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1 RADI OTELEPHG\IE L@ATI NG AND HANDCFF USI NG ALTERNATI VE CRI TERI

FIELD OF THE | NVENTI ON The present invention relates to ﬁ%ﬁ?ﬁ gﬂﬁé
st:ation |ocating and handoff in.a cellular nobile radiotel ephone system and
nnLe par- ticularly to such a system enploying alternative:handof f

criteria. BACKGROUND OF THE | NVENTI ON In a

cel lul ar nobil e radi otel ephone system a collection of cells or radi o base
st-at i ons BADROFBMERHONES HOSATING ANDHANROEF cBSTNG ANTERNATEVE CRITFRRIde
dupl ex radi o communi cations with a | arge nunber of nobile stations

t hroughout a geographi cal area,_The cove;agS ﬁg r cells of the

I ndi vi dual base stations overl ' us cover age.
Responsibility for nobile stations in overlapping areas is assigned based

on various cri bl 8rL8efe! { et & Heila b LTCRYBE Ko Ut 1R 1datARY Ena

contiguous cel I'S,
handoff in a cellular mobile radiotelephone system and more par-

ticularly to such a system employing alternative handoff criteria.

BACKGROUND OF THE INVENTION

In a cellular mobile radiotelephone system, a collection of
cells or radio base stations each having a specified coverage area
is controlled to provide duplex radio communications with a large
number of mobile stations throughout a geographical area. The
coverage areas or cells of the individual base stations overlap to
provide continuous coverage. Responsibility for mobile stations
in 'overlapping areas is assighed based on various criteria to
define in effect a patchwork of non~overlapping contiguous cells,
typically :Lllustrated as hexagons. The base stations are linked

to a mobile enter which is in turn linked to the public
telephon . the radiotelephone system to function as
an extenfiy ntlonal telephone system.

Fo idn to of from a mobile station to remain
uninterri§ ] 11e station travels from cell to cell,

) JR{Pdling the call connection must be "handed-
off" from one"‘ %eﬁ'to another. To accomplish such handoff, a
procedure must be provided for locating the mobile station, or
tracking its position in relation to cell boundaries.

Various methods are known for locating mobile stations in a
mobile radiotelephone system. Two such methods of particular
importance involve signal strength monitoring and "path-loss®
monitoring, respectively. Signal strength and path loss are
related but distinct quantities. Signal strength is a measure of
the power of a received radio frequency signal. Path loss is a
measure - of the decrease in power of a radio frequency signal
during transit of the signal from transmitter to receiver. Path
loss may be calculated from signal strength if transmission power
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typically,fllustrated as hexagons. ‘The base stations are linked to a
mobi l e switching center which is in turn linked to the public tel ephone
systemto allow the radiotel ephone systemto function as an extension of

the conventional telephone system For a call connection to or froma
nobil e station to remain uninterrupted as the nobile station travels from
cell to cell, responsibility for handliag_ the call connection nust be
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One mobile radiotelephone system, the GSM system, is known to
use path loss for locating the position of mobile stations and
enjoys several important advantages over position locating
techniques using signal strength. By providing that a mobile
station is always associated with the cell that results in the
lowest path loss for that connection, communications may be
achieved using the least possible power. Also, base station
. transmission powers may be adjﬁsted-(for example-incfeasing the

power of a base station experiencing problems being properly
received by mobile stations) without affecting cell boundaries as
would heppen using signal strength; Also, using path loss instead
of signal strength, uniform cell boundaries are applicable to
mobile stations transmitting at different power levels. Using
signal strength, a call connection with a mobile station transmit-
ting at high power will be maintained at a greater distance than
a’ call connection with a mobile station transmitting at a lower
power such that the effective cell size is different for mobile
stations of different power classes.

The use of path loss alone to locate mobile stations may in
some instances, however, be disadvantageous.' If, for example, an
established call connection enjoys little or no signalJStrength
margin (excess s;ignal strength above the bare minimum required to
sustain communications), and if a different criterion than signal
strength is used to determine the need for handoff, then the call
connection may be interrupted when its signal strength margin has
been exhausted without a handoff having been arranged. The
- foregoing -class ‘of calls may ‘be referred to as being signal-

strength limited, or “"carrier-to-noise" (C/N) limited. When a
call connection is not C/N limited, the path loss criterion may be
advantageously ‘employed. Such calls are 'more susceptible to
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1A | ocating:a renote station. The met hods described in this patent,
hoivever, do not nention any choice between signal strength neasurenents and
path-loss as a criterion to | ocating and to handover. Anot her

US; patent 4,718,081 describes nmethods to mninmze wong hand-of fs in a

cel lul ar rad| o tel ecommunication systerd by making field strength
measurenents at a. nunber of hand-off candidate cells and also at cells
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greatest possible amount of radiated energy reaches its intended
destination.

What is needed, then, is a mobile radiotelephone system that
takes advantage of the benefits of using path loss to make
locating and handoff decisions, including the benefits of power
conservation, low interference, and fixed cell boundaries, and
that at the same time avoids the disadvantages associated with the

use of path loss, ineluding possible call connection interruption
and loss of the call.

SUMMARY OF THE INVENTION

In a cellular mobile radiotelephone system having a plurality
of cells providing radio coverage by a plurality of base stations
and having a plurality of mobile stations, the location of a
mobile station with respect to cell boundaries is identified using
measurements, performed at the mobile. station or at selected -
cells, of transmissions from the cells or transmissions from the
mobile stations. When a cell is found that meets a specified
standard with respect to a call connection in progress according
to a first radio-signal criterion, a handoff candidate cell is
selected according a second different radio-signal criterion.
When no cell is found that meets the specified standard, a cell'is
selected according to the first radio-signal criterion. Handoff
to the selected cell is attempted if that cell is not presently
handling that call. More particularly, the first radio-signal
criterion may be signal strength 'and the second radio-signal

- criterion may be path loss. When a cell is found that meets the
signal-strength criterion, the cell is determined to have
sufficient signal strength margin so that the path loss criterion
nay bé used instead. As mentioned above, use of the path loss
criterion has the -advantages of conserving-power, - reducing
interference, and allowing effective cell boundaries to remain
fixed. When no cell is found that meets the signal-strength
criterion, the call connection is determined to be signal-strength



Signal- strength and path |l oss are related but distinct quantities. Signal
strrength is a neasure of the power of a received radio frequency signal.
Path loss is a neasure of the decrease in power of a radio frequency signal
during transit of the signal fromtransmtter to receiver. Path | oss may be
cal'culated from si gnal strength if trangim ssion power is known.

2 Most present-day nobil e radi otel ephone systens use signal
strength tblmet:eﬂnﬂmehttteat dhet sdgnell sbbehgthiexibexionlish used totselect

signal strengt8epi ®a I&é&%téa%étagl 2 @¥rdngth. specified
t hreshol d, for exanple l e stati n 'S - Tassuned to have passed
beyond the boundari es of the currently- responsi bl e cel |. The

nobi l e station is deternm BREEFODRSCRIPTION OR!PHEDRARINGSghboring cell
that registers the highest signal strength for the nobile station.

These and other features and advantages of the invention will
be readily apparent to one of ordinary skill in the art from the
‘following" written ' description, used in conjunction with the
drawings, in which: -

Figs. 1la through le are geometrical illustrations for
explaining the disadvantages associated with deciding handoff on

~ the basis of path loss only; |

Fig. 2 is a block diagram of a mobile station portion of a
mobile radiotelephone system;

Fig. 3 is a block diagram of a base station portien of a radio
telephone system;

Fig. 4 is a representation of a communications format between
the mobile station of Fig. 2 and the base station of Fig. 3;°

Fig. 5, including Figs. 5a and 5b, is a flowchart represen-
tation of a locating operatlon performed by the cellular radio-
telephone system;

Fig. 6 is a flowchart showing in greater detail a portioh of
the'locating operation of Fig. 5; and

Fig. 7 is a representation of a cell list prepared accdr’ding

to the steps of Fig. 6 and used to decide handoff accordlng to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The principle underlying the present invention may best be
understood with reference to Fig. le. For ease of explanation,

however, different features of Fig. le will first be explained
_separately W:Lth reference to Figs. la-1d.

Fig. la illustrates two base stations BS, and BS, in a
-cellular mobile radiotelephone system. ‘The base stations are
located along an imaginary line, the line segment extending
between the two base stations being bisect_'e:d. '-by a transverse

imaginary line. Every point along the transverse imaginary line
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One nobi | e Tadi.ot el ephone system the GSM system 1is known to use

parth | oss for | ocating the position of nobile stations and enjoys
several inportant advantages over position | ocating techni ques using
signal strength, see e.g. GSM specification 05.08, Version 3.2.0 -
Appendi x A, page 25. By providing that & nobile station is al ways
associated with the cell that results in the | onest path | oss for
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by a signal transmitted from base station BS, is a constant K.
This curve will have the shape of a circle. _

In general, the signal strength of a signal transmitted from

a base station will be equal at all points an equal distance from

the base station, i.e., along a circle. 1In Fig. 1lc, two such

equal-signal-strength circles are drawn with respect to base

station BS, and two corresponding equal-signal-strength circles of

corresponding size are drawn with respect to base station BS,. The

smaller of" the circles may be said "to represent a sufficient

signal level at which a call may be received with good quality.

The larger of the circles may be said to represent a minimum signal

. level at which a call may be received but with barely acceptable

quality. As noted previously in relation to Fig. l1a, path loss

between the two cells is equal along a transverse line bisecting

" the line segment joining base stations BS, and BS,. Assuming the

transmission power PWR1 of base station BS; is the same as the

transmission power PWR2 of base station BS,, then the signal

strength SS1 of a signal transmitted from base station BS, is also

equal to the signal strength SS2 of a signal transmitted from base

- station-BS, along the same transverse -line. ‘In such a -situétic_m,

whether the cell boundary is defined according to a path loss

criterion or a signal strength criterion, the result will be the

same.



f oregoi ng-, cl ass of calls may be referred to as being signal -
strength limted, or "carrier-to-noise" (CN limted. Wen a cal |
connection is not CNlimted, the path loss criterion may be
advant ageously enpl oyed. Such calls are nore susceptible to

“limted such that the si gnal strengthécriterion is used to select the
ceI | having the greatest signal strength. A nethod of ranking cells
at -cal | handof f TPn makoradireentt Fedps diibanent i sizrsi Acgordipy daiwms,
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is less than the radius of a corresponding circle VI defining a
sufficient signal level with respect to base station BS,.
Likewise, the radius of the circle V defining a minimum signal
level with respect to base station BS, is less than the radius of
the corresponding circle VII defining a minimum signal level with
respect to base station BS,. The distance between thé circles IV
and V is therefore proportionally shorter than the distance
between the circles VI and VII. Equal signal strengths between
the two cells no longer occur along a stfaight line as in Fig. lc
but along a smooth curve III drawn through the intersections of
corresponding ones of the circles.

Referring now to Fig. 1le, the disadvantage_of using path loss
only as the main criterion for deciding handoff will be explained.
Fig. le is a composite of Figs. 1b and 1d, hence the descri;ption
of those figures will apply equally with respect to Fig. le. For
completeness, however, portions of the previous description will
be repeated. Reference numerals 'BS1 and BS, designate respective'
base stations located along a median represented by a vertical
dashed line. The distance by which the base stations are separa-
ted is bisected by a horizontal dashed line. Since path loss, in
an idealized environment and assuming that frequency 1is kept
constant, is essentially only a function of distance, the
horizontal dashed line represents’ an equi-path loss line with
respect to base stations BS; and BSZ.

It is useful, however, to define with respect to base
stations BS, and BS, cells having different sizes. The curve I
therefore represents the collection of points whose distance from

- base station BS, divided-by the distance to base station BS, is a
constant, resulting in a measured path loss from those points to
base station BS, that is X dB greater than the path loss from those
points to base station BS,. With respect to both base stations BS,



the basis,bf path loss only; Fig. 2 is a block diagram of a nobile

station portion of a nobile radiotel ephone system ' Fig. 3 is a block
di agram of a base station portion ‘of ‘a radi o tel ephone system , Fig. 4
is.a representation of a comrunications format between the nobile station

of Fig. 2 and the base station of Fig. 73; Fig. 5 including Figs. 5a

and 5b, is a flowchart represen- tation-of a |ocating operation perforned
by. t he cekndl 86, rkslialsa dlefinmde aspetiwnpf concenfrie ¢iérelesotEViar¥, sHomi ng
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| Mgl naryclho:Lce between base stations in the overlapping areas B, C, D
being governed by the handoff decision process.

The two pairs of concentric circles IV, V, and VI, VII and the
curve I may be used to identify regions having different radio
signal characteristics and which are identified by different
shadings. In a region D indicated by horizontal shading, the
signal of a mobile station is received at each of the base stations
BS, and BS, at a sufficient level. 1In the regions B indicated by
vertical shading, on the other hand, the signal of a mobile
station is received at each of the base stations at a minimum
level. In the regions C indicated by slant-left shading, the
signal of a mobile station is received at one of the base stations
at a sufficient level and at the other of the base stations at a
minimum level. Finally, in the regions A indicated by slant-right
‘'shading, the signal of a mobile station is received at base
station BS; at a minimum level but is not received at base station
BS, at either a sufficient or minimum level. In these A regions,
unlike the other identified regions B-D, the signal from a mobile
'station can be received at a minimum level by only one of the base
stations.

Referring to the lower-most boundary of the regions A, as a
mobile station passes over the boundary from region B into region
A, it leaves a region in which it may be received by base station
BS, at a minimum level and enters a region in which it may be
received only by base station BS; at a minimum level. In regiona,

- however, the mobile - station has not yet reached the curve I
defining the boundary of cell 1 for handoff purposes in terms of
the path loss criterion. Therefore, if a path loss criterion is
used exclusively, the mobile station will have passed beyond the



4 limted,such,that the signal strength criterion is used to select the
cel b having the greatest signal strength. BRI EF

DESCRI PTI ON OF THE DRAW NGS These and ot her features and advant ages
of .the invention will be readily apparent to one of ordinary skill in the
art” fromthe following witten descripti®n, used in conjunction with the
drawi ngs, in which: Figs. la through I e are geonetrical illustrations
for- expl ai mavenage cﬁisbawnsageioasBSQ ibaite ridilt hotebavengednatvoidedwfithéo

basis of palfid 955l Bs, with ¢he? rb%uitbltﬁ%lf: %h@gmﬂfe @tm%lne sSkahon

portion of "a nobile radiot'el éphone system . I's a bl ock diagram
of a base ﬂ%ﬂ%ﬂtmthﬁ)ﬁr@l’&dﬁadl 0 teI ephone system Fig. 4is a

representation Gugh @%&E\hmtmgﬂ%éoaﬁaidaat Wﬁeeubhe sIIQJQIaFthﬁbanyO&eQiac- '
glbg i g gn? | the a?l%}%’?tgl 1 8&1 stq:'eng‘th ch.teIr(ion in p | Udlor}gtﬁe%ath oasgd
criterion. In partlcu]_.ar, the boundary between cells 1 and 2 may
be defined as follows. 1In the horizontally shaded region D,
either base station may-handle a. call connection with acceptable
results, Because there are: advantages in using a path loss
criterion for deciding handoff where possible, the cell boundary
is defined as the path loss curve I up until its intersection with
a curve II, forming a portion of the circle VI _indicative of a
sufficient signal level at base station BS,. From that point, the
" “cell boundary is defined by the curve II until its intersection
with the circle IV indicative of a sufficient level at base
station BS;. In the vertically shaded regions B, calls are signal-
strength limited. The cell boundary is therefore defined as an
equal-signal-strength curve III across the region. The resulting
boundary, defined by' the combination of curves I, II and III,
divides the two cells in their area of overlapping coverage.
Fig. 2 illustrates a base station in a cellular mobile radio
systen such as base stations BS, and BS, in Fig. 1. This particular
example pertaihs to a mobile station that can be used in a digital
communications system, i.e.,. one in which digitized +voice
information is transmitted between base and mobile stations.
Furthermore, the operation of the system is explained in the
context. of full~rate transmissions in a time division multiple
access (TDMA) system, in which each packet of digital information
is interleaved over two spaced time slots in a frame of data. It
will be readily appreciated, however, that the invention is
equally applicable to other types of cellular radio systems, such
as those in which information is transmitted in an analog format,
transmitted digitally at a half rate, 'or transmitted in other
access modes such as frequency division multiple access (FDMA) or
code division multiple access (CDMA). '
In the mobile station depicted in Fig. 2, a speech coder 101
converts the analog signal generated by a microphone into a binary
data stream. The data stream is then divided into data packets,
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tation of a*locating operation perforned by the cellular radio- telephone

sysiem Fig. 6 is a flowhart showing in greater detail a portion of

the locating operation of Fig. 5; and Fig. 7 is a representation of a
cel,l list prepared according to the steps of Fig. 6 and used to decide

handof f according to the present inventigon. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The principle underlying the "present
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control channel (SACCH) generator 103 provides signalling messages
that are transmitted over a continuous channel for the exchange of
information between the base station and the mobile station and
vice-versa. A fixed number of bits, e.g. twelve, is allocated to
the SACCH for each time slot of a message train. Channel coders
- 104 are respectively connected to the speech coder 101, FACCH
generator 102, and SACCH generator 103 for manipulating the
incoming data in order to carry out error detection and correc-
tion. The techniques used by the channel coders 104 are prefera-
bly convolutional encoding, which protects important data bits in
the speech code, and cyclic redundancy check (CRC), wherein the
perceptually significant bits in the speech coder frame, e.q.
twelve bits, are used for computing a seven-bit check.

A two-burst interleaver 106 is connected to the channel
coders 104 associated with the speech coder 101 and the FACCH
generator 102, respectively. The interleaver 106 is controlled by
a microprocessor controller 130 so that, at appropriate times,
user information over a particular speech channel is replaced with
system supervision messages over the FACCH. Data to be transmit-
ted by the mobile station is interleaved over two distinct time
slots. A packet of 260 data bits, which constitute one transmit-

- ting word, is divided into two equal parts and is interleaved over
two different time slots. The effects of RAYLEIGH fading are
reduced in this manner. The output of the two-burst interleaver
106 is provided to the input of a modulo-two adder 107 so that the
transmitted data is ciphered bit-by-bit by logical modulo-two-
addition of a pseudo-random bit stream.

The output of the channel coder 104 associated w1th the SACCH
generator 103 is connected to a 22-burst interleaver 108. The 22-

-burst interleaver 108 interleaves data transmitted over the SACCH
over 22 time slots each consisting of 12 bits of information.

The mobile station further includes a Sync Word/DVCC
generator 109 for providing the appropriate synchronization word



5 is equi-distant frombase stations BSl and BS2. Since path loss is
mai:nly a f'unction of distance, the path |l oss PL1 experienced by a signal
transmtted frombase station BS[err] is equal to the path |oss PL2
experienced by a signal transmtted frombase station BS[err] at all points
albng the transverse line. If the cellsl0o be covered by base stations
BS[err] and BS[err] were to be of equal size (conS|der|n% handoff), then
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message burst. For example, accordlng to the published U.S.
standard EIA/TIA IS~54, a message burst comprises data (260 bits),
SACCH (12 bits), Sync Word (28 bits), coded DVCC (12 bits), and 12
delimiter bits, combined for a total of 324 bits. Under the
control of the microprocessor 130, two different types of message -
bursts are generated by the burst generator 110: control channel
" message bursts from the control channel message generator 132 and
voice/traffic message bursts. The control channel message uses a
TDMA time slot reserved to a control channel, where it replaces
the SACCH as well as the speech data normally generated in a
voice/traffic burst.

The trahsmission of a burst, which is equivalent to one time
slot, is synchronized with the transmission of other time slots,
which together make up a frame of information. For example, under
the U.S. standard, a frame comprises three full-rate time slots.
The transmission of each burst is adjusted according to timing
control provided by the equalizer 114. Due to time dispersion, an
adaptive equalization method is provided in order to improve
signal quality. For further information regarding adaptive
equalization techniques, reference is made to U.S. Patent
Application Serial No. 315,561, filed February 27, 1989, and

" assigned to the same assignee. Briefly, the base station func-
. tions as the master  and the mobile station is the slave with
respect to frame timing. The eqtializ'er 114 detects the timing of
an incoming bit stream from the base station and synchronizes the



The | arger,“of the circles may be said to represent a mninum signal |eve
at -:which a call nmay be received but wwth barely acceptable quality. As
noted previously in relation to Fig. la, path | oss between the two cells is -
equal al ong a transverse line bisecting the |ine segnment joining base
stations BS[err] and BS[err]. Assum ng the transn155|on pomer PWR1 of base
station BS, is the sane as the transm ssion power base st io&gr
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's | €ss th]?gn Qﬁ ag, é‘é‘%ﬂﬁrﬁ'fé‘ ppre\q_@era_bly utilized. The ciphering unit 112
is controlled by a key 113 which is uniqﬁe for each subscriber. -
The ciphering unit 112 consists of a sequencer which updates the
ciphering code. ' ' '

The burst produced' by the burst generator 110, is forwarded
to an RF modulator 122. The RF modulator 122 is operable for
modulating a carrier frequency according to the 7/4-DQPSK method

(r/4 shifted, Differentially encoded Quadrature Phase Shift
Keying). The use of this techhique implies that the information
is differentially encoded, i.e., 2-bit symbols are transmitted as
four possible changes in phase: + 7/4 and £ 3w/4. The transmitter

- carrier frequency supplied to the RF modulator 122 is generated by
a transmitting frequehcy synthesizer 124 in accordance with the
selected transmitting channel. Before the modulated carrier is
transmitted by an antenna, the carrier is amplified by a power
ampiifier 123 and passes a time switch 135. The RF power emission
level of the amplifier is selected on command by a microprocessor
controller 130.

A receiver carrier frequency signal is generated in accor-
dance with the selected receiving channel by a receiving frequency
synthesizer 125. Incoming radio frequency signals are received by
a receiver 126. The signal strengths over the cellulai:' frequen-
cies are measured by a signal level meter 129. Signal strength
values are sent to the microprocessor controller 130. An RF -
demodulator 127, which receives the receiver carrier frequency
signal from the receiving frequency synthesizer 125 and the radio
frequency 'Signal from the receiver 126, demodulates the radio
frequency carrier signal, thus -genérating an - intermediate
frequency. The intermediate frequency signal is then demodulated
by an IF demodulator 128, which restores the original 7/4-DQPSK -
modulated digital information.



"PWR2 of base station BS2. As a result, the radius of the circle IV defining
a sufficient signal level with respect to base station BS[err] is |less than
the radius of a corresponding circle VI defining a sufficient signal |evel
Wit h respect to base station BS2. Likewi se, the radius of the circle V
défining a mninmumsignal |evel with Aéspect to base station BS[err] is
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| The two-burst deJ.nterlea'Ver 116 provides the speech
data/FACCH data to two .channel decoders 118. The convolutionally
- encoded data is decoded using the reverse of the above-described
coding principle. The received cyclic redundancy check (CRC) bits
are checked to determine if any error has occurred. The FACCH
channel decoder furthermore detects the distinction between the
speech channel and any FACCH information, and directs the channel
decoders 118 accordingly. A speech decoder 119 processes the
received speech data from the channel decoder 118 in accordance
with a speech decoder algerithm (e.g. VSELP), and 'generate‘s the
‘received speech signal. The analog signal is finally enhanced by
a filtering technique. Messages on the fast associated control
channel are detected by a FACCH detector 120, and the information
is transferred to the microprocessor controller 130.
The output of the 22-burst deinterleaver 117 is provided to
a separate channel decoder 118. ‘A SACCH detector 121 detects
messages on the slow associated control channel and transfers that
information to the microprbcessor controller 130. .
The microprocessor controller 130 controls the mobile station
activity and the base station -communication, and also handles the
terminal keyboard input and display output 131. Decisions by the
microprocessor controller 130 are made in accordance with received
nessages and measurements that are made. The keyboard and display



therefore,fepreSents the collection of points whose distance from base "
station BS[err] divided by the distance to base station BS[err] is a
constant, resulting in a neasured path |l oss fromthose points to base
st.ation BS2 that is X dB greater than the path |oss fromthose points to
base station BS[err]. Wth respect to B3th base stations BS1 -
8 coverage of base station BS2 but will not have been handed off to bas
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: therewith. Such identical component parts are designated in Fig.
3 with the same reference numerals utilized hereinabove in the
description of the mobile station, ‘but are differentiated
therefrom by means of a prime (') designation.

There are, however, some distinctions between the mobile and
base stations. For instance, the base station has two receiving
antennas. Associated with each of thesé receiving antennas are a
receiver 126', and RF demodulator 127', and an IF demodulator
128'. Furthermore, the base statioh does not include a user:
keyboard and a display unit 131 as utilized in the mobile station.
Furthermore, it has been indicated in the block diagram that one
frequency ‘carries three time slots, each time slot being handled
by a group of blocks “1, 2, 3%,

The slot format' for TDMA communications between the base
station of Fig. 2 and the mobile station of Fig. 3 may be as

-illustrated in Figs. 4a and 4b. Fig. 4a illustrates the slot
format from the mobile station to the base station, whereas Fig.
4b illustrates the slot format from the base station to the mobile
station. Proceeding with a description of the fields of Fig. 4a,
.each field representing an area containing specified information,
the field G represents a guard time used to separate the present
transmission burst from the previols transmission burst, and the
field R represents a ramp time necessary to fully activate the
radio transmitter. A short data field then precedes a synchroni-
zation field, followed again by a longer data field. The field
SACCH is used to realize a slow associated control channel for
- transmission of control--and supervision- messages -between the
- mobile station and the base station. The field DVCC is used to
transmit a digital verification color code used to distinguish
different channels in the mobile radiotelephone system. The final



cell boundary i.S defined by the curve Il until its intersection with the
circle I'Vindicative of a sufficient |evel at base station BS[err]. In the
vertically shaded regions B, calls are signal- strength linmted. The cel
boyndary is therefore defined as an equal -signal -strength curve |1l across
the region. The resulting boundary, defitned by the conbination of curves I,
Il and I11,,divigdes the two cells_in their -area of overl apping cover age.
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then divided i nhosdatodia@dddics . to a preferred embodiment of the present
invention, measurements of signal strength , from which path loss
may be calculated, are made primarily by the mobile station and
relayed to the base station on the slow associated control channel
SACCH. The mobile station is instructed by the base station on the
SACCH concerning which channels to measure. Such an arrangement
~ is known as mobile-assisted handoff (MAHO), and again is. not
essential to the practice of the present invention. Signal
strength monitoring can instead be performed by neighboring base
stations as is widely practiced in present-day mobile radiotele-
phone systems. , |
Referring now to Fig. 5, in particular to Fig.’ 5a, the
locating functlon of the mobile services center is assumed to be
initially idle (S1) prior to the establishment of a particular
call connection to be supervised. At the establishment of a call
connection, supervision is begun (S3) and the first in an ongoing
series of measurement evaluation times is awaited (S5). At the
establishment of the connection, the base station will have sent
to the mobile station a set of channels corresponding to the
control channels of neighboring base stations for the mobile
station to perform monitoring of those channels according to MAHO.
Evaluation by the base station of measurement results received
from the mobile station on the SACCH is performed at intervals
- determined according to Fig. 5b. - Essentially, -evaluation is
carried out every "SACCH multiframe", i.e., after the receipt of
every n-th SACCH field. In one embodiment, for example, evalua-
tion is carried out after every 22nd SACCH field has been re-



8 coverage of -base station BS[err] but will not have been handed off to
base station BS[err] with the result that the nobile station's call .
connection is dropped. Such a result nmay be avoided in such situations
by:.sel ec- tively using a signal strength criterion in place of the path

|l oss criterion. In particular, the boudBlary between cells 1 and 2 may be
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mobi | e radie@ter. The resulting values represent the closest estimate of
actual signal strength. If for some reason the values cannot be
provided as scheduled (S11), the locating routine returns and
waits for the next appropriate evaluation time.

Assuming that signal strength values are available, a cell
candidate list is then prepared (S13) wherein the monitored cells
are qualified and ranked according to path loss and. signal

- strength. The preparation of the cell candidate list and the form
of the resulting list will be descrlbed in greater detail in
relation to Figs. 6 and 7.

After the cell candidate list has been prepared, a check is
made to assure that, if a handoff has been previously attempted
but unsuccessfully, a specified minimum amount of time T ALLOC_REP
since the previous allocation failure of a channel in the handoff
candidate cell has elapsed (S15). Insisting upon a waiting time
until the next allocation attempt increases the likelihood of that -
allocation attempt being successful. If the required minimum
amount of time has not expired, the locating routine returns to
wait for the next appropriate evaluation time.

Assuming that the time limitation is satisfied, the locating
routine then checks to see if there is a better cell in terms of
lower path loss or greater signal strength than the present cell
(S17). In other words, the routine checks to see if the present
cell is highest ranked among the measured cells or if one or more
cells are ranked above it. If the present cell remains the best
~cell, the -locating routine returns to wait for the next -appro-
priate evaluation time. ' |

If the present cell is not the best cell, the mobile services
center then tries to allocate a channel in each of the better cells



system such as .base stations BS[err] and BS[err] 'in Fig. 1. This particular
exanpl e pertains to a nobile station that can be used in a digital

comuni cations system i.e., one in which digitized voice information is
transmtted between base and nobile stations. Furthernore, «the operation of
the systemis explained in the context 8 full-rate transmissions in a tine
division.nultiple access (TDVA) system in which each packet of digital
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anal og si gﬁmemherat ed by a m crophone into a binary data stream The data
streamis then fividgdahfb® 48t QuEéEEEEﬁlly allocated, a handover to the

9 accor dl'ggrrt'gségrerd}:r[l)gl-o\ cgainilsplt%en apﬁgeﬁgte%ss(osczlsa)t .ed %ggt {ngesent base
station waits to learn the results of the handover attempt, and if
the handover was successful (S29), relinquishes communications

-'with the mobile station in favor of its successor base station.
If the handover was unsuccessful (S31), the base station resumes
communication with the mobile station over the same channel as was
‘used previously. The locating routine then returns to wait for
the next appropriate evaluation time.

Using the values obtained from the evaluation of measurements
in Fig. 5a, the cell candidate list is prepared in step (S13) in
a manner to be presently described in relation to Fig. 6. For the
present cell and each of its neighboring cells, steps S41-S51 are
pérformed after which the cells are ranked and the complete cell
list created in steps S$53-S57. For each cell, path loss is
calculated (S41) using the signal strength value for that cell and
the known transmission power of the cell. Path loss is calculated
as the ratio of received signal strength to tranSmitted'ﬁowér;
i.e., PL = Ppg-p/ Prx-gs Where PL represents path loss, Py, repre-
sents received signal strength in the down-link direction, and
gs represents power transmitted by the cell, or base station.
Thereafter, the received signal strength of the cell in both the
up and down link directions is estimated (S43). Normally, a
signal strength value in the down-1ink direction will be available
from measurements performed by the mobile station. It may be
necessary, however, to estimate , or interpolate, a present signal
strength value from a previous one. Up-link signal strength
values may be estimated based on the previously calculated path
loss and the known -transmission power of the mobile station
according to the equation P, =PL-P, , Wwhere PL represents path
loss, P, represents received signal strength in the up;link



channel (FACCH) generator 102 generates control and supervision signalling
nessages that are transmtted fromthe nobile station to the | and-based
system The FACCH nessage replaces a user frane (speech/data) whenever it
s, to be transmtted. A slow associated control channel (SACCH) generator
103 provi des signalling nessages that ar® transmitted over a continuous
channel for the exchange of information between the base station and the
nmobi | e stdireatinn ande Ripps Xeprdsents npeower brapspdttedgby e anrobile
al | ocat edgtq+tiBf.SACCH for each tine slot of a nessage train. Channel
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After these steps have been performed for the present cell
and all neighbor cells, the L list is then ordered in ascending
order according to -path loss, the cell with the least path loss
appearing at the head of the list. Then the S8S list is ordered in
descending order according to the previously calculated signal
strength difference. Finally, a complete cell list is created by
concatenating the L list and the SS list by linking the two lists
with a pointer. '

The resulting handover candidate list is illustrated in Fig.
7. Candidates that have signal strength both ﬁp-link ahd down-
link above their respective sufficient levels are ordered
according to increasing path loss. Candidates that have a signal
strength up-link or down-link below their respective sufficient
levels but .a signal strength on both links above their respective
minimum levels are ordered according to decreasing received signal
strengths on the weakest link. Cells having a signal strength up-
1ink or down-link that is below their respective minimum levels
are not considered as handover candidates. .

For simplicity, the foregoing description has omitted a
discussion of hysteresis. Hysteresis refers to small artificial
adjustment to- path loss or signal strerigth values made when a
mobile station first crosses a cell boundary and which remains in
force when the mobile station recrosses the cell boundary in the -

opposite direction so long as the mobile station remains in a



106 is prqvided™to the input of a nodul o-two adder 107 so that the
transmtted data is ciphered bit-by-bit by |ogical nodul o-two- addition of
a pseudo-random bit stream The out put of the channel coder 104
associated with the SACCH generator 103 is connected to a 22-burst _
interl eaver 108. The 22- burst interleader 108 interleaves data transnitted
over the SACCH over 22 tine slots each consisting of 12 bits of .
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?gr?st t %gn%ﬁé& St'ijollq?lc%rglr@&fmefﬁ edad Peidf 8! BYGHa0l stPengRY! P2LN0nRdY80n
quaility -and time-  alignment (the. latter in the case of TDMA _
systems) . When the call connection quality between the present
base station and the mobile station becomes unacceptably de-
teriorated or when the distance of the mobile station from the
base station becomes so great as to prevent its transmission from
reaching the base station in the proper time frame, an alarm is
generated to initiate handoff procedures. Cells that might not
otherwise be considered handoff candidates in the absence of an
alarm may be considered candidates in the case of urgent neces-
sity. _ ' -

Penalties may also be associated with cells, for example at °
handover failure, and gradually removed over time in the absence
of any further failure.

It will be appreciated by those of ordinary skill in the art
that the present invention can be embodies in other specific forms
without departing from the spirit or essential character thereof.
The presently disclosed embodiments are therefore considered in
all respects to be illustrative and not restrictive. The scope of
the invention is indicated by the appended claims rather than the
foregoing description, and all changes which come within the

meaning and range of equivalents thereof are intended to be
embraced therein.
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| eaver 108, the Sync Wrd/ DVCC generator 109, an equalizer 114, and a -
control 132, to integrate the various pieces of
| nfornat Wﬂimgmﬁﬁg mEE“Ipectlve units into a single nessage burst. For
agCcokdi ng ublished U S. standard EIA/TIAJ4S-54, a nessage
burst corrprl ses data (260 bItS) SACCH1912 bits), Sync Word (28 bits),
coded DVCC (12 bits), and 12 delimiter bits, conbined for a total of 324
bizts. UndeHA! DoESt he mi croprocessor 130, two different types of
nmessage bursts are generated by the burst generator 110: control channel
nmessage bursts_fromthe control channel nessa % ener at or 22 and
voiceltraffic fessad® Burd@idlulge Bokile raginheftepbong svsten havdng 3 ne
sl ot resepyagaldty 6oridllls ehehnstovidibig riadilcepbeegageliey 3Abskke astaidn as

 Panar oRof v IR L ATAE £ bl YEREEPhELLE dflatligied ysdhone

synchr oni e€dsai@hcebls; rmamethod off edlbthandaffe c@msm thet shepaerf trake

up a frame of wm{ HBLLPH- 15%&?@@1& ﬁeé@%r al B eu;éleat é@éﬂﬂéﬁd%ééé’l@
eac

conprises three full-rate tinme s trans ssion of urst | s
adj ust ed ddBer e ﬁngBSFﬂFﬂqﬁPﬁ%ﬁrﬁ‘r cﬁl’-Gﬁir&Q& b’ie%ﬁﬁtéﬁﬁé} Fedl aqeerding o
time di SptbsaFﬁecd?dadﬂﬁfé%@elgt&ﬂid-%igﬁhlnﬁﬂ%ﬁforw 0\(;! ded in order to .
i nprove signa alit Qr rt ermation regardin

equal i zati on t & g’ﬁﬁ’l oS ell e’fseré;%g@e Fl?q?*rd'be gfgsﬁ‘!%?:'e e‘ip% %i?’f'%h
Seri al Noselestisy af cedd aetording A4 sﬂw,fms@t nadigneiighaltdritenion;

assignee. 5 Briefly, the base station func- tions as the master and the
mobil e station is the slave with respect to frame timng. The equalizer 114

detects the ti mtiemrting hbandefigtei said rmakreredadkl base station and

. synchroni zes the

2. The method of claim 1 wherein said first radio~-signal
criterion is _signél strength.

3. - The method of claim 2 wherein said second radio-signal
criterion is path loss.

4, The method of claim 1 wherein said second radio-signal
criterion is path loss.

5.° The method of claim 4 wherein said first radio-signal
criterion is signal strength. .

6. The method of claim 5 wherein said specified standard
requires that a radio link from a candidate cell to a mobile
station with respect to which handoff is being decided and a radio
link in the opposite direction from the mobile station to said
candidate cell both have signal strength margin of a predetermined
amount.

7. A call handoff apparatus in a cellular mobile radiotele-

- phone system ‘having -a plurality of cells each providing radio

coverage by a base station and having a plurality of mobile
stations each associated with one of said cells, comprising:

TR




burst generator 110. The equalizer 114 is also operable for checking the

Sy:nc W ldenti fication purposes. The burst generator
110 i s Hmﬂngumﬁﬁmmnmts counter Il and the equalizer 114. The frane
counter 111°¢ upgdat’es®a ti phering code utilized by the nobile station for
edch transmitted frane, e€.g. once evergo20 ns. A ciphering unit 112 is
provi ded for generating. the ciphering code utilized by the nobile station.

A.pseudo r andoweahgorfathnsesrghéhgr dfisiy at ideldedthdhe naglirer AngRedifie? is
control | egt@%dir&%cé&?di‘ﬁé% |2 t*\;\?nsq:uﬁaﬁgb E@&Ba&uéfﬂ:leﬁbn--rhe ci phering

unit 112 consists of a sequencer at es ci phering, code. The
burst produced®83nNEhECKur E’Pegeﬁel‘:&ﬁlér 1§1(f°u|'"§ ft@@\ﬁarnlﬁﬁf-sc Said @remified or

122. The Sfanadvhlytoe1dding dpelabiecbpaingdts a segohdCaiffeteht atpEisy
according_tQ tge rLa- D(J‘;SK method ([err]/4 shifted, Differentially encoded

' QJadratur% Pha c’éﬂ-’?’f Byu ng). The use of this techm que inplies that the

i nformati on i.smdahBefont,i when nocoedll, is. foun@-that gyedis said specthied ed

as four pogshiheas Mt hPRS8e11" abctind ¥4 ] 4ia ThA @Bt #4Aint
radio-signal criterion; and
means for attempting handoff to said selected cell.

8. The apparatus of claim 7 wherein said first radio-signal
criterion is signal strength.

9. The apparatus of claim 8 wherein said second radio-
signal criterion is path loss.

_ 10. The apparatus of claim 7 wherein said second radio-
signal criterion is path loss. o '

11. The apparatus of claim 10 wherein said first radio-
signal criterion is signal strength.

12. . The method of claim 11 wherein said specified standard
requires that a radio link from a candidate cell to a mobile
station with respect to which handoff is being decided and a radio
link in the opposite direction from the mobile station to said
candidate cell both have signal strength margin of a predetermined
amount.

13. In a cellular mobile radiotelephone system, a method of
call handoff, comprising the steps of:

ranking cells according to a first radio-signal criterion;

when one or more cells meet a specified standard according to
said first radio-signal criterion, ranking said one or more cells
according to a second radio-signal criterion, ranking said one or
more cells ahead of cells that did not meet said specified .
standards; and .
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carrier frequency supplied to the RF nodul ator 122 is generated by a
transm t i f t hesi zer 124 in accordance with the sel ected
transm tt”"ﬂllcmlﬁlmmmumgre t he nmodul ated carrier is transmtted by an
antenna, the®cafri®r s *anplified by a power anplifier 123 and passes a
ti'me switch 135. The RF power enission2level of the anplifier is selected
on comrand by & nicroprocessor controller 130. A receiver carrier

f requency si gnakteBp§dner deadoff ofc faidiaprbl wePRNERE1SR| &6t &d highestng

channel byaAxEaC¥MiING/HdiP 04 CBEY 1S HANMASINGS s 4P cAPEOBLRAeERILA fHLaPBCY
signals are I‘ECﬁI ved bg a receiver 126. The signal strengths over the
cellul ar PrERGER-T2Pkedare neasured by a signal |evel meter 129. Signal
strength values are sent to the m croprocessor controller 130. An RF

demodul ator 124, whigglh ﬁggﬁ#éegftéfaﬁé@ W Ea.tr%%r lsgﬁdf ?Eﬂ%ﬁ?&’df&%‘f@é om
t he receivi I‘_l% requéncy synthesr zer an hé radi o Trequency sign rom
t he recei griterdonddspgignabssterengtlli o frequency carrier signal, thus-
generating an internediate frequency. The internediate frequency signal is
t hen denodul ated by an | F denodul atqr 128, whigch restores the gri gi pal
[err]/4-DQPSK 15modTha Bathegi ¢t cladmol fdihexein said second radio=signal

criterion is path loss.

16. The method of claim 13 wherein said second radio-signal
criterion is path loss.

17. The method of claim 16 wherein said first radio-signal
criterion is signal strength.

18. In a cellular mobile radio system including a mobile
- station and number of base stations each serving a specific
service area, said base stations including a communicating base
station communicating call information with said mobile station
and serving one area and .a neighboring base station serving
another area, wherein said oﬁe area and a neighboring area have a
common area in which communications both between the communicating
base -station and the mobile"station and between the ‘neighboring
base station and the mobile station have sufficient signal level,
a method of locating said mobile station in the systen, comprising
the steps of:

a) using a first criterion when said mobile station is
within said common area, said first criterion involving deter-
mining the radiO"path' loss of radio signals between the com-
municating base station and the mobile station, and

b) using a second criterion when said mobile station is
outside said common area, said second criterion involving
determining the strength of the signals between the communicating
base station and the mobile station.

19. In a cellular mobile radio system including a mobile

station and number of base stations each serving a specific
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12 The restored -digital information provided by the |IF denodul a- "tor
128 is su al i zer 114. A synbol detector 115 converts the
recei ved Wmﬂﬂ“"mlmmﬁmr mat of the digital data fromthe equalizer 114
to a single-bict Hat®h strédam The synbol detector 115 in turn produces three
di'stinct output signals. Control changd nessages are sent to a control

nmessage detector 133 which supplies detected control channel information to
the m cr HOLEs Arevntsaid dasactatant inelwdingar cromueat ingo baser st

deinter| Wléﬁ@:dﬂﬁ&ﬂ‘ﬁééﬂfﬁ?t&@lﬁ PEeES Rt POTARHh 0o bﬂbﬁ&%@ﬂdﬂ]@rﬁnd

rearrangi ng, i nfornpation from me sl Qts. of ,the recei Vﬁd data
symbol d&'&tﬁ?qi§gsﬁlﬁ|§§e§A &t Redghboring, Rase FEF‘PBa\?@rrVH‘?
The 22- buarsdtiter ndeea pagaidlidmnneadcatihgs based rs&mﬂmngmnvhmgs/é{acﬂd aaten

spread over 22 ¢ V, t ' I

106 or okt viRE = SEBA, g L0 Rmar, poveld il gid ne SIS PR 1 |
convol ut istrRtigncsevves daisdl janckhexdedresi withhesaid cpre arephand said
above- desgqbbipr CQPéQQhQ{rh.ﬂé' Bl eommﬁ beRl e viNKH CofiititGbre)&dth

(CRC) bits are checked to déterm ne | ror has occurred., The FACCH

channel REBURENERR KON GRING- ?aﬁﬁes'ﬁggf?ﬁc?‘?% FhspREdLe; ﬁ'%aEb‘é%CWd
channel apgtwesn FFKERe TG SR ng ha s & tdivivm arfdhehehmaneleoewwams Hahfe

ho_ chandettGLeLRRE THRE v 2 BEERPRIOL A B acRSE I TR dE
VSELP) , ainl themeryeteam  nonmis gl thee stlepsi glﬁal The analog signal is - -
finally enhancggl byy@jhyl berd it G LS Fon MiASATEE 18" nob 12 Y ASRAF 2 ed

control within said common area, said first criterion involving deter-
mining the radio path loss of radio signals between the com-
municating base station and the mobile station, and
b) using a second criterion when said mobile station is
outside said common area, said second criterion involving
determinihg the strength of the signals between the communicating
base station and the mobile station. '

20. A cell handoff method in a cellular mobile radio
telephone system having a plurality of cell sites and a mobile
station, comprising the steps of: - ' . o

a) =~ determining associated up-link signal strength at a
‘plurality of cell sites of transmissions from said mobile station
and associated down-link signal strength at said mobile station of
transmissions from said plurality of cell sjtes; .

. b) designating cell sites whose associated up-link and
down-link signal strengths are both at least a sufficient level;

c) determining path loss between said mobile station and
said designated cell sites;

d) ordering said designated cell sites in order of
increasing path loss; . '

e) designating cell sites whose associated up-link and
down-link signal strengths both exceed a minimum level;

f) ordering said cell sites designated in step (e) in order
of increasing difference between said sufficient level and a

This Sheet Has Been RTlac
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channel are detected by a FACCH detector 120, and the information is
trsansferreEull Hlﬂtumt}mj cessor controller 130. The out put of the
22-burst dées i Mlis provided to a separate channel decoder 118.
" A SACCH det ect or 121 detects messages on the slow associated control
channel and transfers that informatioreo the nicroprocessor controller
130. The m croprocessor controller 130 controls the nobile station
activity hesiseheobesefstsaidbmpdiinini stgnah, stndngtBoahdngrdd dewn—drimknal

keyboard g{qﬂglaggrgﬁgghgy out put 131. Decisions by the m croprocessor
controller 130 are nade I.n accordance with received massages an

A d
measur enent s tHat aPEIREABY the felbaitesifesdiantgs in step b) ahead of
%3 unit 4Ré eaab! Qitééodﬂaf.?ﬁﬂtéa e nggmm \@fﬂséﬂg&n@&h@midd}ﬁ
ase station, Fig. 3.4, 1ustrates ,an, enbodineni,o ase station.that
can bo utPRPOEAERS S 5156° AT BT ETa (R oREPRAP) o fRe ot VAN Hith oo
with the présenemongethé arelllisd tems destighated anosteporlat @ndhumrer ous
conponent part ﬁ%"‘h' SQt@ﬁ?)tiﬂgsﬁﬁtﬁ]ﬁéff lof 54¢8MdK 14 BeaeIshragil ¥ Ak
function to conponent go,a ts of the nobiles ] o
T site ordered first among cell sites ordered as in step g) when said
cell site is not already handling said call. ] '

21. The call handoff method of claim 20 wherein the cell
sites designated in step b) are designated in a first list, the
cell sites designated in step e) are designated in a second list,
and said ordéring step g) comprises concatenating said first and -

second lists.

[T
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station iJlustrated in Fig. 2 and described in conjunction therew th. Such
i dentical conponent parts are designated in Fig. 3 with the same reference
nuneral s utilized herei nabove in the description of the nobile station,

but are differentiated therefromby neans of a prime (') designation.

There are, however, some distinctions B&t ween the nobile and base stations.
For instance, the base station has tMBTRAERI vi ng ant ennas. Associated with
each of t heseRARIOTELERHONE JOCATENG ANR HANPQRF-USENG ADTERNAEVE RRITRRIACUI at or

127", and an |fn@€8d§h§h¥mé!@:@le raEEBE@Q@ESWd?re éﬁ?gt@ﬁ%‘ﬁiﬁé Oﬁl

|nclude a uyser_ keyboard. an uni ut|I|ze |Ie
ot or Cob el SRV 1 23600 CPRETRGE o B AN AT O BEFS S ERELORS o

f][egluenﬁyandr hla@irighra%pllumﬁlﬁpt of moblile rmta;ﬂ:b:bnda;al ngehamdiwid)% @f gaoup
? he bggeslg?%ﬁléns o?t}—on WIé-Il gﬁg%%ét rFD%DgF st?&tll on o%glggl@'d%%ttl qﬂbg g%fﬁ&n

i1 lustrat neasuramgstﬂa penfammed-iat thei maksitlent %'satia@nspm aribraaleetgdm

the nobi | eeﬂat | gB Epaﬁéﬁlééf@nétﬁdn%hml%s o YraflniikkySharesmt PRe
slot format. fromthe base station to the nobile_station. Proceeding,wth a

descri pti B8R biie ﬁé’-aﬁ:‘éi‘bs ‘ofhen ga E&lleak% Foungd FBBFeé‘lﬁﬁtl%ga afPgrified
cont ai ni ngtapaeart wdthnfespett aro & kalfll ebﬁnectdmneinnpmgrgugrdcebﬁalnged

to separate th sent,.trans sion,bur.st fro rans ssion
bor ot 2L a8, ho BARERS FH i A R e | P RSt Ya i dnbE2BRTh 0
the r adi oseldeate tesrcorligira dacandl dnafehrem'qormrbrbssmnthhrmnermmi on
field, folhawedoagain & rﬁngﬁﬁtdﬁé ﬁ.ﬁ’%% Jéffié&'&éé&}t'%%

anne on o

realize a sl ow assoclate cont ro O TFansH SSi cont ro and
super vi si 8f1REEedyrSCRERBENtP fhe first radio-signal criterion. Handoff

to the selected cell is attempted if that cell is not presently
handling that call. More particularly, the first radio-signal
criterion may be signal strength and the second radio-signal
criterion may be path loss. When a cell is found that meets the
signal-strength criterioh, the cell is determined to have
sufficient signal strength margin so that the path loss criterion .
may be used instead. As mentioned above, use of the path loss
criterion has the advantages of conserving power, reducing
interference, and allowing effective cell boundaries to remain
fixed. When no cell is found that meets the signal-strength
criterion, the call connection is determined to be sign'al;strength .
limited such that the signal strength criterion is used to select
the cell having the greatest signal strength. . .

FIGURE 1le



mobi | e stat’ion .and the base station. The field DVCC is used to transnit -a
digital verification color code used to distinguish different channels in

t he nobi | e radi ot el ephone system The final :
14.field is again a data field. Except for, the guard and ranp fields, the
base station to nobile station sl ot forng s?ontains,substan- tially the
sane fields but arranged sonmewhat differentMy. In a preferred

enbodi ment of the present invention, a locating function of Fig. 5, to be
presently described, where - .4 cqstation is located relative to cel
boundaries, is perforned ?zzEuegggnjhés ervices center under the control of
the central processor. Th€ base s¥ations nenely try to effectuate the

deci sion of the nobile services center with regard to handoff. Such a

di vision of -l abor is not, however, necessary to the practice of the present
i nvention. Al so according to a preferréd enbodi nent of the present

i nvention, neasurenents of signal strength, Ifromwhich path | oss may be

cal cul.ated, ‘are nade primarily by the nohilLg station and rel ayed to the
base station on the slow associ ated cont 6(%%hannel SACCH. The nobile
station is instructed by the base station on the :

{
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SACCH concerni ng whi ch channels to neasure. Such an arrangenment is known as
nobi | e- assi sted handoff (MAHO); and again is not essential to the practice
of the present invention. Signal strength nonitoring can instead be -

peff ormed by nei ghboring base stations as js widely practiced in.

present -day nobile radiotel e- phone systEﬁéa Referring now to Fig. 5,
in particular to Fig. 5a, the locating f ion of the nobile services
center is assuned to be initially idle (S1) prior to the establishnent of a
particular call connecti ised. At the establishnment of a cal
connection, supervision ; EE @SZ&ngd the first in an ongoi ng series of
measur enent evaluation tfines is amalted (S5)1 At the establishment of the
connection, the base station will have sent o the nobile station a set of
channel s correspondi ng to tfhe control channeus of nei ghboring\base stations
for the nobile station to perfofm nonitoring of those chafnel s\ according to
MAHO. Eval uation by the bafe stfati on of measlrenment resul s reteived from
the nobile station on the [SACCH i s perforffti®at interval s |detelni ned
according to Fig. 5b. Essgntialy, evaluatl@n is carriedfout gvery " SACCH

~multiframe", i.e., after the regeipt of QL SACCH fieldl In one
enbodi nent, for exanple, i 21 f t gr evgry 22nd SACCH
field has been re- ' :
PL / =Pl 2
55y =88, T
(PR, = PHR,)
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15 ceived. . Aninitial time limt TINITEVAL is established, however,
bef-ore the el apse of which no evaluation will be per- forned and no handof f
permtted. At the appropriate evaluation time, signal strength nmeasurenents
regeived fromthe nobile station are evaluated in the processor of the base
station. More particularly, in ste 9), a weighted average is
cal cul ated of down-link (from base stat] o nobile station) signa
strength neasurenents for the current base station and nei ghboring base
stations and is sent to the nobile services center. The resulting val ues
represent the closest estimate of actual signal strength. If for sone
reason the val ues cannot be provided as scheduled (SIl), the locating
routine returns and waits for the next .appropriate eval bation tine.
Assum ng that signal strength values are available, a cell candidate |ist
is then prepared (S13) wherein the nonitored cells are qualified and ranked
~according to path loss and signal strength. Thk preparation of the cel
candidate list and the formof the resulting list will be described in
greater detail in relation to Figs. 6 and & | After the cell candidate
l'ist has been prepared Hyeg 0 @asspre that, if a handoff has
| | speC|f|ed m ni mum anount of
| ) Ngn Failure of a channel in the
handoff candi dat Qi fiof ol A ‘,.""“ sting upon a waiting tine




“until the,fext.allocation attenpt increases the likelihood of that
allocation attenpt being successful. If the required m ni num anount of tine
has not expired,. the locating routine returns to wait for the next
appropriate evaluation tinmne. Assum ng that the tine limtation is
satisfied, the locating routine then c to see if there is a better

cell in terns of |ower path |oss or grQﬁ? signal strength than the-
present cell (S17). In other words, the routine checks to see if the

- present cell is highest ra@ged_annng the neasured cells or if one or nore

cells are ranked above it. “1f the pr ent cell remains the best cell, the
| ocating routine returns to wai he next appro- priate evaluation
the best cell . the nphile services

tine. I f -t p(r£££.m_r_d_g
center then tri al | ocate

"\c 1ne| in each of the better _celljs

3
16 in turn iy oNIeJ\_cf their ramgrhg until-either the ald of
successful or §-he§ dent cel Igi d te next-best cell accOHied hS
ranki.ng (S19). "I'f | & cHannel e% al located, an allo- ¢ [ I&re
time is set (S23) .t@ ensurepthe ni mum ~ )
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speci fied,amounf of time will elapse before the next allocation attenpt-
If-a channel is successfully allocated, a handover to the correspondi ng
cell is then attenpted (S25). The present base station waits to learn the
results of the handover attenpt, and if the handover was successful (S29),
rel i nqui shes communi cations w réo nobirl e station in favor of its
successor base station. If the% ver was unsuccessful (S31), the base
station resunes communi cation with the nobilg station over the sane channel
as was used praw l'y. The locating routin
next appropriate ation-tine.
eval uati on of rRga & @s |n$|g ,
in step (S13) EY to

For the pr&sent c each
performed d2ter yhi the c¢ll
created in tepﬂ 53 FPH7. D
‘using.the ? t& 5h c_g‘@
power of the&c;ﬁ. | 0SS
strength to’t\raﬂsmt ed power . R
path | oss, =Pfetr] repre- sents recel ed S|gnal S

direction, and P[err|  BS repre@entsépower traf ase
station. Thereafter,|the receiYed siynal . stremryt
up and down link directions is estimated (5S43).
strength val ue i n tQE -link direction wll
measur enen pertormpd- by teTobrtestat ot bver
to estimtp, or interpoléte, a present signal w e
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strength vdl ue .froma previous one. Up-link signal strength val ues may-be
esti mat ed based on the previously calculated path | oss and the known
transm ssion power of the nobile station according to the equation
Plerr]=PL P[err] where PL represents pig S;oss, P[err] repr.esents received
signal strength in the up-link 18
narr ow geogr aphi cat band surroundi ng the cell boundary. This adj ustnment
avei ds oscill ating handoffs when jG;E?LLa-GIat'on noves al ong a border. The
provi sion of hysteresis is well-k tazinpfgtﬁkilled in the art.
Addi ti onal refifenents may be added to thé basic |ocating routine described

above. For ethpleisalarn1g&perV|S|odzzay be add@d to itor, inidddition
to signal grength, trapsmssign quality andftinme al|gnnent |(the latter ip

t he case TDMR systeng) . Wer the call con ual i bet n, t he
present b ! ht Ganf” Sydcdbi | e BO3Qi on g&?ﬁﬂ"‘ ﬁﬁV@gt abl \;ﬁﬁ@ta

7 =. &5
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teriorated or when the distance of the nobile station fromthe base station
becones so great as to prevent its transm ssion fromreaching the base
station-in the proper tinme frame, an alarmis generated to initiate handoff
pridcedures. Cells that m ght not otherw se be considered handoff candi dates
I n"the absence of an alarm may be consi?a/ d candidates in the.case of
urgent neces- sSity. Penal ti es may 4l be associated with cells,- for
exanpl e at handpver faM[.F e, .and gradually renoved over tine in the absence

of any further [fail 0 /00 t Wll be appreciated by those of ordinary

skill in th8left tda ﬁ, enf invention can be enbodied in ather

specific forrs \w ingffromthe spirit or essential character
en

t hereof. The pr ' osed enbodi nent}ﬁ?g_m_uefo e considered in
all respects to be illugtrative and not resj==cei Tz%‘ ope of the
I nvention is indic;i pended cl a¥ns ?ét%’t r&the f or egoi ng

description, ang al ( ich cone within the nmeani ng and range of
equi val ent s t heteol SHRRNSIoNSed to be enbraced therein.
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CLAIMS 2. A nmet hod of call handoff in a cellular nobile radiotel ephone
system having a plurality of cells each providing radi o coverage by a base
station and having a plurality of nobile stations each associated with one
of=‘said cells, characterized in the steps,of: when a cell (B) is
found that nmeets a specified standard {526 ing to a radio signal strength
criterion (SS1 =SS2), selecting a cell aécdfding to a radi o signal

path-1oss criterion (PL1 =PL2); when no cell is found that neets
said specified standard, selecting a cell (A) according to said radio
signal strength criterion; and attenpti ng- handoff to said sel ected
cell. . 2. Met hod according to claim 1, characterized in that said

specified standard requires that a radio link froma candidate cell to a
nobile station with respect to which handoff is being decided and a radio
link in the opposite direction fromthe nobile station to said candi date
cell both have signal strength margin of a predeterm ned anount. 3. A
met hod of call handoff in a cellular nobile radiotel ephone system

i ncluding ranking (S55) cells according to radi o signal strength
criterion, characterized in the steps of: when one or nore cells
neet a specified standard according to sai adi o signal strength
criterion, ranking (S53) sai-d one or nore cqlls according to a radi o signal

path- loss criterion, ranking (S57) said on I nore cerrs aneadjof cells
that did not neet said _ . i
| Wi
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speci fi ed stamdards; and attenpting handoff of said call connection
to a highest-ranked cell when a cell handling said call connection is not
- hi ghest ranked. 4. A nmethod of locating a nobile station in a cellular
nbbi.l e radi o systemincl uding said no station and nunber of base
stations each serving a specific servﬁgz rea, said base stations including
“a communi cating base station (BS1) co nicating call information with said
mbbi | e station and seg&ﬂ@g one area and a nei ghboring base station (BS2)
serving anot.her areg rdin said one area and a nei ghboring area have

-20 - a conmon area i which conmuni cations both between the '
conmuni cat i ng bease—statt-eor—and ~0e nobile station and between the

. nelghborlngggavefafduubaﬂﬁdeWhe xpbi | e station have sufficient signal

| evel , cha té

nobil e station Mot a,
det erm ni ng (813) the r=d|o path | oss (PH§1l) of radio signals between the

t b t at d b
ﬁgrggngcgegg%d 2??t2r?o Oahg saﬁ%yaﬁéa%égz&é{ESit “3H§?Se sai d cogn%n
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ARE BOTH L INKS ABOVE W
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VES
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LIST (L LIST) IReLUOING 1549
THE PATH (0SS VALUE

|
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arem, sai h i nvol ving deterninin P(%‘E%)ﬂi‘hﬁ NT ﬂﬂl&@ﬂ"ﬂ 530
of the sijghal s between the} comruni cating base |s pﬁwlmlmlpa@mlﬁt%' | |-
‘station. 5.0 4 MAR MBnofl pf | ocating a nobil glaimfs)i n: paged. Jmtga bagdd b;,) e

radi o sydtém i ncludi ng shifl-nobile station and RuPewingk) b pagedst.atd ggg%deach

serving 4 specific servicefjarea, said 1base st t CbAbstrase | udp@dé""
comuni cg4i

I ceparea, saldipase stqtonsbstraet] Uthakedd., ., to agg,d...d
mobi | e station and ser Vi ngAgggé)azrugg an a ne| %;lgnlml 1‘%9%?1 %??;%& I
‘ idava "Trre

serving another area, said communicating base Stat+on—{(EsH
area with a | ower radio signaprpoyer CRARINVRWREbN han sai d nei ghbori ng
base station (BS2) serves said another area wth said one area and said
anot her area having a comon area in which conmunications both between the

conmuni cat i ngThéSﬁré*séhtOIh\Bélﬁi:iche ribites &bahémmrﬁtahﬁkymgactah&ng and

nei ghbor e.statj bi | e .station have s f|c nt signal

| evel ; hgggQ? (% P‘g’ ?%f]flslgagtné%éﬂg ra%lotel g.ﬂone Eg aP:arg'f’rE 2¥ri on
when sai tigppbardystatsuwnh asystdn ampmoyllngraﬁxemmve a!adldqurﬁcrtterieai on

i nvol ving determning (S13) the radio path | oss (PL1) of radio signals

bet ween t he conmmuni cati ng base statlon (BSl) and the nobile station, and
(b) . using a second criteBA&RGROHA . : 8LaYNon i s outside sald
comon area, said second cri terion i nvoI Vi ng determ ning (S9) the strength
(S51) of the $h00208: PEIAERob e SUTTOL SAENGhE Batdlt 2801 PaEL1BR%E"®
: cells or radio base stations each having a specified coverage area

is controlled to provide duplex radio communications with a large
number of mobile stations throughout a geographical area. The
coverage areas or cells of the individual base stations overlap to
provide continuous coverage. Responsibility for mobile stations
in overlapping areas is assighed based on various criteria to
define in effect a patchwork of non-overlapping contiguous cells,
typically illustrated.as hexagons. The base stations are linked
to a mobile switching center which is in turn linked to the public -
telephone system to allow the radiotelephone systenm to function as
an extension of the conventional telephone system. |
For a call connection to or from a mobile station to remain
uninterrupted as the mobile station travels from cell to cell,
-responsibility for handling the eall connectlon must be "handed-
off" from one cell to another. To accommodatg guch handoff, a
procedure must be provided for locating the mobile station, or
tracking its position in relation to cell boundaries.

Various methods are known for locating mobile stations in
a mobile radiotelephone system. Two such methods of
particular importance involve sgignal strength monitoring and
"path-loss" monitoring, respectively. In _e.g. US patent
4,670,906, path-losé is mentioned and calculated by means of
signal strength measurements and used in connection with

methods to select one or more base stations which are included

in a primary station. In this patent also signal strength

meagurements only are wmentioned and in connection with
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20¥ - neans for searchlng for a cell that neets a specified standard

accor di gaerq- Si gnal criterion; means for, when a cell is
found t edi fi ed standard, selectlng a cell according to a
second dj ff° ijgnal criterion; means for, when no cell is
found th hﬁp MA sagq dedi fi ed standard, selecting a cell according to -
said firpt d|f erent | d-signal criterion; and means for attenpting
handof f . cel | . 8. The apparatus of claim 7 wherein
said firgt radlo S|qnal terion is signal strength. 9. The
apparatus-of claim8 wherein said second radio- signal criterion is path
| oss. 10. The apparatus of claim7 wherein said second radi o- signa
criterion is path | oss. 11. The apparatus of claim 10 wherein said
first radio- signal criterion is signal strength.
1A
locating a remote station. The methods described in this

patent, however, do not mention any choice between signal
strength measurements and path-loss as a criterion to locating
and to handover.

Another US-patent 4,718,081 describes methods to minimize
wrong hand-offs in a cellular radio telecommunication system
by making field strength measurements at a number of hand-off
candidate cells and also at cells neighbouring those candidate
- cells. This known method uses field strength measurements
only in order to determine the weighted average and path-loss
is not mentioned as an alternative to determine the weighted

average of the measured field strength from the various base
stations.

Signal strength and path loss are related but distinct
quantities. Signal strength is a measure of the power of a
received radio frequency signal. Path loss 1is a measure of
the decrease in power of a radio frequency signal during
transit of the signal from transmitter to receiver. Path loss

may be calculated from signal strength if transmission power
is known.
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\,'fTEmNLSHEEI m 11 wherein said specified standard requires that a
radig ljink froma capdydate cell to a nobile station with respect to which
handdf f| i@ 4ARg998cided and a radio link in the opposite direction from
the foRile station tp baid candidate cell both have signal strength margin
of a|predeterm ned anount. 13. gn a cellular nobile radiotel ephone
systé.m,__a._neLhnd aof call handoff, conprising the steps of: r anki ng
cells according to a first radio-signal_criterjon, when one nor e
cells meet a shest foreBeytaf@ar H'Ohéé%r’ﬁﬁ‘?ﬁj’tteéegg‘?‘béfsl’XSsttemrsa. °6- g’?gﬁé
Criteriong{ankingrsaigdtenping EREe loeht somcedr uphijle ostakiansnd When

radio-signal criterjon, ranking said qng Ol Mkacesh! staaneadvefionel hs that
di d not r’rEEF s8FE3pect Rt lEs an ar%s; and c

21 specified threshold, for example, the mobile station is
assumed to have paSsed beyond the boundaries of the currently-
responsible cell. The mobile station is determined to have
entered the neighboring cell that registers the highest signal

strength for the mobile station.

12.

One mobile radiotelephone system, the GSM system, is
known to use parth loss for locating the position of mobile
stations and enjoys several important advantages over position
locating techniques using signal strength, see e.g. GSM

specification 05.08, Version 3.2.0 Appendix A, page 25. By providing that a mobile
b= station is always associated with the cell that results in the

lowest path loss for that connection, communications may be
achieved using the least possible power. Also, base station
- transmission powers may be adjusted (for example increasing the
power of a base station experiencing problems being properly
received by mobile stations) without affecting cell boundaries as
would happen using signal strength. Also, using path loss instead
of signal strength, uniform cell boundaries are applicable to
mobile stations transmitting at different power levels. Using
signal strength, a call connection with a mobile station transmit-
ting at high power will be maintained at a greater distance than
a call connection with a mobile station transmitting at a lower
power such that the effective cell size is different for mobile
. stations of different power classes.

The use of path loss alone to locate mobile stations may in
some instances, however, be disadvantageous.- If, for example, an
established call connection enjoys little or no signal-strength
margin (excess signal strength above the bare minimum required to
sustain communications), and if a different criterion than signal,
strength is used to determine the need for handoff, then the call
connection may be iﬁte'rrupted when its signal strentjth margin has

- been exhausted witﬁout a handoff having been arranged. The
) foregoing-class of calls may be referred to as being signal-
strength limited, or "carrier-to-noise" (C/N) limited. When a
call connection is not C/N limited, the path loss criterion may be

advantageously employed. Such calls are more susceptible to
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at t enpt i ng | h§do ‘chll connecti'on'to a highest- ranked cell when a
cell handlin S@' nngction is not highest ranked. 14. The

met hod of spid first radio-signal criterion is signa
st rengt h. et hod of claiyn 14 wherein said second

radi o-signgl criterion is pagih | oss. 16. The nethod of claim13
wherein sa

wh dgll?ﬁ Eﬂ: §ﬁ:§ﬂgtﬁ @Bibeicﬂzjrglél'?eﬁ gr? eldstél gna%gg
t hod of a erein sai rst r.adi 0-si
;ntare(r)lgtﬁ cfb%d1 VIR %I‘J‘iﬁaéresf?olﬁllgé‘ar]aé’n g'eé‘ﬁé'-them i ncluding a nobile

station and nuﬂnﬁéth‘aﬁ Qﬁ%ﬁkﬁlba&!"g 4t &ﬂiﬁnﬁ%vlhn&cgrngggl ithf tﬁeﬁn\oeﬁf"% arﬁea
sai d base stafi

cal | i nf cleteed @s injdaims3 ahdmmistHods off dedating anwokiter station Goretvar diffecor signal

hb t, r mherel ai d oORe ar ea and a
nei ghbg;;a%@%%n 3610 iNPer R8RSR ciathEh ShY & oa and

t he communi cati ng BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the invention will
be readily apparent to one of ordinary skill in the art from the
‘following- written - description, used in conjunction with the
drawings, in which: :

Figs. 1la through le are geometrical illustrations for
explaining the disadvantages associated with deciding handoff on
the basis of path loss only; _

J Fig. 2 is a block diagram of a mobile station portion of a
mobile radiotelephone system;

Fig. 3 is a block diagram of a base station portion of a radio
telephone system; '

Fig. 4 is a representation of a communications format between
the mobile station of Fig. 2 and the base station of Fig. 3;

Fig. 5, including Figs. 5a and 5b, is a flowchart represen-—
tation of a locating operation performed by the cellular radio-
telephone systen; N

Fig. 6 is a flowchart showing in greater detail a portion of
the locating operation of Fig. 5; and

Fig. 7 is a representation of a cell list prepared according
to the steps of Fig. 6 and used to decide handoff according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The principle underlying the present invention may best be
understood with reference to Fig. le. For ease of explanation,.

however, different features of Fig. le will first be explained
separately with reference to Figs. la-1d.

Fig. la illustrates two base stations BS, and BS, in a
cellular mobile radiotelephone system. The base stations are
located along an imaginary line, the line segment extending
between the two base stations being bisected by a transverse
imaginary line. Every point along the transverse imaginary line

1
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ba gEELACP nSlm“Elrg nmobi | e station and between the nei ghboring base
statifon and the m)[)i ‘e station have sufficient signal |level, a nethod of

efstation in the system conprising the steps of:
.@sing a first gr

terion when said nobile station is within said common
erion involving déter- nmning the radio path | oss of
radj n the com, nunicating base station and _the_npbile
station, CAYErage qfivasgssigtioneBsadur Midddi BREARKS RPN MR Q5 t6h i s
out si dehsﬁ%sé mh _ mlrw.,bmﬁmnd' tsﬁChQIﬁuQR:i Waito!th@mho\ﬂb Leg sttattdion "dIyS mﬁmhe
strength of -t Sl gna t n the communicating base station and the

nobi | e stca?rf%%&log 18 %%Hmé?'a cellular nobile radio systemincluding a
nobi | e st ati orSachl aunesulbf mpysbesavpided dackuchr eiityakiopschy selec~

22 SCIVICR &l Pheit  DARat ISl BelivdeiGnAi AQTRE GF LHE DRER 19 | ON
comuni cating call 1"mrornation_wth said nobile station
criterion. In particular, the boundary between cells 1 and 2 may
be defined as follows. In the horizontally shaded region D,
either base station may-handle a call connection with acceptable
results. Because there are advantages in using a path loss
criterion for deciding handoff where possible, the cell bdundary
is defined as the path loss curve I up until its intersection with
a curve II, forming a portion of the circle VI indicative of a
'\ i sufficient signal level at base station BS,. From that point, the
"cell boundary is defined by the curve II until its intersection
with the circle IV indicative of a sufficient level at base
station BS,. In the vertically shaded regions B, calls are signal-
strength limited. The cell boundary is therefore defined as an
equal-signal-strength curve III across the region. The resulting
boundary, defined by the combination of curves I, II and III,
divides the two cells in their area of overlapping coverage.
le
Fig. 2 illustrates a %%_s_{:ation in a cellular mobile radio
system such as base stations BS, and BS, in Fig. 1. This particular
example pertaihs to a mobile station that can be used in a digital
communications system, i.e.,. one in which digitized +voice
o information is transmitted between base and mobile stations.
Lv‘_ Furthermore, the operation of the system is explained in the
context of full-rate transmissions in a time division multiple
access (TDMA) system, in which each packet of digital information
is interleaved over two spaced time slots in a frame of data. It
will be readily appreciated, however, that the invention is
equally applicable to other types of cellular radio systems, such.
as those in which information is transmitted in an analog format,
transmitted digitally at a half rate, or transmitted in other
_ access modes such as frequency division multiple access (FDMA) or
code division multiple access (CDMA).

In the mobile station depicted in Fig. 2, a speech coder 101
converts the analog signal generated by a microphone into a binary
data stream. The data stream is then divided into data packets,
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and -sefpg g\ N a nei ghboring base station serving another area,
said cphiguh ol station serving.sai-:d one area with a | ower radio
si gnal pEwer t han sai d rjei ghbori ng base station serves said anot her area

Wi th shif GnbMAReW9BNG dai d anot her area having a common area in which
comun| cgtions both bgtveen the conmuni cati ng base station and the nobile
statiopn and between the |nei ghboring base station and the nobile station
have sWificient.signal llevel, a nmethod of |ocating said nobile station in
the system conprising the steps of: 18 a) wusing a first criterion when
said nobile station is within said comopn area, said first criterion

i nvol vi nghakirew -gedaraghikelr dind attrdwssingf tlaeli cekl ghahadaeyvweemrhtise
COM  NMUNi£HhiEMIRE Avidld Qgcgﬂﬁ!aiﬁﬁgm&&ffé @21'e gam%ﬂﬂa.e staPlon md¥edd 2
second criterion when said nobile stdtion I's outside said conmon area, said
second crAtWN9 A PRYIRYI ng Tha RFRVIFAPN hef shyeherasds dRewsldnknowpettmeen
t he commihassd iskilled it aneparand the nobile station. 20. A cell

rural ity of cdigihel k8eiRRRanEs Bhk: PbnadBspEes i BRELG dpsasings)

det er i nirventbzeclesedibed| abavei grisdr sixanmltd), atlarmplsupmrvisien aelyl by t es

trengt h S &P apMiEBEy TR RaBitiBh 80 SIBnR0° Be tbitn, arshies iR

cel | siféfuality -gpd gbme gaddiomgpend] | (the cdakitere I stbeatcaseupofi MoMand

down- | i nksyetgame) St riiéih Neh&rcatPidbriedttisy qualidy YfedP\@le present
base station and the mobile station becomes unacceptably de-
teriorated or when the distance of the mobile station from the
base station becomes so great as to prevent its transmission from
reaching the base station in the prop_ér time frame, an alarm is
generated to initiate handoff procedu,res.. Cells that niight not
otherwise be considered handoff candidates in the absence of an
alarm may be considered candidates in the case of urgent neces-
sity.

Penalties may also be associated with cells, for example at
handover failure, and gradually removed over time in the absence
of any further failure.

It will be appreciated by those of ordinary skill in the art
that the present invention can be-%gg‘ in other specific forms
without departing from the spirit or essential character thereof.
The presently disclosed embodiments are therefore considered in

3 all respects to be illustrative and not restrictive. The scope of

«’ the invention is indicated by the appended claims rather than the
foregoing description, and all changes which come within the
meaning and range of equivalents thereof are intended to b
embraced therein. '




ermnin 0ss between said nobile
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up-1link and down- i nk signal strengths both e ce I
f) ordering said cell sites designateghin stefd (fe) O%nﬂégcﬁw

di fference between said sufficient |level and a
23 lesser one of said up-link signal strength Jand said down-1ink signal
strengt iy  ams 9) ordering the cell sites desrgnated rmnm step U) ahead of
the cel STT€s designated in step e) while preserving the order anpng the
cell sites designated in step |) and preservi ng t he order anong the cell

t d d i d f
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21. The Catlnle ste%%?\s eactqggs%c%teJ wntL one o% salmefls, charactenzeé in the steps of:

desi gnat ed
qer of
s@ci at ed
eyel ;

f §i ncreasi ng

when a cell {B) is found that meets a specified standard according to a radio signal
strength criterion: {SS1=S82), selecting a cell according to a radio signal path-loss
criterion (PL1 =PL2}); _

when no cell is found that meets said specified standard, selecting a cell (A)
according to said radio signal strength criterion; and

attempting handoff to said selected cell.

2. Method according to claim 1, characterized in that said specified standard requires
that a radio link from a candidate cell to a mobile station with respect to which handoff is
being decided and a radio link in the opposite direction from the mobile station to said

candidate cell both have signal strength margin of a predetermined amount.

3. A method of call handoff in a cellular mobile radiotelephone system, including
ranking (S55) cells according to a radio signal strength criterion, characterized in the steps
of:

when one or more cells meet a specified standard according to said radio signal
strength criterion, ranking (S53) said one or more cells according to a radio signal path-
loss criterion, ranking {S57) said one or more cells ahead of cells that did not meet said
specified standards; and

attempting handoff of said call connection to a highest-ranked cell when a cell

handling said call connection is not highest ranked.

4, A method of locating a mobile station in a cellular mobile radio system including
said mobile station and number of base stations each serving a specific service area, said
base stations including a communicating base station (BS1) communicating call
information with said mobile station and serving one area and a neighboring base station

(BS2) serving another area, wherein said one area and a neighboring area have
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econd |i sts.
0 4 MAR 1998

a common area in which communications both between the communicating base station
and the mobile station and between the neighboring base station and the mobile station
have sufficient signal level, characterized in

(a) using a first criterion when said mobile station is within said common area,
said first criterion involving determining (S13) the radio path loss (PI_.1) of radio signals
between the communicating base station (BS1) and the mobile station, and

(b) using a second criterion when said mobile station is outside said common
area, said second criterion involving determining (S9) the strength (SS1) of the signals

between the communicating base station (BS1) and the mobile station.

5. A method of locating a .mobile station in a cellular mobile radio system including
said mobile station and number of base stations each serving a specific service area, said
base stations including a communicating base station (BS1) communicating call
information with said mobile station and serving one area and a neighboring base station
(BS2) serving another area, said communicating base station (BS1) serving one area with
a lower radio signal power (PWR1<PWR2) than said neighboring base station (BS2)
serves said another area with said one area and said another area having a common area
in which communications both between the communicating base station and the mobile
station and between the neighboring base station and the mobile station have sufficient
signal level, characterized in the steps of:

(a) using a first criterion when said mobile station is within said common area,
said first criterion involving determining (S13) the radio path loss (PL1) of radio signals
between the communicating base station {(BS1) and the mobile station, and

{b) using a second criterion when said mobile station is outside said common
area, said second criterion involving determining {S9) the strength {SS1) of the signals

between the communicating base station (BS1) and the mobile station.
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