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METHOD AND APPARATUS FOR HAND-OFF 
OF CALL IN PROGRESS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is generally related to a small-cell 
mobile radio communication system such as a cellular 
mobile telephone system and particularly related to a 
method and apparatus for determining timing of a hand-off 
for permitting a mobile station to continue a telephone call 
While the mobile station is roaming across different small 
cells. 

2. Description of the Related Art 
Already-utilized prior art systems of determining timing 

of a hand-off are classi?ed into the following tWo types: 

(1) A ?rst type of the prior art system is the system that 
the hand-off timing is determined on the basis of a ratio of 
a length of time in Which a detected value of a signal-to 
noise ratio (hereinunder abbreviated as an SNR) is beloW a 
predetermined threshold to the total length of time of 
detecting or measuring the SNR; and 

(2) Another type of the prior art system is the system that 
the hand-off timing is determined on the basis of a ratio of 
a length of time in Which a detected value of received signal 
strength input (hereinunder abbreviated as an RSSI) is beloW 
a predetermined threshold value to the total time of mea 
suring the RSSI. Atypical system of the ?rst type (hereunder 
referred to simply as an SNR system) is the NORDIC mobile 
telephone system and further that of the second type 
(hereunder referred to simply as an RSSI system) is the 
small-cell mobile telephone system developed in the United 
States of America (hereunder referred to simply as the US. 
cellular system). 

Turning noW attention to FIG. 5, there is illustrated a 
block diagram of a conventional hand-off timing detecting 
system proposed by, for example, ASTRONET CORPORA 
TION in the United States of America. In this ?gure, the 
reference numeral 1 designates a receiving antenna; 2 a high 
frequency ampli?er; 3 a ?rst mixer; 4 a ?rst station 
originating signal oscillator; 5 a ?rst intermediate-frequency 
?lter; 6 a second station-originating signal oscillator/second 
mixer; 7 a second intermediate-frequency ?lter; 8 a second 
intermediate-frequency ampli?er/discriminator; 9 a noise 
detector; 10 an SAT signal detector; 11 a comparator; 12 a 
logical circuit/controller; and 13 an output terminal. 

Next, an operation of this system Will be explained 
hereinbeloW. High-frequency signals received by the receiv 
ing antenna 1 are ampli?ed by the high-frequency ampli?er 
2. Then, the ampli?ed signals from the ampli?er 2 are 
combined With signals from the oscillator 4 by the ?rst mixer 
3 to produce ?rst intermediate-frequency signals. Desired 
Waves are selected from the thus obtained ?rst intermediate 
frequency signals by use of the band ?lter 5 and are 
converted into second intermediate-frequency signals by the 
second station-originating signal oscillator/second mixer 6. 
The second intermediate-frequency signals undergo select 
ing process in the band ?lter 7. Further, the thus selected 
signals are converted into voice signals by the intermediate 
frequency ampli?er/discriminator 8 and then the voice sig 
nals are fed to an SNR detecting circuit Which is composed 
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2 
of the noise detector 9, the SAT signal detector 10 and the 
comparator 11. The voice signals contain supervisory audio 
tone (hereunder abbreviated as SAT) signals in addition to 
ordinary signals representing voices. The SAT signals are 
used to monitor circuits, and three frequencies of Waves 
(namely, Waves of 5970 HZ, 6000 HZ and 6030 HZ) are used 
as the SAT signals in the US. cellular system. The SAT 
signal is detected by the signal detecting circuit 10. On the 
other hand, noises, of Which frequencies are close to the 
frequency of the SAT signal, are detected by the noise 
detector 9. Thereafter, an SNR is evaluated by comparing a 
voltage level S of the detected signal to a voltage level N of 
the noise in the comparator 11. An output of the comparator 
11 is at a level indicating “on” state thereof (hereunder 
referred to simply as “on” level” When the evaluated value 
of the SNR exceeds or equals a predetermined threshold (for 
instance, 20 dB), Whereas the output thereof is at another 
level indicating “off” state thereof (hereunder referred to 
simply as “off” level) When being beloW the threshold. The 
logical circuit/controller 12 detects a ratio of a length of 
time, in Which the output of the comparator 11 is at the “off” 
level, to the total time of the measurement of an SNR. If the 
detected rate exceeds the threshold, the logical circuit/ 
controller 12 sends out a hand-off request by putting the 
output terminal 13 at a level indicating “ON” status of the 
SNR detecting circuit (hereunder referred to simply as “ON” 
status level). 
On the other hand, the RSSI system employs an RSSI 

detecting circuit Which substitutes for the above described 
SNR detected circuit 9, 10 and 11. Further, in the RSSI 
detecting circuit by using the similar procedures as in the 
SNR detecting circuit. 
As described above, each prior art system of detecting 

timing of a hand-off employs either the SNR system or the 
RSSI system. Comparison betWeen these SNR and RSSI 
systems reveals the folloWing fact. First, in case that adja 
cent tWo small-cells or Zones are arranged to overlap With 
each other slightly or in part, the SNR system surpasses the 
RSSI system at performance of appropriately detecting 
timing of a hand-off because the SNR can detect distur 
bances caused by interference or the like. HoWever, in case 
that the adjacent tWo Zones overlap With each other in large 
part, the RSSI system surpasses the SNR system because the 
RSSI system can detect high RSSI. In spite of this fact there 
is provided no system Which is capable of optimizing the 
timing of a hand-off in accordance With every type of Zone 
arrangement. The present invention is made to obviate the 
above-described problems of the prior art. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide a method and apparatus for a hand-off of a 
call-in-progress Which being capable of optimizing the tim 
ing of a hand-off by virtue of a combination of the SNR 
system and the RSSI system. 
A method and apparatus for a hand-off of a call-in 

progress according to the present invention is arranged such 
that both a ratio (hereunder referred to simply as a ?rst ratio) 
of a length of time, in Which a measured value of SNR is 
beloW a predetermined “threshold” to a total length of the 
measuring time, and a ratio (hereunder referred to simply as 
a second ratio) of a length of time, in Which a measured 
value of RSSI is beloW a predetermined “threshold”, to a 
total length of the measuring time are detected and that the 
?rst ratio functions mainly When the “threshold” of RSSI is 
predetermined to a relatively loW value; and the second ratio 
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functions mainly When the “threshold” of RSSI is predeter 
mined to a relatively high value, thereby optimizing the 
hand-off timing. 

To evaluate the ?rst ratio according to the present 
invention, a total length t1 of time in Which a measured value 
of SNR being beloW that of the predetermined “threshold” 
Within a length T1 of the measuring time is ?rst evaluated. 
Thereafter, the ?rst ratio (tl/Tl) is obtained by dividing T1 
into t1. Further, the detection of the second ratio according 
to the present invention is performed in the same Way. The 
detection of the SNR and RSSI and the setting of the 
“threshold” of the SNR are performed by using hardWare of 
a receiver, While the setting of t1 and T1 and of the “thresh 
old” of the RSSI is performed by utiliZing information in the 
data base provided Within a central sWitching office. 
As described above, the present invention can provide 

optimal timing of a hand-off in relation to the given arrange 
ment of the small-cells or Zones by making use of a 
combination of the SNR system and the RSSI system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention Will 
be understood by those of ordinary skill in the art after 
referring to the detailed description of a preferred embodi 
ments contained herein and to the draWings, Wherein: 

FIG. 1 is a block diagram of an apparatus or system for 
a hand-off of a call-in-progress embodying the present 
invention; 

FIG. 2 is an explanatory diagram shoWing an example of 
detecting the ?rst and second ratios in accordance With the 
present invention; 

FIG. 3 is a ?oWchart for illustrating a procedure of 
determining timing of a hand-off in one embodiment of the 
present invention; 

FIG. 4 is a ?oWchart for illustrating another procedure of 
determining timing of a hand-off in another embodiment of 
the present invention; and 

FIG. 5 is a block diagram of a conventional apparatus or 
system for a hand-off of a call-in-progress. 

It is to be noted that the same numerals indicate the like 
or corresponding components in the ?gures. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, one embodiment of the present invention Will 
be detailedly described With reference to the accompanying 
draWings. In FIG. 1, reference numerals 1 through 13 
indicate the same components as those in the prior art system 
(excluding softWare). An RSSI detector generally indicated 
by reference numeral 14 has an output terminal connected to 
an input port of a logical circuit/controller 12. 

FIG. 2 is an explanatory diagram illustrating a system of 
detecting a ratio of time When a detected value of the RSSI 
is beloW the “threshold” to a length of time of measuring the 
RSSI. FIG. 3 is a ?oWchart shoWing procedures for issuing 
a hand-off request. 

The SNR is detected in the same manner as in the 
above-described conventional system. A total length t of 
time in Which the detected value of the SNR is beloW the 
“threshold” is given by summing up periods of time ta and 
tb shoWn in FIG. 2 as folloWs: 

Further, the ?rst ratio is computed from a ratio of the total 
length t to a length T1 of the current measuring time. 
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4 
On the other hand, in case of the RSSI system, the 

detection of RSSI involves a step of amplifying an output of 
a second station-originating signal oscillator/mixer 6 by use 
of the RSSI detector 14 including a logarithmic ampli?er 
and further steps of rectifying the thus ampli?ed output to 
produce DC output. The outputs of the RSSI detector 14 are 
sampled 100 times per 1 millisecond by means of the 
controller, and a resultant mean value is compared With the 
“threshold” of RSSI. Then the second ratio of a length t 
When the detected value of the RSSI is beloW the “threshold” 
as illustrated in FIG. 2 to the time Width T1 is computed. 

Next, the procedure for sending out the hand-off request 
Will be described hereinbeloW, referring to the ?oWchart of 
FIG. 3. 
At the time of the system start, a predetermined value of 

the total length t1 of time When the detected value of SNR 
or RSSI is beloW the predetermined “threshold” thereof, a 
predetermined value of the length T1 of the time for mea 
suring or detecting SNR or RSSI and a “threshold” of RSSI 
for selecting one of the SNR and RSSI systems are doWn 
line-loaded from the data base provided in the central 
sWitching office to the logical circuit/controller 12 and are 
then stored therein. The subsequent step of the procedure is 
to determine Whether the “threshold” of the RSSI is rela 
tively high or loW, that is, Whether the “threshold” is beloW 
or above a preset value (step S1). If beloW, the SNR system 
is selected (step S2). Contrarily, if above, the RSSI system 
is selected (step S6). 

First, in case that the SNR system is selected, an output of 
the SNR detecting circuit, that is, the output level at the 
output terminal of the SNR detecting circuit is read to judge 
Whether the level of the output terminal indicates “ON” or 
“OFF” status of the SNR detecting circuit, that is, Whether 
the comparator 11 outputs the “off” state signal or the “on” 
state signal (step S3). If the output level of the terminal 13 
indicates “ON” status (that is, the output of the comparator 
11 indicates “off” state of the comparator 11), the currently 
existing data of a t-counter are shifted one digit or bit 
position (step S4), and at the same time 1 (corresponding to 
a given clocking period) is added to contents of a storing 
means, for example, another counter (hereunder referred to 
as a T-counter) provided in the logical circuit/controller 12 
for counting the time passed since the start of the current 
detection or measurement of the SNR. If time of T1 has 
elapsed since the start of the detection and further the data 
obtained by the last measurement of SNR effected in the 
previous measuring time of T1 is left in the t-counter, the 
data are deleted because of their unnecessariness (step S10). 
The contents of the t-counter, Which is used to represent 

the total length t of time When the detected SNR is beloW the 
“threshold”, are checked (step S11). If the total t exceeds t1, 
a signal indicating the hand-off request (that is, a hand-off 
signal) is issued (step S12). If not, the system proceeds to the 
next task (step S13). The task shoWn in FIG. 3 is executed 
every clocking period, and hence the hand-off request is sent 
out just When the hand-off to the next Zone is required due 
to deterioration of the SNR. 

Next, in case Where the RSSI system is selected, the mean 
value of the detected RSSI is evaluated by executing another 
task to make a comparison betWeen the mean value and the 
“threshold” of RSSI (step S7). If the mean value is beloW the 
“threshold”, the presently existing data in the t-counter are 
shifted one digit, and simultaneously 1 is added to the 
contents of the T-counter. Subsequently, the hand-off time is 
determined in the same procedure as those of the SNR 
system. 

Directing noW attention to FIG. 4, there is shoWn the 
?oWchart of the procedure of another embodiment of the 
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present invention. The detection and evaluation of both the 
RSSI and SNR is constantly effected regardless of the 
“threshold” of the RSSI; and if timing of a hand-off is 
determined from either of the evaluated values of the 
above-described ?rst and second ratios (t/T)1 and (t/T)2, the 
hand-off request is issued (step P13). Generally, as shoWn in 
this ?gure, a ?rst and second sets (t1, T1) and (t2, T2), 
respectively. Further, as t in the embodiment of FIG. 3, t1 
and t2 indicate thresholds of the total length t of time When 
the detected values of the SNR and RSSI are beloW their 
corresponding predetermined “thresholds”, respectively. 
Thus, in this embodiment, a t‘-counter and a t“-counter are 
used to measure such total lengths of the time in Which the 
detected values of the SNR and RSSI are beloW their 
“thresholds”, respectively (steps P3 and P8). Furthermore, 
T1 and T2, indicate “thresholds” of time passed since the 
start of the detection of the SNR and RSSI, respectively 
(steps P4 and P9). In this embodiment, “thresholds” of the 
?rst and second ratios (t/T)1 and (t/T)2 may be reset to be 
different from each other. Thus, in general, data t1, t2, T1 and 
T2 can be set in the data base of the central sWitching office 
such that t1#t2; and T1#T2. HoWever, in practice, these data 
are usually set as folloWs: 

In accordance With the procedure for sending out the 
hand-off request in addition to those in the above-described 
embodiment, the timing of the hand-off can be determined 
from a ratio of time, in Which either one of the detected SNR 
and RSSI is beloW the corresponding “threshold”, to the 
total length of the measuring time. In this case, a truth table 
is obtained as shoWn in Table 1. 

TABLE 1 

A Truth Table 

RSSI SNR OUTPUT 

O O O 
1 O 1 
O 1 1 
1 1 1 

Furthermore, it is possible to determine timing of a 
hand-off from speci?ed equations and a truth table by 
combining all the factors such as the “threshold” itself of 
SNR, the ?rst ratio (t/T)1, the “threshold” itself of RSSI, and 
the second ratio (t/T)2. 

Further, although in the above-described embodiments, 
noises, frequencies of Which are close to those of the SAT 
signals, are utiliZed for detection of the SNR, it is also 
feasible to detect the SNR by employing outband noises. 

The invention described herein may have many varia 
tions. Thus, the preferred embodiment described herein is to 
be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims rather than the foregoing description, and 
all changes Which come Within the meaning and range of 
equivalency of the claims are intended to be embraced 
therein. 
What is claimed is: 
1. In a small-cell mobile radio communication system 

having a central sWitching of?ce provided With a hand-off 
apparatus for determining optimal timing of a hand-off of a 
call-in-progress and for sending out a hand-off signal at the 
determined time of a hand-off, a plurality of base stations 
and a mobile station, 

10 

15 

25 

35 

45 

55 

65 

6 
said hand-off apparatus including: 
a signal input means for receiving and amplifying a 

high-frequency signal from a mobile station and for 
converting the ampli?ed signal into an intermediate 
frequency signal; 

a signal-to-noise ratio detecting means connected to said 
signal input means for converting the intermediate 
frequency signal into a voice signal, for detecting the 
signal-to-noise ratio of the voice signal, and for out 
putting a ?rst on-state signal When the detected signal 
to-noise ratio eXceeds to equals a predetermined ?rst 
threshold and a ?rst off-state signal When the detected 
signal-to-noise ratio is beloW the ?rst threshold; 

a received signal strength input detecting means con 
nected to said signal input means for detecting and 
received signal strength input of the intermediate 
frequency signal independently of said signal-to-noise 
ratio detecting means, for outputting a second on-state 
signal When the detected received signal strength input 
exceeds or equals a predetermined second threshold 
and a second off-state signal When the detected 
received signal strength input is beloW the second 
threshold; and 

control logic means connection to both said signal-to 
noise ratio detecting means and said received signal 
strength input detecting means for selecting the outputs 
from said signal-to-noise ratio and received signal 
strength input detecting means, for measuring a ?rst 
total length of time in Which at least one of the 
signal-to-noise ratio and the received signal strength 
input is beloW said corresponding ?rst or second 
threshold, respectively, by counting said ?rst or second 
off-state signals, for evaluating the ratio of said ?rst 
total length of time to a predetermined measuring time 
of the signal-to-noise ratio and received signal strength 
input, and for sending out a hand-off signal When the 
evaluated ratio eXceeds a predetermined third threshold 
thereby determining optimal timing of a hand-off of a 
call-in-progress. 

2. A hand-off apparatus as set forth in claim 1, Wherein 
said signal-to-noise ratio detecting means includes: 

a signal detecting means for detecting a supervisory audio 
tone signal in said voice signal; 

a noise detecting means for detecting noise having 
approximately the same frequency as the supervisory 
audio tone signal; and 

comparing means connected to both said signal detecting 
means and said noise detecting means for evaluating 
the signal-to-noise ratio from the detected supervisory 
audio tone signal and said noise. 

3. A method for a hand-off of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of: 

converting a signal received from a mobile station into an 
intermediate-frequency signal; 

detecting both a signal-to-noise ratio and a received signal 
strength input from the intermediate-frequency signal 
simultaneously With and independently of each other; 

determining timing of a hand-off from the detected signal 
to-noise ratio and received signal strength input on a 
predetermined condition; and 

sending out a hand-off signal at the determined time of a 

hand-off, 
Wherein said determining step comprises 

comparing a predetermined threshold value for the 
received signal strength input to a preset value; and 
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either determining timing of a hand-off from the signal 
to-noise ratio if the threshold value is below the 
preset value, or else determining timing of a hand-off 
from the received signal strength input if the thresh 
old value is above the preset value. 

4. A method for a hand-off of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of: 

converting a signal received from a mobile station into an 
intermediate-frequency signal; 

detecting both a signal-to-noise ratio and a received signal 
strength input from the intermediate-frequency signal 
simultaneously With and independently of each other; 

determining timing of a hand-off from the detected signal 
to-noise ratio and received signal strength input on a 
predetermined condition; and 

sending out a hand-off signal at the determined time of a 

hand-off, 
Wherein the timing of a hand-off is determined on the 

basis of the detected signal-to-noise ratio When the 
value of said received signal strength input is beloW a 
?rst threshold and determined on the basis of the 
detected received signal strength input When the value 
of said received signal strength input is above or equals 
said ?rst threshold. 

5. A method for a hand-off of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of: 

converting a signal received from a mobile station into an 
intermediate-frequency signal; 

detecting both a signal-to-noise ratio and a received signal 
strength input from the intermediate-frequency signal 
simultaneously With and independently of each other; 

determining timing of a hand-off from the detected signal 
to-noise ratio and received signal strength input on a 
predetermined condition; and 

sending out a hand-off signal at the determined time of a 
hand-off, 

Wherein the timing of a hand-off is determined by the 
detected received signal strength input and the detected 
signal-to-noise ratio, Whichever is ?rst to match or 
exceed said ?rst or second predetermined values, 
respectively. 

6. A method for a hand-off of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of: 

converting a signal received from a mobile station into an 
intermediate-frequency signal; 

detecting both a signal-to-noise ratio and a received signal 
strength input from the intermediate-frequency signal 
simultaneously With and independently of each other; 

determining timing of a hand-off from the detected signal 
to-noise ratio and received signal strength input on a 
predetermined condition; and 

sending out a hand-off signal at the determined time of a 
hand-off, 

Wherein the timing of a hand-off is determined from a ?rst 
ratio of detected time, in Which the detected signal-to 
noise ratio is beloW a second threshold, to a measuring 
period of time, and from a second ratio of detected 
time, in Which the detected received signal strength 
input is beloW a third threshold, to a measuring period 
of time. 

7. Amethod for a hand-off of a call-in-progress as set forth 
in claim 6, Wherein the timing of a hand-off is determined on 
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the basis of any combination of said second threshold of the 
signal-to-noise ratio and said ?rst ratio, and of said third 
threshold of the received signal strength input and said 
second ratio. 

8. In a cellular mobile radio communication system 
having a plurality of ?Xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?Xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?Xed station to another 
?Xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; 

C. determining that said call-in-progress should be 
handed off When said signal-to-noise ratio at least 
equals a ?rst threshold value and said received signal 
strength magnitude is less than a second threshold; and 

D. determining that said call-in-progress should be 
handed off When said received signal strength magni 
tude is beloW said ?rst threshold and said signal to 
noise ratio is less than a third threshold. 

9. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 8 further comprising the step 
of: 

E. converting the signal received from said mobile station 
into an intermediate-frequency signal. 

10. In a cellular mobile radio communication system 
having a plurality of ?Xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?Xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?Xed station to another 
?xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; 

C. determining that said call-in-progress should be 
handed off When said signal-to-noise ratio at least 
equals a ?rst threshold value and said received signal 
strength magnitude is less than a second threshold; and 

D. determining that said call-in-progress should be 
handed off When said received signal strength magni 
tude is beloW said ?rst threshold and said signal-to 
noise ratio is less than a third threshold, Wherein step D 
includes the steps of: 

D1. measuring said signal for a ?rst predetermined time 
interval; 

D2. evaluating a percentage of said ?rst predetermined 
time interval during Which said signal-to-noise ratio is 
beloW said third threshold; and 

D3. determining that said call-in-progress should be 
handed off When said percentage determined in step D2 
at least equals a ?rst ideal value. 

11. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 10 Wherein step C includes the 
steps of: 

C1. measuring said signal for a second predetermined 
time interval; 

C2. evaluating a percentage of said second predetermined 
time interval during Which said received signal strength 
magnitude is beloW said second threshold; and 

C3. determining that said call-in-progress should be 
handed off When said percentage determined in step C2 
at least equals a second ideal value. 
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12. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 8 Wherein said second thresh 
old and said third threshold are equal. 

13. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 8 Wherein said second thresh 
old and said third threshold are not equal. 

14. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 11 Wherein said ?rst prede 
termined time interval and said second predetermined time 
interval are equal. 

15. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 11 Wherein said ?rst prede 
termined time interval and said second predetermined time 
interval are not equal. 

16. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?xed station to another 
?xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; and 

C. determining that said call-in-progress should be 
handed off from both said generated signal-to-noise 
ratio and said received signal strength magnitude, 
Wherein said determining step comprises: 
comparing a predetermined threshold value for the 

received signal strength magnitude to a preset value; 
and 

either determining timing of a hand-off from the signal 
to-noise ratio if the threshold value is beloW the 
preset value, or else determining timing of a hand-off 
from the received signal strength magnitude if the 
threshold value is above the preset value. 

17. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 16 further comprising the step 
of: 

E. converting the signal received from said mobile station 
into an intermediate-frequency signal. 

18. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 16 Wherein step C comprises 
the step of: 

C1. determining that said call-in-progress should be 
handed off When said received signal strength magni 
tude at least equals a ?rst threshold value and said 
received signal strength magnitude is less than a second 
threshold. 

19. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?xed station to another 
?xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; 

C. determining that said call-in-progress should be 
handed off from both said generated signal-to-noise 
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ratio and said received signal strength magnitude, 
Wherein step C comprises the step of: 
C1. determining that said call-in-progress should be 

handed off When said received signal strength mag 
nitude at least equals a ?rst threshold value and said 
received signal strength magnitude is less than a 
second threshold, Wherein step C1 includes the step 
of: 
C1a. measuring said signal for a ?rst predetermined 

time interval; 
C1b. evaluating a percentage of said ?rst predeter 

mined time interval during Which said received 
signal strength magnitude is beloW said second 
threshold; and 

C1c. determining that said call-in-progress should be 
handed off When said percentage determined in 
step C1b at least equals a ?rst ideal value. 

20. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 16 Wherein step C comprises 
the step of: 

C2. determining that said call-in-progress should be 
handed off When said received signal strength magni 
tude is beloW a ?rst threshold and said signal-to-noise 
ratio is less than a second threshold. 

21. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?xed station to another 
?xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; and 

C. determining that said call-in-progress should be 
handed off from both said generated signal-to-noise 
ratio and said received signal strength magnitude, 
Wherein step C comprises the step of: 
C2. determining that said call-in-progress should be 

handed off When said received signal strength mag 
nitude is beloW a ?rst threshold and said signal-to 
noise ratio is less than a second threshold, Wherein 
step C2 includes the steps of: 

C2a. measuring said signal for a ?rst predetermined 
time interval; 

C2b. evaluating a percentage of said ?rst predeter 
mined time interval during Which said signal-to 
noise ratio is beloW said second threshold; and 

C2c. determining that said call-in-progress should be 
handed off When said percentage determined in step 
C2b at least equals an ideal value. 

22. In a cellular mobile radio communication system, the 
method for determining When a call-in-progress should be 
handed off according to claim 16 Wherein step C comprises 
the step of: 

C3. generating a hand-off signal upon the ?rst occurrence 
of said received signal strength magnitude exceeding a 
?rst threshold and said signal-to-noise ratio exceeding 
a second threshold. 

23. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 
means responsive to a high-frequency signal for detecting 

a voice signal: 
?rst means responsive to said voice signal for generating 

a signal-to-noise ratio for said voice signal; 
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second means responsive to said high-frequency signal 
for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal if said received signal strength 
magnitude is beloW a ?rst threshold and said signal 
to-noise ratio is beloW a second threshold and for 
generating a hand-off signal if said received signal 
strength magnitude is at least equal to said ?rst thresh- 10 
old and beloW a third threshold, Wherein said control 
means comprises means for comparing a predeter 
mined threshold 
value for the received signal strength input to a preset 

value; and 
means for either determining timing of a hand-off from 

the signal-to-noise ratio if the threshold value is 
beloW the preset value, or else determining timing of 
a hand-off from the received signal strength input if 
the threshold value is above the preset value. 

24. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 

means responsive to a high-frequency signal for detecting 
a voice signal: 

?rst means responsive to said voice signal for generating 
a signal-to-noise ratio for said voice signal; 

second means responsive to said high-frequency signal 
for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal if said received signal strength 
magnitude is beloW a ?rst threshold and said signal 
to-noise ratio is beloW a second threshold and for 
generating a hand-off signal if said received signal 
strength magnitude is at least equal to said ?rst thresh 
old and beloW a third threshold. 

Wherein said detecting means comprises an audio signal 
detecting means for detecting a supervisory audio tone 
signal magnitude in said voice signal and said ?rst 
generating means comprises noise detecting means for 
detecting noise magnitude of noise having approxi 
mately the same frequency as said supervisory audio 
tone signal and a comparator responsive to said audio 
tone signal magnitude signal and said noise magnitude 
for generating said signal-to-noise ratio. 

25. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 

means responsive to a high-frequency signal for detecting 
a voice signal; 

?rst means responsive to said voice signal for generating 
a signal-to-noise ratio for said voice signal; 

second means responsive to said high-frequency signal 
for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal if said received signal strength 
magnitude is beloW a ?rst threshold and said signal 
to-noise ratio is beloW a second threshold and for 
generating a hand-off signal if said received signal 
strength magnitude is at least equal to said ?rst thresh 
old and beloW a third threshold. 
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Wherein said control means comprises: 

means for measuring a time interval of predetermined 
duration; and 

means for determining a ?rst percentage of said time 
interval during Which said signal-to-noise ratio is less 
than said second threshold and a second percentage of 
said time interval during Which said received signal 
strength magnitude is less than said third threshold. 

26. Apparatus for use in a small-cell mobile ratio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 
means responsive to a high-frequency signal for detecting 

a voice signal; 
?rst means responsive to said voice signal for generating 

a signal-to-noise ratio for said voice signal: 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal upon the ?rst occurrence of said 
received signal strength magnitude eXceeding a ?rst 
threshold and said signal-to-noise ratio exceeding a 
second threshold, Wherein said control means com 
prises 
means for comparing a predetermined threshold value 

for the received signal strength input to a preset 
value; and 

means for determining timing of a hand-off from the 
signal-to-noise ratio if the threshold value is beloW 
the preset value, or else determining timing of a 
head-off from the received signal strength input if the 
threshold value is above the preset value. 

27. Apparatus for use in a small-cell mobile ratio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 
means responsive to a high-frequency signal for detecting 

a voice signal; 
means responsive to said voice signal for generating a 

signal-to-noise ratio for said voice signal; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal upon the ?rst occurrence of said 
received signal strength magnitude eXceeding a ?rst 
threshold and said signal-to-noise ratio exceeding a 
second threshold, 

Wherein said detecting means comprises an audio signal 
detecting means for detecting a supervisory audio tone 
signal magnitude in said voice signal and said ?rst 
generating means comprises noise detecting means for 
detecting noise magnitude of noise having approxi 
mately the same frequency as said supervisory audio 
tone signal and a comparator responsive to said audio 
tone signal magnitude signal and said noise magnitude 
for generating said signal-to-noise ratio. 

28. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 
means responsive to a high-frequency signal for detecting 

a voice signal; 
?rst means responsive to said voice signal for generating 

a signal-to-noise ratio for said voice signal; 
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second means responsive to said high-frequency signal 
for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal upon the ?rst occurrence of said 
received signal strength magnitude eXceeding a ?rst 
threshold and said signal-to-noise ratio eXceeding a 
second threshold, 

Wherein said control means comprises: 
means for measuring a time interval of predetermined 

duration; and 
means for determining a ?rst percentage of said time 

interval during Which said signal-to-noise ratio is less 
than said second threshold and a second percentage of 
said time interval during Which said received signal 
strength magnitude is less than [said] a third threshold. 

29. A method for a hand-off of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of: 

converting a signal received from a mobile station into an 
intermediate-frequency signal; 

detecting both a signal-to-noise ratio and a received signal 
strength input from the intermediate-frequency signal 
simultaneously and independently With each other; 

determining timing of a hand-off from the detected signal 
to-noise ratio and received signal strength input on a 
predetermined condition; and 

sending out a hand-off signal at the determined time of a 

hand-off, 
Wherein said determining step includes the steps of mea 

suring said intermediate-frequency signal for a ?rst 
predetermined time interval; 
evaluating a percentage of said ?rst predetermined time 

interval during Which said signal-to-noise ratio is 
beloW a threshold; and 

determining that said call-in-progress should be handed 
off When said percentage determined in said evalu 
ating step at least equals a ?rst ideal value. 

30. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 

means responsive to a high-frequency signal for detecting 
a voice signal; 

?rst means responsive to said voice signal for generating 
a signal-to-noise ratio for said voice signal; 

second means responsive to said high-frequency signal 
for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal if said received signal strength 
magnitude is beloW a ?rst threshold and said signal 
to-noise ratio is beloW a second threshold and for 
generating a hand-off signal if said received signal 
strength magnitude is at least equal to said ?rst thresh 
old and beloW a third threshold, Wherein said control 
means comprises means for measuring said high 
frequency signal for 
a ?rst predetermined time interval; 

means for evaluating a percentage of said ?rst predeter 
mined time interval during Which said signal-to-noise 
ratio is beloW said second threshold; and 

means for determining that said call-in-progress should be 
handed off When said percentage determined by said 
evaluating means at least equals a second ideal value. 
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31. Apparatus for use in a small-cell mobile radio com 

munication system for determining an optimal timing of a 
hand-off of a call-in-progress, said apparatus comprising: 
means responsive to a high-frequency signal for detecting 

a voice signal; 
?rst means responsive to said voice signal for generating 

a signal-to-noise ratio for said voice signal; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude 
from said high-frequency signal; and 

a control means responsive to said signal-to-noise ratio 
and said received signal strength magnitude for gener 
ating a hand-off signal upon the ?rst occurrence of said 
received signal strength magnitude eXceeding a ?rst 
threshold and said signal-to-noise ratio exceeding a 
second threshold, Wherein said control means com 
prises 
means for measuring said high-frequency signal for a 

?rst predetermined time interval; 
means for evaluating a percentage of said ?rst prede 

termined time interval during Which said signal-to 
noise ratio is beloW said second threshold; and 

means for determining that said call-in-progress should 
be handed off When said percentage determined by 
said evaluating means at least equals a second ideal 
value. 

32. In a cellular mobile radio communication system 
having a plurality of ?Xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?Xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?Xed station to another 
?Xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; 

C. determining that said call-in-progress should be 
handed off When said signal-to-noise ratio at least 
equals a ?rst threshold value and said received signal 
strength magnitude is less than a second threshold; 

D. measuring said signal for a ?rst predetermined time 
interval; 

E. evaluating a percentage of said ?rst predetermined time 
interval during Which said signal-to-noise ratio is beloW 
a third threshold; and 

F. determining that said call-in-progress should be handed 
off When said percentage determined in step E at least 
equals a second ideal value. 

33. In a cellular mobile ratio communication system 
having a plurality of ?Xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?Xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?Xed station to another 
?Xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; 

Cla. measuring said signal for a ?rst predetermined time 
interval; 

Clb. evaluating a percentage of said ?rst predetermined 
time interval during Which said received signal strength 
magnitude is beloW a second threshold; and 

Clc. determining that said call-in-progress should be 
handed off When said percentage determined in step 
Clb at least equals a ?rst ideal value. 
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34. In a cellular mobile ratio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?xed station to another 
?xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of 

said signal simultaneously With, and independently 
of, step A; 

C2a. measuring said signal for a ?rst predetermined 
time interval; 

C2b. evaluating a percentage of said ?rst predeter 
mined time interval during Which said signal-to 
noise ratio is beloW a threshold; and 

C2c. determining that said call-in-progress should be 
handed off When said percentage determined in step 
C2b at least equals a ?rst ideal value. 

35. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining When a call-in-progress 
should be handed off from said one ?xed station to another 
?xed station, said method including the steps of: 

A. generating a signal-to-noise ratio from said signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously With, and independently of, step 
A; 

C. determining that said call-in-progress should be 
handed off When said signal-to-noise ratio at least 
equals a ?rst threshold value and said received signal 
strength magnitude is less than a second threshold; and 

D. determining that said call-in-progress should be 
handed off When said received signal strength magni 
tude is beloW said ?rst threshold and said signal-to 
noise ratio is less than a third threshold, Wherein step C 
includes the steps of: 

C1. measuring said signal for a second predetermined 
time interval; 

C2. evaluating a percentage of said second predetermined 
time interval during Which said received signal strength 
magnitude is beloW a second threshold; and 

C3. determining that said call-in-progress should be 
handed off When said percentage determined in step C2 
at least equals a ?rst ideal value. 

36. In a small-cell mobile radio communication system 
having a central switching o?ice provided with a hand-o?r 
apparatus for determining optimal timing of a hand-o?r of a 
call-in-progress and for sending out a hand-o?r signal at the 
determined time of a hand-o?i a plurality of base stations 
and a mobile station, said hand-o?r apparatus including: 

a signal input means for receiving a signal; 
a signal quality detecting means connected to said signal 

input means for detecting the signal quality of the 
signal, and for outputting a ?rst on-state signal when 
the detected signal quality exceeds or equals a prede 
termined ?rst threshold and a ?rst o?r-state signal when 
the detected signal quality is below the ?rst threshold; 

a received signal strength input detecting means con 
nected to said signal input means for detecting received 
signal strength input of the signal independently of said 
signal quality detecting means, for outputting a second 
on-state signal when the detected received signal 
strength input exceeds or equals a predetermined sec 
ond threshold and a second o?r-state signal when the 
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detected received signal strength input is below the 
second threshold,‘ and 

control logic means connected to both said signal quality 
detecting means and said received signal strength input 
detecting means for selecting the outputs from said 
signal quality and received signal strength input detect 
ing means, for measuring a ?rst total length of time in 
which at least one of the signal quality and the received 
signal strength input is below said corresponding ?rst 
or second threshold, respectively, by counting said ?rst 
or second o?r-state signals, and for evaluating the ratio 
of said ?rst total length of time to a predetermined 
measuring time of the signal quality and received 
signal strength input. 

37. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of.‘ 

receiving a signal,‘ 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously with and 
independently of each other,‘ 

determining timing of a hand-o?r from the detected signal 
quality when the detected received signal strength input 
satis?es a predetermined condition and from the 
detected received signal strength input when the 
detected received signal strength input does not satisfy 
the predetermined condition,‘ and 

sending out a hand-o?r signal at the determined time of a 

38. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of.‘ 

receiving a signal,‘ 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously with and 
independently of each other,‘ 

determining timing of a hand-o?r from the detected signal 
quality and detected received signal strength input on 
a predetermined condition,‘ and 

sending out a hand-o?r signal at the determined time of a 
hand-o?i 
wherein said determining step comprises 

comparing a predetermined threshold value for the 
received signal strength input to a preset value,‘ 
and 

either determining timing of a hand-o?r from the 
signal quality if the threshold value is below the 
preset value, or else determining timing of a 
hand-o?r from the received signal strength input if 
the threshold value is above the preset value. 

39. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system, including 
the steps of.‘ 

receiving a signal,‘ 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously with and 
independently of each other,‘ 

determining timing of a hand-o?r from the detected signal 
quality and received signal strength input on a prede 
termined condition,‘ and 

sending out a hand-o?r signal at the determined time of a 

wherein the timing of a hand-o?r is determined on the basis 
of the detected signal quality when the value of said 
received signal strength input is below a ?rst threshold 
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and determined on the basis of the detected received 
signal strength input when the value of said received 
signal strength input is above or equals said ?rst 
threshold. 

40. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system; including 
the steps of." 

receiving a signal; 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously with and 
independently of each other; 

determining timing of a hand-o?r from the detected signal 
quality and received signal strength input on a prede 
termined condition; and 

sending out a hand-o?r signal at the determined time of a 

wherein the timing of a hand-o?r is determined by the ?rst 
occurrence of one of the following conditions (a) the 
detected received signal strength input matching or 
exceeding a ?rst predetermined value and (b) the 
detected signal quality matching or exceeding a second 
predetermined value. 

41. A method according to claim 40; further comprising 
the step of." 

converting the signal received from a mobile station into 
an intermediate-frequency signal. 

42. A method according to claim 40; wherein said detect 
ing step includes the step of." 

measuring said signal for a ?rst predetermined time 
interval. 

43. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system; including 
the steps of." 

receiving a signal; 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously with and 
independently of each other; 

determining timing of a hand-o?r from a ?rst ratio of 
detected time; in which the detected signal quality is 
below a second threshold; to a measuring period of 
time; and from a second ratio of detected time; in which 
the detected received signal strength input is below a 
third threshold; to a measuring period of time; and 

sending out a hand-o?r signal at the determined time of a 

44. A method as set forth in claim 43; wherein the timing 
of a hand-o?r is determined on the basis of any combination 
of said second threshold of the signal quality and said ?rst 
ratio; and of said third threshold of the received signal 
strength input and said second ratio. 

45. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system; including 
the steps of." 

receiving a signal; 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously and inde 
pendently with each other; 

determining timing of a hand-o?r from the detected signal 
quality and received signal strength input on a prede 
termined condition; and 

sending out a hand-o?r signal at the determined time of a 

wherein said determining step includes the steps of." 
measuring said signal for a ?rst predetermined time 

interval; 
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evaluating a percentage of said ?rst predetermined 

time interval during which said signal quality is 
below a threshold; and 

determining that said call-in-progress should be 
5 handed o?r when said percentage determined in said 

evaluating step at least equals a ?rst ideal value. 
46. In a cellular mobile radio communication system 

having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 

10 stations; a method for determining when a call-in-progress 
should be handed o?” from said one ?xed station to another 
?xed station; said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with; and independently of step 
A). 

C. determining that said call-in-progress should be 
handed o?r when said measurement of signal quality at 
least equals a ?rst threshold value and said received 
signal strength magnitude is less than a second thresh 
old; and 

D. determining that said call-in-progress should be 
handed o?r when said received signal strength magni 
tude is below said threshold and said measurement of 
signal quality is less than a third threshold. 

47. In a cellular mobile radio communication system; the 
method according to claim 46 further comprising the step of." 

E. converting the signal received from said mobile station 
into an intermediate-frequency signal. 

48. In a cellular mobile radio communication system; the 
method according to claim 46 wherein step D includes the 
steps of." 
D1. measuring said signal for a ?rst predetermined time 

interval; 
D2. evaluating a percentage of said ?rst predetermined 

tine interval during which said measurement of signal 
quality is below said third threshold; and 

40 D3. determining that said call-in-progress should be 
handed o?r when said percentage determined in step D2 
at least equals a ?rst ideal value. 

49. In a cellular mobile radio communication system; the 
method according to claim 46 wherein said second threshold 
and said third threshold are equal. 

50. In a cellular mobile radio communication system; the 
method according to claim 46 wherein said second threshold 
and said third threshold are not equal. 

51. In a cellular mobile radio communication system; the 
method according to claim 46 wherein step C includes the 
steps of." 

C1. measuring said signal for a second predetermined 
time interval; 

C2. evaluating a percentage of said second predetermined 
time interval during which said received signal strength 
magnitude is below said second threshold; and 

C3. determining that said call-in-progress should be 
handed o?r when said percentage determined in step C2 
at least equals a second ideal value. 

52. In a cellular mobile radio communication system; the 
method according to claim 51 wherein said ?rst predeter 
mined time interval and said second predetermined time 
interval are equal. 

53. In a cellular mobile radio communication system; the 
method according to claim 51 wherein said ?rst predeter 
mined time interval and said second predetermined time 
interval are not equal. 

15 

3O 

35 

45 

55 

65 



US RE37,669 E 
19 

54. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station, said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently of step 
A,' and 

C. determining that said call-in-progress should be 
handed o?r from said generated measurement of signal 
quality when the received signal strength satis?es a 
predetermined condition and from said received signal 
strength magnitude when the received signal strength 
input does not satisfy the predetermined condition. 

55. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station, said method including the steps of." 

A. generating a measurement of signal quality from said 
signal,' 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently of step 
A,' and 

C. determining that said call-in-progress should be 
handed o?r from both said generated measurement of 
signal quality and said received signal strength 
magnitude, wherein said determining step comprises: 
comparing a predetermined threshold value for the 

received signal strength magnitude to a preset value,‘ 
and 

either determining timing of a hand-o?r from the mea 
surement of signal quality if the threshold value is 
below the preset value, or determining timing of a 
hand-o?r from the received signal strength magnitude 
if the threshold value is above the preset value. 

56. In a cellular mobile radio communication system, the 
method according to claim 55 further comprising the step of." 

D. converting the signal received from said mobile station 
into an intermediate-frequency signal. 

57. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station, said method including the steps of." 

A. generating a measurement of signal quality from said 
signal,' 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently of step 
A,' and 

C. determining that said call-in-progress should be 
handed o?r when said received signal strength magni 
tude at least equals a ?rst threshold value and said 
received signal strength magnitude is less than a sec 
ond threshold. 

58. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station, said method including the steps of." 
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A. generating a measurement of signal quality from said 

signal,' 
B. measuring a received signal strength magnitude of said 

signal simultaneously with, and independently of step 
A). 

C. determining that said call-in-progress should be 
handed o?r from both said generated measurement of 
signal quality and said received signal strength 
magnitude, wherein step c comprises the steps of." 
C1. determining that said call-in-progress should be 
handed o?r when said received signal strength mag 
nitude at least equals a ?rst threshold value and said 
received signal strength magnitude is less than a 
second threshold, wherein step C1 includes the steps 
of." 
C] a. measuring said signal for a ?rst predetermined 

time interval,' 
C] b. evaluating a percentage of said ?rst predeter 
mined time interval during which said received 
signal strength magnitude is below said second 
threshold,' and 

C] c. determining that said call-in-progress should 
be handed o?r when said percentage determined in 
step C] b at least equals a ?rst ideal value. 

59. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining when a call-in-progress 
should be handed o?” from said one ?xed station to another 
?xed station, said method including the steps of." 

A. generating a measurement of signal quality from said 
signal,' 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently o? step 
A,' and 

C. determining that said call-in-progress should be 
handed o?r when said received signal strength magni 
tude is below a ?rst threshold and said measurement of 
signal quality is less than a second threshold. 

60. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations, a method for determining when a call-in-progress 
should be handed o?” from said one ?xed station to another 
?xed station, said method including the steps of." 

A. generating a measurement of signal quality from said 
signal,' 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently of step 
A,' and 

C. determining that said call-in-progress should be 
handed o?r from both said generated measurement of 
signal quality and said received signal strength 
magnitude, wherein step C comprises the steps of." 
C2. determining that said call-in-progress should be 
handed o?r when said received signal strength mag 
nitude is below a ?rst threshold and said measure 
ment of signal quality is less than a second threshold, 
wherein step C2 includes the steps of." 
C2a. measuring said signal for a ?rst predetermined 

time interval,' 
C2b. evaluating a percentage of said ?rst predeter 
mined time interval during which said measure 
ment of signal quality is below said second thresh 
old,‘ and 

C2c. determining that said call-in-progress should 
be handed o?r when said percentage determined in 
step C2b at least equals in ideal value. 
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61. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations; a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station; said method including the steps of: 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with; and independently of step 
A; and 

C. generating a hand-o?r signal upon the ?rst occurrence 
of said received signal strength magnitude exceeding a 
?rst threshold and said measurement of signal quality 
exceeding a second threshold. 

62. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-o?r of a call-in-progress; said apparatus comprising: 
means for receiving a high-frequency signal; 
?rst means responsive to said high-frequency signal for 

generating a measurement of signal quality; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude; 
and 

a control means responsive to said measurement of signal 
quality and said received signal strength magnitude for 
generating a hand-o?r signal if said received signal 
strength magnitude is below a ?rst threshold and said 
measurement of signal quality is below a second 
threshold and for generating a hand-o?r signal if said 
received signal strength magnitude is at least equal to 
said ?rst threshold and below a third threshold; 

means for comparing a predetermined threshold value for 
the received signal strength input to a preset value; and 

means for either determining timing of a hand-o?r from the 
measurement of signal quality if the threshold value is 
below the preset value; or else determining timing of a 
hand-o?r from the received signal strength input if the 
threshold value is above the preset value. 

63. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-o?r of a call-in-progress; said apparatus comprising; 
means for receiving a high-frequency signal; 
?rst means responsive to said high frequency signal for 

generating a measurement of signal quality; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude; 
and 

a control means responsive to said measurement of signal 
quality and said received signal strength magnitude for 
generating a hand-o?r signal if said received signal 
strength magnitude is below a ?rst threshold and said 
measurement of signal quality is below a second 
threshold and for generating a hand-o?r signal if said 
received signal strength magnitude is at least equal to 
said ?rst threshold and below a third threshold. 

64. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-o?r of a call-in-progress; said apparatus comprising: 
means for receiving a high-frequency signal; 
?rst means responsive to said high frequency signal for 

generating a measurement of signal quality; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude; 
and 
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a control means responsive to said measurement of signal 

quality and said received signal strength magnitude for 
generating a hand-o?r signal if said received signal 
strength magnitude is below a ?rst threshold and said 
measurement of signal quality is below a second 
threshold and for generating a hand-o?r signal if said 
received signal strength magnitude is at least equal to 
said ?rst threshold and below a third threshold; 

means for measuring said high-frequency signal for a ?rst 
predetermined time interval; 

means for evaluating a percentage of said ?rst predeter 
mined time interval during which said measurement of 
signal quality is below said second threshold; and 

means for determining that said call-in-progress should 
be handed o?r when said percentage determined by said 
evaluating means at least equals a second ideal value. 

65. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-o?r of a call-in-progress; said apparatus comprising: 
means for receiving a high-frequency signal; 
?rst means responsive to said high-frequency signal for 

generating a measurement of signal quality; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude; 
a control means responsive to said measurement of signal 

quality and said received signal strength magnitude for 
generating a hand-o?r signal upon the ?rst occurrence 
of said received signal strength magnitude exceeding a 
?rst threshold and said measurement of signal quality 
exceeding a second threshold; 

means for comparing a predetermined threshold value for 
the received signal strength input to a preset value; and 

means for determining timing of a hand-o?r from the 
measurement of signal quality if the threshold value is 
below the preset value; or else determining timing of a 
hand-o?r from the received signal strength input if the 
threshold value is above the preset value. 

66. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-o?r of a call-in-progress; said apparatus comprising: 
means for receiving a high-frequency signal; 
?rst means responsive to said high-frequency signal for 

generating a measurement of signal quality; 
second means responsive to said high-frequency signal 

for generating a received signal strength magnitude; 
a control means responsive to said measurement of signal 

quality and said received signal strength magnitude for 
generating a hand-o?r signal upon the ?rst occurrence 
of said received signal strength magnitude exceeding a 
?rst threshold and said measurement of signal quality 
exceeding a second threshold; 

means for measuring a time interval of predetermined 
duration; and 

means for determining a ?rst percentage of said time 
interval during which said measurement of signal qual 
ity is less than said second threshold and a second 
percentage of said time interval during which said 
receive signal strength magnitude is less than a third 
threshold. 

67. Apparatus for use in a small-cell mobile radio com 
munication system for determining an optimal timing of a 
hand-o?r of a call-in-progress; said apparatus comprising: 
means for receiving a high-frequency signal; 
?rst means responsive to said high-frequency signal for 

generating a measurement of signal quality; 
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second means responsive to said high-frequency signal 
for generating a received signal strength magnitude; 

a control means responsive to said measurement of signal 
quality and said received signal strength magnitude for 
generating a hand-o?r signal upon the ?rst occurrence 
of said received signal strength magnitude exceeding a 
?rst threshold and said measurement of signal quality 
exceeding a second threshold; 

means for measuring said high-frequency signal for a ?rst 
predetermined time interval; 

means for evaluating a percentage of said ?rst predeter 
mined time interval during which said measurement of 
signal quality is below said second threshold; and 

means for determining that said call-in-progress should 
be handed o?r when said percentage determined by said 
evaluating means at least equals a second ideal value. 

68. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations; a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station; said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with; and independently of step 
A). 

C. determining that said call-in-progress should be 
handed o?r when said measurement of quality at least 
equals a ?rst threshold value and said received signal 
strength magnitude is less than a second threshold; 

D. measuring said signal for a ?rst predetermined time 
interval; 

E. evaluating a percentage of said ?rst predetermined 
time interval during which said measurement of signal 
quality is below a third threshold; and 

E determining that said call-in-progress should be 
handed o?r when said percentage determined in step E 
at least equals a second ideal value. 

69. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations; a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station; said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with; and independently of step 
A; and 
C] a. measuring said signal for a ?rst predetermined 

time interval; 
CIb. evaluating a percentage of said ?rst predeter 
mined time interval during which said received sig 
nal strength magnitude is below a second threshold; 
and 

C] c. determining that said call-in-progress should be 
handed o?r when said percentage determined in step 
C] b at least equals a ?rst ideal value. 

70. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations; a method for determining when a call-in-progress 
should be handed o?r from said one ?xed station to another 
?xed station; said method including the step of." 
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A. generating a measurement of signal quality from said 

signal; 
B. measuring a received signal strength magnitude of said 

signal simultaneously with; and independently of step 
A). 
C2a. measuring signal for a ?rst predetermined time 

interval; 
C2b. evaluating a percentage of said ?rst predeter 
mined time interval during which said measurement 
of signal quality is below a threshold; and 

C2c. determining that said call-in-progress should be 
handed o?r when said percentage determined in step 
C2b at least equals a ?rst ideal value. 

71. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station transmitting a signal to one of said plurality of ?xed 
stations; a method for determining when a call-in-progress 
should be handed o?” from said one ?xed station to another 
?xed station; said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with; and independently of step 
A). 

C. determining that said call-in-progress should be 
handed o?r when said measurement of signal quality at 
least equals a ?rst threshold value and said received 
signal strength magnitude is less than a second thresh 
old; and 

D. determining that said call-in-progress should be 
handed o?r when said received signal strength magni 
tude is below said ?rst threshold and said measurement 
of signal quality is less than a third threshold; wherein 
step C includes the steps of." 
C1. measuring said signal for a second predetermined 

time interval; 
C2. evaluating a percentage of said second predeter 
mined time interval during which received signal 
strength magnitude is below a second threshold; and 

C3. determining that said call-in-progress should be 
handed o?r when said percentage determined in step 
C2 at least equals a ?rst ideal value. 

72. A method for a hand-o?r of a call-in-progress in a 
small-cell mobile radio communication system; 

including the steps of." 
receiving a signal; 
detecting both a signal quality and a received signal 

strength input from the signal simultaneously with 
and independently of each other; 

determining timing of a hand-o?r from the detected 
signal quality upon the occurrence of a ?rst condi 
tion and the detected received signal strength input 
upon the occurrence of a second condition; and 

sending out a hand-o?r signal at the determined time of 
a hand-o?”. 

73. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station communicating a signal with one of said plurality of 
?xed stations; a method for determining when a call-in 
progress should be handed o?r from said one ?xed station to 
another ?xed station; said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with; and independently of step 
A). 



US RE37,669 E 
25 

C. determining that said call-in-progress should be 
handed o?r when a predetermined threshold value for 
the received signal strength input at least equals a ?rst 
threshold value and said received signal strength mag 
nitude is less than a second threshold; and 

D. determining that said call-in-progress should be 
handed o?r when a predetermined threshold value is 
below said ?rst threshold and said measurement of 
signal quality is less than a third threshold. 

74. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station communicating a signal with one of said plurality of 
?xed stations, a method for determining when a call-in 
progress should be handed o?r from said one ?xed station to 
another ?xed station, said method including the steps of." 

A. generating a measurement of signal quality from said 
signal; 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently of step 
A,' and 

C. determining that said call-in-progress should be 
handed o?r from the ?rst occurrence of one of the 
following conditions (a) the detected received signal 
strength input matching or exceeding a ?rst predeter 
mined value and (b) the detected signal quality match 
ing or exceeding a second predetermined value. 

75. A method according to claim 74, further comprising 
the step of." 

converting the signal received from said mobile station 
into an intermediate-frequency signal. 

76. A method according to claim 74, wherein said detect 
ing step includes the step of: 

measuring said signal for a ?rst predetermined time 
interval. 

77. Apparatus for use in a small-cell mobile radio com 
munication system for determining optimal timing of a 
hand-o?r of a call-in-progress, said apparatus comprising: 

transceiver for communicating a signal,' 
means for detecting both a signal quality and a received 

signal strength input from the signal simultaneously 
with and independently of each other,' 

means for determining timing of a hand-o?r from the 
detected signal quality and received signal strength 
input on a predetermined condition,‘ 
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means for sending out a hand-o?r signal at the determined 

time of a hand-o?i and 
wherein the timing of a hand-o?r is determined by the ?rst 

occurrence of one of the following conditions (a) the 
detected received signal strength input matching or 
exceeding a ?rst predetermined value and (b) the 
detected signal quality matching or exceeding a second 
predetermined value. 

78. In a cellular mobile radio communication system 
10 having a plurality of ?xed stations and at least one mobile 

station communicating a signal with one of said plurality of 
?xed stations, a method for determining when a call-in 
progress should be handed o?r from said one ?xed station to 

15 another ?xed station, said method including the steps of." 
A. generating a measurement of signal quality from said 

signal,' 
B. measuring a received signal strength magnitude of said 

signal simultaneously with, and independently of step 
A,' and 

C. determining that said call-in-progress should be 
handed o?” from said generated measurement of signal 
quality upon the occurrence of a ?rst condition and 
from the detected received signal strength input upon 
the occurrence of a second condition. 

79. In a cellular mobile radio communication system 
having a plurality of ?xed stations and at least one mobile 
station communicating a signal with one of said plurality of 
?xed stations, a method for determining when a call-in 
progress should be handed o?r from said one ?xed station to 
another station, said method including the steps of." 
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A. generating a measurement of signal quality from said 
signal,' 

B. measuring a received signal strength magnitude of said 
signal simultaneously with, and independently of step 
A). 

C. determining that said call-in-progress should be 
handed o?” from said generated measurement of signal 
quality upon the occurrence of a ?rst condition and 
from the detected received signal strength input upon 
the occurrence of a second condition,‘ and 
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D. converting the signal received from said mobile station 
into an intermediate-frequency signal. 

* * * * * 


