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(57) ABSTRACT 

A radio communication apparatus compatible With a plurality 
of communication systems and application services com 
prises a radio transmitting/receiving unit for transmitting and 
receiving a radio signal, signal processing circuit for execut 
ing part of digital signal processing Which may be executed 
When a radio signal is transmitted or received, ?rst processors 
connected to the signal processing circuit for at least execut 
ing communication control related to connection between the 
radio communication apparatus and the communication sys 
tems, and an application program related to the application 
services, and second processors connected to the signal pro 
cessing circuit for at least executing another part of the digital 
signal processing, and control of the signal processing circuit, 
the amount of processing of the second processors being 
greater than the amount of processing of the ?rst processors, 
the processing concerning the executing unit. 
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RADIO COMMUNICATION APPARATUS AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/392,866, ?led Mar. 21, 2003, and is based 
upon and claims the bene?t of priority from the prior Japanese 
Patent Applications No. 2002-081990, ?led Mar. 22, 2002; 
and No. 2002-191407, ?led Jun. 28, 2002, the entire contents 
of each of Which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a radio communi 
cation apparatus and method Which utiliZe a so-called soft 
Ware radio technique and are compatible With a plurality of 
communication systems or applications due to changing pro 
grams. 
[0004] 2. Description of the Related Art 
[0005] Software radio devices have been proposed as one 
of the means for realizing a multi-mode terminal. In such 
devices, at least part of the signal processing necessary for 
signal transmission or reception is executed by software, 
using a programmable device such as a digital signal proces 
sor (DSP). The basic idea of softWare radio devices is knoWn 
from, for example, Jpn. Pat. Appln. KOKOAI Publication No. 
9-331579. HoWever, hoW to realiZe such devices under vari 
ous conditions has not been suf?ciently disclosed. 
[0006] The unit in a softWare radio device that deals With a 
baseband signal, i.e., a modem, processes a large amount of 
data, and is required to execute high-level processing such as 
protocol stack, system control processing, and sometimes 
application data processing. Therefore, the modem is subject 
to a design change each time the standards for the communi 
cation system are changed. The aforementioned program 
mable device can cope ?exibly With such a design change 
through a change in the softWare. HoWever, the capability of 
a programmable device such as a DSP may be insu?icient for 
high-speed processing of broadband radio communication 
signals. 
[0007] To make a softWare radio device handle a neW com 
munication system, or to add a neW application service func 
tion, it is necessary to prepare the necessary free resources. 
Resources management is also necessary for optimally shar 
ing one resource betWeen communication systems or ser 
vices. 
[0008] As a general design concept for radio communica 
tion apparatuses, resources are assigned to a plurality of sig 
nal processes at a predetermined ratio. If this concept is 
applied to softWare radio devices, the rate of use of each 
resource is signi?cantly reduced since the radio communica 
tion apparatuses must deal With a plurality of communication 
systems or application services. 

BRIEF SUMMARY OF THE INVENTION 

[0009] It is an object of the invention to provide a radio 
communication apparatus capable of accurately and e?i 
ciently performing resources management, and a radio com 
munication method employed in the device. 
[0010] To achieve the object, according to an aspect of the 
invention, there is provided a radio communication apparatus 
compatible With a plurality of communication systems and a 
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plurality of application services, the radio communication 
apparatus comprising: a transceiver transmitting and receiv 
ing a radio signal; an executing unit con?gured to execute a 
?rst part of a digital signal processing Which is executed in 
response to one of transmitting and receiving of the radio 
signal; a ?rst processor connected to the executing unit, at 
least, controlling a connection betWeen the radio communi 
cation apparatus and one of the communication systems, and 
the ?rst processor being further capable of processing at least 
one application program related to the application services; 
and a second processor connected to the executing unit, 
executing a second part of the digital signal processing, and 
controlling the executing unit, Wherein an amount of process 
ing by the second processor being greater than an amount of 
processing by the ?rst processor, the processing concerning 
the executing unit. 
[0011] According to another aspect of the invention, there 
is provided a radio communication apparatus compatible 
With a plurality of communication systems and a plurality of 
application services, the radio communication apparatus 
comprising: a transceiver transmitting and receiving a radio 
signal; an executing unit con?gured to execute a ?rst part of a 
digital signal processing Which is executed in response to one 
of transmitting and receiving of the radio signal; a ?rst pro 
cessor connected to the executing unit, executing a second 
part of the digital signal processing, and executing a ?rst part 
of a communication control processing related to a connec 
tion betWeen the radio communication apparatus and one of 
the communication systems, the ?rst processor being further 
capable of processing at least one application program related 
to the application services; a second processor connected to 
the executing unit, executing a second part of the communi 
cation control processing, and controlling the executing unit, 
Wherein an amount of processing by the second processor 
being greater than an amount of processing by the ?rst pro 
cessor, the processing concerning the executing unit; and a 
third processor connected to the executing unit and executing 
a third part of the digital signal processing, Wherein an 
amount of processing by the third processor being greater 
than the amount of processing by the second processor, the 
processing concerning the executing unit. 
[0012] According to yet another aspect of the invention, 
there is provided a radio communication method for use in a 
radio communication apparatus compatible With a plurality 
of communication systems and a plurality of application ser 
vices, the radio communication method comprising: execut 
ing a ?rst part of a digital signal processing Which is executed 
in response to a radio signal; controlling a connection 
betWeen the radio communication apparatus and one of the 
communication systems, and processing at least one applica 
tion program related to the application services; and execut 
ing a second part of the digital signal processing, and control 
ling the ?rst part of the digital signal processing, Wherein an 
amount of processing When executing the second part and 
controlling the ?rst part being greater than an amount of 
processing When controlling the connection and processing at 
least the one application program, the processing concerning 
the digital signal processing. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0013] FIG. 1 is a block diagram illustrating a radio com 
munication apparatus according to a ?rst embodiment of the 
invention; 



US 2008/0261649 A1 

[0014] FIG. 2 is a block diagram illustrating a radio com 
munication apparatus according to a second embodiment of 
the invention; 
[0015] FIG. 3 is a block diagram illustrating a radio com 
munication apparatus according to a third embodiment of the 
invention; 
[0016] FIG. 4 is a view useful in explaining examples of 
processes executed by the ?rst, second and third processors 
appearing in FIG. 3; 
[0017] FIG. 5 is a view useful in explaining examples of 
processes executed by the ?rst, second and third processors in 
FIG. 3 when the processors employ each of ?rst and second 
communication systems; 
[0018] FIG. 6 is a ?owchart illustrating the procedure of 
handover processing between communication systems, 
according to the third embodiment; 
[0019] FIG. 7 is a view illustrating state transition related to 
the paging signal receiving process of the radio communica 
tion apparatus of FIG. 3; 
[0020] FIG. 8 is a ?owchart illustrating the procedure of the 
paging signal receiving process of the radio communication 
apparatus of FIG. 3; 
[0021] FIG. 9 is a block diagram illustrating the con?gura 
tion of a signal processing device incorporated in a radio 
communication apparatus according to a fourth embodiment; 
and 
[0022] FIG. 10 is a ?owchart illustrating the procedure of 
processing executed by the signal processing device shown in 
FIG. 9. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Embodiments of the invention will be described 
with reference to the accompanying drawings. 

First Embodiment 

[0024] FIG. 1 shows the con?guration of a radio commu 
nication apparatus according to a ?rst embodiment of the 
invention. This radio communication apparatus receives, via 
an antenna 1, an RF (Radio Frequency) signal transmitted 
from a base station (not shown), and transmits an RF signal to 
the base station. The receiving signal from the antenna 1 is 
converted into a digital receiving IF (Intermediate Frequency) 
signal by a radio transmitting/receiving unit 2, and supplied to 
a signal processing circuit 3. The digital transmitting IF signal 
generated by the signal processing circuit 3 is converted into 
a transmitting RF signal by the radio transmitting/receiving 
unit 2, and supplied to the antenna 1. 
[0025] The signal processing circuit 3 is a programmable 
hardware circuit, such as a PLD (Programmable Logic 
Device) or FPGA (Field Programmable Gate Array), and 
executes part of the digital signal processing that may be 
executed when the radio transmitting/receiving unit 2 trans 
mits or receives a signal, the part of the digital signal process 
ing being, for example, processing in a region (baseband) 
close to the signal region of the radio transmitting/receiving 
unit 2. More speci?cally, as signal processing in the base 
band, the signal processing circuit 3 demodulates the 
sampled, digitiZed IF signal output from the radio transmit 
ting/receiving unit 2 to generate a receiving baseband signal, 
and also modulates transmission data into a transmitting 
baseband signal. The signal processing circuit 3 is connected 
to a ?rst bus 4A, which is connected to a second bus 4B via a 
bus interface 5. 
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[0026] The second bus 4B is connected to a ?rst processor 
11, an instruction memory 12 that stores a program executed 
by the processor 11, a data memory 13 that stores data and is 
used by the processor 11 as a work memory, and a cache 
memory 14 used, when necessary, by the processor 11. The 
?rst processor 11 is, for example, a CPU (Central Processing 
Unit). The instruction memory 12 and data memory 13 forms 
a so-called main memory. The cache memory 14 can be 
accessed at high speed, and may be formed of one or both of 
a primary cache contained in the processor 11 and a second 
ary cache provided outside the processor 11. 
[0027] The ?rst processor 11 performs communication 
control related to connection between the radio communica 
tion apparatus and a communication system, and also 
executes application programs. More speci?cally, as commu 
nication control, the ?rst processor 11 executes, for example, 
protocol program processing of the layer 2 and the layer 3. 
Further, the processor 11 executes application programs 
related to application services, such as E-mails, data commu 
nication and Web (world wide web) browsing. The ?rst pro 
cessor 11 may execute part of the signal processing executed 
when the radio transmitting/receiving unit 2 transmits or 
receives a signal. 
[0028] The second bus 4B is further connected to an input/ 
output device 15. The input/output device 15 comprises vari 
ous input/output units that interface the radio communication 
apparatus with its user, such as a microphone for inputting a 
voice, speaker for sounding, and keyboard and display. The 
keyboard is used to operate dial keys or function keys, to input 
texts or to execute editing operations, etc. The display dis 
plays incoming information, contents related to various appli 
cation services, and various menus, etc. The input/ output 
device 15 has an MPEG interface for performing video image 
compression/decompression, and USB interface forperform 
ing serial input/output between the terminal device and an 
external device. The input/output device 15 may further com 
prise a connector to be connected to an external device via a 
wired line. The mentioned elements of the input/output 
device 15 are connected by the bus 4B. 
[0029] On the other hand, the ?rst bus 4A is connected to a 
second processor 21, an instruction memory 22 that stores a 
program executed by the processor 21, and a data memory 23 
that stores data and is used by the processor 21 as a work 
memory. The second processor 21 is, for example, a CPU or 
DSP (Digital Signal Processor), and executes part of the 
digital signal processing that may be executed when the radio 
transmitting/receiving unit 2 transmits or receives a signal. 
Speci?cally, the processor 21 executes processing of data 
signals outside the baseband, such as “correlation opera 
tions”, “complex value arithmetic”, “maximum value detec 
tion”, “address transformation”, “sequencer”, “high-speed 
input/output processing”, “accumulation”, “accelerated 
function operations”, etc. The second processor 21 also con 
trols the signal processing circuit 3. 
[0030] In the embodiment, the required frequency of signal 
exchange with the signal processing circuit 3, and the 
required response speed of signal exchange with the signal 
processing circuit 3 differ between the processors. 
[0031] In the embodiment, the ?rst processor 11 is con 
nected to the signal processing circuit 3 via the bus interface 
5 and bus 4B, while the second processor 21 is connected to 
the signal processing circuit 3 via the bus 4A only. Since the 
?rst processor 11 is thus connected to the circuit 3 via a larger 
number of buses than the second processor 21, the response 
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speed of signal exchange between the ?rst processor 11 and 
circuit 3 is reduced compared to that betWeen the second 
processor 21 and circuit 3. Accordingly, the required fre 
quency of signal exchange is reduced betWeen the processor 
11 and circuit 3. BetWeen circuits connected via a larger 
number of buses, if the frequency of signal exchange is high, 
the poWer consumption due to signal exchange is increased. 
[0032] In other Words, compared to the second processor 
21, the processing amount of the ?rst processor 11 With 
respect to the signal processing circuit 3 is small. In this case, 
compared to the second processor 21, the required frequency 
and response speed of signal exchange betWeen the ?rst pro 
cessor 11 and circuit 3 are loW. 
[0033] In general, the software employed in radio commu 
nication apparatuses is in?uenced by the time slot or time 
frame used in the communication system. The loWer layer the 
softWare, the stronger the temporal constraint. Therefore, if 
softWare pieces of different layers are used in a single pro 
cessor (CPU or DSP), processing of a stronger temporal 
constraint competes With processing that requires a high 
operational capability. As a result, a problem Will occur in 
Which a processor that executes processing of a strong tem 
poral constraint consumes many operational resources. 
“Resources” mean a processor (CPU, DSP, etc.), memory, the 
processing capability of each processor, and the function 
blocks of an FPGA, ASIC, etc. 
[0034] In the radio communication apparatus of the 
embodiment, softWare pieces of different layers are used in 
different processors, i.e., the ?rst and second processors 11 
and 21. In this structure, the degree of relation betWeen the 
operation resources of the processors 11 and 21 is reduced to 
enhance the e?iciency of use of resources. Speci?cally, as 
described above, the ?rst processor 11 mainly executes higher 
layer processing such as the execution of communication 
control or application programs. The second processor 21 
executes loWer layer processing such as data signal process 
ing, Which is not executed by the signal processing circuit 3, 
and the control of the signal processing circuit 3. As a result, 
the processing e?iciency of the processors 11 and 21 as opera 
tion resources is enhanced. 

[0035] Further, in the embodiment, the cache memory 14 is 
provided for the ?rst processor 11, Which further enhances the 
processing capability of the processor 11 that executes pro 
grams of a Weak temporal constraint (such as a communica 
tion control program, application programs, etc.), Without 
Wasting operation resources for the processor 11. 

Second Embodiment 

[0036] FIG. 2 shoWs the con?guration of a radio commu 
nication apparatus according to a second embodiment of the 
invention as a modi?cation of the ?rst embodiment. In FIG. 2, 
elements similar to those of FIG. 1 are denoted by corre 
sponding reference numerals. In the second embodiment, an 
instruction memory 12A and data memory 13A, Which form 
a main memory for the ?rst processor 11, are constructed as 
external memories detachable from the radio communication 
apparatus. The siZe of the LSI employed in the radio commu 
nication apparatus can be reduced to reduce the siZe of the 
entire device and the poWer consumption of the device, by 
using external memories to form the main memory of the ?rst 
processor 11. 
[0037] Speci?cally, the instruction memory 12A as an 
external memory is formed of, for example, a ?ash memory 
(electrically reWritable nonvolatile memory). The data 
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memory 13A as an external memory is formed of, for 
example, a DRAM (Dynamic Access Memory). On the other 
hand, an instruction memory 22A and data memory 23A, 
Which provide the main memory of the second processor 21, 
are formed of, for example, an SRAM (Static RandomAccess 
Memory) and DRAM, respectively. 
[0038] In the embodiment constructed as above, the main 
memory (instruction memory 12A and data memory 13A) of 
the ?rst processor 11 is formed of external memories, Which 
enables, Without increasing the siZe of the LSI chip in the 
radio communication apparatus, the ?rst processor 11 to eas 
ily execute application softWare that requires a large instruc 
tion memory area and data memory area. 

[0039] Further, since in the embodiment, different types of 
memories are used, the folloWing advantage can be obtained. 
A DRAM requires a refresh operation to maintain the data 
stored therein, but requires only a small area. An SRAM is 
disadvantageous in area, but does not require a refresh opera 
tion. A ?ash memory can store a large amount of information 
Without poWer supply. 
[0040] In general, radio communication apparatuses are 
used in standby mode in Which signals are received With the 
supply of poWer periodically stopped to save poWer. In this 
state, if all the memories in the radio communication appa 
ratus are formed of a DRAM, it is necessary to doWnload a 
communication program and/or application program into the 
device When poWer is again supplied, Which results in time 
and poWer loss. 
[0041] On the other hand, When no signal is received in the 
standby mode, the data memories 13A and 23A as data areas 
do not have to hold data. Upon re-supply of poWer, the pro 
gram is again operated to Write data into them. Therefore, the 
above-described structure enables the LSI chip siZe to be 
reduced and also enables communication to be continued 
Without program loss due to a standby mode operation. 

Third Embodiment 

[0042] FIG. 3 shoWs the con?guration of a radio commu 
nication apparatus according to a third embodiment of the 
invention. The third embodiment employs ?rst, second and 
third processors 11, 21 and 31. Further, there are provided an 
instruction memory 12, data memory 13 and cache memory 
14, Which form a main memory for the ?rst processor 11, an 
instruction memory 22 and data memory 23, Which form a 
main memory for the second processor 21, and an instruction 
memory 32 and data memory 33, Which form a main memory 
for the third processor 31. The instruction memory 22 and 
data memory 23 for the second processor 21 may be formed 
of external memories, as in the second embodiment. The third 
processor 31 formed of, for example, a CPU or DSP, and 
instruction memory 32 and data memory 33 belonging to the 
processor 31 are connected to the bus 4A, to Which the signal 
processing circuit 3 is connected. The second processor 21 
formed of, for example, a CPU, and instruction memory 22 
and data memory 23 belonging to the processor 21 are con 
nected to the bus 4B, Which is connected to the bus 4A via an 
interface 5A. Similarly, the ?rst processor 11 formed of, for 
example, a CPU, instruction memory 12, data memory 13 and 
cache memory 14 belonging to the processor 11, and input/ 
output device 15 are connected to a bus 4C, Which is con 
nected to the bus 4B via an interface 5B. 
[0043] The input/ output device 15 comprises various input/ 
output units that interface the radio communication apparatus 
With its user, such as a microphone for inputting a voice, 
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speaker for sounding, and keyboard and display, an MPEG 
interface for performing video image compression/decom 
pression, USB interface for performing serial input/output 
between the terminal device and an external device, and a 
connector to be connected to an external device via a Wired 
line. 
[0044] In the embodiment, the required frequency of signal 
exchange With the signal processing circuit 3, and the 
required response speed of signal exchange With the signal 
processing circuit 3 differ betWeen the processors. 
[0045] In this embodiment, the ?rst processor 11 is con 
nected to the signal processing circuit 3 via the bus 4C, bus 
interface 5B, bus 4B, bus interface 5A and bus 4A. The 
second processor 21 is connected to the signal processing 
circuit 3 via the bus 4B, bus interface 5A and bus 4A. The 
third processor 31 is connected to the signal processing cir 
cuit 3 via the bus 4A only. Thus, the ?rst processor 11 is 
connected to the signal processing circuit 3 via a larger num 
ber of buses than the second processor 21. Similarly, the 
second processor 21 is connected to the signal processing 
circuit 3 via a larger number of buses than the third processor 
31. Therefore, compared to the second processor 21, the 
response speed of signal exchange betWeen the ?rst processor 
11 and circuit 3 is reduced, and the required frequency of 
signal exchange betWeen the ?rst processor 11 and circuit 3 is 
reduced. Similarly, compared to the third processor 31, the 
response speed of signal exchange betWeen the second pro 
cessor 21 and circuit 3 is reduced, and the required frequency 
of signal exchange betWeen the second processor 21 and 
circuit 3 is reduced. 
[0046] In other Words, compared to the second processor 
21, the processing amount of the ?rst processor 11 With 
respect to the signal processing circuit 3 is small. In this case, 
compared to the second processor 21, the required frequency 
and response speed of signal exchange betWeen the ?rst pro 
cessor 11 and circuit 3 are loW. Similarly, compared to the 
third processor 31, the processing amount of the second pro 
cessor 21 With respect to the signal processing circuit 3 is 
small. In this case, compared to the third processor 31, the 
required frequency and response speed of signal exchange 
betWeen the second processor 21 and circuit 3 are loW. 

[0047] The ?rst processor 11 at least executes application 
programs, and executes, When necessary, communication 
control related to the connection betWeen the radio commu 
nication apparatus and communication system. The second 
processor 21 at least controls the signal processing circuit 3. 
The third processor 31 at least executes digital signal process 
ing When the radio transmitting/receiving unit 2 transmits or 
receives a signal. 

[0048] FIG. 4 is a vieW useful in explaining examples of 
processes executed by the ?rst, second and third processors 
11, 21 and 31. The ?rst processor 11 executes application 
programs and L2/ 3 protocol programs using the RTOS (Real 
time Operating System). As stated in the ?rst embodiment, 
the application programs are related to application services 
such as E-mails, data communication and Web broWsing, and 
are unrelated to a call service. The ?rst processor 11 may 
execute part of the signal processing executed When the radio 
transmitting/receiving unit 2 transmits or receives a signal. 
The second processor 21 executes, using the RTOS or the 
scheduler instead of the RTOS, the L1 control program for 
controlling the signal processing circuit 3. The third proces 
sor 31 executes, by executing the L1 signal processing pro 
gram Without using the signal processing circuit 3, processing 
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of data signals outside the baseband, such as “correlation 
operations”, “complex value arithmetic”, “maximum value 
detection”, “address transformation , sequencer”, “high 
speed input/ output processing”, “accumulation”, “acceler 
ated function operations”, etc. This digital signal processing 
is included in the processing executed When the radio trans 
mitting/receiving unit 2 transmits or receives a signal. 

[0049] In the examples of FIG. 4, the processes executed by 
the ?rst, second and third processors 11, 21 and 31 are ?xed. 
HoWever, the ?rst, second and third processors 11, 21 and 31 
may be designed to execute different processes in accordance 
With the communication system connected thereto. FIG. 5 
shoWs examples of processes executed by the ?rst, second 
and third processors 11, 21 and 31 When the processors are 
connected to each of ?rst and second communication systems 
that require different processing capacities. The ?rst commu 
nication system is a communication system that requires a 
large processing capacity, such as the third generation mobile 
communication system (for example, W-CDMA (Wideband 
Code Division Multiple Access)). The second communica 
tion system is a communication system that requires a small 
processing capacity, such as the second generation mobile 
communication system (for example, a PDC (Personal Digi 
tal Cellular) system or GSM (Global System for Mobile com 
munication)). 
[0050] In the con?guration as employed in the ?rst or sec 
ond embodiment, in Which only tWo processors, i.e., the ?rst 
and second processors 11 and 21, are provided, the ?rst pro 
cessor 11 may be made to execute the application programs 
and L1 control program (see FIG. 4), the second processor 21 
may be made to execute the L1 signal processing program 
(see FIG. 4), and the L2/3 protocol programs may be appro 
priately distributed to the ?rst and second processors 11 and 
21 in accordance With the communication system connected 
to the radio communication apparatus. 
[0051] In the case of FIG. 5, if the radio communication 
apparatus is connected to the ?rst communication system, the 
?rst processor 11 executes the application programs and L2/3 
protocol programs that are operable under the RTOS, the 
second processor 21 executes the L1 control program oper 
able under the RTOS, and the third processor 31 executes the 
L1 signal processing program, as in the case of FIG. 4. On the 
other hand, if the radio communication apparatus is con 
nected to the second communication system, the ?rst proces 
sor 11 executes only the application programs under the 
RTOS, the second processor 21 executes the L1 control pro 
gram and L2/ 3 protocol programs under the RTOS, and the 
third processor 31 executes the L1 signal processing program. 
Further, the ?rst processor 11 can perform handover process 
ing betWeen communication systems and paging signal 
reception processing, described later, by executing, under the 
RTOS, a terminal control program related to communication 
control. 

[0052] As described above, if the radio communication 
apparatus is connected to the ?rst communication system that 
requires a large processing capacity, the ?rst processor 11 
connected to the signal processing circuit 3 via the largest 
number of buses is made to execute communication control 
and application programs, the second processor 21 connected 
to the signal processing circuit 3 via the second largest num 
ber of buses is made to control the signal processing circuit 3, 
and the third processor 31 connected to the signal processing 
circuit 3 via the smallest number of buses is made to execute 
digital signal processing Without using the signal processing 
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circuit 3, the digital signal processing being included in the 
processing executed during signal transmission or reception. 
[0053] Further, if the radio communication apparatus is 
connected to the second communication system that requires 
a small processing capacity, the ?rst processor 11 is made to 
execute only the application programs, the second processor 
21 is made to execute communication control as Well as the 
control of the signal processing circuit 3, and the third pro 
cessor 31 is made to execute digital signal processing Without 
using the signal processing circuit 3. This digital signal pro 
cessing is included in the processing executed during signal 
transmission or reception. If the amount of the entire process 
ing is relatively small as described above, all the resources of 
the ?rst processor 11 can be assigned to the processing of the 
application programs, Which can realiZe optimal resource 
assignment. 
[0054] [Handover Processing BetWeen Communication 
Systems] 
[0055] FIG. 6 shoWs a procedure, included in the radio 
communication apparatus and method of the embodiment, 
for shifting the communication system to be connected. Spe 
ci?cally, FIG. 6 shoWs the procedure of shifting the commu 
nication system from the ?rst one to the second one. This 
operation can be performed With communication maintained 
(handover processing betWeen communication systems), or 
by exchanging a communication program for another When a 
user buys a radio communication apparatus at a shop. 
[0056] Firstly, assume that a user of the radio communica 
tion apparatus has issued a request for sWitching the commu 
nication system from the ?rst communication system to the 
second communication system, When the radio communica 
tion apparatus is connected to the ?rst communication system 
(S101), or When a communication program for the ?rst com 
munication system is loaded in the ?rst processor 11. In this 
case, the ?rst processor 11 doWnloads a communication pro 
gram (second communication program) for the second com 
munication system (S102), and stores the second communi 
cation program in the data memory 13, Which is preferably an 
external memory (S103). 
[0057] The second communication program can be doWn 
loaded by radio via the antenna 1 and radio transmitting/ 
receiving unit 2, or by a Wired line connected to the connector 
provided for the input/ output device 15. At this time, it is 
desirable for preventing extra doWnload that the ?rst proces 
sor 11 should determine Whether the entire or only part of the 
second communication program is necessary for communi 
cationbased on the second communication system, to thereby 
doWnload only a necessary part of the program on the basis of 
the determination result. 
[0058] Subsequently, the ?rst processor 11 compiles the 
second communication program, stored in the data memory 
13, into a language suitable for the structure of the radio 
communication apparatus (S104). 
[0059] After that, the ?rst processor 11 determines Whether 
or not various types of softWare pieces necessary for commu 
nication based on the ?rst communication system are stored 
for the purpose of system backup (S105). If they are not 
stored, the ?rst communication program and data are stored in 
the instruction memory 12 and data memory 13, respectively, 
Which are preferably external memories, thus backing up the 
?rst communication system softWare (S106). 
[0060] Thereafter, the compiled second communication 
program is loaded, When necessary, into the instruction 
memories 12, 22 and 32 (S107), and initialization for operat 
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ing the radio communication apparatus in accordance With 
the second communication program is executed on a neces 

sary portion after the loading ?nishes (S108). 
[0061] After that, it is checked Whether or not the radio 
communication apparatus can normally operate (S109). If an 
abnormality occurs, the program returns to the step S107 
Where the compiling result of the second communication 
program is again loaded into the instruction memories 12, 22 
and 32. In another case, if there is an abnormality, the program 
may returns not to the step S107 but to the step S104, Where 
compile processing may be executed for the second commu 
nication program. 
[0062] When the radio communication apparatus is abnor 
mal, if the abnormality is not eliminated even after the opera 
tion of loading the compiling result concerning the second 
communication program into the instruction memories 12, 22 
and 32 is executed several times (n times), or after the opera 
tion of compiling the second communication program is 
executed several times (n times) (YES at a step S110), the ?rst 
system program backed up at the step S106 is again loaded 
(step S111). Thereafter, the program returns to the step S101 
Where the radio communication apparatus is again connected 
to the ?rst communication system. 
[0063] On the other hand, if it is determined, as a result of 
the internal checking at the step S109, that the radio commu 
nication apparatus is normally operating and there is no par 
ticular problem, the radio communication apparatus is con 
nected to the second communication system (step S112). 
[0064] By virtue of the above-described procedure, the 
radio communication apparatus can realiZe handover 
betWeen the communication systems simply by sWitching the 
communication programs. In other Words, the radio commu 
nication apparatus does not need a plurality of modems. The 
above-described handover procedure betWeen the communi 
cation systems is executed by the ?rst processor 11 in accor 
dance With the terminal control program shoWn in FIG. 5. 
[0065] Although in the above description, the communica 
tion program are doWnloaded through a radio or Wired line, 
they may be directly Written to the ?rst, second and third 
processors 11, 21 and 31. 
[0066] [Reception of Paging Signal] 
[0067] The operation of receiving a paging signal by the 
radio communication apparatus of the embodiment Will noW 
be described. FIG. 7 is a vieW illustrating state transition 
related to the paging signal, and FIG. 8 illustrates the proce 
dure of the paging signal receiving process. 
[0068] As illustrated in FIG. 7, if the radio communication 
apparatus does not assume a connected state 204 for a prede 
termined time period after it is turned on and assumes a boot 
state 201, it enters a paging signal receiving mode in Which it 
Waits for a call from the communication system side. In the 
paging signal receiving mode, the radio communication 
apparatus repeats, in units of several seconds, an idle state 202 
in Which the device does not receive a paging signal from the 
communication system side but assumes a Waiting state for 
the reception of the next paging signal, and a paging signal 
receiving state 203 in Which a paging signal is received. To 
save poWer in the paging signal receiving mode, in the idle 
state 202, poWer consumption is suppressed by stopping the 
supply of unnecessary poWer or clock, and in the paging 
receiving state 203, a paging signal is received. 
[0069] If the radio communication apparatus is turned off 
When it is in the idle state 202, paging signal receiving state 
203 or connected state 204, it assumes the boot state 201 as 
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the initial state. In this state, if poWer is supplied, the idle state 
202 is assumed. Speci?cally, this paging signal receiving 
operation is performed as shoWn in FIG. 8. 
[0070] (l) ldle State: the time at Which the idle state ?nishes 
is determined by supplying an interruption signal to the ?rst 
processor 11, using a timer or clock counter (neither of Which 
is shoWn) operating under the control of the processor 11 
(step S301). 
[0071] (2) Preparation for Receiving a Paging Signal: the 
?rst processor 11 starts to receive a paging signal in response 
to a signal from the timer, thereby booting the second proces 
sor 21 (step S302). At this time, the second processor 21 
executes a predetermined boot sequence. 
[0072] (3) Booting of Signal Processing Circuit and Radio 
transmitting/ Receiving unit: the second processor 21 controls 
the supply of poWer and clock to the signal processing circuit 
3 and/or radio transmitting/receiving unit 2, to execute nec 
essary initialization (step S303). 
[0073] (4) Paging Signal Receiving State: a paging signal 
from the communication system side is received during a 
paging signal receiving period of time (step S304). 
[0074] (5) Idle-State ShutdoWn: the radio communication 
apparatus determines Whether or not it is called by a paging 
signal (step S305). If the device is not called, the second 
processor 21 executes setting of an unnecessary one or more 
of the second processor 21, signal processing circuit 3 and 
radio transmitting/receiving unit 2, Which are in the idle state, 
and stops the supply of one or both of the poWer and clock to 
shut them doWn (step S3 07). Upon con?rming that the state of 
the second processor 21 has changed, the ?rst processor 11 
assumes an idle state. 

[0075] (6) Preparation for Communication: if the radio 
communication apparatus determines at the steps S304 and 
S305 upon the reception of a paging signal that the device is 
being called, the second processor 21 executes the booting 
and setting of the radio transmitting/receiving unit 2 neces 
sary for communi-cation, to make the device assume a con 
nected state (step S306). After communication is ?nished, the 
second processor 21 shuts doWn an unnecessary one or more 

of the processor 21, signal processing circuit 3 and radio 
transmitting/receiving unit 2, Which are in the idle state. 
Thereafter, the ?rst processor 11 con?rms that the state of the 
second processor 21 has changed, and assumes an idle state. 
[0076] By virtue of the above-described processing, the 
poWer consumption of the radio communication apparatus 
can be reduced and hence the duration of communication can 
be lengthened. The above-described procedure of receiving a 
paging signal is executed by the ?rst processor 11 in accor 
dance With the terminal control program shoWn in FIG. 5. The 
procedure employed in the third embodiment and described 
With reference to FIGS. 6-8 is also applicable to the ?rst and 
second embodiments. 

Fourth Embodiment 

[0077] Referring to FIG. 9, a signal processing device 
incorporated in a radio communication apparatus according 
to a fourth embodiment Will be described. FIG. 9 is a block 
diagram illustrating the con?guration of the resources and 
resource manager employed in the radio communication 
apparatus. 
[0078] [Con?guration of Signal Processing Device] 
[0079] The radio communication apparatus of the fourth 
embodiment comprises resources and a resource manager. As 
shoWn in FIG. 9, the resource manager is formed of a protocol 
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processor 121 for communication protocol control, hardWare 
controller (total processor) 122 for total control, and versatile 
processor (CPU) 123 belonging to the hardWare controller 
122 for total management of the radio communication appa 
ratus. 

[0080] The resources comprise an A/D and D/A converter 
124 for converting a received radio signal into a digital signal 
and sampling it, and converting a transmission signal into an 
analog signal; synchronous signal generator 125 for generat 
ing a synchronous signal; ?ltering/interpolation unit 126 for 
?ltering the input digital signal and executing interpolation 
processing; timing controller 127 for executing timing con 
trol of signal processing; digital signal processor 128; chan 
nel codec unit 129; framing/de-framing unit 130; and versa 
tile processors 131, 132, 133, 134, 135 and 136 as signal 
processing units that belong to the synchronous signal gen 
erator 125, ?ltering/interpolation unit 126, timing controller 
127, digital signal processor 128, channel codec unit 129 and 
framing/de-framing unit 130, respectively. The A/D and D/A 
converter 124, synchronous signal generator 125 and ?lter 
ing/interpolation unit 126 are connected to a high-speed bus 
137 for mainly transmitting a received, sampled signal and a 
to-be-sampled signal for transmission. The hardWare control 
ler 122, digital signal processor 128, channel codec unit 129 
and framing/de-framing unit 130 are connected to a loW 
speed bus 138 for transmitting a relatively sloW signal in units 
of information symbols. The versatile processor (CPU) 123 
for total control is connected to the versatile processors 131 
136 to supply a control signal thereto. 
[0081] In the signal processing device constructed as 
above, the hardWare controller 122, A/D and D/A converter 
124, synchronous signal generator 125, ?ltering/interpola 
tion unit 126, timing controller 127, digital signal processor 
128, channel codec unit 129 and framing/de-framing unit 130 
provide functionblocks (function processing units). A greater 
part of the processors belonging to the function blocks are 
CPUs of a small processing capacity and execute sWitching 
processing necessary When the function blocks perform 
sWitching processing in accordance With sWitching of com 
munication systems. On the other hand, the processor belong 
ing to the hardWare controller 122 is a CPU of a rather high 
processing capability. The CPUs of a loW processing capabil 
ity is of the same type and simple in structure, and are con 
trolled by the CPU 123 belonging to the hardWare controller 
122, using a signal language (instruction language). 
[0082] There are provided tWo information transmission 
paths, i.e., a control signal transmission path betWeen the 
CPUs, and an information signal transmission path. The pro 
tocol processor 121 and the CPU 123 of the hardWare con 
troller 122 are mounted With OSs. The loW-capability CPUs 
are completely controlled by the hardWare controller 122 and 
operate in accordance With a machine language or assembler. 

[0083] [Operation of Signal Processing Device] 
[0084] The operation of the signal processing device Will be 
described referring to FIG. 10. 
[0085] A received signal is converted into a digital signal by 
the A/D and D/A converter 124 (step S401), and supplied to 
the synchronous signal generator 125 and ?ltering/interpola 
tion unit 126. The synchronous signal generator 125 extracts, 
from the received digital signal, a predetermined transmis 
sion speed, transmission method and synchronization data, 
establishes synchronization and starts a timer on the basis of 
the extracted data, and generates a synchronous signal 
(S402). Further, in accordance With the media access control 
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(MAC) and access method of the received signal, appropriate 
synchronization control and timer control are performed. At 
this time, the timing controller 127 activates a timer on the 
basis of the synchronous signal, and supplies appropriate 
timing information and clock to each block. 
[0086] The protocol processor 121 executes the next action, 
for example, decides a processing mode (S403) on the basis 
of the received control signal and an instruction from an upper 
layer, and instructs the hardWare controller 122 to set the 
mode. If, for example, there is an instruction to receive a TV 
signal from an upper layer, corresponding to a user’s opera 
tion, the signal processing device is set to a TV signal receiv 
ing mode. At this time, the hardWare controller 122 generates 
a control signal to each block on the basis of the state of 
synchronization, timer value and output of the protocol pro 
cessor 121 (S404). The control signal designates When and to 
Which block the signal fetched by the hardWare controller 122 
is to be output, and also designates What type of processing 
the designated block should perform. In accordance With the 
instructions from the hardWare controller 122, the ?ltering/ 
interpolation unit 126 executes Waveform-shaping and inter 
polation on the received signal (S405). The ?ltering/interpo 
lation unit 126 has a function for detecting a phase lag as a 
result of interpolation and feeding it back. 
[0087] In accordance With an instruction from the hardWare 
controller 122, the digital signal processor 128 performs FFT 
(Fast Fourier Transform), despreading, quantization, etc. on 
the output of the ?ltering/interpolation unit 126 (S406), 
thereby computing an appropriate signal from the input signal 
and outputting it. The output signal of the digital signal pro 
cessor 128 is supplied to the framing/de-framing unit 130 and 
channel codec unit 129. The framing/de-framing unit 130 
divides the frame of the received signal into signal compo 
nents for different layers, and outputs them individually or 
simultaneously to the bus 138 or a register (not shoWn) 
(S407). The channel codec unit 129 executes error control 
collectively (S408). 
[0088] As described above, a received signal is subj ected to 
Waveform shaping and interpolation. The individual pro 
cesses, such as digital signal processing on the output of the 
?ltering/interpolation unit 126, and the order of the processes 
are designated by the hardWare controller 122 as a total pro 
cessing unit. 
[0089] In the above-described con?guration, each function 
block and processor (CPU) are formed of, for example, the 
digital signal processor 128 and processor 134 belonging 
thereto comprise an I/ O (Input/Output) interface, main CPU 
(function block) and auxiliary CPU (processor) and memory. 
In this con?guration, if, for example, the digital signal pro 
cessor 128 processes a received signal, a received, sampled 
signal is input to the I/O interface. If, as in a conventional 
con?guration, only the main CPU processes a received broad 
band radio signal, it uses a large part of its computing capacity 
for input/ output processing, and hence can distribute only the 
remaining capacity to other processes. On the other hand, in 
the present embodiment, not the main CPU but the auxiliary 
CPU executes input/output processing. Accordingly, the pro 
cessing capability of the main CPU can be distributed to other 
processes. Thus, the auxiliary CPU is loaded With input/ 
output processing of, for example, data and signal processing, 
therefore the load of the main CPU is reduced. Thus, the load 
of processing is decentralized, Which enables the entire sys 
tem to perform high-speed radio signal processing. 
[0090] The above-described processing is performed When 
a TV signal is received. On the other hand, When a radio LAN 
is set, the protocol processor 121 sets a program for the radio 
LAN in the hardWare controller 122. In accordance With the 
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set program, the hardWare controller 122 supplies a control 
signal only to a function block necessary for the radio LAN, 
and stops the operations of the unnecessary function blocks. 
Under the control of the hardWare controller 122, the digital 
signal processor 128 generates a transmission signal on the 
basis of the information input from the input/output device 
15, and supplies it to the radio transmitting/receiving unit 2 
via the ?ltering/interpolation unit 126 and converter 124. The 
signal is transmitted from the unit 2. During the transmission, 
the time point of transmission of each bit of the signal is 
determined, and the signal is transmitted in units of bits at the 
determined time points. Further, a received signal is input, via 
the ?ltering/interpolation unit 126, to the digital signal pro 
cessor 128, Where it is subjected to digital processing. After 
that, the resultant signal is supplied to the input/ output device 
15 via the bus 138 and displayed thereon. 
[0091] When a mobile phone mode is set, the protocol 
processor 121 sets a program for the mobile phone mode in 
the hardWare controller 122. In accordance With the set pro 
gram, the hardWare controller 122 supplies a control signal 
only to a function block necessary for the mobile phone 
mode, and stops the operations of the unnecessary function 
blocks. Under the control of the hardWare controller 122, the 
digital signal processor 128 generates a voice signal on the 
basis of the voice information input from a microphone incor 
porated in the input/output device 15, and supplies it to the 
radio transmitting/receiving unit 2 via the ?ltering/interpola 
tion unit 126 and converter 124. The signal is transmitted 
from the unit 2. Further, a received signal is input, via the 
?ltering/ interpolation unit 126, to the digital signal processor 
128, Where it is subjected to digital processing. After that, the 
resultant signal is supplied to the input/output device 15 via 
the bus 138, and output from a speaker incorporated in the 
device 15. 

[0092] As described above, in the present invention, an 
auxiliary processor is provided for each function block, the 
processor that processes part of the processing processed in 
each function block. As a result, the load on each function 
block is reduced. The thus-constructed signal processing 
device employs function blocks for signal processing and 
signal processing units (i.e. versatile processor) dedicated to 
signal processing, Which are considered to be resources for 
signal processing. At least one versatile processor is made to 
execute resource management to load each resource With 
predetermined signal processing, necessary for realizing a 
modem, in accordance With signal processing contents. Fur 
ther, each versatile processor is made to execute the process 
ing, designated by the resource management, in accordance 
With a program, While each function block is made to execute 
the processing designated by the resource management of the 
at least one versatile processor. 

[0093] Each function block is formed of an arithmetic cir 
cuit dedicated to signal processing, a processor for executing 
a predetermined arithmetic operation in accordance With a 
program, or a combination of an arithmetic circuit and pro 
cessor. In other Words, each function block is formed of an 
operation-speci?ed processor, and hence can perform an 
arithmetic operation at a much higher speed than versatile 
processors. 

[0094] Therefore, if resource management is performed, 
for example, so that the function blocks execute high-load, 
high-speed processing, and the versatile processors execute 
loW-load processing, the processing speed of the entire appa 
ratus is enhanced. Thus, the present invention enables the 
transmitting/receiving function to be designed With a high 
degree of freedom, and at the same time, enables complicated 
and high-speed signal processing. 
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[0095] Further, since signal processing executed in the 
radio communication apparatus of the invention is program 
mable, it is very useful if the invention is applied to a softWare 
radio communication apparatus (radio terminal capable of 
reconstructing a program for transmitting and/or receiving a 
radio signal) that can execute signal processing suitable for 
different radio systems employing different radio communi 
cation methods. 
[0096] The radio communication apparatus of the embodi 
ments of the invention can realiZe a multi-mode by selectively 
operating the function blocks betWeen different modes such 
as the TV receiving mode, mobile phone mode, radio LAN 
mode, etc. In this case, the function block corresponding to 
the program fetched by the protocol processor is operated by 
the hardWare controller in accordance With the selected mode. 
[0097] Furthermore, the present invention provides a signal 
processing device for use in a radio terminal that can easily 
reconstruct the terminal structure. The signal processing 
device of the embodiments of the invention enables realiZa 
tion of a radio terminal that is easily adaptable to changes in 
function or speci?cation and can easily perform handover 
processing betWeen different radio systems. 
[0098] In the above-described radio communication appa 
ratuses to be installed in a reconstructable radio terminal, the 
transmitting/receiving function can be designed With a high 
degree of freedom, and at the same time, complicated and 
high-speed signal processing can be realiZed. These advan 
tages, hoWever, can also be obtained by con?gurations other 
than those employed in the embodiments. 
[0099] As described above, in the radio communication 
apparatus and method, according to each embodiment of the 
invention, Which are compatible With a plurality of commu 
nication systems and application services, a plurality of pro 
cessors are employed, to Which respective processes are 
assigned to realiZe accurate and ef?cient resources manage 
ment. Further, the radio communication apparatus and 
method according to each embodiment of the invention 
enables e?icient processing based on effective use of 
resources. 

[0100] In addition, the change of processing by each pro 
cessor in accordance With the communication system con 
nected to the radio communication apparatus further 
enhances the processing e?iciency. 
[0101] The present invention is not limited to the above 
described embodiments, but may be modi?ed in various Ways 
Without departing from the scope of the invention. 
[0102] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the speci?c details 
and representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A radio communication method for use in a radio com 

munication apparatus compatible With a plurality of commu 
nication systems and a plurality of application services, the 
radio communication method comprising: 

executing a ?rst part of a digital signal processing Which is 
executed in response to a radio signal; 

executing a second part of the digital signal processing, and 
executing a ?rst part of a communication control pro 
cessing related to a connection betWeen the radio com 
munication apparatus and one of the communication 
systems, and processing at least one application pro 
gram related to the application services; 
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executing a second part of the communication control pro 
cessing, Wherein an amount of processing When execut 
ing the second part of the communication control pro 
cessing being greater than an amount of processing 
When executing the second part of the digital signal 
processing and executing the ?rst part of the communi 
cation control processing, the processing concerning the 
digital signal processing; and 

executing a third part of the digital signal processing, 
Wherein an amount of processing When executing the 
third part being greater than an amount of processing 
When executing the second part of the communication 
control processing, the processing concerning the digital 
signal processing. 

2. The method according to claim 1, Wherein a plurality of 
contents of processing When executing the second part of the 
digital signal processing and executing the ?rst part of the 
communication control processing, a plurality of contents of 
processing When executing the second part of the communi 
cation control processing, and a plurality of contents of pro 
ces sing When executing the third part are changed, depending 
on Which of the communication systems is connected to the 
radio communication apparatus. 

3. The method according to claim 1, further comprising 
preparing a cache memory used When executing the second 
part of the digital signal processing and executing the ?rst part 
of the communication control processing. 

4. The method according to claim 1, further comprising: 
preparing a data memory formed of a DRAM and used 
When executing the second part of the digital signal 
processing and executing the ?rst part of the communi 
cation control processing; 

and preparing an instruction memory formed of a ?ash 
memory. 

5. The method according to claim 1, Wherein handover 
processing betWeen the communication systems is executed, 
the handover processing being related to the communication 
control processing, 

Wherein the handover processing including: 
(a) detecting Whether a request for a connection to a second 

of the communication systems occurs, in response to one 
of a connection of the radio communication apparatus to 
the one of the communication systems and loading of a 
?rst communication program for communication With 
the one of the communication systems, 

(b) doWnloading and compiling of a second communica 
tion program for communication With the second of the 
communication systems in response to the request for 
the connection to the second of the communication sys 
tems, and 

(c) connecting the radio communication apparatus to the 
second of the communication systems based on a com 
piling result of the second communication program. 

6. The method according to claim 1, further comprising: 
preparing an executing unit con?gured to execute the ?rst 

part of the digital signal processing; 
preparing a ?rst processor connected to the executing unit, 

executing the second part of the digital signal process 
ing, and executing the ?rst part of the communication 
control processing, the ?rst processor being further 
capable of processing at least one application program 
related to the application services; 
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preparing a second processor connected to the executing 
unit, executing the second part of the communication 
control processing, and controlling the executing unit; 
and 

preparing a third processor connected to the executing unit 
and executing the third part of the digital signal process 
ing, 

Wherein the ?rst processor, the second processor and the 
third processor employ respective softWare pieces of 
different layers. 

7. The method according to claim 1, further comprising: 
preparing an executing unit con?gured to execute the ?rst 

part of the digital signal processing; 
preparing a ?rst processor connected to the executing unit, 

executing the second part of the digital signal process 
ing, and executing the ?rst part of the communication 
control processing, the ?rst processor being further 
capable of processing at least one application program 
related to the application services; 
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preparing a second processor connected to the executing 
unit, executing the second part of the communication 
control processing, and controlling the executing unit; 
and 

preparing a third processor connected to the executing unit 
and executing the third part of the digital signal process 
111%, 

Wherein the ?rst processor has a ?rst characteristic capa 
bility regarding a frequency and response speed of signal 
exchange With the executing unit, the second processor 
has a second characteristic capability regarding a fre 
quency and response speed of signal exchange With the 
executing unit, and the third processor has a third char 
acteri stic capability regarding a frequency and response 
speed of signal exchange With the executing unit, 
Wherein the ?rst characteristic capability being loWer 
than the second characteristic capability, and the second 
characteristic capability being loWer than the third char 
acteristic capability. 

* * * * * 


