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RADIO COMMUNICATION SYSTEM, TRANSMITTING APPARATUS, RADIO 

COMMUNICATION CONTROL APPARATUS, RECEIVING APPARATUS, 

AND RADIO COMMUNICATION METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radio communication 

system, a transmitting apparatus, a radio communication 

control apparatus, a receiving apparatus, and a radio 

communication method suited to transfer of asynchronous data 

and isochronous data among a plurality of terminals. 

2. Description of the Related Art 

As computers have become highly functional, it has been 

frequently performed that a plurality of computers are 

connected to form a local area network (LAN) in order to 

share files and data and to transf~r data and electronic 

mail. In a conventional LAN, computers are con~ected by 

wire with the use of optical fibers, coaxial cables, or 

twisted pair cables. 

In such a wired LAN, since connection work is required, 

it is difficult to form a LAN easily. In addition, cable 

wiring is troublesome in a wired LAN. Therefore. a radio 

LAN has drawn attention as a system which releases the user 

from wiring required for the conventional wired LAN. In 

this system, data collision is avoided by the use of carrier 
/ ... 
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sense multiple access (CSMA) or polling when asynchronous 

data is transferred. 

Figs. lA and lB and Figs. 2A to 2C roughly show radio 

data communication methods with the conventional technology. 

Figs. lA and lB illustrate CSMA communication. Each 

communication apparatus formed of a personal computer and a 

communication unit senses whether a carrier signal is 9n a 

transfer path prior to communication. When there is no 

signal, the apparatus can start transmission. A 

communication apparatus "A" starts data transfer since there 

is not a carrier signal on the transfer path. On the other 

hand, since a communication apparatus "B" senses the carrier 

signal sent from the communication apparatus "A" on the 

transfer path, it does not transmit data. After a time "t" 

generated by a certain random number elapses. the 

communication apparatus "B" again f?enses a carrier signal. 

When there is no carrier signal on the path, the apparatus 

can transmit data. In CSMA, data may collide with each 

ot~er on a transfer path. Therefore, each communication 

apparatus monitors a transfer path after data transfer, and 

if collision occurs. the data is again transmitted after a 

certain time period. A control station for controlling 

communication is not required in CSMA. 

Figs. 2A to 2C illustrate polling communication. In 

this method. a control station ~or controlling communication 
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is provided to contro1 communication by each communication 

apparatus constituting a-system. The contro1 station 

sequentia11y·inquires of each communication apparatus. 

whether it has data to be transmitted. In Figs. 2A to 2C, a 

communication apparatus •a• is inquired of first. When the 

communication apparatus "a" has data to be transmitted, it 

transmits the data. After this transmission, the 

communication apparatus •b" is then inquired of. When it 

has data to be transmitted, it transmits the data. In this 

method, data does not co11ide with each other on a transfer 

path. 

In recent years, it has been required that data, such 

as sound, music, and a motion picture, be transferred 

through such a radio LAN. Such data is usua11y 1arge in 

size and needs to maintain continuity in time. When such 

data is to be transferred ~n the aQove conventiona1 system, 

a data transfer rate may increase or decrease according to 

the increase or decrease of traffic in a transfer path; 

When other data transfer is not performed and traffic 

is 1ight on a transfer path, the specified .. transfer rate is 

ensured and transfer can be performed without any prob1ems. 

If the traffic is heavy on the transfer path, however, a 

data de1ay becomes iarge and the transfer rate decreases. 

Therefore, to e1iminate this de1ay, the receiving side needs 

to have a very 1arge buffer. In.some cases, data becomes 
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intermittent. This means that reproduction of a ·motion 

picture or sound is paused. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide a radio communication system, a transmitting 

apparatus, a radio communication control apparatus, a _ 

receiving apparatus, and a radio communication method which 

suppress a delay time to a low level and ensure a constant 

transfer rate without being affected by an increase or 

decrease of communication traffic. 

The foregoing object is achieved in one aspect of the 

present invention through the provision of a radio 

communication system including a plurality of radio 

communication terminals and a radio communication control 

terminal for controlling radio conuqunication, including: 

radio communication means having transmitting means and 

receiving means; and radio communication control means· 

ha..ving controlling means, transmitting mea~s. and receiving 

means for controlling communication performed by the radio 

communication means, wherein asynchronous data and/or 

isochronous data is transf err~d through a radio 

communication path for communication among a plurality of 

the radio communication means. 

The foregoing object is achieved in another aspect of 

THlS SHEET HAS BEEN 
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the present invention through the provision of a radio 

communication method used between a plurality of radio 

communication terminals and a radio communication control 

terminal for controlling radio communication. wherein. when 

communication is performed among the plurality of radio 

communication terminals through a radio c_ommunication path. 

asynchronous data and/or isochronous data is transferr~d 

through the radio communication path. 

As described above, asynchronous data and isochronous 

data can be transferred through a radio communication path 

with which communication is performed among a plurality of 

radio communication terminals. 

The foregoing object is achieved in still another 

aspect of the present invention through the provision of a 

transmitting apparatus for transmitting information data in 

units of frames, including: means ~or requesting 

information-data transmission and for transmitting 

information related to the information data in a first·time 

region of a frame; means for receiving information 

indicating whether communication according to the request is 

allowed and if the communication is allowed, for receiving 

information related to a second time region, in which 

communication is allowed, in the frame; and means for 

transmitting the information data in the second time region 

according to the information. 

I This Sheet Has :Been Replaced 

· 11111111 111111 m1 1111111 

THIS SHEET HAS BEEN 
REPLACED 



- 6 -

The foregoing object is achieved in yet another aspect 

of the present invention through the provision of a 

transmitting method for transmitting information data in 

units of frames, including the steps of: requesting 

information-data transmission and transmitting information 

related to the information data in a first time region of a 

frame: receiving information indicating whether 

communication according to the request is allowed and if the· 

communication is allowed, receiving information related to a 

second time region, in which communication is allowed, in 

the frame: and transmitting the information data in the 

second time region according to the information. 

As described above, since data is transferred in units 

of frames, a transmitting apparatus transmits a transmission 

request and information related to information data in a 

first region in a frame, and the t~ansmitting apparatus 

transmits the information data in a second time region, in 

which communication is allowed, in the frame, the 

i~formation data is transmitted at a constant transfer rate 

without being affected by an increase and decrease of 

traffic during communication. 

The foregoing object is achieved in a further aspect of 

the present invention through the provision of a radio 

communication control apparatus for controlling information-

data communication performed in ~nits of frames among a 

. THIS SHEET HAS BEEN 
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p1ura11ty of radio communication termina1s, including: means 

for receiving a transmission request·of information data and 

for receiving information re1ated to the information data in 

a first time region in a frame: determination means for 

determining whether transmission of the information data is 

a1lowed in a second time region in the frame, according to 

the received transmission request: and means for assig~ing 

the second time region to the transmission if the 

transmission is al1owed according to the determination 

result of the determination means and for transmitting the 

assignment information, and if the transmission is not 

a1lowed, for transmitting information to that effect. 

The foregoing object is achieved in a yet further 

aspect of the present invention through the provision of a 

radio communication control method for controlling 

information-data communication performed in units of frames 

among.a plurality of radio communication terminals, 

including the steps of: receiving a transmission request of 

i~formation data and receiving information related to the 

information data in a first time region in a frame: 

determining whether transmission of the information data is 

allowed in a second time region in the frame, according to 

the received transmission request: and assigning the second 

time region to the transmission if the transmission is 

allowed according to the determ~nation result of in the 

THIS SHEET HAS BEEN 
REPLACED 
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determination step and transmitting the assignment 

information, and if the transmission is not allowed, 

transmitting information to that effect. 

As described above, since a transmission request of 

information data and information related to the information 

data are received in a first time region in a frame, and a 

second time region is assigned to transmission of the _ 

information data according to these received pieces of 

information, control can be performed such that the 

information data is transmitted at a constant transfer rate 

without being affected by traffic during communication. 

The foregoing object is achieved in a still further 

aspect of the present invention through the provision of a 

receiving apparatus for receiving information data in units 

of frames, including: means for receiving information 

related to a second time region in.a frame,· in which 

information data is transmitted, in a first time region in 

the frame; and means for receiving the inf~rmation data 

aq9ording to the information related to the second time 

region. 

The foregoing object is achieved in a yet still further 

aspect of the present invention through the provision of a 

receiving method for receiving information data in units of 

frames, including the steps of: receiving in a first time 

region of a frame information re~ated to a second time 

I. 

Tt-ns SHEET H~S BEEN 
REPLACED 



- 9 -

region in the frame, in which information data is 

transmitted; and receiving the information data according to 

the information related to the second time region. 

As described above, since information related to a 

second time region in a frame in which information data is 

transmitted in a first time region is received and 

information data is received according to the received_ 

information, the information data is received at a constant 

transfer rate without being affected by traffic during 

communication and a delay in receiving isochronous data is 

reduced. 

According to the present invention, the radio 

communication control terminal for controlling information-

data transfer is provided together with the radio 

communication terminals which transfer information data. 

The radio communication unit of th~ radio communication 

control terminal sets the time period required for 

information-data transfer by each radio communication 

t~:pninal within one frame period. According to the pr~sent 

invention, since TOMA is performed in units of frame periods, 

a constant transfer· rate is always ensured without being 

affected by an increase or decrease of communication traffic. 

Since a constant transfer rate is always ensured, even 

when isochronous data such as motion-picture data and sound 

data is transferred, a delay time is suppressed to a low 

THIS SHEET-HAS BEEN 
REPLAPED 
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level and there is no need to provide a large-capacity 

buffer at the receiving side. 

According to the present invention, since transfer can 

be performed with isochronous data and asynchronous data 

being placed together, data transfer with a higher degree of 

freedom is allowed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA and lB are views used for describing CSMA 

communication. 

Figs. 2A to 2C are views used for describing polling 

communication. 

Fig. 3 is a block diagram showing outlines of a radio 

LAN system to which the present invention is applied: 

Figs. 4A to 4C are views showing frame structures. 

Fig. 5 is a flowchart of tran~mission processing 

according to the present invention. 

Fig. 6 is a flowchart of receiving processing according 

tq the present invention. 

Fig. 7 is a flowchart of communication control 

processing according to the present invent~on. 

Fig. 8 is a block diagram showing a configuration of a 

radio communication unit in a radio communication control 

terminal. 

Fig. 9 is a view showing a spectrum of a transfer 
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waveform in the OFDM method. 

Fig. 10 is a view used for· describing signal generation 

in the OFDM method.· 

Fig. 11 is a view used for describing one sym~ol in a 

·signal in the OFDM method according to an embodiment of the 

present invention. 

Fig. 12 is a block diagram showing a configuratioq_of a 

radio communication unit in a radio communication terminal. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment of the.present invention will be 

described below. In the present invention, data is 

transferred in units of frames, each frame being divided 

into a control-data transfer time region and an information­

data transfer time regio~. In the control-data transfer 

time region, control information i~ transferred between a 

communication control station and each communication 

apparatus. According to a data transfer request from each 

c~Iµmunication appar~tus obtained during the transfer, a 

data-transfer time region is assigned to each communication .. -

apparatus within the information-data transfer time region 

in a frame. In the information-data transfer time region, 

asynchronous data and isochronous data are transferred. The 

asynchronous data includes program data and still-picture 

data, and the isochronous data specifies time information 
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and includes motion-picture data and sound data. A 

p1urality of data items are transferred within this 

information-data transfer time region by time division in a 

frame. 

Fig. 3 shows outlines of a radio LAN system to which 

the present invention is applied. The radio LAN system, to 

which the present invention is applied, includes a plu~ality 

of radio communication terminals lOlA, lOlB, ..• and a radio 

communication control terminal 102. The radio communication 

termina1s lOlA, lOlB, ••. are formed of radio communication 

units 104A, 104B, •.• and data terminals 103A, 103B, ... 

such as computers, both of which are connected. A unique 

address is assigned to each of the radio terminals lOlA, 

lOlB, •... The address may be assigned in advance when the 

system is configured, or may be dynamical1y assigned every 

time communication is performed. The radio communication 

contro1 terminal 102 is formed of a radio communication unit 

105 and a data terminal 106 both of which are connected. 

D~~ailed configuration of the radio communication units 104A, 

104B, and 105 will be described later. 

Between the plurality of radio terminals lOlA, 

lOlB, •.• , information data is transferred through antennas 

lOOA and lOOB. Control data is transferred between the 

radio communication control terminal 102 and the plurality 

of radio terminals lOlA and lOlB. through the antennas lOOA 
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and lOOB and an antenna 120 to control data communication 

between the radio terminals lOlA, lOlB, •.•. The radio 

communication control terminal 102 can be configured only by 

the radio communication unit 105. 

The radio communication units 104A, 104B, ... in the 

radio communication terminals lOlA, lOlB, •.. are 

respectively formed of transmitting sections lllA, 111~. . .. , 
receiving $ections 112A, 1128, .•.• and control sections 

113A, 1138, ••.. The transmitting sections lllA, 1118, ... 

and the receiving sections 112A, 1128, .•. are formed such 

that data communication can be performed by radio in the 

orthogonal frequency division multiplexing (OFDM) method. 

Switching circuits 114A and 1148 switch between the 

transmitting sections lllA and lllB, and the receiving 

sections 112A and 112B. 

The radio communication unit ~05 in the radio 

communication control terminal 102 is formed of a 

transmitting section 115, a receiving section 116, and·a 

CQntrol section 117. The transmitting section 115 and the 

receiving section 116 are formed such that data 

communication can be performed by radio in the OFDM method. 

A switching circuit 119 switches between the transmitting 

section 115 and the receiving section 116. The radio 

communication unit 105 in the radio communication control 

terminal 102 is provided with a ~esource-information storage 
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section 118 for storing resource information related to the 

time period assigned to each radio communication terminal 

for data communication. This resource-information storage 

section 118 is formed. for example, of a memory. 

In this system. data communication is performed by the 

OFDM method. One frame is formed. for example, of 147455 

symbols (corresponding to four milliseconds} of the OFDM 

method, and data is transmitted in the frame in the time 

division multiple access (TOMA} method. 

At the top of one frame. the radio communication unit 

105 in the radio communication control terminal 102 

transmits an M-sequence code for acquiring synchronization. 

The radio communication units 104A. 104B, ... in the radio 

communication terminals lOlA. lOlB •... receive the M­

sequence code for acquiring synchronization and set the 

timing of data transmission and reqeiving with this 

receiving timing being used as a reference. 

When the radio communication terminals lOlA, lOlB; .•• 

h~ve data communication requests, the radio communication 

units 104A, 104B, •.. in the radio communication terminals 

lOlA, lOlB •... sends transmission requests to the radio 

communication unit 105 in the radio communication control 

terminal 102. According to the transmission requests and 

the resource information, the radio communication unit 105 

in the radio communication contrpl terminal 102 determines 
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the transmission time periods assigned to the radio 

communication terminals lOla. 1018, ...• and sends control 

information. including the transmission time periods. to the 

radio communication units 104A, 104B, ... of the radio 

communication terminals lOlA, lOlB, .... The radio 

communication units 104A and 104B of the radio communication 

terminals lOlA and 1018 perform data transmission and 

receiving according to the assigned transmission time 

periods. Data is transmitted or received with the M­

sequence code for acquiring synchronization being used as a 

timing reference, which is sent at the top of a frame. 

Figs. 4A to 4C show a configuration of a frame. As 

shown in Fig. 4A, one frame is formed of a control-data 

transfer time region 200 and an information-data transfer 

time region 201. In the control-data transfer time region 

200, the M-sequence code for acqui~ing synchronization is 

disposed and communication information is transferred 

between the radio communication unit 105 in t~e radio 

c~mmunication control terminal 102 and the radio 

communication units 104A. 1048, ..• in the radio 

communication terminals lOlA, 1018, According to the 

information obtained by this transfer, a data transfer time 

is specified to each data in the information-data transfer 

time region 201 for the radio communication units 104A, 

104B, ... which have had transmi~sion requests. and a data-
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transfer channel is assigned. 

As described above, a data transfer time is specified 

to each data in the information-data transfer time region 

201 to keep a resource for data transfer. When transfer of 

information data is finished, the resource is released and 

it can be used for another data transfer. 

In the above embodiment, the control-data transfe~ time 

region 200 and the information-data transfer time region 201 

are definitely separated. Their relationship is not limited 

to this condition. The control-data transfer time region 

200 and the information-data transfer time region 201 may be, 

for example, overlapped. In this case, the radio 

communication unit 105 receives a transmiss~on request from 

the radio· communication units 104A, 104B, .•. at any time, 

and assigns a data transfer time in units of frames 

according to the received transmis~ion request. 

Fig. 4B shows a configuration of the control-data 

transfer time region 200 in details. The M-sequence code 

fqr acquiring synchronization ~s disposed at the top. The 

radio communication unit 105 in the radio communication 

control terminal 102 performs polling to the radio 

communication units 104A, 104B, ·~· of the radio 

communication terminals lOlA, lOlB, Polling may be 

performed at the same time to all terminals constituting the 

system. Alternatively, it is sequentially performed to each 
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terminal. The radio communication units 104A, 104B, ... of 

the radio communication terminals lOlA, lOlB, ... send 

acknowledgments (ACKl and ACK2) to the radio communication 

unit 105 of the radio communication coqtrol terminal 102 in 

response to the polling. 

An acknowledgment is formed of a transmission request 

from the radio communication units 104A, 104B, of ~he 

radio communication terminals lOlA, lOlB, The 

transmission request includes the address of the source 

terminal which will.perform transmission and the address of 

the transmission destination. In addition, it includes 

region request information, such as the size of data to be 

transmitted and a data rate. It may include identification 

information indicating whether the data to be transferred is 

asynchronous data or isochronous data. 

According to the acknowledgme~t sent in this way, the 

radio communication unit 105 of the radio communication 

control terminal 102 generates control information for· 

channel assignment. This control information is sent to the 

radio communication units 104A, 104B, ..• of the radio 

communication terminals lOlA, lOlB, ... which have sent 

transmission requests. The radio communication terminals 

lOlA, lOlB, ... transfer data at the specified time region 

according to this control information. 

In the above case, the radi9 communication unit 105 
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performs polling to each of the radio communication units 

104A, 104B, ... in the control-data transfer time region 200 

and receives acknowledgments. The procedure is not limited 

to that in this case. Polling may be omitted in a small 

system or if data collision is avoided in an appropriate 

method. 

In the above case, the M-sequence code for acquiri~g 

synchronization is disposed at the top of the control-data 

transfer region 200. The position of the code is not 

limited to this position. Since frames are continuously 

transmitted, the M-sequence code for acquiring 

synchronization can be disposed at a different position in 

the control-data transfer region. Furthermore, instead of 

the M-sequence code, other sequence codes, such as a Gold­

sequence code, Barker-sequence code, and Kasami code, can be 

used for acquiring synchronization~ 

Fig. 4C shows a configuration of the information-data 

transfer time region 201 in detail. In this case, five 

r~dio communication terminals TRl, TR2, TR3, TR4, and TRS 

send transmission requests and data transfer is performed. 

In the information-data transfer time region 201, the time 

period from a time ti to a time ti' is assigned to the 

terminal TRl. In the same way, the time period from a time 

t 2 to a time t 2 ' is assigned to the terminal TR2, the time 

period from a time t 3 to a time t 3 ' is assigned to the 
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terminal TR3, the time period from a time t4 to a time t 4
1 is 

assigned to the terminal TR4, the time period from a time ts 

to a time ts' is assigned to the terminal TRS. Each of the 

terminals TRl, TR2, TR3, TR4, and TR5 acquires 

synchronization by the M-sequence code disposed at the top 

of the control-data transfer time region. sets a timer, and 

performs data transfer at the assigned time region. 

In the information-data transfer time region 2~1. as 

shown in Fig. 4C, asynchronous data (indicated by ASYNC 

data) and isochronous data (indicated by ISO data) can be 

sent together. It is preferred that a series of isochronous 

data be transferred at substantially the same time region in 

each frame, that is, at substantially the same position in 

each frame. Since a transfer time region is specified in 

advance in a frame for each transfer data, a stable transfer 

rate is ensured. 

In Fig. 4C. the asynchronous data and the isochronous 

data are used together in the information-data transfer time 

-r~gion 201. The data types used are not limited to this 

case. Only asynchronous data. or only isochronous data may 

be transferred. In the above case, a plurality of radio 

communication terminals perform transmission in the time 

region. The way of transmission is not limited to this type. 

Transmission from one radio communication terminal may be 

exclusively performed. 
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In Fig. 4C. the asynchronous data is disposed at any 

positions in the information-data transfer time region 201. 

The position of asynchronous data is not limited to this . 

position. It can be configured. for example. that a region 

for transferring asynchronous data is specified in advance 

at a certain position in the region 201 and asynchronous 

data is first disposed at that region. In this case. tt is 

preferred that when many pieces of isochronous data are 

requested to be transmitted. isocnronous data be able to be 

disposed at this region for asynchronous data. 

By referring to Figs. 5 to 7. transmission and 

receiving at the radio commu~ication units 104A. 104B. 

in the radio communication terminals lOlA, lOlB. •··· and an 

operation of the radio· communication unit 105 of the radio 

communication control terminal 10~ will be described below. 

A case will be taken in which the ~adio communication 
. 

terminal lOlA (that is. radio communication unit 104A} 

transmits information data to the radio communication · 

te_rminal lOlB (that is. radio communication unit 104B). 

Fig. 5 is a flowchart of transmission in the radio 

communication unit 104A. The radio communication unit 104A 

is first set to an idle state (step SlO), and frame 

synchronization is achieved at a constant interval. The 

unit 104A waits for a transmission request from the radio 

communication terminal lOlA (step Sll). When the radio 



- 21 -

communication terminal lOlA sends a transmission request to 

the radio communication unit 104A, the processing proceeds 

to a step Sl2. 

In the step Sl2, according to the transmission request 

sent from the radio communication terminal lOlA, a region 

request is sent to the radio communication unit 105 in the 

radio control termina1'102 (hereinafter called just t~ 

radio communication unit 105). The radio communication unit 

105 determines whether the requested data transfer time can 

be ensured in the inforination-data transfer region 201 

according to this transmission request, and sends a notice 

based on this determination to the radio communication unit 

104A, which will be described later. In a step Sl3, the 

radio communication unit 104A receives this notice, and 

determines whether transmission is allowed in the next step 

S14. If it is determined that tra~smission is not allowed 

due to, for example, a lack of the data transfer time region, 

the processing is returned to the step Sll. 

When it is determ~~ed in the step S~4 that transmission 

is allowed, the radio communication unit 104A starts 

transmitting information data, that is, data transfer, to 

the transmission destination, the radio communication unit 

104B, in the next step Sl5. The region-assignment notice 

sent from the radio communication unit 105 inc.ludes, for 

example, the data transfer start. time t 1 , which has been 
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assigned to the radio communication unit 104A in the 

information-data transfer time region 201. According to 

this time t 1, information data is transferred. This notice 

may include the data transfer end time t 1'. · 

When the transfer of information data is completed 

{step S16), the radio communication unit 104A sends a region 

release notice to the radio communication unit 105 to i~form 

that the transfer of the inform~tion data has been finished. 

This notice may be formed of a code specified in advance. 

Alternatively, without sending a special code, information 

indicating that the transfer of the information data has 

been finished may be sent as this notice. Receiving this 

notice, the _radio communication unit 105 releases the region 

used for the transfer. 

Fig. 6 is a flowchart of receiving in the radio 

communication unit 104B, which cor~esponds to the flowchart 

of transmission shown in Fig. 5. The radio communication 

unit 104B is first set to an idle state (step S20), and 

f:r:.ame synchronization i~ achieved at a constant interval. 

When the radio communication unit 104B receives a receiving 

command sent from the radio communication unit (step S21), 

the unit 104B starts receiving information data in a step 

S22. The receiving command includes time information {for 

example, an information-data transfer start time t1) 

indicating the transfer time region of the information data 
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to be sent to the radio communication unit 104B. According 

to this time, the information data is received. 

When receiving of the information data is finished, the 

processing is returned to the step S21. The radio 

communication unit 104B is set to a condition in which the 

unit waits for a receiving command sent from the radio 

communication unit 105. The receiving end, which -. 

corresponds to the transmission flowchart, is determined by 

receiving, for example, a special code sent from the 

transmission source, the radio communication unit 104A. The 

receiving end may be set when information-data transfer is 

stopped. 

Fig. 7 is a flowchart of a radio communication control 

operation in the radio communication unit 105. This 

flowchart is mainly formed of processing performed in the 

control-data transfer time region ~00. The unit 105 is 

first set to an idle state (step S30), and the M-sequence 

code is transmitted at a frame interval for synchronization 

aqquis~tion. In the next step S31, the unit 105 is set to a 
·--

condition in which it waits for a region release notice to 

be sent from the radio communication unit which had 

transmitted information data. When the radio communication 

unit 105 receives the region release notice sent from the 

radio communication unit 104A, for example, the processing 

proceeds to a step S32. The infQrmation-data transfer 
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region specified for the radio communication unit 104A is 

released. 

With this region release, the resource kept for the 

information-data transfer of the radio communication unit 

104A in the information-data transfer time region 201 is 

returned. Resource information formed of, for example, the 

information of radio communication units performing 

transmission and receiving, and transfer-time information is 

stored in the resource-information storage section 118. 

Among the stored resource information, the related 

information is deleted to release the region. Thus, the 

resource is returned. 

On the other hand, if a region release notice is not 

received in the step S31, the processing proceeds to a step 

S33, and it is determined whether a transmission request 

from the radio communication units.104A, 104B, ... has been 

received. This is determined, for example, according to 

acknowledgments returned when the radio communication unit 

lQ~ performs polling to the radio communication units 104A, 

104B, ..•. A radio communication unit which will transfer 

information data transmits information related to the 

information data as a transmission request, such as the data 

rate of the information data to be transferred, the number 

of bits to be transferred per frame, and the time required 

for the transfer. 
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According to this transmission request, the remaining 

resource is checked in a step S34. With this checking, 

whether the information-data transfer time region 201 has a 

sufficient time period for transferring the data required by 

the transmission request is checked. According to this 

check result, it is determined in the next step S35 whether 

the data required by the transmission request is allow~d to 

be transferred. 

If the information-data transfer time region 201 has an · 

insufficient time period for transferring the data required 

by the transmission request and it is determined that data 

transfer is not allowed, a communication-not-allowed notice 

is sent to the corresponding radio communication unit in a 

step S36, indicating that the information data is not 

allowed to·be transferred. 

On the other hand, when it is ftetermined in the step 

S35 that transmission is allowed, the processing proceeds to 

a step S37. The resource information stored in the 

r~source-information storage section 118 is changed and the 

remaining resource is updated. In the next step S38, a 

communication-allowed notice is sent to the corresponding 

radio communication unit, indicating that the information 

data is allowed to be transferred. This communication­

allowed notice includes the transfer-time information 

assigned in the information-data.transfer time region 201. 



- 26 -

In the above case, the processes corresponding to the 

flowcharts shown in Figs. 5 to 7 are separate ones. These 

processes c~n be performed in parallel to each other. 

Configurations of the radio communication units 104A, 

104B, and 105 will be described below in detail. Fig. 8 

shows a configuration of the radio communication unit 105 in 

the radio communication control terminal 102. In Fig. -.8, 

there is shown a communication controller 11. Through this 

communication controller 11, data is transferred with a data 

terminal. 

Data to be transmitted, sent from the controller 11 is 

supplied to a differentially encoded quadrature phase shift 

keying (DQPSK) modulation circuit 12. The DQPSK modulation 

circuit 12 modulates the data to be transmitted by DQPSK. 

The output of the DQPSK modulation circuit 12 is sent 

to a serial/parallel conversion ci~cuit 13. The 

serial/parallel conversion circuit 13 converts serial data 

to parallel data. The output of the serial/parallel 

conversion data is sent to an inverse fast Fourier transform 

(IFFT) circuit 14. The IFFT circuit 14 performs mapping 

from the data to be transmitted to data in the frequency 

domain, and applies inverse Fourier transform to convert to 

data in the time domain. The.output of the IFFT circuit 14 

is sent to a parallel/serial conversion circuit 15. 

The serial/parallel conversion circuit 13, the IFFT 
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circuit 14, and the parallel/serial conversion circuit 15 

converts to a multi-carrier signal by the OFDM method. In 

the OFDM method, with the use of a. plurality of sub carriers 

formed orthogonally at a frequency interval f 0 such that 

inter-code interference does not occur, a low-bit-rate 

signal is assigned to each sub carrier to obtain a high bit 

rate as a whole. 

Fig. 9 illustrates the spectrum of transfer waveforms 

in the OFDM method. As shown in Fig. 9, a signal is 

transferred with the use of su~ carriers orthogonal to each 

other at a frequency interval fo in the OFDM method. 

In OFDM, signal generation is performed by mapping the 

signal to be transmitted onto the frequency domain and 

converting it from the frequency domain to the time domain 

by IFFT. Conversely, demodulation is performed by taking a 

received waveform at an interval o~ f 0 and converting the 

signal on the time domain into the signal in the frequency 

domain by FFT. 

In the above case, as shown i~ Fig. 10, the 

serial/parallel conversion circuit 13 converts 51 samples, 

which are the output of the DQPSK modulation circuit 12, to 

parallel data, and maps onto the frequency domain. The 

output of the serial/parallel conversion circuit 13 is 

converted to data in the time domain by the IFFT circuit 14. 

The IFFT circuit 14 outputs an e~fective symbol with 64 
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samples. A guard interval of eight symbols is added to this 

effective symbol with the 64 samples. 

Therefore, in this case, as shown in Fig. 11, one 

symbol, which has 72 samples, is formed of the effective 

symbol having the 64 samples and the guard interval having 

the 8 samples. A symbol period Tsymbol is, for example 1. 953 

microseconds, a sample period Tsample is, for example, 2J.127 

nanoseconds·, and a sample frequency fsample is, for example, 

36.864 MHz. 

In the OFDM method, since data is separately 

transmitted wit_h a plurality of sub carriers, the tim~ 

required to one symbol becomes long. Because the guard 

interval is provided in the time axis, the data is unlikely 

to be affected by jitter and multi-paths. The guard 

interval is set to have a length about 10% to 20% of that of 

the effective symbol. 

In the OFDM .method, it.is required that the effective 

symbol be taken out of a continuous receiving signal in FFT 

i~ demodulation and FFT be applied. Even if an error occurs 

due to jitter in taking out the effective symbol, since the 

guard interval is provided, the frequency components do not 

change and only a phase difference is generated. Therefore, 

demodulation is possible by performing phase compensation 

with a known pattern being inserted into a signal, or by 

eliminating the phase differenc~ with the use of 
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differential coding. In a usual QPSK modulation only, 

timing should be adjusted for each bit. In the OFDM method, 

the sensitivity deteriorates by only several decibels even 

with a several-bit shift and demodulation is possible. 

In Fig. 8, the output of the parallel/serial conversion 

circuit 15 is sent to a terminal 16A of a switch circuit 16. 

The output of a maximum-length-code CM-sequence) gener~ting 

circuit 31 is sent to a terminal 16B of the switch circuit 

16. 

The output of the switch circuit 16 is sent to a 

frequency conversion circuit 17. The frequency conversion 

circuit 17 receives a local oscillation signal from a PLL 

synthesizer 18. The signal to be transmitted is converted 

to a signal having the specified frequency in the frequency 

conversion circuit 17. It is considered that the 2.4-GHz 

band, which is in a lower-frequency portion of the micro­

wave band, the 5.7-GHz band, and the 19-GHz band are, for 

example, used as transmission frequencies. 

The output of the frequency conversion circuit 17 is 

sent to a power amplifier 19. The power amplifier 19 power­

amplifies the signal to be transmitted. The output of the 

powe~ amplifier 19 is sent to a terminal 20A of a switch 

circuit 20. The switch circuit 20 switches at transmission 

and at receiving. The switch circuit 20 is switched to the 

terminal 20A side in data transmission. The output of the 
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switch circuit 20 is sent to an antenna 21. 

A received signal at the antenna 21 is sent to the 

switch circuit 20. The switch circuit 20 is switched to the 

terminal 20B side in data receiving. The output of the 

switch circuit 20 is amplified through a low noise amplifier 

(LNA) 22 and then sent to a freql,lency conversion circuit 23. 

The frequency conversion circuit 23 receives a lo~al 

oscillation signal from the PLL synthesizer 18, and converts 

the received signal to an intermediate-frequency signal. 

The output of the frequency conversion circuit 23 is sent to 

a serial/parallel conversion circuit 24. The output of the 

serial/parallel conversion circuit 24 is sent to an FFT 

circuit 25. The output of the FFT circuit 25 is sent to a 

parallel/serial conversion circuit 26. 

The serial/parallel conversion circuit 24, the FFT 

circuit 25, .and the parallel/seria+ conversion circuit 26 

perform demodulation in the OFDM method. The 

serial/parallel·conversion circuit 24 takes out effective 

dgta, samples the received waveform at an interval f 0 , and 

coverts to parallel data. The output of the serial/parallel 

conversion circuit 24 is sent to the FFT circuit 25. The 

FFT circuit 25 converts the signal in the time domain to a 

signal in the frequency domain. Demodulation in the OFDM 

method is performed in this way by applying FFT to the 

waveform sampled at the interval. fo. 
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The output of the parallel/serial conversion circuit 26 

is sent to a DQPSK demodulation circuit 27. The DQPSK 

demodulation circuit 27 performs DQPSK demodulation 

processing. The output of the DQPSK demodulation circuit 27 

is sent to the communication controller 11. The 

communication controller outputs the received data. 

A controller 28 controls the whole operations. 

According to directions from the controller 28, the 

communication controller 11 controls data transmission and 

data receiving. 

As described above, in this system, data is transmitted 

in units of frames in the TOMA method. The M-sequence code 

for acquiring synchronization is sent as one symbol at the 

top of a frame. To implement such control, the radio 

communication unit 105 in the radio communication control 

terminal 102 is provided with the ~-sequence generating 

circuit 31, a resource information memory 30, and a timer 29. 

At the timing of the symbol at the top of a frame, the· 

switch circuit 16 is switched to the terminal 16B side. 

With this operation, a one-symbol M sequence is transmitted 

at the timing of the top of the frame. 

When a transmission request is sent from the radio 

communication units 104A, 104B, ... in the radio 

communication terminals lOlA, lOlB, ... , the transmission 

request is received.at the anten~a 21, OFDM-demodulated in 
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the FFT circuit 25, DQPSK-demodulated in the DQPSK 

demodulation circuit 27, and sent to the communication 

controller 11. The demodulated received data is sent from 

the communication controller 11 to the controller 28. 

The controller 28 is provided with the resource 

information memory 30. This resource information memory 30 

stores resource information related to the time period_ in a 

frame assigned. to each of the radio communication terminals 

lOlA, lOlB, ..•• The controller 28 determines the time 

period assigned to each of the radio communication terminals 

lOlA, lOlB, ••. for transmission according_ to the received 

transmission request and the remaining communication 

resources. The controller 28 sends control information for 

this transmission assignment to the communication controller 

11. Data sent from the communication controller 11 is 

DQPSK-modulated in the DQPSK modul~tion circuit 12, OFDM­

converted in the IFFT circuit 14, and transmitted from the 

antenna 21 to the radio communication units 104A and 104B in 

the radio communication terminals lOlA and lOlB. 

Fig. _12 shows a configuration of the radio 

communication units 104A, 104B, ... of the radio 

communication terminals lOlA, lOlB, In Fig. 12, the 

data to be transmitted is input through a communication 

controller 51. The data to be transmitted, sent from the 

controller 51, is supplied to a pQPSK modulation circuit 52. 
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The DQPSK modulation circuit 52 modulates the data to be 

transmitted by DQPSK. 

The output of the DQPSK -modulation circuit 52 is sent 

to a serial/parallel conversion circuit 53. The 

serial/parallel conversion circuit 53 converts serial data 

to parallel data. The output o~ the serial/parallel 

conversion circuit 53 is sent to an IFFT circuit 54. rhe 

IFFT circuit 54 performs mapping from the data to be 

transmitted to data in the frequency domain, and applies 

inverse Fourier transform to convert to data in the time 

domain. The output of the IFFT circuit 54 is sent to a 

parallel/serial conversion circuit 55. The serial/parallel 

conversion circuit 53, the IFFT circuit 54, and the 

parallel/serial conversion circuit 55 convert to a multi­

carrier signal by the OFDM method. 

The output of the parallel/se~ial conversion circuit 55 

is sent to a frequency conversion circuit 57. The frequency 

conversion circuit 57 receives a local oscillation signal 

f~om a PLL synthesizer 58. T~e signal to be transmitted is 

converted to a signal having the specified frequency in the 

frequency conversion circuit 57. 

The output of the frequency conversion circuit 57 is . 

sent to a power amplifier 59. The power amplifier 59 power­

amplifies the signal to be transmitted. The output of the 

power amplifier 59 is sent to a .terminal 60A of a switch 
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circuit 60. The switch circuit 60 is switched to the 

terminal 60A side in data transmission. The output of the 

switch circuit 60 is sent to an antenna 61. 

A received signal at the antenna 61 is sent to the 

switch circuit 60. The switch circuit 60 is switched to the 

terminal 608 side at data receiving. The output of the 

switch circuit 60 is amplified through an LNA 62 and ~hen 

sent to a frequency conversion circuit 63. The frequency 

conversion circuit 63 receives a local oscillation signal 

from the PLL synthesizer 68, and converts the received 

signal to an-intermediate-frequency signal. The output of 

the frequency conversion circuit 63 is sent to a correlation 

detecting circuit 71 as well as to a serial/parallel 

conversion circuit 64. 

The output of the serial/parallel conversion circuit 64 

is sent to an FFT circuit 65. The_output of the FFT circuit 

65 is sent to a parallel/serial conversion circuit 66. The. 

serial/parallel conversion circuit 64, the FFT circuit· 65. 

a~d the para~lel/serial conversion circuit 66 perform 

demodulation in the OFDM method. 

The output of the parallel/serial conversion circuit 66 

is sent to a DQPSK demodulation circuit 67. The DQPSK 

demodulation circuit 67 performs DQPSK demodulation 

processing. The output of the DQPSK demodulation circuit 67 

is sent to the communication co~troller 51. The 
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communication controller 51 outputs the received data. 

A controller 68 controls the whole operations. 

According to directions from the controller 68, the 

communication controller 51 controls data transmission and 

data receiving. 

As described above. in this system, d~ta is transmitted 

in units of frames in the TOMA method. The M-sequence __ code 

for acquiring synchronization is sent as one symbol at the 

top of a frame from the radio communication unit 105 in the 

radio communication control terminal 102. To implement such 

control. the radio communication units 104A. 104B, are 

provided with the correlation detecting circuit 71 and a 

timer 72. 

At the timing of the top of a frame. the M sequenc~ 

sent from the radio communication unit 105 in the radio 

communication control termin~l 102.is received at the 

antenna 61 and sent to the correlation detecting circuit 71. 

The correlation detecting circuit 71 detects the corre1ation 

b~~ween the received code and the code specified in advance. 

When it is determined that the correlation is high. a 

correlation detection signal is output. The correlation 

detecting circuit 71 can be implemented, for example. by a 

matched filter. The output of the correlation detecting 

circuit 71 is sent to a timer 72. The time in the timer 72 

is set according to a correlatio~ detection signal sent from 
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the correlation detecting circuit 71. 

When data is to be transmitted, the communication 

controller 51 sends a transmission request according to a 

command from the controller 68. This transmission request 

is DQPSK~modulated in the DQPSK modulation circuit 52, OFDM­

converted in the IFFT circuit 54, and transmitted from the 

antenna 61 toward the radio·colilmunication control terminal 

102. The radio communication control terminal 102 receives 

the transmission request, and returns control information, 

including a transmission assignment time. 

This control information is received at the antenna 61, 

OFDM-demodulated in the FFT circuit 65, DQPSK-demodulated in 

the DQPSK demodulation circuit 67, and sent to the 

communication controller 51. The demodulated received data 

is sent from the communication controller 51 to the 

controller 68. 

This control information includes information related 

to transmission times. These times are set with the t±me in 

tqe timer 72 being used as the reference. The timer 72 has 

been set according to the timing of the M sequence sent from 

the radio communication control terminal, which is output 

from the correlation detecting circuit 71. 

When the timer 72 determines that the transmission 

start time has come, the communication controller 51 outputs 

the data to be transmitted acco~ding to a command from the 
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controller 68. The data to be transmitted is DQPSK­

modulated in the DQPSK modulation circuit 52, OFDM-converted 

in the IFFT circuit 54, and output from the antenna 21. 

When the timer 72 determines that the receiving time has 

come, the FFT circuit 65 performs demodulation processing 

for the received data according to a command from the 

controller 68. 

In the above case, the. radio communication control 

terminal 102 is provided separately for the radio 

communication terminals lOlA, 1018, The configuration 

is not limited to that in this case. Any of the radio 

communication terminals lOlA, lOlB, ... may have the 

function of the radio communication control terminal 102 if 

a sufficient capability is provided. 

In the above case, information data is transmitted and 

received with one-to-one correspon4ence. The configuration 

is not limited to that in this case. For example, 

information data transmitted from the radio communication 

uqit l04A may be received at the same time by a plurality of 

units, such as the radio communication unit 1048 and the 

radio communication units 104C, 1040, •.. not shown. In 

this case, the end of receiving may differ among the radio 

communication units 104A, 1048, 
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WHAT IS CLAIMED IS: 

1. A radio communication system including a plurality 

of radio communication terminals and a radio communication 

control terminal for controlling radio communication, 

comprising: 

radio communication means having transmitting meao..s and 

receiving means; and 

radio communication control means having controlling 

means, transmitting means, and receiving means for 

controlling communication performed by said radio 

communication means, 

wherein asynchronous data and/or isochronous data is 

transferred through a radio communication path for 

communication among a plurality of said radio communication 

means. 

2. A radio communication system according to Claim l, 

w~erein the radio communication path has a frame 

configuration formed of a first transfer time region for 

transferring data for controlling the communication and a 

second transfer time region for performing communication 

among the plurality of said radio communication means and 

for transferring data, and 

data transfer is performed with asynchronous data in 
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the first transfer time region and data transfer is 

performed with asynchronous data and/or isochronous data in 

the second transfer time -region. 

3. A radio communication system according to C1aim 2. 

wherein the first transfer time region is shared in time-

division mu1tip1exing by said radio communication cont~o1 

means and the p1ura1ity of said radio communication means 

and 

the second transfer time region is shared in time-

division mu1tip1exing by the p1ura1ity of said radio 

communication means. 

4. A radio communication system according to C1aim 3. 

said radio communication contro1 means transmits in the 

first transfer time region at 1eas~ assignment information 

indicating a transmission. or receiving timing for the 

information data of each of the p1ura1ity of said radio 

c~mmunication means and synchronization information used by 

the p1ura1ity of said radio communication means to detect 

the transmission or receiving timing for the information 

data. and 

said radio communication means transmits transmission-

request information in the first transfer time region. 
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5. A radio communication system according to Claim 4, 

wherein the transmission-request data includes the address 

information of the radio communication means serving as a 

transmission source and the address information of the radio 

communication means serving as a transmission destination. 

6. A radio communication system according to Cla~ 5, 

wherein the transmission-request data includes information 

related to the amount of the information data to be 

transmitted, or communication-rate information. 

7. A radio communication system according to Claim 6, 

wherein the transmission-request data includes 

identification information indicating whether the 

information data to be transmitted is asynchronou~ data or 

isochronous data. 

8. A transmitting apparatus for transmitting 

i~forma~ion data in units of frames, comprising: 

means for requesting information-data transmission and 

for transmitting information related to the information data 

in a first time region of a frame; 

means for receiving information indicating whether 

communication according to the request is allowed and if the 

communication is allowed, for receiving information related 
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to a second time region. in which communication is allowed. 

in the frame; and 

means for transmitting the information data in the 

second time region according to the information. 

9. A transmitting apparatus according to Claim 8, 

wherein the information data is asynchronous data. 

10. A transmitting apparatus according to Claim a. 

wherein the information data is isochronous data. 

11. A transmitting apparatus according to.Claim 8, 

wherein the information related to the information data is 

communication-rate information for the information data. 

12. A transmitting apparatus ~ccording to Claim 8, 

wherein the information related to the infoi-mation data is 

information related to the amount of the information data. 

13. A radio communication control apparatus for 

controlling information-data communication performed in 

units of frames among a plurality of radio communication 

terminals. comprising: 

means for receiving a transmission request of 

information data and for receivi~g information related to 
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the information data in a first time region in a frame: 

determination means for determining whether 

transmission of the information data is allowed in a second 

time region in the frame. according to the received 

transmission request: and 

means for assigning the second time region to the 

transmission if the transmission is allowed according to the 

determination result of said determination means and for 

transmitting the assignment.information. and if the 

transmission is not allowed. for transmitting information to 

that effect. 

14. A radio communication control apparatus according 

to Claim 13, wherein the information data is asynchronous 

data. 

15. A radio communication control apparatus according 

to Claim 13, wherein the information data is isochronous 

dq_ta. 

16. A radio communication control apparatus according 

to Claim 13, wherein the information related to the 

information data is communication-rate information for the 

information data. 
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17. A radio communication control apparatus according 

to Claim 13, wherein the information related to the 

information data is information related to the amount of the 

information data. 

18. A receiving apparatus for receiving information 

data in units of frames, comprising: 

means for receiving information related to a second 

time region in a frame, in which information data is 

transmitted, in a first time region in the frame: and 

means for receiving the information data according to 

the information related to the second time region. 

19. A receiving apparatus according to Claim 18, 

wherein the information data is asynchronous data. 

20. A receiving apparatus according to Claim 18, 

wherein the information data is isochronous data. 

21. A radio communication method used between a 

plurality of radio communication terminals and a radio 

communication control terminal for controlling radio 

communication, wherein, when communication is performed 

among the plurality of radio communication terminals through 

a radio communication path, asynchronous data and/or 
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isochronous data is transferred through the radio 

communication path. 

22. A transmitting method for transmitting information 

data in units of frames, comprising the steps of: 

requesting information-data transmission and 

transmitting information related to the information data in· 

a first time region of a frame; 

receiving information indicating whether communication 

according to the request is allowed and if the communication 

is allowed, receiving information related to a second time 

region, in which communication is allowed, in the frame; and 

transmitting the information data in the second time 

region according to the information. 

23. A radio communication control method for 

controlling information-data communication performed in 

units of frames among a plurality of radio communication 

t~rminals, comprising the steps of: 

receiving a transmission request of information data 

and receiving information related to the information data in 

a first time region in a frame; 

determining whether transmission of the information 

data is allowed in a second time region in the frame, 

according to the received transmission request; and 
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assigning the second time region to the transmission if 

the transmission is allowed according to the determination 

result of in said determination step and transmitting the 

assignment information, and if the transmission is not 

a11owed, transmitting information to that effect. 

24. A receiving method for receiving information_data 

in units of frames,. comprising the steps of: 

receiving in a first time region of a frame information 

related to a second time region in the frame, in which 

information data is transmitted: and 

receiving the information data according to the 

information related to the second time region. 
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