
(19) United States 
US 20010012283A1 

(12) Patent Application Publication (10) Pub. N0.: US 2001/0012283 A1 
MIYA ct al. (43) Pub. Date: Aug. 9, 2001 

(54) CDMA CELLULAR WIRELESS 
COMMUNICATION SYSTEM 

(76) Inventors: KAZUYUKI MIYA; KAWASAKI-SHI 
(JP); OSAMU KATO; 
YOKOAMA-SHI (JP) 

Correspondence Address: 
BROWN RAYSMAN MILLSTEIN 
FELDER & STEINER, LLP 
900 THIRD AVENUE 
NEW YORK, NY 10022-4728 (US) 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 08/934,978 

(22) Filed: Sep. 22, 1997 

Publication Classi?cation 

(51) Int. c1.7 ............................ .. H04B 7/216; H04] 4/00 
(52) US. Cl. ....................... .. 370/342;370/279; 370/280; 

370/344; 370/347; 370/350; 
370/436; 370/441 

(57) ABSTRACT 
Wireless communication equipment for a CDMA cellular 
Wireless system operating FDD communication and TDD 
communication of a simpli?ed circuit structure capable of 
reducing interference With a communication channel is 
provided. A Wireless transmitter for an SS-DS CDMA cel 
lular Wireless system operating FDD communication and 
TDD communication comprises means 105 for outputting 
pilot channel signals in an FDD band, means 110 for 
outputting control channel signals in the FDD band, means 
115 for outputting communication channel signals in the 
FDD band, means 122 for outputting pilot channel signals in 
a TDD band, and means 127 for outputting communication 
channel signals in the TDD band, and does not have means 
for outputting control channel signals in the TDD band. 
Control channel signals are transmitted only in the FDD 
band. 
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CDMA CELLULAR WIRELESS COMMUNICATION 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Wireless trans 
mitter, a Wireless receiver, and Wireless communication 
equipment of CDMA system for digital cellular mobile 
communication or the like, and more particularly, to ones 
With Which both FDD (Frequency Division Duplex) and 
TDD (Time Division Duplex) can be operated in a simpli?ed 
construction and ef?cient manner. 

[0003] 2. Description of the Related Art 

[0004] In digital cellular mobile communication, multiple 
access systems in Which a plurality of mobile stations 
simultaneously connect With a circuit using the same fre 
quency band are adopted. CDMA (Code Division Multiple 
Access), one of the multiple access systems, is a technique 
for carrying out multiple connection utiliZing spread spec 
trum communication Where a spectrum of an information 
signal is spread over a suf?ciently Wide band compared With 
the original bandWidth in transmission. Thus, CDMA is 
sometimes referred to as Spread Spectrum Multiple Access 
(SSMA). As a method of spreading a spectrum, Spread 
Spectrum-Direct Sequence (SS-DS), that is, a system Where 
an information signal is multiplied directly by a spread 
series code to spread the spectrum of the information signal. 

[0005] It is an object of the present invention to provide a 
CDMA cellular mobile communication system in Which 
both FDD (Frequency Division Duplex) and TDD (Time 
Division Duplex) methods can be used for transmission and 
reception of communication signals. 

SUMMARY OF THE INVENTION 

[0006] In Wireless communication, there are tWo systems: 
a system Where transmission and reception are allotted to 
different radio frequencies (FDD: Frequency Division 
Duplex); and a system Where the same frequency is used and 
transmission and reception are allotted according to time 
sharing (TDD: Time Division Duplex). As shoWn in FIG. 9, 
in FDD, a radio frequency F1 (801) for a doWn circuit (from 
a base station to a mobile station) is different from a radio 
frequency F2 (802) for an up circuit (from a mobile station 
to a base station) . On the other hand, in TDD, Which is 
sometimes referred to as the ping-pong system, the same 
radio frequency F3 (803) is time shared to transmission/ 
reception to carry out communication. 

[0007] In FPLMTS (Future Public Land Mobile Telecom 
munication Systems) Which is noW being standardiZed as 
systems for mobile communication in the next generation 
With ITU being at the center, 1885-2025 MHZ and 2110 
2200 MhZ are allotted as radio frequencies for FPLMTS 
bands. For example, the above tWo frequency bands are to 
be allotted to the FDD band and the TDD band, it may be 
considered that 2110-2200 MHZ and 1885-1975 MHZ, each 
having a bandWidth of 90 MHZ, are allotted to the FDD band 
and the remaining loW frequency band, that is, 1975-2025 
MhZ having a bandWidth of 50 MHZ is allotted to the TDD 
band. In this case, as a cellular Wireless system, it may be 
considered that the tWo communication systems, FDD and 
TDD, are operated in the same area and by the same base 
station. 
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[0008] Accordingly, the present invention provides a 
CDMA cellular Wireless communication system Which can 
operate both FDD and TDD. 

[0009] According to the present invention, there is pro 
vided a CDMA cellular Wireless communication system 
Which comprises a base station, a plurality of mobile stations 
for communicating With the base station, FDD (Frequency 
Division Duplex) communication means betWeen the base 
station and the mobile stations using different radio frequen 
cies for transmission and reception and TDD (Time Division 
Duplex) betWeen the base station and the mobile stations 
using a same frequency for transmission and reception 
betWeen the base station and the mobile stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a block diagram illustrating a CDMA 
cellular Wireless transmitter as a ?rst speci?c embodiment of 
the present invention; 

[0011] FIG. 2 is a block diagram illustrating a CDMA 
cellular Wireless transmitter as second and seventh speci?c 
embodiments of the present invention; 

[0012] FIG. 3 is a block diagram illustrating a CDMA 
cellular Wireless transmitter as third and eighth speci?c 
embodiments of the present invention; 

[0013] FIG. 4 is a channel format illustrating an example 
of multiplexing a pilot channel and interpolating pilot sym 
bols in the third and eighth speci?c embodiments of the 
present invention; 

[0014] FIG. 5 is a block diagram illustrating a CDMA 
cellular Wireless receiver as a fourth embodiment of the 

present invention; 

[0015] FIG. 6 is a block diagram illustrating a CDMA 
cellular Wireless receiver as ?fth, sixth, seventh, and eighth 
embodiments of the present invention; 

[0016] FIG. 7 is a block diagram illustrating a general 
construction of a CDMA cellular Wireless transmitter 
according to the present invention; 

[0017] FIG. 8 is a block diagram illustrating a general 
construction of a CDMA cellular Wireless receiver according 
to the present invention; 

[0018] FIG. 9 illustrates an example of FDD communi 
cation and TDD communication techniques used in the 
present invention; 
[0019] FIG. 10 illustrates an example of a case Where 
radio frequencies are allotted to FDD communication and 
TDD communication schemes according to the present 
invention; 
[0020] FIG. 11 is a channel format illustrating an example 
of conventional interpolating of pilot symbols; 

[0021] FIG. 12 is a channel format illustrating an example 
of conventional multiplexing of a pilot channel; and 

[0022] FIG. 13 illustrates an example of cell signal level 
information. 

DETAILED DESCRITION OF THE INVENTION 

[0023] A CDMA digital cellular Wireless telecommunica 
tion system according to the present invention Will noW be 
described in greater detail With reference to the accompa 
nying draWings. 
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[0024] First, a detection system adopted by a CDMA 
digital cellular Wireless communication system according to 
the present invention is described in the following. 

[0025] A synchronous detection system and a delayed 
detection system are detection systems used in digital com 
munication. The synchronous detection system has more 
excellent static characteristics than those of the delayed 
detection system, and has the loWest Eb/IO necessary for 
obtaining a certain average bit error rate (BER). 

[0026] As a detection system for compensating for distor 
tion of a transmission signal due to fading, an interpolating 
type synchronous detection system has been proposed (Seii 
chi Sanpei, “System for Compensating Fading Distortion of 
16QAM for Terrestrial Mobile Communication,” The Trans 
actions of The Institution of Electronics, Information and 
Communication Engineers, B-2 Vol. J72-B-2, No. 1, pp. 
7-15, 1989). According to this system, pilot symbols are 
periodically interpolated in information symbols to be trans 
mitted, the transfer function (that is, the status of the circuit) 
is estimated, and detection is carried out. Further, a system 
Where the above detection system is applied to SS-DS 
CDMA has been proposed (Higashi, Taguchi, and Ohno, 
“Characteristics of Interpolating-type Synchronous Detec 
tion RAKE in DS/CDMA,” Technical Report of IEICE, 
RCS94-98, 1994). FIG. 11 illustrates an example of a 
channel format Where pilot symbols 1001 for synchronous 
detection are interpolated. The pilot symbols are interpo 
lated With a period T (1002) With respect to every channel. 

[0027] Still further, as a system alloWing synchronous 
detection in SS-DS CDMA, there is one Where a pilot 
channel is utiliZed. In the system, one channel (for a spread 
code) is alWays used to transmit reference signals for 
detection, independently of a channel for transmitting infor 
mation data. FIG. 12 illustrates an example of a channel 
format Where a pilot channel is multiplexed. The ?gure 
shoWs that a pilot channel 1101, a control channel 1102, and 
a communication channel 1103 are multiplexed. 

[0028] With such techniques, a CDMA cellular Wireless 
transmitter (base station) for operating FDD communication 
and TDD communication according to the present invention 
may be constructed as shoWn in FIG. 7. It is to be noted that 
the FDD band and the TDD band in the radio frequency band 
are allotted as shoWn in FIG. 10. The transmitter shoWn in 
FIG. 7 is an example of a Wireless transmitter for outputting 
f1 (901) and f2 (902) among a plurality of carrier frequen 
cies of the respective bands shoWn in FIG. 10. Further, it is 
a system Where the pilot channel is multiplexed With regard 
to both of the bands. 

[0029] The Wireless transmitter comprises an FDD band 
unit 601 for transmitting multiplexed signals With its spec 
trum spread at the frequency f1, a TDD band unit 602 for 
transmitting multiplexed signals With their spectrum spread 
at the frequency f2, an adder 603 for adding the both, and an 
antenna 604. The FDD band unit 601 comprises a pilot 
channel 605 for spreading and outputting pilot data 606, a 
control channel 610 for spreading and outputting control 
data 611, communication channels 1-m (615) for spreading 
and outputting respective transmission data 1-m, an adder 
620 for adding output of the respective channels, and a 
Wireless transmitting portion 621 for converting output of 
the adder 620 into signals at the frequency f1. 

[0030] The TDD band unit 602 comprises a pilot channel 
622 for spreading and outputting pilot data 623, a control 
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channel 628 for spreading and outputting control data 629, 
communication channels 1-n (633) for spreading and out 
putting respective transmission data A-L, an adder 638 for 
adding output of the respective channels, and a Wireless 
transmitting portion 639 for converting output of the adder 
638 into signals at the frequency f2. 

[0031] The channels 605, 610, 615, 622, 628, and 633 of 
the FDD band unit 601 and the TDD band unit 602 have 
spread circuits 608, 613, 618, 625, 631, and 636 for spread 
ing the data by multiplying the data by spread codes 607, 
612, 617, 624, 630, and 635 set for the respective channels, 
and multipliers for multiplying the spread data by Weights 
W1, W2, W3, Wm+2, Wa, Wb, Wc, and Wp for controlling 
transmission poWer, respectively. 

[0032] In the Wireless transmitter, the pilot channel 605 
spreads the pilot data 606 With the spread circuit 608 using 
the spread code 1 (607), multiplies the spread data by the 
Weight W1 (609), and then outputs the data. The control 
channel 610 spreads the control data 611 With the spread 
circuit 613 using the spread code 2 (612), multiplies the 
spread data by the Weight 614, and then outputs the data. The 
communication channel 615 spreads the respective trans 
mission data 1-m (616) With the respective spread circuits 
618 using the respective spread codes 617, multiplies the 
spread data by the respective Weights 619, and then outputs 
the data. The data outputted from the respective channels are 
multiplexed by the multiplexing circuit 620, up converted by 
the Wireless transmitting portion 621, and transmitted from 
the antenna 604. 

[0033] In the TDD band unit 602, similarly, the pilot 
channel 622 spreads the pilot data 623 With the spread circuit 
625 using the spread code 1 (624), multiplies the spread data 
by the Weight Wa (626), and then outputs the data. The 
control channel 628 spreads the control data 629 With the 
spread circuit 631 using the spread code 2 (630) , multiplies 
the spread data by the Weight 632, and then outputs the data. 
The communication channel 633 spreads the respective 
transmission data A-L (634) With the respective spread 
circuits 636 using the respective spread codes 635, multi 
plies the spread data by the respective Weights 637, and then 
outputs the data. The data outputted from the respective 
channels are multiplexed by the multiplexing circuit 638, up 
converted by the Wireless transmitting portion 639, and 
transmitted from the antenna 604. 

[0034] In the transmitter, the spread codes used in FDD 
and TDD may be different from each other. The transmitting 
antenna for the radio frequency f1 and that for the radio 
frequency f2 may be separately provided. Further, since the 
pilot data 606 and 623 do not necessarily have to transmit 
information, these data may be non-modulated data (all 
Zeros, or, all ones). It is to be noted that the control channels 
of the FDD band unit and the TDD band unit are used When 
communication is being Waited for and communication is 
started (the circuit is connected), and, during communica 
tion, control data is transmitted as a part of transmission data 
of the communication channels. 

[0035] FIG. 8 illustrates an example of a general con 
struction of a CDMA cellular Wireless receiver according to 
the present invention for receiving signals in both of the 
FDD band and the TDD band. The Wireless receiver com 
prises an antenna 701 for receiving signals, an FDD band 
unit 702 for processing received signals in the FDD band (at 
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the radio frequency f1), and a TDD band unit 703 for 
processing received signals in the TDD band (at the radio 
frequency f2). The FDD band unit 702 and the TDD band 
unit 703 are similarly constructed and comprise Wireless 
receiving portions 704 and 727 for doWn converting 
received signals, pilot channels 705 and 728 for processing 
received signals to output phase information 709, chip 
synchroniZation signals 712, and cell signal level informa 
tion 714, control channels 715 and 729 for outputting control 
data 720, and communication channels 721 for outputting 
communication data 726, respectively. 
[0036] Each of the pilot channels 705 and 728 comprises 
a correlation circuit 707 for despreading by means of 
multiplying the received signals by a spread code 706, a 
phase estimation circuit 708 for ?nding the phase informa 
tion 709 of the received signals from the output of the 
despreading, a poWer detection circuit 710 for operating 
reception poWer With respect to each sampling, a chip 
synchronous circuit 711 for ?nding chip synchroniZation 
signals by integrating the output of the poWer detection 
circuit 710, and a cell monitor circuit 713 for, from the 
output of the poWer detection circuit 710, outputting cell 
signal level information representing signal levels With 
regard to respective cells using the same spread code. The 
control channels 715 and 729 and the communication chan 
nels 721 and 730 comprises correlation circuits 717 and 723 
for despreading by means of multiplying the received sig 
nals by spread codes 716 and 722, detection circuits 717 and 
723 for carrying out synchronous detection With respect to 
the despreaded signals based on the phase information 709, 
and binary decision circuits 719 and 725 for deciding the 
output of the detection circuits 718 and 724 and outputting 
the control data 720 or the communication data 726, respec 
tively. 
[0037] In the receiver, among signals received from the 
antenna 701, signals in the FDD band (at the radio frequency 
f1) are processed by the FDD band unit 702 While signals in 
the TDD band (at the radio frequency f2) are processed by 
the TDD band unit 703. 

[0038] Signals in the FDD band are doWn converted by the 
Wireless receiving portion 704. In the pilot channel 705, the 
correlation circuit 707 despreads signals outputted by the 
Wireless receiving portion 704 using a spread code 706. A 
phase estimation circuit 708 detects the phase information 
709 of the received signals from the despreaded output to 
send it to the detection circuits 718 and 724 of the control 
channel 715 and the communication channel 721. 

[0039] In the control channel 715, the correlation circuit 
717 for despreading of signals outputted by the Wireless 
receiving portion 704 using a spread code 2 (716), the 
detection circuit 718 carries out synchronous detection With 
regard to the despreaded signals based on the phase infor 
mation 709, and the binary decision circuit 719 decides the 
detected data to output the control data 720. 

[0040] In the communication channel 726, the correlation 
circuit 723 despreads signals outputted by the Wireless 
receiving portion 704 using a spread code i (722), the 
detection circuit 724 carries out synchronous detection With 
regard to the despreaded signals based on the phase infor 
mation 709, and the binary decision circuit 725 decides the 
detected data to output the communication data 726. 

[0041] The despreaded output of the correlation circuit 
707 of the pilot channel 705 is inputted to the poWer 
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detection circuit 710. The poWer detection circuit 710 oper 
ates reception poWer With respect to each sampling (phase). 
The chip synchronous circuit 711 outputs the chip synchro 
niZation signals 712 by integrating the output of the poWer 
detection circuit 710 With respect to a certain time constant 
(?ltering) . The chip synchroniZation signals are inputted to 
the correlation circuit 717 of the control channel 715 and the 
correlation circuit 723 of the communication channel 721 to 
determine the phases of the despreading using the spread 
codes carried out by these correlation circuits. 

[0042] In case a plurality of cells use the same spread code 
1 (706) and transmit pilot channel signals With phase shift, 
the cell monitor circuit 713 generates, based on the output of 
the poWer detection circuit 710, the cell signal level infor 
mation 714 representing levels of received pilot signals 
outputted by the base station of the cells. 

[0043] FIG. 13 illustrates an eXample of the output of the 
poWer detection circuit 710 in case phase difference (1202) 
of 1A1 of a period (1201) of the spread code is provided 
betWeen the cells. Since the same spread code 1 is used 
among the cells, by shifting the phases of the despreading of 
the correlation circuit 707, not only the level of the received 
signals of the receiver’s oWn cell but also the levels of the 
received signals of other cells can be detected. 

[0044] It is to be noted that the transmission poWer of the 
pilot channel necessary for acquiring the chip synchroniZa 
tion signals and the cell signal level information may be 
loWer than the poWer necessary for the synchronous detec 
tion, since the output of the poWer detection circuit 710 is 
integrated in the chip synchronous circuit 711 and the cell 
monitor circuit 713. 

[0045] Process in the TDD band unit 703 is similar to that 
in the FDD band unit 702. Signals in the TDD band are 
doWn converted by the Wireless receiving portion 727, and 
processed similarly to signals in the FDD band in the pilot 
channel 728, the control channel 729, and the communica 
tion channel 730 to be decoded. 

[0046] HoWever, since the above-mentioned cellular Wire 
less transmitter embodying the present invention has control 
channels both for the FDD band and for the TDD band, a 
transmission circuit is necessary for each of the tWo bands, 
leading to complexity of the construction of the transmitter. 
Further, there are problems such as that a spread code is 
required to be allotted to both of the control channel for the 
FDD band and the control channel for the TDD band, and 
that interference increases all the more for the control 
channel in each of the bands, resulting in degradation of the 
quality of the pilot channels and the communication chan 
nels. 

[0047] Further, With respect to the above illustrated 
CDMA cellular Wireless receiver, there is also a problem that 
a circuit is necessary both for receiving the FDD band 
signals and for receiving the TDD band signals, leading to 
complexity of the construction of the receiver. 

[0048] Accordingly, the present invention is made to pro 
vide an improvement for CDMA cellular Wireless system 
operating FDD communication and TDD communication 
Which is simple in circuit construction and With Which 
interference With the communication channels is reduced, 
alloWing enhanced communication quality. 
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[0049] Speci?c embodiments of the present invention are 
noW described in the following With reference to the draW 
ings. 
[0050] A ?rst speci?c embodiment is a CDMA cellular 
Wireless transmitter Which can operate FDD communication 
and TDD communication. As shoWn in FIG. 1, the Wireless 
transmitter comprises an FDD band unit 101 for transmitting 
multiplexed data at the frequency f1, a TDD band unit 102 
for transmitting multiplexed data at the frequency f2, an 
adder 103 for adding the both, and an antenna 104 for 
transmitting signals. The FDD band unit 101 comprises a 
pilot channel 105 for spreading and outputting pilot data 
106, a control channel 110 for spreading and outputting 
control data 111, communication channels 1-m (115) for 
spreading and outputting respective transmission data 1-m 
(116), an adder 120 for adding output of the respective 
channels, and a Wireless transmitting portion 121 for con 
verting output of the adder 120 into signals at the frequency 
f1. The TDD band unit 102 comprises a pilot channel 122 for 
spreading and outputting pilot data 123, communication 
channels 1-n (127) for spreading and outputting respective 
transmission data A-L (128), an adder 132 for adding output 
of the respective channels, and a Wireless transmitting 
portion 133 for converting output of the adder 132 into 
signals at the frequency f2. The transmitter is different from 
the above-mentioned Wireless transmitter (FIG. 7) on the 
point that the TDD band unit 102 does not have a control 
channel, but is otherWise the same as the above-mentioned 
Wireless transmitter. 

[0051] In the FDD band unit 101 of the transmitter, the 
pilot channel 105 spreads the pilot data 106 With a spread 
circuit 108 using a spread code 1 (107), multiplies the spread 
data by a Weight 109, and then outputs the data. The control 
channel 110 spreads the control data 111 With a spread 
circuit 113 using a spread code 2 (112), multiplies the spread 
data by a Weight 114, and then outputs the data. The 
communication channel 115 spreads the respective trans 
mission data 1-m (116) With respective spread circuits 118 
using respective spread codes 117, multiplies the spread data 
by respective Weights 119, and then outputs the data. The 
data outputted from the respective channels are multiplexed 
by the multiplexing circuit 120, up converted by the Wireless 
transmitting portion 121, and transmitted from the antenna 
104. 

[0052] In the TDD band unit 102, the pilot channel 122 
spreads the pilot data 123 With a spread circuit 125 using a 
spread code 1 (124), multiplies the spread data by a Weight 
126, and then outputs the data. The communication channel 
127 spreads the respective transmission data A-L (128) With 
respective spread circuits 130 using respective spread codes 
129, multiplies the spread data by respective Weights 131, 
and then outputs the data. The data outputted from the 
respective channels are multiplexed by the multiplexing 
circuit 132, up converted by the Wireless transmitting por 
tion 133, and transmitted from the antenna 104. 

[0053] In this Way, the Wireless transmitter transmits con 
trol data only via the control channel for the FDD band When 
communication is being Waited for and communication is 
started (the circuit is connected). Accordingly, a receiver 
receives the control data via its control channel for the FDD 
band, and after the circuit is connected, a sWitchover to the 
communication channel for the FDD band or for the TDD 
band is carried out to transmit/receive data. 
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[0054] In the Wireless transmitter, the spread codes used in 
FDD and TDD may be different from each other. The 
transmitting antenna for the radio frequency f1 and that for 
the radio frequency f2 may be separately provided. Further, 
since the pilot data 106 and 123 do not necessarily have to 
transmit information, these data may be non-modulated data 
(all Zeros, or, all ones). 

[0055] In case the ratio of chip rates of the signals out 
putted in the FDD band and the signals outputted in the TDD 
band is made to be 2N (N is an integer and N20), a spread 
circuit can be made to be common to the tWo bands, or 
spread circuits for the tWo bands can be operated With a 
fundamental clock of 2N times. 

[0056] In this Way, in the Wireless transmitter of this 
speci?c embodiment, since a control channel is not provided 
for the TDD band, the circuit scale of the transmission 
circuit can be reduced, and interference due to the otherWise 
necessary control channel can be reduced. 

[0057] A second speci?c embodiment is the CDMA cel 
lular Wireless transmitter of the ?rst speci?c embodiment 
further having a band- sWitching function. As shoWn in FIG. 
2, the transmitter is provided With a band selection circuit 
205 for allotting communication channel signals of users 
1-U (206) to either the FDD band or the TDD band. The 
transmitter is otherWise the same as the ?rst embodiment 

(FIG. 1). 
[0058] In the Wireless transmitter, in case the users 1-U 
(206) are connected With the circuit, or in case communi 
cation of a user is handed over from a neighboring cell, the 
band selection circuit 205 allots communication of the users 
to either the FDD band or the TDD band according to the 
status of traf?c of the respective bands, the circuit quality 
required by the respective users, and the like. 

[0059] Transmission data allotted to the FDD band by the 
band selection circuit 205 is processed by the FDD band unit 
201 to be transmitted, While transmission data allotted to the 
TDD band is processed by the TDD band unit 202 to be 
transmitted. 

[0060] In this Way, according to this embodiment, by 
providing the band selection circuit, communication channel 
data can be allotted to either the FDD band or the TDD band 
according to the status of traf?c of the respective bands, the 
circuit quality required by the respective users, and the like, 
and thus, the frequency utiliZing ef?ciency can be improved. 

[0061] A CDMA cellular Wireless transmitter as a third 
speci?c embodiment interpolates pilot symbols in commu 
nication channel data to be transmitted. 

[0062] As shoWn in FIG. 3, the transmitter is provided 
With sWitches 309 for outputting pilot symbols 308 With a 
predetermined period T among respective sequences of 
transmission data 307. The rest of the TDD band unit, and 
the FDD band unit are the same as the ?rst speci?c embodi 

ment (FIG. 1). 

[0063] In the transmitter, a pilot channel 301 of the TDD 
band unit spreads transmission data 302 (pilot data) With a 
spread circuit 304 using a spread code 1 (303), multiplies the 
spread data by a Weight 305, and then outputs the data. In a 
communication channel 306, the respective sWitches 309 
output the transmission data 307 While outputting pilot 
symbols 308 With the period T. The respective output of the 
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switches 309 are spread With respective spread circuits 311 
using respective spread codes 310, multiplied by respective 
Weights 312, and then outputted. 

[0064] The output of the respective channels are multi 
pleXed by a multiplexing circuit 313, up converted by a 
Wireless transmitting portion 314, and transmitted. 

[0065] In the Wireless transmitter, since the pilot symbols 
for synchronous detection are interpolated in the sequences 
of the transmission data, a receiver can carry out synchro 
nous detection utilizing the pilot symbols, and as a result, the 
receiver can be less dependent on the pilot channel 301, and 
thus, the Wireless transmitter can loWer the poWer spared for 
the pilot channel. 

[0066] In FIG. 3, Weights Wb-Wm in the transmission 
channels are for transmission poWer control, and Weight 
transmission poWer among the communication channels. In 
the Wireless transmitter, The value of the Weight Wa 305 in 
the pilot channel is loWer than the values of the Weights in 
the communication channels, i.e., Wa<Min[Wb . . . Wm], 
Where Min[Wb . . . Wm] is the minimum value among the 
Weights Wb-Wm. 

[0067] FIG. 4 illustrates a channel format in the TDD 
band according to the third speci?c embodiment. In the 
respective communication channels, in addition to the trans 
mission data, there are pilot symbols 401 interpolated With 
a period T (402). The height (thickness) of each of the 
channels represents the transmission poWer. The ?gure illus 
trates that, While the transmission poWer is the same With 
respect to all the communication channels, the transmission 
poWer With respect to a pilot channel 403 is loWer than that 
With respect to the communication channels. 

[0068] In this Way, by providing pilot symbols for the 
purpose of interpolating-type synchronous detection peri 
odically in the respective communication channels in the 
TDD band, the pilot channel data is not required to assure 
high reliability as reference signals for synchronous detec 
tion. By providing a Weight for transmitting the pilot channel 
data With loWer poWer than the poWer With Which the 
communication channel data is transmitted, interference due 
to the pilot channel can be reduced. 

[0069] A fourth speci?c embodiment is a CDMA cellular 
Wireless receiver capable of receiving signals in both of the 
FDD band and the TDD band. As shoWn in FIG. 4, the 
receiver comprises an antenna 501 for receiving signals, an 
FDD band unit 502 for processing received signals in the 
FDD band (at the radio frequency f1), and a TDD band unit 
503 for processing received signals in the TDD band (at the 
radio frequency f2). The FDD band unit 502 comprises a 
Wireless receiving portion 504 for doWn converting received 
signals, a pilot channel 505 for processing received signals 
to output phase information 509, chip synchroniZation sig 
nals 512, and cell signal level information 514, a control 
channel 515 for outputting control data 520, and a commu 
nication channel 521 for outputting communication data 
526. The TDD band unit 503 comprises a Wireless receiving 
portion 527 for doWn converting received signals, a pilot 
channel 528 for processing received signals to output phase 
information, chip synchroniZation signals, and cell signal 
level information, and a communication channel 529 for 
outputting communication data. The transmitter is different 
from the above-mentioned Wireless transmitter embodying 

Aug. 9, 2001 

the present invention (FIG. 8) on the point that the TDD 
band unit 503 does not have a control channel, but is 
otherWise the same as the above-mentioned Wireless trans 
mitter. 

[0070] In the receiver, signals in the FDD band are pro 
cessed in the same Way as in the receiver shoWn in FIG. 8. 
Received signals are doWn converted by the Wireless receiv 
ing portion 504. In the pilot channel 505, the correlation 
circuit 507 despreads using a spread code 506. A phase 
estimation circuit 508 detects the phase information 509 
from the despreaded output to send it to detection circuits 
518 and 524 of the control channel 515 and the communi 
cation channel 521. In the control channel 515, a correlation 
circuit 517 despreads using a spread code 2 (516), the 
detection circuit 518 carries out synchronous detection With 
regard to the despreaded signals based on the phase infor 
mation 509, and a binary decision circuit 519 makes a 
decision to output the control data 520. In the communica 
tion channel 521, a correlation circuit 523 despreads using 
a spread code m (522), the detection circuit 524 carries out 
synchronous detection With regard to the despreaded signals 
based on the phase information 509, and a binary decision 
circuit 525 makes a decision to output the communication 
data 526. 

[0071] From the output of the correlator of the pilot 
channel 505, a poWer detection circuit 510 operates recep 
tion poWer With respect to each sampling (phase). A chip 
synchronous circuit 511 outputs the chip synchroniZation 
signals 512 by integrating the output of the poWer detection 
circuit 510 With respect to a certain time constant. The chip 
synchroniZation signals are used to determine the phases of 
the despreading using the spread codes in the correlation 
circuit 517 of the control channel 515 and the correlation 
circuit 523 of the communication channel 521. In case a 
plurality of cells use the same spread code 1 (506) and 
transmit pilot channel signals With phase shift, a cell monitor 
circuit 513 can obtain the cell signal level information 514 
from the output of the poWer detection circuit 510. 

[0072] It is to be noted that, With regard to the chip 
synchroniZation signals 512, it is not necessary to alWays use 
the pilot channel signals, and it is obvious that the chip 
synchroniZation information may be obtained using output 
of a correlator of the communication channel formed of a 
digital matched ?lter, a plurality of sliding correlator, and the 
like. It is also obvious that, to obtain the chip synchroniZa 
tion signals 511, it is not necessarily required to carry out 
poWer detection. Further, it is obvious that, in case the 
system is not one Where a plurality of cells use the same 
spread code 1 (506) and transmit pilot channel signals With 
phase shift, The construction for obtaining the cell signal 
level information is unnecessary. 

[0073] Process in the TDD band unit 503 is basically 
similar to that in the FDD band unit 502. Signals in the TDD 
band are doWn converted by the Wireless receiving portion 
527, and data of the pilot channel 528 and of the commu 
nication channel 529 are processed similarly to signals in the 
FDD band to be decoded. HoWever, since no control channel 
eXists for the TDD band, no signal is received by the control 
channel. Therefore, even in case the communication channel 
for the TDD band is utiliZed, control data When communi 
cation is being Waited for and communication is started (the 
circuit is connected) is received by the control channel for 
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the FDD band, and, after the circuit is connected, the 
channel is switched to the communication channel for the 
TDD band and the communication channel for the TDD 
band transmits/receives data. 

[0074] In this Way, in the Wireless receiver of this embodi 
ment, since a receiver for the control channel for the TDD 
band is eliminated, hardWare can be reduced accordingly. 

[0075] As shoWn in FIG. 6, CDMA cellular Wireless 
receiver as a ?fth speci?c embodiment is provided With the 
FDD band unit 551 and the TDD band unit 552 the basic 
construction and operation of both of Which are the same as 
those of the fourth embodiment (hoWever, in FIG. 6, the 
portions Where a phase estimation circuit detects phase 
information from despreaded output of a correlation circuit 
555 and a correlation circuit 556 to send it to detection 
circuits of a control channel and a communication channel 
are omitted), With a synchronous circuit 563 for outputting 
frame synchronization signals 564, a call connecting process 
circuit 565 for processing call connection until start of 
communication, and a cell identi?cation process circuit 566 
for identifying the nearest cell and sending the information 
to the call connection process circuit 565 being added (a 
Waiting process circuit 567 and an FDD/TDD sWitch circuit 
568 are not used in this embodiment). 

[0076] In this receiver, initial synchroniZation process and 
process until start of communication are carried out in the 
FDD band. When the receiver is sWitched on, the chip 
synchroniZation signals 556 found by the pilot channel of 
the FDD band unit 551 are inputted to the synchronous 
circuit 563, and cell signal level information 556 is inputted 
to the cell identi?cation process circuit 566. Further, control 
data found by the control channel is inputted to the syn 
chronous circuit 563 and the call connection process circuit 
565. 

[0077] The synchronous circuit 563 generates the frame 
synchroniZation signals 564 based on the inputted chip 
synchroniZation signals 556 and the control data 558. The 
synchroniZation signals are also inputted to a chip synchro 
nous circuit 571 of the TDD band unit 552. The cell 
identi?cation process circuit 566 identi?es the nearest cell 
based on the cell signal level information 557 and sends the 
information to the call connection process circuit 565. The 
call connection process circuit 565 carries out, When calling 
is detected With the control data transmitted from the base 
station of the cell, process until start of communication. 

[0078] In case the communication channel for the TDD 
band is used, during process for starting communication 
(connecting the circuit), in the TDD band unit 552, chip 
synchroniZation signals 560 are found by the pilot channel 
and outputted to a correlation circuit of the communication 
channel, and, together With start of communication, decod 
ing of communication data 562 is started. The chip synchro 
niZation signals 560 outputted from the pilot channel of the 
TDD band unit 552 during communication are inputted to 
the synchronous circuit 563, and the synchronous circuit 563 
continues to output the frame synchroniZation signals 564. 

[0079] Cell signal level information 561 outputted from 
the pilot channel of the TDD band unit 552 during commu 
nication is inputted to the cell identi?cation process circuit 
566, and, based on the information, the cell identi?cation 
process circuit 566 monitors a handover (sWitching of cells) 
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during communication. At the end of communication, end 
process is carried out With the control data as a part of the 
communication data 562. 

[0080] As this embodiment, by providing in the Wireless 
receiver means for carrying out initial synchroniZation pro 
cess and process until start of communication With the 
signals in the FDD band and means for carrying out process 
during communication and process for ending communica 
tion With the signals in the TDD band, a receiver for the 
control channel for the TDD band can be eliminated. In case 
process until start of communication is carried out in the 
FDD band and communication is carried out only in the 
TDD band, a receiver for the communication channel for the 
FDD band can be eliminated, and the scale of hardWare can 
be reduced accordingly. 

[0081] A CDMA cellular Wireless receiver as a siXth 
embodiment intermittently receives the control channel data 
When communication is being Waited. As shoWn in FIG. 6, 
the receiver is provided With a Waiting process circuit 567 
for carrying out process When communication is being 
Waited, but is otherWise the same as the ?fth embodiment. 

[0082] In the receiver, When communication is being 
Waited, the FDD band unit 551 intermittently receives the 
control channel data. The Waiting process circuit 567 judges 
Whether its oWn receiver is called is not. In case it judges that 
the receiver is called, it sends the information to the call 
connection process circuit 565. In case the receiver is called, 
the call connection process circuit 565 processes call con 
nection described in the ?fth, and communication starts. 
After the end of communication in the TDD band, intermit 
tent reception of the control channel data in the FDD band 
is carried out again for preparing for the neXt calling. 

[0083] In this Way, in the Wireless receiver as the siXth 
embodiment, since means for carrying out Waiting process 
for intermittent reception only in the FDD band is provided, 
it is not necessary to provide a control channel for Waiting 
in the TDD band, and hardWare can be reduced accordingly. 
Further, in this receiver, by carrying out intermittent recep 
tion, operating time is shortened, and poWer consumption 
can be loWered. 

[0084] Aseventh speci?c embodiment is a CDMA cellular 
Wireless receiver in case the CDMA cellular Wireless trans 
mitter of the second embodiment is used as the transmitter. 

[0085] When the transmitter allots communication chan 
nel data to either the FDD band or the TDD band according 
to the second embodiment, this Wireless receiver sWitches 
the band of the communication channel to either the FDD 
band or the TDD band accordingly. 

[0086] As shoWn in FIG. 6, the Wireless receiver is 
provided With an FDD/TDD sWitch circuit 568 for sWitching 
the band of the communication channel to either the FDD 
band or the TDD band according to a sWitch signal 569 for 
instructing band sWitch When the circuit is connected. The 
receiver is otherWise the same as the siXth embodiment. 

[0087] In the receiver, When the transmitter allots com 
munication the channel data to either the FDD band or the 
TDD band and transmits communication data, the FDD/ 
TDD sWitch circuit 568 receives the sWitch signal 569 
generated When the circuit is connected, and operates either 
the Wireless transmitting portion 553 or the Wireless trans 
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mitting portion 554 so as to switch to the designated band. 
As a result, decoded data 559 or 562 is obtained. 

[0088] Here, in case the transmitter makes the chip syn 
chroniZation and the frame synchronization of the signals 
outputted in the FDD band and the TDD band align With 
each other before transmission, the chip synchroniZation 
signals 556 and 560 are the same on the side of the receiver. 
Thus, only one circuit can be used both as the chip syn 
chronous circuits 570 and 571. FURTHER, the frame syn 
chroniZation signal 564 is the same in the tWo bands. 
Therefore, When received signals are (or the channel is) is 
sWitched betWeen the FDD band and the TDD band, it is not 
necessary to obtain again the chip synchroniZation and the 
frame synchroniZation. 

[0089] In this Way, in the Wireless receiver as the seventh 
embodiment, by providing the FDD/T DD sWitch circuit, the 
receiver is only required to receive data in either the FDD 
band or the TDD band. Since it is not necessary for the 
receiver to alWays receive signals in the tWo bands, poWer 
consumption can be loWered. Further, by providing means 
for making the chip synchroniZation and the frame synchro 
niZation align With each other before transmission, the 
circuit for the chip synchroniZation can be made common 
and the circuit for the frame synchroniZation can be made 
common, and therefore, When received signals are sWitched 
betWeen the FDD band and the TDD band, it is not necessary 
to obtain again the chip synchroniZation and the frame 
synchroniZation. 

[0090] (Eighth Embodiment) 
[0091] An eighth speci?c embodiment is a CDMA cellular 
Wireless receiver in case the CDMA cellular Wireless trans 
mitter of the third embodiment is used as the transmitter. 

[0092] When the transmitter interpolates pilot symbols in 
the communication channel transmission data to transmit 
according to the third embodiment, this Wireless receiver 
eliminates a phase estimation circuit for the TDD band. 

[0093] The receiver is constructed as shoWn in FIG. 6., 
and does not have a phase estimation circuit in the pilot 
channel of the TDD band unit 552. 

[0094] As described in the above, FIG. 4 illustrates the 
channel format in the TDD band of the transmitter. In the 
respective communication channels, in addition to the trans 
mission data, there are pilot symbols 401 interpolated With 
a period T (402). The height (thickness) of each of the 
channels representing the transmission poWer of each of the 
channels is the same With respect to all the communication 
channels, While the transmission poWer With respect to the 
pilot channel 403 is loWer than that With respect to the 
communication channels. This is because, since the pilot 
channels are interpolated in the communication channel 
data, the pilot channel data is not required to assure high 
reliability as reference signals for synchronous detection. 

[0095] In the Wireless receiver, as shoWn in FIG. 6, only 
the chip synchroniZation signals 560 and the cell signal level 
information 561 are detected in the pilot channel for the 
TDD band. It is to be noted that, since the chip synchroni 
Zation signals 560 and the cell signal level information 561 
are found by integrating the output of the poWer detection 
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circuit in the chip synchronous circuit 571 and a cell monitor 
circuit, even if the transmission poWer With respect to the 
pilot channel is loW, no problem arises. A detection circuit 
572 of the communication channel independently carries out 
synchronous detection of the received data using the inter 
polated pilot symbols. 

[0096] With this Wireless receiver, a phase estimation 
circuit in the pilot channel for the TDD band can be 
eliminated, and the construction of the circuit can be sim 
pli?ed. The transmitter can loWer the transmission poWer of 
the pilot channel, and thus, interference due to the pilot 
channel can be reduced. 

[0097] As is clear from the above description, in CDMA 
cellular Wireless communication equipment, a control chan 
nel for a TDD band can be eliminated, and the circuit scale 
of a transmitter and a receiver can be reduced. further, by 
eliminating the control channel, interference With a commu 
nication channel can be reduced, and the communication 
quality can be improved. 

What is claimed is: 
1. A spread spectrum CDMA cellular Wireless communi 

cation system comprising: 

a base station, 

a plurality of mobile stations for communicating With the 
base station, 

FDD (Frequency Division Duplex) communication 
means betWeen the base station and the mobile stations 
using different radio frequencies for transmission and 
reception and 

TDD (Time Division Duplex) betWeen the base station 
and the mobile stations using a same frequency for 
transmission and reception betWeen the base station 
and the mobile stations. 

2. A spread spectrum CDMA cellular Wireless communi 
cation system according to claim 1 Wherein 90 MhZ betWeen 
2110-2200 MhZ and 90 MhZ betWeen 1885-1975 MhZ are 
each assigned to the FDD communication means and 50 
MhZ betWeen 1975-2025 MhZ is assigned to the TDD 
communication means. 

3. A Wireless transmitter for a spread spectrum-direct 
sequence CDMA cellular Wireless system operating FDD 
(Frequency Division Duplex) communication and TDD 
(Time Division Duplex) communication comprising: 

means for outputting pilot channel signals in an FDD 
band; 

means for outputting control channel signals in said FDD 
band; 

means for outputting communication channel signals in 
said FDD band; and 

means for outputting pilot channel signals in a TDD band, 
Wherein said Wireless transmitter does not have means 
for outputting control channel signals in said TDD 
band. 

4. A Wireless transmitter for a spread spectrum-direct 
sequence CDMA cellular Wireless system operating a FDD 
(Frequency Division Duplex) communication band and a 
TDD (Time Division Duplex) communication band com 
prising: 
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means for outputting pilot channel signals in an FDD 
band; 

means for outputting control channel signals in said FDD 
band; 

means for outputting communication channel signals in 
said FDD band; and 

means for outputting pilot channel signals in a TDD band. 
5. The CDMA cellular Wireless transmitter of claim 4 

further comprising band selection means for allotting com 
munication channel signals of users to either said FDD band 
or said TDD band When said user connects With the circuit 
or When the communication is handed over. 

6. The CDMA cellular Wireless transmitter of claim 4 
further comprising means for interpolating pilot symbols in 
said communication channel signals outputted in said TDD 
band, Wherein said pilot channel signals outputted in said 
TDD band is transmitted With loWer poWer than the poWer 
With Which said communication channel signals are trans 
mitted. 

7. The CDMA cellular Wireless transmitter of claim 4 
Wherein the ratio of chip rates of said signals outputted in 
said FDD band and said signals outputted in said TDD band 
is 2N (N is an integer and N20). 

8. The CDMA cellular Wireless transmitter of claim 4 
Wherein the chip synchronization or the frame synchroniZa 
tion of said signals outputted in said FDD band and said 
TDD band align With each other. 

9. A Wireless receiver for a spread spectrum-direct 
sequence CDMA cellular Wireless system operating in a 
FDD (Frequency Division Duplex) communication band 
and a TDD (Time Division Duplex) communication band 
comprising: 

means for receiving pilot channel signals in an FDD band; 

means for receiving control channel signals in said FDD 
band; 

means for receiving communication channel signals in 
said FDD band; 

means for receiving pilot channel signals in a TDD band; 
and 

means for receiving communication channel signals in 
said TDD band. 

10. The CDMA cellular Wireless receiver of claim 9 
further comprising means for carrying out initial synchro 
niZation process and process until start of communication 
With said signals in said FDD band and means for carrying 
out process during communication and process for ending 
communication With said signals in said TDD band. 

11. The CDMA cellular Wireless receiver of claim 9 
further comprising means for intermittently receiving said 
control channel signals in said FDD band, thereby carrying 
out Waiting process With said signals in said FDD band. 

12. Wireless communication apparatus for a spread spec 
trum-direct sequence CDMA cellular Wireless system oper 
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ating in a FDD (Frequency Division Duplex) communica 
tion band and TDD (Time Division Duplex) communication 
band, a transmitter thereof comprising: 

means for outputting pilot channel signals in an FDD 
band; 

means for outputting control channel signals in said FDD 
band; 

means for outputting communication channel signals in 
said FDD band; and 

means for outputting pilot channel signals in a TDD band, 
and 

a receiver thereof comprising: 

means for receiving pilot channel signals in said FDD 
band; 

means for receiving control channel signals in said FDD 
band; 

means for receiving communication channel signals in 
said FDD band; 

means for receiving pilot channel signals in said TDD 
band; and 

means for receiving communication channel signals in 
said TDD band. 

13. The CDMA cellular Wireless communication appara 
tus of claim 12 Wherein said transmitter allots communica 
tion channel signals of users to either said FDD band or said 
TDD band When said user connects With the circuit or When 
the communication is handed over and said receiver receives 
communication channel signals in either said FDD band or 
said TDD band designated by said transmitter. 

14. The CDMA cellular Wireless communication appara 
tus of claim 12 Wherein said transmitter further comprises 
means for making said chip synchroniZation of said signals 
outputted in said FDD band and said TDD band align With 
each other before transmission and said receiver further 
comprises means for carrying out chip synchroniZation 
process. 

15. The CDMA cellular Wireless communication appara 
tus of claim 12 Wherein said transmitter further comprises 
means for making said frame synchroniZation of said signals 
outputted in said FDD band and said TDD band align With 
each other before transmission and said receiver further 
comprises means for carrying out frame synchroniZation 
process. 

16. The CDMA cellular Wireless communication equip 
ment of claim 12 Wherein said transmitter further comprises 
means for interpolating pilot symbols in said communica 
tion channel signals outputted in said TDD band and said 
receiver further comprises means for carrying out interpo 
lating-type synchronous detection using pilot symbols in 
receiving communication channel signals. 

* * * * * 


