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1
COMMUNICATION METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

This 1nvention relates to a mobile station, a fixed station
and a communication method implemented 1n a communica-
tion system using the CDMA (Code Division Multiple
Access) scheme, and in particular, to a communication
method implemented 1n a mobile communication system
having set therein a channel for transmitting uplink high-
speed packet data.

BACKGROUND ART

In recent years, a plurality of communication standards
referred to as the third generation for a high-speed CDMA
mobile unit communication system have been employed as
IMT-2000 by the International Telecommunication Union
(ITU), and as one of them, the commercial service of
W-CDMA (FDD: Frequency Division Duplex) has been
started 1 Japan 1 2001. The first specification of the
W-CDMA scheme was determined as Release 1999 (Version
name: 3.x.xX) edited in 1999 by the standardization organiza-
tion 3GPP (3rd Generation Partnership Project). Currently,
Release 4 and Release 5 have been specified as a new version
of Release 1999. At the same time, Release 6 1s under study
and 1n the process of preparation.

Release 1999 has been prepared by assuming mainly con-
tinuous data transmission and reception such as verbal com-

munication. In Release 5, the HSDPA (High Speed Downlink
Packet Access) technique 1s added to enable downlink high-
speed packet communication, while the uplink uses Release
1999 specification as 1t 1s. Even 1n the case where packet data
1s transmitted 1n burst from a mobile station to a fixed station,
therefore, an individual dedicated channel (DCH (Dedicated
CHannel) and DPDCH (Dedicated Physical Data CHannel)
are required to be constantly assigned to each mobile station.
Considering the current situation 1n which demand for packet
data transmission such as voice packet transmission has
increased, however, a problem has been posed from the view-
point of effective utilization of radio resources.

Also, the data transmission from a mobile station 1s con-
ducted under an autonomous transmission control of the
mobile station. In this case, the transmission timing from each
mobile station 1s arbitrary (or statistically at random). In a
data transmission system with the transmission controlled
autonomously by each mobile station, the transmission tim-
ing at the mobile station 1s unknown to the fixed station. In the
communication system using the CDMA communication
scheme, transmission from other mobile stations all consti-
tute an interference source. In the fixed station managing
radio resources, however, an interference noise amount and a
change amount thereof can be predicted (managed) only sta-
tistically 1 the reception at a base station. As described
above, 1n the communication system using the CDMA com-
munication scheme, the fixed station managing radio
resources 1s neither imformed of transmission timing of
mobile stations nor capable of accurately predicting interfer-
ence noise amounts. The radio resources are assigned 1n such
a manner as to secure a suificient margin, therefore, 1n prepa-
ration for a case with a large change amount of interference
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noise. This radio resource management by the fixed station 1s
carried out not by the base station 1tself but by a base station
control unit (RNC: Radio Network Controller) on behalf of a
plurality of base stations.

The radio resource management and incidental notifica-
tions from the base station control umt (RNC) to mobile
stations require a comparatively long processing time (the
order of several hundred milliseconds). The radio resources
cannot be properly assigned, therefore, in keeping with a
sudden change 1n the radio propagation environment, trans-
mission situation of other mobile stations (interference
amounts from other mobile stations), or the like. In view of
this, with the aim of realizing el

ective utilization of radio
resources and high-speed radio resource assignment, the
E-DCH (Enhanced DCH) technique with a detailed specifi-
cation has been introduced 1n Release 6. The E-DCH tech-
nique 1s sometimes referred to as HSUPA (High Speed
Uplink Packet Access). In the E-DCH technique, a short
transmission time interval (1T'T1) can be used together with the
AMC (Adaptive Modulation and Coding) technique and the
HARQ (Hybrid Automatic Repeat re(Quest) technique used 1n
the HSDPA (Hl gh Speed Downhnk Packet Access) technique
introduced 1 Release 5. E-DCH 1s defined as a transport
channel expanded from DCH constituting a transport channel
according to the conventional standard, and set independently
of DCH.

According to E-DCH, uplink radio resource control opera-
tion referred to as “scheduling™ 1s performed on the part of the
fixed station. The uplink and the downlink have different
radio wave propagation environments and the like, and hence
are diflerent 1n scheduling from HSDPA. The mobile station
controls packet data transmission based on the scheduling
result notified from the fixed station. The fixed station trans-
mits a receiving determination result (ACK/NACK) for the
received packet data to the mobile station. According to
3GPP, the base station (referred to as NodeB 1in 3GPP) 1s
specified as a device for carrying out the scheduling of the
fixed station. A specific example of the E-DCH scheduling
method 1n the base station 1s disclosed 1n, for example, Japa-
nese Patent Publication No. 2004-215276 (Patent Document
1).

Also, TS235.309v6.3.0 (Non-Patent Document 1) 1s avail-
able as a 3GPP standard (TS: Technical specification) pre-
pared for E-DCH.

Patent Document 1: Japanese Patent Publication No. 2004-
215276

Non-Patent Document 1: 3rd Generation Partnership

Project, Technical Specification Group Radio Access Net-
work; FDD Enhanced Uplink; Overall description; Stage 2

(Release 6), 3GPP TS 25.309V6.3.0 (2005-06).

Main channels relating to the specification of Release 6 are
briefly described below. As uplink physical channels for
E-DCH, Release 6 has added thereto E-DPDCH (Enhanced-
Dedicated Physical Data CHannel) constituting a data chan-
nel and E-DPCCH (Enhanced-Dedicated Physical Control
CHannel) constituting a control channel. E-DPDCH and
E-DPCCH are physical channels corresponding to DPDCH
and DPCCH, respectively, constituting physical channels
betore Release 5, in which E-DPDCH 1s used {for data trans-
mission from a high-order layer and E-DPCCH {for transmis-
sion of control information. Also, as in the DPDCH commu-
nication speed setting (referred to as TFC (Transport Format
Combination) according to 3GPP), E-TFC (Enhanced-TFC)
1s provided for specitying communication speed for E-DCH
transmission. A gain factor (ed) specitying an E-DPDCH
channel amplitude 1s determined based on the communica-

tion speed. Also, as downlink physical channels for E-DCH,
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Release 6 has added thereto both E-AGCH (Enhanced-Abso-
lute Grant CHannel) and E-RGCH (Enhanced-Relative Grant

CHannel) for notifying scheduling results, and E-HICH
(E-DCH HARQ Acknowledgment Indicator Channel) for
notifying packet data recerving determination results (ACK/

NACK).
In data transmission from the mobile station, E-DCH and

DCH are each handled as an independent data stream, and the

DCH transmission 1s given priority to the E-DCH transmis-
sion. Since E-DCH and DCH are independent data streams
and the DCH transmission 1s given priority over the E-DCH
transmission, the mobile station secures transmission power
required for DCH transmission and the E-DCH transmission
1s carried out by selecting E-TFC 1n a remaining margin of the

transmission power as described in Non-Patent Document 1.

SUMMARY OF THE INVENTION

Problems of the uplink transmission control operation
posed by adding E-DCH 1s described below. The scheduler of
the base station intending to carry out the uplink scheduling 1s
required to know the state of the mobile station. Non-Patent
Document 1 described above defines two methods for the
scheduler of the base station to know the state of the mobile
station. One 1s to use SI (Scheduling Information) whereby
the untransmitted amount information on high-order layer
data stored in the transmission data buifer and the headroom
information of the transmission power of the mobile station
can be notified from the mobile station over E-DPDCH
together with the high-order layer data. Periodical SI notifi-
cation or SI notification as an event trigger 1s under study. The
other method 1s to use happy bits notified over E-DPCCH as
one-bit information as determined from the untransmitted
data amount stored in the buifer and the headroom quantity of
the transmission power ol the mobile station. For lack of a
unique, specific and detailed specification, however, a prob-
lem 1s posed that the operation may be varied from one mobile
station to another in the communication system and the
uplink scheduling (radio resource assignment) cannot be car-
ried out efficiently.

The object of the present invention 1s to solve the problem
posed by adding E-DCH and to provide a communication
method for properly carrying out the uplink transmission
control and the radio resource control operation.

According to the present imnvention, there i1s provided a
mobile station 1n which a scheduling result including trans-
mission speed information, transmission power information
and a channel amplitude coetlicient 1s received from a fixed
station and a transport channel for transferring data from a
high-order layer 1s multiplexed on a physical data channel and
transmitted to the fixed station, wherein an index attached to
cach level of a predetermined transmission power headroom
classified between upper and lower limit values of the trans-
mission power headroom 1s notified as status information
including information on the transmission power headroom
used for scheduling.

A communication method according to the present inven-
tion 1ncludes a first step for sending from a mobile station to
a base station, mobile station transmission power headroom
information reflecting headroom quantity of transmission
power 1n the mobile station, a second step for indicating
uplink radio resources from the base station to the mobile
station on a basis of the mobile transmission power headroom
information, and a third step for sending data from the mobile
station to the base station according to the indication of the
uplink radio resources by the base station, wherein 1n the first
step as the mobile station transmission power headroom
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information, a first signaled value 1s sent reflecting that
mobile station transmission power contains a closed section

having a predetatermined lower limit quantity and a prede-
termined upper limit quantity, and a second signaled value 1s
sent reflecting that the mobile station transmission power
contains a half opened section having a predetermined lower
limit quantity and not having an upper limit quantity.

In the communication method according to the present
invention, the operation in the mobile station of the commu-
nication system 1s unified and the efficiency of the uplink
radio resource control 1n the fixed station 1s improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a configuration of a
radio communication system according to a first embodiment
of the present invention.

FIG. 2 1s a block diagram showing a configuration of a
mobile station according to the first embodiment of the
present invention.

FIG. 3 1s a block diagram showing a configuration of a
fixed station (base station/base station control unit) according
to the first embodiment of the present invention.

FIG. 4 1s a diagram showing an example of speciiying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to the first embodiment of the present
invention.

FIG. 5 1s a diagram showing a flow of notitying (RRC_sig-
nalling) a set value of a parameter (X) 1n FIG. 4 according to
the first embodiment of the present invention.

FIG. 6 1s a diagram showing an example of a case 1n which
an X value 1s set as a fixed value 1n a written standard as a
modification of the specification in FIG. 4 according to the
first embodiment of the present invention.

FI1G. 71s a diagram showing a table of setting specifications
and notification information (signalling value) of a quantized
E-DPDCH channel amplitude coetficient (Jed) specified 1n a
known written standard (specified from the value of power
offset amount (AE-DPDCH)).

FIG. 8 1s a diagram showing an example of specifying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to a second embodiment of the present
invention.

FIG. 9 1s a diagram showing an example of specilying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to a third embodiment of the present inven-
tion.

FIG. 10 1s a diagram showing an example of specilying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to a fourth embodiment of the present
ivention.

FIG. 11 1s a diagram showing an example of specifying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to a fifth embodiment of the present inven-
tion.

FIG. 12 1s a diagram showing an example of specilying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to a sixth embodiment of the present
invention.

FIG. 13 1s a diagram showing an example of speciiying
headroom information of transmission power of the mobile
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station transmitted to the base station as SI (Scheduling Infor-
mation) according to a modification of the sixth embodiment
of the present invention.

FIG. 14 1s a diagram showing an example of specifying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-

mation) according to a seventh embodiment of the present
invention.

FIG. 15 1s a diagram showing an example of specifying
headroom information of transmission power of the mobile
station transmitted to the base station as SI (Scheduling Infor-
mation) according to a ninth embodiment of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

101 radio communication system, 102 mobile station, 103
base station, 104 base station control unit, 105 communica-
tion network, 201 radio resource control unit, 202 media
access unit (MAC unit), 203 MAC transmission unit, 204
MAC control unit, 205 modulation unit, 206 transmission
unit, 207 antenna, 208 transmission power measurement con-
trol unit, 209 receiving unit, 210 demodulation unit, 211
MAC receiving unit, 301 radio resource control unit, 302
media access unit (MAC unit), 303 MAC transmission unit,
304 MAC scheduler unit, 305 modulation unit, 306 transmis-
sion unit, 307 antenna, 309 receiving unit, 310 demodulation
unit, 311 MAC recerving unit

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Embodiment 1

A first embodiment of the present invention i1s described
with reference to the drawings. First, the configuration of
cach part of a communication system 1s described with ret-
erence to FIGS. 1 to 3. FIG. 1 1s a diagram schematically
showing the configuration of a radio communication system
according to the first embodiment of the present invention. In
FIG. 1, a radio communication system 101 1s configured of a
mobile station 102, a base station 103 and a base station
control unit 104. The base station 103 covers a specific com-
munication range (generally referred to as a sector or a cell)
and communicates with a plurality of mobile stations 102. In
FIG. 1, only one mobile station 102 1s shown for convenience’
sake. Communication between the mobile station 102 and the
base station 103 1s performed using one or a plurality of radio
links (or channels). The base station control unit 104 com-
municates with a plurality of base stations 103 and connected
with an external communication network 103 such as a public
telephone network or the Internet, relays packet communica-
tion between the base station 103 and the network 105. In
FIG. 1, only one base station 103 1s shown for convenience’
sake. According to the W-CDMA standard, the mobile station
102 1s referred to as UE (User Equipment), the base station
103 NodeB and the base station control unit 104 RNC (Radio
Network Controller).

Channels (such as DCH or DPDCH) prior to Release 5 are
known and therefore not illustrated or described 1n detal.
Uplink E-DPDCH 111 and E-DPCCH 112 are physical chan-
nels for E-DCH transmission. Basically, E-DPDCH 111 and
E-DPCCH 112 are transmitted in pair, and therefore, the
tollowing description is centered on the E-DPDCH, while the
E-DPCCH 1s also referred to as required. A downlink
E-HICH 113 1s a channel for notifying E-DCH data receiving
determination results (ACK/NACK) at the base station 103 to
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the mobile station 102. A downlink E-AGCH/E-RGCH 114,
on the other hand, 1s a channel for notitying scheduling results
for E-DCH. The scheduling result 1s expressed in the form of
speed information (for example, E-TFC or maximum trans-
mission speed set value), power information (maximum
transmission power or a ratio of the maximum transmission
power) or channel amplitude information (a channel ampli-
tude coellicient or a ratio of the channel amplitude coetii-
cient). According to Non-Patent Document 1, the scheduling
result 1s notified in the form of a ratio of channel transmission
power ol the E-DPDCH to that of the DPCCH and informa-
tion on increase/decrease of the power ratio.

FIG. 2 1s a block diagram showing the configuration of a
mobile station according to the first embodiment of the
present invention. With reference to FIG. 2, the internal struc-
ture of the mobile station (function blocks, and a flow of data
and a control signal) 1s described below. A radio resource
control unit 201 controls each part in the mobile station for
various communication setting including transmission
speeds and combinations of channels required for the com-
munication with the fixed station. Also, the radio resource
control unit 201 inputs/outputs mformation of the various
setting. Part of the various setting information 1s exchanged
(referred to as RRC signalling 1n the W-CDMA) between the
fixed station (the base station control unit 104/base station
103) and the mobile station 102 1n an 1mtial stage or the
middle of the communication and stored in the radio resource
control unit 201. The transmission information (RRC signal-
ling) of the radio resource control unit to the fixed station 1s
transmitted as data carried on the E-DPDCH or a channel

such as a DCH (DPDCH as a physical channel, not shown) or
a RACH (PRACH as a physical channel, not shown) prior to
Release 5. According to the present embodiment, although
not specifically limited, the operation 1n the middle of the
communication 1s described with data carried on the DCH

(DPDCH) for convenience’ sake.

A MAC unit 202 executes a process 1n a MAC (Media
Access Control) layer. Specifically, a MAC transmission unit
203 1s supplied with an mput including transmission data
(DTCH) from a high-order protocol layer and control infor-
mation (DCCH) from the radio resource control unit 201 and
outputs the same as E-DCH (or DCH, or the like.). Also, the
MAC transmission unit 203 measures a data amount not yet
transmitted on a specific transmission data buffer or all the
transmission data buflers (not shown) in the mobile station
designated by the fixed station, and outputs the data amount
as buifer information to a MAC control unit 204. A transmis-
sion buffer of which the data amount 1s measured 1s notified as
setting information (RRC signalling). Also, the MAC trans-
mission unit 203 1s supplied, as an mput from the MAC
control unit 204, with data of mobile station status informa-
tion (SI: Scheduling Information) to be transmitted to the
base station 103, and outputs the same as part of E-DCH (or
separate 1nter-protocol layer notification information (not
shown)). The DTCH and DCCH data can be sent 1n various
channels such as the DCH or the RACH (not shown) prior to
Release 5, and a combination setting 1s specified in the written
standard. The MAC control unit 204 has a bufifer monitor
function and a transmission power monitor function therein.
The MAC control unit 204 1s supplied with an input including
(1) bulfer information from the MAC transmission unit 203,
(2) transmission power nformation from a transmission
power measurement control unit 208 to be described later,
and (3) scheduling result information from a demodulation
unit 210 to be described later received from the base station,
thereby controlling the E-DCH transmission. The MAC con-
trol unit 204 determines SI data and happy bit information as
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the mobile station status information from the buiier infor-
mation and the transmission power information nputted
thereto, and outputs them to each of the MAC transmission
unit 203 and a modulation unit 205 for transmission to the
base station. A headroom quantity of the mobile station trans-
mission power transmitted as SI 1s estimated as a difference
between (1) a value of the total transmission power of the
mobile station indicated by the transmission power informa-
tion from the transmission power measurement control unit
208 and (2) a maximum total transmission power value (here-
inafter described as Pmax) determined from transmission
channel setting, each channel amplitude parameter, and the
like, so that a direct numerical value, an index corresponding
to the numerical value, or the like 1s notified (by signalling).
Specific examples include (1) a ratio between “the maximum
total transmission power (Pmax)” and “the total power of
DPCCH, DPDCH and HS-DPCCH (not shown)) and (2) a
ratio between “the maximum total transmission power
(Pmax)” and *““the total DPCCH power”. The Pmax 1s deter-
mined by the channel setting and the mobile station capability
and may be specified by a backolil amount from the mobile

station capability.
In the modulation unit 205, the E-DCH data and the SI data

inputted are carried on the uplink E-DPDCH 111 and the
happy bit information on the E-DPCCH, and then, multi-
plexed with another physical channel by a known technique
such as so-called 1QQ multiplexing. Further, the multiplexed
channel 1s subjected to a spread spectrum modulation process
by a known technique thereby to output a modulation signal
(Mod_signal). The modulation unit 204 makes up a multiplex
modulation means. A transmission unit 206, after converting,
the inputted modulation signal (Mod_signal) mto a radio
frequency signal by a known technique, amplifies 1t to a
required transmission power level and outputs a radio signal
(RF_signal). The radio signal (RF_signal) 1s transmitted
wirelessly from an antenna 207, while at the same time being,
transmitted as a branch output to the transmission power
measurement control unit 208. Also, the transmission unit
206 adjusts the transmission power of the radio signal (RF_
signal) 1n accordance with transmission power control infor-
mation (Po_cont) from the transmission power measurement
control unit 208.

The transmission power measurement control unit 208
controls the transmission power and outputs the control infor-
mation (Po_cont) to the transmission unit 206. Also, the
transmission power measurement control unit 208 has therein
a transmission power measurement (estimation) function to
estimate the transmaission power of each channel or the total
transmission power. From the radio signal (RF_signal) out-
putted from the transmission unit 206, average power for a
predetermined time period (defined as 1 frame, 1 TTIor 1 slot
for the W-CDMA) 1s measured (or estimated) and transmis-
s1on power information 1s outputted to the MAC control unit
204. The transmission unit 206, the antenna 207 and the
transmission power measurement control unit 208 described
above make up a transmission means.

The receiving unit 209, supplied with a downlink radio
signal (RF_signal) received by the antenna 207, demodulates
it with a known despreading technique and outputs a demodu-
lation s1ignal (Demod_signal). A demodulation unit 210, sup-
plied with the demodulation signal (Demod._signal) and sepa-
rating various downlink physical channels by a known
technique, retrieves data and control information from the
physical channels. Specifically, the demodulation unit 210
retrieves E-DCH data recerving determination result (ACK/
NACK) information from the base station out of the received

E-HICH and outputs 1t to the MAC control unit 204. Also, out
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of the recerved E-AGCH/E-RGCH, scheduling result infor-
mation (Sche_ grant) from the base station 1s retrieved and

outputs it to the MAC control unit 204. Also, from the DCH
(or HS-DSCH (not shown) or FACH (not shown)) constitut-
ing a known downlink Release 5 channel set according to the
communication setting, downlink recerving data 1s retrieved
and outputted to a MAC receiving unit 211. In the case where
control information (RRC_signalling: DCCH) including set-
ting information (CH_config) 1s contained 1n the DCH chan-
nel data or the like inputted from the demodulation unit 210,
the MAC recerving unit 211 retrieves and outputs 1t to the
radio resource control unit 201. Also, 1n the case where the
inputted DCH or the like contains data of a high-order proto-
col layer, the MAC recerving umt 211 outputs it as high-order
data (DTCH) to the high-order protocol layer.

FIG. 3 1s a block diagram showing the configuration of the
fixed station (base station/base station control unit) according
to the first embodiment of the present imnvention. With refer-
ence to FIG. 3, the internal structure (the function blocks and
data and a control signal flow) of the fixed station 1s described
below. In FIG. 3, the blocks having similar functions to those
shown 1n the 1internal block diagram of the mobile station 1n
FIG. 2 have similar names, respectively. The blocks of the
fixed station including the base station 103 and the base
station control unit 104 represent function units (entities), and

ex1st in one of them or as an independent device according to
the mode 1n which the base station 103 and the base station
control unit 104 are implemented. According to 3GPP stan-
dard, the fixed station including both the base station control
unit (RNC) and the base station (NodeB) 1s referred to as
UTRAN (Universal Terrestrial Radio Access Network). The
base station (NodeB), however, has an interface for physical
communication directly with the mobile station (UE) and 1s
defined as a radio interface (referred to as Uu in the W-CDMA
standard).

A radio resource control unit 301 controls each part of the
fixed station to control various setting including transmission
speeds and combinations of channels required for the com-
munication with the mobile station 102. Also, the radio
resource control unit 301 1s supplied with and outputs various
setting information (CH_config). Part of the various types of
setting information 1s exchanged (RRC signalling) between
the fixed station (the base station control unit 104/the base
station 103) and the mobile station 102 1n an 1nitial stage of or
during the communication and stored in the radio resource
control unit 301. The transmission information (RRC signal-

ling) of the radio resource control unit to the mobile station 1s
transmitted as data carried on a known channel, the HS-

DSCH (HS-PDSCH as a physical channel, not shown), the
DCH (DPDCH, not shown) or the FACH (PFACH, not
shown) prior to Release 5. According to the present embodi-
ment, for convenience” sake, the operation midway of com-
munication 1s explaimned, and therefore, the transmission
information 1s carried on the DCH. The present invention,
however, 1s not limited to the present embodiment.

A MAC transmission unit 303 1s supplied with transmis-
sion data (DTCH) from a high-order protocol layer and con-
trol information (DCCH) from the radio resource control unit
301 and outputs them as DCH data. Various setting 1s possible
for the DTCH and DCCH data including, for example, trans-
mission over channels DCH, HS-DSCH (not shown) or
FACH (not shown) priorto Release 5. These combinations are
specified 1n a written standard, and the present invention 1s not
limited to the present embodiment.

A MAC scheduler umit 304 has therein an E-DCH sched-

uling function (described as E-DCH scheduler 1n the figure).
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The MAC scheduler unit 304 1s supplied with the mobile
station status information (SI and happy bit information) and
the E-DCH data demodulation result (ACK/NACK) transmut-

ted from the mobile station to conduct scheduling for E-DCH.
The scheduling result 1s outputted to a MAC transmission unit
303 as AGCH/RGCH information. The AGCH/RGCH data 1s

transmitted to the mobile station 102 through a modulation
unit 305, a transmission unit 306 and an antenna 307 to be
described later.

The modulation unit 305 multiplexes various data (DTCH,
DCCH), the scheduling result information (AGCH/RGCH
data), the physical control channel, and the like by a known
technique such as so-called IQ multiplexing. Further, with a
known technique, a spread spectrum modulation process 1s
executed, and a modulation signal (Mod_signal) 1s outputted.
The modulation unit 305 makes up a multiplex modulation
means. The transmission unit 306, after converting the input-
ted modulation signal (Mod_signal) into a radio frequency
signal by a known technique, amplifies it to a required trans-
mission power level and outputs a radio signal (RF_signal).
The radio signal (RF_signal) 1s transmitted wirelessly from
the antenna 307. The transmission unit 306 and the antenna
307 described above make up a transmission means.

A recerving unmt 309, supplied with a downlink radio signal
(RF_signal) recerved by the antenna 307, demodulates 1t by a
known despreading technique and outputs a demodulation
signal (Demod_signal). A demodulation unit 310, supplied
with the demodulation signal (Demod_signal), separates
various downlink physical channels by a known technique
and retrieves various data and various control information
from the physical channels. Specifically, the demodulation
unit 310 demodulates the E-DCH data from the demodulated
E-DPDCH and outputs it to a MAC recerving unit 311. Also,
the demodulation unit 310 outputs an E-DCH receiving deter-
mination result (ACK/NACK) to the MAC scheduler unit
304. Further, the demodulation unit 310 demodulates the
happy bit information from the E-DPCCH and outputs 1t to
the MAC scheduler unit 304. In the case where control infor-
mation (RRC_signalling: DCCH) including various setting,
information (CH_config) 1s contained in the E-DCH inputted
from the demodulation unit 310, the MAC recerving unit 311

retrieves and outputs the control information to the radio

resource control unit 301. Also, in the case where the inputted
E-DCH (or DCH or the like) contains data of a high-order
protocol layer, the MAC receiving unit 311 outputs it as
high-order layer data (DTCH) to the high-order protocol
layer. The radio resource control unit 301, the MAC trans-
mission unit 303, the MAC scheduler unit 304 and the MAC
receiving unit 311 described above make up a transmission
control means. Also, the MAC transmission unit 303, the
MAC scheduler unit 304 and the MAC receiving unit 311
make up a part of a media access unit (MAC unit) 302.

FIG. 4 1s a table showing an example of specitying head-
room information of the transmission power of the mobile
station to be transmitted to the base station as SI (Scheduling
Information). In FIG. 4, index values constituting the SI sig-
naling information to be actually notified 1s shown on the left
side, and transmission power headroom values corresponding
to each index value on the right side. In the table, the value of
parameter X 1s notified to the radio resource control unit 201
of the mobile station as the setting information from the radio
resource control unit 301 of the base station control unit 104
and transierred to the MAC control unit 204. Also, the speci-
fication 1n FI1G. 4 includes a specification expression “X[dB]

or more” for indicating the range of the maximum value or
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more. For the other values, an index value “1”” 1n the table, for
example, represents “1[dB]|= a [dB] <2[dB]” indicating the
value within the range.

FIG. 5 shows a tlow for notifying (RRC_signalling) a set
value of the parameter (X) 1n FIG. 4. In the figure, the arrows
indicate starting and ending points, and although not indicat-
ing any relay point on the way, the notification 1s actually
transmitted and received through the base station 103 making
up a radio interface with the mobile station 102. First, the
radio resource control unit 301 of the base station control unit
104 determines the set value of the parameter (X) and outputs
it as the setting information (RRC_signalling: DCCH) to the
MAC transmission unit 303. The setting information data
inputted to the MAC transmission unit 303, as described with
reference to FIG. 3, 1s wirelessly transmitted through the
modulation unit 305, the transmission unit 306 and the
antenna 307 (step 501). The mobile station, upon receipt of
the setting information from the fixed station, transmits a
response signal (or a setting completion signal) to the fixed
station (step 502). The setting information from the base
station control unit i1s recerved and demodulated by each
block of the antenna 207, the recerving unit 209, the demodu-
lation unit 210, and the radio resource control unit 201 and
stored in the MAC control unit 204. The parameter thus stored
1s used as the specification of FIG. 4. Although FIGS. 4 and 5
show a case 1 which the X value 1s notified from the fixed
station, the X value may alternatively be a fixed value.

As described above, a detailed specification of the total
transmission power headroom of the mobile station 1s pro-
vided as SI, and the transmission power headroom value 1s
notified to the fixed station (base station). Therefore, the
operation 1n the communication system 1s unified and the
elliciency of the uplink radio resource control operation in the
fixed station 1s improved. Also, the provision of the specifi-
cation * . . . or more” reduces the number of signaling bits
from the mobile station to the fixed station 1s reduced. Further,
since the X value 1s designated by the fixed station, the radio
resource control operation such as uplink scheduling at the
fixed station can be made flexible.

FIG. 6 shows an example of the case 1n which the X value
1s provided as a fixed value 1n the written standard according
to a modification of the specification shown in FI1G. 4. In FIG.
6, a fixed value 21 1s provided as the X value. This 1s deter-
mined from the maximum value of the ratio of the E-DPDCH
channel transmission power to the DPDCH channel transmis-
sion power (1.e. the power offset amount described as AE-
DPDCH in FIG. 7) or the maximum value of the channel

amplitude (gain factor) corresponding to the power offset.
This 1s described below with reference to FIG. 7. In the table
shown 1in FIG. 7, the left column indicates “notification indi-
ces” (Signalling values for AE-DPDCH ) and the right column
“setting specification of the quantized E-DPDCH channel
amplitude coetlicient” (Quantized amplitude ratios). FIG. 7
shows power oflset amounts (AE-DPDCH) provided 1n a
known written standard, the setting specification of the quan-
tized E-DPDCH channel amplitude coetficient (ed) pro-
vided from the values of the power offset amounts and the
value to be notified (index: signalling value). The maximum
power oilset (=21) of E-DPDCH 1s calculated as shown
below from the maximum value (168/15) in the table.

AE-DPDCH=20xLog ,[(168/15)+10]=20.98=21

As described above, the maximum ratio of the E-DPDCH
channel power 1s 21 dB. Specifically, even 1n the case where

the transmission power of the mobile station has a margin of
21 dB or more which 1s the maxim ratio of the E-DPDCH

channel power determined as above, 1t has no meaning to the

[Equation 1]
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scheduling of the base station, and therefore, 1s not required to
be transmitted as the notification information. In this way, the
X value 1s provided as the maximum amount of the E-DP-
DCH channel transmission power ratio, and therefore, the
number of bits required for the notification (signalling) to the
base station from the mobile station 1s advantageously
reduced. Although the modification described above uses 21
as an 1deal maximum change amount, a value taking the
deviation specification of the transmission power ol the
mobile station nto consideration (e.g., 20 or 22) may be
employed. Also, in the case where the E-DPDCH channel
amplitude specification 1s changed during communication,
that value may be used. Further, a value with a margin of 27

dB or 29 dB, for example, may be set reflecting the number of
E-DPDCHs that can be transmitted at the same time or the
offset amount of gain factor due to the difference in the
diffusion coeflicient (SF). As described above, according to
the modification of the present embodiment, the X value 1s
provided as a standard, and therefore, the number of signaling
bits from the mobile station to the fixed station can be further
reduced.

Embodiment 2

FIG. 8 1s a table showing an example of specitying head-
room 1mnformation of transmission power of the mobile station
to be transmitted to the base station as SI (Scheduling Infor-
mation) according to a second embodiment of the present
invention. In FIG. 8, no range 1s designated other than “more
than 21 [dB]”’. The MAC control unit 204 of the mobile
station 102 executes preprocessing at the time of selecting a
value 1 the table quantized from the transmission power
information transmitted by the transmission power measure-
ment control umt 208 and, by selecting a specified value,
transmits the corresponding value (signalling value) to the
base station 103. Various preprocessing methods are available
including (1) selecting a value rounded up, (2) selecting a
value rounded down, (3) selecting a value rounded off, and (4)
selecting a value rounded up or rounded down according to
the direction in which the transmission power headroom 1s
increased or decreased. Among them, one method 1s provided
in accordance with the written standard or the implementa-
tion of the mobile station. The method of (1), (2) or (3) may be
selected by the fixed station and notified to the radio control
unit 201 to designate the operation of the mobile station.

As described above, the detailed specification of the total
transmission power headroom of the mobile station 1s pro-
vided as SI and notified from the mobile station to the base
station. Therefore, the operation of the mobile stations 1n the
communication system is unified and the efficiency of the
uplink radio resource control operation at the fixed station 1s
improved. Also, the radio resource control operation such as
the uplink scheduling at the fixed station can be made flexible
by designating the preprocessing method at the fixed station.

Embodiment 3

A third embodiment of the present invention 1s described
below with reference to FIG. 9. According to the present
embodiment, the specification “X [dB] or more” 1s provided
depending on the commumnication speed. According to the
W-CDMA, a total mass (E-TFCS:E-TFC Set) of data com-
munication speed setting (referred to as E-TFC 1n 3GPP)
required for the communication service 1s set between the
radio resource control unit 201 of the mobile station and the
radio resource control unit 301 of the fixed station 1n an nitial
stage of or during the communication. As to the E-TFCS, all
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the mass elements are notified or the whole 1s completed by
the mobile station from part of the setting (referred to as

Retference E-TFC 1n 3GPP) information. Once a minimum
speed (E-TFC, min) and a maximum speed (E-TFC, max)
provided inthe E-TFCS are set, the corresponding E-DPDCH
channel amplitude (gain factor) and the transmission channel
power are determined, and therefore, the change width of the
E-DPDCH transmission power can be determined. As
described in the modification of the first embodiment, there-
fore, even 1n the case where the transmission power of the
mobile station has a larger margin, 1t 1s meaningless for the
scheduling at the base station and not required to be transmit-
ted as information. In this way, by providing the X value by
the maximum value of the E-DPDCH channel transmission
power ratio set i actual communication, the number of bits
required for the notification (signalling) from the mobile sta-
tion to the fixed station 1s reduced. In the case where the
E-DPDCH channel amplitude specification shown in FIG. 7
1s changed, 1t indicates not less than the maximum value.
Since E-TFCS 1s changed, as shown in the table of the SI
specification in FIG. 9, an exclusive specification column 1s
prepared for providing a specification (or interpretation of the
specification) “not less than the maximum power ratio [dB]
(of the maximum E-DPDCH channel provided from
E-TFCS)” but not the specification (or the interpretation of
the specification) “X [dB] or more”. Not the whole E-TFCS
but several standard E-TFC (Reference E-TFC) may be noti-
fied to the mobile station. In such a case, the maximum power
difference may be determined from the standard E-TFC.

As a modification of the present embodiment, a case 1s
described below in which the maximum speed setting 1s
E-TFC having a specified attribute at a certain point in time of
transmission of the mobile station. As described in Non-
Patent Document 1, the status 1s provided by each E-TFC 1n
E-TFCS. The status 1s of two types including (1) usable
(supported) and (2) not usable (blocked). In the case where
the usable (supported) state or the unusable (blocked) state
can be determined by an arithmetic means of the total trans-
mission power headroom 1n at least one specific transmission
timing section (11, slot, frame, and the like), the transition
between states 1s a quasi-static operation, and therefore, may
be adapted to indicate a value not less than the power differ-
ence corresponding to the difference between maximum and
minimum speeds of E-TFC 1n usable (supported) state. As
described above, a detailed specification about the total trans-
mission power headroom of the mobile station 1s provided as
SI and notified from the mobile station to the base station.
Theretfore, the operation of the mobile stations 1n the com-
munication system 1s unified and the efficiency of the uplink
radio resource control operation in the fixed station 1s
improved.

As a second modification of the third embodiment
described above, the situation of the transmission power
headroom at about the point in time of the SI transmission
may be retlected 1n such a manner that the exclusive specifi-
cation column may be adapted to indicate not less than the
power difference between the E-DPDCH channel transmis-
sion power corresponding to E-TFC used for the E-DCH data
transmission immediately before the SI transmission point
(or the E-DPDCH channel transmission power actually used)
and the E-DPDCH channel transmission power correspond-
ing to the maximum speed (E-TFC, max).

Embodiment 4

A fourth embodiment of the present invention 1s described
below with reference to FIG. 10. According to the present
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embodiment, the interpretation of the specification “X [dB] or
more” 1s provided to mean “out of the measurement (estima-

tion) range of the total transmission power of the mobile
station”. As an expression in the standard, however, the speci-
fication may be described as “out of the range” 1instead of “X
|[dB] or more”. The transmission power measurement control
unit 208 of the mobile station 1s supplied with the radio signal
(RF_signal) from the transmission unit 206 to measure (or
estimate) the transmission power. In a known radio signal
measurement technique, for example, a method 1s used in
which the envelope of a radio signal 1s detected using a diode
and smoothed by a capacitor. In such a case, the normal
mobile unit implementation 1s designed in such a manner as to
include a measurement range from “the value of the maxi-
mum total transmission power setting (Pmax) as capability of
the mobile station™ to “Pmax less the maximum change of the
total transmission power”. This 1s by reason of the fact that in
the case where the maximum power change occurs from the
total transmission power out of the small range of the trans-
mission power, for example, the power cannot be controlled
in such a manner as to limit the total transmission power of the
mobile station to the maximum total transmission power set-
ting (Pmax) level. In other words, the SI transmission to the
base station indicates that the total transmission power of the
mobile station 1s out of the measurement range. As described
above, a detailed specification of the total transmission power
headroom of the mobile station 1s provided as SI and notified
from the mobile station to the base station. Therefore, the
operation of the mobile stations 1n the communication system
1s unified, and the efficiency of the control operation of the
uplink radio resources in the fixed station 1s effectively
improved. Also, since the information 1n the immeasurable
range 1s not notified as the transmission power headroom
information, the number of bits indicating the value (signal-
ling value) for the notification as SI 1s reduced.

According to the present embodiment, the information on
the capability of the mobile station (UE capability) may be
notified to the radio resource control unit 301 (or the MAC
scheduler unit 304 of the base station through the radio
resource control unit 301) of the fixed station by exchange of
the setting information (RRC_signalling) 1n an 1n1tial stage of
the communication. As a result, the notification 1s retflected in
the uplink scheduling result at the fixed station and the radio
resources are not assigned wastetully, thereby {further
improving the efficiency of the communication system. In the
case where the assigmnent of the radio resources 1s limited at
the fixed station, on the other hand, the value specifying “out
of the range” may be notified to the mobile station. As a resullt,
a flexible communication system can be constructed regard-
less of a specific equipment manufacturer of the fixed station.

Embodiment 5

FIG. 11 1s a table showing an example of specifying head-
room 1nformation of transmission power of the mobile sta-
tion, transmitted to the base station as SI (Scheduling Infor-
mation). According to the fifth embodiment, the headroom
information 1s determined from the minimum value (or the
corresponding channel amplitude (gain factor)) 1n the speci-

fication of the power offset amount (AE-DPDCH) of the
E-DPDCH channel transmission power from the DPCCH
transmission power as shown in FI1G. 7. Referring to FIG. 7
shown for describing the first embodiment, the minimum
power oifset of E-DPDCH 1s calculated as shown below from
the minmimum value (5/15) 1n the table.

AE-DPDCH=20xLog;o[(5/15)+10]=-9.5=-10 [Equation 2]
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In the case where the transmission power headroom of the
mobile station 1s not more than the value described above, the

information 1s meaningless for scheduling of the base station
and not required to be transmitted. Also, in the case where the
transmission power headroom i1s smaller than the minimum
value of the quantized channel amplitude (gain factor)
according to a known standard, on the other hand, the speci-
fication 1s provided to set E-DPDCH to non-transmission
(DTX; equivalent to zero in gain factor). In thus way, by
specifying the SI noftification range using the E-DPDCH
channel transmission power offset (minimum) value, the
number of bits required for notification from the mobile sta-
tion to the base station 1s effectively reduced. Although a fixed
value 1s provided as a minmimum value according to the afore-
mentioned embodiment, 1t may alternatively be set by notifi-
cation from the fixed station. As a result, efficient scheduling
1s made possible by the fixed station. Also, 1n the case where
the E-DPDCH channel amplitude specification 1s changed,
the mimimum value of the changed value may be used. Fur-
ther, a specific limit value such as —11 may be set taking an
estimation error of the total transmission power headroom
into consideration. In view of the fact that a detailed specifi-
cation of the total transmission power headroom of the mobile
station 1s provided as SI and notified from the mobile station
to the fixed station as described above, the operation of the
mobile stations 1n the communication system 1s unified and
the efficiency of the control operation for the uplink radio
resources 1n the fixed station 1s improved. The specification or
the interpretation *. . . [dB] or less”, “less than . . . [dB]” or
“out of the range” meaning “out of the range” may be pro-
vided as 1n the first embodiment. Also, instead of fixing the
transmission power headroom at equal 1ntervals (steps), such
measures may be taken as (1) setting at unequal intervals, (2)
setting a plurality of dB steps, (3) notifying a step value from
the fixed station, (4) setting by calculation in the mobile
station, or the like. Further, the specification may assume a
value with a margin such as -11 dB.

Embodiment 6

FIG. 12 1s a table showing an example of specitying the
headroom information of the transmission power of the
mobile station, transmitted to the base station as SI (Sched-
uling Information) according to a sixth embodiment of the
present invention. In FIG. 12, the column to the extreme left
represents the value (SI signalling value) actually notified to
the base station as SI and the next right column the corre-
sponding transmission power headroom value (expressed by
dB). The right half column 1s 1dentical with the table of the
E-DPDCH channel amplitude (1.e. the gain factor (fed)) and
the signalling value thereof shown 1n FIG. 7 according to the
first embodiment. The quantized transmission power head-
room (expressed by dB) value 1s determined by calculating
the AE-DPDCH power offset value (expressed by dB) back
from the value of the E-DPDCH channel amplitude 1n the
extreme right column. The quantization steps are also set at
the same intervals. By using the value of the quantized trans-
mission power headroom (expressed by dB) identical with the
power oflset (AE-DPDCH) value of the E-DPDCH channel
power, the need of specilying the value of the transmission
power headroom for SI notification 1s eliminated, and there-
fore, the size of the storage unit of the mobile station can be
reduced. Also, according to the present embodiment, the
same SI value 1s used for notification (signalling value) to the
base station and the signalling value for the gain factor. By
doing so, no value for SInotification 1s specifically required to
be provided as in the aforementioned case, and the size of the
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storage unit of the mobile station can be reduced. Although
the “unused” (reserved) column 1s provided 1n FIG. 12, it may
be combined with the specification suchas* ... [dB] or more”™
or “out of range” as in the first to fourth embodiments
described above. Also, as 1n the fifth embodiment, it may be
combined with the specification meaning . . . [dB] or less (or
less than . . . [dB])”.

Further, although the present embodiment represents a
case1n which all the values of the steps of the quantized power
offset AE-DPDCH are used, they can also be prepared sepa-
rately. As a modification of the present embodiment, the
transmission power headroom value can also be specified in

rough steps as compared with AE-DPDCH. In such a case, by

preparing a table in the form partially extracted from the
values 1n the table of FIG. 12, the bit (or the flag) indicating a
particular value of AE-DPDCH used (o or x) 1s stmply set in
correspondence with the value. Therefore, the storage area 1s
less increased. In this case, the SI value (signalling value)
notified to the base station 1s not 0 to 29, for example, but the
steps in the number of 2%-1 are extracted and set in corre-
spondence with 0 to 2*-1 thereby to reduce the number of bits
required. Further, the number 2°-1 may be specified by add-
ing the provision reflecting the number of the E-DPDCH
simultaneous transmission channels or the diffusion coeili-
cient. As described above, a detailed provision of the total
transmission power headroom of the mobile station 1s pro-
vided as SI and notified from the mobile station to the base
station. Therefore, the operation of the mobile stations 1n the
communication system 1s unified and the efficiency of the
control operation of the uplink radio resources 1n the fixed

station 1s 1mproved.

Embodiment 7

FIG. 13 1s a table showing an example of specifying the
headroom 1information of the transmission power of the
mobile station, transmitted to the base station as SI (Sched-
uling Information). According to the present embodiment, an
integer near to the value of the transmission power headroom
shown 1n FIG. 12 according to the alforementioned embodi-
ment 1s used for expression of the transmission power head-
room value. Since a numerical value as high 1n accuracy as in
FIG. 12 1s not used, the number of bits for storing the SI
provision 1n the mobile station 1s reduced. According to the
present embodiment, the expression such as “ . . . [dB] or
more” 1s not specifically used for the display in the table
specilying the transmission power headroom. In this case,
only the interpretation of the specification (21 dB 1n FIG. 13)
of the maximum value may be described 1n a separate written
standard to interpret not less than that value (1.e. to interpret as
“21 [dB] or more”). In stmilar fashion, the provision indicat-
ng, . [dB] or less” shown 1n the fifth embodiment may be
specified. Further, as in the modification of the sixth embodi-
ment described above, the interval between the steps of the SI
specification may be reduced. In this way, as long as effective,
the methods of specification according to the first to fifth
embodiments may be combined. As described above, a
detailed specification i1s provided as SI for the total transmis-
s1on power headroom of the mobile stations and notified from
the mobile station to the base station. Theretfore, the operation
of the mobile stations 1in the communication system are uni-
fied, and the efficiency of the control operation of the uplink
radio resources at the fixed station 1s improved.

Embodiment 8

According to the eighth embodiment of the present inven-
tion, as a specified value or step of the headroom quantity of
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the transmission power of the mobile station, transmitted to
the base station as SI (Scheduling Information), the same one

as the scheduling result information (the specification of the
power oilset provided from E-AGCH or E-RGCH) notified
from the base station 102 or the specification of the power
offset amount (Serving Grant) in the mobile station reflecting
the scheduling result information 1s used. This 1s by reason of
the fact that 1n the case of E-AGCH, like the value of the
transmission power headroom, the notification 1s made 1n the
form of the power oflset amount of the E-DPDCH channel
power from the DPCCH channel power, and E-RGCH or the
offset amount in the mobile station specifies the power offset
amount usable by the mobile station. According to the latest
current standard, the AGCH specification (value and step) 1s
not yet determined, and may employ (1) the same specifica-
tion as, (2) the specification extracted from or (3) the speci-
fication including the one according to the first to seventh
embodiments described above. The provision similar to the
specification of the E-AGCH or E-RGCH or the offset
amount 1n the mobile station eliminates the need of securing
a specific storage area to specily the transmission power
headroom for the same specified amount. Thus, the storage
area of the mobile station 1s further reduced and the configu-
ration of the mobile station 1s not complicated. As described
above, a detailed specification of the total transmission power
headroom of the mobile station 1s provided as SI and notified
from the mobile station to the base station. Thus, the opera-
tion of the mobile stations 1n the communication system are
unified, and the efliciency of the control operation of the
uplink radio resources 1n the fixed station 1s improved. The
specification of E-AGCH and E-RGCH have different pur-
poses, and therefore, not necessarily have the same specifi-
cation as the SI power headroom, but (1) may be partly

identical or (2) one of them may include the other.

Embodiment 9

FIG. 14 1s a table showing an example of specifying the
headroom information of the transmission power of the
mobile station transmitted to the base station as SI (Schedul-
ing Information). The table according to the present embodi-
ment represents an example providing that the maximum
E-TFC information available for use with the headroom
quantity of the transmission power ol the mobile station 1s
notified to the base station. In setting E-TFCS 1n the nitial
stage of the communication or changing (Reconfiguring)
E-TFCS during the communication, the MAC control unit
204 of the mobile station calculates the power oflset of the
E-DPDCH channel at the time of transmission in each E-TFC
from the E-TFCS information and stores 1t in the MAC con-
trol unit 204. As described in the first embodiment, the MAC
control umt 204 has the function of selecting one E-TFC
based on the transmission power headroom quantity before
E-DCH data transmission. The utilization of this function
climinates the need of the processing tunction for specific SI
notification and thereby advantageously simplifies the con-
figuration of the mobile station. As described above, a
detailed specification 1s provided about the total transmission
power headroom of the mobile station as SI and notified from
the mobile station to the base station. Therefore, the operation
of the mobile stations 1n the commumnication system 1s unified,
and the efliciency of the control operation of the uplink radio
resources 1n the fixed station 1s improved.

In the case where a plurality of E-TFC 1s available for the
same or about the same transmission power headroom 1n each
specification shown 1in FI1G. 14, the E-TFC associated with the

channel (DTCH or DCCH) of the high-order layer having the
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highest priority order of transmission may be used. Also, in
the case where the communication quality (QoS) required of
cach high-order layer channel or the combination thereof 1s
different with respect to the priority order of the high-order
layer channel, an additional channel power offset amount set
from the QoS may be specified 1n addition to the power offset
amount determined from the communication speed (E-TFC).

By taking this additional power offset (referred to as the
power olilset attribute parameter of HARQ profile in Non-
Patent Document 1) into consideration, the E-TFC notified as
SI may be selected. As a result, the radio resource control
reflecting the transmission data QoS 1s made possible for a
turther 1improved efliciency of the control operation of the

radio resources.

Embodiment 10

A tenth embodiment specifies a manner 1n which the trans-
mission power headroom situation of the mobile station 1s
reflected 1n criteria of setting of the happy bit. In the Non-
Patent Document 1 described 1n the section of Background
Art, the criteria (happy or unhappy) of the happy bit are set in
such a manner that the situation 1s determined as “unhappy”
and the corresponding information notified to the base station
only 1n the case where two conditions are satisfied, 1.e. (1) the
transmission power has such a margin as to permit the trans-
mission with E-TFC higher in communication speed (E-TFC)
than actually used for the E-DCH data transmission, and (2)
the data amount requiring the transmission time not less than
a certain set value 1s stored in the transmission buflfer. Accord-
ing to the present embodiment, the condition (1) for deter-
mimng as “unhappy’ 1s changed so that the situation 1s deter-
mined as “unhappy’ 1n the case where the transmission power
has such a margin that transmission 1s possible with E-TFC
larger than the maximum transmission speed (E-TFC, max).
The scheduler of the base station 1s not required to consider
the transmission power offset more than the maximum setting,
of E-TFC set (configured) 1n the 1nitial stage of or during the
communication, and therefore, the additional information 1s
meaningless. The happy bit determination according to the
present embodiment based on whether the transmission
power headroom 1s more than that required for the maximum
transmission speed (E-TFC, max) makes 1t possible to supply
the transmission power corresponding to the unrequired
transmission power headroom to other mobile stations, and
therefore, the communication system can be used elfficiently.
As described above, a detailed specification of the total trans-
mission power headroom of the mobile station 1s provided as
SI and notified from the mobile stations to the base station.
Thus, the operation of the mobile stations 1n the communica-

tion system are unified and the eff]

iciency of the uplink control
of the radio resources in the fixed station 1s improved. The
specification of the happy bit information according to the
present embodiment may be combined with the SI specifica-
tion according to the first to ninth embodiments described
above. By doing so, the communication system can be used
more eificiently.

Embodiment 11

The 11th embodiment of the present invention represents a
manner 1n which the transmission power headroom situation
of the mobile stations 1s specified in the happy bit setting
standard. According to the present embodiment, the condition
(1) for the conventional “unhappy” determination method
described above 1n the tenth embodiment 1s changed 1n such
a manner that the situation 1s determined as “unhappy” 1n the
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case where the transmission power has a margin for a certain
set value (*Y [dB] or more™). This set value may be notified

(RRC_signalling) from the radio resource control unit 301 of
the fixed station or specified as a new version of the written
standard by amendment thereof. The method of notification
from the fixed station to the mobile stations 1s similar to that
shown 1n the flow of FIG. 5 according to the first embodiment.
Since the set value 1s notified from the fixed station, a thresh-
old value for determining an optimum “unhappy” bit can be
set taking the whole communication system 1nto consider-
ation by the fixed station, and therefore, the flexible control of
the communication system 1s made possible. As described
above, a detailed specification of the total transmission power
headroom ofthe mobile stations 1s provided as SI and notified
from the mobile stations to the base station. Thus, the opera-
tion of the mobile stations of the communication system 1s
unified, and the efficiency of the uplink control operation of
the radio resources 1n the fixed station are improved. The
specification of the happy bit information according to the
present embodiment can be combined with the SI specifica-
tion according to the first to ninth embodiments described
above. By doing so, the communication system can be used
more eificiently.

Embodiment 12

FIG. 15 1s a table showing an example of specifying the
headroom information of the transmission power of the
mobile station transmitted to the base station as SI (Schedul-
ing Information). According to this twelfth embodiment, the
specification of the power offset amount 1s defined using a
square of the specified gain factor value of E-DPDCH shown
in FI1G. 7. Also, up to a maximum of four E-DPDCH channels
(1.e. diffusion codes) transmissible at a time can be set 1n
E-DCH, and in order to specity the transmission 1n this code
multiplexing operation, the power oflset value shown 1n the
sixth embodiment 1s expanded. In the case where the power
offset value is expanded in this way, an index of 0 to 2*-1 (or
2°-1) is not expressed by use of four bits (or five bits) as
shown 1n the atorementioned embodiments, but the specifi-
cation 1s provided using, for example, six bits, or the like. As
described above, a detailed specification of the total transmis-
sion power headroom of the mobile station 1s provided as SI
and notified from the mobile station to the base station. Thus,
the operation of the mobile stations in the communication
system 1s unified, and the efficiency of the uplink control
operation of the radio resources in the fixed station 1is
improved.

Also, the SI and the specification are provided from the
gain factor specification and the setting of the number of
E-DPDCH simultaneous transmission channels specified
according to the standard. Therefore, a storage area for SI
specification 1s not specifically required to be secured and the
configuration of the mobile station 1s not complicated.
According to the present embodiment, the expression . .. or
more” 1s not specifically used for indication in the table of the
specification of the transmission power headroom. In this
case, the written standard may contain a specific description
that only the specification (168/15)**6 in FIG. 15) of the
maximum value 1s interpreted to be equal to or more than that
value. In a stmilar fashion, the specification indicating ““ . . . or
less” as shown 1n the fifth embodiment may be provided.
Further, in order to save the radio resources for signalling by
limiting the number of bits for the index to four or five, either
(1) the interval of the steps of the SI specification may be
reduced as in the modification of the sixth embodiment
described above, or (2) the smaller one of the power head-
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rooms, for example, may be partially extracted. In this way,
the effect of each embodiment 1s produced by combining each
embodiment.

Also, according to the present embodiment, the maximum
specification 1s provided using the maximum number (=4) of
the E-DPDCH channels transmissible at the same time and
the maximum E-DPDCH gain factor (=168/15). As an alter-

native, a specification using another gain factor (for example,
(150/15)**4) may be provided (1) for a sufficiently large
power headroom value (for example, (168/15)°*5) or (2) a
suificiently large number of E-DPDCH channels. Further, for
convenience’ sake, the value expressed by dB corresponding
to the true value described above may be added to the written
standard.

Also, the SI and the specification are provided from the
gain factor specification and the setting of the number of
E-DPDCH simultaneous transmission channels specified
according to the standard. Therefore, a storage area for SI
specification 1s not specifically required to be secured and the
configuration of the mobile station 1s not complicated.
According to the present embodiment, the expression . . . or
more” 1s not specifically used for indication in the table of the
specification of the transmission power headroom. In this
case, the written standard may contain a specific description
that only the specification ((168/15)2%6 in FIG. 15) of the
maximum value 1s interpreted to be equal to or more than that
value. In a stmilar fashion, the specification indicating *“ . . . or
less” as shown 1n the fifth embodiment may be provided.
Further, 1n order to save the radio resources for signalling by
limiting the number of bits for the index to four or five, either
(2) the interval of the steps of the SI specification may be
reduced as i the modification of the sixth embodiment
described above, or (2) the smaller one of the power head-
rooms, for example, may be partially extracted. In this way,
the effect of each embodiment 1s produced by combining each
embodiment.

Also, according to the present embodiment, the maximum
specification 1s provided using the maximum number (=4) of
the E-DPDCH channels transmissible at the same time and
the maximum E-DPDCH gain factor (=168/15). As an alter-
native, a specification using another gain factor (for example,
(150/15)2*4) may be provided (1) for a suiliciently large
power headroom value (for example, (168/15)2%3) or (2) a
suificiently large number of E-DPDCH channels. Further, for
convenience’ sake, the value expressed by dB corresponding
to the true value described above may be added to the written
standard.

Although only the frequency multiplexing (FDD) method
1s described 1n each embodiment of the present invention, a
similar effect can be produced also by the time multiplexing
(TDD) or the combination of the frequency multiplexing
(FDD) and the time multiplexing (TDD), and the present
invention 1s not limited to the aforementioned embodiments.

INDUSTRIAL APPLICABILITY

The present mnvention 1s applicable to a mobile communi-
cation terminal device as a whole including a cellular tele-

phone operated 1n a radio communication system based on
3GPP standard.

The invention claimed is:

1. A communication method comprising:

sending, from a mobile station to a base station, mobile
station transmission power headroom 1nformation
reflecting headroom quantity of transmission power in
the mobile station:
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indicating uplink radio resources from said base station to
said mobile station on a basis of said mobile transmis-
sion power headroom information; and

sending data from said mobile station to said base station

according to said indication of said uplink radio
resources by said base station,

wherein a selected one of a first signaling value reflecting

that headroom quantity of mobile station transmission
power 1s contained within a first range having a prede-
termined first lower limit quantity and a predetermined
upper limit quantity, and a second signaling value
reflecting that headroom quantity of said mobile station
transmission power 1s contained within a second range
having a predetermined second lower limit quantity, 1s
sent as said mobile station transmission power head-
room information in the step of sending said mobile
station transmission power headroom information.

2. The communication method of claim 1, wherein said
second lower limit quantity 1s equal to or greater than said
upper limit quantity.

3. A method comprising:

sending, from a mobile station to a base station, informa-

tion indicating mobile station transmission power head-
room, wherein the information is selected from (i) a first
signaling value reflecting that mobile station transmis-
sion power headroom is within a first range having a
predetermined first lower limit quantity and a predeter-
mined upper limit quantity, and (ii) a second signaling
value reflecting that mobile station transmission power
headroom is within a second rvange having a predeter-
mined second lower limit quantity,

receiving, at said mobile station from said base station, an

indication of uplink radio resources;

and sending, from said mobile station to said base station,

data according to said indication of said uplink rvadio
resources.

4. The method of claim 3, wherein said second lower limit
quantity is equal to ov greater than said upper limit quantity.

5. The method of claim 3, wherein the information indicat-
ing mobile station transmission power headroom is schedul-
ing information.

6. The method of claim 3, wherein the second signaling
value is 31.

7. The method of claim 3, wherein the uplink radio
resources ave enhanced dedicated channel vesources.

8. The method of claim 3, wherein the second lower limit
quantity is based on an indication received from the base
station using radio vesource control signaling.

9. The method of claim 3, wherein the indication of uplink
radio resources is rveceived from the base station using an
enhanced absolute grant channel.

10. The method of claim 3, whevein the information indi-
cating mobile station transmission power headrvoom is a ratio
between a maximum total transmission power and a power of
a dedicated physical control channel.

11. The method of claim 10, wherein the maximum total
transmission power is determined based on a capability of the
mobile station.

12. The method of claim 3 further comprising:

determining a buffer amount based on a data amount not

vet transmitted on at least one data buffer in the mobile
station;

and sending, from said mobile station to said base station,

an indication of the buffer amount.

13. A method comprising:

receiving, at a base station from a mobile station, informa-

tion indicating mobile station transmission power head-
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room, whevein the information is selected from (i) a first
signaling value reflecting that mobile station transmis-
sion power headroom is within a first range having a
predetermined first lower limit quantity and a predeter-
mined upper limit quantity, and (ii) a second signaling >
value reflecting that mobile station transmission power
headroom is within a second vange having a predeter-
mined second lower limit quantity,

sending, from said base station to said mobile station, an
indication of uplink radio resources on a basis of said
mobile transmission power headroom information;

and receiving, at said base station from said mobile station,
data according to said indication of said uplink radio
resources by said base station.

14. The method of claim 13, wherein said second lower
[imit guantity is equal to ov greater than said upper limit
quantity.

13. The method of claim 13, wherein the information indi-
cating mobile station transmission power headroom is sched-
uling information.

16. The method of claim 13, wherein the second signaling
value is 31.

17. The method of claim 13, wherein the uplink radio
resources are enhanced dedicated channel vesources. 55
18. The method of claim 13, wherein the second lower limit
quantity is based on an indication transmitted from the base

station using rvadio resource control signaling.

19. The method of claim 13, wherein the indication of
uplink radio resources is sent to the mobile station using the -,
enhanced absolute grant channel.

20. The method of claim 13, whevrein the information indi-
cating mobile station transmission power headvoom is a ratio
between a maximum total transmission power and a power of
a dedicated physical control channel. 15

21. The method of claim 20, wherein the maximum total
transmission power is detevmined based on a capability of the
mobile station.

22. The method of claim 13 further comprising receiving an
indication of a buffer amount from said mobile station to said
base station, wherein the buffer amount is based on a data
amount not yet transmitted on at least one data buffer in the
mobile station.

23. A mobile station configured to:

send mobile station transmission power headroom infor- ,4

mation, wherein the information is selected from (i) a
fivst signaling value veflecting that mobile station trans-
mission power headroom is within a first vange having a
predetermined first lower limit quantity and a predeter-
mined upper limit quantity, and (ii) a second signaling
value reflecting that mobile station transmission power
headroom is within a second vange having a predeter-
mined second lower limit quantity;

receive an indication of uplink vadio resources from said

base station; 55
and send data according to said indication of said uplink
radio resources to said base station.

24. The mobile station of claim 23, wherein said second
lower limit quantity is equal to or greater than said upper
[imit quantity. 60

25. The mobile station of claim 23, wherein the mobile
station transmission power headroom information is sched-
uling information.

26. The mobile station of claim 23, wherein the second
signaling value is 31.
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27. The mobile station of claim 23, wherein the uplink radio
resources ave Enhanced Dedicated Channel resources.

28. The mobile station of claim 23, wherein the second
lower limit guantity is based on an indication received from
the base station using radio vesource control signaling.

29. The mobile station of claim 23, wherein the indication
of uplink radio resources is received from the base station
using the enhanced absolute grant channel.

30. The mobile station of claim 23, wherein the mobile
station transmission power headroom information is a ratio
between a maximum total transmission power and a power of
a dedicated physical control channel.

31. The mobile station of claim 30 further configured to
determine the maximum total transmission power based on a

capability of the mobile station.

32. The mobile station of claim 23 further configured to:

determine a buffer amount based on a data amount not yet

transmitted on at least one data buffer in the mobile
station;

and send an indication of the buffer amount to said base

station.

33. A base station configured to:

receive mobile station transmission power headroom

information, whevein the information is selected from (i)
a first signaling value rveflecting that mobile station
transmission power headroom is within a first vange
having a predetermined first lower limit quantity and a
predetermined upper limit guantity, and (ii) a second
signaling value reflecting that mobile station transmis-
sion power headroom is within a second range having a
predetermined second lower limit quantity;

transmit an indication of uplink radio resources to said

mobile station on a basis of said mobile transmission
power headroom information;,

and receive data from said mobile station according to said

indicated uplink radio resources.

34. The base station of claim 33, wherein said second lower
[imit guantity is equal to or greater than said upper limit
quantity.

35. The base station of claim 33, wherein the mobile station
transmission power headroom information is scheduling
information.

36. The base station of claim 33, wherein the second sig-
naling value is binary 31.

37. The base station of claim 33, wherein the uplink radio
resources are enhanced dedicated channel vesources.

38. The base station of claim 33, wherein the second lower
limit quantity is based on an indication transmitted from the
base station using radio resource control signaling.

39. The base station of claim 33, wherein the indication of
uplink vadio vesources is transmitted to the mobile station
using an enhanced absolute grant channel.

40. The base station of claim 33, wherein the mobile station
transmission power headvoom information is a vatio between
a maximum total transmission power and a power of the
dedicated physical control channel.

41. The base station of claim 40, wherein the maximum
total transmission power is determined based on a capability
of the mobile station.

42. The base station of claim 33 further comnfigured to
receive an indication of a buffer amount from said mobile
station, wherein the buffer amount is based on a data amount
not vet transmitted on at least one data buffer in the mobile
station.
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In the Drawings

In FIG. 2, under the arrow representing the demodulation signal output from receiving unit 209 to
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In FIG. 3, under the arrow representing the demodulation signal output from receiving unit 309 to
demodulation unit 310, “Dernod_signal” should read --Demod_signal--.

In the Specification
In column 4, line 3, “predetatermined’ should read --predetermined--.

In column 6, line 19, “various communication setting” should read --various communication
settings--.

In column 6, lines 22-23, “various setting.” should read --various settings.--.

In column 7, line 30, “modulation unit 204”° should read --modulation unit 205--.

In column 8, line 38, “various setting”” should read --various settings--.

In column 8§, line 60, “Various setting 1s possible” should read --Various settings are possible--.
In column 16, line 5, “base station 102’ should read --base station 103--.

In column 18, line 59, “(168/15)°*6 in FIG. 15)” should read --((168/15)°*6 in FIG. 15)--.
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