
;+,-.e3eTLLMtPPS6STT} -0259-00 DESCRIPTION 5 10 15 PREAMBLE TRANSMISSION
METHOD, MOBILE STATION, MOBILE COMMUNICATIONS SYSTEM, PREAMBLE TRANSMISSION
PROGRAM AND COMPUTER DATA SIGNAL Technical Field *159159* The present
invention relates to a preamble transmission method according to which, in
an uplink transmission from a mobile station to a base station to which
Direct Sequence Code Division Multiple Access that employs a plurality of
carriers (Multi-carrier/DS-CDMA) is applied, the mobile station transmits a
preamble to the base station before transmitting an information symbol
sequence, and relates to this mobile station, a mobile communications
system including the base station and the mobile station, a preamble
transmission program, and a computer data signal . Further, `preamble'
denotes a control signal with a short transmission time. Background Art The
uplink, which constitutes a communication from 20 25 the mobile station to
the base station of the mobile communications system, involves sol-called
random access type communication in which signals whereby mobile stations
individually start a communication are randomly transmitted, or in which
mobile stations randomly transmit signals intermittently by means of units
known as packets. Therefore, in a case where signals which are transmitted
1   FP02-0259-OOUS individually by a plurality of mobile stations are
simultaneously received by the base station, there is the possibility that
collision between these signals will be generated and that the signals will
not be correctly received 5 by the base station. Therefore, with Wideband
Code Division Multiple Access (W-CDMA) , which is one of the third
generation mobile communications wireless access system, a random access
type transmission as indicated by "3GPP RAN, 3G TS25.211 V3 . 5. 0, 10
Dec.2000" is performed as follows. Fir s, before transmitting a packet that
includes the information symbol 



sequence to be transmitted, each mobile station transmits a temporally
short signal which is spread by means of a predetermined spreading code
which is known as a preamble, 15 and the transmission continues until the
preamble is detected by the base station or until the number of
transmissions reaches to a predetermined number. Further, the base station
performs preamble detection and, when a preamble is detected, transmits a
corresponding receiptconfirmation 20 signal. Also, each mobile station
performs packet transmission only upon receiving a receipt confirmation
signal from the base station which corresponds with the transmitted
preamble. On the other hand, Multi-carrier/DS-CDMA, which 25 combines
multi-carrier modulation and Direct Sequence Code Division Multiple Access
(DS-CDMA) , has been proposed and 2   FP02-0259-OOUS investigated.
Multi-carrier/DS-CDMA features the division of the available bandwidth into
a plurality of frequency bands and DS-CDMAtransmission onthesefrequency
bands. To cite an example of Multi-carrier/DS-CDMA, 5 according to
cdma2000, which is one of the third generation mobile communications
wireless access system, a system in which a 1.25 MHz bandwidth DS-CDMA
signal is transmitted in parallel on three carriers in a down-link has
become standardized. Further, "Performance of Orthogonal CDMA 10 Codes for
Quasi-Synchronous Communication Systems" (V. DaSilva, E. Sousa: Proc. of
ICUPC'93, vol.2, pp.995-999, 1993), which is an example of an investigation
of Multi-carrier/DS-CDMA transmission, proposes a method for performing
semi-synchronous transmission that is applied 15 to communications from a
mobile station to the base station of the mobile communications system by
utilizing the fact that the symbol length of a mufti-carrier transmission
is larger. Further, "On the Performance of Mufti-carrier DS CDMA 20
Systems," (S.Kondo and L.B. Milstein: IEEE Transactions on Communications,
vol.44, no.2, pp. 238-246, February 1996) describes performing a
performance evaluation in an environment in which narrowband interference
is present and illustrates the fact that characteristics over the whole 25
band are more favorable than those yielded by Single Carrier/DS-CDMA that
employs a single carrier. Also, 3   FP02-0259-OOUS "Optimum Bandwidth
perSub-carrier of Multicarrier/DS-CDMA 



for Broadband Packet Wireless Access in the Reverse Link" (Suwa, Atarashi,
Abeta, Sawahashi: IEICE Technical Report RCS2001-6, April 2001) illustrates
the effectiveness of 5 Multi-carrier/DS-CDMA transmission in which the
bandwidth is divided. However, in Multi-carrier/DS-CDMA, a preamble
transmission method using multiple carriers has not been established, and
there has been a demand for the efficient 10 transmission of a variety of
different kinds of information signals by means of preamble transmission
that utilizes multi-carrier characteristics. The present invention was
conceived with a view to resolving the above problem, and has, as an
object, the 15 provision of a preamble transmission method, a mobile
station, a mobile communications system, a preamble transmission program
and a computer data signal which permit preamble transmission suited to
Multi-carrier/DS-CDMA and which make it possible to efficiently transmit a
variety of different 20 kinds of information signals by means of a random
access signal by utilizing multi-ca rrier characteristics. Disclosure of
the Invention In order to achieve the above object, the preamble
transmission method according to the present invention is 25 a preamble
transmission method according to which, in an uplink transmission from each
of a plurality of mobile 4   FP02-0259-OOUS stations to a base station, to
which a direct sequence code division multiple access system that employs a
plurality of carriers, is applied, the mobile stations transmit a 



preamble to the base station before transmitting an 5 information symbol
sequence, characterized by comprising: a first carrier selection step in
which the mobile stations individually select a carrier from among a
plurality of carriers; and a transmission control step in which, up until
receiving a preamble receipt confirmation signal from the 10 base station
with a predetermined maximum number of preamble transmissions serving as an
upper limit number, the mobile stations repeatedly transmit a preamble by
means of the selected carrier and vary the transmission power used for the
transmissions of each carrier. 15 That is, Fig. 11 shows a flowchart for
transmission control processing in accordance with a preamble transmission
method executed individually for each mobile station. As shown in this
figure, first of all, in S01, a carrier is selected from among a plurality
of carriers 20 (first carrier selection step). Then, in S02, a preamble is
transmitted by means of the selected carrier and the transmission power
used in the transmission for each carrier is varied. Further, the
processing in S02 is repeatedly executed until either the mobile station
receives a preamble 25 transmission receipt confirmation signal from the
base station (judged affirmatively in S03), or the number of 5
FP02-0259-OOUS transmissions reaches a prescribed maximum number of
preamble transmissions (judged affirmatively in S03) . The processing of
S02 to S04 is equivalent to the transmission control steps of the present
invention. 5 Further, as shown in Figs . 3, 4A and 4B and so forth, "the
transmission power is varied" includes an aspect in which the transmission
power is simply gradually increased and an aspect in which the preamble
transmission power is increased or decreased and the step size when the 10
transmission power is gradually increased in increased or decreased, on the
basis of broadcast information that 



includes the total transmitted packet volume and the transmitted packet
volume of each carrier, and the priority level and information volume of
the transmitted information 15 symbol sequence, and the number of carriers,
and so forth. Further, in the above-described first carrier selection step,
the mobile stations desirably select a carrier on the basis of at least one
of broadcast information that includes the total transmitted packet volume
and the 20 transmitted packet volume by each carrier which are reported by
the base station, and the priority level and information volume of the
transmitted information symbol sequence. Also, in the transmission control
step, the mobile stations desirably vary the transmission power on the
basis 25 of at least one of broadcast information that includes the total
transmitted packet volume and the transmitted packet 6   FP02-0259-OOUS
volume of each carrier which are reported by the base station, the priority
level and information volume of the transmitted information symbol
sequence, and the number of carriers transmitting a preamble. 5
Furthermore, in the transmission control step, the mobile stations
desirably allocate a spreading code pattern to the transmitted preamble on
the basis of predetermined rules. Also, in the transmission control step,
the mobile 10 stations desirably vary the spreading code pattern allocated
to the preamble on the basis of at least one of the priority level and the
information volume of the transmitted information symbol sequence. In
addition, the preamble transmission method 15 desirably further comprises:a
second carrier selectionstep in which, upon receiving a preamble receipt
confirmation signal from the base station, the mobile stations select a
carrier from among carriers by means of which a 



receipt-confirmed preamble has been transmitted; and an 20 information
transmission step in which the mobile stations transmit an information
symbol sequence by means of the selected carrier. That is, Fig. 12 shows a
flowchart for transmission control processing pertaining to the
above-described 25 transmission of the information symbol sequence. As
shown in this figure, first of all, in S11, the above-described 7
FP02-0259-OOUS basic transmission control processing in Fig. 11 is
performed. When a preamble receipt confirmation signal is received in this
processing (in the event of an affirmative judgment in S12) , in S13 a
carrier is selected from among carriers 5 by means of which a
receipt-confirmed preamble has been transmitted (second carrier selection
step) . Then, in S14, the information symbol sequence is transmitted by
means of the selected carrier (information transmission step). Further, the
preamble transmission method desirably 10 further comprises a third carrier
selection step in which, upon receiving a preamble receipt confirmation
signal from the base station, the mobile stations select a carrier from
among carriers by means of which a receipt-confirmedpreamble has been
transmitted; and a collision sensing signal 15 transmission step in which
the mobile stations transmit a preamble used for sensing a collision with
another mobile station by means of the selected carrier. That is, Fig. 13
shows a flowchart for transmission control processing pertaining to the
above-described 20 transmission of the collision sensing preamble. As shown
in this figure, first of a11, in S21, the above-described basic
transmission control processing in Fig. 11 isperformed. When a preamble
receipt confirmation signal is received in this processing (in the event of
an affirmative judgment 25 in S22) , in S23 a carrier is selected from
among carriers by means of which a receipt-confirmed preamble has been 8
FP02-0259-OOUS transmitted (third carrier selection step) . Then, in S24, a
preamble used for sensing a collision with another mobile station is
transmitted by means of the selected carrier (collision sensing signal
transmission step). 5 The details will be provided subsequently using the
drawings, but, according to the present invention as described above,
preamble transmission suited to Direct Sequence Code Division Multiple
Access that employs a plurality of carriers (Multi-carrier/DS-CDMA)
isfeasible, 10 and a variety of different kinds of information signals can
be efficiently transmitted by means of a random access signal by utilizing
multi-carrier characteristics. The present invention relating to the
above-described preamble transmission method can also be seen as an
invention 15 of a mobile station as detailed below. 



That is, the mobile station according to the present invention is a mobile
station which, in an uplink transmission from this mobile station to a base
station, to which a direct sequence code division multiple access 20 system
that employs a plurality of carriers, is applied, transmits a preamble
before transmitting an information symbol sequence, characterized by
comprising: carrier selection control means for selecting a carrier from
among apluralityof carriers individually for each mobile station; 25
transmission control means for repeatedly transmitting a preamble by means
of the selected carrier until a preamble 9   FP02-0259-00U5 receipt
confirmation signal is received from the base station with a prescribed
maximum number of preamble transmissions serving as an upper limit number;
and power control means for exercising control so as to vary the
transmission power 5 used for the transmissions of each carrier. Further,
the constitution is desirably such that the carrier selection control means
selects a carrier on the basis of at least one of broadcast information
that includes the total transmitted packet volume and the transmitted 10
packet volume of each carrier which are reported by the base station, and
the priority level and information volume of the transmitted information
symbol sequence. Also, the constitution desirably includes power control
means that exercises control so as to vary the 15 transmission power on the
basis of at least one of broadcast information that includes the total
transmitted packet volume and the transmitted packet volume of each carrier
which are reported by the base station, the priority level and information
volume of the transmitted informationsymbol 20 sequence, and the number of
carriers transmitting a preamble . Furthermore, the constitution desirably
further comprises pattern allocation control means for allocating a
spreading code pattern to the transmitted preamble on the basis of
predetermined rules. 25 In addition, the constitution is desirably such
that the pattern allocation control means varies the spreading 10
FP02-0259-OOUS code pattern allocated to the preamble on the basis of at
least one of the priority level and the information volume of the
transmitted information symbol sequence. In addition, the constitution is
desirably such that, 5 upon receiving a preamble receipt confirmation
signal from the base station, the carrier selection control means selects a
carrier from among carriers by means of which a receipt-confirmed preamble
has been transmitted; and the transmission control means transmits an
information symbol 



10 sequence by means of the selected carrier. In addition, the constitution
is desirably such that, upon receiving a preamble receipt confirmation
signal from the base station, the carrier selection control means selects a
carrier from among carriers by means of which a 15 receipt-confirmed
preamble has been transmitted; and the transmission control means transmits
a preamble used for sensing a collision with another mobile station by
means of the selected carrier. Further, the present invention can be viewed
from the 20 standpoint of a obile communications system which comprises a
base station and a plurality of mobile stations, and can therefore also be
described as follows. In other words, the mobile communications system
according to the present invention is a mobile communications system
according to 25 which a direct sequence code division multiple access
system that employs a plurality of carriers, is applied to an uplink 11
FP02-0259-OOUS transmission from the mobile stations to the base station,
characterized in that each of the mobile stations includes: carrier
selection control means for selecting a carrier from among a plurality of
carriers individually for each mobile 5 stations transmission control means
for repeatedly transmitting a preamble by means of the selected carrier
until a preamble receipt confirmation signal is received from the base
station with a prescribed maximum number of preamble transmissions serving
as an upper limit number; 10 and power control means for exercising control
so as to vary the transmission power used for the transmissions of each
carrier. Furthermore, the present invention can be viewed as an invention
that relates to a preamble transmission program 15 for causing a computer
contained in the mobile station to execute processing, and as an invention
that relates to a computer data signal which is embedded in a carrier wave
and serves to cause the computer contained in the mobile station to execute
processing. The present invention can 20 therefore also be described as
follows. That is, the preamble transmission program according to the
present invention, is characterized by being a preambletransmission
programfor causing a computer, which is housed in a mobi le station that
transmits a preamble before 25 transmitting-an information symbol sequence
in an uplink transmission from this mobile station to a base station, 



12   FP02-0259-OOUS to which a direct sequence code division multiple
access system that employs a plurality of carriers, is applied, to function
as each of the above-described mobile station means. 5 For example, as
shown in Fig. 14, a preamble transmission program40is constituted
comprising a carrier selection control module 42 for causing the computer
contained in the mobile station to function as the above-described carrier
selection control means; a 10 transmission control module 43 for causing
the computer to function asthe above-describedtransmission controlmeans; a
power control module 44 for causing the computer to function as the
above-described power control means; a pattern allocation control module 45
for causing the computer to 15 function as the above-described pattern
allocation control means; and a main module 41 for controlling the
processing overall. The preamble transmission program according to the
present invention, can be recorded on a recording medium 20 (such as a
magnetic disk, optical disk, or CD-ROM, for example) which the computer is
capable of reading. Further, the constitution may be such that the preamble
transmission program is partially or entirely received and stored by the
mobile station according to the present invention, via a 25 transmission
medium such as a communication line, from another device . Further, the
constitution may be such that 13 



FP02-0259-OOUS the preamble transmission program is transmitted via a
transmission medium from the mobile station according to the present
invention to another mobile station so as to be installed thereon. 5
Further, the computer data signal according to the present invention, is
characterized by being a computer data signal embedded in a carrier wave
and which serves to cause a computer, which is housed in a mobile station
that transmits a preamble before transmitting an information symbol 10
sequence in an uplink transmission from this mobile station to a base
station, to which a direct sequence code division multiple access system
that employs a plurality of carriers, is applied, to function as each of
the means of the above-mentioned mobile station. 15 For example, as shown
in Fig. 15, a computer data signal 40S is characterized by being
constituted comprising a carrier selection control module 42 for causing
the computer contained in the mobile station to function as the
above-described carrier selection control means; a 20 transmission control
module 43 for causing the computer to function asthe
above-describedtran~mission controlmeans; a power control module 44 for
causing the computer to function as the above-described power control
means; a pattern allocation control module 45 for causing the computer to
25 function as the above-described pattern allocation control means; and a
main module 41 for controlling the processing 14   FP02-0259-OOUS overall,
this signal being characterized by being embedded in a carrier wave 50.
Brief Description of the Drawings Fiq. 1 shows the constitution of the
mobile 5 communications system according to each embodiment. Fig. 2 is a
block diagram showing the constitution of the mobile station. Fig. 3 shows
an aspect in which, in Multi-carrier/DS-CDMA, the mobile station performs
random 10 access by transmitting a preamble to the base station. Fig. 4A
shows a method for transmitting one preamble by selecting one carrier from
among four carriers. Fig. 4B shows a method for transmitting four preambles
by selecting four carriers of four carriers. 15 Fig. 5A shows an example in
which the carrier selection method andselection quantityisadaptively varied
depending on the mobile station, on the basis of broadcast information from
the base station. Fig . 5B shows an example inwhich the selection quantity
20 is adaptively varied in accordance with the priority level
andinformation volumeofthetransmittedinformationsymbol sequence. Fig. 6
shows an example in which preamble transmission power control is performed
on the basis of the priority level 



25 and information volume of the broadcast information and the transmitted
information symbol sequence, and the number of 15   FP02-0259-OOUS
carriers. Fig . 7A shows an aspect in which the same spreading code is
allocated to a11 the carrierg for transmission from the mobile station. 5
Fig. 7B shows an aspect in which mutually different spreading codes are
allocated to the carriers for transmission from the mobile station. Fig .
8A is an outline view of the mobile communications system according to a
fifth embodiment. 10 Fig. 8B shows a condition in which a predetermined
preamble spreading code pattern A is used in transmissions between the base
station and mobile station. Fig. 8C shows a condition in which a
predetermined preamble spreading code pattern B is used in transmissions 15
between the base station and mobile station. Fig. 9 shows an aspect in
which a mobile station transmits an information symbol sequence by a
carrier selected from among carriers by means of which a receipt-confirmed
preamble has been transmitted. 20 Fig. 10 shows an aspect in which a mobile
station transmits a collision sensing preamble by a carrier selected from
among carriers by means of which a receipt-confirmed preamble has been
transmitted. Fig. 11 is a flowchart for transmission control 25
processingin accordancewith a preamble transmission method executed
individually by each mobile station. 16  



FP02-0259-OOUS Fig. 12 is a flowchart for transmission control processing
pertainingto the transmission of aninformation symbol sequence. Fig. 13 is
a flowchart for transmission control 5 processing pertaining to the
transmission of a collision sensing preamble. Fig. 14 is a function block
diagram showing the constitution of the preamble transmission program. Fig.
15 is a function block diagram showing the 10 constitution of the computer
data signal. Best Modes for Carrying Out the Invention Embodiments of the
present invention will be described below on the basis of the drawings.
First of a11, the constitution of the mobile 15 communications system to
which the present invention is applied will be described. As shown in Fig.
1, a mobile communications system 1 according to an embodiment of the
present invention is constituted comprising a base station 10, and a
plurality of mobile stations 20 which are present 20 in a wireless zone 30
in which the base station 10 is formed. A single mobile station 20 is also
acceptable. The constitution of the present invention provided for the
mobile station 20 will now be described using Fig. 2. As shown in Fig. 2,
the constitution of the present 25 invention is such that the mobile
station 20 is provided with control means 21 that conduct a control
operation 17  



F FP02-0259-OOUS (described subsequently) . The control means 21 comprises
carrier selection control means 22, which determine the number of carriers
Nused in the preamble transmission (where N is a natural number equal to or
more than 1 ) on the basis 5 of broadcast information (total transmitted
packet volume, transmitted packet volume of each carrier, and so forth) and
information symbol sequence information (the priority level, information
volume, and so forth, of the transmitted information symbol sequence) from
the base station, and 10 select N carriers from among a plurality of
carriers; transmission control means 23 that perform control such that N
preambles are transmitted by a transmission section 26 by means of the N
carriers thus selected; power control means 24 that perform control such
that the transmission power 15 supplied by a power supply 27 is varied on
the basis of the broadcast information, the information symbol sequence
information, and the number of carriers N, and so forth; and pattern
allocation control means 25, which perform pattern allocation while varying
thespreading codepattern 20 allocated to the preamble, on the basis of the
information symbol sequence information. Of the aforementioned means, the
pattern allocation control means 25 includes a memory 25A, and pattern
information for a plurality of spreading codes (described subsequently) is
pre-stored in the memory 25 25A. Further, of the constituent elements of
the mobile 18   FP02-0259-OOUS station 20, Fig. 2 shows only the
constitution which relates to the present invention and it goes without
saying that the constituent elements of an ordinary mobile station such as
operating buttons and the like are also provided. 5 Next, embodimentsof the
preambletransmission method executed by the mobile communications system 1
in Fig. 1 will be described in order. [First Embodiment] Fig. 3 shows an
aspect in which, in 10 Multi-carrier/DS-CDMA that employs a plurality (Nc,
Nc->2) of carriers, the mobile station 20 in Fig. 1 performs random access
by transmitting a preamble to the base station 10. In Fig. 3, an aspect is
shown in which the mobile station 20 repeatedly transmits a preamble to the
base station 10 15 via Nc carriers by means of the transmission control
means 23 and the power control means 24, arid varies the preamble
transmission power (gradually raising same here) until the mobile station
20 receives a preamble receipt confirmation signal from the base station 10
with the prescribed maximum 20 number of preamble transmissions sexving as
an upper limit number, before transmitting a packet that includes an
information symbol sequence. As shown in Fig. 3, the mobile station 20
receives a preamble receipt confirmation signal from the base station 25 10
in the third stage of the transmission power increase process, and then
proceeds with packet transmission. The 19  



FP02-0259-OOUS preamble transmission power is varied for each carrier by
utilizinginformation pertainingto each carrier. Thatis, by performing
preamble transmission that uses the characteristic that a plurality of
carriers is present, it 5 is possible to implement random access which is
flexible and efficient as detailed below. Further, as shown in Fig. 3,
exercising control in which the preamble transmission power is gradually
raised has the effect that errors in controlling the power used 10 in
transmissions between the mobile station and the base station can be
reduced, and, as a result, interference with other mobile stations can be
diminished. More particularly, in the above-described aspect, the present
invention is characterized in that, in 15 Multi-carrier/DS-CDMA that
employs a plurality (Nc, Nc?2) of carriers, the mobile station 20
individually selects N (where N is a natural number equal to or more than 1
) carriers from among Nc carriers by means of the carrier selection control
means 22, and then transmits N preambles via the 20 selected N carriers by
means of the transmission control means 23. This process will be described
below by using Figs. 4A and 4B. Figs . 4A and 4B illustrate a method
according to which, inMulti-carrier/DS-CDMAthat employ$ aplurality (Nc,
Nc>-2) 25 of carriers, the mobile station 20 individually selects N (where
N is a natural number equal to or more than 1 ) carriers 20
FP02-0259-OOUS from among Nc carriers by means of the carrier selection
control means 22, and then transmits N preambles via the selected N
carriers by means of the transmission control means 23. 



5 Here, Nc=4 is assumed for Figs. 4A, 4B. Of these two figures, Fig. 4A
illustrates a case where N=1, and, because the mobile stations 20 only
perform preamble transmission by means of one carrier, preamble colJ.isions
can be reduced. Furthermore, because the number of preambles sent by the 10
carrier is diminished, it is possible to reduce interference with other
signals using the same frequency band. On the other hand, Fig. 4B
illustrates a case where N=4, and, because the mobile station 20 performs
preamble transmission by using a multiplicity of carriers, the 15
probability that the preamble will be detected by the base station 10 is
higher and it is therefpre possible to further reduce the subsequent
delaytime untilpacket transmission. Also, where the carrier via which the
preamble detected by the base station 10 is transmitted is concerned, it is
highly 20 likely that the state of the propagation path between the mobile
station 20 and the base station 10 will be favorable, and therefore, as a
result of performing preamble transmission by using a multiplicity of
carriers, a carrier for which the state of the propagation path is
favorable 25 can be selected from the multiplicity of carriers and
appropriated for the subsequent packet transmission. As 21   FP02-0259-OOUS
a result, the transmission qualityof the packet transmission can be
favorably maintained. [Second Embodiment] Figs. 5A and 5B illustrate an
example of a case where 5 each mobile station 20 determines the number N of
selected carriers and selects N carriers on the basis of broadcast
information that includes the total transmitted packet volume and the
transmitted packet volume of each carrier and that is reported by the base
station 10, and the priority 10 level andinformation volume of the
transmitted information symbol sequence, and so forth. Fig. 5A is an
example of a case where the carrier selection method and the selection
number N which are selected by the mobile station 20 are adaptively varied
on 15 the basis of the broadcast information from the base station 10. In
this Fig. 5A, the broadcast information from the base station 10 includes
information on the packet volume which is transmitted by all the carriers
(total transmitted packet volume information) and information on the packet
20 volume which is transmitted by each carrier (packet volume information
of each carrier). Upon receiving the broadcast information from the base
station 10 in step S41, the mobile station 20 determines, in step S42, the
number of carriers N in accordance with 25 the total transmitted packet
volume information included in the broadcast information. More
specifically, the 22   FP02-0259-OOUS 



number N is determined such that, the larger the total transmitted packet
volume, the more the number of carriers N is reduced. In step S43, the
carrier selection control means 22 5 performs carrier selection on the
basis of the packet volume informationfor each carrier
whichthebroadcastinformation includes. More specifically, carriers whose
transmitted packet volumes are smaller are prioritized in the selection.
Further, in step S44, the mobile station 20 performs preamble 10
transmission by means of the transmission control means 23 by using the
carriers of the determined number of carriers N. Further, although, in Fig.
5A, the number of carriers N and the carriers for transmitting the preamble
are determined on the basis of the total transmitted packet 15 volume
information and the packet volume information of each carrier, optional
combinations may be employed as these evaluation criteria. By performing
the processing of Fig. 5A, control can be performed such that interference
with packets which are transmitted by using the same frequency 20 band is
reduced and the preamble detection probability is therefore raised.
Further, Fig. 5B is an example of a case where the selection number N is
adaptively varied in accordance with the priority level and the information
volume of the 25 transmitted information symbol sequence. Upon grasping
(obtaining information on) the priority level or the 23   FP02-0259-OOUS
information volume of the transmitted information symbol sequence in step
S45, the mobile station 20 determines the number of carriers N in
accordance with the priority level or the information volume of the
information symbol sequence 5 in step S46. More specifically, the number N
is determined such that, the higher the priority level or the larger the
information volume, the more the number of carriers N is increased.
Increasing the number N in a case where the priority level of the
information symbol sequence is high 10 or the information volume thereof is
large in this manner has the effect of making it possible to raise the
preamble detection probability and shorten the delay time until the
subsequenttransmission oftheinformationsymbolsequence. On the other hand,
reducing the number N in a case 15 where the priority level of the
information symbol sequence is low or the information volume thereof is
small has the effect of making it possible to diminish the interference
with other packets . The number N could also be determined from
combinations of the priority level and information 20 volume. Further,
thereafter, similarly to Fig. 5A, the carriers of the determined number N
are selected in step S47 by the carrier selection control means 22 on the
basis of the information on the packet volume for each carrier 25 which is
included in the broadcast information, for example . More specifically,
carriers whose transmitted packet 24   FP02-0259-OOUS volumesaresmaller are
prioritizedforselection. Further, in step S48, the mobile station 20
performs preamble transmission by means of the transmission control means
23 by using the carriers of the determined number of carriers 5 N. [Third
Embodiment] 



Fig. 6 shows an example of a case where, when a preamble is transmitted by
selecting apluralityof carriers, preamble transmission power control is
performed on the basis of 10 broadcast information that includes the total
transmitted packet volume and the transmitted packet volume of each
carrier, and the priority level and information volume of the transmitted
information symbolsequence, andthe number of carriers N. 15 For example,
when the selected number of carriers N is large, although there is the
advantage that the probability of preamble detection by the base station 10
is then higher, interference with packets transmitted in the same band is a
cause for concern. Therefore, control 20 is exercised to reduce the step
size when the preamble transmission power is small or the preamble
transmission power is gradually increased. As a result, this packet
interference can be reduced. More specifically, supposing that the number
of 25 carriers for the preamble transmission is N (natural number) , and
the total preamble transmission power corresponding to 25   FP02-0259-OOUS
a11 the carriers is P (real number), the preamble transmission power PS"b
(real number) for each carrier is then established in accordance with N as
follows. P s~b - P ~ N 5 Supposing that the step size when one carrier is
transmitted is ~maX (real number), the step size d (real number) is then
established in accordance with N as follows . Further, a expresses a
constant (real number). ~max - (N-1) x (x 10 Further, for carriers whose
transmitted packet volume is large based on information on the transmitted
packet 



volume of each carrier which is included in the broadcast information from
the base station, control is exercised such that the preamble transmission
power and the step size are 15 reduced. As a result, interference with
other packets can be reduced. More specifically, supposing that the
transmitted packet volume of a carrier k (natural number) is Gk (real
number) , the preamble transmission power Pk (real number) 20 of the
carrier k is established in accordance with Gk as follows. Further, Pmax is
the maximum transmission power, and ~3 represents a constant (real number).
Pk = Pmax-Gkx a Further, the step size ~k (real number) of the carrier 25 k
is established in accordance with Gk as below. Further, ~,na;~ is the step
size used in a case where transmission is 26   r FP02-0259-OOUS performed
with the maximum transmission power, and y expresses a constant (real
number). k - ~ max-Gkx y On the other hand, where carriers whose
transmitted 5 packet volume is large are concerned, in cases where
particular emphasis is laid on completing the transmission promptly,
control is exercised such that the preamble transmission power and the step
size are increased. As a result, it is possible to raise the probability of
the 10 preamble being detected by the base station 10 and shorten the
subsequent delay time until packet transmission. More specifically,
supposing that the transmitted packet volume of a carrier k (natural
number) is Gk (real 



number) , the preamble transmission power Pk (real number) 15 of the
carrier k is established in accordance with Gk as follows. Further, Po is
the preamble transmission power used in a case where transmission is
performed at the lowest rate, and (3 expresses a constant (zeal number). Pk
- Po+Gkx Q 20 Further, the step size ~k (real number) of the carrier k is
established in accordance with Gk as below. Further, 0o is the step size
used in a case where transmission is performed at the lowest rate, and y
expresses a constant (real number) . 25 ~ k = ~ o+Gkx y In addition, in a
case where the priority level of 27   FP02-0259-OOUS
thetransmittedinformationsymbolsequenceishigh,control is exercised such
that the preamble transmission power and the step size are increased. As a
result, it is possible to raise the probability of the preamble being
detected by 5 the base station 10 and shorten the subsequent delay time
until packet transmission. More specifically, supposing that the priority
level of the transmission packet is p (where p is a natural number, such
that the larger the value of p, the higher the priority 10 level) , the
preamble transmission power Psub of each carrier is established in
accordance with p as below. Further, Pp=1 is the preamble transmission
power of each carrier in a case where p=1, and ~, is a constant (real
number). Ps~b = Pp=i+ (p-1 ) x ~. 15 Further, the step size D of each
carrier is established in accordance with p as below. Further, ~p=1 is the
step size of each carrier in a case where p=1, and a is a constant 



(real number). ~p=~+ (p-1 ) x a 20 [Fourth Embodiment] Figs . 7A and 7B
illustrate aspects in which the mobile station 20 allocates spreading code
patterns on the basis of predetermined rules to a plurality of transmitted
preambles by means of the pattern allocation control means 25 25. Nc=4 and
N=4 are assumed for Figs. 7A and 7B. Fig. 7A illustrates an aspect in which
the same spreading code 28   r FP02-0259-OOUS is allocated to all the N
carriers for transmission from the mobile station 20. With this method,
there is the advantage of there being one kind of spreading code used at
any one time by the mobile station 20, and hence control 5 of the mobile
station 20 is simple. On the other hand, Fig. 7B illustrates an aspect in
which mutually different spreading codes are allocated to Ncarriers for
transmission from the mobile station 20. With this method, there is the
advantage that, even when there 10 is a plurality of mobile stations from
which transmissions are received with the same timing, provided that
spreading codes are allocated randomly, these mobile stations can be
discriminated from one another and it is thus possible to reduce the
probability of signal collision being generated. 15 [Fifth embodiment) Figs
. 8A to 8C illustrate an example of a case where spreading code patterns
allocated to preambles are varied on the basis of the priority level arid
information volume of the transmitted information symbol sequence. In other
20 words, between the base station 10 and the mobile station 20A and mobile
station 20B shown in Fig. 8A, a preamble spreading code pattern A, which
corresponds to a case where the priority level of the information symbol
sequence is high and the information volume thereof is large, and 25 a
preamble spreading code pattern B, which corresponds to a case where the
priority level of the information symbol 29   FP02-0259-OOUS sequence is
low and the information volume thereof is small, are predetermined. As a
result, for example, in a case where the priority level of the information
symbol sequence is high and the information volume thereof is large, the
mobile 5 station 20A performs preamble transmission by using the 



pattern A as shown in Fig. 8B. Further, in a case where the priority level
of the information symbol sequence is low and the information volume
thereof is small, the mobile station 20B performs preamble transmission by
using the 10 pattern B as shown in Fig. 8C. As a result, when the base
station 10 detects the preamble spreading code patterns of these mobile
stations, the mobile station 20A whose pattern is detected as being the
pattern A can be judged as being the mobile station 20A that possesses the
information symbol 15 sequence whose priority level is high or whose
information volume is large, and therefore control can be implemented such
that the mobile station 20A is prioritized for random access. [Sixth
Embodiment] 20 As shown in Fig. 9, an aspect is illustrated in which, upon
receiving a preamble receipt confirmation signal from the base station 10,
the mobile station 20 selects, by means of the carrier selection control
means 22, K (where K is a natural number equal to or less than M) carriers
from among 25 M carriers by means of which a receipt-confirmed preamble has
been transmitted, and the information symbol sequence 30   FP02-0259-OOUS
is transmitted by the transmission control means 23 in the form of a packet
via the selected K carriers . Here, a case where Nc=4, N=4, M=3, and K=2 is
shown by way of example. Therefore, because the mobile stations 20 perform
5 transmission by selecting the number of carriers K required for the
transmission of the information symbol sequence from among M carriers by
means of which a receipt-confirmed preamble has been transmitted, the
efficiency of the transmission processing when carriers are shared by a 10
plurality of mobile stations 20 can be improved. Further, in a case where
the transmission of an information symbol sequence required by the mobile
station 20 cannot be performed via M carriers, the transmission can also be
performed by using K carriers beforehand. 15 [Seventh Embodiment] As shown
in Fig. 10, an aspect is illustrated in which, upon receiving a preamble
receipt confirmation signal from the base station 10, the mobile station 20
selects, by means of the carrier selection control means 22, L (where L is
20 a natural number equal to or less than M) carriers from among M carriers
by means of which a receipt-confirmed preamble has been transmitted, and
transmits L preambles used for sensing a collision with another mobile
station via the selected L carriers by means of the transmission control 25
means 23 . Here, an example where N=4, M=3, and L=2 is shown. Such
processing compensates fpr the drawback that, 31   FP02-0259-OOUS in a case
where the base station 10 defects the same preamble received from a
plurality of mobile stations 20 with the same timing, the signals of the
plurality of mobile stations 20 collide in the subsequent packet
transmission. That is, 5 in this processing, because only those mobile
stations 20 whose preamble has been detected then transmit a collision
sensing preamble, the possibility that the preambles of the plurality of
mobile stations 20 will once again be detected by the base station 10 with
the same receipt timing is small, 



10 and the information symbol sequence is then transmitted via carriers for
which receipt of the collision sensing preamble has been confirmed, whereby
the probability of packet collision between a plurality of mobile stations
20 can be reduced. 15 Further, the embodiments of Figs. 3 to 10 may be
optionally combined, and synergistic effects can be expected. Industrial
Applicability As illustrated hereinabove, according to the present 20
invention, by performing preamble transmission in which the characteristic
of there being a plurality of carriers in a direct sequence code division
multiple access system that employs a plurality of carriers
(Mult1-carrier/DS-CDMA) is utilized, it is possible to implement random
access which 25 is flexible and efficient. 32   FP02-0259-00U5 CLAIMS 1. A
preamble transmission method according to which, in an uplink transmission
from each of a plurality of mobile stations to a base station, to which a
direct 5 sequence code division multiple access system that employs a
plurality of carriers, is applied, the mobile stations transmit a preamble
to the base station before transmitting an information symbol sequence,
comprising: a first carrier selection step in which the mobile 10
stationsindividuallyselect a carrierfrom among a plurality of carriers; and
a transmission control step in which, up until receiving a preamble receipt
confirmation signal from the base station with a predeterminedmaximumnumber
of preamble 15 transmissions serving as an upper limit number, the mobile
stations repeatedly transmit a preamble by means of the selected carrier
and vary the transmission power used for the transmissions of each carrier.



2. The preamble transmission method according to 20 claim 1, characterized
in that, in the first carrier selection step, the mobile stations select a
carrier on the basis of at least one of broadcast information that includes
the total transmitted packet volume and the transmitted packet volume of
each carrier which are reported by the base 25 station, and the priority
level and information volume of the transmitted information symbol
sequence. 33   FP02-0259-OOUS 3. The preamble transmission method according
to claim 1 or 2, characterized in that, in the transmission control step,
the mobile stations vary the transmission power on the basis of at least
one of broadcast information that 5 includes the total transmitted p&cket
volume and the transmitted packet volume by each carrier which are reported
by the base station, the priority level and information volume of the
transmitted information symbol sequence, and the number of carriers
transmitting a preamble. 10 4. The preamble transmission method according
to one of claims 1 to 3, characterized in that, in the transmission control
step, the mobile stations allocate a spreading code pattern to the
transmitted preamble on the basis of predetermined rules. 15 5. The
preamble transmission method according to claim 4, characterized in that,
in the transmission control step, the mobile stations vary the spreading
code pattern allocated to the preamble on the basis of at least one of the
priority level and the information volume of the 20 transmitted information
symbol sequence. 6. The preamble transmission method according to one of
claims 1 to 5, further comprising: a second carrier selection step in
which, upon receiving a preamble receipt confirmation signal from the 25
base station, the mobile stations select a carrier from among 



carriers by means of which a receipt-confirmed preamble has 34
FP02-0259-OOUS been transmitted; and an information transmission step in
which the mobile stations transmit an information symbol sequence by means
of the selected carrier. 5 7. The preamble transmission method according to
any one of claims 1 to 5, further comprising: a third carrier selection
step in which, upon receiving apreamble receipt confirmation signal from
the base station, the mobile stations select a carrier from among carriers
10 by means of which a receipt-confirmed preamble has been transmitted; and
a collision sensing signal transmission step in which the mobile stations
transmit a preamble used for sensing a collision with another mobile
station by means of the 15 selected carrier. 8. A mobile station which, in
an uplink transmission from this mobile station to a base station to which
a direct sequence code division multiple access system that employs a
plurality of carriers, is applied, transmits 20 a preamble before
transmitting an information symbol sequence, comprising: carrier selection
control means for selecting a carrier from among a plurality of carriers
individually for each mobile station; 25 transmission control means for
repeatedly transmitting a preamble by means of the selected carrier 35  



FP02-0259-OOUS until a preamble receipt confirmation signal is received
from the base station with a predetermined maximum number of preamble
transmissions serving as an upper limit number; and 5 power control means
for exercising control so as to vary the transmission power used for the
transmissions of each carrier. 9. The mobile station according to claim 8,
characterized in that the carrier selection control means 10 selects a
carrier on the basis of at least one of broadcast information that includes
the total transmitted packet volume and the transmitted packet volume of
each carrier which are reported by the base station, and the priority level
andinformation volumeof the txansmittedinformation 15 symbol sequence. 10.
The mobile station according to claim 8 or 9, characterized in that the
power control means exercises control so as to vary the transmission power
on the basis of at least one of broadcast information that includes the 20
total transmitted packet volume and the transmitted packet volume of each
carrier which are reported by the base station, the priority level and
information volume of the transmitted information symbol sequence, and the
number of carriers transmitting a preamble. 25 11. The mobile station
according to one of claims 8 to 10, characterized by further comprising: 36
FP02-0259-OOUS pattern allocation control means for allocating a spreading
code pattern to the transmitted preamble on the 



basis of predetermined rules. 12. The mobile station according to claim 11,
5 characterized in that the pattern allocation control means varies the
spreading code pattern allocated to the preamble on the basis of at least
one of the priority level and the information volume of the transmitted
information symbol sequence. 10 13. The mobile station according to one of
claims 8 to 12, characterized in that, upon receiving a preamble receipt
confirmation signal from the base station, the carrier selection control
means selects a carrier from among carriers by means of which a
receipt-confirmed preamble has 15 been transmitted; and the transmission
control means transmits an information symbol sequence by means of the
selected carrier. 14. The mobile station according to one of claims 8 to
12, characterized in that, upon receiving a preamble 20 receipt
confirmation signal from the base station, the carrier selection control
means selects a carrier from among carriers by means of which a
receipt-Confirmed preamble has been transmitted; and the transmission
control means transmits a preamble 25 used for sensing a collision with
another mobile station by means of the selected carrier. 37
FP02-0259-OOUS 15. Amobile communications system which comprises a base
station and a plurality of mobile stations, and according to which a direct
sequence code division multiple access system that employs a plurality of
carriers, is 



5 applied to an uplink transmission from the mobile stations to the base
station, characterized in that each of the mobile stations includes:
carrier selection control means for selecting a 10 carrier from among a
plurality of carriers individually for each mobile station; transmission
control means for repeatedly transmitting a preamble by means of the
selected carrier until a preamble receipt confirmation signal is received
15 from the base station with a prescribed maximum number of preamble
transmissions serving as an upper limit number; and power control means for
exercising control so as to vary the transmission power used for the
transmissions of 20 each carrier. 16. A preamble transmission program for
causing a computer, which is housed in a mobile Station that transmits a
preamble before transmitting an information symbol sequence in an uplink
transmission from this mobile station 25 to a base station, to which a
direct sequence code division multiple access system that employs a
plurality of carriers, 38   FP02-0259-OOUS is applied, to function as each
of the means according to one of claims 8 to 14. 17. A computer data signal
embedded in a carrier wave and which serves to cause a computer, which is
housed 5 in a mobile station that transmits a preamble before transmitting
an information symbol sequence in an uplink 



transmission from this mobile statzon to a base station, to which a direct
sequence code division multiple access system that employs a plurality of
carriers, is applied, 10 to function as each of the means according to one
of claims 8 to 14. 39
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