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(57) ABSTRACT 

In a compressed mode, a spread spectrum communication 
device interleaves bit units across multiple frames using an 
interleaver, reduces the spreading factor using a framing/ 
spreading unit, outputs the compressed mode frames at a 
predetermined compressed mode frame timing, and 
increases the average transmission power in the compressed 
mode at a radio frequency transmitter. Furthermore, a han 
dover between different frequencies is carried out by estab 
lishing synchronization to another frequency carrier, based 
on a first search code and a second search code which have 
been detected, and moreover, a handover between different 
communication systems is carried out by establishing Syn 
chronization to a GSM, based on an FCCH and a SCH which 
have been detected. 
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SPREAD SPECTRUM COMMUNICATION DEVICE 
AND SPREAD SPECTRUM COMMUNICATION 

METHOD 

TECHNICAL FIELD 

0001. This invention relates to a communication device 
applied in a code division multiple access (CDMA) com 
munication system and a method thereof. More particularly 
this invention relates to a spread spectrum communication 
device for improving interleave transmission and transmis 
sion power control in spread spectrum communication, and 
for realizing handovers between different frequencies and a 
method thereof. 

BACKGROUND ART 

0002. In a CDMA cellular system, because the same 
carrier frequency is used repeatedly in every cell there is no 
need for handovers between frequencies within the same 
system. However, considering a case such as when existing 
systems are present together, there is a need for handovers 
between different carrier frequencies. Three points pertain 
ing to detailed cases are described below. 
0003. As a first point, in a cell where there is considerable 

traffic, a separate carrier frequency is used to accommodate 
the increased number of subscribers, and a handover may be 
performed between those cells. As a second point, when an 
umbrella cell constitution is used, different frequencies are 
allocated to large and Small cells, and handovers are per 
formed between the cells. Then, as a third point, there are 
cases of handovers between a third generation system, Such 
as a W(Wideband)-CDMA system, and a second generation 
system, Such as a current mobile telephone system. 
0004. When performing handovers in cases such as those 
mentioned above, it is necessary to detect the power of 
carriers at the different frequencies. To achieve this detec 
tion, the receiver needs to only have a structure capable of 
detecting two frequencies. However, this increases the size 
of the constitution of the receiver, or makes the constitution 
complicated. 

0005 Furthermore, two types of handover method may 
be considered: a mobile assisted handover (MAHO) and a 
network assisted handover (NAHO). Comparing the MAHO 
and NAHO methods, NAHO reduces the burden of the 
mobile device, but to be successful, it should be necessary 
to synchronize the mobile device and the base station, 
whereby the constitution of the base station and the network 
becomes complicated and large in order to be capable of 
tracking each individual mobile device. 
0006 For such reasons, the realization of the MAHO 
method is more desirable, but to determine whether or not to 
handover, it is necessary to measure the strength of carriers 
of different frequencies at the mobile devices. However, a 
CDMA cellular system differs from a time division multi 
plex access (TDMA) system used in a second generation, in 
that it uses ordinarily continuous transmission for both 
transmission/reception. In this continuous transmission/re 
ception technique, unless receivers corresponding to two 
frequencies are prepared, it is necessary to stop the timing of 
the transmission or the reception and measure the other 
frequency. 
0007. There has been disclosed a technique relating to a 
compressed mode method, for time-compressing the trans 
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mission data in the usual mode and transmitting it in a short 
time, thereby creating some spare time which can be utilized 
to measure the other frequency carrier. As an example of 
this, there is Japan Patent Application National Publication 
(Laid-Open) (JP-A) No. 8-500475 “Non-continuous Trans 
mission for Seamless Handovers in DS-CDMA Systems’. 
This application discloses a method of realizing a com 
pressed mode, wherein the spreading factor of the spreading 
code used is lowered to compress the transmission duration. 
0008. The method of realizing the compressed mode 
according to the above application will be explained below. 
FIG. 36 shows an example of transmissions in a normal 
mode and a compressed mode in a conventional CDMA 
system. In FIG. 36, the vertical axis represents transmission 
rate/transmission power, and the horizontal axis represents 
time. In the example of FIG. 36, the compressed mode 
transmission is inserted between normal transmission 
frames. 

0009. In the transmission in the compressed mode, a 
non-transmission timing is provided in the downlink frame, 
and can be set to a desired period of time (duration). This 
non-transmission timing represents idle period during which 
the strength of the other frequency carrier is measured. In 
this way, slotted transmission can be achieved by inserting 
the idle period during transmission of compressed mode 
frames. 

0010. In this type of compressed mode transmission, 
transmission power increases in accordance with the time 
ratio between the idle period and the frame (compressed 
mode frame) transmission timing, and therefore, as shown in 
FIG. 36, the compressed mode frame is transmitted at a 
higher transmission power than the frame in normal trans 
mission. As a consequence, transmission quality can be 
maintained even in frame transmission in compressed mode. 
0011. In addition to the application mentioned above, as 
an example of pertinent literature there is Gustafsson, M. et 
al: “Compressed Mode Techniques for Inter-Frequency 
Measurements in a Wide-band DS-CDMA System”. Proc. of 
8th IEEE PIMRC 97. This research paper discloses tech 
niques for realizing compressed mode in cases other than 
when the spreading factor is lowered, namely when the 
coding rate is increased, when multi-code transmission is 
used, and when a multi-bit transmission modulation system 
such as 16QAM is used. 
0012 However, in conventional examples such as the 
application mentioned above, since transmissions are inter 
leaved in units of one frame and within one frame, the 
interleaving time for slotted transmission (in the compressed 
mode) is more compressed than in normal transmission. 
Consequently, the interleaving size is shortened which leads 
to a problem of poor decoding at the reception side. 

0013 Furthermore, in conventional examples such as the 
literature mentioned above, since the length of interleaving 
time is shortened when using compressed mode transmis 
Sion, there is increased deterioration of signal quality with 
respect to fading, and, since no TPC (transmission power 
control) command bit is sent during non-transmission, it is 
not possible to achieve high-speed TPC, leaving a subse 
quent problem of poor signal quality. 

0014 Furthermore, in conventional examples such as the 
application and literature mentioned above, the spreading 
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factor is lowered when carrying out a compressed mode 
transmission. However, in general, lowering of the spread 
ing factor indicates that a spreading code having a short 
code-length is being used. However, since the number of 
spreading codes that can be used is directly proportional to 
the square of the code-length, there is a problem that there 
are extremely few spreading codes having short code 
lengths, and these spreading code resources, which are vital 
for realizing compressed mode transmission, are consumed. 
0015. It is an object of the present invention to solve the 
problems described above by providing a spread spectrum 
communication device and a spread spectrum communica 
tion method capable of preventing deterioration in signal 
quality caused by compressed mode, with respect to inter 
leaving, transmission power control, spreading code alloca 
tion methods and the like to minimize the effects of trans 
mission errors. 

DISCLOSURE OF THE INVENTION 

0016 A spread spectrum communication device accord 
ing to an aspect of the present invention is applied in a code 
division multiple access system for continuously transmit 
ting frames in a normal mode, and intermittently transmit 
ting compressed frames in a compressed mode, and is 
characterized in that it comprises an interleaving unit for 
interleaving in bit units a frame or a compressed frame, 
which is a unit of a transmission data stream, to minimize 
effects of transmission errors; a compressing/intermittent 
transmitting unit for compressing a frame prior to or after 
interleaving in the compressed mode, and moreover, inter 
mittently outputting the compressed frame to the interleav 
ing unit if the compressed frame has not yet been inter 
leaved, and intermittently outputting the compressed frame 
to a device on a reception side if the compressed frame has 
been interleaved; a control unit for controlling the operation 
of interleaving in bit units of the interleaving unit, and the 
compressing/intermittent transmitting operation of the com 
pressing/intermittent transmitting unit; the control unit con 
trolling the interleaving unit to perform interleaving in bit 
units across multiple frames in the compressed mode. 
0017 According to this invention, in the compressed 
mode, multiple frames are interleaved in bit units to mini 
mize effects of transmission errors, whereby it is possible to 
secure appropriate interleaving time in the compressed mode 
in the same way as in the normal mode, and consequently, 
poor performance caused by interleaving in bit units can be 
prevented. 

0018. A spread spectrum communication device accord 
ing to a next aspect of the invention is characterized in that 
the interleaving unit has a memory size in correspondence 
with the number of frames to be interleaved in the com 
pressed mode. 
0.019 According to this invention, since the memory size 
used is in correspondence with the number of frames to be 
interleaved in the compressed mode, interleaving in bit units 
can be performed in a number of frames sufficient to 
minimize the effects of transmission errors in the com 
pressed mode. 

0020. A spread spectrum communication device accord 
ing to a next aspect of the invention is applied in a code 
division multiple access system for continuously transmit 
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ting frames in a normal mode, and intermittently transmit 
ting compressed frames in a compressed mode, and char 
acterized in that it comprises an interleaving unit for 
interleaving in bit units a frame or a compressed frame, 
which is a unit of a transmission data stream, to minimize 
effects of transmission errors; a compressing/intermittent 
transmitting unit for compressing a frame prior to or after 
interleaving in the compressed mode, and moreover, inter 
mittently outputting the compressed frame to the interleav 
ing unit if the compressed frame has, not yet been inter 
leaved, and intermittently outputting the compressed frame 
to a device on a reception side if the compressed frame has 
been interleaved; a control unit for controlling the interleav 
ing operation in bit units of the interleaving unit, and the 
compressing/intermittent transmitting operation of the com 
pressing/intermittent transmitting unit; the control unit con 
trolling the compressing/intermittent transmitting unit so 
that the compressed frame is divided to the front and rear of 
the same frame timing as in the normal mode. 
0021 According to this invention, in the compressed 
mode, the compressed frame is divided to the front and rear 
of the same frame timing as in the normal mode, and 
intermittently transmitted in that arrangement, and conse 
quently, an appropriate interleaving duration can be secured 
in the compressed mode as in the normal mode using a 
simple interleaving constitution so that the effects of trans 
mission errors caused by interleaving in bit units can be 
further reduced. 

0022. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the control unit controls the interleaving unit so that, 
in the compressed mode, interleaving in bit units is per 
formed across multiple frames. 
0023. According to this invention, in the compressed 
mode, since interleaving is controlled so that interleaving in 
bit units is performed across multiple frames, an appropriate 
interleaving duration can be secured in the compressed 
mode as in the normal mode, and consequently, the effects 
of transmission errors caused by interleaving in bit units can 
be further reduced. 

0024. A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting multiple frames in a normal mode, and intermittently 
transmitting compressed frames in a compressed mode, and 
is characterized in that it comprises a compressing/intermit 
tent transmitting unit for compressing a frame, which com 
prises multiple slots and is a unit of a transmission data 
stream, and intermittently transmitting the compressed 
frame; and a control unit for controlling the compressing/ 
intermittent transmitting unit so as to slot the compressed 
frame, and intermittently transmit the slotted frame in N (a 
natural number) slot units. 
0025. According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermittently 
transmitted in N slot units, and therefore, transmission 
power control bits transmitted in a downlink can be received 
in comparatively short time intervals, whereby the amount 
of transmission power control error can be reduced. 
0026. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
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in that the control unit determines the N slot units in 
accordance with the relationship between the measuring 
time of another frequency carrier component and the amount 
of transmission power control error. 
0027 According to this invention, since the N slot units 
are determined in accordance with the relationship between 
the measuring time of another frequency carrier strength and 
the amount of transmission power control error, it is possible 
to secure time for reliably measuring the strength of other 
frequency carriers, and in addition, the amount of transmis 
sion power control error can be greatly reduced. 
0028. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that it further has an interleaving unit for interleaving in 
bit units a frame or a compressed frame, which is a unit of 
a transmission data stream, to minimize effects of transmis 
sion errors; the control unit controlling the interleaving unit 
so that, in the compressed mode, interleaving in bit units is 
performed across multiple frames. 
0029. According to this invention, in the compressed 
mode, since interleaving in bit units is controlled across 
multiple frames, an appropriate interleaving duration can be 
secured in the compressed mode as in the normal mode, and 
consequently, the effects of transmission errors caused by 
interleaving in bit units can be further reduced. 
0030) A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises an interleaving unit for 
interleaving in bit units a frame or a compressed frame, 
which is a unit of a transmission data stream, to minimize 
effects of transmission errors; a compressing/intermittent 
transmitting unit for compressing a frame prior to or after 
interleaving in the compressed mode, and moreover, inter 
mittently outputting the compressed frame to the interleav 
ing unit if the compressed frame has not yet been inter 
leaved, and intermittently outputting the compressed frame 
to a device on a reception side if the compressed frame has 
been interleaved; a control unit for controlling the interleav 
ing in bit units operation of the interleaving unit, and the 
compressing/intermittent transmitting operation of the com 
pressing/intermittent transmitting unit; wherein in the com 
pressed mode, the control unit controls the compressing/ 
intermittent transmitting unit so that multiple frames prior to 
interleaving in bit units by the interleaving unit, or multiple 
frames after interleaving, are compressed using code-mul 
tiplexing in a given frame timing. 

0031. According to this invention, in the compressed 
mode, multiple interleaved frames are compressed using 
code-multiplexing in a given frame timing and intermittently 
transmitted, whereby an appropriate interleaving duration 
can be secured in the compressed mode as in the normal 
mode, and consequently, performance deterioration caused 
by interleaving in bit units can be prevented. 

0032. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the control unit controls the interleaving unit so that, 
in the compressed mode, interleaving is performed in bit 
units across multiple frames. 
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0033 According to this invention, in the compressed 
mode, interleaving is performed in bit units across multiple 
frames, and therefore, a longer interleaving duration can be 
secured in the compressed mode than in the normal mode, 
whereby the effects of transmission errors caused by inter 
leaving in bit units can be further reduced. In particular, if 
other frames are replaced by multi-code-transmitted frames 
and interleaving is performed, it is possible to disperse 
multiple multi-code-transmitted frames which are in error in 
the same place, thereby increasing the correcting capability 
of the error-correction encoding. 
0034. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the compressing/intermittent transmitting unit has a 
memory size in correspondence with the number of frames 
to be code-multiplexed in the compressed mode. 
0035. According to this invention, since the memory size 
used is in correspondence with the number of frames to be 
code-multiplexed in the compressed mode, code-multiplex 
ing can be realized reliably and without loss in the com 
pressed mode. 
0036) A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, is char 
acterized in that it comprises a compressing/intermittent 
transmitting unit for compressing a frame, which is a unit of 
a transmission data stream, and intermittently transmitting 
the compressed frame, in the compressed mode; and a 
control unit for controlling the compressing/intermittent 
transmitting unit so that, in the compressed mode, the 
compressing/intermittent transmitting unit intermittently 
transmits at a lower transmission rate than the transmission 
rate in the normal mode, while using the same transmission 
power as in the normal mode. 
0037 According to this invention, in the compressed 
mode, the compressing/intermittent transmitting unit inter 
mittently transmits at a lower transmission rate than the 
transmission rate in the normal mode, while using the same 
transmission power as in the normal mode, and conse 
quently, the there is less interference power on other users on 
the same frequency during a frequency handover, enabling 
the frequency handover to be realized with reduced inter 
ference. 

0038 A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that it further comprises an interleaving unit for inter 
leaving in bit units a frame or a compressed frame, which is 
a unit of a transmission data stream, to minimize effects of 
transmission errors; the control unit controlling the inter 
leaving unit so that, in the compressed mode, interleaving in 
bit units is performed across multiple frames. 
0039. According to this invention, in the compressed 
mode, interleaving in bit units is performed across multiple 
frames, and therefore an appropriate interleaving duration 
can be secured in the compressed mode as in the normal 
mode, and consequently, the effects of transmission errors 
caused by interleaving in bit units can be further reduced. 
0040. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
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in that the control unit controls the compressing/intermittent 
transmitting unit so that the compressed frame is divided to 
the front and rear of the same frame timing as in the normal 
mode. 

0041 According to this invention, since the compressed 
frame is divided to the front and rear of the same frame 
timing as in the normal mode, and intermittently transmitted 
in compliance with that arrangement, an appropriate inter 
leaving duration can be secured in the compressed mode as 
in the normal mode with a simple interleave constitution, 
and consequently, deterioration in performance caused by 
interleaving in bit units can be further reduced. 
0042 A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the control unit controls the compressing/intermittent 
transmitting unit so as to slot the compressed frame, and 
intermittently transmit the slotted frame in N (a natural 
number) slot units. 
0043. According to this invention, in the compressed 
mode, the compressed frame is slotted and intermittently 
transmitted in N slot units; therefore, transmission power 
control bits transmitted in a downlink can be received in 
comparatively short time intervals, whereby the amount of 
transmission power control error can be reduced. 
0044) A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a memory unit for storing 
optimum transmission power control units for the normal 
mode and the compressed mode, so that the transmission 
power control unit controlling one output of transmission 
power is greater in the compressed mode than in the normal 
mode; and a transmission power control unit for referring to 
the memory unit, and controlling transmission power to a 
communication partner device in compliance with transmis 
sion power control units in correspondence with the normal 
mode and the compressed mode, based on information 
representing a reception power received from the commu 
nication partner device. 
0045 According to this invention, in the compressed 
mode, transmission power to the communication partner 
device is controlled so that a transmission power control unit 
for one time is greater in the compressed mode than in the 
normal mode, and consequently, in the compressed mode, 
even when the temporal intervals of the transmission power 
control during intermittent transmission are wider, it is 
possible to widen the control range of the transmission 
power and maintain adhesion to the transmission power in 
the compressed mode, whereby the amount of error of 
transmission power control in the compressed mode can be 
reduced. 

0046) A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that it further comprises a compressing/intermittent trans 
mitting unit for compressing a frame, which comprises 
multiple slots and is a unit of a transmission data stream, and 
intermittently transmitting the compressed frame; and a 
control unit for controlling the compressing/intermittent 
transmitting unit so as to slot the compressed frame, and 
intermittently transmit the slotted frame in N (a natural 
number) slot units. 
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0047 According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermittently 
transmitted in N slot units, and therefore, transmission 
power control bits transmitted in a downlink can be received 
in comparatively short time intervals, whereby the amount 
of transmission power control error can be reduced. 
0048. A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a memory unit for taking 
more multiple types of transmission power control unit than 
in the normal mode, a transmission power control control 
ling one input of transmission power, including among the 
multiple types of transmission power control unit a trans 
mission power control unit which is greater than in the 
normal mode, and storing optimum transmission power 
control units for the normal mode and the compressed mode; 
a transmission power control unit for referring to the 
memory unit, and controlling transmission power to a com 
munication partner device in compliance with transmission 
power control units in correspondence with the normal mode 
and the compressed mode, and in addition, in correspon 
dence with temporal intervals in the transmission power 
control in the compressed mode, based on information 
representing a reception power received from a communi 
cation partner device. 
0049 According to this invention, transmission power to 
a communication partner device is controlled in compliance 
with transmission power control units in correspondence 
with the normal mode and the compressed mode, and in 
addition, in correspondence with temporal intervals in the 
transmission power control in the compressed mode; there 
fore, even when the temporal intervals of the transmission 
power control during intermittent transmission alter, by 
utilizing the control range of the transmission power it is 
possible to maintain adhesion to the transmission power in 
the compressed mode, thereby reducing the amount of error 
of transmission power control in the compressed mode. 
0050 A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that it further comprises a compressing/intermittent trans 
mitting unit for compressing a frame, which comprises 
multiple slots and is a unit of a transmission data stream, and 
intermittently transmitting the compressed frame; and a 
control unit for controlling the compressing/intermittent 
transmitting unit so as to slot the compressed frame, and 
intermittently transmit the slotted frame in N (a natural 
number) slot units. 
0051. According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermittently 
transmitted in N slot units, and therefore, transmission 
power control bits transmitted in a downlink can be received 
in comparatively short time intervals, whereby the amount 
of transmission power control error can be greatly reduced. 
0052 A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a transmission section for 
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using a desired spreading code to create transmission data of 
a quantity corresponding to a number of users who can be 
served thereby, in correspondence with the normal mode and 
the compressed mode, and adding and transmitting the 
transmission data created in correspondence with the num 
ber of users; and a compressed mode control section, con 
nected to the transmission section, for controlling the cre 
ation operation of transmission data by the transmission 
section in the compressed mode; the compressed mode 
control section having a frame combining unit for extracting 
from given combinations of multiple compressed mode 
frames, compressed by separate users in the transmission 
section, a combination having a total transmission duration 
of less than one frame duration; a spreading code allocation 
unit for allocating the same spreading code to each of 
multiple channels which transmit the combination extracted 
by the frame combining unit; and a transmission timing 
control unit for using a single spreading code, allocated by 
the spreading code allocating unit, to control the transmis 
sion section so that transmission timings of multiple com 
pressed mode frames, which comprise the above extracted 
combination, do not temporally overlap within one frame 
duration. 

0053 According to this invention, the compressed mode 
control section extracts from given combinations of multiple 
compressed mode frames, compressed by separate users in 
the transmission section, a combination having a total trans 
mission duration of less than one frame duration, allocates 
the same spreading code to each of multiple channels which 
transmit the combination extracted by the frame combining 
unit, and uses a single spreading code, allocated by the 
spreading code allocation unit, to control the transmission 
section so that transmission duration of multiple compressed 
mode frames, which comprise the above extracted combi 
nation, do not temporally overlap within one frame duration; 
therefore, when there are multiple compressed mode frames, 
the number of spreading codes with low spreading factor 
used in the compressed mode can be reduced, and conse 
quently, the spreading code resources can be effectively used 
in the compressed mode. 
0054) A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a compressing/intermittent 
receiving unit for intermittently receiving a compressed 
frame in the compressed mode; search code detecting and 
determining unit for detecting on other frequency carriers, 
during non-transmission period in the compressed mode, a 
first search code, which is shared at all base stations and is 
time-continually transmitted, and a second search code, 
which is transmitted at the same timing as the first search 
code and can be identified by multiple numeric patterns, and 
determining these search codes based on a predetermined 
reference; a control unit for selecting the compressing/ 
intermittent receiving unit during intermittent receiving, 
selecting the search code detecting and determining unit 
during non-transmission duration, and controlling opera 
tions of both; the control unit establishing synchronization to 
the other frequency carrier, based on the first search code 
and second search code detected by the search code detect 
ing and determining unit, and thereby controlling a handover 
between different frequencies. 
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0055 According to this invention, synchronization to 
another frequency carrier is established based on the first 
search code and second search code detected by the search 
code detecting and determining unit, thereby enabling a 
handover to be efficiently performed between different 
W-CDMA/W-CDMA frequencies. 
0056. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the control unit carries out control to detect at least 
one first search code during the non-transmission period 
which is not more than half of one frame, and thereafter, 
carries out control to repeat the processing of shifting the 
non-transmission period by a predetermined slot unit, and to 
detect a numeric value of all second search codes using 
multiple frames, and to establish synchronization to the 
other frequency carrier, based on the detected first search 
code and the numeric pattern of second search code, thereby 
controlling a handover between different frequencies. 
0057 According to this invention, at least one first search 
code is detected during the non-transmission period which is 
not more than half of one frame, and thereafter, the pro 
cessing of shifting the non-transmission period by a prede 
termined slot unit is repeated, a numeric value of all the 
second search codes is detected using multiple frames, and 
synchronization is established to the other frequency carrier 
based on the detected first search code and the numeric 
pattern of second search code, thereby enabling a handover 
to be even more efficiently performed between different 
W-CDMA/W-CDMA frequencies. 
0058. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the non-transmission duration can be arranged across 
multiple frames. 
0059. According to this invention, since the non-trans 
mission period can be arranged across multiple frames, the 
second search codes can be detected multiple times, improv 
ing the reliability of the detected codes. 
0060 A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that, when no search code can be obtained which satisfies 
a predetermined level of reliability during the search code 
detection, a search code is detected again in the place. 
0061 According to this invention, when no search code 
can be obtained which satisfies a predetermined level of 
reliability during the search code detection, a search code is 
detected again in the place, and consequently, synchroniza 
tion can be established based on information of high reli 
ability. 

0062) A spread spectrum communication device accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a compressing/intermittent 
receiving unit for intermittently receiving a compressed 
frame in the compressed mode; information detecting and 
determining unit for detecting in another communication 
system, during non-transmission period in the compressed 
mode, a first information for matching frequencies, and a 
second information for achieving synchronization, and 
determining the first and second information based on a 
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predetermined reference; a control unit for selecting the 
compressing/intermittent receiving unit during intermittent 
receiving, selecting the information detecting and determin 
ing unit during non-transmission period, and controlling 
operations of both; the control unit establishing synchroni 
Zation to the other communication system, based on the first 
information and second information detected by the infor 
mation detecting and determining unit, and thereby control 
ling a handover between different frequencies. 
0063. According to this invention, synchronization to 
another communication system is established based on the 
first information and second information detected by the 
information detecting and determining unit, thereby 
enabling a handover between different frequencies to be 
achieved efficiently. 
0064. A spread spectrum communication device accord 
ing to a next aspect of the present invention is characterized 
in that the control unit carries out control to detect at least 
one first information during the non-transmission period 
which is not more than half of one frame, thereafter, carries 
out control to set the non-transmission period based on a 
time found by the detected first information, and to detect 
the second information, and establishes synchronization to 
the other communication system, based on the detected first 
information and second information, thereby controlling a 
handover between different frequencies. 
0065 According to this invention, at least one first infor 
mation is detected during the non-transmission period which 
is not more than half of one frame, thereafter, the non 
transmission period is set based on a time found by the 
detected first information, the second information is 
detected, and synchronization to the other communication 
system is established based on the detected first information 
and second information; therefore, a handover between 
different systems can be carried out more effectively. 
0.066 Aspread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of interleaving 
of interleaving bit units across multiple frames, in order to 
minimize effects of transmission errors, in the compressed 
mode; a second step of compressing a frame interleaved in 
bit units in the first step, and intermittently transmitting it. 
0067. According to this invention, in the compressed 
mode, in order to minimize effects of transmission errors, 
interleaving of bit units is performed across multiple frames, 
and the interleaved frame is compressed and intermittently 
transmitted; therefore, an appropriate interleaving duration 
can be secured in the compressed mode as in the normal 
mode, and consequently, deterioration in performance 
caused by interleaving in bit units can be prevented. 
0068 A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of compressing 
a frame, which is a unit of a transmission data stream, and 
intermittently outputting it, in the compressed mode; and a 
second step of interleaving bit units across a plurality of the 
compressed frames. 
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0069. According to this invention, in the compressed 
mode, a frame, which is a unit of a transmission data stream, 
is compressed and output intermittently, and interleaving in 
bit units is performed across multiple compressed frames; 
consequently, therefore, an appropriate interleaving duration 
can be secured in the compressed mode as in the normal 
mode, and deterioration in performance caused by interleav 
ing in bit units can be prevented. 
0070 A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of interleaving 
bit units of a frame, which is a unit of a transmission data 
stream, and intermittently outputting it, in order to minimize 
effects of transmission errors; and a second step, performed 
in the compressed mode, of compressing a frame interleaved 
in bit units in the first step, dividing the compressed frame 
to the front and rear of the same frame timing as in the 
normal mode, and intermittently transmitting it. 
0071 According to this invention, in the compressed 
mode, a frame interleaved in bit units is compressed, divided 
to the front and rear of the same frame timing as in the 
normal mode, and intermittently transmitted; consequently, 
an appropriate interleaving duration can be secured in the 
compressed mode as in the normal mode, whereby perfor 
mance deterioration caused by interleaving in bit units can 
be prevented. 
0072 A spread spectrum communication method accord 
ing to the present invention is applied in a code division 
multiple access system for continuously transmitting frames 
in a normal mode, and intermittently transmitting com 
pressed frames in a compressed mode, and is characterized 
in that it comprises a first step, performed in the compressed 
mode, of compressing a frame, which is a unit of a trans 
mission data stream, and interleaving bit units of the com 
pressed frame; and a second step of dividing the compressed 
and interleaved frame to the front and rear of the same frame 
timing as in the normal mode, and intermittently transmit 
ting it. 
0073. According to this invention, in the compressed 
mode, a frame, which is a unit of a transmission data stream, 
is compressed and interleaved in bit units, divided to the 
front and rear of the same frame timing as in the normal 
mode, and intermittently transmitted; consequently, an 
appropriate interleaving duration can be secured in the 
compressed mode as in the normal mode, whereby perfor 
mance deterioration caused by interleaving in bit units can 
be prevented. 
0074 Aspread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of dividing a 
frame, being a unit of a transmission data stream, into 
multiple slots in the compressed mode; and a second step of 
intermittently transmitting the frame slotted in the first step 
in N (N=a natural number) slot units. 
0075 According to this invention, in the compressed 
mode, the compressed frame is slotted, and intermittently 
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transmitted in N slot units, and therefore, transmission 
power control bits transmitted in a downlink can be received 
in comparatively short time intervals, whereby the amount 
of transmission power control error can be greatly reduced. 
0.076 A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of interleaving 
in bit units a frame, being a unit of a transmission data 
stream, in order to minimize effects of transmission errors; 
a second step, performed in the compressed mode, of using 
code-multiplexing to compress, in a given frame timing, 
multiple frames interleaved in bit units in the first step, and 
transmit them intermittently. 
0.077 According to this invention, in the compressed 
mode, code-multiplexing is used to compress, in a given 
frame timing, multiple frames interleaved in bit units, and 
they are transmitted intermittently; consequently, an appro 
priate interleaving duration can be secured in the com 
pressed mode as in the normal mode, whereby performance 
deterioration caused by interleaving in bit units can be 
prevented. 
0078. A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step, performed in 
the compressed mode, of using code-multiplexing to com 
press, in a given frame timing, multiple frames interleaved 
in bit units in the first step, and transmit them intermittently: 
and a second step of interleaving the compressed frames in 
bit units. 

0079 According to this invention, in the compressed 
mode, code-multiplexing is used to compress, in a given 
frame timing, multiple frames interleaved in bit units, and 
they are transmitted intermittently; consequently, an appro 
priate interleaving duration can be secured in the com 
pressed mode as in the normal mode, whereby performance 
deterioration caused by interleaving in bit units can be 
prevented. 
0080 A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of compressing 
a frame, which is a unit of a transmission data stream, in the 
compressed mode; and a second step of using the same 
transmission power as in the normal mode to transmit the 
frame compressed in the first step at a lower transmission 
rate than in the normal mode. 

0081. According to this invention, in the compressed 
mode, the same transmission power as in the normal mode 
is used to intermittently transmit a compressed frame at a 
lower transmission rate than in the normal mode; therefore, 
during a handover between frequencies, the amount of 
interference power to other users on the same frequency is 
reduced, whereby a handover between frequencies with 
reduced interference can be achieved. 
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0082 Aspread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of receiving 
information representing received power from a communi 
cation partner device; a second step of preparing beforehand 
a table storing optimum transmission power control units for 
the normal mode and the compressed mode, so that the 
transmission power control unit controlling one input of 
transmission power is greater in the compressed mode than 
in the normal mode, referring to the table, and determining 
transmission power for the normal mode and the compressed 
mode, based on the information representing received power 
received in the first step; and a third step of transmitting to 
the communication partner device in compliance with the 
transmission power determined in the second step. 
0083. According to this invention, by referring to a table 
storing optimum transmission power control units for the 
normal mode and the compressed mode, so that the trans 
mission power control unit controlling one input of trans 
mission power is greater in the compressed mode than in the 
normal mode, based on the information representing 
received power received from a communication partner 
device, transmission powers for the normal mode and the 
compressed mode are determined, and in the compressed 
mode, transmission is carried out so that the transmission 
power control unit controlling one input of transmission 
power is greater in the compressed mode than in the normal 
mode; therefore, in the compressed mode, even when the 
temporal intervals of the transmission power control during 
intermittent transmission are wider, it is possible to widen 
the control range of the transmission power and maintain 
adhesion to the transmission power in the compressed mode, 
whereby the amount of error of transmission power control 
in the compressed mode can be reduced. 
0084 Aspread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of receiving 
information representing received power from a communi 
cation partner device; a second step of taking more multiple 
types of transmission power control unit than in the normal 
mode, a transmission power control controlling one input of 
transmission power, including among the multiple types of 
transmission power control unit a transmission power con 
trol unit which is greater than in the normal mode, preparing 
beforehand a table storing optimum transmission power 
control units for the normal mode and the compressed mode, 
referring to the memory unit, and determining transmission 
power in correspondence with the normal mode and the 
compressed mode, and in addition, in correspondence with 
temporal intervals in the transmission power control in the 
compressed mode, based on information representing a 
received power received in the first step; and a third step of 
transmitting to the communication partner device in com 
pliance with the transmission power determined in the 
second step. 
0085. According to this invention, with regard to a trans 
mission power control unit controlling one input of trans 
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mission power, more multiple types of these transmission 
power control units are taken than in the normal mode, 
including among the multiple types of transmission power 
control unit a transmission power control unit which is 
greater than in the normal mode, a table storing optimum 
transmission power control units for the normal mode and 
the compressed mode is referred to, and transmission power 
is determined in correspondence with the normal mode and 
the compressed mode and in addition, in correspondence 
with temporal intervals in the transmission power control in 
the compressed mode, based on information representing a 
reception power received from the communication partner 
device; and transmission is carried out in compliance with 
the determined transmission powers; therefore, in the com 
pressed mode, even when the temporal intervals of the 
transmission power control during intermittent transmission 
alter, by utilizing the control range of the most suitable 
transmission power it is possible to maintain adhesion to the 
transmission power, thereby reducing the amount of error of 
transmission power control in the compressed mode. 
0.086 A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first step of compressing 
frames, being units of a transmission data stream, in multiple 
transmission channels performing compressed mode trans 
mission; a second step of extracting from given combina 
tions of multiple compressed mode frames, compressed 
separately for users in the first step, a combination having a 
total transmission duration of less than one frame duration; 
a third step of allocating the same spreading code to each of 
multiple channels which transmit the combination extracted 
in the second step; and a fourth step of using the same 
spreading code, allocated in the third step, to transmit 
multiple compressed mode frames, which comprise the 
combination extracted in the second step, so that their 
transmission duration do not temporally overlap within one 
frame duration. 

0087. According to this invention, in multiple transmis 
sion channels where compressed mode transmission is being 
performed, frames which are units of a transmission data 
stream are compressed; a combination having a total trans 
mission duration of less than one frame duration is extracted 
from given combinations of multiple compressed mode 
frames, compressed separately for users; the same spreading 
code is allocated to each of multiple channels which transmit 
the extracted combination; and the same spreading code is 
used to transmit multiple compressed mode frames, com 
prising the extracted combination, so that their transmission 
duration do not temporally overlap within one frame dura 
tion; therefore, the number of spreading codes with low 
spreading factor used in the compressed mode can be 
reduced, and consequently, the spreading code resources can 
be effectively used in the compressed mode. 
0088 A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first search code detect 
ing step of detecting at least one first search code during the 
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non-transmission period which is not more than half of one 
frame; a second search code detecting step of thereafter 
repeating the processing of shifting the non-transmission 
period by a predetermined slot unit, and detecting a numeric 
value of all second search codes using multiple frames; a 
handover between different frequencies being controlled by 
establishing synchronization to another frequency carrier, 
based on the detected first search code and the numeric 
pattern of second search code. 
0089. According to this invention, at least one first search 
code is detected during the non-transmission period which is 
not more than half of one frame, thereafter, the process of 
shifting the non-transmission timing by a predetermined slot 
unit is repeated, a numeric value of all second search codes 
is detected using multiple frames, and based on the detected 
first search code and the numeric pattern of second search 
code, synchronization is established to another frequency 
carrier; consequently, a handover between different 
W-CDMA/W-CDMA frequencies can be effectively per 
formed. 

0090. A spread spectrum communication method accord 
ing to a next aspect of the present invention is characterized 
in that the non-transmission period can be arranged across 
multiple frames. 
0091. According to this invention, since the non-trans 
mission period can be arranged across multiple frames, the 
second search codes can be detected multiple times, improv 
ing the reliability of the detected codes. 
0092. A spread spectrum communication method accord 
ing to a next aspect of the present invention is characterized 
in that, when no search code can be obtained which satisfies 
a predetermined level of reliability during the search code 
detection, a search code is detected again in the place. 
0093. According to this invention, when no search code 
can be obtained which satisfies a predetermined level of 
reliability during the search code detection, a search code is 
detected again in the place, enabling synchronization to be 
established based on information of high reliability. 
0094. A spread spectrum communication method accord 
ing to a next aspect of the present invention is applied in a 
code division multiple access system for continuously trans 
mitting frames in a normal mode, and intermittently trans 
mitting compressed frames in a compressed mode, and is 
characterized in that it comprises a first information detect 
ing step of detecting a first information for matching fre 
quencies during non-transmission period which is not more 
than half of one frame; a second information detecting step 
of detecting second information for setting the non-trans 
mission duration, based on a known timing determined 
beforehand from the detected first information, and achiev 
ing synchronization; a handover between different frequen 
cies being controlled by establishing synchronization to 
another communication system, based on the detected first 
information and second information. 

0095 According to this invention, at least one first infor 
mation is detected during the non-transmission period which 
is not more than half of one frame, thereafter, the non 
transmission period is set based on a known timing found by 
the detected first information, the second information is 
detected, and synchronization to the other communication 
system is established based on the detected first information 
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and second information; therefore, a handover between 
different systems can be carried out more effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.096 FIG. 1 is a block diagram showing a CDMA system 
according to a first embodiment of the present invention; 
0097 FIG. 2 is a diagram explaining memory distribution 
of an interleaver according to the first embodiment; 
0.098 FIG. 3 is a diagram explaining frame transmission 
of a downlink according to the first embodiment; 
0099 FIG. 4 is a flowchart explaining a transmission 
operation in a normal mode according to the first embodi 
ment, 

0100 FIG. 5 is a flowchart explaining a transmission 
operation in a compressed mode according to the first 
embodiment; 
0101 FIG. 6 is a flowchart explaining a reception opera 
tion in the normal mode according to the first embodiment; 
0102 FIG. 7 is a flowchart explaining a reception opera 
tion in the compressed mode according to the first embodi 
ment, 

0103 FIG. 8 is a block diagram showing primary parts of 
a CDMA system according to a second embodiment of the 
present invention; 
0104 FIG. 9 is a diagram explaining frame transmission 
of a downlink according to the second embodiment; 
0105 FIG. 10 is a flowchart explaining a transmission 
operation in the compressed mode according to the second 
embodiment; 
0106 FIG. 11 is a flowchart explaining a reception opera 
tion in the compressed mode according to the second 
embodiment; 

0107 FIG. 12 is a diagram explaining frame transmission 
of a downlink according to a third embodiment; 
0108 FIG. 13 is a flowchart explaining a transmission 
operation in the compressed mode according to the third 
embodiment; 
0109 FIG. 14 is a flowchart explaining a reception opera 
tion in the compressed mode according to the third embodi 
ment, 

0110 FIG. 15 is a block diagram showing a CDMA 
system according to a fourth embodiment of the present 
invention; 
0111 FIG. 16 is a diagram explaining memory distribu 
tion of a framing/spreading unit according to the fourth 
embodiment; 
0112 FIG. 17 is a diagram explaining frame transmission 
of a downlink according to the fourth embodiment; 
0113 FIG. 18 is a flowchart explaining a transmission 
operation in the compressed mode according to the fourth 
embodiment; 
0114 FIG. 19 is a flowchart explaining a reception opera 
tion in compressed mode according to the fourth embodi 
ment, 
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0115 FIG. 20 is a block diagram of a CDMA system 
according to a fifth embodiment of the present invention; 
0116 FIG. 21 is a diagram explaining frame transmission 
of a downlink according to the fifth embodiment; 
0.117 FIG. 22 is a flowchart explaining a transmission 
operation in the compressed mode according to the fifth 
embodiment; 
0118 FIG. 23 is a flowchart explaining a reception opera 
tion in the compressed mode according to the fifth embodi 
ment; 

0119 FIG. 24 is a diagram explaining frame transmission 
of a downlink according to a sixth embodiment of the 
present invention; 
0120 FIG. 25 is a flowchart explaining a transmission 
operation in the compressed mode according to the sixth 
embodiment; 
0121 FIG. 26 is a flowchart explaining a reception opera 
tion in the compressed mode according to the sixth embodi 
ment; 

0.122 FIG. 27 is a block diagram showing a CDMA 
system according to a seventh embodiment of the present 
invention; 
0123 FIG. 28 is a diagram showing the relationship 
between transmission power control symbol and transmis 
sion power control amount according to the seventh embodi 
ment; 

0.124 FIG. 29 is a flowchart explaining a transmission 
power control operation in the compressed mode according 
to the seventh embodiment; 
0.125 FIG. 30 is a diagram showing the relationship 
between transmission power control symbol and transmis 
sion power control amount according to an eighth embodi 
ment of the present invention; 
0.126 FIG. 31 is a flowchart explaining a transmission 
power control operation in the compressed mode according 
to the eighth embodiment; 
0.127 FIG. 32 is a block diagram showing a CDMA 
system according to a ninth embodiment of the present 
invention; 
0.128 FIG.33 is a diagram explaining frame transmission 
of a downlink according to the ninth embodiment; 
0.129 FIG. 34 is a flowchart explaining a transmission 
power control operation in the compressed mode according 
to the ninth embodiment of the present invention: 
0.130 FIG. 35 is a flowchart explaining a compressed 
mode control operation according to the ninth embodiment; 
0131 FIG. 36 is a diagram explaining conventional 
frame transmission of a downlink: 
0.132 FIG. 37 is a diagram showing a frame constitution 
of a broadcast channel (BCH): 
0.133 FIG.38 is a detailed example of detecting a second 
search code in sixteen consecutive slots; 
0.134 FIG. 39 is a table showing a correspondence 
between the second search codes and the scrambling code 
groups: 
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0135 FIG. 40 is a flowchart when synchronization estab 
lishment procedure is carried out at the mobile station side: 
0136 FIG. 41 is a diagram showing a constitution of a 
receiver according to a tenth embodiment of the present 
invention; 
0137 FIG. 42 is a diagram showing an outline of the 
operation of a receiver according to the present invention; 
0138 FIG. 43 is a flowchart when synchronization estab 
lishment procedure is carried out at the mobile station side 
in a handover between different frequencies W-CDMA/W- 
CDMA; 
0139 FIG. 44 shows an example of obtaining a second 
search code: 
0140 FIG. 45 shows an example of obtaining a second 
search code: 
0141 FIG. 46 shows an example of obtaining a second 
search code: 
0142 FIG. 47 shows an example of obtaining a second 
search code: 
0143 FIG. 48 shows constitution of a GSM superframe: 
and 

014.4 FIG. 49 is a flowchart when synchronization estab 
lishment procedure is carried out at the mobile station side 
in a handover between W-CDMA/W-CDMA of different 
frequencies. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0145 To explain the present invention in more detail, it 
will be described with reference to the accompanying draw 
ings. 

0146 To begin with, the constitution of a CDMA system 
will be explained. FIG. 1 is a block diagram showing a 
CDMA system according to a first embodiment of the 
present invention. The CDMA system comprises a transmit 
ter 1A and a receiver 2A. Such a CDMA system is provided 
with both base station and mobile stations. The base station 
and the mobile stations carry out radio communication using 
a CDMA communication method. 

0147 The transmitter 1A, as shown in FIG. 1, comprises 
a controller 11A, an error-correction encoder 12, an inter 
leaver 13, a framing/spreading unit 14A, a radio frequency 
transmitter 15, etc. Through negotiations with the receiver 
2A, the controller 11 Aprincipally controls the operations of 
the interleaver 13, the framing/spreading unit 14A, and the 
radio frequency transmitter 15. Through negotiations with 
the receiver 2A, this controller 11A instructs, using frame 
numbers, objects for interleaving appropriate for a normal 
mode (a non-compressed mode) and compressed mode. 
Furthermore, this controller 11A instructs a transmission 
timing to the framing/spreading unit 14A, in order to reduce 
the spreading factor and transmit a compressed mode frame 
in the compressed mode. Furthermore, the controller 11A 
instructs to the radio frequency transmitter 15 to increase the 
average transmission power when transmitting the com 
pressed mode frame. 
0148. The error-correction encoder 12 error-correct 
encodes the transmitted data stream, thereby obtaining 
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coded data. In order to be able to minimize the effect of 
transmission errors when continuous bits of a transmitted 
signal are lost or the like, for instance as a result of fading, 
the interleaver 13 interleaves the temporal sequence of the 
coded data in bit units. 

0.149 This interleaver 13 has a memory for interleaving 
two frames. When the controller 11A has instructed frame 
number “1” for interleaving, the interleaver 13 interleaves 
one frame in the normal mode. On the other hand, when the 
frame number '2' has been instructed, the interleaver 13 
interleaves across two frames in the compressed mode. 
0150. The framing/spreading unit 14A spreads the band 
in correspondence with the normal mode and the com 
pressed mode, using a spreading code for each user, and 
forms a frame corresponding to each mode. When the 
controller 11A has instructed transmission timing in corre 
spondence with each of the modes, the framing/spreading 
unit 14A sends the frame to the radio frequency transmitter 
15 in accordance with the instructed transmission timing. 
0151. Furthermore, in the compressed mode, the framing/ 
spreading unit 14A receives a command from the controller 
11A to reduce the spreading factor, and obtains a transmis 
sion signal using a lower spreading factor than the normal 
mode, in accordance with that command. The radio fre 
quency transmitter 15 converts the transmission signal 
obtained by the framing/spreading unit 14A to a radio 
frequency, and transmits it. In compliance with the control 
ler 11A, this radio frequency transmitter 15 outputs the 
transmission signal after increasing the average transmission 
power in the compressed mode to higher than that in the 
normal mode. 

0152. As shown in FIG. 1, the receiver 2A comprises a 
controller 21A, an error-correction decoder 22, a deinter 
leaver 23, a deframing/de-spreading unit 24A, a radio fre 
quency receiver 25, etc. Through negotiations with the 
transmitter 1A, the controller 21A principally controls the 
operations of the deinterleaver 23 and the deframing/de 
spreading unit 24A. Through negotiations with the trans 
mitter 1A, the controller 21A specifies, using frame num 
bers, objects for deinterleaving appropriate for the normal 
mode and the compressed mode. Furthermore, this control 
ler 21A instructs a transmission timing to the deframing/de 
spreading unit 24A, in order to reduce the spreading factor 
and transmit a compressed mode frame in the compressed 
mode. Furthermore, in the compressed mode, the controller 
11A instructs to the radio frequency transmitter 15 a 
decrease in the spreading factor and a reception timing for 
receiving the compressed mode frame. 
0153. The radio frequency receiver 25 demodulates 
received signals sent from an antenna not shown in the 
diagram. The deframing/de-spreading unit 24A de-spreads 
using spreading codes allocated to the users of the receiver 
2A in correspondence with normal mode and compressed 
mode, and creates a frame for each mode. When the con 
troller 21A specifies the reception timings for each mode, the 
deframing/de-spreading unit 24A extracts a reception signal 
from the radio frequency receiver 25 at the instructed timing. 
Furthermore, in the compressed mode, the deframing/de 
spreading unit 24A receives a command from the controller 
11A to reduce the spreading factor, and obtains a reception 
signal using a lower spreading factor than in the normal 
mode, in accordance with that command. 
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0154) The deinterleaver 23 interleaves the temporal 
sequence of the coded data in bit units, in the reverse order 
to the interleaving in the transmitter 1A (deinterleaving). 
Like the interleaver 13 mentioned above, the deinterleaver 
23 has a memory for deinterleaving two frames. When the 
controller 21A has instructed frame number “1” for deinter 
leaving, the deinterleaver 23 deinterleaves one frame in 
normal mode. On the other hand, when the frame number 
“2 has been instructed, the deinterleaver 23 deinterleaves 
across two frames in the compressed mode. The error 
correction decoder 22 error-correct decodes the deinter 
leaved signal, thereby obtaining a decoded data, i.e. a 
received data stream. 

0.155) Next, the interleaver 13 and the deinterleaver 23 
will be explained. FIG. 2 is a diagram explaining memory 
distribution of the interleaver according to the first embodi 
ment, FIG. 2(a) illustrates the area used in normal mode, and 
FIG. 2(b) illustrates the area used in compressed mode. In 
FIG. 2, a memory 131A provided with the interleaver 13 is 
shown. The deinterleaver 23 also comprises a memory 
having the same memory size as that of the interleaver 13. 
In the first embodiment, since interleaving is performed 
across two frames in the compressed mode, two-frame 
memory sizes in correspondence with an interleaving size 
corresponding to two frames are set in the interleaver 13 and 
the deinterleaver 23 respectively. 
0156 When interleaving (see FIG. 2 (a)) in normal mode, 
only one frame (half) of the memory 131A is used, and 
interleaving is performed within that frame. By contrast, in 
compressed mode (see FIG. 2 (b)), two frames (all) of the 
memory 131A are used, and interleaving is performed in 
those two frames. Similarly, in the deinterleaver 23, the area 
of memory used is altered in correspondence with the mode, 
as in the interleaver. 

0157 Next, frame transmission including compressed 
mode will be explained. FIG. 3 is a diagram explaining 
frame transmission of a downlink according to the first 
embodiment. In FIG. 3, the vertical axis represents trans 
mission rate/transmission power, and the horizontal axis 
represents time. Furthermore, in FIG. 3, F represents one 
frame. In a CDMA system, during normal transmission, a 
period of time is provided to slot the frame and transmit it 
intermittently, and the strength of the other frequency car 
riers is measured using non-transmission duration during 
that period. 

0158 For this purpose, the slotted frame must be com 
pressed, and as shown in FIG. 3, the transmission duration 
of a compressed frame is half of the normal transmission 
duration. In this case, if interleaving is performed in the 
same manner as in normal transmission, there will only be 
half the necessary interleaving time, making it impossible to 
achieve adequate interleaving effects. 

0159. Accordingly, to secure sufficient time for interleav 
ing, in compressed mode the transmitter 1A and the receiver 
2A double the areas used in the memories of the interleaver 
13 and the deinterleaver 23, and interleave across two 
frames. The interleaving time needed in compressed mode 
can be determined easily from the ratio between the size of 
one frame and the compressed mode frame. 
0160 Next, the transmission operation of the transmitter 
1A will be explained. FIG. 4 is a flowchart explaining a 
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transmission operation in normal mode, and FIG. 5 is a 
flowchart explaining a transmission operation in compressed 
mode. The execution of the operations of FIG. 4 and FIG. 5 
is controlled by the controller 11A, the individual operations 
being performed by various sections. 
0.161 In the normal mode (see FIG. 4), frame number “1” 

is instructed to the interleaver 13 (Step S101), and the 
interleaver 13 interleaves one frame. Then, when the time 
reaches to a time required for transmitting one frame (Step 
S102), a transmission on next frame is instructed to the 
framing/spreading unit 14A (Step S103). In this way, in 
normal mode, frames are transmitted continuously. 
0162 Furthermore, in the compressed mode (see FIG. 5), 
multiple frames, that is, frame number 2 is instructed to 
the interleaver 13 (Step S111), and the interleaver 13 inter 
leaves across two frames. Then, when the time reaches to a 
time required for transmitting a half-frame, that is, com 
pressed mode frame timing (Step S112), a reduction in the 
spreading factor and a transmission timing are instructed to 
the framing/spreading unit 14A (Step S113). Moreover, an 
increase in the average transmission power is instructed to 
the radio frequency transmitter 15 (Step S114). In this way, 
in the compressed mode, frames are transmitted intermit 
tently (non-continuously). 

0.163 Next, the reception operation of the receiver 2A 
will be explained. FIG. 6 is a flowchart explaining the 
reception operation in normal mode, and FIG. 7 is a diagram 
explaining the reception operation in compressed mode. The 
operations of FIG. 6 and FIG. 7 are executed under the 
control of the controller 21A although the individual opera 
tions are performed by various sections. In the normal mode 
(see FIG. 6), when the time reaches one frame timing (Step 
S121), a reception timing is instructed to the deframing/de 
spreading unit 24A (Step S122). Then, a frame number “1” 
is instructed to the deinterleaver 23 (Step S123), and the 
deinterleaver 23 deinterleaves one frame. In this way, in 
normal mode, frames are received continuously. 
0164. Furthermore, in the compressed mode (see FIG. 7), 
when the time reaches a half-frame, that is, compressed 
mode frame timing (Step S131), a reduction in the spreading 
factor and a reception timing are instructed to deframing/ 
de-spreading unit 24A (Step S132). Then, multiple frames, 
that is, frame number '2' is instructed to the deinterleaver 
23 (Step S133), and the deinterleaver 23 deinterleaves across 
two frames. In this way, in the compressed mode, frames are 
received intermittently (non-continuously). 
0.165. As described above, according to the first embodi 
ment, in compressed mode, interleaving bit units crossing 
multiple frames are controlled in order to minimize the 
effects of transmission errors, thereby making it possible to 
secure appropriate interleaving time in the compressed mode 
as in the normal mode. As a consequence, it is possible to 
prevent poor performance caused by interleaving of bit 
units. 

0166 Furthermore, since the memory size corresponds to 
the number of frames to be interleaved in the compressed 
mode, it is possible to interleave bits units in a number of 
frames sufficient to minimize the effects of transmission 
errors when transmission in the compressed mode. 
0.167 In the first embodiment described above, the size of 
the memory for interleaving and deinterleaving in the com 
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pressed mode is increased, securing an appropriate inter 
leaving time in correspondence with the size of the inter 
leaving, but the present invention is not restricted to this, and 
it is acceptable to secure an appropriate interleaving time by 
changing the method of transmitting the compressed mode 
frame without increasing the size of the memory, as in a 
second embodiment explained later. Since the entire consti 
tution of the second embodiment of the present invention is 
the same as the first embodiment already explained, the 
following description covers only those features of the 
constitution and operation which differ from the first 
embodiment. Furthermore, identical components are repre 
sented by the same reference numerals. 
0168 Here, only the primary constitution will be 
explained. FIG. 8 is a block diagram showing primary parts 
of a CDMA system according to the second embodiment of 
the present invention. In the CDMA system of the second 
embodiment, the difference from the first embodiment 
already described is the size of the memory 131B of the 
interleaver 13, which here is one frame. Furthermore, 
although not depicted in the diagram, the deinterleaver 23 of 
the receiver also has a memory size of one frame, to match 
that of the interleaver 13. 

0169. Next, frame transmission including the compressed 
mode will be explained. FIG. 9 is a diagram explaining 
frame transmission of a downlink according to the second 
embodiment. In FIG. 9, the vertical axis represents trans 
mission rate/transmission power, and the horizontal axis 
represents time. In the CDMA system, during normal trans 
mission, a period of time is provided to slot the frame and 
transmit it intermittently, and the strength of the other 
frequency carriers is measured using the fact that frames are 
not transmitted during that period. For this purpose, the 
slotted frame must be compressed, but if interleaving is 
performed in the same manner as in normal transmission, the 
interleaving time will be insufficient, and it will be impos 
sible to obtain an adequate interleaving effect. 
0170 Accordingly, the transmission timing of the com 
pressed frame is divided, and one part is allocated to the 
head of the frame, the other is allocated to the end of the 
same frame, securing the desired interleaving time. At the 
receiver, this operation is performed in reverse. As in the first 
embodiment, the time needed for interleaving in compressed 
mode can be determined easily from the ratio between the 
size of one frame and the compressed mode frame. 
0171 Next, the operation will be explained. Here, only 
the operation in compressed mode will be explained. FIG. 
10 is a flowchart explaining the transmission operation in 
compressed mode, and FIG. 11 is a flowchart explaining the 
reception operation in compressed mode. In the compressed 
mode (see FIG. 10) at the transmitter, interleaving in one 
frame is instructed to the interleaver 13 (Step S201), and the 
interleaver 13 interleaves one frame. 

0172 Then, when the time reaches any one of the front 
and rear timings of the one-frame timing (Step S202), a 
transmission timing is instructed to the framing/spreading 
unit 14A (Step S203). Moreover, an increase in the average 
transmission power is instructed to the radio frequency 
transmitter 15 (Step S204), and the compressed mode frame 
is frame-transmitted at high transmission power. In this way, 
frames are transmitted intermittently (non-continuously) in 
the compressed mode. 
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0.173) On the other hand, in the compressed mode at the 
receiver (see FIG. 11), when the time reaches any one of the 
front and rear timings of the one-frame timing (Step S211), 
a reception timing is instructed to the deframing/de-spread 
ing unit 24A (Step S212). Then, after the signal of one frame 
has been received, a one-frame deinterleaving is instructed 
to the deinterleaver 23 (Step S213), and the deinterleaver 23 
deinterleaves one frame. In this way, frames are received 
intermittently (non-continuously) in the compressed mode. 
0.174 As explained above, according to the second 
embodiment, in the compressed mode, a frame which has 
been interleaved in bit units is compressed, arranged into 
front and rear in the same frame timing as in normal mode, 
and intermittently transmitted in compliance with that 
arrangement. Therefore, it is possible to secure an appro 
priate interleaving time in compressed mode, in the same 
way as in normal mode, with a simple interleaving consti 
tution. Consequently, poor performance caused by interleav 
ing in bit units can be prevented. 
0.175. Furthermore, it is also possible in the second 
embodiment to prepare the memory sizes shown in FIG. 2, 
and control interleaving of bit units crossing multiple frames 
in the compressed mode. In this case, as in the first embodi 
ment described above, it is possible to secure an appropriate 
interleaving time in the compressed mode, as in the normal 
mode, and to reduce transmission errors resulting from 
interleaving in bit units. 
0176). In the first embodiment already explained, to per 
form interleaving and deinterleaving in the compressed 
mode, the size of memory is increased and an interleaving 
time appropriate for the size of the interleaving is secured, 
but the present invention is not restricted to this, and it is 
acceptable to secure an appropriate interleaving time by a 
compressed mode frame transmission method different to 
that of the second embodiment described above, as in a third 
embodiment described below. Since the entire constitution 
of the third embodiment of the present invention is the same 
as the second embodiment already explained, the following 
description covers only those features of the operation which 
differ from the second embodiment. 

0.177 Firstly, frame transmission including compressed 
mode will be explained. FIG. 12 is a diagram explaining 
frame transmission of a downlink according to the third 
embodiment. In FIG. 12, the vertical axis represents trans 
mission rate/transmission power, and the horizontal axis 
represents time. In the CDMA System, during normal trans 
mission, a period of time is provided to slot the frame and 
transmit intermittently, and the strength of other frequency 
carriers is measured using the fact that frames are not 
transmitted during that period. For this purpose, the slotted 
frame must be compressed, but if interleaving is performed 
in the same manner as in normal transmission, there will 
only be half the necessary interleaving time, making it 
impossible to achieve adequate interleaving effects. 
0.178 Accordingly, the transmission duration of the com 
pressed frame is divided in correspondence with multiple 
slots, and the non-transmission period (idle period for mea 
Suring) is reduced so as not to affect the transmission power 
control, securing the desired time for interleaving. In the 
receiver, this operation is performed in reverse. As in the first 
embodiment, the time needed for interleaving in compressed 
mode can be determined easily from the ratio between the 
size of one frame and the compressed mode frame. 
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0179. Furthermore, the slot number N (where N is a 
natural number) forming the transmission unit in com 
pressed mode is determined in accordance with the relation 
ship between the measuring time of the strength of other 
frequency carriers and the transmission power control mar 
gin of error. For instance, when N=1 it indicates every slot, 
N=2 indicates every two slots, and N=4 indicates every four 
slots. Here, N=1, 2, and 4 are just the examples and it is also 
possible to handle other slot numbers. 
0180 Next, the operation will be explained. Here, only 
the operation in compressed mode will be explained. FIG. 
13 is a flowchart explaining the transmission operation in 
compressed mode, and FIG. 14 is a flowchart explaining the 
reception operation in compressed mode. In the compressed 
mode at the transmitter (see FIG. 13), interleaving in one 
frame is instructed to the interleaver 13 and the interleaver 
13 interleaves one frame (Step S301). 
0181. Then, when the time reaches the N slot timing 
which forms the transmission unit in the compressed mode 
(Step S302), a transmission timing is instructed to the 
framing/spreading unit 14A (Step S303). Moreover, an 
increase in the average transmission power is instructed to 
the radio frequency transmitter 15 (Step S304), and the 
compressed mode frame is frame-transmitted at high trans 
mission power. In this way, frames are transmitted intermit 
tently (non-continuously) in the compressed mode. 
0182 On the other hand, in the compressed mode of the 
receiver (see FIG. 14), when the time reaches the N slot 
timing (Step S311), a reception timing is instructed to the 
deframing/de-spreading unit 24A (Step S312). Then, after 
the signal of one frame has been received, a one-frame 
deinterleaving is instructed to the deinterleaver 23 (Step 
S313), and the deinterleaver 23 deinterleaves one frame. In 
this way, frames are received intermittently (non-continu 
ously) in the compressed mode. 
0183 As explained above, according to the third embodi 
ment, in the compressed mode, since a compressed frame is 
slotted and intermittently transmitted in N slot units, it is 
possible to receive transmission power control bits trans 
mission in the downlink in comparatively short time inter 
vals. In this way, by controlling ON/OFF of each N slot, the 
margin of error of transmission power control can be 
reduced. 

0184 In particular, since the N slot unit is determined in 
accordance with the relationship between the measuring 
time of the strength of other frequency carriers and the 
transmission power control margin of error, it is possible to 
secure time in which the strength of other frequency carriers 
can be reliably measured, and also to reduce the transmis 
sion power control margin of error. 
0185. Furthermore, it is also possible in the third embodi 
ment to prepare the memory sizes shown in FIG. 2, and 
control interleaving of bit units across multiple frames in the 
compressed mode. In this case, as in the first embodiment 
described above, it is possible to secure an appropriate 
interleaving time in the compressed mode, as in the normal 
mode, and to further reduce transmission errors resulting 
from interleaving in bit units. 

0186. In the embodiments one to three described above, 
the frame timing was changed in the normal mode and the 
compressed mode, but the present invention is not restricted 
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to this, and it is acceptable to intermittently transmit with the 
same frame timing in compressed mode and normal mode, 
as in a fourth embodiment of the present invention described 
below. 

0187 Firstly, the constitution of the CDMA system will 
be explained. FIG. 15 is a block diagram showing a CDMA 
system according to the fourth embodiment of the present 
invention. The CDMA system comprises a transmitter 1B 
and a receiver 2B. Such a CDMA system is provided with 
both base station and mobile stations. The base station and 
the mobile stations carry out radio communication using a 
CDMA communication method. 

0188 The transmitter 1B, as shown in FIG. 15, comprises 
a controller 11B, an error-correction encoder 12, an inter 
leaver 13, a framing/spreading unit 14B, a radio frequency 
transmitter 15, etc. Through negotiations with the receiver 
2B, the controller 11B mainly controls the operations of the 
interleaver 13, the framing/spreading unit 14B, and the radio 
frequency transmitter 15. In compressed mode, this control 
ler 11B instructs to the framing/spreading unit 14B multi 
code transmission for multiple frames to be code-multi 
plexed and transmission timings for transmitting 
compressed mode frames. 
0189 The error-correction encoder 12, the interleaver 13, 
and the radio frequency transmitter 15 are the same as in the 
first embodiment already described above, and explanation 
thereof will be omitted. As regards the interleaver 13, it has 
a memory for interleaving one frame. 
0190. The framing/spreading unit 14B spreads the band 
in correspondence with normal mode and compressed mode, 
using a spreading code for each user, and forms a frame 
corresponding to each mode. When the controller 11B has 
instructed transmission timing in correspondence with each 
of the modes, the framing/spreading unit 14B sends the 
frame to the radio frequency transmitter 15 in accordance 
with the instructed transmission timing. Furthermore, in the 
compressed mode, the framing/spreading unit 14B receives 
a command for multi-code transmission from the controller 
11B, and code-multiplexes two post-interleave frames in 
accordance with that command. 

0191 In order to code-multiplex two frames, the framing/ 
spreading unit 14B has a one-frame memory. That is, the 
interleaver 13 and the framing/spreading unit 14B each 
comprise a one-frame memory, enabling two frames to be 
code-multiplexed using a total memory size equivalent to 
two frames. 

0.192 The receiver 2B, as shown in FIG. 15, comprises a 
controller 21B, an error-correction decoder 22, a deinter 
leaver 23, a deframing/de-spreading unit 24B, a radio fre 
quency receiver 25, etc. Through negotiations with the 
transmitter 1B, the controller 21 B mainly controls the opera 
tions of the deinterleaver 23 and the deframing/de-spreading 
unit 24B. In the compressed mode, this controller 218 
instructs the deframing/de-spreading unit 24B of reception 
timings for receiving multi-code transmission and com 
pressed mode frames. 
0193 The error-correction decoder 22, the deinterleaver 
23, and the radio frequency transmitter 25 are the same as in 
the first embodiment already described above, and explana 
tion thereof will be omitted. As regards the deinterleaver 23, 
it has a memory for interleaving one frame. 
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0194 Like the framing/spreading unit 14B described 
above, the deframing/de-spreading unit 24B comprises a 
one-frame memory for deframing. When the controller 21B 
has instructed a reception timing in correspondence with 
each of the modes, the deframing/de-spreading unit 24B 
extracts the reception signal from the radio frequency trans 
mitter 25 in accordance with that reception timing. Further 
more, in the compressed mode, the deframing/de-spreading 
unit 24B receives a command for multi-code transmission 
from the controller 21B, separates the de-spread data into 
frame units in accordance with that command, and outputs 
the frames in sequence to the deinterleaver 23. 
0.195 Next, the primary constitution of the framing/ 
spreading unit 14B and the deframing/de-spreading unit 24B 
will be explained. FIG. 16 is a diagram explaining memory 
distribution of the framing/spreading unit 14B according to 
the fourth embodiment, wherein FIG. 16(a) illustrates the 
area used in normal mode, and FIG.16(b) illustrates the area 
used in compressed mode. In FIG. 16, the framing/spreading 
unit 14B has a memory 141A. The deframing/de-spreading 
unit 24B also has a memory of the same memory size as that 
of the framing/spreading unit 14B. 
0196. In the fourth embodiment, since code-multiplexing 

is performed across two frames in the compressed mode, a 
one-frame memory size, in correspondence with a two 
frame code-multiplexing size, is set in the both framing/ 
spreading unit 14B and the deframing/de-spreading unit 
24B. In fact, two-frame framing and deframing can be 
achieved using the one-frame memories of the interleaver 13 
the deinterleaver 23. 

0197). In normal mode (see FIG. 16 (a)), since code 
multiplexing is not needed, framing and the like is carried 
out based on data interleaved by the interleaver 13 without 
using the memory 141A. On the contrary, in compressed 
mode (see FIG.16(b)), a two-frame memory size is required 
to perform code—multiplexing, and therefore the memory 
141A of the framing/spreading unit 14B is used in addition 
to the memory of the interleaver 13. Similarly, whether the 
memory is used or not in the deframing/de-spreading unit 
24B also varies depending on the mode. 
0198 Next, frame transmission including compressed 
mode will be explained. FIG. 17 is a diagram explaining 
frame transmission of a downlink according to the fourth 
embodiment. In FIG. 17, the vertical axis represents trans 
mission rate/transmission power, and the horizontal axis 
represents time. Furthermore, in FIG. 17. F represents one 
frame. In the CDMA system, during normal transmission, a 
period of time is provided to slot the frame and transmit it 
intermittently, and the strength of other frequency carriers is 
measured using the fact that a frame is not transmitted 
during that period. 

0199 For this purpose, the slotted frame must be com 
pressed, and in conventional methods, the transmission 
duration of a compressed frame becomes half of the normal 
transmission duration. In this case, if interleaving is per 
formed in the same manner as in normal transmission, there 
will only be half of the necessary interleaving time, making 
it impossible to achieve adequate interleaving effects. 

0200. Accordingly, the transmitter 1B performs inter 
leaving of the same size as in the normal mode, and 
code-multiplexes multiple frames in the frame timing, in 
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order to secure the same timing for interleaving in the 
compressed mode as in the normal mode, in compressed 
mode. For instance, in the example shown in FIG. 17, in 
normal transmission (normal mode), post-interleaving 
frames are transmitted in a sequence of frames #1, #2, and 
thereafter, in slotted transmission (compressed mode), indi 
vidually interleaved frames #3 and #4 are code-multiplexed 
together, and compressed frames are transmitted. 
0201 Next, the operation will be explained. Since the 
transmission and reception is performed in the same manner 
as the conventional methods, explanation thereof will be 
omitted. Firstly, the transmission operation of the transmitter 
1B will be explained. FIG. 18 is a flowchart explaining the 
transmission operation in compressed mode. The execution 
of the operation of FIG. 18 is controlled by the controller 
11B although individual operations are performed by vari 
ous sections. In the compressed mode, interleaving in one 
frame is instructed to the interleaver 13 (Step S401), and the 
interleaver 13 interleaves in one frame. 

0202 Then, when the time reaches a given frame timing 
for multi-code transmission (Step S402), multi-code trans 
mission and transmission timings are instructed to the fram 
ing/spreading unit 14B (Step S403). Consequently, the fram 
ing/spreading unit 14B code-multiplexes two frames. In this 
way, in the compressed mode, frames are transmitted inter 
mittently (non-continuously). 
0203 Next, the reception operation of the receiver 2B 
will be explained. FIG. 19 is a flowchart explaining the 
reception operation in the compressed mode. The execution 
of the operation of FIG. 19 is controlled by the controller 
21B although individual operations are performed by vari 
ous sections. In the compressed mode, when the time 
reaches the frame timing for the multi-code transmission 
described above (Step S411), frame separation of received 
code-multiplexed data and a reception timing are instructed 
to the deframing/de-spreading unit 24B (Step S412). 
0204 Then, deinterleaving in the separated frames is 
instructed to the deinterleaver 23 (Step S413), and the 
deinterleaver 23 deinterleaves one frame. In this way, in the 
compressed mode, frames are received intermittently (non 
continuously). 

0205 As described above, according to the fourth 
embodiment, in the compressed mode, multiple frames 
which have been interleaved in bit units to minimize the 
effects of transmission errors are compressed by code divi 
sion multiplexing in the given frame timing prior to trans 
mission. Therefore, it is possible to secure an appropriate 
interleaving time in the same way and using the same 
constitution in the compressed mode and the normal mode. 
In this way, by controlling ON/OFF in each compressed 
mode frame, poor performance caused by interleaving in bit 
units can be prevented. 
0206 Furthermore, since the memory size used corre 
sponds to the number of frames to be code-multiplexed in 
the compressed mode, code-multiplexing can be performed 
reliably and without loss in the compressed mode. 
0207 Furthermore, it is also possible in the fourth 
embodiment to control interleaving of bit units across mul 
tiple frames in the compressed mode in the way as the first 
embodiment described above. In this case, it is possible to 
secure a longer time for interleaving by increasing the size 
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of the memories of the interleaver and the deinterleaver in 
compressed mode than in the normal mode. As a conse 
quence, transmission errors resulting from interleaving in bit 
units can be reduced. In particular, when code-multiplexed 
frames are interleaved by replacing other frames, places 
where multiple code-multiplexed frames are in error can be 
dispersed, improving the correcting result of the error 
correction coding. 

0208. In the embodiments 1 to 4 described above, trans 
mission power is increased in order to transmit frames in the 
compressed mode without information loss, but the present 
invention is not restricted to this, and it is acceptable to 
determine the amount of the transmission power after con 
sidering interference on other user channels caused by the 
amount of the transmission power, as described below in a 
fifth embodiment. 

0209 Firstly, the constitution of the CDMA system will 
be explained. FIG. 20 is a block diagram showing a CDMA 
system according to a fifth embodiment of the present 
invention. The CDMA system comprises a transmitter 1C 
and a receiver 2C. Such a CDMA system is provided with 
both base station and mobile stations. The base station and 
the mobile stations carry out radio communication using a 
CDMA communication method. 

0210. As shown in FIG. 20, the transmitter 1C comprises 
a controller 11C, an error-correction encoder 12, an inter 
leaver 13, a framing/spreading unit 14C, a radio frequency 
transmitter 15, etc. Through negotiations with the receiver 
2C, the controller 11C mainly controls the operations of the 
interleaver 13, the framing/spreading unit 14C, and the radio 
frequency transmitter 15. In compressed mode, this control 
ler 11C instructs to the framing/spreading unit 14C a reduc 
tion of information rate and transmission timings for trans 
mitting compressed mode frames. Furthermore, this 
controller 11C differs from the one in embodiments 1 to 4 
described above in that it does not generate a command to 
the radio frequency transmitter 15 to raise the transmission 
power in the compressed mode. 

0211 The error-correction encoder 12, the interleaver 13, 
and the radio frequency transmitter 15 are the same as in the 
first embodiment already described above, and explanation 
thereof will be omitted. As regards the interleaver 13, it has 
a memory for interleaving one frame. 
0212. The framing/spreading unit 14C spreads the band 
in correspondence with normal mode and compressed mode, 
using a spreading code for each user, and forms a frame 
corresponding to each mode. When the controller 11C has 
instructed a transmission timing in correspondence with 
each of the mode, the framing/spreading unit 14C sends the 
frame to the radio frequency transmitter 15 in accordance 
with that transmission timing. Furthermore, in the com 
pressed mode, when the framing/spreading unit 14C receive 
a command to reduce the information rate from the control 
ler 11C then it compresses the insufficiently interleaved 
frame to form a compressed mode frame in compliance with 
that command. 

0213 As shown in FIG. 20, the receiver 2C comprises a 
controller 21C, an error-correction decoder 22, a deinter 
leaver 23, a deframing/de-spreading unit 24C, a radio fre 
quency transmitter 25, etc. Through negotiations with the 
transmitter 1C, the controller 21C mainly controls the opera 
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tions of the deinterleaver 23 and the deframing/de-spreading 
unit 24C. In the compressed mode, this controller 21C 
instructs to the deframing/de-spreading unit 24C a reduction 
in information rate and reception timings for receiving 
compressed mode frames. 
0214) The error-correction decoder 22, the deinterleaver 
23, and the radio frequency transmitter 25 are the same as in 
the first embodiment already described above, and explana 
tion thereof will be omitted. As regards the deinterleaver 23, 
it has a memory for interleaving one frame. 
0215. When the controller 21C has instructed a reception 
timing in correspondence with each of the modes, the 
deframing/de-spreading unit 24C extracts the received sig 
nal from the radio frequency transmitter 25 in accordance 
with that reception timing. Furthermore, in the compressed 
mode, when the deframing/de-spreading unit 24C receives a 
command to reduce information rate from the controller 21C 
then it lowers the information rate in accordance with that 
command, performs framing and de-spreading, and outputs 
the frames in sequence to the deinterleaver 23. 
0216) Next, frame transmission including compressed 
mode will be explained. FIG. 21 is a diagram explaining 
frame transmission of a downlink according to the fifth 
embodiment. In FIG. 21, the vertical axis represents trans 
mission rate/transmission power, and the horizontal axis 
represents time. In the CDMA System, during normal trans 
mission, a period of time is provided to slot the frame and 
transmit it intermittently, and the strength of other frequency 
carriers is measured using the fact that a frame is not 
transmitted during that period. For that purpose, the slotted 
frame must be compressed, and in a conventional method, 
the transmission power is increased when transmitting the 
compressed frame. In this case, amount of interference 
power to other user channels increases, leading to deterio 
ration in transmission. 

0217. Accordingly, as shown in FIG. 21, when the same 
transmission power is secured in the compressed mode as in 
the normal mode, lowering the transmission rate by a 
corresponding amount, and an interleaved transmission 
frame is sent across multiple compressed mode frames, it is 
possible to realize a handover between frequencies with 
reduced interference. 

0218. Next, the operation will be explained. Since the 
transmission and reception is performed in the same manner 
as the conventional methods, explanation thereof will be 
omitted. Firstly, the transmission operation of the transmitter 
1C will be explained. FIG. 22 is a flowchart explaining the 
transmission operation in the compressed mode. The execu 
tion of the operation of FIG. 22 is controlled by the 
controller 11C although the individual operations are per 
formed by various sections. In the compressed mode, inter 
leaving in one frame is instructed to the interleaver 13 (Step 
S501), and the interleaver 13 interleaves in one frame. 
0219. Then, when the time reaches the compressed mode 
frame timing (Step S502), reduction of transmission rate and 
a transmission timing are instructed to the framing/spreading 
unit 14C (step S503). Consequently, the frame is transmitted 
at a lower transmission rate in the compressed mode time. In 
this way, in the compressed mode, frames are transmitted 
intermittently (non-continuously). 
0220 Next, the reception operation of the receiver 2C 
will be explained. FIG. 23 is a flowchart explaining the 
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reception operation in the compressed mode. The execution 
of the operation of FIG. 23 is controlled by the controller 
21C although the individual operations are performed by 
various sections. In the compressed mode, when the time 
reaches the compressed mode frame timing (Step S511), a 
reduction of transmission rate and a reception timing are 
instructed to the deframing/de-spreading unit 24C (Step 
S512). 
0221) Then, deinterleaving in the one frame is instructed 
to the deinterleaver 23 (Step S513), and the deinterleaver 23 
deinterleaves one frame. In this way, in the compressed 
mode, frames are received intermittently (non-continu 
ously). 
0222. As described above, according to the fifth embodi 
ment, in the compressed mode, compressed frames are 
intermittently transmitted at a transmission rate which is 
lower than the transmission rate in the normal mode while 
using the same transmission power as in the normal mode. 
Therefore, during the frequency handover, the amount of 
interference power to other users on the same frequency is 
reduced. Consequently, it is possible to realize a handover 
between frequencies with less interference. 
0223 Furthermore, in the fifth embodiment, in the com 
pressed mode, a compressed frame may be divided into the 
front and rear of the same frame timing as in the normal 
mode, and transmitted intermittently in compliance with that 
arrangement, as in the second embodiment described above. 
Because of this fact, it is possible to secure an appropriate 
interleaving time in compressed mode in the same way as in 
the normal mode, with a simple interleave constitution. As 
a result, poor performance caused by interleaving in bit units 
can be prevented. 
0224 Furthermore, in the fifth embodiment, in the com 
pressed mode, a compressed frame may be slotted and 
transmitted intermittently in N slot units in the same manner 
as in the third embodiment described above. Because of this 
fact, it is possible to receive transmission power control bits 
transmitted in the downlink in comparatively short time 
intervals. As a result, the amount of error in the transmission 
power control can be reduced. 
0225. In the fifth embodiment described above, one 
frame was interleaved, but the present invention is not 
restricted to this, and it is acceptable to prevent compression 
in the interleaving time by interleaving across multiple 
frames. With the exception of increase the memory size of 
the interleaver, as in the first embodiment, the sixth embodi 
ment has the same overall constitution as the fifth embodi 
ment described above, and so only the differing aspects of 
the operation will be explained below. 
0226. Accordingly, frame transmission including com 
pressed mode will be explained. FIG. 24 is a diagram 
explaining frame transmission of a downlink according to 
the sixth embodiment. In FIG. 24, the vertical axis repre 
sents transmission rate/transmission power, and the horizon 
tal axis represents time. The difference with the fifth 
embodiment described above is that, as shown in FIG. 24, 
the interleaving is carried out across multiple frames, i.e. 
two frames if the compressed mode frame is a /2 frame. 
Consequently, deterioration of decoding caused by com 
pressing the interleaving time can be reduced. 
0227 Next, the operation will be explained. Since the 
transmission and reception is performed in the same manner 
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as in the conventional methods, explanation thereof will be 
omitted. Firstly, the transmission operation of the transmitter 
of the sixth embodiment will be explained. FIG. 25 is a 
flowchart explaining the transmission operation in the com 
pressed mode. The execution of the operation of FIG. 25 is 
controlled by the controller 11C although the individual 
operations are performed by various sections. In the com 
pressed mode, interleaving across two frames is instructed to 
the interleaver 13 (Step S601), and the interleaver 13 inter 
leaves two frames. 

0228. Then, when the time reaches the compressed mode 
frame timing (Step S602), reduction of transmission rate and 
a transmission timing are instructed to the framing/spreading 
unit 14C (Step S603). Consequently, the frame is transmitted 
at a lower transmission rate in the compressed mode time. In 
this way, in the compressed mode, frames are transmitted 
intermittently (non-continuously). 
0229. Next, the reception operation according to the 
receiver of the sixth embodiment will be explained. FIG. 26 
is a flowchart explaining a reception operation in the com 
pressed mode. The execution of the operation of FIG. 26 is 
controlled by the controller 21C although the individual 
operations are performed by various sections. In the com 
pressed mode, when the time reaches the compressed mode 
frame timing (Step S611), a reduction of transmission rate 
and a reception timing are instructed to the deframing/de 
spreading unit 24C (Step S612). 
0230. Then, deinterleave across two frames is instructed 
to the deinterleaver 23 (Step S613), and the deinterleaver 23 
deinterleaves across two frames. In this way, in the com 
pressed mode, frames are received intermittently (non-con 
tinuously). 

0231. As described above, according to the sixth embodi 
ment, in addition to what has been described in the fifth 
embodiment described above, in the compressed mode, bit 
units are interleaved across multiple frames, enabling an 
appropriate interleaving time to be secured in the com 
pressed mode as in the normal mode. As a consequence, 
transmission errors caused by interleaving of bit units can be 
further reduced. 

0232 Furthermore, in the sixth embodiment, in the com 
pressed mode, a compressed frame may be divided into the 
front and rear of the same frame timing as in the normal 
mode, and transmitted intermittently in compliance with that 
arrangement in the same manner as in the second embodi 
ment described above. Because of this fact, it is possible to 
secure an appropriate interleaving time in compressed mode 
in the same way as in the normal mode, with a simple 
interleaving constitution. As a result, poor performance 
caused by interleaving in bit units can be prevented. 

0233. Furthermore, in the sixth embodiment, in the com 
pressed mode, a compressed frame may be slotted and 
transmitted intermittently in N slot units in the same manner 
as in the third embodiment described above. Because of this 
fact, it is possible to receive transmission power control bits 
transmitted in the downlink in comparatively short time 
intervals. As a result, the amount of error in the transmission 
power control can be reduced. 
0234. In the above-mentioned embodiments 1 to 6, a 
function for preventing transmission deterioration in the 
compressed mode was explained, but the present invention 
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is not restricted to this, and it is acceptable to vary the 
amount of transmission power during transmission power 
control as in a seventh embodiment described below. 

0235 Firstly, the constitution of the CDMA system will 
be explained. FIG. 27 is a block diagram showing a CDMA 
system according to a seventh embodiment of the present 
invention. The CDMA system comprises a transmitter 1D 
and a receiver 2D. Such a CDMA system is provided with 
both the base station and mobile stations. The base station 
and the mobile stations carry out radio communication using 
a CDMA communication method. 

0236. As shown in FIG. 27, the transmitter 1D comprises 
a controller 11D, an error-correction encoder 12, an inter 
leaver 13, a framing/spreading unit 14D, a radio frequency 
transmitter 15, etc. Through negotiations with the receiver 
2D, the controller 11D mainly controls the operations of the 
interleaver 13, the framing/spreading unit 14D, and the radio 
frequency transmitter 15. This controller 11D supplies com 
pressed mode information such as transmission timings in 
compressed mode to the framing/spreading unit 14D. Fur 
thermore, this controller 11D instructs increase or decrease 
of the transmission power to the radio frequency transmitter 
15, based on received power information and TPC bit 
information received from the receiver 2D via an uplink. 
0237) The error-correction encoder 12, the interleaver 13, 
and the radio frequency transmitter 15 are the same as in the 
first embodiment already described above, and explanation 
thereof will be omitted. As regards the interleaver 13, it has 
a memory for interleaving one frame. Furthermore, the radio 
frequency transmitter 15 increase or decreases the transmis 
sion power in accordance with the transmission power 
increase or decrease instruction of the controller 11D, and 
outputs the transmission signals. 
0238. The framing/spreading unit 14D is assigned opera 
tions such as spreading the band in correspondence with the 
normal mode and compressed mode, using a spreading code 
for each user, forming a frame corresponding to each mode, 
and, when the controller 11D has instructed a transmission 
timing in correspondence with each of the modes, sending 
the frame to the radio frequency transmitter 15 in accor 
dance with that transmission timing. 
0239). As shown in FIG. 27, the receiver 2D comprises a 
controller 21D, an error-correction decoder 22, a deinter 
leaver 23, a deframing/de-spreading unit 24D, a radio fre 
quency transmitter 25, etc. Through negotiations with the 
transmitter 1D, the controller 21D mainly controls the 
operations of the deinterleaver 23 and the deframing/de 
spreading unit 24D. In the compressed mode, this controller 
21D Supplies compressed frame information, Such as recep 
tion timings and the like for receiving compressed mode 
frames, to the deframing/de-spreading unit 24D. 

0240 The error-correction decoder 22, the deinterleaver 
23, and the radio frequency transmitter 25 are the same as in 
the first embodiment already described above, and explana 
tion thereof will be omitted. Here, the deinterleaver 23 has 
a memory for interleaving one frame. Furthermore, when the 
radio frequency receiver 25 has received a reception signal, 
it notifies the controller 21D of information (information on 
reception power) showing the reception power. 
0241 When the deframing/de-spreading unit 24D has 
received reception timings in correspondence with each of 
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the modes from the controller 21D, it extracts the reception 
signal from the radio frequency transmitter 25 in accordance 
with the reception timings. Furthermore, in the compressed 
mode, this deframing/de-spreading unit 24D receives com 
pressed frame information from the controller 21D and 
performs deframing and de-spreading, and sequentially out 
puts the frames to the deinterleaver 23. Furthermore, the 
deframing/de-spreading unit 24D detects TPC bits from the 
received signal, and notifies the controller 21D of these. 
0242 Next, the relationship between the TPC bits and the 
transmission power control amount will be explained. FIG. 
28 is a diagram showing the relationship between transmis 
sion power control symbols and transmission power control 
amounts according to the seventh embodiment. The table 
shown in FIG. 28 is held by the controller 11D of the 
transmitter 1D and also the controller 21D of the receiver 
2D. The TPC bit is the transmission power control symbol, 
and since it comprises one bit, it has two states: 1 (ON) and 
O (OFF). In the normal mode, a transmission power control 
amount of +1.0 dB (decibel) is applied in the 1 (ON) state 
and a transmission power control amount of -1.0 dB is 
applied in the O (OFF) state. That is, the unit of transmission 
power control in the normal mode is 1 dB. 
0243 On the other hand, in the compressed mode, a 
transmission power control amount of +3.0 dB (decibels) is 
applied in the 1 (ON) state, and a transmission power control 
amount of -3.0 dB is applied in the O (OFF) state. That is, 
the unit of transmission power control in the normal mode 
is 3 dB. The transmission power control unit used in the 
compressed mode has a greater absolute value than that used 
in the normal mode, for the reason that idle period (non 
transmission timing) in the compressed mode lowers the 
adhesion capability to the transmission power control. 
0244 Next, the operation will be explained. The seventh 
embodiment differs from the other embodiments in respect 
of its transmission power control function, and therefore 
only the transmission power control will be explained. FIG. 
29 is a flowchart explaining the transmission power control 
operation in compressed mode according to the seventh 
embodiment. Transmission power control of the transmitter 
1D and the receiver 2D explained here is the transmission 
power control to an uplink. 
0245 ATPC bit from the receiver 2D and reception 
power information on the receiver 2D side are sent to the 
transmitter 1D. In the transmitter 1D, when the TPC bit and 
the reception power information are received (Step S701), 
transmission power increase? decrease information is deter 
mined based on this received information (Step S702). Then, 
transmission from the radio frequency transmitter 15 is 
controlled at that determined transmission power (Step 
S703). 
0246 More specifically, for instance, when there is one 
TPC bit, an instruction is made to increase the transmission 
power, and consequently the transmission power control of 
+3 dB from the table of FIG. 28 is set. Therefore, an 
instruction to transmit after raising the present transmission 
power by 3 dB is sent to the radio frequency transmitter 15. 
On the other hand, when the TPC bit is 0, an instruction is 
given to decrease the transmission power, by setting the 
transmission power control of -3dB from the table of FIG. 
28. Therefore, an instruction to transmit after decreasing the 
present transmission power by 3 dB is sent to the radio 
frequency transmitter 15. 



US 2008/0062903A1 

0247 As described above, according to the seventh 
embodiment, in the compressed mode, transmission power 
is controlled so that the transmission power control unit for 
one transmission is greater than in the normal mode, and 
consequently, even when the temporal intervals of the trans 
mission power control during intermittent transmission are 
wider, it is possible to widen the control range of the 
transmission power and maintain adhesion to the transmis 
sion power in the compressed mode. As a consequence, the 
amount of error of transmission power control in the com 
pressed mode can be reduced. 
0248. Furthermore, in the seventh embodiment, in the 
compressed mode, a compressed frame may be slotted and 
transmitted intermittently in N slot units in the same manner 
as in the third embodiment described above. Consequently, 
it is possible to transmit transmission power control bits in 
the downlink in comparatively short time intervals. As a 
result, the amount of error in the transmission power control 
can be reduced. 

0249. In the above-mentioned seventh embodiment, the 
TPC bit states were limited to two types of increase and 
decrease, but the present invention is not restricted to this, 
and it is acceptable to vary the amount of transmission 
power control for each mode, as in an eighth embodiment 
explained below. The eighth embodiment has the same 
overall constitution as the seventh embodiment described 
above, and so only the differing aspects of the operation will 
be explained below. In the following explanation, the ref 
erence numerals of FIG. 27 will be used. 

0250 Firstly, the relationship between the TPC bits and 
the transmission power control amount will be explained. 
FIG. 30 is a diagram showing the relationship between 
transmission power control symbols and transmission power 
control amounts according to the eighth embodiment. The 
table shown in FIG. 30 is held by the controller 11D of the 
transmitter 1D and also the controller 21D of the receiver 
2D. 

0251. In the eighth embodiment, the TPC bit is the 
transmission power control symbol, and there are two bits. 
Therefore, there are four types of states: (11B (B represents 
a binary number), 10B, 01B, and 00B). The two TPC bit 
states 11B and 10B represent an increase of transmission 
power, and the two TPC bit states 01B and 00B represent a 
decrease of transmission power. 
0252) In the normal mode, as in the seventh embodiment 
described above, there are only two types of states, ON and 
OFF. However, since two TPC bits are used, ON is 11B and 
OFF is OOB. When the TPC bits are 11B the transmission 
power control amount is +1 dB, and when they are 00B the 
transmission power control amount is -1 dB. Similarly, in 
the compressed mode, as in the seventh embodiment 
described above, when the TPC bits are 11B the transmis 
sion power control amount is increased by three times the 
transmission power control amount in the normal mode, 
namely +3 dB. When the TPC bits are 00B the transmission 
power control amount is increased by three times of the 
transmission power control amount in the normal mode, 
namely -3 dB. In the eighth embodiment, four types of 
variation are applied to the transmission power control 
amount in the compressed mode, so what when the TPC bits 
are 10B the transmission power control amount is +1 dB. 
and when they are 01B the transmission power control 
amount is -1 dB. 
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0253) In the normal mode, when the TPC bits are in the 
11B state, a transmission power control amount of +1.0 dB 
(decibels) is applied, and in the 00B state, a transmission 
power control amount of -1.0 dB is applied. That is, the unit 
of transmission power control in the normal mode is 1 dB. 
In the normal mode, there are no stipulations concerning the 
state 10B and the state 01B, and the transmission power 
remains in its current state during this mode. 
0254. On the other hand, in the compressed mode, when 
the TPC bits are 11B, a transmission power control amount 
of +3.0 dB (decibels) is applied, and when the TPC bits are 
00B, a transmission power control amount of -3.0 dB is 
applied. That is, when the TPC bits are at 11B or 00B, the 
unit of transmission power control in the normal mode is 3 
dB. 

0255. Furthermore, in the compressed mode, when the 
TPC bits are 10B, a transmission power control amount of 
+1.0 dB (decibel) is applied, and when the TPC bits are 01B, 
a transmission power control amount of -1.0 dB is applied. 
That is, when the TPC bits are at 10B or 01B, the unit of 
transmission power control in the compressed mode is 1 dB. 
0256 Thus, the transmission power control unit is varied 
in the compressed mode in order to improve the adhesion 
capability of the transmission power control, making it 
possible to appropriately accommodate changes in the idle 
period (non-transmission timing) in the compressed mode. 
0257 Next, the operation will be explained. The eighth 
embodiment differs from the other embodiments in respect 
of its transmission power control function, and therefore 
only the transmission power control will be explained. FIG. 
31 is a flowchart explaining the transmission power control 
operation in compressed mode according to the eighth 
embodiment. Transmission power control of the transmitter 
1D and the receiver 2D explained here is the transmission 
power control to an uplink. 
0258 ATPC bit from the receiver 2D and reception 
power information on the receiver 2D side are sent to the 
transmitter 1D. When the transmitter 1D receives the TPC 
bit and the reception power information (Step S801) it 
determines the value of the TPC bits (Step S802). Then, the 
table of FIG. 30 is consulted, and a desired transmission 
power increase? decrease information is set, based on the 
determination in the Step S802 (Step S803). Then, trans 
mission to the radio frequency transmitter 15 is controlled at 
the set transmission power (Step S804). 
0259 More specifically, for instance, when the TPC bits 
are 11B, an instruction is made to increase the transmission 
power, and the transmission power control of +3 dB from the 
above-mentioned table of FIG. 30 is set. Therefore, an 
instruction to transmit after raising the present transmission 
power by 3 dB is sent to the radio frequency transmitter 15. 
On the other hand, when the TPC bits are 00B, an instruction 
is given to decrease the transmission power, by setting the 
transmission power control of -3 dB from the table of the 
above-mentioned FIG. 30. Therefore, an instruction to trans 
mit after decreasing the present transmission power by 3 dB 
is sent to the radio frequency transmitter 15. 
0260) Furthermore, when the TPC bits are 10B, an 
instruction is made to increase the transmission power, and 
the transmission power control of +1 dB from the above 
mentioned table of FIG. 30 is set. Therefore, an instruction 
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to transmit after raising the present transmission power by 1 
dB is sent to the radio frequency transmitter 15. On the other 
hand, when the TPC bits are 01B, an instruction is given to 
decrease the transmission power, by setting the transmission 
power control of -1 dB from the table of the above 
mentioned FIG. 30. Therefore, an instruction to transmit 
after decreasing the present transmission power by 1 dB is 
sent to the radio frequency transmitter 15. 
0261. As described above, according to the eighth 
embodiment, transmission power is controlled in compli 
ance with transmission power control units in correspon 
dence with the normal mode and the compressed mode, and 
in addition, in correspondence with the temporal intervals of 
the transmission power control in the compressed mode. 
Therefore, in the compressed mode, even when the temporal 
intervals of the transmission power control fluctuate and 
become long during intermittent transmission, it is possible 
to use an appropriate transmission power control range, and 
thereby maintain adhesion to the transmission power. As a 
consequence, the amount of error of transmission power 
control in the compressed mode can be reduced. 

0262 The number of TPC bits and the transmission 
power is greater than the seventh embodiment described 
above. However, transmission power is in any case greater 
in compressed mode so that the needed transmission power 
of the TPC bit is attained by that greater power. Conse 
quently, there is a merit that the transmission error rate has 
almost no effect on the control performance. 
0263. Furthermore, in the eighth embodiment, in the 
compressed mode, a compressed frame may be slotted and 
transmitted intermittently in N slot units in the same manner 
as in the third embodiment described above. Consequently, 
it is possible to receive transmission power control bits 
transmitted in the downlink in comparatively short time 
intervals. As a result, the amount of error in the transmission 
power control can be reduced. 
0264. In the embodiments 1 to 8 explained above, the 
transmission format in the compressed mode has a consti 
tution for maintaining interleaving performance and trans 
mission power control precision, but the present invention is 
not restricted to this, and it is acceptable to set the trans 
mission format in consideration of reducing the number of 
spreading codes used, as in the following ninth embodiment. 
0265. Firstly, the constitution of a base station in which 
the CDMA system of a ninth embodiment of the present 
invention has been applied will be explained. The constitu 
tion of the mobile stations will be not explained here. FIG. 
32 is a block diagram showing an example constitution of a 
base station according to the ninth embodiment of the 
present invention. As shown in FIG. 32, this base station 
comprises a transmitter group 100, an adder 110, a radio 
frequency transmitter 120, a compressed mode controller 
200 which is connected to the transmitter group 100 and 
controls transmission in the compressed mode, etc. Radio 
communication between the base station and mobile stations 
not shown in the diagram are performed using the CDMA 
communication method. 

0266 The transmitter group 100 comprises multiple 
transmitters #1 to HM (where M is a natural number) for 
creating transmission data separately for users in correspon 
dence with a serviceable number of users. Each of the 
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transmitters #1 to HM has the same constitution. The con 
stitution will be explained taking the transmitter #1 as an 
example. As shown in FIG. 32, the transmitter #1 comprises 
a controller 11E, the error-correction encoder 12, the inter 
leaver 13, a framing/spreading unit 14E, a transmission 
power control amplifier 16, etc. 
0267 Through negotiations with the compressed mode 
controller 200, the controller 11E mainly controls the opera 
tions of the interleaver 13, the framing/spreading unit 14E, 
and the transmission power control amplifier 16. In the 
compressed mode, the controller 11E Supplies transmission 
timings for transmitting compressed mode frames, and 
spreading codes having a lower spreading factor than those 
normally used for transmitting compressed mode frames, to 
the framing/spreading unit 14E. 

0268. The error-correction encoder 12 and the interleaver 
13 are the same as in the first embodiment already described 
above, and explanation thereof will be omitted. As regards 
the interleaver 13, it has a memory for interleaving one 
frame. 

0269. The framing/spreading unit 14E spreads the band 
using spreading codes of different spreading factors in 
correspondence with the normal mode and the compressed 
mode, and forms a frame for each mode. When the controller 
11E has instructed transmission timings in correspondence 
with each of the modes, the framing/spreading unit 14E 
sends the frames to the transmission power control amplifier 
16 in accordance with the transmission timing. Furthermore, 
in the compressed mode, this framing/spreading unit 14E 
receives an instruction from the controller 11E to lower the 
spreading factor, and in accordance with that instruction it 
obtains a transmission signal using a lower spreading factor 
than in the normal mode. 

0270. In compliance with the control of the controller 
11E, the transmission power control amplifier 16 amplifies 
the average transmission power of the transmission signal, 
obtained by the framing/spreading unit 14E, in the com 
pressed mode as compared with the normal mode, and 
outputs the transmission signal. The transmitters #1 to #M 
independently determine whether or not to use compressed 
mode transmission, and furthermore, since the ratio of 
compression in the compressed mode is set independently 
by the individual transmitters #1 to #M, transmission power 
control amplifiers 16 are provided independently to the 
individual transmitters #1 to H.M. 

0271 The adder 110 adds the transmission signals out 
putted from the transmitters #1 to #M comprising the 
transmitter group 100, and sends them to the radio frequency 
transmitter 120 provided in the latter-stage. The radio fre 
quency transmitter 120 converts the signal output obtained 
by the adder 110 to a radio frequency, and transmits it. One 
radio frequency transmitter 120 is provided in each base 
station. 

0272. As shown in FIG. 32, the compressed mode con 
troller 200 comprises a compressed mode manager 201, a 
frame combination controller 202, a spreading code alloca 
tion controller 203, a transmission timing controller 204, etc. 
The compressed mode manager 201 manages the com 
pressed mode of each transmitter in the transmitter group 
100, and inputs/outputs control data for to the compressed 
mode. 
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0273) The frame combination controller 202 receives 
transmission period information about compressed mode 
frames of transmitters performing compressed mode trans 
mission from the compressed mode manager 201. In com 
pliance with that transmission period information, the frame 
combination controller 202 searches among the multiple 
compressed mode frames for a combination of frames 
having a total transmission timing which is within one frame 
duration. 

0274 The spreading code allocation controller 203 allo 
cates a spreading code, to be used for spreading a com 
pressed mode frame, to transmitters transmitting in the 
compressed mode. The transmission timing controller 204 
controls the timings at which compressed mode frames are 
to be transmitted in the compressed mode. 
0275 Next, frame transmission including compressed 
mode will be explained. FIG. 33 is a diagram explaining 
frame transmission of a downlink according to the ninth 
embodiment. In FIG. 33, the vertical axis represents trans 
mission rate/transmission power, and the horizontal axis 
represents time. In the CDMA system, during normal trans 
mission, a period of time is provided to slot the frame and 
transmit it intermittently, and the strength of the other 
frequency carriers is measured using the fact that the frames 
are not transmitted (idle period) during that period. 

0276 For that purpose, the slotted frame must be com 
pressed, and in a conventional method, the spreading factor 
is decreased when transmitting the compressed frame. In 
this case, a smaller number of spreading codes having a 
lower spreading factor must be allocated to each user 
carrying out compressed mode transmission, consuming 
valuable spreading code resources. 
0277 Accordingly, as shown in FIG. 33, for instance 
during compressed mode transmission between the base 
station of FIG. 32 and mobile stations M1 and M2, a group 
of compressed mode frames is collected from among the 
compressed mode frames created by multiple users in Such 
away that the collected group has a total transmission period 
of less than one frame duration. The same spreading code 
having a low spreading factor is allocated to each frame in 
the group, and they are transmitted at times which do not 
overlap within one frame duration, thereby enabling mul 
tiple mobile stations to share one spreading code. That is, in 
the downlink for the mobile stations M1 and M2, different 
spreading codes A and B are fixedly allocated to the mobile 
stations M1 and M2 during the normal mode (normal 
transmission). 
0278. On the contrary, in the compressed mode (slotted 
transmission), an identical spreading code C is allocated to 
both of the mobile stations M1 and M2, and the compressed 
mode frame transmission timings of the mobile stations M1 
and M2 are controlled so that their transmission timings 
which both use the spreading code C do not overlap, 
enabling the compressed mode frame of each to be trans 
mitted during the idle period T2 or T1 of the other. 
0279 Next, the operation will be explained. Firstly, the 
operation of the framing/spreading unit 14E during the 
compressed mode in the transmitters #1 to iiM will be 
explained. FIG. 34 is a flowchart explaining the transmission 
operation in the compressed mode according to the ninth 
embodiment of the present invention. The execution of the 
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operation of FIG. 34 is controlled by the controller 11E 
although the individual operations are performed by various 
sections. In the compressed mode, interleaving in one frame 
is instructed to the interleaver 13 (Step S901), and the 
interleaver 13 interleaves one frame. Then, information 
relating to the compressed mode frame is output to the 
compressed mode controller 200 (Step S902). 

0280 Then, a negotiation is carried out with the com 
pressed mode controller 200, and a spreading factor (spread 
ing code) instruction of the compressed mode controller 200 
and a compressed mode frame transmission timing are 
supplied to the framing/spreading unit 14E (Step S903). 
Moreover, the transmission power control amplifier 16 is 
instructed to increase the average transmission power (Step 
S904), and the compressed mode frame is transmitted at a 
high transmission power. In this way, frames are transmitted 
intermittently (non-continuously) in the compressed mode. 

0281 Next, the control operation in compressed mode of 
the compressed mode controller 200 will be explained. FIG. 
35 is a flowchart explaining the compressed mode control 
operation according to the ninth embodiment. The operation 
of FIG. 35 is controlled by the compressed mode manager 
201 although the individual operations are performed by 
various sections in the compressed mode controller 200. In 
FIG. 35, information relating to compressed mode is gath 
ered through communication between the transmitters #1 to 
HM. 

0282. Accordingly, the channels are checked to deter 
mine whether they are in the compressed mode (Step S911). 
Then, when it has been confirmed that there are multiple 
channels in the compressed mode (Step S912), the trans 
mission period of the compressed mode frame in each 
channel in compressed mode is checked (Step S913). On the 
other hand, if there are no multiple channels in the com 
pressed mode in the Step S912, the processing returns to the 
Step S911. 

0283 When checking the transmission period in the Step 
S913, the transmission periods of the compressed mode 
frames extracted from each channel in the compressed mode 
are calculated together in a given combination to form one 
transmission duration. Then, it is determined whether the 
total times of the combinations include any combinations 
which can fit into one frame duration (Step S914). 
0284 As a result, when there is a combination which can 

fit into one frame duration, that combination is used for 
compressed mode frame transmission by allocating a single 
spreading code and mutually differing transmission timings 
to the channels (transmitters) of the compressed mode 
frames included in the combination (Step S915). On the 
other hand, if there are no combinations which can fit into 
one frame duration, multiple channels cannot be transmitted 
with a single spreading code, and so the processing returns 
to the Step S911. 

0285 As described above, according to the ninth embodi 
ment, in the compressed mode controller 200, a combination 
is extracted from given combinations of multiple com 
pressed mode frames compressed by separate users in the 
transmitter group 100, the extracted combination having a 
total transmission timing of less than one frame duration, the 
same spreading code is allocated to each of multiple chan 
nels which transmit the extracted combination, and the 
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transmission timings of the compressed mode frames which 
comprise the above extracted combinations are controlled in 
Such a manner that they do not temporally overlap within 
one frame duration, while using the same spreading code. As 
a consequence, when there are multiple compressed mode 
frames, it is possible to reduce the number of spreading 
codes having low spreading factors used in the compressed 
mode. As a result, spreading code resources can be effec 
tively used in the compressed mode. 
0286 Furthermore, in the ninth embodiment, in the com 
pressed mode, a compressed frame may be divided into the 
front and rear of the same frame timing as in the normal 
mode, and transmitted intermittently in compliance with that 
arrangement in the same manner as in the second embodi 
ment described above. Consequently, it is possible to secure 
an appropriate interleaving time in compressed mode in the 
same way as in the normal mode, with a simple interleave 
constitution. As a result, poor performance caused by inter 
leaving in bit units can be prevented. 
0287 Furthermore, in the ninth embodiment, in the com 
pressed mode, a compressed frame may be slotted and 
transmitted intermittently in N slot units in the same manner 
as in the third embodiment described above. Consequently, 
it is possible to receive transmission power control bits 
transmitted in the downlink in comparatively short time 
intervals. As a result, the amount of error in the transmission 
power control can be reduced. 
0288. In the above explanation, only a sample of an 
example is combination of the characteristic parts of the 
embodiments 1 to 9 was shown, and other combinations 
thereof can of course be realized. 

0289. The embodiments 1 to 9 of the present invention 
were explained above, but various modifications are pos 
sible within the range of the main points of the present 
invention, and these are not excluded from the range of the 
invention. 

0290 The embodiments 1 to 9 described above explain 
how a period of time is provided to slot the frame and 
transmit it intermittently, and the strength of other frequency 
carriers is measured using non-transmission time, i.e. idle 
period, during that period. However, the method of estab 
lishing synchronization between the mobile stations and the 
base station in an actual handover between different fre 
quencies was not mentioned. Therefore, a communication 
device capable of realizing handovers between different 
frequencies using the invention, and a method of establish 
ing synchronization thereof, will be explained below. 
0291 Firstly, before describing a handover between dif 
ferent frequencies, the constitution of information transmit 
ted and received between the mobile stations and the base 
station will be explained. 

0292 FIG. 37 shows a frame constitution of a broadcast 
channel (BCH). In a W-CDMA system, as shown in FIG. 37 
(a), one frame of the broadcast channel comprises sixteen 
slots, for instance, corresponding to #1 to #16 in the dia 
gram. Furthermore, as shown in FIG. 37 (b), one slot 
comprises ten symbols (representing one cycle of the 
spreading code). In this constitution, the four symbols 
shown by “P” in the diagram are pilot symbols needed for 
detecting phase information, the five symbols shown by “D1 
to D5 in the diagram are information components of the 
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broadcast channel, and one symbol shown by "FSC (first 
search code) and “SSC (second search code) in the diagram 
is a search code. The first search code and the second search 
code are transmitted at the same time. 

0293. Furthermore, in the W-CDMA system, spectrum 
spreading is performed using spreading codes, the spreading 
codes comprising two elements called a spreading code 
(short code) specific to the channels, and a scrambling code 
(long code) specific to the base stations (see FIG. 37(c) and 
FIG. 37(d)). The same spreading code is used for the pilot 
symbol P and the information components D1 to D5, and 
different spreading codes (COMMON and C+Walsh in the 
diagram) are used for the search codes. Furthermore, only 
the search code is not spread by the Scrambling code. Next, 
the normal mode sequence of establishing synchronization 
between the base station and the mobile stations in the 
W-CDMA system will be explained keeping in mind the 
basic assumption (constitution of the broadcast channel 
frame) mentioned above. 
0294. In a W-CDMA system, the cells are basically 
unsynchronized, that is, the frame timings and the like do not 
generally match. Accordingly, in the W-CDMA system, the 
mobile stations and the base stations can be synchronized 
using, for instance, a three-stage initial acquisition method. 
0295). In the first stage, a first search code (FSC), being 
transmitted commonly from all the base stations and time 
continually, is detected. Using this, slot synchronization can 
be established. 

0296. In the second stage, multiple second search codes 
(SSC), transmitted at the same timing as the first search 
code, are detected continuously in sixteen slots, and deter 
mined in their transmission sequence. As a consequence, 
frame synchronization can be established, and moreover, a 
scrambling code group number can be identified. More 
specifically, for instance, as shown in FIG. 38, the second 
search codes are detected in sixteen continuous slots. Then, 
frame synchronization can be accomplished from one cycle 
comprising #1 to #16 from the second search codes detected 
in this manner. Moreover, the Scrambling code group num 
ber can be identified based for instance on a correspondence 
table such as that shown in FIG. 39. Here, the slot it on the 
horizontal axis represent slot numbers, and the groups on the 
vertical axis represent Scrambling code groups. Further 
more, there are seventeen types of second search codes (1 to 
17), and from a combination of sixteen slots it is possible to 
uniformly identify the scrambling code group number, i.e. 
the scrambling code used by the base station which the 
mobile station belongs to. 
0297. The numeric values of the second search codes 
stored in this table are one specific example to explain the 
present invention, and in the sense of identifying a given 
numeric pattern, other numeric values can of course be used. 
0298. In the third stage, it is identified which of the 
multiple scrambling codes contained in the scrambling 
group numbers are being used, to complete the establish 
ment of synchronization of the downstream line of the 
corresponding base station. 
0299 FIG. 40 is a flowchart of a case when the synchro 
nization establishment sequence described above is actually 
being performed on the mobile station side. Below, the 
operation of the mobile station will be explained based on 
FIG. 37. 
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0300 Firstly, the mobile station performs processing 
corresponding to the first stage, by detecting the first search 
code (Step S921). Detection is carried out continuously until 
a first search code is detected (Step S922). 

0301 When the first search code has been detected (YES 
in the Step S922), the mobile station synchronizes the slots, 
and then detects sixteen second search codes in the second 
stage (Step S923). Here, at the mobile station, when a 
second search code cannot be detected due to the condition 
of the channels or the like (NO in Step 924), the number of 
undetected places is counted (Step S925), and it is deter 
mined whether there are more or less of these than a 
predetermined number set in advance (Step S926). For 
instance, when there are more of them, the second search 
code is detected again (Step S923), and on the other hand, 
when there are fewer of them, only that portion is detected 
(Step S927 and Step 928). 

0302) In this way, when all the second search codes have 
been detected (YES in the Step S924, and YES in the Step 
928), as explained above, the mobile station establishes 
frame synchronization, and identifies the Scrambling code 
group number. 

0303 Finally, as the third stage, the mobile station iden 
tifies the scrambling code used by the corresponding base 
station (Step 931, YES in Step 932), completing the estab 
lishment of initial synchronization. Thus communication 
becomes possible. When calculating the correlation value of 
the identified scrambling codes (Step S933), when all the 
codes are below a predetermined reference value (YES in 
Step 934), the second search codes are detected again (Step 
S923); otherwise (NO in the Step S934), the scrambling 
codes are reidentified until the Step 931 is completed. 

0304. On the other hand, as explained earlier (in a case 
requiring a handover as explained in the conventional tech 
nology), when performing a handover between different 
frequencies, the power of other carriers is measured in 
compliance with an order from the base station or a deter 
mination carried out by the mobile station, and if there is a 
carrier which seems actually capable of a frequency han 
dover, the handover is carried out according to a predeter 
mined sequence. At that point, a first search code can be 
detected without fail, i.e., at least once in the idle period 
described in the above embodiments 1 to 9. However, to 
detect a second search code it is necessary to search one 
frame, i.e. all sixteen slots, and consequently it cannot be 
detected in this way. Therefore, similarly, it is not possible 
to detect the scrambling code group number. 

0305 Accordingly, it is an object of the present embodi 
ment to realize a communication device capable of detecting 
all second search codes by gradually shifting the idle period 
of not more than half of one frame. 

0306 FIG. 41 shows a constitution of a receiver accord 
ing to a tenth embodiment of the present invention. This 
constitution is provided to the mobile stations. 

0307 As shown in FIG. 41, the receiver 2E comprises a 
controller 21E, an error-correction decoder 22, a deinter 
leaver 23, a deframing/de-spreading unit 24E, a radio fre 
quency transmitter 25, a time/de-spreading unit 51, a detect 
ing/determining unit 52, and a switch 53. Parts of the 
constitution which are the same as the embodiments already 
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described are represented by the same reference codes and 
explanation thereof will be omitted. 
0308 Through negotiations with a transmitter not shown 
in the diagram, the controller 21E mainly controls the 
operations of the deinterleaver 23, the deframing/de-spread 
ing unit 24E, and the switch 53. By negotiating with the 
transmitter, this controller 21E indicates frame numbers of 
the frames to be deinterleaved, appropriate to the normal 
mode and the compressed mode. Furthermore, in the com 
pressed mode, this controller 21E Supplies an instruction to 
reduce the spreading factor, and reception timings for 
receiving compressed mode frames, to the switch 53, the 
deframing/de-spreading unit 2E, and the time/de-spreading 
unit 51. That is, the switch 53 and the time/de-spreading unit 
51 are connected only in the idle period. 
0309 The radio frequency receiver 25 decodes received 
signals sent from an antenna not shown in the diagram. The 
deframing/de-spreading unit 24E de-spreads using spread 
ing codes allocated to the users of the receiver 2E in 
correspondence with the normal mode and the compressed 
mode, and forms a frame for each mode. When the controller 
21E has instructed the deframing/de-spreading unit 24E of 
reception timings in correspondence with each of the modes, 
the deframing/de-spreading unit 24E extracts the received 
signals from the radio frequency receiver 25 in accordance 
with the reception timings. Furthermore, in the compressed 
mode, the deframing/de-spreading unit 24E receives an 
instruction from the controller 21E to reduce the spreading 
factor, and, in accordance with that instruction, obtains a 
received signal using a lower spreading factor than in the 
normal mode. The deinterleaver 23 chronologically inter 
leaves (deinterleaves) the coded data in bit units, in a reverse 
sequence to the interleaving in the transmitter. The error 
correction decoder 22 corrects errors in the deinterleaved 
signal to obtain decoded data, i.e. a received data stream. 
0310. Furthermore, during the idle period, the time/de 
spreading unit 51 detects first search codes and second 
search codes on other carriers. The detecting/determining 
unit 52 carries out a determining process, described later, 
based on the detected first search codes and second search 
codes. 

0311. The receiver 2E having the constitution as shown in 
FIG. 42 normally receives a compressed frame on a carrier 
(frequency: fl) being used in communication. In idle period 
this receiver 2E receives the search code on another carrier 
(frequency: f2). 
0312 Next, the operation in the receiver 2E when per 
forming a handover will be explained. FIG. 43 is a flowchart 
of the procedures of establishing synchronization performed 
on the mobile station side during a handover between 
W-CDMA/W-CDMA different frequencies. In the handover 
explained below, the controller 21E carries out control based 
on a determination of the detecting/determining unit 52. 
0313 For instance, in the case of a handover performed 
in accordance with a command from the base station or a 
determination of the mobile station, the mobile station 
extracts cell information of other frequency carriers from the 
base station (Step S941). 
0314) Next, based on the extracted information, the 
mobile station carries out processing corresponding to the 
first stage by detecting a first search code and a different 
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frequency carrier during the idle period of the compressed 
mode (Step S942). Basically, this detecting is performed 
continuously until the first search code is detected (Step 
S943), but returns to redetecting the cell information and the 
first search code in accordance with a setting of the receiver 
(Step S944). During the idle period, the switch 53 is con 
nected to the timing/de-spreading unit 51 in compliance with 
the controller 21E. 

0315. When the first search code and the different fre 
quency carrier have been detected (YES in the Step S943), 
the mobile station establishes slot synchronization, and then 
detects sixteen second search codes in the second stage (Step 
S945). As the second search code detection, as for instance 
shown in FIG. 44, the controller 21E shifts the idle period 
for each slot, and detects one second search code in each 
frame. That is, all the second search codes are detected in 
sixteen frames. 

0316 Furthermore, the method of detecting the second 
search code is not restricted to this, and two second search 
codes may be detected in one frame, as for instance shown 
in FIG. 45. This case differs form FIG. 44 in that all the 
second search codes can be detected in eight frames. Fur 
thermore, when continuously controlling multiple frames 
(two frames are shown in the diagram), as for instance 
shown in FIG. 46 and FIG. 47, all the second search codes 
can be detected by setting the idle period. As explained 
above, the idle period needs only to be set to a maximum of 
half the duration of one frame, there being many conceivable 
variations other than the above. Therefore, the number of 
frames detected varies according to the length of the idle 
period. Furthermore, detection reliability can be improved 
by detecting all the second search codes a number of times. 
0317 However, when the idle period is set long, although 
the detection time does not take longer than when the idle 
period is short, there may be some deterioration in the 
quality of information data that was being transmitted, or 
interference power may be increased if the transmission 
power is increased to maintain the quality of this data. On 
the other hand, when the idle period is shortened, although 
there is not as much deterioration in the quality of informa 
tion data as compared to when the idle period is long, the 
detection time is much longer. Accordingly, an optimum idle 
period must be set at the receiver side, with consideration to 
synthesizer performance (synthesizer Switching time and the 
like) and the channel condition and the like. Furthermore, 
the portions in the frames of FIG. 45 to FIG. 47 where the 
slots overlap must be set as appropriate in accordance with 
synthesizer performance (synthesizer Switching time and the 
like). 
0318. In the Step S945, when the mobile station is unable 
to detect a second search code due to the condition of the 
channel (NO in Step S924), the number of undetected places 
is counted (Step S925), and it is determined whether there 
are more or fewer than a predetermined number (Step S926); 
for instance, when there are more, the second search codes 
are detected again, on the other hand, when there are fewer, 
detecting is carried out in that portion only. 
0319. In this way, when all the second search codes have 
been detected (YES in the Step S924, or YES in the Step 
928), the mobile station establishes frame synchronization to 
the other carrier, and identifies the scrambling code group 
number of the corresponding base station. 
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0320 Finally, as the third stage, the mobile station iden 
tifies the scrambling code used by the corresponding base 
station (Step 931, YES in Step 932), completing the estab 
lishment of initial synchronization in the handover. Thus 
communication is possible. When calculating the correlation 
value of the identified scrambling codes (Step S933), when 
all the codes are below a predetermined reference value 
(YES in Step 934), the second search codes are detected 
again (Step S923); otherwise (NO in the Step S934), the 
scrambling codes are reidentified until the Step 931 is 
completed. 
0321) Next, a handover operation with another commu 
nication system known as GSM (Global System for Mobile 
Communication) will be explained using the diagrams. This 
handover is also performed at the receiver 2E shown in FIG. 
41. Therefore, in this case, instead of the first search codes 
and the second search codes, the time/de-spreader 51 detects 
FCCH and SCH explained below. 
0322 FIG. 48 is a diagram showing a constitution of a 
GSM superframe. FIG. 48 (a) is a GSM control channel, that 
is, a channel showing control information Such as a Fre 
quency Correction CH (FCCH) for tuning frequencies, a 
Synchronization CH (SCH) for synchronizing, as well as 
other information. FIG. 48 (b) shows a GSM Traffic CH 
(TCH). Furthermore, FIG. 49 is a flowchart in a case when 
a mobile station establishes synchronization in a handover 
between W-CDMA and GSM. 

0323 Firstly, as a first stage, the W-CDMA mobile sta 
tion must discover where the GSM frequency carrier is, and 
so repeatedly coarsely measures power until it finds the 
carrier (Step S951 and Step S952). 
0324) Next, when the mobile station has finished power 
measurement, as a second stage, based on the measurement 
result, it finely adjusts the carrier frequency, measured by 
capturing the FCCH, and identifies the GSM carrier (Step 
S953). In the GSM, one superframe comprises fifty-one 
frames, including five FCCH. Therefore, the W-CDMA 
system mobile station tunes the frequency in these five 
periods (Step S954 and Step S955). Furthermore, the FCCH 
can be detected without shifting the idle period, by utilizing 
the fixed time difference between the FCCH/SCH super 
frame synchronization and the Superframe synchronization 
in the W-CDMA system. However, the FCCH can be 
detected by gradually shifting the idle period, in the same 
way as in the above-mentioned handover between 
W-CDMA systems. 
0325 Finally, when the GSM carrier has been identified, 
as a third stage, the mobile station capture the SCH, which 
is the frame next to the FCCH, and synchronizes the bit 
timings (Step S956, Step S957, and Step S958). For 
instance, if the detection of the FCCH is complete, the 
position of the SCH is already known (it is the next frame) 
and thus it can easily be detected. Therefore, although it is 
necessary to identify all the superframes to detect the FCCH, 
the SCH can be detected merely by setting the idle period so 
that the frame next to the FCCH can be detected. However, 
when detecting the SCH, there is no need to capture the SCH 
immediately after the captured FCCH; for instance, the SCH 
immediately after the next FCCH can be captured, or any 
SCH can be captured. As a consequence, the W-CDMA 
system mobile station completes the establishment of initial 
synchronization in the handover, enabling communication 
with the GSM to be carried out. 
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0326 In this way, according to the present embodiment, 
a handover can easily be achieved between different fre 
quencies (between a W-CDMA system and a W-CDMA 
system, and between a W-CDMA system and a GSM). 
0327. The above embodiments 1 to 10 describes in detail 
the spread spectrum communication device of the present 
invention, and the operations of these embodiments share 
the process of using an interleaver to chronologically inter 
leave in bit units coded data, and thereafter, using a framing/ 
spreading unit to compress the interleaved data. However, 
the interleaving of data does not necessarily have to be 
performed prior to compression, and can basically be per 
formed in any point. For instance, the interleaving may be 
performed after the data has been compressed. Therefore, 
when interleaving after the data has been compressed, the 
error-correction encoder has the function of compressing the 
data, and there is no need for provide a framing/spreading 
unit. In Such a case, the constitution of the receiver side 
naturally changes. That is, the deinterleave processing is 
performed first. 

INDUSTRIAL APPLICABILITY 

0328. As above, the spread spectrum communication 
device according to the present invention is useful for a code 
division multiple access (CDMA) communication system, 
and is especially applicable to spread spectrum communi 
cation carrying out interleaving transmission and transmis 
sion power control, and moreover, is applicable as a com 
munication device for carrying out a handover between 
different frequencies (between a W-CDMA system and a 
W-CDMA system, and between a W-CDMA system and a 
GSM). 

What is claimed is: 
1. A spread spectrum communication method applied to a 

mobile communication system in a code division multiple 
access system continuously transmitting uncompressed 
frames in a normal mode; and intermittently transmitting 
compressed frames in a compressed mode, comprising, 

at a base station, transmitting transmission power control 
information indicating an increase or a decrease in 
power to a mobile station; 

at a mobile station, receiving transmission power control 
information indicating an increase or a decrease in 
power from a base station, 

compressing a frame so as to produce a compressed frame 
in a compressed mode, 

performing interleaving in bit units on an uncompressed 
frame and on the compressed frame, 

dividing the compressed frame into a front portion of a 
frame window and a rear portion separated from the 
front portion, where said front portion has a front edge 
of a frame window and said rear portion has a rear edge 
of said frame window, 

adjusting transmission power on the uncompressed and 
compressed frames in accordance with the transmission 
power control information, by increasing or decreasing 
current power with a power control step size for the 
uncompressed frame and with a plurality of power 
control step sizes for the compressed frames. 
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2. A spread spectrum communication method applied to a 
mobile communication system in a code division multiple 
access system continuously transmitting uncompressed 
frames in a normal mode; and intermittently transmitting 
compressed frames in a compressed mode, comprising, 

at a mobile station, transmitting transmission power con 
trol information indicating an increase or a decrease in 
power to a base station; 

at a base station, receiving transmission power control 
information indicating an increase or a decrease in 
power from a mobile station, 

compressing a frame so as to produce a compressed frame 
in a compressed mode, 

performing interleaving in bit units on an uncompressed 
frame and on the compressed frame, 

dividing the compressed frame into a front portion of a 
frame window and a rear portion separated from the 
front portion, where said front portion has a front edge 
of a frame window and said rear portion has a rear edge 
of said frame window, adjusting transmission power on 
the uncompressed and compressed frames in accor 
dance with the transmission power control information, 
by increasing or decreasing current power with a power 
control step size for the uncompressed frame and with 
a plurality of power control step sizes for the com 
pressed frames. 

3. A spread spectrum communication method applied to a 
base station in a code division multiple access system 
continuously transmitting uncompressed frames in a normal 
mode; and intermittently transmitting compressed frames in 
a compressed mode, comprising, 

receiving transmission power control information indicat 
ing an increase or a decrease in power from a mobile 
station, 

compressing a frame so as to produce a compressed frame 
in a compressed mode, 

performing interleaving in bit units on an uncompressed 
frame and on the compressed frame, 

dividing the compressed frame into a front portion of a 
frame window and a rear portion separated from the 
front portion, where said front portion has a front edge 
of a frame window and said rear portion has a rear edge 
of said frame window, adjusting transmission power on 
the uncompressed and compressed frames in accor 
dance with the transmission power control information, 
by increasing or decreasing current power with a power 
control step size for the uncompressed frame and with 
a plurality of power control step sizes for the com 
pressed frames. 

4. A spread spectrum communication method applied to a 
mobile station in a code division multiple access system 
continuously transmitting uncompressed frames in a normal 
mode; and intermittently transmitting compressed frames in 
a compressed mode, comprising, 

receiving transmission power control information indicat 
ing an increase or a decrease in power from a base 
station, 

compressing a frame so as to produce a compressed frame 
in a compressed mode, 
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performing interleaving in bit units on an uncompressed adjusting transmission power on the uncompressed and 
frame and on the compressed frame, compressed frames in accordance with the transmission 

power control information, by increasing or decreasing 
current power with a power control step size for the 
uncompressed frame and with a plurality of power 
control step sizes for the compressed frames. 

dividing the compressed frame into a front portion of a 
frame window and a rear portion separated from the 
front portion, where said front portion has a front edge 
of a frame window and said rear portion has a rear edge 
of said frame window, k . . . . 


