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7) ABSTRACT

The present invention is directed to a qualification method
for testing a radio communication system including a plu-
rality of radio terminals. The method includes providing a
representative terminal having a machine type identical to a
machine type of the plurality of radio terminals, and execut-
ing a qualification test on the representative terminal so as to
determine whether or not the representative terminal can be
used in a desired radio communication system from a
plurality of radio communication systems. The method also
includes receiving a test success message indicating that the
representative terminal passed the qualification test, and
notifying the test success message to the plurality of radio
terminals. The present invention also relates to a computer
program product and apparatus for performing the qualifi-
cation test.
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RADIO COMMUNICATION APPARATUS AND
QUALIFICATION METHOD OF THE SAME

CROSS-REFERENCE TO A RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2001-049869, filed Feb. 26, 2001, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a qualification
method (an authorization method) of a radio communication
apparatus capable of changing radio functions.

[0004] 2. Description to the Related Art

[0005] Conventionally, radio communication apparatus
(radio terminals) such as portable telephones and PHS
(Personal Handyphone System) telephones are designed and
manufactured based upon modulation systems and transfer
rates. Further, the modulation systems and transfer rates are
exclusively used by these radio communication apparatus,
and are defined in accordance with technical standards/
specifications. In other words, a conventional radio terminal
can only be used in a single radio communication system.
Further, to use the conventional terminal, a qualification test
is first performed. The qualification test is different than a
performance test, which is performed for all radio terminal
products when they are shipped from a factory of a manu-
facturer. On the contrary, the qualification test utilizes or
determines whether or not the transmission technical speci-
fications of the relevant radio terminal can be defined under
the regulations of law.

[0006] In accordance with a conventional qualification
method, a radio terminal is tested while it is being prepared.
A qualification test radio communication system is also set
up in which the tested radio terminal can transmit and
receive. The qualification test performs various tests, such as
frequency deviation, deviation of antenna power, and spu-
rious radiation strengths. In this qualification test, a mea-
surement is performed using both a measuring device and a
corresponding method, which are determined for every
feature tested. A result of the measurement is then compared
with the technical standards of the radio communication
system. For example, an allowable deviation in a frequency
deviation test of a PHS radio communication system is
within the exclusive range +3x107° and -3x107°, Further, an
upper limit of allowable antenna power deviation is 20% of
the rated power, and a lower limit is 50% of the rated power.

[0007] When the measurement results of each feature
tested (e.g., frequency deviation, antenna power deviation,
etc.) satisfy the technical standards, the tested radio terminal
is considered to have passed the qualification test. On the
contrary, if the radio terminal does not satisfy the technical
standards, the tested radio is considered to have failed the
qualification test.

[0008] Clearly, to perform these qualification tests for
each radio terminal manufactured is complicated and time
consuming. Accordingly, the following rule has been intro-
duced. Rather than testing each radio terminal in a large set
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of manufactured radio terminals, a qualification test is only
performed on a group of radio terminals. When the group of
radio terminals pass the qualification test, all radio terminals
having the same machine type as the group of radio termi-
nals is considered to have passed the qualification test. Thus,
any person who purchases a radio terminal whose machine
type is identical to the machine type of the tested group of
radio terminals may use the radio communication system.
Further, once the radio terminal is deemed to have passe the
qualification test, the radio terminal does not have to be
subsequently tested unless a specific problem occurs.

[0009] However, the following possibilities may occur in
the near future. The hardware and software in a radio
terminal are likely to be produced by a plurality of different
vendors corresponding to respective radio communication
systems and be combined in a single radio terminal. A radio
terminal including software for performing radio functions
is hereinafter referred to as a “software-defined radio (SDR)
terminal.”

[0010] The following problems occur when a qualification
test is performed on a software-defined radio terminal. First,
in a software-defined radio terminal, a modulating/demodu-
lating process operation and a coding system are processed
using software, and the software-defined radio machine can
transmit and receive radio signals within several different
radio communication systems. Thus, after a software-de-
fined radio terminal passes a qualification for a first radio
communication system, if the software of another radio
communication system is installed (downloaded) onto the
software-defined radio terminal, the software-defined radio
terminal will likely not be able to communicate within the
second radio communication system. For example, the soft-
ware-defined radio terminal may generate electromagnetic
waves having a higher electric power higher than required
by law and/or may cause power leakage to adjacent chan-
nels.

[0011] Thus, to solve the above-described problems, every
time new software is installed on a software-defined radio
terminal, a new qualification test must be performed. In
addition, when a new radio communication system is imple-
mented, new qualification tests must also be performed for
each software-defined radio terminal. This is extremely
cumbersome and time consuming. Further, because a soft-
ware-defined radio machine terminal is flexible, the soft-
ware-defined radio terminal may use various modes of
arrangements requiring different qualification tests. Thus,
the number of qualification tests is further increased.

SUMMARY OF THE INVENTION.

[0012] Accordingly, one object of the present invention is
to solve the above-noted and other problems.

[0013] Another object of the present invention is to pro-
vide a highly efficient qualification testing method of a
software-defined radio machine that does not have to be
performed for each software-defined radio terminal.

[0014] To achieve these and other objects, the present
invention provides a qualification method for testing a radio
communication system including a plurality of radio termi-
nals. The method includes providing a representative termi-
nal having a machine type identical to a machine type of the
plurality of radio terminals, and executing a qualification
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test on the representative terminal so as to determine
whether or not the representative terminal can be used in a
desired radio communication system from a plurality of
radio communication systems. The method also includes
receiving a test success message indicating that the repre-
sentative terminal passed the qualification test, and notifying
the test success message to the plurality of radio terminals.
The present invention also relates to a computer program
product and apparatus for performing the qualification test.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:

[0016] FIGS. 1(a) and 1(b) are diagrams for illustratively
indicating a conceptional idea of a qualification testing
method in accordance with an embodiment of the present
invention;

[0017] FIG. 2 is a schematic block diagram representing
an arrangement of a radio terminal shown in FIGS. 1(a) and
1(b);

[0018] FIG. 3 is a schematic block diagram showing an
arrangement of a resource controller indicated in FIG. 2;

[0019] FIG. 4 is a schematic block diagram indicating an
arrangement of a measuring device shown in FIG. 1(a);

[0020] FIG. 5 is a schematic block diagram showing an
arrangement of a radio unit indicated in FIG. 2;

[0021] FIG. 6 is a timing diagram representing an
example of control signals supplied to a radio function
variable element shown in FIG. 5,

[0022] FIG. 7 illustrates a relationship between a time
response waveform and a spectrum of a modulation signal
which is amplified by an amplifier corresponding to the
radio function variable element;

[0023] FIG. 8 is a schematic block diagram indicating a
modification of the amplifier shown in FIG. §;

[0024] FIG. 9 is an explanatory diagram explaining an
arrangement of the qualification testing method shown in

FIG. 1(b); and

[0025] FIG. 10 illustrates a modification of the qualifica-
tion testing method of FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding parts
throughout the several views, the present invention will be
described.

[0027] FIG. 1 illustratively indicates a conceptional idea
of a qualification method in accordance with an embodiment
of the present invention. First, it is assumed in FIG. 1(a), a
measuring device 33 performs a qualification test for a
desirable radio communication system with respect to a
representative terminal 10'. The machine type of the repre-
sentative terminal 10' is identical to a radio terminal 10 (see
FIG. 1(b)) for which a qualification test is to be performed.
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That is, if the representative terminal 10" passes the quali-
fication test, it is assumed the radio terminal 10 can also pass
the qualification test.

[0028] Next, as indicated in FIG. 1(b), a test success
notifying device (for example, base station) 100 used in the
above-explained desirable radio communication system
transmits (notifies) a test success message (notification) to
the radio terminal 10. Further, because there is no clear radio
communications regulation with respect to radio signal
receptions, the radio terminal 10 can receive a radio signal
any time.

[0029] In response to the received test success message,
the radio terminal 10 may utilize the above-described desir-
able radio communication system. Note, the expression
“utilization of a radio communication system” implies that
in response to the notification issued from the test success
notifying device, the radio terminal 10 may transmit to the
desirable radio communication system. An example of a test
success notification is when the radio terminal 10 receives a
data flag “qualification OK (okay)” implying the radio
terminal 10 is allowed to transmit to the desirable radio
communication system.

[0030] The expression “same machine type” not only
includes the same type of radio product, but also includes a
situation when circuit arrangements of analog radio compo-
nents used in the radio terminals are identical to each other.
Also, the expression “test success notifying device” implies
a service center and the like may notify a test success
message to the radio terminal 10 in a wireless communica-
tion manner, or a wire communication manner.

[0031] The above-explained qualification method will
now be explained in more detail.

[0032] FIG. 2 is a schematic block diagram showing a
major unit of the radio terminal 10, 10' shown in FIGS. 1(a)
and 1(b). The radio terminal 10 is equipped with an antenna
16, a radio unit 11, a resource 12, a resource controller 13,
a storage apparatus 14, and a radio unit controller 15. The
radio unit 11 executes a wireless communication with
respect to another radio terminal (not shown). The resource
12 includes a function for performing a modulating/demodu-
lating process operation, and another function for executing
a signal process operation with respect to data. Further, the
resource controller 13 manages the resource 12, the storage
apparatus 14 reads/writes data with respect to the resource
12, and the radio unit controller 15 controls the radio unit 11.
In addition, FIG. 2 illustrates, for the sake of a simple
explanation, only the major signal flows of analog and
digital signals, and detailed control signal lines are omitted.

[0033] Under control of the radio unit controller 15, the
radio unit 11 converts a frequency of an electromagnetic
wave received by the antenna 16 into a digital signal. The
radio unit 11 then supplies the digital signal to the resource
12 provided with the signal processing function which is
resettable. On the other hand, under control of the radio unit
controller 15, the radio unit 11 receives transmission data
which is produced by the resource 12, converts this trans-
mission data into an analog signal, and converts the analog
signal into a high frequency (radio frequency) signal so as to
transmit the high frequency signal as an electromagnetic
wave.

[0034] In addition, as discussed above, the resource 12
includes functions for executing the modulating/demodulat-
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ing operation and the signal process operation with respect
to the data. The resource 12 executes the demodulating
process operation with respect to an analog signal supplied
from the radio unit 11 so as to derive data from this analog
signal based on the provided function. On the other hand, the
resource 12 executes the demodulating process operation
with respect to transmission data, and supplies the demodu-
lated signal to the radio unit 11.

[0035] Further, at least one of the radio unit controller 15
and the resource 12 receives the success notification mes-
sage indicating “qualification OK.” The radio unit 11 can
then transmit to a radio communication system by at least
any one of the radio unit controller 15 and the resource 12.
Additionally, the resource controller 13 changes a setting
operation of the function of the resource 12 based upon
information indicative of a structure of a resource (not
shown).

[0036] The storage apparatus 14 stores a software program
capable of realizing the function provided on the resource 12
and data as to a circuit arrangement of a DSP (Digital Signal
Processor) and an FPGA (Field Programmable Gate Array),
which will be explained later. The storage apparatus 14 also
stores control parameter data corresponding to a radio
function variable element (discussed later with respect to
FIG. 5), and data corresponding to either a received signal
or a signal to be transmitted. The storage apparatus 14
includes a hard disk unit and/or a semiconductor memory,
for example.

[0037] In addition, the function for performing the signal
process operation with respect to the data is resettable. In
other words, such a resource corresponds to an apparatus for
executing a signal processing operation. In more detail, the
resource may be a digital signal processor (DSP), a rewrit-
able logic (FPGA: Field Programmable Gate Array), or the
like. Because either a DSP or an FPGA is used, a desirable
function block may be allocated in a flexible manner.

[0038] Turning now to FIG. 3 which is a schematic block
diagram indicating an arrangement of the resource controller
13 shown in FIG. 2. As shown, the resource controller 13
includes a resource management table 21, a resource man-
ager 22, and a resource changing device 23. The resource
manager 22 updates contents of the resource management
table 21 in response to use states of resources owned in the
radio terminal 10. As a result, the remaining resources may
be allocated by using the resource management table 21. The
resource manager 22 allocates the required amount of
resources to realize a desirable function based upon infor-
mation indicative of an arrangement used to realize a newly
added function. Furthermore, the resource manager 22
executes an allocation of these resources using the informa-
tion as to the remaining resource. A function of a resource
is also changed by the resource changing device 23.

[0039] With the above-explained structure, such a radio
terminal (software-defined radio terminal) capable of chang-
ing the radio function based upon the information (resource
12) indicative of the structure of the radio function can be
realized.

[0040] Next, FIG. 4 is a schematic block diagram of the
measuring device 33 shown in FIG. 1. A radio communi-
cation apparatus 31 to be tested corresponds to the repre-
sentative terminal 10' of FIG. 1. A test program 32 corre-
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sponds to a program installed in a memory of the measuring
device 33 and is used to test the radio communication
apparatus 31. The test program 32 includes software for
testing the modulating/demodulating and detecting process
operations for every predetermined radio communication
system. Further, the test program 32 is processed in the form
of a library.

[0041] In addition, as discussed above, the radio commu-
nication system provided in the software-defined radio ter-
minal may be changed. Therefore, the test program is
prepared for every radio communication system to be tested
by a qualification test. A test feature is also determined for
every predetermined radio communication system. For
example, the following qualification test features may be
provided for a PHS system: frequency deviation; deviation
in antenna power; strengths of spurious radiation; occupied
bandwidths; adjacent channel leakage power; leakage power
under carrier-OFF condition; transmission speeds of modu-
lation signals; strengths of electromagnetic waves which are
secondarily generated and so on.

[0042] The measuring device 33 configured to perform the
qualification test includes the test program 32, a controller
34, and a definition information resource 35 corresponding
to resources used in the tested radio communication appa-
ratus 31.

[0043] A test operation of the radio communication appa-
ratus 31 is performed as follows:

[0044] After the radio communication apparatus 31 is
connected with the measuring device 33 (namely, the radio
communication apparatus 31 is connected to both the con-
troller 34 and definition information resource 35 via wire or
wireless communication manner), the structure of the
resource of the radio communication apparatus 31 is
changed based upon the definition information resource 35
indicative of the resources used in the radio communication
apparatus 31, and the test program 32 is executed.

[0045] In a software-defined radio terminal, there is a free
degree in an arrangement of a radio communication appa-
ratus. Because a characteristic of a radio terminal may
depend upon an arrangement of the internal radio functions,
measuring operations should be performed plural times
corresponding to the different radio functions. Therefore, the
controller 34 performs the test operation while sequentially
changing both the definition information resource 35 indica-
tive of the structure of the resource and the test program 32.
If all tested features satisfy the technical standards, then the
radio communication apparatus 31 is considered to have
passed the qualification test. On the contrary, if all of tested
features are not satisfied, the apparatus 31 is considered to
have failed the test.

[0046] As discussed above, there are several types of radio
functions provided in a software-defined radio terminal. In
other words, software modules corresponding to a plurality
of different radio communication systems are loaded onto
the software-defined radio terminal. Accordingly, a qualifi-
cation test should be performed for all combinations in
which plural radio communication systems may be com-
monly present.

[0047] For example, consider a situation in which a sys-
tem A and a system B are commonly present. In this
situation, there are the following four combinations:

[0048] (1) when only system A is loaded on the software-
defined radio terminal;
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[0049] (2) when system A has been loaded on the soft-
ware-defined radio terminal before the system B;

[0050] (3) when system B has been loaded on the soft-
ware-defined radio terminal before system A; and

[0051] (4) when only system B is loaded on the software-
defined radio terminal.

[0052] As one example, a description will now be given of
a qualification test to determine whether or not the radio
communication apparatus 31 can be used in a certain radio
communication system (assumed as “system A”).

[0053] First, the controller 34 deletes a software program
used for system A, which is stored in the radio communi-
cation apparatus 31 (i.c., an initializing operation is per-
formed so the apparatus 31 doesn’t have any software
programs installed). Next, the controller 34 selects the
appropriate resource definition information so only system A
will be loaded on the radio communication apparatus 31
from the resource definition information 35. The controller
34 then transmits (downloads) the selected resource defini-
tion information to the radio communication apparatus 31.
Thereafter, a test program used for system A is executed,
thereby completing a qualification test when only system A
is to be tested.

[0054] To execute the qualification tests for all combina-
tions in which plural radio communication systems may be
commonly present, the controller 34 subsequently deletes
the software program used for system A from the radio
communication apparatus 31, and initializes the radio com-
munication apparatus 31.

[0055] The controller 34 then selects the appropriate
resource definition information for system B, and transmits
the selected resource definition information to the radio
communication apparatus 31. Thereafter, a test program
used for the system B is executed, so as to perform a
qualification test for system B. The other combinations may
be similarly tested.

[0056] In addition, because the test program 32 used to test
a plurality of test features and the resource definition infor-
mation 35 indicative of the arrangement of the resource of
the radio communication apparatus are defined as a library,
the qualification test of the software-defined radio terminal
can be easily realized.

[0057] Further, mass-produced radio terminals with the
same machine type include equivalent functions. Thus,
qualification tests may be performed only on a smaller group
of the mass-produced radio terminals so as to reduce the
complexity and time required to complete the testing process
for all of the mass-produced radio terminals.

[0058] Turning now to FIG. 5, which is a block diagram
of the radio unit 11 shown in FIG. 2. A digital signal
transferred from a digital signal processing unit employed in
the resource 12 of FIG. 2 is converted into an analog signal
by a digital-to-analog converter (DAC), and the analog
signal output from the DAC is passed through a low-pass
filter (LPF1). A signal output from the LPF1 is then mixed
with a signal output from an oscillator 1 by a mixer so as to
be frequency-converted. A signal output from the mixer is
supplied to a band-pass filter (BPF1), and a signal output
from the BPF1 is amplified by an amplifier (AMP 1).
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[0059] Thereafter, a signal output from the AMP 1 is
mixed with a signal output from another oscillator 2 by
another mixer so as to be frequency-converted. The fre-
quency-converted signal is then supplied to another band-
pass filter (BPF2), and the filtered signal is amplified by
another amplifier (AMP2). A signal output from the AMP2
is radiated from the antenna 16 through a circulator 17.

[0060] Conversely, a signal received by the antenna 16 is
supplied via the circulator 17 to another amplifier (AMP3).
A signal flow operation executed when a signal is received
is performed in accordance with a sequential operation
indicated by the arrows in the lower half of FIG. 5. Further,
FIG. 5 merely indicates one example of a signal flow
operation, but does not limit the radio unit 11. Also, FIG. 5
merely represents as one example, a total number of the
amplifiers, oscillators, and filters. However, any other num-
ber of components (amplifiers, oscillators, filters, etc.) may
be used.

[0061] As shown, a radio function variable element 41
includes the DAC, oscillator, AMP, and ADC, which is
variable in response to a control parameter. Further, a control
line 40 (indicated by a dotted line) connects the radio
function variable element 41 with the radio unit controller
15. The radio unit controller 15 changes the control param-
eter of the radio function variable element 41 using the
control line 40 so as to control the radio unit 11 in such a
manner that the radio terminal may be adapted to a desirable
radio communication system.

[0062] This control operation implies that, for example, a
bit extracting position of the DAC is controlled, an oscilla-
tion frequency of an oscillator is controlled, an amplification
of an AMP is controlled and so on. Then, when the quali-
fication test is performed, the measuring device 33 of FIG.
4 executes the qualification test while the measuring device
33 controls the radio unit controller 15 via the definition
information resource 35.

[0063] In addition, a software-defined radio terminal is
properly operable with respect to a plurality of radio com-
munication systems. In other words, the radio unit 11 is
required to operate with respect to all radio communication
systems. In this instance, it is not possible to avoid a
condition in which the technical specification of the radio
unit 11 more or less exceeds the standard technical specifi-
cations. However, because the radio unit 11 is arranged so it
may be controlled by the above-explained radio unit con-
troller 15, the radio function of the radio unit 11 may be
appropriately changed via the radio unit controller 15.

[0064] Next, FIG. 6 is a timing diagram representing an
example of a control signal which is transferred to the radio
function variable element 41 via the control line 40 by the
radio unit controller 15. A gate circuit converts a clock signal
produced by frequency-dividing a system clock into the
control signal. FIG. 6 illustrates, as an example, control
signals having different rise times (i.c., patterns 1, 2, and 3).
The control signal is supplied to, for example, an amplifier
of a radio unit so as to be used for a control operation of
transmitting a desirable signal. In addition, a characteristic
of an analog radio unit may greatly depend upon a control
method of the analog radio unit. In other words, the char-
acteristic of the analog radio unit may be changed based on
how the analog radio unit is controlled.

[0065] Referring now to FIG. 7, a description will be
given of an example on how the characteristic of the analog
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radio unit is changed based on a difference in control
methods. FIG. 7 represents both spectra and time response
waveforms of modulation signals amplified by an amplifier
in the radio function variable element 41. In FIG. 7, symbols
(a-1) and (b-1) indicate the spectra of the modulation
signals, whereas symbols (a-2) and (b-2) represent the time
response waveforms.

[0066] The spectrum (b-1) corresponds to a time response
waveform that is changed in a step form, and the spectrum
(a-1) corresponds to a time response waveform that is gently
changed, similar to a ramp function. In other words, the
adjacent channel leakage power is changed, depending upon
the control method used by the analog radio unit.

[0067] Turning now to FIG. 8, which schematically indi-
cates another example of how the characteristic of the
analog radio unit may be changed, based on a change in the
control method (i.e., by modification of AMP2 shown in
FIG. 5). In FIG. 8, an output of a power amplifier PA 52
(corresponding to the AMP2 of FIG. 5) is connected to the
antenna 16 via an analog switch SW 50. ON/OFF operations
of the analog switch SW 50 is controlled by the radio unit
controller 15. In addition, when a suppression characteristic
for leakage power is sufficiently achieved, the OFF opera-
tion of only one analog switch SW may be used.

[0068] Further, when two sets of analog switches are
cascade-connected to handle an expected insufficient sup-
pression characteristic for the leakage power, the two analog
switches may be turned OFF at the same time. In addition,
if two sets of analog switches are used, the circuitry scale
size is inevitably increased. However, because the radio unit
of the software-defined radio terminal has to operate for all
radio communication systems, the technical specification of
the radio unit must exceed more or less the standard tech-
nical specification. Considering this technical over-specifi-
cation aspect, because a circuit scale is slightly increased by
providing a plurality of analog switches, two or more analog
switches may be used.

[0069] As previously described, the characteristic of the
analog radio unit depend on the control method of the analog
radio unit. In other words, there is a correlative relationship
between the control method and the characteristic of the
analog radio unit. Thus, when the control method of the
radio unit is specified, the characteristic of the radio unit can
also be specified.

[0070] As previously explained with reference to FIG. 4,
in accordance with one embodiment of the present inven-
tion, the qualification test of the radio communication appa-
ratus can be readily achieved, and the radio functions of the
radio communication apparatus can be easily changed based
on information indicative of the structures of the radio
functions. In addition to the arrangement shown in FIG. 4,
if the controller 34 of the measuring device 33 transmits a
message to a radio unit controller of a radio communication
apparatus to be tested, then the appropriate qualification test
may be easily performed even when a control method of a
radio unit is changed (for example, a radio communication
system is changed from system A to system B).

[0071] Referring now to FIG. 9, which is an explanatory
diagram for explaining an operation executed after the
representative terminal passes the qualification test in FIG.
1(a), (i.e., a test success message is notified from a test
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success notifying device 100 to a radio terminal 10 as shown
in FIG. 1(b)). The representative terminal (namely, radio
terminal 10' of FIG. 1) whose machine type is identical to
that of the radio terminal 10 has passed a qualification test
and the representative terminal is provided with a terminal
function of a radio communication system operated by the
test success notifying device 100 of FIG. 9.

[0072] As shown, the test success notifying device 100
includes a database 101. Further, a control sequence of a
radio unit with respect to each radio terminal used in the
radio communication system is described in the database
101. The management of the database 101 is performed by
a base station controller (not shown) installed in a test
success notifying device 100 (for example, a base station).

[0073] In addition, a radio function of the radio terminal
10 may be changed by changing a resource (namely, the
resource 12 of FIG. 2). The radio terminal 10 acquires such
information in a download operation, or the like so as to
change the resource. Further, the acquired information indi-
cates the terminal function of the radio communication
system which is operated by the test success notifying
device 100 of FIG. 9. When a desirable function is provided
in the resource of the radio terminal 10, it can be understood
the radio terminal 10 owns the terminal function of the radio
communication system operated by the test success notify-
ing device 100 of FIG. 9.

[0074] In order for the radio terminal 10 to radiate elec-
tromagnetic waves, the radio terminal 10 must pass a
qualification test. As previously explained, the representa-
tive terminal (namely, radio terminal 10' of FIG. 1) whose
machine type is identical to that of the radio terminal 10 has
passed the qualification test so the representative terminal
10" is provided with the terminal functions of the radio
communication system operated by the test success notify-
ing device 100 of FIG. 9.

[0075] Therefore, while the qualification method in accor-
dance with one embodiment of the present invention is used,
if the radio terminal 10 shown in FIG. 9 executes a control
sequence capable of passing a qualification test, then the
radio terminal 10 passed the qualification test.

[0076] In order for the radio terminal 10 to execute the
control sequence capable of passing the qualification test,
the radio terminal 10 must acquire the information repre-
sentative of this control sequence. When the radio terminal
10 has not yet acquired the control sequence capable of
passing the qualification test, the radio terminal 10 cannot
radiate electromagnetic waves (i.c., because it has not passed
a qualification test).

[0077] In other words, the radio terminal 10 cannot
request the base station to provide the information indicative
of the control sequence. However, regulation corresponding
to radio signal receptions do not prevent the radio terminal
10 from receiving radio signals. Therefore, if the base station
notifies in a periodic manner the control sequence of the
analog radio unit whose machine type is identical to that of
the representative terminal (namely, radio terminal 10' of
FIG. 1), then the radio terminal 10 may acquire the infor-
mation indicative of this control sequence.

[0078] Turning next to FIG. 10, which is a diagram for
illustratively showing a modification of the test success
notification operation shown in FIG. 9. As shown, the radio
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terminal 10 communicates with different base stations (e.g.,
both base stations A and B) which are operated by a plurality
of different radio communication systems (both radio com-
munication system A and radio communication system). The
radio terminal 10 may access both of the radio communi-
cation systems A and B in, for example, a time divisional
manner and the like. In other words, the necessary function
for connecting with the different radio communication sys-
tems has been set to the resource 12 of the radio terminal 10.

[0079] When the radio terminal 10 accesses both of the
radio communication systems A and B by commonly using
the analog radio unit, the required control timing is very
strict, as compared to a radio terminal 110 connected to only
one radio communication system.

[0080] In accordance with another embodiment of the
present invention, the radio terminal 10 acquires the infor-
mation indicative of a control sequence of an analog radio
unit employed in the radio terminal 10 from the base
stations, and controls the analog radio unit in accordance
with this acquired information, so the radio terminal 10 may
radiate electromagnetic waves.

[0081] However, there is no limitation as to the number of
control sequences. That is, only one control sequence of an
analog radio unit used in a radio terminal is not provided in
order to pass a qualification test. Therefore, if a plurality of
control sequences are previously tested for the representa-
tive terminal (namely, the radio terminal 10' of FIG. 1) and
the plurality of control sequences capable of passing a
qualification test can be determined, then a radio terminal
may select a suitable control sequence. In other words, for
a radio terminal whose control timing is very strict, this
radio terminal may select its own suitable control sequence
suitable from the plurality of control sequences capable of
passing a qualification test.

[0082] Further, for the radio terminal 10 to select its own
suitable control sequence, the base station may notify the
plurality of control sequences in a periodic manner.

[0083] As discussed above, in accordance with one
embodiment of the present invention, when the radio termi-
nal accesses a plurality of radio communication systems, the
strict control timing of the analog radio unit can be miti-
gated.

[0084] Also, in accordance with one embodiment of the
present invention, while the qualification test is performed
using the representative radio terminal, the test result for
indicating as to whether or not this representative radio
terminal can pass this qualification test is applied via the test
success notifying device to another radio terminal whose
machine type is the same as the machine type of the
representative radio terminal. Therefore, such a qualification
test does not have to be performed for each radio terminal,
so the total number of qualification tests is reduced. This is
especially effective when a newly-introduced radio commu-
nication system is brought into service.

[0085] This invention may be conveniently implemented
using a conventional general purpose digital computer or
microprocessor programmed according to the teachings of
the present specification, as will be apparent to those skilled
in the computer art. Appropriate software coding can readily
be prepared by skilled programmers based on the teachings
of the present disclosure, as will be apparent to those skilled
in the software art. The invention may also be implemented
by the preparation of application specific integrated circuits
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or by interconnecting an appropriate network of conven-
tional component circuits, as will be readily apparent to
those skilled in the art.

[0086] The present invention includes a computer pro-
gram product which is a storage medium including instruc-
tions which can be used to program a computer to perform
a process of the invention. The storage medium can include,
but is not limited to, an type of disk including floppy disks,
optical disks, CD-ROMs, and magneto-optical disks,
ROMs, RAMs, EPROMs, EEPROMs, magnetic or optical
cards, or any type of pure software inventions (e.g., word
processing, accounting, Internet related, etc.) media suitable
for storing electronic instructions

[0087] Obviously, numerous modifications and variations
of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be prac-
ticed otherwise than as specifically described herein.

1. A qualification method for testing a radio communica-
tion system including a plurality of radio terminals, com-
prising:

providing a representative terminal having a machine type
identical to a machine type of the plurality of radio
terminals;

executing a qualification test on the representative termi-
nal so as to determine whether or not the representative
terminal can be used in a desired radio communication
system from a plurality of radio communication sys-
tems;

receiving a test success message indicating that the rep-
resentative terminal passed the qualification test; and

notifying the test success message to the plurality of radio

terminals.

2. The method according to claim 1, wherein the execut-
ing step determines a control sequence for controlling a
radio unit of the representative terminal, by which the
representative terminal can pass the qualification test, and

the receiving step receives the control sequence from the
measuring step, and the notifying step notifies the
received control sequence to the plurality of radio
terminals.

3. The method according to claim 1, wherein the notifying
step notifies the plurality of radio terminals via a base station
used for the desired radio communication system.

4. The method according to claim 1, wherein the notifying
step notifies the plurality of radio terminals via a service
center used for the desired radio communication system.

5. The method according to claim 4, wherein the service
center notifies the test success message to the plurality of
radio terminals by wireless communication.

6. The method according to claim 4, wherein the service
center notifies the test success message to the plurality of
radio terminals by wire communication.

7. The method according to claim 1, wherein the execut-
ing step performs a qualification test for all combinations of
the plurality of radio communication systems.

8. A qualification system for testing radio communica-
tions, comprising:

a plurality of radio terminals;
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a representative terminal having a machine type identical
to a machine type of the plurality of radio terminals;

a measuring device including a test program correspond-
ing to a plurality of radio communication systems that
can be used by the representative terminal, and con-
figured to execute a qualification test on the represen-
tative terminal so as to determine whether or not the
representative terminal can be used in a desired radio
communication system from the plurality of radio
communication systems; and

test success notifying device configured to receive a test
success message indicating that the representative ter-
minal passed the qualification test, and configured to
notify the test success message to the plurality of radio
terminals.
9. The system according to claim 8, wherein each of the
plurality of radio terminals includes:

a radio unit configured to convert an analog radio signal
into a digital signal;

a radio unit controller configured to control the radio unit;

a resource configured to communicate the digital signal
with the radio unit, to perform a signal processing
operation on the digital signal, and to reset a function
of the signal processing operation; and

a resource controller configured to manage the resource.
10. The system according to claim 8, wherein

the measuring device determines a control sequence for
controlling a radio unit of the representative terminal,
by which the representative terminal can pass the
qualification test, and

the test success notifying device receives the control
sequence from the measuring step, and notifies the
received control sequence to the plurality of radio
terminals.

11. The system according to claim 8, wherein the test
success notifying device notifies the plurality of radio ter-
minals via a base station used for the desired radio commu-
nication system.

12. The system according to claim 8, wherein the test
success notifying device notifies the plurality of radio ter-
minals via a service center used for the desired radio
communication system.

13. The system according to claim 12, wherein the service
center notifies the test success message to the plurality of
radio terminals by wireless communication.

14. The system according to claim 12, wherein the service
center notifies the test success message to the plurality of
radio terminals by wire communication.

15. The system according to claim 8, wherein the mea-
suring device comprises:

amemory configured to store information indicative of an
arrangement of resources in the representative termi-
nal; and

a controlling unit configured to control the measuring
device, and

wherein the controlling unit performs a qualification test
while the controlling unit sequentially changes both the
information stored in the memory and the test program.
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16. The system according to claim 8, wherein the mea-
suring device performs a qualification test for all combina-
tions of the plurality of radio communication systems.

17. A computer program product for performing a quali-
fication test of a radio communication system including a
plurality of radio terminals, and a representative terminal
having a machine type identical to a machine type of the
plurality of radio terminals, the computer program product
comprising:

a first computer code configured to execute a qualification
test on the representative terminal so as to determine
whether or not the representative terminal can be used
in a desired radio communication system from a plu-
rality of radio communication systems;

a second computer code configured to receive a test
success message indicating that the representative ter-
minal passed the qualification test; and

a third computer code configured to notify the test success
message to the plurality of radio terminals.
18. The computer program product according to claim 17,
wherein

the first computer code determines a control sequence for
controlling a radio unit of the representative terminal,
by which the representative terminal can pass the
qualification test, and

the second computer code receives the control sequence
from the measuring step, and the third computer code
notifies the received control sequence to the plurality of
radio terminals.

19. The computer program product according to claim 17,
wherein the third computer code notifies the plurality of
radio terminals via a base station used for the desired radio
communication system.

20. The computer program product according to claim 17,
wherein the third computer code notifies the plurality of
radio terminals via a service center used for the desired radio
communication system.

21. The computer program product according to claim 20,
wherein the service center notifies the test success message
to the plurality of radio terminals by wireless communica-
tion.

22. The computer program product according to claim 20,
wherein the service center notifies the test success message
to the plurality of radio terminals by wire communication.

23. The computer program product according to claim 17,
wherein the first computer code performs a qualification test
for all combinations of the plurality of radio communication
systems.

24. A qualification system for testing a radio communi-
cation system including a plurality of radio terminals, and a
representative terminal having a machine type identical to a
machine type of the plurality of radio terminals, the system
comprising:

means for executing a qualification test on the represen-
tative terminal so as to determine whether or not the
representative terminal can be used in a desired radio
communication system from a plurality of radio com-
munication systems;

means for receiving a test success message indicating that
the representative terminal passed the qualification test;
and

Exhibit 1029
Page 14 of 15

Ubiquiti Inc. v. XR. Comm.
IPR2024-00148



US 2002/0119754 Al

means for notifying the test success message to the
plurality of radio terminals.
25. The system according to claim 24, wherein

the executing means determines a control sequence for
controlling a radio unit of the representative terminal,
by which the representative terminal can pass the
qualification test, and

the receiving means receives the control sequence from
the measuring step, and the notifying means notifies the
received control sequence to the plurality of radio
terminals.

26. The system according to claim 24, wherein the noti-
fying means notifies the plurality of radio terminals via a
base station used for the desired radio communication
system.

27. The system according to claim 24, wherein the noti-
fying means notifies the plurality of radio terminals via a
service center used for the desired radio communication
system.

28. The system according to claim 27, wherein the service
center notifies the test success message to the plurality of
radio terminals by wireless communication.

29. The system according to claim 27, wherein the service
center notifies the test success message to the plurality of
radio terminals by wire communication.

30. The system according to claim 24, wherein the execut-
ing means performs a qualification test for all combinations
of the plurality of radio communication systems.

31. A radio communication apparatus, comprising:

a radio unit configured to convert an analog radio signal
into a digital signal;

a radio unit controller configured to control the radio unit;

a resource configured to communicate the digital signal
with the radio unit, to perform a signal processing
operation on the digital signal, and to reset a function
of the signal processing operation; and

a resource controller configured to manage the resource,

wherein the radio communication apparatus is configured
to transmit signals within a desired radio communica-
tion system out of a plurality of radio communication
systems, when the radio communication apparatus
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receives an externally transmitted message indicating
that the radio communication apparatus may transmit
signals with respect to the desired radio communication
system.
32. The apparatus according to claim 31, wherein the
resource controller comprises:

a resource management table indicating a surplus of the
resource;

a resource manager configured to allocated the surplus of
the resource; and

a resource changing device configured to change a func-

tion of the resource.

33. The apparatus according to claim 32, wherein the
resource manager updates a content of the resource man-
agement table in response to use states of the resource.

34. The apparatus according to claim 32, wherein the
resource manager indicates an amount of resource required
to realize a desirable function based upon information
indicative of an arrangement used to realize a newly added
function.

35. The apparatus according to claim 31, wherein the
radio unit includes a radio function variable element that is
variable in response to a control parameter.

36. The apparatus according to claim 35, wherein the
radio function variable element is connected to the radio unit
controller by a control line.

37. The apparatus according to claim 36, wherein the
radio unit controller changes the control parameter of the
radio function variable element using the control line so as
to control the radio unit so the radio communication appa-
ratus is configured to the desired radio communication
system.

38. The apparatus according to claim 31, further com-
prising:

an antenna configured to transmit and receive radio sig-

nals; and

an analog switch disposed between the antenna and a
power amplifier of the radio unit,

wherein the radio unit controller controls ON/OFF opera-
tions of the analog switch.

0% % % %

Exhibit 1029
Page 15 of 15

Ubiquiti Inc. v. XR. Comm.
IPR2024-00148





