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COMMUNICATION METHOD, BASE STATION 
AND TERMINAL APPARARUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a communication 
method suitable for application to, for example, a base 
station and a terminal apparatus in a radio telephone system, 
and a base station and a terminal apparatus to both of Which 
the communication method is applied. 

[0003] 2. Description of the Related Art 

[0004] In a mobile communication such as a radio tele 
phone system or the like, a multiple access is carried out 
Wherein a plurality of mobile stations (subscribers or termi 
nal apparatus) have access to a single base station. In the 
case of the radio telephone, since a plurality of mobile 
stations share a single base station, a variety of communi 
cation systems have been proposed in order to avoid inter 
ference among the respective mobile stations. For example, 
conventional methods of communication of this type include 
a frequency division multiple access (FDMA), a time divi 
sion multiple access (TDMA), a code division multiple 
access (CDMA) and so on. 

[0005] According to the TDMA system, each transmission 
channel allocated to each base station is divided by a 
predetermined period of time to form a plurality of time slots 
in one transmission channel, and each of the time slots is 
allocated to a mobile station to be connected, thereby 
alloWing simultaneous connection to a plurality of mobile 
stations using one transmission channel. 

[0006] Further, as another system of communication, the 
present applicant has proposed a system of communication 
referred to as a band division multiple access (BDMA) 
(Japanese unexamined patent publication No. 8-132434 and 
others). Although the BDMA system Will be explained in 
detail in preferred embodiments of the invention to be 
described later, brie?y, it is a system Wherein a plurality of 
one-transmission bands having a predetermined number of 
subcarrier signals arranged at predetermined frequency 
interval are prepared; the signal in each of the transmission 
bands is segmented at a predetermined period of time to 
form time slots; and a burst signal is transmitted in the form 
of a multi-carrier signal Which is data distributed to said 
predetermined number of subcarrier signals intermittently at 
the cycle of a predetermined number of time slots. The 
BDMA system exhibits very excellent transmission charac 
teristics. 

[0007] When the TDMA system is applied to a radio 
telephone system, a terminal apparatus must communicate 
to a base station in synchroniZation With a reference timing 
set by the base station to prevent interference betWeen time 
slots of each channel. Since the distance betWeen the ter 
minal apparatus and the base station is not constant, even if 
a signal is transmitted from each terminal apparatus to the 
base station at the same timing, different propagation delays 
are caused in the signal transmitted from each terminal 
apparatus and hence the timing at Which the base station can 
receive these signals varies for each channel. 

[0008] Thus, there is a need for some process to correct the 
timing and, for example, a process has been performed 
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Wherein the base station detects the amount of delay of a 
signal transmitted from each terminal apparatus from the 
reference timing and control data is transmitted to the 
terminal apparatus to shift the transmission timing in accor 
dance With the amount of delay, thereby performing correc 
tion such that reception can occur at a constant timing (a 
time alignment process). 

[0009] HoWever, such a time alignment process involves 
bidirectional data transmission and, therefore, it can be 
carried out only on communication in progress betWeen a 
base station and a terminal apparatus. For example, it has 
been impossible to perform a time alignment process on an 
access request signal transmitted from a terminal apparatus 
to a base station to request the commencement of commu 

nication (access request). 

[0010] Under such circumstances, a signal may be trans 
mitted in a burst formed someWhat short in order to avoid 
problems associated With the transmission of a signal on 
Which no time alignment process has been performed. 
Further, in the case of such a short signal burst that it can not 
absorb any shift in time caused by propagation delay, 
conventional methods can not solve the problem associated 
With time alignment. 

SUMMARY OF THE INVENTION 

[0011] In vieW of such aspects, it is an object of the present 
invention to alloW an access request or the like to a base 
station to be carried out preferably for communication using 
an ef?cient system having a high transmission rate such as 
a radio telephone system or the like. 

[0012] According to a ?rst aspect of the present invention, 
a communication method of carrying out communication 
using a time slot as a unit includes a ?rst communication 
step of using a time slot having a ?rst time length When 
information of a ?rst kind is communicated, and a second 
communication step of using a time slot having a second 
time length When information of a second kind is commu 
nicated. 

[0013] According to a second aspect of the present inven 
tion, a base station in a cellular system using a time slot as 
a unit upon communication to a subscriber station includes 
receiving means for receiving a signal from the subscriber 
station, reception processing means for carrying out a pro 
cessing by a unit of a time slot having a ?rst time length 
When general information is communicated and for carrying 
out a processing by a unit of a time slot having a second time 
length, Which is longer than the ?rst time length, When 
communication control information is communicated, signal 
generating means for generating a signal to be transmitted to 
the subscriber station, and transmitting means for transmit 
ting the signal generated by the signal generating means to 
the subscriber station. 

[0014] According to a third aspect of the present inven 
tion, a subscriber station in a cellular system using a time 
slot as a unit upon communication to a base station includes 
reception means for receiving a signal from the base station, 
reception processing means for processing a signal received 
by the reception means, signal generating means for gener 
ating a signal formed in a unit of a time slot having a ?rst 
time length When general information is communicated and 
for generating a signal formed in a unit of a time slot having 
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a second time length, Which is longer than the ?rst time 
length, When communication control information is com 
municated, and transmitting means for transmitting the 
signal generated by the signal generating means to the base 
station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is an explanatory diagram shoWing a con 
?guration of slots in a transmission signal according to an 
embodiment of the present invention; 

[0016] FIGS. 2A to 2G are diagrams used to explain a 
state of transmission in one frame according to an embodi 

ment; 

[0017] FIGS. 3A and 3B are diagrams used to explain an 
example of arrangement of band slots according to an 
embodiment; 
[0018] FIG. 4 is a block diagram shoWing a con?guration 
of a terminal apparatus to Which an embodiment of the 
present invention is applied; 

[0019] FIG. 5 is a block diagram shoWing a con?guration 
of an encoder of the terminal apparatus in the embodiment 
shoWn in FIG. 4; 

[0020] FIGS. 6A and 6B are Waveform diagrams shoWing 
an example of WindoW data; 

[0021] FIG. 7 is a block diagram shoWing a con?guration 
of a decoder of the terminal apparatus of the embodiment in 
FIG. 4; 

[0022] FIG. 8 is a block diagram shoWing a con?guration 
of a base station to Which the embodiment of the present 
invention is applied; 

[0023] FIG. 9 is a block diagram shoWing a con?guration 
for modulation process on the base station of the embodi 
ment in FIG. 8.; 

[0024] FIG. 10 is a block diagram shoWing a con?gura 
tion for demodulation process on the base station of the 
embodiment in FIG. 8; 

[0025] FIGS. 11A to 11C are explanatory diagrams shoW 
ing a con?guration of a frame according to the embodiment; 

[0026] FIGS. 12A and 12B are explanatory diagrams 
shoWing an example of a control channel received at a base 
station according to the embodiment; and 

[0027] FIGS. 13A and 13B are explanatory diagram 
shoWing a con?guration of one band slot according to an 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] An embodiment of the present invention Will noW 
be described With reference to the accompanying draWings. 

[0029] First, a con?guration of a basic communication 
system to Which the present embodiment is applied Will noW 
be described With reference to FIGS. 1 through 3. The 
con?guration of the communication system according to the 
present embodiment is a so-called multi-carrier system 
Wherein a plurality of subcarriers are successively disposed 
in a band and allocated in advance Wherein the plurality of 
subcarriers in one band are simultaneously used in one 
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transmission path. Further, all of the plurality of subcarriers 
in the one band are subjected to band division to be 
modulated, Which is referred to as a band division multiple 
access (BDMA) here. 

[0030] Referring noW to the con?guration, FIG. 1 is a 
vieW shoWing a slot con?guration of a signal transmitted 
according to the present embodiment Wherein the ordinate 
and the abscissa indicate a frequency and a time, respec 
tively. In the present embodiment, there is provided an 
orthogonal basis Wherein the frequency base and time base 
are divided in the form of a grid. Speci?cally, one transmis 
sion band (one-band slot) is set to 150 kHZ, and 24 subcar 
riers are arranged in such one transmission band of 150 kHZ. 
The 24 subcarriers are successively arranged at an equal 
interval of 6.25 kHZ, and subcarrier numbers 0 through 23 
are assigned to each carrier. HoWever, there are actually 
provided 22 subcarriers, i.e., subcarriers No. 1 through No. 
22, and subcarrier Nos. 0 and 23 on both sides of one band 
slot are made as guard bands in Which no subcarrier is 
provided and for Which the electric poWer is Zero. 

[0031] Referring to the time base, one time slot is de?ned 
at every 200 ysec. interval, and a burst signal is modulated 
into 22 subcarriers to be transmitted for each time slot. A 
state Wherein 25 time slots (i.e., 5 msec.) are arranged is 
de?ned as one frames Time slot numbers 0 through 24 are 
assigned to the time slots in one frame. The range indicated 
by hatching in FIG. 1 represents the section of one time slot 
in one band slot. Here, the time slot assigned a time slot 
number 24 is a period in Which no data is transmitted. 
Further, one time slot is de?ned at every 200 ysec. interval 
as shoWn in FIG. 1 for a communication channel for 
transmitting information such as audio data or the like and, 
for a control channel for transmitting only control data 
regarding a channel access from a mobile station, one time 
slot is de?ned at every 400 psec. interval Which is tWice the 
above as Will be described later. The detailed con?guration 
of such a control channel Will be described later. 

[0032] Using this orthogonal basis Wherein the frequency 
base and time base are divided in the form of a grid, multiple 
access is achieved Wherein a base station communicates 
With a plurality of mobile stations (terminal apparatus) in the 
same period of time. The connection With each mobile 
station is made using the con?guration shoWn in FIGS. 2A 
to 2G. FIGS. 2A to 2G are diagrams shoWing hoW six 
mobile stations (users) U0, U1, U2, . . . , U5 connected to 
a base station use time slots by one band slot (in practice, a 
band slot used is sWitched by frequency hopping described 
later), Wherein a time slot indicated by R is a reception time 
slot; a time slot indicated by T is a transmission time slot; 
and a frame timing de?ned by the base station is set at a 
cycle of 24 time slots (the slot No. 24 Which is the last slot 
of the 25 time slots prepared is not used) as shoWn in FIG. 
2A. It is assumed here that the transmission slot and the 
reception slot are transmitted using separate bands. 

[0033] For example, a mobile station U0 shoWn in FIG. 
2B uses time slots No. 0, 6, 12 and 18 in one frame as 
reception slots, uses time slots No. 3, 9, 15 and 21 as 
transmission slots and receives or transmits a burst signal in 
each time slot. A mobile station U1 shoWn at in FIG. 2C 
uses time slots No. 1, 7, 13 and 19 in one frame as reception 
slots and uses time slots No. 4, 10, 16 and 22 as transmission 
slots. A mobile station U2 shoWn at in FIG. 2D uses time 



US 2001/0043583 A1 

slots No. 2, 8, 14 and 20 in one frame as reception slots and 
uses time slots No. 5, 11, 17 and 23 as transmission slots. A 
mobile station U3 shoWn in FIG. 2E uses time slots No. 3, 
9, 15 and 21 in one frame as reception slots and uses time 
slots No. 0, 6, 12 and 18 as transmission slots. A mobile 
station U4 shoWn in FIG. 2F uses time slots No. 4, 10, 16 
and 22 in one frame as reception slots and uses time slots 
No. 1, 7, 13 and 22 as transmission slots. Further, a mobile 
station U5 shoWn in FIG. 2G uses time slots No. 5, 11, 16 
and 22 in one frame as reception slots and uses time slots 
No. 2, 8, 14 and 20 as transmission slots. 

[0034] While the con?guration shoWn in FIGS. 2A to 2G 
alloWs a 6TDMA (time division multiple access) Wherein six 
mobile stations are connected to one band slot, When this is 
vieWed from the end of each mobile station, it has alloWance 
of tWo time slot periods (i.e., 400 psec.) betWeen reception 
and transmission in one time slot period and the next 
transmission and reception and utiliZes this alloWance to 
perform a timing process and a process referred to as a 
frequency hopping. Speci?cally, in the period of about 200 
psec. preceding each transmission slot T, a timing process 
TA is performed to adjust the transmission timing to the 
timing of a signal from the base station. 200 ysec. after the 
end of each transmission slot T, frequency hopping is 
performed to sWitch the band slot for transmission and 
reception to another band slot. The timing described here is 
an example of a case Wherein a high transmission rate is set 
and, if the number of band slot used is changed With the 
transmission rate set loWer, the timing of frequency hopping 
and the like must be set separately. Frequency hopping 
alloWs, for example, a plurality of band slots prepared at one 
base station to be used by each mobile station evenly. 

[0035] Speci?cally, a plurality of band slots are allocated 
to one base station. For example, in the case of a cellular 
type system Wherein one base station constitutes one cell 
and a band of 1.2 MHZ is allocated to one cell, eight band 
slots can be provided at one cell. Similarly, When a band of 
2.4 MHZ is allocated to one cell, 16 band slots can be 
provided at one cell; When a band of 4.8 MHZ is allocated 
to one cell, 32 band slots can be provided at one cell; and 
When a band of 9.6 MHZ is allocated to one cell, 64 band 
slots can be provided at one cell. A frequency sWitching 
process referred to as the frequency hopping is performed 
such that a plurality of band slots allocated to one cell are 
evenly used. In the present embodiment, a plurality of band 
slots having continuous bands are provided at one cell. 

[0036] FIGS. 3A to 3B shoWs an example Wherein eight 
band slots are provided at one cell and, as shoWn in FIG. 3A, 
22 carriers are set in each of the eight band slots thus 
prepared to perform data transmission as shoWn in FIG. 3B. 

[0037] By setting conditions for communication as 
described above, a signal transmitted betWeen each mobile 
station and the base station is kept orthogonal to other 
signals, Which prevents interference by other signals to 
alloW a relevant signal to be preferably extracted. Further, 
since the band slot used for transmission is sWitched by 
frequency hopping at an appropriate time, the transmission 
band prepared for each base station is effectively utiliZed to 
alloW ef?cient transmission. In this case, since an arbitrary 
frequency band can be allocated to one base station (cell) as 
described above, a system can be ?exibly set depending on 
the situation Wherein it is used. 
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[0038] A description Will noW be made on con?gurations 
of a terminal apparatus (mobile station) and a base station 
betWeen Which communication is performed With the above 
described system con?guration. The description here Will be 
made on an assumption that a 2.0 GHZ band is used as a 

doWn link from the base station to the terminal apparatus and 
that a 2.2 GHZ band is used as an up link from the terminal 
apparatus to the base station. 

[0039] FIG. 4 is a vieW shoWing the con?guration of the 
terminal apparatus. Referring ?rst to the reception system, 
an antenna 11 for both transmission and reception is con 
nected to an antenna sharing device 12, and a band-pass 
?lter 13, a reception ampli?er 14, and a mixer 15 are 
connected in series to a reception signal output side of the 
antenna sharing device 12. The band-pass ?lter 13 extracts 
the 2.0 GHZ band. The mixer 15 mixes a frequency signal of 
1.9 GHZ output by a frequency synthesiZer 31 to convert the 
reception signal into an intermediate frequency signal of a 
100 MHZ band. The frequency synthesiZer 31 is constituted 
by a PLL circuit (phase locked loop circuit) and is a 
synthesiZer Which generates signals at an interval of 150 
kHZ (i.e., the interval of one band slot) in a 1.9 GHZ band 
using 150 kHZ generated by dividing 19.2 MHZ output from 
a temperature compensated reference oscillator (TCXO) 32 
by a 1/128 frequency divider 33 as a reference. Other fre 
quency synthesiZers used in this terminal apparatus to be 
described later are also similarly constituted by a PLL 
circuit. 

[0040] The intermediate frequency signal output by the 
mixer 15 is supplied to tWo mixers 18I and 18Q for 
demodulation through a band-pass ?lter 16 and a variable 
gain ampli?er 17. Further, a 100 MHZ frequency signal 
output by a frequency synthesiZer 34 is converted by a phase 
shifter 35 into tWo series of signals at a 90 deg. phase shift, 
and one of the tWo series of frequency signals is supplied to 
the mixer 18I and the other is supplied to the mixer 18Q to 
be mixed With the intermediate frequency signal, thereby 
extracting I- and Q-components included in the received 
data. The frequency synthesiZer 34 is a synthesiZer Which 
generates a signal in a 100 MHZ band using 150 kHZ 
generated as a result of the frequency division at the 1/128 
frequency divider 33 as a reference. 

[0041] The extracted I component is supplied to an ana 
log-to-digital converter 20I through a loW-pass ?lter 19I to 
be converted into digital I data. The extracted Q component 
is supplied to an analog-to-digital converter 20Q through a 
loW-pass ?lter 19Q to be converted into digital Q data. Each 
of the analog-to-digital converters 20I and 20Q uses 200 
kHZ generated by dividing 19.2 MHZ output by the TCXO 
32 using a 1/96 frequency divider 36 as a clock for conver 
sion. 

[0042] The digital I data and the digital Q data output by 
the analog-to-digital converters 20I and 20Q are supplied to 
a demodulator/decoder 21 to obtain decoded reception data 
at a terminal 22. 19.2 MHZ output by the TCXO 32 is 
supplied as it is to the demodulator/decoder 21 as a clock, 
and 5 kHZ generated by dividing 200 kHZ output by the 1/96 
frequency divider 36 using a 1A0 frequency divider 37 is 
supplied thereto as a clock. This 5 kHZ clock is used for 
generating slot timing data. Speci?cally, While one time slot 
is 200 psec in the present embodiment as described above, 
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one period of the signal having a frequency of 5 kHZ is 200 
psec, and the slot timing data is generated in synchroniZa 
tion With this 5 kHZ signal. 

[0043] Referring noW to the con?guration of the transmis 
sion system of the terminal apparatus, transmission data 
obtained at a terminal 41 is supplied to a modulator/encoder 
42 to perform a process of encoding and modulation for 
transmission, thereby generating digital I data and digital Q 
data for transmission. 19.2 MHZ output by the TCXO 32 is 
supplied as it is to the modulator/encoder 42 as a clock, and 
5 kHZ generated as a result of the frequency division at the 
1A0 frequency divider 37 is supplied thereto as data for 
generating the slot timing. The digital I data and the digital 
Q data output by the modulator/encoder 42 are supplied to 
digital-to-analog converters 43I and 43Q to be converted 
into an analog I signal and an analog Q signal, and the I 
signal and the Q signal as a result of the conversion are 
supplied to mixers 45I and 45Q through loW-pass ?lters 441 
and 44Q. Further, a 300 MHZ frequency signal output by a 
frequency synthesiZer 38 is converted by a phase shifter 39 
into tWo series of signals at a 90 deg. phase shift, and one of 
the tWo series of frequency signals is supplied to the miXer 
451 and the other is supplied to the miXer 45Q to be miXed 
With the I signal and the Q signal, respectively. This provides 
signals in a 300 MHZ band Which are subjected to orthogo 
nal modulation at an adder 46 into a signal of one series. The 
frequency synthesiZer 38 is a synthesiZer Which generates a 
signal in a 300 MHZ band using 150 kHZ generated as a 
result of the frequency division at the 1/128 frequency divider 
33 as a reference. 

[0044] The signal modulated to the 300 MHZ band output 
by the adder 46 is supplied to a miXer 49 through a 
transmission ampli?er 47 and a band-pass ?lter 48, and the 
1.9 GHZ band frequency signal output by the frequency 
synthesiZer 31 is miXed thereWith to convert it into a 
transmission frequency in a 2.2 GHZ band. The transmission 
signal Which has been subjected to frequency conversion 
into this transmission frequency is supplied to the antenna 
sharing device 12 through a transmission ampli?er (variable 
gain ampli?er) 50 and a band-pass ?lter 51 to be transmitted 
on a Wireless basis from the antenna 11 connected to the 
antenna sharing device 12. The transmission output is 
adjusted by controlling the gain of the transmission ampli?er 
50. For eXample, the control of the transmission output is 
performed based on output control data received from the 
base station side. 

[0045] The 19.2 MHZ signal output by the TCXO 32 is 
supplied to a 1/2400 frequency divider 40 to be converted into 
an 8 kHZ signal Which 8 kHZ signal is in turn supplied to a 
circuit in an audio processing system (not shoWn). That is, 
in the terminal apparatus of the present embodiment, an 
audio signal transmitted to and from the base station is 
sampled at 8 kHZ (or oversampled at a frequency Which is 
a multiple thereof), so that the 1/2400 frequency divider 40 
provides clocks required for circuits for processing audio 
data such as an analog-to-digital converter and a digital-to 
analog converter for an audio signal or a digital signal 
processor (DSP) for compression and decompression of 
audio data. 

[0046] A description Will noW be made on the detailed 
con?guration of an encoder and neighborhood thereof in the 
transmission system of the terminal apparatus having such a 
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con?guration With reference to FIG. 5. Transmission data is 
supplied to a convolutional encoder 51 to be subjected to 
convolutional encoding. For eXample, this convolutional 
encoding is performed on the basis that constraint length 
k=7 and encoding ratio R=1/3. The output of the convolu 
tional encoder 51 is supplied to a 4-frame interleave buffer 
52 to interleave the data across four frames (20 msec.). The 
output of the interleave buffer 52 is supplied to a DQPSK 
encoder 53 to perform DQPSK modulation. Speci?cally, 
based on the supplied data, a DQPSK symbol generation 
circuit 53a generates a symbol corresponding thereto Which 
is supplied to one of the inputs of a multiplier 53b. The 
multiplication output of the multiplier 53b is delayed by a 
delay circuit 53c by one symbol and is returned to the other 
input to perform the DQPSK modulation. The DQPSK 
modulated data is supplied to a multiplier 54 Where a process 
is performed to multiply the modulated data by random 
phase-shift data output by a random phase-shift data gen 
eration circuit 55. Thus, the apparent phase of the data is 
randomly varied. 

[0047] Then, the output of the multiplier 54 is supplied to 
an inverse fast Fourier transformation circuit (IFFT circuit) 
56, and the inverse FFT circuit 56 converts data on a 
frequency base into the data on time base through the 
calculation using the inverse fast Fourier transformation to 
obtain a so-called multi-carrier signal including 22 subcar 
riers at a 6.25 kHZ interval obtained by modulation. The 
IFFT circuit that carries out the inverse fast Fourier trans 
formation can be relatively simply implemented With a 
con?guration that alloWs subcarriers in a quantity Which is 
a poWer of 2. The IFFT circuit 56 used in the present 
embodiment has a capability of generating 32 subcarriers 
Which is 25 and, at the process of transmitting the informa 
tion channel, and outputs a signal obtained by modulating 
data to 22 successive subcarriers of them. 

[0048] The modulation rate for the transmission data pro 
cessed by the IFFT circuit 56 in the present embodiment is 
set to 200 kHZ, and a process is performed to convert a 
signal at the modulation rate of 200 kHZ into 32 multi 
carriers Which become 200 kHZ+32=6.25 kHZ. Thus, a 
multi-carrier signal at the 6.25 kHZ interval (12.5 kHZ 
interval in case of the up link control channel) is obtained. 

[0049] The multi-carrier signals converted by the inverse 
fast Fourier transformation into that on time base is supplied 
to a multiplier 57 to be multiplied by a time Waveform 
output by a WindoW data generation circuit 58. As shoWn in 
FIG. 6A, for eXample, this time Waveform is a Waveform 
having a length Tu of about 200 ysec. (i.e., one time slot 
period) of one Wave at the transmitting side. HoWever, the 
level of the Waveform varies gently on both ends TT (about 
15 psec.) thereof and, as shoWn in FIG. 6B, the Waveform 
partially overlaps adjacent time Waveforms When the time 
Waveform is multiplied. 

[0050] Referring again to FIG. 5, the signal Which has 
been subjected to multiplication of the time Waveform at the 
multiplier 57 is supplied to a digital-to-analog converter 43 
(corresponding to the digital-to-analog converters 43I and 
43Q in FIG. 4) through a burst buffer 59 to be converted into 
an analog signal using 200 kHZ as a clock for conversion. 

[0051] The detailed con?guration of a decoder and neigh 
borhood thereof in the reception system of the terminal 
apparatus according to the present embodiment With refer 
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ence to FIG. 7. Digital data Which has been converted by an 
analog-to-digital converter 20 (corresponding to the analog 
to-digital converters 20I and 20Q in FIG. 4) using a clock 
of 200 kHZ is supplied to a multiplier 62 through a burst 
buffer 61 to be multiplied by a time Waveform output by a 
reverse WindoW data generation circuit 63. The time Wave 
form multiplied at the reception is a time Waveform Which 
has a con?guration as shoWn in FIG. 6A but has a lengthTM 
of 160 psec. to be shorter than that at the transmission. 

[0052] The reception data multiplied by the time Wave 
form is supplied to an FFT circuit 64 Where it is subjected 
to a process of converting data on the time base into the data 
on the frequency base through a fast Fourier transformation 
process. Thus, the time-series data transmitted after being 
modulated into 22 subcarriers at the 6.25 kHZ interval is 
converted into data of respective subcarriers. Like the con 
version process at the IFFT circuit in the transmission 
system, the conversion process here employs a capability of 
processing 32 subcarriers Which is 25, and the data modu 
lated into 22 successive subcarriers out of them is converted 
and output. The modulation rate for the transmission data 
processed by the FFT circuit 64 in the present embodiment 
is 200 kHZ, and a process of converting a multi-carrier signal 
at the 6.25 kHZ interval can be performed because 32 
multi-carriers can be processed, i.e., 200 kHZ+32=6.25 kHZ. 

[0053] The reception data Which has been subjected to the 
fast Fourier transformation at the FFT 64 is supplied to a 
multiplier 65 Where it is multiplied by reverse random phase 
shift data (this data is data that varies in synchroniZation 
With the random phase shift data at the transmitting side) 
output by a reverse random phase shift data generation 
circuit 66 to be returned to data having the original phase. 

[0054] The data returned to the original phase is supplied 
to a differential demodulation circuit 67 to be subjected to 
differential demodulation, and the data Which has been 
subjected to the differential demodulation is supplied to a 
4-frame deinterleave buffer 68 Where the data interleaved 
across four frames at the time of transmission is returned to 
the original data arrangement. The deinterleaved data is 
supplied to a Viterbi decoder 69 to be subjected to Viterbi 
decoding. The Viterbi-decoded data is supplied to a subse 
quent reception data processing circuit (not shoWn) as 
decoded reception data. 

[0055] The con?guration of the base station Will noW be 
described With reference to FIG. 8. The con?guration used 
in this base station to perform transmission and reception is 
basically similar to that in the terminal apparatus except for 
a con?guration Which is used for achieve multiple access 
Wherein it is connected to a plurality of terminal apparatuses 
simultaneously. 

[0056] Referring ?rst to the con?guration of the reception 
system shoWn in FIG. 8, an antenna 211 for both transmis 
sion and reception is connected to an antenna sharing device 
212, and a band-pass ?lter 213, a reception ampli?er 214, 
and a mixer 215 are connected in series to a reception signal 
output side of the antenna sharing device 212. The band-pass 
?lter 213 extracts the 2.2 GHZ band. The mixer 215 mixes 
a frequency signal of 1.9 GHZ output by a frequency 
synthesiZer 231 to convert the reception signal into an 
intermediate frequency signal in a 300 MHZ band. The 
frequency synthesiZer 231 is constituted by a PLL circuit 
(phase locked loop circuit) and is a synthesiZer Which 
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generates a signal at an interval of 150 kHZ (i.e., the interval 
of one band slot) in a 1.9 GHZ band using 150 kHZ generated 
by dividing 19.2 MHZ output from a temperature compen 
sated reference oscillator (TCXO) 232 by a 1/128 frequency 
divider 233 as a reference. Other frequency synthesiZers 
used in this base station to be described later are also 
similarly constituted by a PLL circuit. 

[0057] The intermediate frequency signal output by the 
mixer 215 is supplied to tWo mixers 218I and 218Q for 
demodulation through a band-pass ?lter 216 and a reception 
ampli?er 217. Further, a 300 MHZ frequency signal output 
by a frequency synthesiZer 234 is converted by a phase 
shifter 235 into tWo series of signals at a 90 deg. phase shift, 
and one of the tWo series of frequency signals is supplied to 
the mixer 218I and the other is supplied to the mixer 218Q 
to be mixed With the intermediate frequency signal, thereby 
extracting I- and Q-components included in the received 
data. The frequency synthesiZer 234 is a synthesiZer Which 
generates a signal in a 300 MHZ band using 150 kHZ 
generated as a result of the frequency division at the 1/128 
frequency divider 233 as a reference. 

[0058] The extracted I component is supplied to an ana 
log-to-digital converter 220I through a loW-pass ?lter 219I 
to be converted into digital I data. The extracted Q compo 
nent is supplied to an analog-to-digital converter 220Q 
through a loW-pass ?lter 219Q to be converted into digital Q 
data. Each of the analog-to-digital converters 220I and 220Q 
uses 6.4 MHZ generated by dividing 19.2 MHZ output by the 
TCXO 232 using a 1/3 frequency divider 236 as a clock for 
conversion. 

[0059] The digital I data and the digital Q data output by 
the analog-to-digital converters 220I and 220Q are supplied 
to a demodulation unit 221, and the demodulated data is 
supplied to a demultiplexer 222 to be divided into data from 
each terminal apparatus. The divided data is separately 
supplied to decoders 223a, 223b, . . . , 223n prepared in the 

same number (6 per one band slot) as the terminal appara 
tuses connected simultaneously. 19.2 MHZ output by the 
TCXO 232 is supplied as it is to the demodulation unit 221, 
the demultiplexer 222 and the decoders 223a, 223b, . . . , 

22311 as a clock, and 5 kHZ generated by dividing 6.4 MHZ 
output by the 1/3 frequency divider 236 using a 1/1280 fre 
quency divider 237 is supplied thereto as slot timing data. 

[0060] Referring noW to the con?guration of the transmis 
sion system of the base station, transmission data separately 
encoded by encoders 241a, 241b, . . . , 241n prepared in the 

same number as the parties (terminal apparatuses) to com 
municate simultaneously is synthesiZed by a multiplexer 
242. The output of the multiplexer 242 is supplied to a 
modulation unit 243 Which performs a modulation process 
for transmission to generate digital I data and digital Q data 
for transmission. A signal having a frequency of 19.2 MHZ 
and output by the TCXO 232 is supplied as it is to each of 
the encoders 241a through 24111, the multiplexer 242 and the 
modulation unit 243 as a clock, and 5 kHZ output by the 1/1280 
frequency divider 237 is supplied thereto as a clock. 

[0061] The digital I data and the digital Q data output by 
the modulation portion 243 are supplied to digital-to-analog 
converters 244I and 244Q to be converted into an analog I 
signal and an analog Q signal, and the I signal and the Q 
signal as a result of the conversion are supplied to mixers 
246I and 246Q through loW-pass ?lters 245I and 245Q. 
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Further, a signal having a frequency of 100 MHZ and output 
by a frequency synthesizer 238 is converted by a phase 
shifter 239 into tWo series of signals phase-shifted at a 90°, 
and one of the tWo series of signals is supplied to the mixer 
246I and the other is supplied to the mixer 246Q to be mixed 
With the I signal and the Q signal, respectively. This provides 
signals in a 100 MHZ band Which are subjected to orthogo 
nal modulation at an adder 247 into one series of signal. The 
frequency synthesiZer 238 is a synthesiZer Which generates 
a signal in a 100 MHZ band using 150 kHZ generated as a 
result of the frequency division at the 1/128 frequency divider 
233 as a reference. 

[0062] The signal modulated to the 100 MHZ band output 
by the adder 247 is supplied to a mixer 250 through a 
transmission ampli?er 248 and a band-pass ?lter 249, and 
the 1.9 GHZ band frequency signal output by the frequency 
synthesiZer 231 is mixed thereWith to convert it into a 
transmission frequency in a 2.0 GHZ band. The transmission 
signal Which has been subjected to frequency conversion 
into this transmission frequency is supplied to the antenna 
sharing device 212 through a transmission ampli?er 251 and 
a band-pass ?lter 252 to be transmitted on a Wireless basis 
from the antenna 211 connected to the antenna sharing 
device 212. 

[0063] The 19.2 MHZ signal output by the TCXO 232 is 
supplied to a 1/2400 frequency divider 240 to be converted 
into an 8 kHZ signal Which 8 kHZ signal is in turn supplied 
to a circuit in an audio processing system (not shoWn). That 
is, in the base station of the present embodiment, an audio 
signal transmitted to and from a terminal apparatus is 
sampled at 8 kHZ (or oversampled at a frequency Which is 
a multiple thereof), so that the 1/2400 frequency divider 240 
provides clocks required for circuits for processing audio 
data such as an analog-to-digital converter and a digital-to 
analog converter for an audio signal or a digital signal 
processor (DSP) for compression and decompression of 
audio data. 

[0064] A description Will noW be made on the details of a 
con?guration for encoding and modulating transmission 
data at the base station With reference to FIG. 9. It is 
assumed here that simultaneous multiple access is estab 
lished to N (N is an arbitrary number) terminal apparatuses 
(users). Signals U0, U1, . . . , UN to be transmitted to the user 
at each terminal apparatus are respectively supplied to 
separate convolutional encoders 311a, 311b, . . . 31111 to be 

subjected to convolutional encoding separately. For 
example, this convolutional encoding is performed on the 
basis that constraint length k=7 and encoding ratio R=1/3. 

[0065] The data Which have been subjected to convolu 
tional encoding in respective systems are respectively sup 
plied to 4-frame interleave buffers 312a, 312b, . . . , 31211 to 

interleave the data across four frames (20 msec.). The 
outputs of the respective interleave buffers 312a, 312b, . . . , 

31211 are supplied to respective DQPSK encoders 320a, 
320b, . . . , 32011 to perform DQPSK modulation. Speci? 

cally, based on the supplied data, DQPSK symbol generation 
circuits 321a, 321b, . . . , 321n generate symbols corre 

sponding thereto Which are supplied to one inputs of mul 
tipliers 322a, 322b, . . . , 32211. The multiplication outputs of 

the multipliers 322a, 322b, . . . , 32211 are delayed by 

respective delay circuits 323a, 323b, . . . , 32311 by one 

symbol and are returned to the other inputs to perform the 
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DQPSK modulation. The DQPSK-modulated data are 
respectively supplied to multipliers 313a, 313b, . . . , 31311 

Where a process is performed to multiply the modulated data 
by random phase-shift data separately output by random 
phase-shift data generation circuits 314a, 314b, . . . , 314n. 

Thus, the apparent phase of the data is randomly varied. 

[0066] Then, the output of each of the multipliers 313a, 
313b, . . . , 31311 is supplied to a multiplexer 242 to be 

synthesiZed therein. During the synthesis at the multiplexer 
242 of the present embodiment, the positions of the frequen 
cies to be synthesiZed can be sWitched using 150 kHZ as a 
unit, such sWitching is controlled to sWitch the frequency of 
a burst signal transmitted to each terminal apparatus. That is, 
While frequency sWitching on a band slot basis referred to as 
the frequency hopping is performed in the present embodi 
ment as shoWn in FIG. 2, such frequency sWitching is 
achieved by sWitching the processes performed during the 
synthesis at the multiplexer 242. 

[0067] The data synthesiZed by the multiplexer 242 is 
supplied to an IFFT circuit 332 Which converts a signal on 
a frequency base into a signal on the time base through the 
calculation using the inverse fast Fourier transformation to 
obtain a time series data formed of the multi-carrier signal 
obtained by modulating data into 22 subcarriers at the 6.25 
kHZ interval per band slot. The data obtained by the inverse 
fast Fourier transformation is supplied to a multiplier 333 to 
be multiplied by a time Waveform output by a WindoW data 
generation circuit 334. As shoWn in FIG. 6A, this time 
Waveform is a Waveform having a length TB of about 200 
psec. (i.e., one time slot period) of one Wave at the trans 
mitting side. HoWever, the level of the Waveform varies 
gently on both ends TTR (about 15 psec.) thereof and, as 
shoWn in FIG. 6B, the Waveform partially overlaps adjacent 
time Waveforms When the time Waveform is multiplied. 

[0068] The signal Which has been subjected to multipli 
cation of a time Waveform at the multiplier 333 is supplied 
to a digital-to-analog converter 244 (corresponding to the 
converters 244I and 244Q in FIG. 8) through a burst buffer 
335 to be converted into an analog I signal and an analog Q 
signal Which are transmitted With the con?guration shoWn in 
FIG. 8. 

[0069] Next, the details of a con?guration for demodulat 
ing and decoding reception data at the base station Will be 
described With reference to FIG. 10. The digital I data and 
the digital Q data Which have been converted by an analog 
to-digital converter 220 (corresponding to the analog-to 
digital converters 220I and 220Q in FIG. 8) is supplied to 
the multiplier 342 through a burst buffer 341 to be multiplied 
by a time Waveform output by a reverse WindoW data 
generation circuit 343. This time Waveform is a time Wave 
form Which has a con?guration as shoWn in FIG. 6A but has 
a length TM of 160 psec. to be shorter than that at the 
transmission. 

[0070] The reception data multiplied by the time Wave 
form is supplied to an FFT circuit 344 Where it is subjected 
to a process of converting data on the time base into data on 
the frequency base through a fast Fourier transformation 
process. Thus, the data transmitted after being modulated 
into 22 subcarriers at the 6.25 kHZ intervals per band slot is 
converted into data of the respective subcarriers. This data 
Which has been subjected to the fast Fourier transformation 
is supplied to the demultiplexer 222 to obtain data Which is 












