4) For each control channel Y/ tell a_signal strength
threshold which is the threshold for sufficig trength when served
by the cell, i.e., preferred, cell but thi
val ue subtracted fromthat val ue; and 5) nei ghboks (W th equa
preference and for non-preferred nei ghboys)y a _hyst&esis vahNue. The nobile
station nmeasures the signal s &?gth per I
and at the 30 frequenci es Ee i ned f ' s| nei ghbors. The
nmobil e then tunes to a preferred nei ghbo
strength for this neighbor is

FIG. 4
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above the threshold set for this neighbor cell. If nmore than one preferred
nei ghbor is qualified, the 35 nobil e tunes to the |- 0 7

best margin with -23- respect to the threshold G 5H§
is no qualified preferred neighbor cell apgaq neig‘b
preference has a signal strength which is ‘higher tjlanthe=+%g
to the current 5 channel with a margin which is defrned by the
hysteresis value for that particular neighbor, the nobile then retunes to
this neighbor cell. If the s stgﬁngth for the c nt chgnnel is bel ow
its threshold defining su [ strength ere is no

qualified preferred nej Is also a0 qualified | ghbor with
equal preference,

45¢
\ LA N L5
cC cC
VC Ve
44b Ve 1Y 45b VC Y
VC VC
VC VC
46
N 46
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1y FIG. 7
46b VC
VC ™~
Ve 43
71
»
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R 7 (1]



and a non-preferred nei ghbor has a signal strength which is higher than the
signal strength for the current channel with a margin also added which is
15 defined by the hysteresis value for that partif r ceql ll,
"the nobile tunes to this neighbor cell's r ol cha_n'ﬁa ég%gﬁégg’gﬁe a
call setup fromthe nobile is attenpted, tHe . nobile i
appropriate control channel 20 according to the procedure set forth
above and the call can be set up in the corresponding cell according to the
wel | - establ i shed procedures. Another way to provide the nobile with the .
frequenci es, the nei ghbor types, two signal strength 25 | evel s, i.e.,
the threshold and the hysteresis, and another hysteresis would be to
broadcast the threshold and the hysteresis separately and |l et the nobile
calculate the two l.evels. Another way to describe the algorithmis: (1)

CELL EQUIPMENT

67\ T _1—68
MSC e Rx
82 - X[T-69
63f
61 | |Mux T
/ ] = | Vs6
. §g j_ Rx
g
SWITCHING i Tx
51 Cu
N 55 Rx
PSTN INTERFACE .
57
cP _
56 |
Rx
MUX ‘ T
| )= | Y
N 60 Rxjl |
62 .
: ™54
Tx
cu
Rx

FIG. 8
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30 tune fo a preferred nei ghbor when the nmeasured signal strength is
“good enough”; (2) do not tune to a non- preferred nei ghbor when the

‘measured signal strength for the currently serving cell is "good enough”;
and (3) tune to the best nei ghbor when thqizggnal strength 35 for the
serving cell is not "good enough". an illustration of the

above-referenced procedure, an exarrpl e may be set forth with reference to

FIG 2. A nobile subscrl ber term naI m)V| ng fromunbrella ce 10}A to
unbrella cell B wll fi to cell A sgrgmot channel
frequency where it wl I]’L'?t [ ve oadcast I nf or mat |d| ng control

channel frequencies for neighboring cells B-Guith equ®l preferencel@2 well
as their hysteresis val ues together SELECT FlRST CHANNEL

v

RECEIVE AND STORE  |/103

108 INFORMATION BROADCASTED
~ ON SELECTED CHANNEL
LAST NEIGHBOR~, YES ’l

'MEASURE SIGNAL STRENGTH | ~104

113 FOR NEIGHBORS AND
N : SERVING CHANNEL
SELECT NEXT NEIGHBOR ] :
FOR EVALUATION SELECT FIRST CHANNEL 100

FOR EVALUATION

106

" YES _~PREFERRED

NEIGHBOR

NEIGHBOR
WITH EQUAL
PREFERENCE

YES
110

NO SERVING
—<CHANNEL SIGNAL STRENGTHZ>

107

SIGNAL
STRENGTH FOR NEIGHBOR
> THRESHOLD

SIGNAL STRENGTH >

SERVING CHANNEL SIGNAL
STRENGTH

YES 112

RETUNE TO THIS NEIGHBOR

~ L
109




iwth the frequencies for the preferred nei ghbor 10 mcrocells a, b, d,
e and their correspondi ng threshold val ues. Wen the signal strength from
mcrocell d is above the threshold value set for that cell, the nobile wll
retune to mcrocell d's control channel and jeceive information about

m crocell d's neighbor cell 5 whi ch & now nicrocell a and microcel |l
c wth equal preference, a nbrella cell A as a non-preferred nei ghbor
cell. After havin ; ell ¢, the neighbors with equal
preference will be mcrocel ocell b, and mcrocell d and the
non-preferred 20 ' unbrella cell A and unbrella cell B.
Finally, when the gl ocation within unbrella

cell B, it will h as nei ghbors wi th equal
preference and m ) 25 When
acall is in prog
after call setup
‘ !
RETUNE TO FIRST
CANDIDATE - RECEIVE AND STORE
~ : INFORMATION BROADCASTED
137 123 / ON SELECTED CHANNEL

r

MEASURE SIGNAL STRENGTH
FOR NEIGHBORS AND
SERVING CHANNEL 124

v
| Y " SELECT FIRST CHANNEL
SELECT .NEXT NEIGHBOR FOR EVALUATION.
FOR EVALUATION CLEAR CANDIDATE LIST. |N\-125
7 |
134

126

YES PREFERRED

NEIGHBOR 131

WITH EQUAL

SIGNAL STRENGTH >
SERVING CHANNEL SIGNAL
STRENGTH

YES

> THRESHOLD

ADD THIS NEIGHBOR
TO CANDIDATE LIST |~ 129 FIG. 11
[




after handoff to a new cell, information a

bout the control channel

frequency or any other continuously transmtting frequency in each nei ghbor

cell is sent to 30 the nobile station. The mobile neasures
signal strength for the serving channel a?d éhe nei ghboring cells
periodically and reports those val ues on Hé current voice channel to the
base station. This information is processed in the control unit of the 35
base station or in the central proéBe#diGofizbhe MSC Dajgy  FRAM3FIBEG2b997
-25- according to precisely the sane as was done in the e
station during idle condition. As soo a bett gﬁ)ng base tionis
I dentified according to rules set forthYabove, Is perfdrned to
152~ TRANSFER NEIGHBOR CALL
INFORMATION TO MOBILE
153~ MEASURE SIGNAL STRENGTH |
FOR NEIGHBORS AND
SERVING CHANNEL
4
FROM FIC. 120 or FeT FIRST CHANNEL 194
' FOR EVALUATION.
CLEAR CANDIDATE LIST.

133

YES _~ PREFERRED

<CHANNEL SIGNAL STRENGTH>——

NEIGHBOR

NEIGHBOR
WITH EQUAL
PREFERENCE

SERVING NO

~< THRESHOLD

156

SIGNAL
STRENGTH FOR NEIGHBOR
> THRESHOLD

162

NEIGHBOR CALL
SIGNAL STRENGTH >
SERVING CHANNEL SIGNAL
STRENGTH

158

ADD THIS NEIGHBOR
TO CANDIDATE LIST

TO FIG. 12b

FIG. 12a



1
5 thi s’ new serving base station. |If the base station or the nobile
station uses power regulation, the signal strength or the threshold nust be
adjusted in order to get a conparison result, as if the radio transmtter
was using the maxi num al | owed power | evel Wgt he cell. 10 The
system of {he present invention provides &aff €asier and nore natural way to
control sel eé:"tion of a cell at call setup and at handoff. . The system al so
provi des a system for optimal cell selection within such a multi-Iayered
cell structure. 15 Referring next to FIG 10, there is shown a
flow chart illustrating certain functional performance in the system of
the present invention. FIG 10 illustrates a process performed within
the nobile during idle period as follows: the routine begins at 20 101
and noves to 102 at which it selects a first channel. Thereafter, the
nobi | e ‘noves to 103 where it recei VRROMIRIG.S12ar es i nfornati on broadcast on
t he

157
NO _-LAST NEIGHBOR~ YES

163
N

SELECT NEXT NEIGHBOR
FOR EVALUATION

T0 FIG. 120 163~ SORT CANDIDATE LIST

!

166~J  SELECT FIRST CANDIDATE
CALL FOR A HANDOFF ATTEMPT

167

IDLE CHANNEL
IN CANDIDATE
NCALL

171
~

HANDOFF TO THIS

CANDIDATE CALL

g

T0 FIG. 120

LAST |
CANDIDATE

YES

168

T0 FIG. 120

- SELECT NEXT CANDIDATE ~-169
CALL FOR A HANDOFF ATTEMPT _

J
FIG. 12b
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sel ect ed channel . Next, at 104 the nobile station neasures the signal
strength for the neighboring cells 25 and for the serving channel.

Thereafter, at 105 the nobile selects a first chann

noves to 106 where it is determ ned whether or not
a preferred neighbor cell. If so, the system noves
determ ned 30 whet her or not the signal strengt
is greater than a presel ected threshold val ue plus
If not, the systemnoves to 108 where it is determ

ne

[

Lor—sval-yationand
g from

[ O
N
he

To7T—at—wWhich jitf is

L ASBRHE oy

whet-her—ef—Aot| t he

| ast nei ghbor has been evaluated. If, however, at 197, the 35 nghaI
strength for the neighbor cell is greater than - 26—tte—thresnol d val ue
plus the hysteresis, if any, the
4/9
41 42
44q ‘ 430
\ 44 N 45
cC “ . cC “
VC VC
. 44b Ve —:r 43bq vC _:Y
VvC vC
VC. vC
460
\ A6
CcC
o [ 4 FIG. 7
46b vC :
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system noves to 109 and the nobile station retunes t
value and returns to 103 to receive and store i nfor ng;
new y selected 5 channel . 1f, however, at 106 th
evaluated is determned to not be a preferred nei ghb
noves to 110 where it is determ ned whether or not the il one
with equal preference. If 10 not, i.e., the cellii o=

nei ghbor cell, the system noves to 11£ié€ which it dvtern1nes mhether
not the serving channel signal strength is |ess than Breselected
threshol d value plus the hysteresis, if any. |f ndﬁ JQQ IRMENE t0 108 to

determne if the |ast15 merghbor—trasy been evat gyeq - % 111,
it is determ ned that{thggserving channel {sigrnal stfeng g> T phan t he
t hreshol d val ue m nus{the hysteresis val ug, if}] &ny, the“rg i €7 % to 112
where it is determ nefl Wi her or gmot—ttref nei-ghbor :%BU"< Si § —
61 | -|mux Tx
) cu | V-s6
i -
651
51 SWITCHING e 1]
\ 55
PSIN -| INTERFACE : .
kY
CP
T
56 Cu
MUX T
w) = | Y
|| 80 -
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Cu ll
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2077 st

. ngt.h .
if not, noves to 108 and det erm nes whetjh

been eval uaf ed.
deternined to be great_er than the serving ¢ s : phged S & gagdd KL T
then the nobile station retunes to this |neighbor cell at 1ﬁa&ﬁnd retu

103 to receive and store information bgrda gpﬂ@pgmlﬁha _______ 9Fsi nil

if it is determned at 110
pr ef er ence,

nei ghbor has been eval uat ed,
signal strength fop t he nelghbor|ng ceIIs in the serving channel

forth 35
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15
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system 30 BEQ% %gﬁiﬁrgggﬁr?iﬁﬁcﬁﬁzh?8ﬁ§€§|uaFE?ﬁé“glgnal

strength of that cell. If, at 1GSELIUIAR \RADIO BMSTEM nes that the | ast

| ast neighbor cell is

Fiel 4 g Invention

The invention relates to handoff of wmobile
stations within cellular radio systems and, wmore
particularly, to handoff within layered cell structures
of such systems.

History of the Related Art

In cellular radio communication systems a
geographic area is divided into a plurality of
individual regions referred to as cells, each of which
is provided with radio service on a plurality of
separate RF channels the frequencies of which are
reused among different cells sufficiently separated
from one another that there is a sufficiently low level
of interference between them. When a mobile station
receiving radio service from a particulaf base station
serving a particular cell moves from that cell into
another adjacent cell, communication with the moblle
station is "handed off" from the first base statlon to
the second base station serving the adjacent cell.
Such handoff is accomplished by a mobile switching
center (MSC) to which all of the base stations are
connected and which controls the allocation of
communication channels to the individual mobiles moving
throughout the region served by the cells.

As the demand. for cellular radio service increases
over time, the capacity of ekisting systems has been
severely stressed to serve all the subscribers who
would like to have access to the system, particularly
in major metropolitan areas. To address this demand,
cellular radio technology is currently moving from
analog based systems, in which each subscrlber
communication channel is allocated to a single radio
channel, to digifal based systems in which a plurality

we repiacement st

Py~
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as set



-27-rdeternined to have not been evaluated at 108, the system noves to 113
and sel ects the next neighbor for evaluation returning to 106 to determ ne

the preference of that particular neighbor. 5 It can thus be seen
in FIG 10 that the nobile station during idle period is continually
cycling through the reception of channel information and determ ning

whet her or not it is appropriate to be handed off to a cel
preference to those 10 potential cells to which it may be handed of f

and applying a

in

accordance w th the éﬁéécfﬁ%éexCigﬂénﬂéiéiEQﬁ:gQ 9ks$ ﬁ@ﬁeltoa‘éaidrzab{al]cieié’ - It

shoul d be understoo : 2SCr i /
i npl ement ati on ofchanngk ckweuals timej divhsion wulkiple dgicsiesa CEOMAN ar

system enpl oyi ng 3RAG eedhfbsbgy. Nankl ofimA Madds, Seabhagabiiat chRstd] | £
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process describéd above relates to

divided into a plurality of time slots and a digitized
portion of each subscriber's conversation is broadcast
in an assigned time slot. However, even with such
improvements in channel capacity, there exist certain
areas within major metropolitan areas in which the
demands on the system are so great that it cannot be
successfully satisfied by existing cellular radio
architectures. For example, in the area in and around
a convention center located in a major metropolitan
area, the channel usage by portable cellular radio
transceivers may be so great that the demands for
service cannot be satisfied by the entire channel
capacity of the base station serving the cell within
which. the convention center is located. In such

-situations, it has been proposed to provide additional

"layers® of cellular radio coverage provided by
additional lower powered base stations located within
an existing, so-called "umbrella" cell and referred to
as "microcells". Such microcells may have a coverage
or service area on the order of a few hundred meters in
contrast to a few kilometers of coverage by the base
station of the overlying umbrella cell. A plurality of
such microcells may be located adjacent to one another
and form a contiguous coverage area of substantial
width all of which is within the overall coverage area
of the umbrella cell.

When a layered cell structure, as described above
in conjunction with umbrella cells and microcells, is
used there is provided an enhanced level of radio
capacity which can be configured for individual
circumstances and which provides an assurance that
users can receive service despite an extremely high
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2o ms s e wmmy

i

—

Pss



by:the |1 S-54 standard pronul gated by EI A TIA. It should be clear that the
I nvention could also be inplenented within other digital or analog cellular
20 systens in which radio signal strength neasurenents are nade by the
base stations of the various associated cells. Referring next to FIG 11,

there is also shown an alternate procedure for the evaluation of handoff 25
|l i kelihood in the nobile during an'idle peF?Gd. The routine begins at 121
where the nobile selects a first channel at 122 and noves to 123 where it

recei ves and stor Lakor ia i on_ hr oadcast, .on t hat sel ected chapnel .
Thereafter, the seg{n%?nz_irr%ggfs’b?oa%ﬁ%gn r:rlé_"aﬁ?ro&ra??ﬁﬁalarfﬁl' %Poﬁetoé’r‘?d‘i'h f or
t he nei ghboring ce@rfddtisnadenayvesscidnmraidd o loveabge Newt beatadted,t Ifor

system sel ects thaxbimpite,chagnel foiypyplatiop and.elLars, ircgﬁ[lgisdat&
channel |ist. Thereafter, at9226 tﬁe s¥stggydetern1nes whefﬁé or not 'the
sel ected channel PEPRRALCSG "RifPerslle] pPositioned within the coverage

5 or service area of the individual microcells, each of

which are in turn within the overall umbrella cell.
The base stations providing the radio coverage within
the pico cells would be of even still lower power than
the base stations serving the microcells and have a
10 coverage or service area of, for example, a hundred
meters to provide coverage within a single building or
a single floor within a large convention center.
Thus, in layered cell architectures, the issue of
server selection and handoff of each mobile radio
15 transceiver moving within a geographic area involves
many more options. That is, it is possible for the
mobile station to receive radio service at any given
moment from either a pico cell base station, a
microcell base station, or an umbrella cell base
20 station. When conventional handoff criteria used in
single layered cellular architectures are applied to
this situation, problems arise and the solution is less
than ideal. The ability to configure the handoff
arrangement for maximum efficiency with respect to the
25 utilization of channel availability and consistent with
high quality radio service to each mobile subscriber is
highly desirable.
When handoff is effected between adjacent cells in
a single layer cellular radio architecture, the
30 principle criterion used is the quality of the signal
received from the mobile station by the respective base
stations capable of providing radio service. That is,
the quality of the signal received from the mobile
station by the base station currently serving the
35 mobile is compared with the quality of signal received

——?tnq*ns the- replacerireﬁi sheet
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35 ° neighbor and, if so, noves to 127 where the signal -28- strength
for the neighboring cell is evaluated to determ ne whether or not it is
above a preselected threshold value plus the hysteresis, if any. If not,
the systemnoves to 128 and it is determ ned whether or 5 not the | ast
nei ghbor has been evaluated. |[|f, however, at 127, it has been determ ned
that the signal strength for the neighborihg;cell was greater than the

t hreshol d val ue, the systen1nnves to add this neighbor's cell to the

Canchante 1 g 28 ML SRS b0 Y ot ke
is deternmined t ha:uahémafgm@m&.asnn‘éhepl@t@r @xcaads et Eprmevesthe 131
to determ ne whethori P& 0at nbhgeRelEPUI MheLWdse station serving the
adjacent cell. In addition, a signal quality
5 increment, known as an offset or hysteresis, is also
applied to the signal quality difference value so that
unless the signal quality in the adjacent base station
is at least "x" amount greater than the presently
serving base station, handoff does not occur. This
10 prevents oscillating handoffs due to signal quality
perturbations in which the mobile is repeatedly handed
back and forth between two adjacent base stations.

When conventional handoff techniques, based purely
upon signal quality, are applied to the multiple layer

15 -cellular architecture, the resulting service quality is
often not optimal and in many cases totally
inappropriate. This is because it is generally
preferable to serve a mobile station with the lowest
possible level of base gstation as a preferred service

20 provider primarily because of capacity reasons. That
is, if sufficient signal quality exists from the
microcell, it is preferred to serve the mobile from
that cell rather than handing the mobile off to the
umbrella cell which has fewer total channels available

25 for service than a plurality of adjacent microcells
would have.

Because of the foregoing problems associated with
the use of existing handoff algorithms within layered
cellular architectures, it is desirable to introduce a

30 system of handoff algorithms which maximize the
efficient utilization of channel availability within a
multi-level cellular radio architecture. The system of
the present invention provides such a technique.

This is the replacement sheet
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I S one with equal preference. If not, i.e., it is a 15 non- preferred
nei ghbor, the system nmoves to 132 and deternines whether or not the serving
channel strength is less than a preselected threshold val ue nmnus the
hysteresis, if any, and, if not, to decision 128 to determne if the |ast
nei ghbor has been evaluated. If, 20 however, at 132 the serving channel
signal strength is determined to be less than a threshold value mnus the
hysteresis, if any, the systen1nnves to 133 at which it is determ ned

whet her or not t £ trength is greater than the
servi ng channel 0 and, if not, to a decision as to
whet her or not the IasInr@ﬂgh@ﬁpeﬁhsobe%heeanﬁntegnatalm@bll¢ shathenghbor

cel | signal strengy hsé:?v&i@@i’eﬁhéhﬁ&'sé@té@i&hnvgfcbﬁ@n@élﬁ'Qé%ls&rflﬁeﬁth
the system noves fo 129 and _adds this ghbor to the candldat lISt If,

h
30 at 131 it 3% H]é?ePi‘?Fﬁ@HrFF}atseFWéC@elﬂqué-d& n&iFhodiaty
preference,sthe shsicrasmies sdighatt bMaloty is above a selected mlnlmum

value. Should the signal quality deteriorate below

that selected minimum wvalue, best server selection

possibilities are evaluated on the same level and such

possibilities are first exhausted before handoff is
10 made to a cell on a lower preference level.

In another aspect of the present invention,
handoff is performed of a mobile station operating
within a cellular radio system in a region in which
radio channels are provided by multiple levels of cells

15 having different service areas. Categories of
preference are assigned within each cell with respect
to each other associated cell within the system as to
which said cell's service area is either adjacent,
contiguous, or overlapping. The signal strength of the

20 radio signals providing communication between the
mobile station and the base station serving each of the
associated cells within the sgystem is measured and
compared to a preselected threshold value. Whether or
not to handoff the mobile to a base station serving an

25 asgociated cell is determined based upon whether the
signal strength of the radio signal therefrom is
greater than the threshold value and on the preference
assigned to the associated cell.

In a still further aspect of the invention, best

30 server selection is performed for a mobile station
gserved on a first radio channel by a first base station
serving a first cell and operating within a cellular
radio system in a region in which radio channels are
provided by multiple levels of cells having different

35 service areas. Categories of preference are assigned
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decision 133 to determne if the neighboring cell signal strength is
greater than the serving channel signal strength. -29- If, at decision
128 it is determned that the |ast neighbor has not been evaluated, the
system noves to 134 to sel ect the next nei ghbor for evaluation and
thereafter to decision 126 to begin that evaluation. 5 I'f the last

nei ghbor has been eval uated at 128, the systm noves to 135 and determni nes
whet her or not any candi dates have been found. |If not, the systemreturns

' ' i'st. Thereafter, the
Lo 124 and. 11 SOusTRMES ohon 13| %00 pdhe sondl dalg, st Terealiery
foll owed by novi ngefld w2Bhwhetbkeisysttaeiaetammhistioressid e lilnforgatviare

area is either coextensive adjacent, contiguous, or

overlapping. Each associated cell is assigned a

5 category of preferred, equal preference or non-

preferred based upon the size of its service area

relative to that of the cell within which the

assignment is made. Information on a second radio

channel broadcast by a second base station serving a

10 second associated cell is received and stored. The

signal strength of the radio signals broadcast on the

first and second radio channels, respectively, are

measured. The preference catégory of the cell from

which said second radio channel signal is received is

15 determined. The second base station broadcasting the

second radio channel is selected as the best server in

response to any one of the following conditions, (a)

the second cell having a preference category of

preferred and the signal strength of the radio signal

20 of said second radio channel being greater than a

preselected value, (b) the second cell having a

preference category of equal preference and the signal

strength of the radio signal of the second radio

channel being greater than the signal strength of the

25 radio signal of the first radio channel, or (c¢) the

second cell having a preference category of non-

preferred and the signal strength of the first radio

channel being less than a preselected value and the

signal strength of the radio signal of the second radio

30 channel being greater than that of the first radio
channel.

In yet another aspect of the invention, server
selection is performed for a mobile station operating
within a cellular radio system in a region in which

35 radio channels are provided by multiple levels of
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broadcast on that selected channel. As shown in FIG 11, again the system
engages in an orderly evaluation of possible channels and selects 15 a
channel based upon criteria determ ned to provide maxi mum efficiency and
channel utilization in a nulti- layered cell structure. Referring next to
FI GS. 12a-12b, there is shown a routine Mhl%h may be executable in the
system by either 20 the nobile station’and/or base station during an
establ i shed call mﬁthin an exenplary digital ceIIuIar systen1 The system

begins at 151 by 4P 00 1ol ale Whieh ddyid agsl o CHEES Fadio o

i nfornation fron1 ase s I on to he nD ere
25 system rreamm@s:q hy & pase stabmgnhtherbm@dﬂe$ghmwengOEewhscland

serving channel s adeXtnealreltd vt WSHAIBSChRES Sof Liriith ShaRnal £bm

evaluation and clears a candidate |1st. Thereafter
syst em det er mi nest3¥Ie LR PBRLLRT ¢ hahaeh ?%1¥rbﬁ18¥%Y%¢%@r%ch a 115

5 of neighboring cells the service areas of which are
proximately associated with the service area of the
cell. A minimum acceptable radio channel signal
strength value is assigned for each cell. The strength
of the radio signals providing communication between

10 the mobile station and the base station is measured for
- the cell currently serving the mobile station as well
for each of the neighboring cells thereof. A server is
selected for the mobile station from among the
currently serving cell and its neighboring cells by
15 choosing the cell having both the smallest service area
and a radio signal strength which is at least equal to

the minimum acceptable value.

BRIEF D IPT OF THE DRA

20 For a more complete understanding of the present
invention and for further objects and advantages
thereof, reference may now be had to the following
description taken in conjunction with the accompanying
drawings, in which:

25 FIG. 1 is a pictorial representation of a single
level cellular radio communication system including a
mobile switching center, a plurality of base stations
and a plurality of mobile stations;

FIG. 2 is a pictorial representation of a multi-

30 level cellular radio communication system illustrating
a plurality of microcells and a plurality of overlying
umbrella cells;

FIG. 3 is a graph illustrating received signal
strength by a mobile station moving within .a microcell
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30.  neighbor cell and, if so, noves to 156 where it deternines whether
or not the signal strength for that neighbor cell is greater than the

presel ected threshold value plus the hysteresis, if any. If not, the system
noves to 157 and determines if the |ast nei ghbor has 35 been eval uat ed.

If, at 156 the signal

strength of the -30- neighboring cell is greater

than the threshol d val ue plus the hystere3|§ | f any the system noves to

158 and adds this nei
det er m ned not toalp&a

determine if the ne|1g or|n
Y

to 161 to deter m¥ee

ghbor to the candidate |ist. at 155 the cell g;

r I hbor the moyes, .to0,159 to
nD &f'gﬂgﬁlé g mé)r%ﬁw h‘g)eel%alWl ?’é‘f“ n%ttﬁhar?ﬂ: t# not,
dede servi ng channel S|gnal strength is less than the

presel ected value mnusréhe ig 5 diagram of nominal minimum and maximum
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microcell sizes;

FIG. 5 is a graph illustrating received signal
strength by a mobile station moving within a microcell
and an overlying umbrella cell with different signal
criteria than in FIG. 3;

FIG. 6 is a diagram illustrating three different
handoff borders for a microcell and an overlying
umbrella cell;

FIG. 7 is a block diagram illustrating a plurality
of base stations located respectively within adjacent
cells of a cellular radio system;

FIG. 8 is a block diagram of the infrastructure
equipment within a cellular radio system;

FIG. 9 is a block diagram of a mobile radio
transceiver for use within a cellular radio system; and

FIGS. 10-12b are flow charts illustrating

-procedures used in the present invention.

DETATLED DESCRIPTI OF THE FERRED - E DIME
Referring first to FIG. 1, there is illustrated a
conventional single layer cellular radio communication
system of the type to which the present invention has
a relationship. 1In FIG. 1, an arbitrary geographic
area may be divided into a plurality of contiguous
radio coverage areas, or cells C1-C10. While the
system of FIG. 1 is illustratively shown to include
only 10 cells, it should be clearly understood that in
practice, the number of cells will be much larger.
Associated with and located within each of the
cells Cl1-Cl10 is a base station designated as a
corresponding one of a plurality of base stations B1-
B10. Each of the base stations B1-B10 includes a

L—s
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hyst eresi s,
the | ast nei ghbor has been eval uated. However, if the signal strength
| ess than the presel ected value at 161, the system noves to 162 where
determ ned whet her or not the neighboring cell signal strength is greater

than a serving channel 15 si gnal strenq}h plus the hysteresis, if any,
and,

% r I?Ef@f
system noves directly to Z to ern1ne |f t% t nelg 6§§n si
strength is greati& Vﬁid—nlmﬁémsénvt?hg agranneln Hlhall s h@nbﬁﬁepﬁﬁ§t%%'és

if so,

hyst eresi s,
has not been eva

for

eval uati
5
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if a

ny. If not, the systemnoves to 157 to 10 determne if

to 158 to add this neighbor toa candidate list or, if not,
157 to determne if the | ast nelghbor has been evaluated I f, at 159 it is
det ermi ned t hat

S
it is

to

rtde 20
gnal

i f alrm ﬂlfdo arel $1986EAE 101 P11t dd@ie Ttlhh% béﬁ%eﬂebﬁhéﬁéh Zﬁb
rﬂfate tgﬁﬁ&syséem noves to 163 t](_)yse egt t he next neég or

on a

1-C10, respectlve are equippe

w1t‘fl’?gomn1 directional antennas. However, in other
configurations of a cellular radio system, the base
stations B1-B10 may be located near the periphery, or
otherwise away from the centers of the cells C1-Cl10 and
may illuminate the cells Cl1-C10 with radio signals
either omni-directionally or directionally. Therefore,
the representation of the cellular radio system of FIG.
1 is for purposes of illustration of a single level
cellular radio system only and is not intended as a
limitation on the possible implementations of the
cellular radio system within which the system of the
present invention may find utility.

With continuing reference to FIG. 1, a plurality
of mobile stations M1-M10 may be found within the cells
Ci-C10. Again, only 10 mobile stations are shown in
FIG. 1 but it should be understood that the actual
number of mobile stations will be much larger in
practice and will invariably greatly exceed the number
of base stations. Moreover, while none of the mobile
stations M1-M10 will be found in some the cells C1-C10,
the presence oxr absence of the mobile stationg M1-M10
in any particular one of the cells C1-Ci0 should be
understood to depend, in practice on the individual

 desires of the mobile stations M1-M10 who may roam from

one location in the cell to another or from one cell to
an adjacent cell or neighboring cell, and even from one
cellular radio system served by an MSC to another
system.

Each of the mobile stations M1-M10 is capable of
initiating or receiving a telephone call via one or
more of the base stations B1-B10 and a mobile switching
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eval uates it beginning at step 155. If, at 157 it is determ ned that the

| ast nei ghbor has been eval uated, the systemnoves to 164 to determne if
candi dates are 30 found and, if not, back to 153 to neasure the signal
strength for neighbors and the serving channels. If candidates are found at
164, the system noves to 165 to sort the c§ﬁd|date list and, thereafter to
166 to select a first candidate cell for andoff attenpt. 35 At 167,
the system determnines whether or not an idle This is the replacenment shot

-31- channel exi %te%ﬂeﬁ]terlﬁs@”d' dat a‘fﬂie ag@lben?&t céglpé%@ t(ﬂsl’g’B i%

determne if this s ast ‘can and wher ei n
sel ects the next qgm@p&gsiebyewmmwuaammokm@.t eénpt-. FEbLad, cePleark t he

| ast of the illustrative base stations B1-B10 and to the
fixed public switch telephone network (PSTN), not
5 shown, or a similar fixed network which may include an
integrated system digital network (ISDN) facility. The
relevant connections between the mobile switching
center (MSC) and the base stations B1-B10, or between
the mobile switching center (MSC) and the PSTN or ISDN,
10 are not completely shown in FIG. 1 but are well known
to those of ordinary skill in the art. Similarly, it
is also known to include more than one mobile switching
center (MSC) in the cellular radio system and to
connect each additional mobile switching center (MSC)
15 to a different group of base stations and to other
mobile switching centers (MSCsg) wvia cable or radio

links.

Each of the cells C1-Cl10 is allocated a plurality
of voice or speech channels and at least one access or

20 control channel, such as a forward control channel
(FocCQ) . The control channel is used to control or
supervise the operation of mobile stations by means of
information transmitted to and received from those
units. Such information may include incoming call

25 signals, outgoing call signals, page signals, page
response signals, location registration signals, voice
channel assignments, and maintenance instructions as
the mobile station travels out of the radio coverage of
one cell and into the radio coverage of another cell.

30 The control or voice channels may operate either in an
analog or digital mode or a combination thereof.

FIG. 1 illustrates a relatively conventional
single 1level cellular structure in which mobile
stations are handed off from one cell to another by it

35 being served with radio channels in communication with

v A
NETRLIE R

This is the feplacement shoet e A R

'3 DEC ggy \ AMIENDED SHEET _

Date:



5 candi date at 168, the system noves back to 153 to neasure the signal
strength for nei ghbors and serving channels. If the idle channel in the
candi date cell exists, the systemnoves to 171 and hands off to this

candi date cell and, thereafter, returns to 152 to 10 transfer

nei ghboring cell information to the nobile,_ As can be seen, the system of
the present invention utilizes algorithns &ﬁlch maxi m ze the channel
utilization fromvarious cells within a nulti- |ayered ceII structure in a

hi ghly efficient gygnner 115 page stailflai%rf;ag nhe S5 fro F?HFV%ase

description, the present |nvent|on a mul tr - ere
comuni cation sy$tt@hien nbasedr WrihnEhesigignakt F-éﬁ@ﬂh 2 5hSI Uity of

cells on multipl edaveds 0EAVOr R QiNabEORHd 265pEdanee hide an

algorithmwhich 20 ., nmaxim zes the channel availability within the nulti-
| ayered cel | ul ar 3% fe. It is believed that the operation and
constructi @ Referring next to FIG. 2, there is shown an

illustrative multi-level layered cellular architecture
in which a plurality of umbrella macrocells A-G,
analogous to the cells C1-C10 of FIG. 1, overlie and
include a plurality of microcells a-e located within

10 ‘the same service area of one or more of the umbrella
cells. In FIG. 2, each of the umbrella cells A-G would
be served respectively by a base station, similar to
the base stations B1-B10 of FIG. 1, and it would
include a service area within a cell on the order of,

15 for example, several kilometers in diameter.
Similarly, each of the microcells a-e would also be
served by a base station (not shown) located within the
cell and providing a respective service area on the
order of a few hundred meters for each. Just as the

20 service areas of the umbrella cells A-G are adjacent,
contiguous or overlapping to one another, so also are
the service areas of the respective microcells a-d
contiguous to one another, with the service area of
microcell e being isolated from the other microcells

25 but coextensive within the service area of the umbrella
cell A. Each of the base stations providing radio
coverage for both the umbrella cells A-G and the
microcells a-e could be operated under the control of
a single MSC (not shown).

30 As shown in FIG. 2, a mobile station 21 moving
along -the path identified by arrow 22 would move from
the region served by umbrella cell A through the
regions served by microcell d and microcell c¢ and into
the coverage area of umbrella cell B. Providing radio

35 service to the mobile station 21 as it moves along the
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of the present invention will be apparent fromthe foregoing description
and, while the nethod and 25 appar at us shown and descri bed has been
characteri zed as being preferred, obvious changes and nodifications may be
made therein without departing fromthe spirit and scope of the invention
as defined in the foll ow ng clains. VWHAT IS CLAIMED | S 1. A met hod of
perform ng server selection for a nobile st&ti on operating within a
cellular radio systemconprised of nmultiple levels of cells having 5

G ferent serviceaeass SBLLaTIHIT AP SR I eRRele RERMgPLa0 O

with respect to from different serving base stations at different
points along the way depending upon the handoff
criteria or handoff algorithm used to implement such
5 handoffs. For example, at the beginning of its path,
the mobile station 21 could only be provided with
service by the base station serving the umbrella cell
A, while at point 23 along the path 22 it could be
served either by the base station of umbrella cell A or
10 the base station of microcell 4. In addition, when it
reached point 24 on the path 22, it could be served
either by the base station of umbrella cell A or the
base station of microcell ¢. Further, at point 25,
service could be provided by the base station of
15 microcell ¢ or the base station of umbrella cell B.
Finally, at point 26 on path 22, the mobile station 21
could only be provided with service by the base station
serving umbrella cell B. Thus, the decision criteria
with respect to which cell the mobile station 21 should
20 be handed off to and the criteria which should be used
to determine both the timing and the result of that
handoff are important considerations in configuring the
efficiency and capacity of radio service to be provided
to the wmobile stations within the multi-layered

25 cellular structure of FIG. 2.
As discussed above, in implementing the handoff
process within a single layer cellular structure, a
mobile station is only located in one cell at a time
and leaves the o0ld cell behind when it enters and
30 begins receiving service by virtue of handoff to the
new cell. In such case, the signal strength received
from the mobile station decreases for the old cell and
increases for the new cell when the handoff border is
crossed by the mobile station. However, when a
35 microcell is placed within an umbrella cell and is
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each other associated cell within the system having 10 either a

coext ensi ve, adj acent, contiguous, or overl appi ng service area;
assigning to each associated cell a preselected signal strength threshold;
measuring the signal strength of conmunications 15 bet ween the nobile

station and each base station serving the_associated cells; conparing the
nmeasured signal strengths to the preselecfé&"thresholds for each of the
associated cells; and 20 selecting for the nobile station as

server a base stati,. erving a candjdate one,of .the associated cells_ based
upon whet her t heatr%%%]r?%ds%]fgﬁ%?&gﬁr %Xg%ﬁet ] é‘a'lclgné:lea'a e t_'gnsesoeci Ht et cel |
is greater than témtirebyl ediffexénmalsidtuadrigith mitdshovedpassi ghed thesai d

25 cel | and whgtheridbe jqandidake agepehgtrd ££ lenRasmaphhghepogasegory
of preference than a currently serving L

through the niicrocell located within the umbrella cell.
5 For example, if the handoff border for a microcell on
the reverse side from the umbrella cell is crossed,
both the serving cell signal strength and the candidate
cell signal strength are increasing or decreasing,
depending upon the direction of movement of the mobile
10 station. This variation in signal strength becomes
more and more of a problem the closer to the antenna
site serving the umbrella cell site the microcell is
located. These problems may be illustrated by two
examples set forth below, both for digital radio

15 channels.
In the first example, assume that an umbrella cell
has 50 watts erp (47dbm) and an enclosed microcell 0.1
watt erp (20dbm). The microcell is placed 200 meters
from the base station site of the umbrella cell. 0.1
20 watts is an appropriate power level for a 200 meter
diameter microcell. As shown in FIG. 3, there is
illustrated the calculated signal strength received by
a mobile station using the formula L=30+35log d as the
path loss formula, with 4 being given in meters. 1In
25 addition, in an attempt to have an appropriate cell
size, a signal offset value is set to 10db, i.e., 10db
is subtracted from the measured umbrella cell signal
strength before comparison to candidate cell signal
strength in accordance with standard single level cell
30 architecture handoff algorithms. As illustrated, the
signal strength of the signal received by a mobile
station from the umbrella cell moving from the base
station location of the umbrella cell toward and
through the base station site of the microcell, begins
© 35 quite high and decreases exponentially as a function of
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cell. 2. A nmethod of perform ng server selection as set 30 forth in
claim1 in which the categories of preference assigned to each associ ated
cell includes the categories of preferred, equal preference and non-
preferred for selection. 3. A nethod of perform ng server selection as
set forth in claim2 in which an associated cell is assigned a preferred
category of preference if its service ar ealfts substantially smaller than
that of the 5 currently serving cell, an equal category of preference
f its service angg i syaphylant iy dhe gamensbigeassilal gl Lhe qyrgent!y
serving cell, and @ non-preferréd catégory of preférence 17 its Service
area i s subst ant iwakdnellg geelithabaspatsttdtior. cur Flet | §igeayj rgfrength

received by the mobile station from the microcell

increases exponentially until it passes through the

5 base station serving the microcell at 200 wmeters
distance from the base station of the umbrella cell and
then decreases exponentially thereafter as a similar
function of the distance from the microcell base
station.

10 Referring next to FIG. 4, there is shown the
nominal handoff border with an offset wvalue of 10db
being applied when the signals are compared, meaning
that the nominal handoff border is the line where the
umbrella cell is 10db stronger than the microcell.

15 Adding a plus or minus 5db inaccuracy in the mobile
assisted handoff (MAHO) measurement by the mobile
station and a +/- 3db hysteresis, the maximum and
minimum cell size is found where the umbrella cell is
18db and 2db stronger, which are shown by the inner and

20 outer line of FIG. 4, respectively. The lowest signal
strength in the microcell is found to be around -97dbm.
Such a case may work and might be acceptable in some
cases, however, the uncertainty of the handoff borders
is relatively high. Moreover, if some fading is

25 introduced into the consideration of signal level, such
a technique is likely to become unacceptable from a
practical standpoint. These uncertainties in handoff
borders will be even worse if fading is added to the
signal strengths. Without any offset at all, the cell

30 is much too small considering the ability to provide
coverage with 20dbm output power.

A second example of the problems associated with
using the conventional single layer handoff algorithm
for a multi-layer cellular structure, may be

35 illustrated With the case of 200 meters between two
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10 cell. 4. A method of perform ng server selection as set forth in
claim2 in which said multiple Ievels of cells include macrocells,

m crocells and picocells. 15 5. A nmet hod of perform ng best server

sel ection for a nobile station operating within a cellular radio system
conprised of nmultiple levels of cells each QaV|ng a specific service area,
sai d net hod conprising 20 t he steps of assigning to each cell a
category of preference with respect to each of the other cells within the

system having %'ngﬁterceffeéifgg'%g? witdf RREM £4 g?i %ﬁference

over | appi ng serv categorles
conprising a cat &goktpisf cpees eth@ddlféfemmw%tha‘qu‘ahepmmm@kb had g

cat egory of non- Bogll [Skpdel BorskedOryr@sshongn brasH wReRinEe wige of
the cell's serV|ce ar ea ré?atlve to that
signal strength from the two cells at the different
5 distances from the respective base station of the
umbrella cell and the microcell as the mobile travels
from the base station of the umbrella cell through the
base station of the microcell and then away from both.
While the overall structure of the respective signal

10 level curves is similar to that shown in FIG. 3, the
overlapping relationship is somewhat different.
Moreover, if a nominal offset value is selected to be
17db, the nominal handoff border, i.e, the line where
the umbrella signal strength is 17db higher than that

15 of the microcell signal strength, is represented by the
straight 1line in FIG. 6. As .discussed above,
inaccuracies in the mobile and hysteresis wvalues are
added giving borders at 9db and 25db offsets,
respectively. In this case, the umbrella cell and the

20 microcell are equivalent. In the worst case, the
umbrella cell is the small one and in the best case the
microcell is the small one. This example illustrates
what can easily happen if the offset is set too high in
an attempt to get a reasonable coverage.

25 The above two examples illustrate that there are
cases where the existing locating function and handoff
algorithm gives highly inappropriate results in the
case of multi-level cellular structures. Attempts to
address these inadequacies may include: (1) providing

30 design rules to be followed by cellular system
operators to avoid dangerous situations; and (2)
modification of the locating algorithms to better
handle the umbrella/microcell situation. The use of
design rules is not an acceptable approach since rules

35 must define restrictions on microcell power ievels and

N
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other cells; 30 measuring the signal strength of conmunications
a first cel
currently sel ected as best server, and between the nobile station and a

between the nobile station and a first base station for

second base station for a second cell in the system -34- identifying
t he assigned category of preference for th? second cell; selecting the
second base station as the best server in” 8§ponse to satisfaction of any
one of the 5 foll owing conditions, (a) the second cell having a
category of prefergacacal PLEhCEAEL@NLINe JM3SUiRd S ghgh SIE8%dL I
g greater an a preselected signal strength

t he second base station bein

t hr eshol d,

10

15

20

25

30

35
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to include a considerable margin of error in order to
cover nominal situations and will be perceived as a
limitation on the operation of the system. In
addition, 1if the rules are not followed, either
deliberately or accidentally, the system will be
perceived to have a lower quality with degraded voice
quality and more dropped calls leading to system
complaints.

As pointed out above, the present algorithm used
in the case of single 1level cellular structures
functions adequately to use relative signal strength
between current cell and neighboring cell in order to
locate handoff borders when the cells are of equal
preference and located side by side. Another criterion
is needed for handoff between umbrella cells and
microcells.

The system of the present invention provides
handoff criterions based on absolute signal strength.
That is, when the serving cell is the umbrella cell and
the signal strength for a microcell neighbor, measured
by the mobile station in digital cellular systems and
by the signal strength receiver in analog cellular
systems, is above a "sufficient" signal level, so as to
ensure a good speech quality in the microcell, a
handoff can be made to the microcell. This criterion
ensures that a handoff to the microcell is performed
whenever it can give service of sufficient quality.

A general approach inherent in the system of the
present invention is to handle each of the cells as
belonging to distinctly different layers, i.e.,
macrocells, microcells, pico cells, etc., without
defining different layer types. In order to achieve,
for example, three categories of neighboring cells:
(1) neighbors beside, (2) neighbors above, and (3)

i

i




or (b) the second cell having a category of preference 10 of equal
preference and the neasured signal strength with the second base station
bei ng greater than the neasured signal strength with the first base
station, or (c) the second cell having a category of preference of
non-preferred and the measured signal strength with 15 the first base
station being less than a presel ected sigﬁ&l'strength threshol d and the
nmeasured signal strength with the second base station being greater than

that with the fir@%i 5%§t§giéwL éﬁbh CIaﬁfikiﬁéﬁgéﬁgfgéﬁ%e iforfﬁng

best server selec as set _forth in cfaimb5 n _ [ "I's assigned a
preferred categorSu®it @ eflefbnteion: h ar ebpetghber ahestide"cevillf biet san

service area i s SUbSi@MgohbYgABBL! 8h than dohd! 1fvdinedties &gklendlyequal

category 25 of preference with respect. to the other cell .if its service
area i s substant iSO E Yeighhers 1 @povt f9% HEFOCEHL, Walbdabe
non-preferrged cat@goiybpélla cell and neighbors below for an umbrella

cell would be microcells.

Under the present system, handoff should be
accomplished to a neighbor below whenever the signal
strength in that neighbor is above a new "sufficient"

10 threshold value to be defined as a cell parameter. On
the other hand, handoff to a neighbor above, for
example, the umbrella cell, should only be done when
the signal strength is below the same threshold
provided that it is a better candidate. A hysteresis

15 value will be applied to the threshold in order to
avoid oscillating handoffs.

The modification of the handoff criteria employed
in the application of the present invention to one
exemplary implementation of a cellular radio system,

20 the CMS 88 system of Ericsson Radio System, has an
impact on both the exchange and the base station
software in that in the exchange software handling of
new cell parameters and neighbor type information must
be added. Such new cell parameters and neighbor type

25 information are sent by the exchange to the base
station and, in the base station, these parameters must
be added to the digital channel software as new
criteria for sending handoff requests. In the case of
analog channels, such corresponding software criteria

30 must be located in the exchange itself.

To be more general, there are two different
methods implied in best server selection in accordance
with the present invention: (a) Analog, in which the
signal strengths for each call are measured in the

35 neighbor cells, and these together with the signal
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preference with respect to the other cell if its service area is

substantially larger than that of the 30 other cell. 7. A nethod of
perform ng best server selection as set forth in claim5 further conprising
the steps of: -35- neasuring the signal strength of conmunications

bet ween the nobile station and each of the Base stations serving associ at ed
ones of the cells in the system having etPher coext ensi ve,
adj acent, 5 contiguous, or overl apping serV|ce area; identifying the

assi gned cat egor y;af t[eﬁerf&pelj ifach of ¢he aééﬂ?ir?é ed.eldst sglecting
as the base station ebr& servin ﬁ
evaluated; and (b) Digital in which mobile assisted.
handoff (MAHO) is employed and similar measurements are
made by the mobile and reported to the base station and
5 evaluated.

A basic concept inherent in the present invention
is that it is desirable to serve a mobile station by
means of a cell level within a multi-cell structure
which is at the lowest possible level provided the

10 signal quality is sufficient to provide good service.
In the situation shown in FIG. 2, including an array of
umbrella cells and microcells positioned therein, and
in which it possible to provide coverage from either
the umbrella cell or the microcell, it is normally

15 optimal to allow the microcell to handle the subscriber
traffic whenever it is appropriate from the standpoint
of quality transmission. In other words, in such
situations the microcell, i.e., the lowest level of
cells in the multi-cell array, is preferred. 1In the

20 case where multi-cell levels are implemented, one layer
is generally preferred over the other primarily for
capacity reasons.

The system and method of the present invention is
implemented based upon the processing of a list of

25 neighbor cells and upon the differentiation between
preferred cells, non-preferred cells and cells with
equal preference in order to ascertain the most
appropriate serving cell both at time of call setup as
well as during the call itself. For example, as shown

30 in FIG. 2, the microcells a, ¢, d, e are preferred to
the umbrella cell A, microcells a, b, ¢ are preferred
to the umbrella cell B, while umbrella cells A-G have
equal preference to each other and microcells a-e have
equal preference to each other.
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nobil e station that particular base station for one of 10 t he
associated cells satisfying any one of the follow ng conditions, (a)
the particular base station being in a cell having a category of preference
of preferred and having a neasured signal strength with the nobile station
greater than a presel ected signal 15 strength threshold, or (b) the
particul ar base station being in a cell having a category of preference of
equal preference and having a neasured signal strength with the nobile

station greater than t g)'égﬁg t t é%é
station and the 20 ﬂ%ﬁ?sﬁ{ ISs%a yon%kerét're 'c;bl?{eél%ir]til%ﬁ?%lr) alglée
station being in %hateltheiaobile suhagorlenfratied dieanrecoivenns gretedr ed
and having a nmeasd @heShidadl apht-8pgiAtdd ¢dn 1 NSorRihLi:5d hON Al £ah&de t han
t he neasured signal sthngth et ween_t he bile station an tqi first base
25 station & YhetePR OHEIRBasheeFaldi BTOACCSS et T the
nobi | e st at3 on arsldgdr thm sisellasia shatppesent invention is employed to

select a cell which is the same in both idle mode and

during the process of a call in order to make sure that

the cell as selected at call setup is also accepted

immediately after the call setup.

10 In the present invention, data are assigned to
each cell as set forth below in the chart.
Parameter Description

i ' A selected signal strength

threshold which defines a

15 sufficiently "acceptable"
signal strength for the cell

2 A hysteresis value to be used
together with the assigned
. 20 threshold

3 A list of neighboring cells

4 For each neighbor, an
25 assigned type, i.e.,
preferred, non-preferred,

equal preference

5 For each neighbor, an
30 assigned hysteresis value

In case there is no qualified preferred neighbor and

the signal strengths in the currently serving cell is

35 below the threshold, then the "best" cell should be

selected and handed off to. The hysteresis value of
parameter 5 is used in this particular situation.

Referring briefly to FIG. 7, there is shown a

plurality of neighboring cells 41-43 which may be at

40 any level within a multi-level cellular structure.

Within each cell is a base station 44-46 each of which

comprises a control channel transceiver 44a-46a as well
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Is less than a presel ected signal strength threshold. 8. A nethod of
perform ng best server selection 30 as set forth in claim5 in which
said multiple |ayers of cells include nmacrocells, mcrocells and picocells.
9. A system for performng server selection for a nobile station
operating within a cellular radio 35 $ten1conprised of multiple

| evel s of cells having -36- different S®rvice areas, each cell assigned
according to ceII | evel a category of preference for selection with respect

Lo each ot her assgolalad:aekiy R UIe KR A R Yan Aeb.

coext ensi ve, St guGuS o over ping  service area,
and for assigni ﬁ' et &Wﬂas@@l’m@bdoéeﬁhea %‘-&%éf@‘tw s%@n&ﬁe@c &gt h

threshold, said gymhamiea¥RbnSkwith mobile stations during idle period
when no call has been established. The signalling
5 placed on the control channel includes the information
to be broadcast to the mobile stations relating to
neighboring cells. The voice channels are used after
call setup to a mobile gtation and carry not only voice
data but also certain signalling, for example,
10 measurement channel numbers for the neighboring cells
to the cell serving the mobile station, as well as a
handoff order to the mobile and measured signal
strength from the neighboring cells to the cell serving
the mobile station in the case of mobile assisted

15 handoff (MAHO) under the IS-54 digital standard.
Referring now to FIG. 8, there is shown an overall
block diagram of the equipment within the cellular
network within which the present invention is
incorporated, including the public switched
20 telecommunication network (PSTN) 51, a mobile switching
center (MSC) 52, and a pair of illustrative base
stations 53-54. Within the MSC 52 is a switch 55
controlled by a central processor 56 both of which are
connected to an interface 57. The interface 57 of the
25 MSC 52 is coupled by means of data lines 61 and 62 to
each of the respective base stations 53 and 54. Each
base station includes a multiplexer/demultiplexer 60
connected to a plurality of transceivers 63-65
connected to an antenna 66. Each transceiver includes
30 a control unit 67 and a transmit unit 68 along with a
receive unit 69. Calls to or from subscribers in the
PSTN 51 are connected to the switch 55 within the MSC
52 where they are routed to the correct cell and voice
channel controlled by the central processor 56. The
35 central processor 56 also administers and processes
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means for measuring the signal strength of comunications between the
nobi | e station and each base 10 station serving the associated cells;
means connected to the nmeans for neasuring for conparing the neasured
signal strengths to the preselected signal strength thresholds for the
associ ated cells; and 15 means co qgcted to the neans for
conparing for selecting for the nobile station as server a base station
serving a candi date one of the associated cells based upon whet her the

reasured s ona S0t bebfehliytoofl 1ol oBeRE e G, RapMLER SLpken
t he candi dat e asstighkeriey | cabls athi ghercebl cybehinfwhiehethacuobhla a
currently serving £ehlrredt1yA19¢8E8R), f 8hdPE6HEFHL BIbSERVEA1 $€58E€1H0ANES 25
set forih in claimgip whigh the cdiegories of plelersnce psgigngd Lo
5 stations 53 and 54 (links 61 and 62) carries voice
data, as well as control information to and from the
control wunit 67 within each of the different
transceivers 63-65 of the base stations 53 and 54. The
base station equipment 53 and 54 consists of the
10 multiplexer 60 which administrates distribution of
voice data and control information to and from the
different transceivers 63-65. The transceivers include
both control channel transceivers and voice channel
ﬁransceivers.
15 Referring next to FIG. 9, there is shown a mobile
subscriber wunit 71 including a receiver 72, a
transmitter 73 connected to an antenna. 74 through a
duplexer 75. A control unit 76 1is coupled to a
synthesizer 77 which is also coupled to the transmitter
20 73 and receiver 72. A microphone 78 is connected to
the transmitter 73 while a speaker 79 is connected to
the receiver 72. The synthesizér 77 is used to tune
the receiver 72 to the contrxol channel frequencies
before call setup and to different voice channel
25 frequencies and measurement channel frequencies during
the call and under control of the control unit 76. The
control unit 76 measures by means of the receiver 72
and the synthesizer 77 the signal strength of the
signal being received by the receiver 72, receives
30 neighbor list information from the base station via the
receiver 72 and processes all of the information
‘according to the algorithm and technique of the present
invention.
In the present system a mobile unit in idle mode
35 searches the assigned frequency spectrum being
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the categories of preferred, equal preference and non- preferred for

sel ection. 30 11. A systemfor perform ng server selection as set
forth in claim10 in which an associated cell is assigned a preferred
category of preference if its service area is substantially smaller than
that of the currently serving cell, an equ; category of preference 35

If its service area is substantially the s % size as -37- that of the
currently serving cell, and a non-preferred category of preference if its
SeIVICE 2000 S HISLGOLE. Hod AHET dART IO LR EHT T ElbhHeger ¥oRO

cell. 5 12. A system orn1n ect I on
communlcatlon w1th the cellular network All control

channels are continuously transmitting and are
cyclically broadcasting neighbor cell information which

5 is wvalid for the cell within which the mobile is
currently located. The neighbor cell information
consists of the following data:

1) Control channel frequencies for the neighbor
cells;
10 2) The type of neighbor, i.e.

(a) Preferred neighbor,
(b) Non-preferred neighbor, or
'(c) Neighbor with equal preference;
3) For preferred neighbors, a signal strength
15 threshold value for each. This threshold value is the
threshold of sufficient signal strength in the neighbor
cell plus a corresponding hysteresis or offset value,
which may be calculated in the central processor in the
MSC or in the control unit of the base station before
20 it is sent;

4) For each control channel (cell), a signal
strength threshold which is the threshold for
sufficient signal strength when served by the cell,
i.e., preferred, cell but this time with the hysteresis

25 value subtracted from that value; and

5) For all neighbors (with equal preference and
for non-preferred neighbors) a hysteresis value.

The mobile station measures the signal strength
periodiéally for the current channel and at the

30 frequencies defined for the current cell's neighbors.
The mobile then tunes to a preferred neighbor as soon
as the measured signal strength for this neighbor is
above the threshold set for this neighbor cell. If
more than one preferred neighbor is qualified, the

35 mobile tunes to the neighbor with the best margin with
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set forth in claim10 in which said nultiple levels of cells include
macrocells, mcrocells and picocells. 10 13. A systemfor
perform ng best server selection for a nobile station operating within a
cellular radio systemconprised of nultiple levels of cells each having a
different service area, each cell assigned a category of preference with
respect to each of the 15 other cells23dithin the system havi ng
either a coextensive, adjacent, contiguous, or overlapping service area,

sa1d cat egor | o5 SleLelelSGRCRIILLENTY Bafal o00HY hofieler (el 1o
category 20 au$|guaﬁmf}bds@daﬂmmrd@unemghbqf teklsandlee meeghb@tatlve
et 1 oot UL SRR S BILERREONEL A0, 0 BRG] e IBE B,
base station for Jaﬁfhl@e@elth%%rrtékﬂlfilwfbctséé‘%th to the current
5 channel with a margin which 1is defined by the
hysteresis wvalue for that particular neighbor, the
mobile then retunes to this neighbor cell.
If the signal strength for the current channel is
below its threshold defining sufficient signal strength
10 and there is no qualified preferred neighbor and there
is also no gualified neighbor with equal preference,
and a non-preferred neighbor has a signal strength
which is higher‘ than the signal strength for the
current channel with a margin also added which is
15 defined by the hysteresis wvalue for that particular
neighbor cell, the mobile tunes to this neighbor cell's
control channel frequency.
When a call setup from the mobile is attempted,
the mobile is élready on an appropriate control channel
20 according to the procedure set forth above and the call
can be set up in the corresponding cell according to
the well-established procedures.
Another way to provide the mobile with the
frequencies, the neighbor types, two signal strength
25 levels, i.e., the threshold and the hysteresis, and
another hysteresis would be to broadcast the threshold
and the hysteresis separately and let the mobile
calculate the two levels.
Another way to describe the algorithm is: (1)
30 tune to a preferred neighbor when the measured signal
strength is "good enough"; (2) do not tune to a non-
preferred neighbor when the measured signal strength
for the currently serving cell is "good enough”; and
(3) tune to the best neighbor when the signal strength
35 ~ for the serving cell is not "good enough".

K
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best server, and between the nobile station and a second base station for a
second cell in the system neans connected to the neans for neasuring for

i dentifying the assigned category of preference for the 30 second cel |;
means connected to the neans for identifying for selecting the second base
station as the best server in response to satisfaction of any one of the
following conditions, (a) the second cell "#4ving a category of 35
preference of preferred and the nmeasured signal strength with the

second base station bejng great, t han, a presel ect.ed signal stpength
threshol d, or (b) the “4%cofi céﬁﬁu Eﬁaﬁdog cé’?ego %Fofalg?‘é?'e?%ﬁ‘&ﬁgﬁ?e@qual
preference and thEroeedured amn gemamsie engy hbei sét Sforthtwktkerefidrénse

station being gr e@éeﬁ‘léhaa.t h% rHﬁf’lﬁi.l’.'l.re“:’cgubscriber terminal moving from
umbrella cell A to umbrella cell B will first be tuned

5 to cell A's control channel frequency where it will

receive broadcast information regarding control channel

frequencies for neighboring cells B-G with equal

preference as well as their hysteresis values together

with the frequencies for the preferred neighbor

10 microcells a, b, d, e and their corresponding threshold
values. When the signal strength from microcell d is
above the threshold value set for that cell, the mobile
will retune to microcell d's control channel and
receive information about microcell d's neighbor cells

15 which are now microcell a and microcell c with equal
preference, and umbrella cell A as a non-preferred
neighbor cell. After having retuned to microcell c,
the neighbors with equal preference will be microcell
a, microcell b, and microcell d and the non-preferred

20 neighbors will be umbrella cell A and umbrella cell B.
Finally, when the mobile station has reached a location
within umbrella cell B, it will have umbrella cells A,
C and G as neighbors with equal preference and
microcells a, b, ¢ as preferred neighbors.

25 When a call is in progress within the system of
the present invention and just after call setup and
after handoff to a new cell, information about the
control channel frequency or any other continuously
transmitting frequency in each neighbor cell is sent to

30 the mobile station. The mobile measures signal
strength for the serving channel and the neighboring
cells periodically and reports those wvalues on the
current voice channel to the base station. This
information is processed in the control unit of the

35 base station or in the central processor of the MSC
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signal strength with the first base station, or (c) the second cell having
a category of preference of non- preferred and the neasured signal strength
with the first base station being | ess than a presel ected signal 10
strength threshold and the neasured signal strength with the second base
station being greater than that with the first base station. 14. A system
for perform ng best server selection 15 ~2535 set forth in claim13 in
which a cell is assigned: a preferred cat egory of preference wi th respect
to another cell if e_area S tantiall IIer han t hat of
the other cell, anc%%%% # gBi":ecl %yegp‘ eRce Wit respec a% Cilc"t’rllle Ot her
cell if its 20 thesemh:dee steation siibsingitidle yccvrrréitsm. asAs hepomfasg he

other cell, and g no-guLf&isrethg %&ﬁegréft&élﬁe{@mm&r <§1ﬂ§et he

other cell if its service area 15 tanti glar er thant
other cell. 25 to ruleggsetp fgrihe AlQSte perf BRRAA bé§tEﬁ%ﬂRﬁm%ﬁﬂ%%tlon

5 this new serving base station. If the base station or
the mobile station uses power regulation, the signal
strength or the threshold must be adjusted in order to
get a comparison result, as if the radio transmitter
was using the maximum allowed power level in the cell.

10 The system of the present invention provides an
easier and more natural way to control selection of a
cell at call setup and at handoff. The system also
provides a system for optimal cell selection within
such a multi-layered cell structure.

15 Referring next to FIG. 10, there is shown a flow
chart illustrating certain functional performance in
the system of the present invention. FIG. 10
illustrates a process performed within the mobile
during idle period as follows: the routine begins at

20 101 and moves to 102 at which it selects a first
channel. Thereafter, the mobile moves to 103 where it
receives and stores information broadcast on the
selected channel. Next, at 104 the mobile station
measures the signal strength for the neighboring cells

25 and for the serving channel. Thereafter, at 105 the
mobile selects a first channel for evaluation and moves
to 106 where it is determined whether or not that
channel comes from a preferred neighbor cell. If so,
the system moves to 107 at which it is determined

30 whether or not the signal strength for the neighbor
cell is greater than a preselected threshold value plus
the hysteresis, if any. If not, the system moves to
108 where it is determined whether or not the last
neighbor has been evaluated. 1If, however, at 107, the

35 signal strength for the neighbor cell is greater than
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as set forth in claim213 further conprising: nmeans for neasuring the s
strength of communi cations between the nobile station and each of the base
stations serving associ ated ones of the cells 30 in the systemtha
ei t her coextensive, adjacent, contiguous, or overlapping with the firs

cell; means for

I dentifying the assigned category of preference for ea

I gnal

t are
t
ch of

the associated cells; and neans for sel ecti®®§ as the base station best 35
serving the nobile station that particul ar base station -39- for on
the associated cells tisfying any one of the .follow ng conditions

the particul ar ba%léesﬁgf?ﬁﬁghlgi ?@ﬂ’ﬁ R(iéléal Itthr?a\nyr'?d:earecsaﬁ%e’gojr€ %If’ypr’é?é

of preferred and swstery moveastoetlosi gndl thérmopibhewsthtion retunes to

10

15

20

25

30

35
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this neighbor cell value and returns to 103 to receive
and store information broadcast on this newly selected
channel.

If, however, at 106 the channel being evaluated is
determined to not be a preferred neighbor cell, the
gystem moves to 110 where it is determined whether or
not the neighbor cell is one with equal preference. 1If
not, i.e., the cell is a non-preferred neighbor cell,
the system moves to 111 at which it determines whether
or not the serving channel signal strength is less than
a preselected threshold value plus the hysteresis, if
any. If not, it moves to 108 to determine if the last
neighbor has been evaluated. If, at 111, it is
determined that the serving channel signal strength is
lower than the threshold value minus the hysteresis
value, if any, the system moves to 112 where it is
determined whether or not the neighbor cell's signal
strength is greater than the serving channel's signal
strength and, if not, moves to 108 and determines
whether or not the last neighbor has been evaluated.
If, at 112 the neighbor cell's signal strength is
determined to be greater than the serving channel's
signal strength, then the mobile station retunes to
this neighbor cell at 109 and returns to 103 to receive
and store information broadcast on this channel.
Similarly, if it is determined at 110 that this
neighbor cell is a cell of equal preference, the system
moves directly to 112 to evaluate the signal strength
of that cell. 1If, at 108, the system determines that
the last neighbor has been evaluated, the system
returns to 104 and measures the signal strength for the
neighboring cells in the serving channel as set forth
above. If, however, the last neighbor cell is
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5 the nobile station greater than a presel ected signal strength
threshold, or (b) the particular base station being in a cell having a
category of preference of equal preference and having a neasured signal
strength with the nobile station greater than the neasured 10 si gha
strength between the nobile station and thg first base station, or (c) the
particul ar base station being in a cell ha ?ﬁg a category of preference of
non- preferred and having a nmeasured signal strength with the nobile

station greater %i'&%%r‘n[)i%é?a?&r%\% ggé%é%gnn ?ﬁéiﬁ‘g%ﬁ hat wegh t@g}émbi e
fp

station and the first base station an e neasur ed si gnal rength
bet ween the nobi s¥stem mgyesnda HA X iangt sedarts fHeomext: Ingig r

presel ect ed Sign%baih&@@gﬁhrEEﬁfﬁfﬂ§cho2¥b6 to detexrt®ne ehéY§féfQ£éHce
perform ng best server selection as set forth in claim13 in which said

multiple level s Of t&Ats PAFGiGHd 3aFadedEOL - nicrocel |'s and picocel I's. 17.
A cel | ul ar scommuni cat iTenscsy Sthasi bel wdeg i FIG. 10 that the mobile

station during idle period is continually cycling
through the reception of channel information and
determining whether or not it is appropriate to be
handed off to a cell and applying a preference to those
10 potential cells to which it may be handed off in
accordance with the most efficient utilization of

channel availability.
It should be understood that the process described
above relates to the implementation of the present
15 invention within a digital cellular system employing
mobile assisted handoff (MAHO) such as that specified
by the IS-54 standard promulgated by EIA/TIA. It
should be clear that the invention could also be
implemented within other digital or analog cellular
20 systems in which radio signal strength measurements are
made by the base stations of the various associated

cells.

Referring next to FIG. 11, there is also shown an
alternate procedure for the evaluation of handoff
25 likelihood in the mobile during an idle period. The
routine begins at 121 where the mobile selects a first
channel at 122 and moves to 123 where it receives and
stores information broadcast on that selected channel.
Thereafter, the system moves to 124 and measures signal
30 strength for the neighboring cells and serving channels
thereof. Next, at 125 the system selects the first
channel for evaluation and clears a candidate channel
list. Thereafter, at 126 the system determines whether
or not the selected channel is that of a preferred
35 neighbor and, if so, moves to.127 where the signal
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25 plurality of cells arranged in nultiple layers, conprising: a
base station for each of the plurality of cells, each base station assigned
a category of preference for server selection with respect to each

nei ghboring cell 30 in the plurality of cells having either a

coext ensi ve, adjacent, contiguous, or over&gpping service area, each base
station further assigned a signal strength®“threshold for nobile station
comuni cations within the cell; and a plurality of nobile stations

movi ng through tQ‘Er@rﬁj’t@l | ;‘:’?SgOftl'Pé:"! h%i%@ﬂo%ﬁé%”&&ﬁi 09 Woili Lhe-g! wality

of base stations, eaclr nobi station conprisfng: neans for neasuring the
signal strength 8etermine wheghenrMircdt9tonstbdBnerriheamiidselaatisdn and

each - threshold value plus the hysteresis, if any. If not,
the system moves to 128 and it is determined whether or
5 not the last neighbor has been evaluated. If, however,
at 127, it has been determined that the signal strength
for the neighboring cell was greater than the threshold
value, the system moves to add this neighbor's cell to
the candidate list at 129 and thereafter to decision
10 128 to evaluate whether or not the last neighbor has
been evaluated. If, however, at 126 it is determined
that the neighbor was not preferred, the system moves
to 131 to determine whether or not the neighboring cell
is one with equal preference. If not, i.e., it is a
15 non-preferred neighbor, the system moves to 132 and
determines whether or not the serving channel strength
is less than a preselected threshold value minus the
hysteresis, if any, and, if not, to decision 128 to
determine if the last neighbor has been evaluated. If,
20 however, at 132 the serving channel signal strength is
determined to be less than a threshold value minus the
hysteresis, if any, the system moves to 133 at which it
is determined whether or not the neighbor cell signal
strength is greater than the serving channel signal
25 strength and, if not, to a decision as to whether or
not the last neighbor has been evaluated at 128. If
the neighbor cell signal strength is greater than the
serving channel signal strength, the system moves to
129 and adds this neighbor to the candidate list. If,
30 at 131 it is determined that the cell is a neighbor
with equal preference, the system moves directly to
decision 133 to determine if the neighboring cell
signal strength is greater than the serving channel

signal strength.

b
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of the base stations w thin conmunications range; and processi ng neans
connected to the neans for neasuring for nmaking a server sel ection
10 determ nation for the nobile station based on a conpari son of
t he measured signal strength of conmunications with each candi date base
station to the assigned signal strength threshold for those candi date base
stations in conjunction with a 15 -280npari son of the category of
preference assigned to each candi date base station. 18. The cellul ar

comunica ons system s 1 Sealii 1ETELLL e Basg gt LS,
stations the asshgnhﬂﬂ@mteg@synot beeheesndaated, s dihee rsyseeac tnaresanto
assi gned signal sigenghh dd¥&EShoLfle! OlextOTRGAL OPSy ! viGaA%h oLtk ON
25 19. e cel 'ul'ar communi cat’i ons Sys in
thereafter to decision 126 to begin that evaluation.
5 If the last neighbor has been evaluated at 128, the
system moves to 135 and determines whether or not any
candidates have been found. If not, the system returns
to 124 and, if so, moves to 136 to sort the candidate
list. Thereafter, the system moves to 137 and retunes
10 to the first candidate on the list followed by moving
to 123 where it receives and stores the information
broadcast on that selected channel.
As shown in FIG. 11, again the system engages in
an orderly evaluation of possible channels and selects
15 a channel based upon criteria determined to provide
maximum efficiency and channel utilization in a multi-
layered cell structure.
Referring next to FIGS. 12a-12b, there is shown a
routine which may be executable in the system by either
20 the mobile station and/or base station during an
established call within an exemplary digital cellular
system. The system begins at 151 by moving to 152 at
which it transfers neighbor cell information from the
base station to the mobile. Thereafter, at 153 the
25 system measures the signal strength for the neighboring
cells and serving channels. Next, at 154 the systenm
selects a first channel for evaluation and clears a
candidate list. Thereafter, at 155 the system
determines if the selected channel is from a preferred
30 neighbor cell and, if so, moves to 156 where it
determines whether or not the signal strength for that
neighbor cell is greater than the preselected threshold
value plus the hysteresis, if any. If not, the system
moves to 157 and determines if the last neighbor has
35 been evaluated. If, at 156 the signal strength of the
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claim 17 wherein the processing neans for making the server selection
determ nation operates to select a server when the nobile station is both
canping-on to a base station in an idle operating node and handi ng-off 30
bet ween base stations in a call processing node. 20. The cellul ar

communi cations systemas in claim17 wherejpn the processi ng neans of the
nobi |l e station further includes neans for'%@fernining a server 35

sel ection change froma currently serving base station -41- C

L Lo the candi dapehase aual iany 4 he-dRasl" eflag 003! CRLgAIN Gxaneds he

assi gned signal str 0 e can te base station an
further if the cRAdisddthe Pagsteresisn hbsanayhi gher systegorpves %o 158

preference than Lhg GUILRNi% TRIIYHDDAS HAldLMidate 1ist. If, at
155 the cell is determined not to be a preferred
5 neighbor, the system moves to 159 to determine if the
neighboring cell is one with equal preference and, if
not, to 161 to determine if the serving channel signal
strength is less than the preselected value minus the
hysteresis, if any. If not, the system moves to 157 to
10 determine if the last neighbor has been evaluated.
However, if the signal strength is less than the
preselected value at 161, the system moves to 162 where
it is determined whether or not the neighboring cell
signal strength is greater than a serving channel
15 signal strength plus the hysteresis, if any, and, if
go, to 158 to add this neighbor to a candidate list or,
if not, to 157 to determine if the last neighbor has
been evaluated. If, at 159 it is determined that the
neighboring cell is one with equal preference, the
20 system moves directly to 162 to determine if that
neighboring cell signal strength is greater than the
serving channel signal strength plus the hysteresis, if

any.
If it is determined at 157 that the last neighbor
25 has not been evaluated, the system moves to 163 to
select the next neighbor for evaluation and thereafter
evaluates it beginning at step 155. If, at 157 it is
determined that the last neighbor has been evaluated,
the system moves to 164 to determine if candidates are
30 found and, if not, back to 153 to measure the signal
strength for neighbors and the serving channels. If
candidates are found at 164, the system moves to 165 to
sort the candidate list and, thereafter to 166 to
select a first candidate cell for a handoff attempt.
35 At 167, the system determines whether or not an idle
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21. The cellular comunications systemas in claim20 wherein the
determ nation by the processing neans of the server selection change is
further based 10 on a conparison of the neasured signal strength of
conmmuni cations with the candi date base station to the neasured signa
strength of conmunications with the currently serving base station. 15
22. The cellul ar communications system as3itn claim21 wherein the
processi ng neans of the nobile station further includes nmeans for

determ ning the server _sel ection change fromthe rrently_serving base
Station to the cAltAAESle SHASESER: FBR TATHRAYR. SethlcqP 1E BGF qlpves
strength for the twwandisdaoe deasemihat i Hntleke ebslsthd el anpla scaedli daigmahnd,

strengih Tor Lhe QUIEGEL| KosSkyl 1800 SLAJALANS Il LSk | daddifuae

candi dat e base station has a an equal egory of preference to the
currently servingeddsefan @ ikandoBE attempt. If the cell was the last

5 candidate at 168, the system moves back to 153 to
measure the signal strength for neighbors and serving
channels. If the idle channel in the candidate cell
exists, the system moves to 171 and hands off to this
candidate cell and, thereafter, returns to 152 to

10 transfer neighboring cell information to the mobile.

As can be seen, the system of the present
invention utilizes algorithms which maximize the
channel utilization from various cells within a multi-
layered cell structure in a highly efficient manner.

15 As can be seen from the above description, the
present invention allows a multi-layered cellular
communication system to monitor channel signal strength
in a plurality of cells on multiple levels and perform
an evaluation in accordance with an algorithm which

20 maximizes the channel availability within the multi-
layered cellular structure.

It is believed that the operation and construction
of the present invention will be apparent £from the
foregoing description and, while the method and

25 apparatus shown and described has been characterized as
being preferred, obvious changes and modifications may
be made therein without departing from the spirit and
scope of the invention as defined in the following
claims.
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23. The cellular comunications systemas in claim?21 wherein the
processi ng neans of the nobile station further includes neans for

deternining the server selection change fromthe cufrently serving base 30
station to the candi date base station, even if the caﬂmlﬂmugﬂmﬂmt on
has a | ower category of preference than the currently tion,
if the measured signal strength for the cur#@ntly servtng® bdse"stdtidn is

bel ow t he assigned signal strength 35 threshold for the currently
serving base stat| d -42- further if the neasured signal strength
for the candi dat e%ei&-ﬁ%ds t he measured signal strength for the

currently serving baselstatiPomethod of perfdmingn sere@d Wellection for
communi cations sygt ggphieLuding ;on operating within a cellular radio
system comprised of multiple levels of cells having
5 different service areas, said method comprising the
steps of:
assigning to each cell according to cell level a
category of preference for selection with respect to
each other associated cell within the system having
10 either a coextensive, adjacent, contiguous, or
overlapping service area;
assigning to each associated cell a preselected
signal strength threshold;
measuring the signal strength of communications
15 between the mobile station and each base station
serving the associated cells;
comparing the measured signal strengths to the
preselected thresholds for each of the associated
cells; and
20 selecting for the mobile station as server a base
station serving a candidate one of the associated cells
based upon whether the measured signal strength to the
candidate associated «cell is greater than the
preselected signal strength threshold assigned to said
25 cell and whether the candidate associated cell has a
higher category of preference than a currently serving
cell.

2. A method of performing server selection as set

30 forth in claim 1 in which the categories of preference

assigned to each associated cell includes the

categories of preferred, equal preference and non-
preferred for selection.
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a plurality of cells arranged in multiple | ayers, wherein each cell

I ncl udes a base station, and further including a pl urallty “of ~ nobi-t e.
stations noving through the plurality of cells and co

th the

10 plurality of base stations, wherein each base m,em, m d a

category of preference for server selection wth respec*t tco e

nei ghboring cell

in the plurality of cells” ﬁQV|ng either a coextenS|ve,

adj acent, contiguous, or overlapping service area, and 15 each base

R

comuni cations within fhe ce

server selection &Prilpainm s@h@i@n 2 conprvkicly tame sbepsiatedmeasliti ng t he

signal strength ofseaRREd cat
each of the base stations wt

E?%%&Qed cdalgeap 8’1*0&;:[%?% ééaikofltag"d

communi cat 1’ ons rang aring

the nmeasured si gn§FT¥LFENETRR oS cHRRIANAE 1IN S\ma‘tlﬂeé?actﬁlaé’ar\?diada dwe
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currently serving cell, an equal category of preference
if its service area is substantially the same size as
that of the currently serving cell, and a non-preferred
category of opreference if its service area is
substantially larger than that of the currently serving
cell.

4. A method of performing server selection as set
forth in claim 2 in which said multiple levels of cells
include macrocells, microcells and picocells.

5. A method of performing best server selection
for a mobile station operating within a cellular radio
system comprised of multiple levels of cells each
having a specific service area, said method comprising
the steps of:

assigning to each cell a category of preference
with respect to each of the other cells within the
system having either a coextensive, adjacent,
contiguous, or overlapping service area, said
categories of preference comprising a category of
preferred, a category of equal preference or a category
of non-preferred, said category assignment based upon
the size of the cell's service area relative to that of
other cells;

measuring the signal strength of communications
between the mobile station and a first base station for
a first cell currently selected as best server, and
between the mobile station and a second base station
for a second cell in the system;

]
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assigned signal strength threshold for that candidate 25 = base station;
conparing the category of preference for each candi date base station fo the

category of preference for the base stations current mm, I t he
nobi l e stations; and 30 responsive to the f mum,! r” n
hsnobul |

S
maki ng the nobile station server selection determ nation or e#c e
station. 25. The method as in claim24 wher¥T the step of 35 making is
performed to select a server when the nobile -43- station is both

CaTDiaon L0, & Dae S1gLAPRel P bl S S "SR S PRReRBeRLL 10
for the second cell;
selecting thé second base station as the best
server in response to satisfaction of any one of the
5 following conditions, (a) the second cell having a
category of preference of preferred and the measured
signal strength with the second base station being
greater than a preselected signal strength threshold,
or (b) the second cell having a category of preference
10 of equal preference and the measured signal strength
with the second base station being greater than the
measured signal strength with the first base station,
or (c) the second cell having a category of preference
of non-preferred and the measured signal strength with
15 the first base station being less than a preselected
signal strength threshold and the wmeasured signal
strength with the second base station being greater
than that with the first base station.

20 6. A method of performing best server selection
as set forth in claim 5 in which a cell is assigned a
preferred category of preference with respect to
another cell if its service area is substantially
smaller than that of the other cell, an equal category

25 of preference with respect to the other cell if its
service area is substantially the same size as that of
the other cell, and a non-preferred category of
preference with respect to the other cell if its
service area is substantially larger than that of the

30 other cell.

7. A method of performing best server selection
as set forth in claim 5 further comprising the steps
of: '
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5 26. The nethod as in claim24 wherein the step of making _
I ncl udes the step of selecting as a server a candidate—base—statlon havi-ng

a nmeasured signal strength with the nobile station tha na
strength threshold, and al so having a category 10 ﬁﬂﬁ E"ﬁ
hi gher than the category of preference for the current

station. 27. The nethod as in claim26 furt®er including the step of
conparing the neasured signal strength of 15 comuni cations with the

candi date base station_tq the negsured. sigpal strength _of conmuyni cations
with the currently ser WTH§Ba4dE g'tsl'h"t i%’rﬁn%g. Stifﬁ’égﬁgt R&d cRIMYRiqat iRms;

wherein the step bet#een thekimgbihel uslestidie singpd ehchel 6£t itle abake
Server e cand: dgka R a0 'WAAG AIFIHLEToR PR cRAENILh N

t he nobile station at exce e neasur ed signal
currently servi ngSU§§§"‘st alaBhng anceidihar hadi ngceextergvg, of aujefcmmdnce

t hat 5 contiguous, or overlapping service area;

identifying the assigned category of preference

for each of the associated cells;
selecting as the base station best serving the
mobile station that particular base station for one of
10 the associated cells satisfying any one of the
following conditions, (a) the particular base station
being in a cell having a category of preference of
preferred and having a measured signal strength with
the mobile station greater than a preselected signal
15 strength threshold, or (b) the particular base station
being in a cell having a category of preference of
equal preference and having a measured signal strength
with the mobile station greater than the measured
signal strength between the mobile station and the
20 first base station, or (¢) the particular base station
being in a cell having a category of preference of non-
preferred and having a measured signal strength with
the mobile station greater than the measured signal
strength between the mobile station and the first base
25 station and wherein the measured signal strength
between the mobile station and the first base station

is less than a preselected signal strength threshold.

8. A method of performing best server selection
30 as set forth in claim 5 in which said multiple layers
of cells include macrocells, microcells and picocells.

9. A system for performing server selection for
a mobile station operating within a cellular radio
35 system comprised of multiple levels of cells having
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serving base station. 29. The method as in claim27 wherein the step of

maki ng includes the step of selecting as a server the 33'""!‘"“3"'"“”
base station having a neasured signal strength wt !m on
t hat exceeds the neasured signal strength for the currently®sekvithg ase
station, even if the category of preference3$or that candi date base station
is | ower than the category of 35 preference for the currently serving
base station, and al sovprow ded that the asured seg[gnal strength

for the currentlyd§§f€9Fﬁﬂtb§§§ HE AP FECHWS Kling
threshold. 5 to cedl. leveleld ud:ateg@nymiprTreﬁéS‘eﬁyét EBIri wlwta@na

with respect to each other associated cell within the

25 is at least equal to the category of preference for the currently

gsystem having either a coextensive, adjacent,
5 contiguous, or overlapping service area, and for
assigning to each associated cell a preselected signal
strength threshold, said system comprising;
means for measuring the signal strength of
communications between the mobile station and each base
10 station serving the associated cells;
means connected to the means for measuring for
comparing the measured signal strengths to the
preselected signal strength thresholds for the
associated cells; and
15 means connected to the means for comparing for
selecting for the mobile station as server a base
station serving a candidate one of the associated cells
based upon whether the measured signal strength to the
candidate associated cell is greater than the
20 preselected signal strength threshold for said cell and
whether the candidate associated cell has a higher
category of preference than a currently serving cell.

10. A system for performing server selection as

25 set forth in claim 9 in which the categories of

preference assigned to each associated cell includes

the categories of preferred, equal preference and non-
preferred for selection.

30 11. A system for performing server selection as
set forth in claim 10 in which an associated cell is
assigned a preferred category of preference if its
service area is substantially smaller than that of the
currently serving cell, an equal category of preference

35 if its service area is substantially the same size as
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plurality of cells, conprising: a base station for each of the plurality of
cells, wherein each base station is assigned a category—gf-preference for
server selection with respect to each 10 ne g cell in

plurality of cells having either a coextensi ve adJ ajm,'!“uluﬂmuﬂﬂm
or overl apping service area, and wherein each base stati

assigned a signal strength threshold for fo%i1e station commini cati ons
within the cell; 15 a plurality of nobile stations nDV|ng t hr ough

the plurality of | s conmun ting. W hﬁlp ur al i
Stations: means. {EPtTeRh i g P ety AR Lt R O A R EERE 6 veen
the nobile statlOQStegdrbasefZOPrefegeapﬁonsf[NxﬂﬂﬂxﬁexymgansaceanecBed to

the means for nmeagyp &gm-flalsl%} 4ar g%&of:ﬁ§§aﬂﬂat SBARe oty $erving

pr edet er m ned proce ure or selecting a base station to

5
12, A system for performing server selection as
set forth in claim 10 in which said multiple levels of
cells include macrocells, microcells and picocells.

10 13. A system for performing best server selection
for a mobile station operating within a cellular radio
system comprised of wmultiple 1levels of cells each
having a different service area, each cell assigned a
category of preference with respect to each of the

15 other cells within the system having either a
coextensive, adjacent, contiguous, or overlapping
service area, said categories of preference comprisingl
a category of preferred, a category of equal preference
or a category of non-preferred, said category

20 assignment based upon the size of its service area
relative to that of other cells, said system
comprising;

means for measuring the signal strength of
communications between the mobile station and a first

25 base station for a first cell currently selected as
best server, and between the mobile station and a
second base station for a second cell in the system;

means connected to the means for measuring for
identifying the assigned category of preference for the

30 second cell;

means connected to the means for identifying for
selecting the second base station as the best server in
response to satisfaction of any one of the following
conditions, (a) the second cell having a category of

35 preference of preferred and the measured signal
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serve each of the nobile stations, the selected base 25 station having
both the hi ghest assigned category of preference and -a- ﬁeasured 'signal

strength of nobile station communi cations that exceeds t
station signal strength threshold, said predeterm ned ﬁ) E | “ﬁd
for each nobile station in selecting 30 t he base s or *

canping-on to a server during an idle operé@rng node and for handi ng-of f
bet ween servers during a call processing node. 45 31. A nethod of

el 11l ar Tadio yArErah el she Pogtad Pabo <TREIRE B9 befen by
cel I s having d|ff@h@mtaspr&seéeateQS§lsaﬁd mmmmmguhnthaﬁhqﬁd¢WQW|dbhg for
the nobile statiogm@ lgedor &61PNHAVIRG a category of preference of
equal preference and the measured signal strength with
5 the second base station being greater than the measured
signal strength with the first base station, or (c) the
second cell having a category of preference of non-
preferred and the measured signal strength with the
first base station being less than a preselected signal
10 strength threshold and the measured signal strength
with the second base station being greater than that
with the first base station.

14. A system for performing best server selection

15 as set forth in claim 13 in which a cell is assigned:

a preferred category of preference with respect to

another cell if its service area is substantially

smaller than that of the other'cell, an equal category

of preference with respect to the other cell if its

20 service area is substantially the same as that of the

other cell, and a non-preferred category of preference

with respect to the other cell if its service area is
substantially larger than that of the other cell.

25 15. A system for performing best server selection
as set forth in claim 13 further comprising:
means for measuring the signal strength of
communications between the mobile station and each of
the base stations serving associated ones of the cells
30 in the system that are either coextensive, adjacent,
contiguous, or overlapping with the first cell;
means for identifying the assigned category of
preference for each of the associated cells; and
means for selecting as the base station best
35 serving'the mobile station that particular base station
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cells; assigning a threshold radi o channel signal strength |evel which is
acceptable for service of a nobile station in each of -said nei ghbori ng

cells; assigning to each of said neighboring cells on | ‘W“B\“mmory
of preference with respect to a currently serving cell} H _ .
strength of the radio signals providing co ni cation weert t Me fobi | e

station and the base station of each of the Tei ghboring cells; and
selecting as a server for the nobile station the base station of a

i ghbor i | ' ' A e a ry. i.s preferred with
Fespect to the cuftEnely ok vP SBEeRigL R e 18 L RO TR ey BeT Bhy RS ofhe
radi o signal provFBengtebhenitng atganditieonesn t Ha)s gheatparttilar arhebassi gned

t hreshol d radi o cheanebn S 51 eReNN havehgby GatOSF lofMdifechce
conpari son to otth ﬁgggégééa éﬁﬁ‘ﬂ§$%%b“% &ggsgfed signal strength with
5 the mobile station greater than a preselected signal

strength threshold, or (b) the particular base station

being in a cell'having a category of preference of

equal preference and having a measured signal strength

with the mobile station greater than the measured

10 signal strength between the mobile station and the

first base station, or (c¢) the particular base station

being in a cell having a category of preference of non-

preferred and having a measured signal strength with

the mobile station greater than the measured signal

15 strength between the mobile station and the first base

station and wherein the measured signal strength

between the mobile station and the first base station

is less than a preselected signal strength threshold.

20 16. A system for performing best server selection
as set forth in claim 13 in which said multiple levels
of cells include macrocells, microcells and picocells.

17. A cellular communications system including a
25 plurality of cells arranged in multiple layers,
comprising:

a base station for each of the plurality of cells,
each base station assigned a category of preference for
server selection with respect to each neighboring cell

30 in the plurality of cells having either a coextensive,
adjacent, contiguous, or overlapping service area, each
base station further assigned a signal strength
threshold for mobile station communications within the
cell; and
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32. A nethod of perform ng server selection as set forth in claim3l in
whi ch the categories of preference assigned within each cell -to eaeh
nei ghboring cell includes preferred, equal preference an

33. A nethod of perforning server selection for a nobil elﬂ!ﬂﬂﬂﬁ@lmﬂlmmﬂp
within a cellular radio systemin a region in which rad

provided by nultiple levels of cells, each?8F said cells being provided
with radio service by a base station the broadcast power of which and the

esultant service, & en MG B LoEleealAOIET AR AST LS LEXe
provi ding for thelntllicysodt icella hndtcohmmeiggthborg ng tdelthe; plurality
of base stations, each mobile station comprising:
means for measuring the signal strength of
5 communications between the mobile station and each
of the base stations within communications range;
and
processing means connected to the means for
measuring for making a server selection
10 determination for the mobile station based on a
comparison of the measured signal strength of
communications with each candidate base station to
the assigned signal strength threshold for those
candidate base stations in conjunction with a
15 comparison of the category of preference assigned
to each candidate base station.

18. The cellular communications system as in

claim 17 wherein the base station further includes

20 means for broadcasting in a communication to the mobile

stations the assigned category of preference for server

selection and assigned signal strength threshold for
communications to the base station.

25 19. The .cellular communications system as in
claim 17 wherein the processing means for making the
server selection determination operates to select a
server when the mobile station is both camping-on to a
base station in an idle operating mode and handing-off

30 between base stations in a call processing mode.

20. The cellular communications system as in
claim 17 wherein the processing means of the mobile
station further includes means for determining a server

35 selection change from a currently serving base station

y
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assigning a threshold radi o channel signal strength value which is
acceptable for service to a nobile station in each of said. nei ghboring -
cells; measuring the strength of the radi o signals providing commnication

bet ween the nobile station and the base station of eaﬂmlmum; ﬁm‘mm'l ng
cells; and selecting as a server for the nobile stati § A
nei ghboring cells the cell having both the%kmllest relativve ‘service area
size and a nmeasured radio signal strength which is greater than the

th hol d di h | si |, st th b I t i n_in_conpparison
to other smal | estRelBROSPIAGOIEHE S308 SSRUARMOLE Hhe CBRRPBFednARERL

reselection in a sEiémg;h exatesizo lthes psbégnedcsignal styEngtdl idhyeshoddl | s,
the plurality of £&! Sadicbidhiacl! hdesBEGE 1L Bl ggﬁgpﬁgk yog;@t ed

with a currently selected contr channe an i dentl ural i

nei ghbori ng cel | sc@adhdpbengbasei grleat tori g & r dighent hcaskaodyangfa
category ofsg preference than the currently serving base station.

21. The cellular communications system as in
claim 20 wherein the determination by the processing
means of the server selection change is further based

10 on a comparison of the measured signal strength of
communications with the candidate base station to the
measured signal strength of communications with the

currently serving base station.

15 22. The cellular communications system as in
claim 21 wherein the processing means of the mobile
station further includes means for determining the
server selection change from the currently serving base
station to the candidate base station if the measured

20 signal strength for the candidate base station exceeds
the measured signal strength for the currently serving
base station and further if the candidate base station
has at least an equal category of preference to the
currently serving base station.

25

23. The cellular communications system as in
claim 21 wherein the processing means of the mobile
station further includes means for determining the

- server selection change from the currently serving base

30 station to the candidate base station, even if the
candidate base station has a 1lower category of
preference than the currently serving base station, if
the measured signal strength for the currently serving
base station is below the assigned signal strength

35 threshold for the currently serving base station, and
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preference with

respect to the given cell, conprising the steps of:

filtering the identified plurality of neighboring cells"t0o determne —

candi date cells
signal strength
a category of pr
control channel

strength exceeds its assigned signal

conparison to ot
wherein the plur

10

15

20

25

30

35

This is the replacement sheet B

Dates

for control channel reselection which h
exceedi ng their assigned signal strengt ﬂ!ﬂn‘mﬁmmﬁ Hw
;o an .

ef erence of preferred over the given ce
resel ection the candi date &€ whose neasured signa

ave
for

strength threshold by a best margin in

her_ preferyed nei ghborin el l,s. 35. The hod of ¢l aim 34
prohes “f T e R e maSmaly 5L PenSEhl | Fef, (Eher o
36. The net hod ofcandidaBé Wameeci atabibomulekiceeglsel the measured signal

strength for the currently serving base station.

24. 1In a cellular communications system including
a plurality of cells arranged in multiple layers,
wherein each cell includes a base station, and further
including a plurality of mobile stations moving through
the plurality of cells and communicating with the
plurality of base stations, wherein each base station
is assigned a category of preference for server
selection with respect to each neighboring cell in the
plurality of cells having either a coextensive,
adjacent, contiguous, or overlapping service area, and
each base station is assigned a signal strength
threshold for mobile station communications within the
cell, a method for determining mobile station server
selection of a base station, comprising the steps of:

measuring the signal strength of communications
between each mobile station and each of the base
stations within communications range thereof;

comparing the measured signal strength of
communications with each candidate base station to the
assigned signal strength threshold for that candidate
base station;

comparing the category of preference for each
candidate base station to the category of preference
for the base stations currently serving each of the
mobile stations; and

responsive to the foregoing comparisons making the
mobile station server selection determination for each

mobile station.

25. The method as in claim 24 wherein the step of
making is performed to select a server when the mobile

g
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| ayered cell structure includes both unbrella cells and mcrocells, and
has a category of preference of preferred wth respect

to an unbrella cell; wherein an unbrella cell has a cate e
of non-preferred with respect to a mcrocell; wherein a %ﬂﬂ‘ ﬂ ““@B ﬂ'gﬂ“~

category of preference of equally preferred with respect

wherein a m crocel

m crocel | ; and wherein an unbrella cell has?# category of preference of

equally preferred with respect to another unbrella cell

claim 34 wherein

si gnal strength nE

tep.of filterin i ses the st f: maki,
e R e e Ly

nei ghbori ng cel | sppesapangngodee anidg handithgeodtth toe as basee station He a
assigned signal s gg&gbgogg%gi ggaeQeternining t he category of preference

for each of the i

5

10

15

20

25

30

35

enti ner ghboring cells; and

26. The method as in claim 24 wherein the step of
making includes the step of selecting as a server a
candidate base station having a measured signal
strength with the mobile station that exceeds its
signal strength threshold, and also having a category
of preference that is higher than the category of
preference for the currently serving base station.

27. The method as in claim 26 further including
the step of comparing the measured signal strength of
communications with the candidate base station to the
measured signal strength of communications with the
currently serving base station.

28. The method as in claim 27 wherein the step of
making includes the step of selecting as a server the
candidate base station having a measured signal
strength with the mobile station that exceeds the
measured signal strength for the currently serving base
station, and also having a category of preference that
is at least equal to the category of preference for the
currently serving base station.

29. The method as in claim 27 wherein the step of
making includes the step of selecting as a server the
candidate .base station having a measured signal
strength with the mobile station that exceeds the
measured signal strength for the currently serving base
station, even if the category of preference for that
candidate base station is lower than the category of
preference for the currently serving base station, and
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selecting as the candi date cells those nei ghboring cells having-neasured-
signal strengths exceeding the signal strength thresholds and havin

preferred categories of preference. 38. The nethod of: ﬂmumilﬂﬁl gl “m}he
signal strength neasurenents are nmade by nobile station ] ' n
the cellul ar tel ephone system 39. The nethod of claim37 wherein the
signal strength neasurenents are made by bad4é-stations operating within the

cellular tel ephone system 40. The nmethod of claim 34 wherein the step of

choosi ng conprises _the ste f: sorting the candidate cells by cal cul ated
mar gi n bet ween &LFQ Pﬁ&?gaﬁa Epﬁﬁaﬁh%tm%ﬁﬂﬁ4ﬁ9a%%@néésﬁﬁﬁﬁﬁg§¥gﬁ%¥ the

strength threshol dsirmntly serving base station is below its signal
strength threshold.

5 30. A cellular communications system including a
plurality of cells, comprising:

a base station for each of the plurality of cells,

wherein each base station is assigned a category of

preference for server selection with respect to each

10 neighboring cell in the plurality of cells having
either a coextensive, adjacent, contiguous, or
~ ' overlapping service area, and wherein each base station

is further assigned a signal strength threshold for
mobile station communications within the cell;

15 a plurality of mobile stations moving through the
plurality of cells and communicating with the plurality
of base stations;

means for measuring the signal strength of
communications between the mobile stations and base

20 stations;

processing means connected to the means for
measuring, said processing means executing a
predetermined procedure for selecting a base station to
serve each of the mobile stations, the selected base

25 station having both the highest assigned category of
preference and a measured signal strength of mobile
station communications that exceeds the assigned base
station signal strength threshold, said predetermined
procedure followed for each mobile station in selecting

30 _' the base station both for camping-on to a server during
an idle operating mode and for handing-off between
servers during a call processing mode.
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the best calculated nmargin. 41. The nethod of claim 34 Mhe

strength threshold conprises the sumof a sufficient sign

comuni cation in the neighboring cell plus an offset. 42. thoﬁ of
claim 34 wherein if no neighbor cell wtdsa preferred category of
preference is capable of being chosen in control channel reselection by the

st eps of filterr chqgﬁxyg further i pcluding the steps of: further
filtering the rd ti%e QfurBeFE9rming Re4jiedor PR4eEELPR tBor a
det er mi ne ahdlei bat staahdndapereatling fwirtitianta otethanae! raase! @;ﬁ}-tslt@ﬂx W ch

have a measyr aly sty h edi asur ed sr stren 0

t he given ceII E@ngcl:é?t arﬁﬂg{x/strggr&e\ig)rs §%8nﬁge %recapgé’ P@ 8f lBYef rﬁe]r"r’te of
ot her than hning edbfferentt aereipecareast heaid vieethed | compndi$img her
choosing for conbr&¢igiRGNELr' €Al RELITB LRStion a list of neighboring

cells;

sel ecting for control channel resel ection the’caﬁdr dat e cel H‘\

assigning a threshold radio channel signal strength
level which is acceptable for service of a mobile station
in each of said neighboring cells;

assigning to each of said neighboring cells on said
list a category of preference with respect to a currently
serving cell;

measuring the strength of the radio signals providing
communication between the mobile station and the base
station of each of the neighboring cells; and

selecting as a server for the mobile station the base
station of a neighboring cell on said list whose preference
category is preferred with respect to the currently serving
cell and whose measured strength of the radio signal
providing communication therewith is greater than the
assigned threshold radio channel signal strength level by a
largest margin in comparison to other preferred neighboring
cells.

32. A method of performing server selection as set
forth in claim 31 in which the categories of preference
assigned within each cell to each neighboring cell includes
preferred, equal preference and non-preferred.

33. A method of performing server selection for a
mobile station operating within a cellular radio system in
a region in which radio channels are provided by multiple
levels of cells, each of said cells being provided with
radio service by a base station the broadcast power of
which and the resultant service area which varies in size
from larger for higher level cells to smaller for 1lower
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al ternate candi date cell whose neasured signal strength _exceeds th m of
the given cell neasured signal strength and the certain h \K“a
best margin in conparison to other neighboring cells. “\ﬁ
claim42 wherein the step of further filtering conpri St @ps of
meking signal strength measurements on g control channek the given
cell and each of the identified neighboring cells; corrparl ng the signal

SLTengtn Mo SIEILS, Tl N felgnbori g cel 1o to the sum of the si gna
det erm ni ng t hepwatedimy Hdr pried aichicke faratianh Dflidwe oﬁier&ng‘hmi:mg
nei ghbor i n&l%é,l s; and 49
assigning a threshold radio channel signal strength
value which is acceptable for service to a mobile station
in each of said-neighboring cells;
measuring the étrength of the radio signals providing
communication between the mobile station and the base
station of each of the neighboring cells; and
selecting as a server for the mobile station £from
among the mneighboring cells the cell having both the
smallest relative service area size and a measured radio
signal strength which is greater than the threshold radio
channel signal strength by a largest margin in comparison
to other smallest neighboring cells.

34. A method for control channel reselection in a

cellular telephoné system including a plurality of cells,
- the plurality of cells including, with respect to a given

cell associated with a currently selected control channel,
an identified plurality of neighboring cells each being
assigned a signal strength threshold and a category of
preference with respect to the given cell, comprising the
steps of:

filtering the identified plurality of neighboring
cells to determine candidate cells for control channel
reselection which have a measured signal strength exceeding
their assigned signal strength threshold and have a
category of preference of preferred over the given cell;
and

choosing for control channel reselection the candidate
cell whose measured signal strength exceeds its assigned
signal strength threshold by a best margin in comparison to
other preferred neighboring cells.

35. The method of claim 34 wherein the plurality of
cells form a multi-level layered cell structure.
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sel ecting as the alternate candidate cells those neighboring._ cells =
havi ng neasured si gnal strengt hs exceedi ng the sum of the given cel

measur ed signal strength and certain hysteresis and havumlmmﬂummn”m
preference other than non-preferred. 44. The method of . _ Hi (M|t he
signal strength neasurenents are nmade bysa#obile stations op?arah! Mg Within
the cellular tel ephone system 45. The nethod of claim43 wherein the

signal strength asurenents ar de by, base stations operating within the
cellular tel ephogg' syéf‘@mmetfé'.’o‘ihg%rréi]lﬂ)’d“ ofScIvheretn mﬁgﬁel'?P:t%%Q‘é%l of

further chobsyegedonellestietsirepsintludest ikt hambaedindat eeTtek! Saky

cal cul at ed ' we the candidate cell neasured signal strengths and
t he given c@?%gﬁgggg%édggggnal strength plus the certain hysteresis; and

wherein a microcell has a category of preference of
preferred with respect to an umbrella cell;

wherein an umbrella cell has a category of preference
of non-preferred with respect to a microcell;

wherein a microcell has a category of preference of
equally preferred with respect to another microcell; and

wherein an umbrella cell has a category of preference
of equally preferred with respect to another umbrella cell.

37. The method of claim 34 wherein the step of
filtering comprises the steps of:

making signal strength measurements on a control
channel of each of the identified neighboring cells;

comparing the signal strength measurements to the
assigned signal strength thresholds;

determining the category of preference for each of the
identified neighboring cells; and

selecting as the candidate cells those neighboring
cells having measured signal strengths exceeding the signal
strength thresholds and having preferred categories of
preference.

38. The method of <claim 37 wherein the signal
strength measurements are made by mobile stations operating
within the cellular telephone system.

39. The method of «claim 37 wherein the signal
strength measurements are made by base stations operating
within the cellular telephone system.

40. The method of claim 34 wherein the step of
choosing comprises the steps of:
sorting the candidate cells by calculated margin

This is the replacement sheet
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seiecting for control channel resel ection the candidate cell with
t he best calculated margin. 47. The nethod of clai m 34 whereirn—the-steps of

filtering and choosing are performed in connection w ection
during nobile station canp-on. 48. The method of clai ,Uﬂﬂlst_eps
of filtering and choosing are performed kg connection W S ction

during nobile station handoff. 49. A nethod for filtering a plurality of
neighborin%bcells to_determ ne candidate cells for control channel

resel ect i orPFHYGeRelFHE dPeRBYERROFE IRt ehranathf upndi epsdoned ghbanahg
cel | s each bereggthsthredhaldignahdstrength 5 0 threshold and a category

i i i ith a currentl
of preference wiLh,Lespaet 19,2 oiyen cell agsociaped with a currently
sel ected control

candidate cell with the best calculated margin.

41. The method of claim 34 wherein the signal
strength threshold comprises the sum of a sufficient signal
strength for communication in the neighboring cell plus an
offset.

42. The method of claim 34 wherein if no neighbor
cell with a preferred category of preference is capable of
being chosen in control channel reselection by the steps of
filtering and choosing, further including the steps of:

further filtering the identified plurality of
neighboring cells to determine alternate candidate cells
for control channel reselection which have a measured
signal strength exceeding a measured signal strength for
the given cell by a certain hysteresis and have a category
of preference of other than non-preferred with respect to
the given cell; and

further choosing for control channel reselection the
alternate candidate cell whose measured signal strength
exceeds the sum of the given cell measured signal strength
and the certain hysteresis by a best margin in comparison
to other neighboring cells.

43. The method of claim 42 wherein the step of
further filtering comprises the steps of:

making signal strength measurements on a control
channel of the given cell and each of the identified
neighboring cells;

comparing the signal strength measurements for the
neighboring cells to the sum of the signal strength
measurement for the given cell plus the certain hysteresis;

determining the category of prefeience for each of the
identified neighboring cells; and
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channel , conprising the steps of: nmeasuring received-signal -strength-with

respect to each of the identified plurality of nei ghbqrd N
determ ning the category of preference with respect- tgmm B“Blum
identified plurality of neighboring cells; and identi i e

cells for control channel reselection thgge ones of the identified
plurality of neighboring cells which have a neasured received signal

strength exceeding_their assigned signal strength threshold and have a
category of pref8PeREELIRE pRsf elth®d AMdeE i vaprdidate sreld BRP8Y as
i n clai mA49ngiughbetrihgel udelyst hehatréag of meBasedi NOsigegl vedsSr@idgths

strength with respect the_given cell: and identifying as alternate
candi dat e c%?‘??eagflgco%?‘?ol 8 nﬁ% ft&éel Y Dh t(?‘I%-IS% %S%eé heStonal
i dentified ptuenpthy auid neeghbdni fy siErtesivhi ahdhdey ingreas wasdgoeyei o£d

si gnal preference other than non-preferred.

44. The method of claim 43 wherein the signal
strength

measurements are made by mobile stations operating within
the cellular telephone system.

45. The method of c¢laim 43 wherein the signal
strength measurements are made by base stations operating
within the cellular telephone system.

46. Thé method of claim 42 wherein the step of
further choosing comprises the steps of:

sorting the candidate cells by calculated margin
between the candidate cell measured signal strengths and
the given cell measured signal strength plus the certain
hysteresis; and

selecting for control channel reselection the
candidate cell with the best calculated margin.

47. The method of claim 34 wherein the steps of
filtering and choosing are performed in connection with

server selection during mobile station camp-on.

48. The method of claim 34 wherein the steps of
filtering and choosing are performed in connection with
server selection during mobile station handoff.

49. A method for filtering a plurality of neighboring
cells to determine candidate cells for control channel
reselection in a cellular telephone system, the plurality
of neighboring cells each being assigned a signal strength
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strength exceeding the sum of the neasured signal strength for the-given
cell plus a certain hysteresis and having a categ ory pr ef erence_ot her

Chen Ronprefered i th respect (o the given cel I ||||l|||Illllllllll\\l\l\l\lll

threshold and a category of preference with respect to a
given cell associated with a currently selected control
channel, comprising the steps of:

measuring received signal strength with respect to
each of the identified plurality of neighboring cells;

determining the category of preference with respect to
each of the identified plurality of neighboring cells; and

identifying as candidate cells for control channel
reselection those ones of the identified plurality of
neighboring cells which have a measured received signal
strength exceeding their assigned signal strength threshold
and have a category of preference of preferred over the

given cell.

50. The method as in claim 49 further including the
steps of:

measuring received signal strength with respect to the
given cell; and

identifying as alternate candidate cells for control
channel reselection those ones of the identified plurality
of neighboring cells which have a measured received signal
strength exceeding the sum of the measured signal strength
for the given cell plus a certain hysteresis and having a
category of preference other than non-preferred with

respect to the given cell.
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- 51 -

BEST SERVER SELECTION IN LAYERED
CELLULAR RADIO SYSTEM

ABS CT OF ENTT

A multi-level layered cellular radio architecture
serves mobile subscriber stations (21) moving within
the system. Best server selection is performed for the
mobile stations (21) by assigning within each cell (Ci-
C10) a preference value to each other one of the cells
(C1-C10) with which is associated by proximity of
service area. The strength of the radio signal
received by the mobile station (21) from the serving
cell (Ci-Ci10) as well as the radio channels of
associated cells (C1-Cl0) is measured. A decision as
to the best serving cell (C1-C10) for the mobile
station (21) is made based upon both the preference
value of the associated cells (Cl-C10) and the signal
strength of their respective radio channels.

(Figure 2)
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