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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Application
Inventors: Kenichi MIYOSHI, et al.

Appln. No.: New Continuation Application of
10/089,605 filed April 1, 2002

Filed: December 18, 2002

For: COMMUNICATION TERMINAL APPARATUS, BASE STATION
APPARATUS, AND RADIO COMMUNICATION METHOD

PRELTMINARY AMENDMENT

Assistant Commissioner of Patents
Washington, D.C. 20231

Sir:

Please amend the above-captioned application as follows:

IN THE SPECIFICATION

Please inseft the following paragraph at page 1, between lines
4 and 5: ‘

--This is a continuation of application number 10/089,605

filed April 1, 2002.--

IN THE CLAIMS

Please amend claims 1-20 to read as follows (Exhibit I
contains a marked up version):
1. (Amended) A communication terminal apparatus used in a

communication system in which communication resources are allocated

IPR2018-01474
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to each communication terminal apparatus based on downlink channel
quality, said communication terminal apparatus comprising:

a measurer that measures downlink channel quality; and

a transmitter that transmits a notification signal to notify
a base station apparatus of information that indicates said
downlink channel quality;

wherein said notification signal includes information made
less susceptible to errors in a propagation path, the information,
among information indicative of channel quality, having a
possibility of decreasing the downlink throughput when the

information is received erroneously in said base station apparatus.

2. (Amended) The communication terminal apparatus according
to claim 1, wherein said transmitter transmits with 1less
susceptibility to errors in a propagation path in proportion to a
notification signal that indicates that said downlink channel

quality is good.

3. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits with transmission
power increased in proportion to a notification signal that

indicates that said downlink channel quality is good.

IPR2018-01474
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4. (Amended) The communication terminal apparatus according
to claim 3, further comprising a controller that controls
transmission power of a pilot signal,

wherein said transmitter transmits with a notification signal
that indicates said downlink channel gquality better than a
predetermined channel quality set to higher transmission power than
pilot signal transmission power, and a notification signal that
indicates said downlink channel quality poorer than a predetermined
channel quality set to lower transmission power than pilot signal

transmission power.

5. (Amended) The communication terminal apparatus according
to claim 3, further comprising:

a table that indicates a correspondence between a notification
signal and transmission poﬁer; and

a rewriter that rewrites contents of said table in accordance
with a control signal from a base station apparatus,

wherein said transmitter adjusts a notification signal to

predetermined transmission power based on said table.

6. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits after performing

conversion to a code word with a size of a code word minimum

IPR2018-01474
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distance proportional to a notification signal that indicates that

said downlink channel quality is good.

7. (Amended) The communication terminal apparatus according
to claim 6, further comprising:

a table that indicates a correspondence between a notification
signal and a code word; and

a rewriter that rewrites contents of said table in accordance
with a control signal from a base station apparatus,

wherein said transmitter converts a notification signal to a

predetermined code word based on said table.

8. (Amended) The communication terminal apparatus according
to claim 2, further comprising a determiner that determines a
communication mode indicated by a combination of modulation method
and coding method based on channel quality,

wherein said transmitter makes a notification signal a signal

that indicates a communication mode.

9. (Amended) The communication terminal apparatus according
L

to claim 2, wherein:

said measurer measures pilot signal reception quality; and

IPR2018-01474
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said transmitter makes a notification signal a signal that

indicates a pilot signal reception quality value.

10. (Amended) The communication terminal apparatus according
to claim 1, wherein:

said measurer measures pilot signal reception quality; and

said transmitter transmits a notification signal made less
susceptible to errors in a propagation path in proportion to
information for which an amount of change is large within
information used to indicate a pilot signal reception quality

value.

11. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal
converted to a code word whose code length is proportional to a

value of an upper digit.

12. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal with
transmission power increased in proportion to a value of an upper

digit.
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13. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal spread
with a spreading code whose spreading factor is higher in

proportion to a value of an upper digit.

14. (Amended) A base station apparatus comprising:

a receiver that receives a notification signal transmitted
from the communication terminal apparatus according to claim 1;

a measurer that measures reception power of a notification
signal;

a detector that detects a notification signal whose reception
power is less than a predetermined threshold value; and

a determiner that determines downlink communication resource
allocation using a notification signal excluding a detected
notification signal from a received Plurality of notification

signals.

15. The base station apparatus according to claim 14, further
comprising:
a calculator that calculates a rate of detection by said

detector; and
a transmitter that transmits a control signal instructing a

communication terminal apparatus to rewrite said table based on a

6
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result of comparison of a rate of detection and a predetermined

threshold value.

1s. (Amended) A base station apparatus comprising:

a receiver that receives a notification signal transmitted
from the communication terminal apparatus according to claim 1;

a measurer that measures likelihood of a notification signal;

a detector that detects a notification signal whose likelihood
is less than a predetermined threshold value; and

a determiner that determines downlink communication resource
allocation using a notification signal excluding a detected
notification signal from a received plurality of notification

signals.

17. The base station apparatus according to claim 16, further
comprising:

a calculator that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a
communication terminal apparatus to rewrite said table based on a
result of comparison of a rate of detection and a predetermined

threshold value.
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18. (Amended) A radio communication method, wherein:

a communication terminal apparatus, when transmitting a
notification signal to mnotify a base station apparatus of
information that indicates downlink channel quality, transmits a
notification signal having information made less susceptible to
errors in a propagation path, the information, among information
indicative of said downlink channel quality, having a possibility
of decreasing the downlink throughput when the information is
received erroneously in said base station apparatus; and

said base station determines downlink communication resource

allocation in accordance with a notification signal.

19. (Amended) The radio communication method according to
claim 18, wherein said communication termina; apparatus transmits
with less susceptibility to errors in a propagation path in
proportion to a notification signal that indicates that said

downlink channel quality is good.

20. The radio communication method according to claim 18,
wherein said communication terminal apparatus measures pilot signal
reception quality, and transmits a notification signal made less

susceptible to errors in a propagation path in proportion to
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information for which an amount of change is large within

information used to indicate a reception quality value.
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REMARKS
This application is directed to original claims 1-20 which are
amended for clarity. The amendments are considered to be non-
narrowing and no estoppel should be deemed to attach thereto.
Early and favorable consideration of this appiication is

respectfully requested.

Respectfully submitted,

g bl

¢s E. Ledbetter
Registration No. 28,732

Date: December 16, 2002

JEL/spp
ATTORNEY DOCKET NO. L9289.02149B

STEVENS, DAVIS, MILLER & MOSHER, L.L.P.
1615 L Street, NW, Suite 850

P.O. Box 34387

Washington, DC 20043-4387

Telephone: (202) 785-0100

Facsimile: (202) 408-5200
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Exhibit I

1. (Amended) A communication terminal apparatus used in a
communication system in which communication resources are
allocated to each communication terminal apparatus based on
downlink channel quality, said communication terminal apparatus
comprising:

a [measuring device] measurer that measures downlink channel
quality; and

a transmitter that transmits a notification signal to notify
a base station apparatus of information that indicates said
downlink channel quality;

wherein said [transmitter transmits a] notification signal
[having] includes information made less susceptible to errors in a
propagation path, the information, among information indicative of
channel quality, having a possibility of decreasing the downlink
throughput when the information is received erroneously in said

base station apparatus.

2. (Amended) The communication terminal apparatus according
to claim 1, wherein said transmitter transmits with less
susceptibility to errors in a propagation path in proportion to a

notification signal that indicates that said downlink channel

quality is good.

11
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3. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits with transmission
power increased in proportion to a notification signal that

indicates that said downlink channel quality is good.

4. (Amended) The communication terminal apparatus according
to claim 3, further comprising a controller that controls
transmission power of a pilot signal [;]1,

wherein said transmitter transmits withba notification

signal that indicates said downlink channel quality better than a

predetermined channel quality set to higher transmission power
than pilot signal transmission power, and a notification signal

that indicates said downlink channel quality poorer than a

predetermined channel quality set to lower transmission power

than pilot signal transmission power.

5. (Amended) The communication terminal apparatus according
to claim 3, further comprising:
a table that indicates a correspondence between a

notification signal and transmission power; and

12
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a [rewriting device] rewriter that rewrites contents of said
table in accordance with a control signal from a base station
apparatusis] .

wherein said transmitter adjusts a notification signal to

predetermined transmission power based on said table.

6. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits after performing
conversion to a code word with a size of a code word minimum
distance proportional to a notification signal that indicates

that said downlink channel quality is good.

7. (Amended) The communication terminal apparatus according
to claim 6, further comprising:

a table that indicates a correspondence between a
notification signal and a c§de word; and

a [rewriting device] rewriter that rewrites contents of said
table in accordance with a control signal from a base station
apparatus (],

wherein said transmitter converts a notification signal to a

predetermined code word based on said table.

13
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8. (Amended) The communication terminal apparatus according
to claim 2, further comprising a [determination device]
determiner that determines a communication mode indicated by a
combination of modulation method and coding method based on
channel qualityl;].,

wherein said transmitter makes a notification signal a

signal that indicates a communication mode.

9. (Amended) The communication terminal apparatus according
to claim 2, wherein:

said [measurement device] measurer measures pilot signal
reception quality; and |

said transmitter makes a notification signal a signal that

indicates a pilot signal reception quality wvalue.

10. (Amended) The communication terminal apparatus
according to claim 1, wherein:

said [measurement device] measurer measures pilot signal
reception quality; and

said transmitter transmits a notification signal made less
susceptible to errors in a propagation path in proportion to

information for which an amount of change is large within

14
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information used to indicate a pilot signal reception quality

value.

11. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal
converted to a code word whose code length is proportional to a

value of an upper digit.

12. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal with
transmission power increased in proportion to a value of an upper

digit.

13. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal
spread with a spreading code whose spreading factor is higher in

proportion to a value of an upper digit.

14. (Amended) A base station apparatus comprising:

a receiver that receives a notification signal transmitted
from the communication terminal apparatus according to claim 1,

a [measurement device] measurer that measures reception
power of a notification signal;

15
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a detector that detects a notification signal whose
reception power is less than a predetermined threshold value; and

a [determination device] determiner that determines downlink
communication resource allocation using a notification signal
excluding a detected notification signal from a received

pPlurality of notification signals.

15. The base station apparatus according to claim 14,
further comprising:

a calculator that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a
communication terminal apparatus to rewrite said table based on a
result of comparison of a rate of detection and a pPredetermined

threshold value.

16. (Amended) A base station apparatus comprising:

a receiver that receives a notification signal transmitted
from the communication terminal apparatus according to claim 1,

a [measurement device] measurer that measures likelihood of
a notification signal;

a detector that detects a notification signal whose

likelihood is less than a predetermined threshold value; and

16
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a [determination device] determiner that determines downlink
communication resource allocation using a notification signal
excluding a detected notification signal from a received

plurality of notification signals.

17. The base station apparatus according to claim 16,
further comprising:

a calculator that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a
communication terminal apparatus to rewrite said table based on a
result of comparison of a rate of detection and a predetermined

threshold value.

18. (Amended) A radio communication method, wherein:

a communication terminal apparatus, when transmitting a
notification signal to notify a base station apparatus of
information that indicates downlink channel quality, transmits a
notification signal having information made less susceptible to
errors in a propagation path, the information, among information

indicative of said downlink channel quality, having a possibility

of decreasing the downlink throughput when the information is

received erroneously in said base station apparatus; and

17
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said base station determines downlink communication resource

allocation in accordance with a notification signal.

19. (Amended) The radio communication method according to
claim 18, wherein said communication terminal apparatus transmits
with 1less susceptibility to errors in a propagation path in
proportion to a notification signal that indicates that said

downlink channel quality is good.

20. The radio communication method according to claim 18,
wherein said communication terminal apparatus measures pilot
signal reception quality, and transmits a notification signal
made lessAsusceptible to errors in a propagation path in
proportion to information for which an amount of change is large

within information used to indicate a reception quality value.

18
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DESCRIPTION

COMMUNICATION TERMINAL APPARATUS, BASE STATION APPARATUS,

AND RADIO COMMUNICATION METHOD

Technical Field

The present invention relates to a communication
terminal apparatus, base station apparatus, and
radio communication method to be used in a cellular

communication system.

Background Art
Inacellular communicationsystem, onebasestation
performs radio communication with a plurality of

communication terminals simultaneously, and therefore,

as demand has increased in recent years, so has the need

for higher transmission efficiency.
Onetechnologythathasbeenproposedforincreasing
the transmission efficiency of a downlink from a base
station to-a communication terminal is HDR (High Data
Rate). HDR is a communication method whereby a base
stationperforms scheduling forallocating communication
resources to communicatioﬁ terminals by time division,
and also sets a’transmission rate for each communication
terminal according to the downlink channel guality.
The operations by which a base station and

communication terminals performradio communication with

HDR are described below. First, the base station
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transmits a pilot signal to each communication terminal.
Each communication terminal estimates the downlink
channel quality using a CIR (desired carrier to
interference ratio) based on the pilot signal, etc., and
5 finds a transmission rate at which communication is
possible. Then, based on the transmission rate at which
communication is possible, each communication terminal
selects a communication mode, which is a combination of
packet length, coding method, and modulation method, and
10 transmits a data rate control (hereinafter referred to
as “DRC") signal indicating the communication mode tg
the base station.
The type of modulation methbd that can be used in
each system is pfedetermined as BPSK, QPSK, 16QAM, 64QAM,
15 and so forth. AaAlso, the type of coding that can be used
in each system is predetermined as 1/2 turbo code, 1/3
turbo code, 3/4 turbo code, and so forth. Further, a
plurality of transmission rates that can be used in each
system are predetermined according to a combinatibn of
20 packet length, modulation method, and coding method.
Eachcommunicationterminal selectsacombinationwhereby
communication can be performed most efficiently with the
current downlink channel quality, and transmits a DRC
signal indicating the selected communication mode to the
25 base station. Generally, DRC signals are represented by
numbers from 1 to N, with a higher number indicating a
proportionally better downlink channel quality.

Based on the DRC signal transmitted from each

IPR2018-01474
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communication terminal, the base station sets a
transmission rate for each communication terminal, and
sendsasignaltoeachcommunicationterminalviaacontrol
channel indicating éommunication,resource allocation to
each communication terminal. Generally, taking
improvement of system transmission efficiency into
consideration, communication resources are allocated
with priority to the communication terminal that has the
best downlink channel gquality—that is to say, the
communication terminal that ‘transmits the
highest-numbered DRC signal. -

The base station then transmits data only to the
relevant communication terminal in its allocated time.
For example, if timetl has beenallocatedto communication
terminal A, in time tl the base station transmits data
only to communication terminal A, and does not transmit
data to a communication terminal other than communication
terminal A.

In this way, data transmission efficiency has
conventionally been increased for the overall system by
setting a transmission rate for each communication
terminal according to channel quality by means of HDR,
and performing communication resourcé allocation with
priority to a communication terminal with a high
transmission rate at which communication is possible.

However, if the communication mode determined by
a communication terminal is received erroneously by the

base station due to deterioration of the channel
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conditions on the uplink from the communication terminal
to the base station, or the like, the base station will
transmit data using that erroneous mode. As the
determinedcommﬁnicationmodeandthecommunicationmode
of data transmitted to the communication terminal are
different, the communication terminal cannot demodulate
or decode the data.

Also, when a base station such as that described
above has allocated time tl to communication terminal
A, in time tl the base station transmits data only to
communication terminal A, and does not transmit data to
a comﬁhnication terminal other than communication
terminal A.

bue to the above, a problem arises in that, if the
communicationmodedetermined by acommunicationterminal
is received erroneously by the base station, there will
be an interval during which time-divided communication

resources are not used, and downlink throughput falls.

Disclosure of Invention

It is an object of the present invention to provide
a communication terminal apparatus, base station
apparatus, and radio communication method that make it
possible to prevent a fall in downlink throughput in a
communication system in which communication resources
are allocated to communication terminals based on
downlink channel guality.

In order to achieve the above-described object, in

IPR2018-01474
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thepresentinvention,withrespecttoinformation,among
informationindicativeofdownlinkchannelquality,which
has a possibility of decreasing the downlink throughput
when the information is reéeived erroneously in a base
station, a communication terminal prévides such

information with less susceptibility to errors in the
propagation path to transmit. It is thereby poséible to

prevent the downlink throughput from decreasing.

Brief Description of Drawings

FIG.1l is a graph illustrating DRC signal selection
frequency in a base station;

FIG.2 is a block diagram showing a configuration
of a base station according to Embodiment 1 of the present
invention;

FIG.3 is a block diagram showing the configuration
of a communication terminal according to Embodiment 1
of the present invention;

FIG.4 is a drawing showing the contents of the
transmission power table provided in a communication
terminal according to Embodiment 1 of the present
invention;

FIG.5 is a block diagram showing another
configuration of a base station according to Embodiment
1l of the present invention;

FIG.6 is a block diagram showing the configuration
of a communication terminal according to Embodiment 2

of the present invention;
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FIG.7 is a drawing showing the contents of the code
wordtableprovidedleacommunicationterminalaccording
to Embodiment 2 of the present invention;

FIG.8 is a block diagram showing the configuration
ofzﬁbasestationaccordingtoEmbodiment3 of the present
invention;

FIG.9 is a block diagram showing the configuration
of a communication terminal according to Embodiment 3
of the present invention;

FIG.10 is a block diagram showing a configuration .
of21basestationaccordingtx:Embgdiment4 of the present
invention;

FIG.11 is a block diagram showing the configuration
of a communication terminal according to Embodiment 4
of the present invention;

FIG.12 is a block diagram showing another
configuration of a base station according to Embodiment
4 of the present invention; .

FIG.13 is a block diagram showing the configuration
of a communication terminal according to Embodiment 5
of the present invention;

FIG.14 is a block diagram showing the configquration
of a communication terminal according to Embodiment 6
of the present invention;

. FIG.15 is a block diagram showing the configquration
of.the CIR signal creation section of a communication
terminal)according to Embodiment 6 of the present

invention;
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FIG.16 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 7 of the present
invention; and

FIG.17 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 8 of the present 7

invention.

Best Mode for Carrying out the Invention

With reference now to the accompanying drawings,
é&bodiments of the present invention will be explained
in detail below.

(Embodiment 1)

As stated above, a base station allocates
communication resources with priority to the
communication terminal with the best downlink channel
guality. In other words, a base station selects the
highest-numbered DRC signal, and allocates communication
resources with priority to the communication terminal
that transmitted that selected DRC signal. Thus, DRC
signal'selection fregquency is as shown in FIG.1l. FIG.1
is a graph illustrating DRC signal selection frequency
in a base station. 1In this figure, numbers 1 to 5 are
used as DRC numbers, with a higher number representing
a proportionally better channel quality.

As shown in FIG.1l, the higher the number of a DRC

signal, the greater. is the freguency of its selection
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by the base station. That is to say, the better the
downlink channel quality of a communication terminal,
the higher is fhe frequency with which communication
resources arevallocated to that communication terminal.
This kind of relationship arises from the fact that there
are many communication terminals, and there is an
increased probability of there being a communication
terminal with good downlink channel quality.

Thus, the selection frequency of each DRC signal
differs according to channel quality. That is to say,
since a DRC signal indicating that downlink channel
qualityisgoodtendstobéselectedwithgreaterfrequency
thereiseahighprobabilitythatdownlinkthroughputwill
fall if a DRC signal indicating that downlink channel
quality is good is received erroneously. Also, since a
DRC signal indicating that downlink channel quality is

poor tends to be selected with lower frequency, there

'islittleeffectofproducingafallindownlinkthroughput

if a DRC signal indicating that downlink channel guality
is poor is received erroneously.

Thus, a communication terminal according to
Embodiment ‘1 of the present invention transmits at
proportionally higher transmission power a DRC signal
indicating that downlink channel quality is good. Also,
a base station according to Embodiment 1 of the present
inventionexcludesDRCsignalswithreceptionpowerlower

than a predetermined threshold value in performing

communication resource allocation.
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FIG.2 is a blockbdiagram showing a configuration
ofEibasestationaccordingtdEmbodiment],ofthepresent
invention.

In FIG.2, an allocation section 101 determines
communication resource allocation to each communication
terminal based on DRC signals excluding DRC signals
detected by unused DRC detection sections 116 described
later herein from among DRC signals extracted by
demodulators 114 described later herein. Then, based on
the determined communication resource allocation, the
allocation section 101 notifies a buffer 102 for output
of downlink transmit data, indicates the downlink
transmitdatacodingmethodtoeuladaptivecodingsection
103, and indicates the downlink transmit data modulation
method to an adaptive modulator 104.

The buffer 102 holds downlinkrtransmit data, and
outputs downlink transmit data for a predetermined
communication terminal to the adaptive coding section
103 in accordance with the directions of the allocation
section 1oi. The adaptive coding section 103 codes the
output signal from the buffer 102 in accordance with the
directions of the allocation section 101; and outputs
the resulting signal to the adaptive modulator 104. The
adaptive modulator 104 modulates the output signal from
thebadaptive coding section 103 in accordance with the
directions of the allocation section 101, and outputs
the resulting signal to a spreading section 105.

Spreading section 105 spreads the output signal from the
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adaptive modulator 104, and outputs the resulting signal
to a multiplexer 108.

Anmdulator106modulatesapilotsignaiandoutputs
it to a spreading section 107. Spreading section 107
spreads the output signal ffom the modulator 106, and
outputs the resulting signal to the multiplexer 108.

The multiplexer 108 performs time multiplexing of
the spread pilot signal with the spread downlink transmit
data at predetermined intervals, and outputs the
resulting signal to a transmit RF section 109. The
transmit RF section 109 converts the frequency of the
outputsignalfromthemultiplexerlOBtoradiofrequency,
and outputs the resulting signal to a duplexer 110.

The duplexer 110 transmits the output signal from
the transmit RF section 109 as a radio signal from an
antenna 111 to a communication terminal. Moreover, the
duplexer 110 outputs the signals transmitted from each
communication terminal and received by antenna 111 to
receive RF section 112.

- A receive RF section 112 converts the frequency of

a radio frequency signal output from the duplexer 110
to baseband, and outputs the resulting signal to a
despreading section 113. The despreading section 113
despreads the baseband signal using the spreading code
used to spread the DRC signal, and outputs the resulting
signal to the demodulator 114 and a reception power
calculation section 115.

The demodulator 114 demodulates the output signal
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from the despreading section 113 and extracts the DRCJ
signal,andoutputsthissignaltotheallocationsection
101.

The reception power calculation section 115
measures the reception power of the despread DRC signal,
which is output to the unused DRC detection section 116.
In the unused DRC detection section 116 is set a
predeterminedthresholdvalue,asdescribedlaterherein,
and a DRC signal of recéption power lower than this
threshold value is detected, and the result of the
detection is output to the allocation section 101.

A desbreading section 113, demodulator 114,
reception poWer calculation section 115, and unused DRC
detection section 116 are provided for each communication
terminal. Fromeach demodulator 114 a DRC signal for the
correspondingcommunicationterminalisoutput,andfrqm
each unused DRC detection section 116 a detection result
for the corresponding communication terminal is output.

FIG.3 is a block diagram showing the configuration
of a communication terminal according to Embodiment 1
of the present invention. In FIG.3, acommunication mode
determinationsection20ldetermines acommunicationmode
indicatinga,combination<3fmodulationmethodand.coding
method basedon a CIRmeasured by a CIRmeasurement section
219 described later herein, énd outputs the result to
aDRCsignalcreationsection202. Thecommunicationmode
determination section 201 also indicates the downlink

receive data demodulation method to an adaptive
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demodulator 216, and indicates the downlink receive data
decodingmethodtoanadaptivedecodingsecpion2l7,based
on the determined communication mode.

The DRC signal creation section 202 creates a DRC
signal with a number corresponding to the communication
mode output from the communication mode determination
section 201, and outputs this DRC signal to a modulator
203 and DRC power controller 205.

Modulator 203 modulates the DRC signal and outputs
the resulting signal to a spreading section 204.
spreading section 204 spreads the output signal from
modulator 203 and outpu;s the resulting signal to the
DRC power controller 205. The DRC power controller 205
refers to a transmission power table 206 that shows the
correspondencebetweenDRCnumbersandtransmissionpower,
controls the DRC signal transmission power based on the
transmission power of a pilot signal output from a pilot
power controller 209 described later herein, and outputs
the DRC signal that has undergone transmission power
control to a multiplexer 210. The actual method of
controlling DRC signal transmission power will be
described later herein.

A modulator 207 modulates the pilot signal and
outputs the resulting signal to a spreading section 208.
Spreading section 208 spreads the output signal from
modulator 207 and outputs the resulting signal to the
pilot power controller 209. The pilot power controller

209 controls the transmission power of the pilot signal,
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and outputs the pilot signal that has undergone
transmission power control to the multiplexer 210. The
pilot power controller 209 also outputs the pilot signal
transmission power to the DRC power controller 205.

The multiplexer 210 performs time multiplexing of
the DRC signal that has undergone transmission power
control and the pilot signal thatrhas undergone
transmission power control at predetermined intervals,
and outputs the resulting signal to a transmit RF section
211. The transmit‘RF section 211 cohverts the frequency
of the output signal from the multiplexer 210 to radio
frequency,andoutputstheresultingsignaltoeaduplexer
212.

The duplexer 212 transmits the output signal from
the transmit RF section 211 as a radio signal from an
antenna 213 to the base station. Also, a signal
transmitted as a radio signal by the base station and
received as a radio signal by the antenna 213 is output
by the duplexer 212 to a receive RF section 214.

The receive RF section 214 converts the frequency
of the radio frequency signal output from the duplexer
212 to baseband, and outputs the resulting signal to a
despreading section 215 and a despreading section 218.

Despreading section 215 despreads the data
compOnentofthebasebandsignalandoutputstheresulting
signal to the adaptive demodulator 216. The adaptive
demodulator 216 demodulates the output signal from

despreading section 215 in accordance with thedirections
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of the qommuﬁicationlnode determination section 201, and
outpﬁts the resulting signal to the adaptive decoding
section 217. The adaptive decoding section 217 decodes
the output signal from the adaptive demodulator 216 in
accordance with the directions of the communication mode
determination section 201, and obtains receive data.

Despreading section 218 despreads the pilot signal
component of thebaseband signal and outputs theresulting
signal to a CIR measurement section 219. The CIR
measurement section 219 measures the CIR of the pilot
signal outpu;‘from despreading section 218, and outputs
the result to the communication mode determination
section 201.

Next, the procedure for transmission/reception of
signals between the base station shown in FIG.2 and the
communication terminal shown in FIG.3 will be described.

First, at the start of communication, a pilot signal
is modulated by the modulator 106 in the base station,

is spread by spreading section 107, and is output to the

multiplexer 108. Only the spread pilot signal is output

from the multiplexer 108 to the transmit RF section 109.
The spread pilot signal is frequency-converted to radio
frequency by the transmit RF section 109, and transmitted
to communication terminals as a radio signal from the
antenna 111 via the duplexer 110.

A radio signal of only the pilo£ signal component
transmitted as a radio signal from the base station is

receivedbytheantenna213ofthecommunicationterminal,
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passes through the duplexer 212, and is
frequency—convertedtobasebandbythereceiveRFsection
214. The pilot signél component of the baseband signal
is despread by despreading section 218, and output to
the CIR measurement section 219.

Next, in the CIR measurement section 219, the CIR
of the pilot signal output from despreading section 218
is measured, and based on the CIR, the communication.mode

is determined by the communication mode determination

.section 201. Then a DRC signal with a number

corresponding to the communication mode is created by
fhe DRC signal creation section 202.

The DRC signal is modulated by modulator 203, spread
by spreading section 204, and output to the DRC power
controller 205. 1In the DRC power controller 205, the DRC
signal transmission power is‘controlled based on the
transmission power of the pilot signal output from the
pilotpowercontroller209,andtheratiosofpilotsignal
transmission power to DRC signal transmission powexr set
beforehand in the transmission power table 206.

The contents set in the transmission power table
206 will be described below. FIG.4 is a drawing showing
the contents of the transmission power table provided
in a communication terminal according to Embodiment 1
of the present invention.

The transmission power table 206 shows the
correspondence between DRC numbers and DRC signal

transmission powexr, set so that the higher the DRC number,
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the higher is the transmission power. - Here, numbers 1
to 5 are used as DRC numbers, with a higher number
representing a proportionally better downlink channel
quality. That is to say, in the settings in the
transmission power table 206, the better the downlink
channel quality indicated by a DRC signal, the higher
is the transmission power. |

As explained above, the frequency of selection by
the base station tends to be proportional to the downlink
channel quality indicated by a DRC signal, and therefore
in this embodiment, transmission power is higher, and
susceptibility to errors lower, the better the downlink
channel quality indicated by a DRC signal. As a result,
the probability of a DRC signal that indicates that
downlink channel guality is good being received
erroneously can be made lower than the probability of
a DRC signal that indicates that downlink channel quality
is poor being received erroneously. 1In other words, the
probability of a DRC signsl with a high frequency of
selectionlnfthebasestationbeingreceivederroneously
can be made lower than the probability of a DRC signal
with a low frequency of selection by the base station
being received erroneously.

The DRC signal transmission power values set in the
transmission power table 206 are expressed as a ratio
to the pilot signal transmission power. Here, as shown
in FIG.4, the settings are arranged so that DRC number

3inthemiddle of DRC numbers 1 to 5 is taken as a reference,
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and DRC signals indicating a lower number than DRC number
3 are transmitted at lower transmission power than the
pilot 'signal transmission power, while DRC signals
indicating a higher number than DRC number 3 are
transmitted at higher transmission power than the pilot
signal transmiséion power. That is to say, the settings
are arranged so that DRC signals indicating a poorer
channel quality than a predetermined channel gquality
(here, the channel guality corresponding to a DRC signal

with DRC number 3) are transmitted at lower transmission

power than the pilot signal transmission power, while

DRC signals indicating a better channel quality than the

predetermined channel guality are transmitted at higher

"transmission power than the pilot signal transmission

power.

Thus, with this embodiment, by setting DRC signals
for which transmission power is increased and DRC signals
for which transmission power is decreased in comparison
with conventional DVRC signal transmission power (here,
that is, pilo’t signal transmission power), and making

the total of DRC signal transmission power increases and

‘decreases *0 dB, it is stsible to make DRC signals

indicating that downlink channel guality is good

proportionally less susceptible to errors while keeping
average DRC signal transmission power constant compared
withaconventional system. Thatis tosay, itispossible
to proportionally reduce susceptibility to errors of DRC

signals indicating that downlink channel quality is good
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without reducing uplink capacity compared with a
conventional system.

Also, since, in this way, DRC signals indicating
that downlink channel quality is poor (DRC signals with
DRC numbers 1 and 2 in FIG.4) are transmitted at lower
transmission power than in a conventional system, it is
possible to reduce power consumption in a communication
terminal that is located far from the base station and
for which there is a high probability of transmitting
a DRC signal indicating that downlink channel guality
is poor. That is to say, in the case of a communication
termiﬂ;l that transmits a DRC signal indicating that
downlink channel quality is poor, whereas the DRC signal
was previously transmitted at transmission power that
was high to begin with, according to this embodiment the
DRC signal transmission power can be made lower than that
hightransmissionpower,enablingcommunicationtérminal
power consumption to be greatly reduced.

As the frequency of selection by a base station is
lowtobeginwithforaiDRCsignalindicatingthatdownlink
channel quality is poor, there is almost no effect of
producing a fall in throughput due to transmitting a DRC
signal indicating that downlink channel quality is poor
at lower transmission power than previously in this way.

Also, with this embodiment, DRC signals indicating
that uplink channel quality is good (DRC signals with
DRC numbers 4 and 5 in FIG.4) are transmitted at higher

transmission power than in a conventional system.
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However,'thére is a high possibility of a DRC signal
indicating that uplink channel quality is good being
transmitted from a communication terminal located
comparatively near the base station. Also, due to pilot
signal transmission power control that is performed
constantly on anuplink, the transmission power of a pilot
signaltransmittedfromeacommunicationterminallocated
comparatively near the base station (that is, the

conventional DRC signal transmission power) is low to

begin with. Therefore, in the case of a communication

terminal that transmits a DRC signal indicating that

‘uplink channel quality is good, DRC signal transmission

power remains low and power consumption remains low even
though the previously originally low DRC signal
transmission power increases, and so there is almost no
effect on power consumption.

In the DRC power controller 205, the DRC signal
transmission power is obtained by having the transmission
power of the pilot signal output from the pilot power

controller 209 adjusted in accordance with the ratios

. set in the transmission power table 206. Then, in the

DRC power controller 205, the transmission power of the
DRC signal output from spreading section 204 is adjusted
to this obtained transmission power, and a DRC signal
that has been subjected to transmission power control
is output to the multiplexer 210. To give a specific
example, if the number of the DRC signal output from the

DRCsignalcreationsection202totheDRCpower controller
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205 is 5, the transmission power of the DRC signal output
from spreading section 204 is adjusted to a transmission
power 2 dB lower than the transmission power of the pilot
signal output from the pilot power controllexr 209.

The DRC signal that has undergone transmission power
control is multiplexed with the pilot signal by the
multiplexer 210, frequency-converted to radio frequency
by the transmit RF section 211, and transmitted to the
‘base station as a radio signal from the antenna 213 via
the duplexer 212.

The radio signal transmitted from the communication
terminalisreceivedbytheantenna1llofthebasestation,
and input to the receive RF section 112 via the duplexer
110. The signal input to the receive RF section 112 is
frequency-converted to baseband, despread by the
despreading section 113 using the spreading code used
to spreéd the DRC signal, and output to the demodulator
114 and reception power calculation section 115. »

In the demodulator 114 the output signal from the
despreadingsectionllBisdemodulated,andtheDRCsignal
is extracted and output to the allocation section 101.

Here, since a DRC signal indicating that downlink
channelquélity’ispoor'istransmittedbyeacommunication
terminal at lower transmission power than in a
conventional system, the probability of a DRC signal
indicating that downlink channel guality is poor being
received erroneously by the base station is increased.

Also, as stated above, if communication resource
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allocation is performed based on an erroneously received
DRC signal, downlink throughput will fall. |

Thus, in the recéption power calculation section
115, the reception power of the despread DRC signal is
measured,andisoutputtotheunusedDRCdetectioﬂsection
1165 The lowest reception power at which an error does
not occur in a DRC signal indicating that downlink channel
quality is poorest (a DRC signal with DRC number 1 in
FIG.4) has been set beforehand in the unused DRC detection
section 116 as a threshold value. Then, in the unused
DRCdetectionsectionllG,aDRCsignalofreceptionpower
lower than this threshold value is detected, and the
detection result is output to the allocation section 101.
A DRC signal detected by the unused DRC detection section
116 is a DRC signal that is not used by the allocation
section 101 in determining communication resource
alldcation.

In the allocation section 101, communication
resource allocation to each communication terminal is
determined based on the DRC signals remaining after DRC
signals detected by the unused DRC detection section 116
have been excluded from the DRC signals extracted by the
demodulator 114.

Thus,inabasestationaccordiﬁgtothisembodiment,
a DRC signal of reception power lower than the lowest
feception power at which a DRC signal indicating that
downlink channel guality is poorest is not received

erroneously is excluded. That is tosay, inabasestation
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according to this embodiment, a notification signal
susceptibletoerrorsisexcludedindeterminingdownlink
communication resource allcocation. Therefore,
accordingtoabasestationof this embodiment, even though
a DRC signal indicating that downlink channel guality
is poor is transmitted at lower transmission powef than
in a conventional system, it is possible to prevent
communication resource allocation from being determined
based on an erroneous DRC signal.

Thus, according to this embodiment, the better the
downlink channel guality indicated by a DRC signal, the
higher is the transmission power at which transmission
is performed, and therefore it is possible to make DRC
signals indicating that downlink channel quality is good
proportionally less susceptible to errors, and to reduce
the error occurrence rate of DRC signals for which the
probability of selection by a base station is high. By
thié means it 1is possible to reduce the possibility of
éommunicationresourceallocationbeingdeterminedbased
on an erroneous DRC signal, and so to prevent a fall in
downlink throughput.

A base station according to this embodiment may also
be configured as shown in FIG.5. FIG.5 is a blockdiagram
showing another configurationof a base stationaccording
to Embodiment 1 of the present invention. That is to say,
a base station may be configured in such a way that the‘
reception power calculation section 115 and unused DRC

detection section 116 shown in FIG.2 are replaced by a
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likelihood calculation section 301 and unused DRC
detection section 302. In the following description,
parts identical to those in FIG.2 are assigned the same
reference numerals as in FIG.2 and their detailed
explanations are omitted.

In FIG.5, the likelihood calculation section 301
calculates a likelihood that indicates the probable
degree of certainty of a DRC signal, and outputs the
calculation result to the unused DRC detection section
302. The lowest likelihood at which an error does not
occur in a DRC signal indicating that downlink channel
quality is poorest has been get beforehand in the unused
DRC detection section 302 as a threshold value. Then,
in the unused DRC detection section 302, a DRC signal
with a likelihood lower than this threshold value is
detected, and the detection result is output to the
allocation section 101.

In this way the same kind of effect as described
above is also obtained when a base station according to

this embodiment is configured as shown in FIG.5.

(Embodiment 2)
Inacommunication terminal according to Embodiment
2of thepresent invention, thebetter thedownlinkchannel
quality indicated by a DRC signal, the larger is the code
word minimum distance of the code word to which that DRC

signal is converted with respect to other DRC signal code

words before being transmitted.
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FIG.6 is a block diagram showing the configuration
of a communication terminal according to Embodiment 2
of the present invention. As shown in this figure, a
communication terminal according to this eﬁbodiment is
configured in such a way that the modulator 203, spreading
section 204, DRC power controller 205, and transmission
power table 206 shown in FIG.3 are replaced by a code
word selector 401, code word table 402, modulator 403,
and spreading section404. Inthe followingdescription,
parts identical to those in FIG.3 are assigned the same
reference numerals as in FIG.3 and their detailed
explanations are omitted.

The code word selector 401 refers to the code word
table 402, converts a DRC signal created by the DRC signal
creation section 202 to a predetermined code word, and
outputs the code word to modulator 403. Modulator 403
modulates thecodeword andoutputs it tospreadingsection
404. Spreadingsection 404 spreads theoutputsignalfrom
modulator 403 and outputs the resulting signal to a
multiplexer 210.

Next, the operation of a communication terminal
according to this embodiment will be described.

First, the contents set in the code word table 402
will be described. FIG.7 1is a drawing showing the
contentsof thecodeword tableprovidedinacommunication
terminal according to Embodiment 2 of the present
invention.

~The code word table 402 shows the correspondence
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between DRC numbers and code words after DRC signal
conversion, set so that the higher the DRC number, the
larger is the code word minimum distance of the code word
to which the DRC signal is converted. Here, numbers 1
to 5 are used as DRC numbers, with a highér number
representing a proportionally better downlink channel
guality. That is to say, in the settings in the code word
pable 402, the better the downlink channel quality
indicated by a DRC signal, the larger is the code word
minimum distance of the code word to which the DRC signal
is converted. _

Here, ”“code word distance” is the number of bits
that differ between code words, and “code word minimum
distance” is the m;nimum number of bits by which a
particular code word differs with respect to all other
codewords. Tobespecific, thecodeword for a DRC signal.
with DRC number 5 is 71111111117, and this code word
“111111111~ differs by a minimum of 6 bits when éomparea
with any of the code words corresponding to DRC signals
with DRC numbers 1 to 4. Therefore, the code word minimum
distance of the code word for a DRC signal with DRC number
5is 6. Similarly, the code word minimum distance of the
code word for a DRC signal with DRC number 4 is 3.

Thus, the code word for a DRC signal with DRC number
5 is less 1likely to be mistaken for another code word
than the code word for a DRC signal with DRC number 4.
That is to say, the larger code word minimum distance

of a code word, the less likely it is to be mistaken for
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another code word.

In the code word selector 401, a DRC signal output
from the DRC signal creation section 202 is converted
to a code word set in the code word table 402, and output
to modulator 403. To give a specific example, if the DRC
signal output from the DRC signal creation section 202
is a number 5 DRC signal, it is converted to code word
“111111111~".

Following conversion, the code word is modulated

by modulator 403 and spread by spreading section 404.

The spread code word is multiplexed with a pilot signal

by a multiplexer 210, frequency-converted to radio
frequency by a transmit RF section 211, and transmitted
to the base station as a radio signal from an antenna
213 via a duplexer 212.

Thus, according to this embodiment, the better the
downlink channel quality indicated by a DRC signal, the
larger is the code word minimum distance of the code word
to which that DRC signal is converted with respect to
other DRC signal code words before being transmitted,
andthereforeitispossibletomakeDRCsignalsindicating
that downlink channel quality is good proportionally less
susceptible to errors, and to reduce the error occurrence
rate of DRC signals for which the probability of selection
by a base station is high. By this means it is possible
to reduce the possibility of communication resource
allocation being determined based on an erroneous DRC

signal, and so to prevent a fall in downlink throughput.
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Also, according to this embodiment, it is possible
to reduce the error occurrence rate of DRC signals for
which the probability of selection by a base station is
high without increasing DRC signal transmission power,
thereby making it possible to reduce the possibility of
communication resource allocation beingdetermined based
on an erroneous DRC signal without increasing
communication terminal power consumption.

Moreover, according to this embodiment, it is
possible to change the degree of insusceptibility to
errors of code words corresponding to DRC signals while
keeping the code length‘of code words constant, and
therefore it is not necessary to provide a plurality of
demodulation systems in accordance with different code
lengths in a base station, thus enabling the apparatus

configuration of a base station to be simplified.

(Embodiment 3)

A base station according to Embodiment 3 of the
pfesent invention transmits to a communication terminal
a control signal for table rewriting based on the rate
of occurrence of DRC signals that are excluded when
communication resource allocation is determined; and a
communication terminal according to Embodiment 3 of the
present invention rewrites the contents of a transmission
power table or code word table based on a control signal
transmitted from the base station.

FIG.8 is a block diagram showing the configuration
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of a base station according to Embodiment 3 of the present
invention. As shown in this figure, a base étation
according to this embodiment is configured by further
providing the configuration shown in FIG.2 with a
detection rate calculation section 501, control signal
creation section 502, modulator 503, and spreading
section 504. In the following description, parts
identical tothose inFIG.2 are assigned thesamereference
numerals as in FIG.2 and their detailed explanations are
omitted.

In FIG.8, the detection rate calculat%on section
501 calculates the rate of detection by the unused DRC
detectionsectionllé andoutputs theresulttothecontrol
signal creation section’502. That is to say, the
detection rate calculation section 501 calculates the
rate of occurrence of DRC signals that are excluded when
communication resource allocation is determined. Basedv
onthe detectionrate, thecontrol signal creationsection
502 creates a control signal for table rewriting
(hereinafter referred to as “table rewrite signal~),
whichisoutput tomodulator 503. Modulator 503 modulates
the table rewrite signal and outputs it to spréading
section 504. Spreading section 504 spreads the output
signal frommodulator 503 and outputs theresulting signal
to the multiplexer 108.

FIG.9 is a block diagram showing the configuration
of a communication terminal according to Embodiment 3

of the present invention. As shown in this figure, a
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communication terminal according to this embodiﬁent is
configﬁred by further providing the configuration shown
in FIG.3 with a despreading section 601, demodulator 602,
and table rewriting section 603. In the following
description, parts identical to those in FIG.3 are
assigned the same reference numerals as in FIG.3 and their
detailed explanations are omitted.

In FIG.9, despreading section 601 despreads a
baseband signal using the spreading code used to spread
the tablerewrite signal, and outputs theresulting signal
to the demodulator 602. The demodulator 602 demodulates
the output signal from despreading section 601 and
extracts the table rewrite signal, which is output to
the table rewriting section 603. The table rewriting
section 603 rewrites the contents of the transmission
power table in accordance with the table rewrite signal.

Next, the procedure for transmission/reception of
Ssignals between the base station shown in FIG.8 and the
cdmmunicationterminalshown:U1FIG.9willlxedescribed.

First, in the detection rate calculation section
501 of the base station, the detection rate of the unused
DRC detection section 116 is calculated and is output
tothecontrolsignalcreationsection502. Thedetection
rate can be calculated, for example, from the number of
detections in a predetermined time.

A predetermined threshold value for the detection
rate has been set in the control signal creation section

502, and this threshold value is compared with the
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detection rate calculated by the detection rate
calculation section 501. If the detection rate
calculated by the detection rate calculation section 501
is greater than or equal to the threshold-value, a table
rewrite signal ordering all transmission power values
set in the transmission power table 206 to be increased
is created, and is output to modulator 503. That is to
say, if thé rate of occurrence of DRC signals that are
excluded when communication resource allocation is
determined is greater than or equal to the predetermined
threshold value, the control signal creation section 502
Creates a table rewrite signal that orders all DRC signal
transmissionpowervaluestx)beincreasedsimultaneously
from their current values.

The table rewrite signal is modulated by modulator
503, spread by spreading section 504, and output to the
multiplexef 108. The spread table rewrite signal is
multiplexed with transmit data and the pilot signal in
the multiplexer 108, frequency-converted to radio
frequencyknrthetransmitlﬂ?section109, and transmitted
to communication terminals as a radio signal from the
antenna 111 via the duplexer 110.

The radio signal transmitted from the base station
is received by the antenna 213 of the communication
terminal, passes through the duplexer 212, and is
frequency—converted1x>basebandknrthereceiverﬂ?section
214. The baseband signal is despread by despreading

section 601 and demodulated by the demodulator 602, and
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the table rewrite signal is extracted. The extracted
table rewrite signal is output to the table rewriting
section 603.

The contents of the transmission power table 206
are then rewritten by the table rewriting section 603
in accordance with the table rewrite signal. That is to
say, the table rewriting section 603 increases all the
transmission power values set in the transmission power
table 206.

In the above description, the configuration is such

that the tablerewritingsection 603 rewrites the contents

of the transmission power table 206, but this embodiment

mayalsoknaappliedtozacommunicationterminalaccording
to Embodiment‘Z, and a configuration may be used whereby
the table rewriting section 603 rewrites the contents
of the code word table 402 shown in FIG.6.

In this case, if the detection rate calculated by
the detection rate calculation section 501 is greater
than or equal to the threshold value, the control signal
creation section 502 of a base station according to this
embodiment creates a table rewrite signal ordering all
code word minimum distances set in the code word table
402 to be increased. That is to say, if the rate of
occurrence of DRC signals that are excluded when
communication resource allocation is determined is
greater thanor equal tothe predetermined threshold value
the control signal creation section 502 creates a table

rewritesignalthatordersallcodewordminimumdistances
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of code words corresponding to DRC signals to be increased
simultaneously fromtheir current values. Then the table
rewriting section 603 rewrites the contents of the code
word table 402 inaccordancewiththetablerewritesignal.
That is to say, theutable rewriting section 603 rewrites
the code words set in the code word table 402 with code
words all of whose code word minimum distances are larger
than at present.

Thus, according to this embodiment, the contents
of the transmission power table or code word table are
rewritten based on the rate of occurrence of DRC signals
that;reexcludedwhencommunicationresourceallocation
is determined. In other words, in this embodiment,
transmission power table or code word table contents are
rewritten adaptively in accordance with variations in
the communication environment. That is to say, according
to this embodiment, when the communication environment
deteriorates and the rate of occurrence of DRC signals
that are excluded when communication resource allocation
is determined reaches or exceeds a predetermined
threshold value, the transmission power of each DRC signal
is increased, or the code word minimum distance of the
code word corresponding to each DRC signal is increased,
thereby enabling the DRC signal érror occurrence rate
to be held down even when the communication environment
deteriorates.

In this embodiment, the predetermined detection

rate threshold value is decided upon considering
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appropriately the environment in which the
communicatién system is used.

Moreover, with this embodiment, it is also possible
to fufther set a second predetermined threshold value
in the control signal creation section 502 to create a
table rewrite signal ordering all transmission power
values set in the transmission power table 206 to be
decreased when the detection rate calculated by the
detection rate calculation section 501 falls below this
second threshold value. By this means, it is possible
to reduce DRC signal transmission power when DRC signal
reception guality becomes excessive, thereby enabling
communicationterminalpowerconsumptiontobedecreased.

Furthermore, in this embodiment, table rewriting
is performed based on the rate of detection by the unused
DRC detection section 116, but it is also possible to

rewrite a table based on the distribution of DRC signals

‘used in determining communication resource allocation

from among DRC signals transmitted from mobile stations,
so that that distribution is optimized. In this case,
the base station shown in FIG.8 is configured with the
detection rate calculation section replacedrby a used
DRCdistributiondeterminationsection,whichdetermines
the distribution of DRC signals used in communication
resource allocation determination based on DRC signals
output from the demodulator 114 and detection results
output from the unused DRC detection section 116, and

outputs a signal indicating that distribution to the
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control signal creation section 502. The control signal
creation section 502 then creates a table rewrite signal
based on the signal indicating the distribution output

from the used DRC distribution determination section.

(Embodiment 4)

A communication terminal according to Embodiment
4 of the present invention transmits at higher
transmission power in proportion to CIR information that
indicates that downlink channel quality is good. A base
stationaccordingtoEmbodiment4Qﬁthepresentinvention
excludes CIR information for which the reception power
is lower than a predetermined threshold value in
performing communication resource allocation.

In above-described Embodiment 1, a‘communication
terminal determines the communication mode based on the
CIR and transmits a DRC signal corresponding to that
determined communication mode to the base station at
predetermined transmission power, and the base station
determines communication resource allocation to each
communication terminal based on the DRC signals. DRC
signal can be represented with far fewer bits than other
information indicating downlink channel quality (such
as a downlink CIR, for example), and therefore use of
a DRC signal has the advantage of enabling the downlink
channel utilization efficiency to be increased. On ﬁhe
other hand, since a communication terminal must be

provided with a table for communication mode
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determination, a table for DRC signal creation, and so
forth to determine the communication mode and create a
DRC signal, there are the disadvantages of increased
communication terminal power consumption and apparatus
size.

Thus, in this embodiment, a communication termiﬁal
transmits CIR information to the base station at
predetermined transmission power, and the base station
determines the commﬁnidation mode based on the CIR
information and then determines communication resource
allocation to each communication terminal. As a result,
although there is the disadvantage of a slight decrease
in the uplink channel utilization efficiency, the fact
that communication terminals do not have to determine
the communication mode and create a DRC signal, and do
not need to be provided with a communication mode
determination table, DRC signal creation table, and so
forth, offers the major advantage of enabling
communication terminal power consumption and apparatus
size to be reduced. Also, in this embodiment, it is
possible for CIR information for a plurality of terminals
to be compared in the base station, and the correct
communication mode to be determined with certainty,
making this embodiment particularly useful in cases such
as those where it is not possible for the communication
mode to be determined simply from the CIR in each
communication terminal.

A base station according to this embodiment and a
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communicatiqnterminalaccordingto'thisembodimeni:will
be described below. FIG.10 is a block diagfam showing
aconfiguration of a base station according to Embodiment
4of thepresent invention. Inthe followingdescription,
parts identical to those in FIG.2 are assigned the same
reference numerals as in FIG.2 and their detailed
explanations are omitted.

In FIG.10, a demodulator 701 demodulates the output
signal from a despreading section 113, and extracts a
signal thaf contains CIR information (hereinafter
referred to as “CIR signal”), which is output to an
allocation section 704.

A reception power calculation section 702 measures
the reception power of the despread CIR signal, which
is output to an unused CIR detection section 703. 1In the
unused CIR detection section 703 is set a predetermined
threshold value in the same way as in Embodiment 1, and
a CIR signal of reception power lower than this threshold
value is detecté’d, and the result of the detection is
output to the allocation section 704.

A despreading section 113, demodulator 701,
reception power calculation section 702, and unused CIR
detectionsection763areprovidedforeachcommunication
terminal. From each demodulator 701 a CIR signal for the
corresponding communication terminal is output, and from
each unused CIR detection section 703 a detection result
for the corresponding communication terminal is output.

Theallocationsection704 determines communication
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resource allocation to each communication terminal based
on CIR information indicated by CIR signals excluding
CIR signals detected by the unused CIR detection sections
703 from among the CIR éignals extracted by the
demodulators 701. Then, based on the determined
communicatioﬁ resource allocation, the allocation
section 704 notifies a buffer 102 for output of downlink
transmit data, and outputs the CIR information to a
communication mode determination section 705.

Based on the CIR information output from the
allocation section 704, the“communication mode
determination éection 705 determines the communication
mode, which indicates a combination of modulation method
and coding method, and outputs a signal indicating this
communicationmode toamodulator 706. Inaddition, based
on the determined communicationrmode, the communication
mode determination section 705 indicates the downlink
transmitdatacodingmethodtoEn)adaptivecodingsectidn
103, and indicates the downlink transmit data modulation
method to an adaptive modulator 104. Modulator 706
modulates the signal indicating the communication mode
and outputs it to a spreading section 707. Spreading
section 707 spfeads the output signal from modulatoxr 706
and outputs the resulting signal to a multiplexexr 108.

FIG.11l is a block diagram showing the configuration
of a communication terminal according to Embodiment 4
of the present invention. 1In the following description,

parts identical to those in FIG.3 are assigned the same

i
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reference numerals as in FIG.3 and their detailed
explanations are omitted.

In FIG.1l1l, a CIR information creation section 801
creates a CIR signal indicating a CIR measured by a CIR
measurement section 219, and outputs it to a modulator
802 and CIR.information power controller 804. Modulator
802 modulates the CIR signal and outputs it to a spreading
section 803. Spreading section 803 spreads the output
signal from modulator 802 and outputs the spread signal
to the CIR information power controller 804. The CIR
information power controller 804 refers to a transmission
power table 805 that shows the correspondence between
CIR level and transmission power, and controls the CIR
signal transmissionpower based on the transmission power

of a pilot signal output from a pilot power controller

209, and outputs the CIR signal that has undergone

transmission power control to a multiplexer 210.

A despreading section 807 despreads the baseband
signal using the spreading code used to spread the signal
indicating the communication mode, and outputs the
despread signal to acommunication mode detection section
808. The communication mode aetection section 808
demodulates the output signal from despreading section
807 and detects the communication mode. Then, based on
the detected communication mode, the communication mode
detection section 808 indicates the downlink receivedata
demodulation method to an adaptive demodulator 216 and

indicates the downlink receive data decoding method to
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an adaptive decoding section 217.

Next, the procedure for transmission/reception of
signals between the base station shown in FIG.10 and the
communication terminal shown in FIG.11 will be described.

First,inthecommunicationterminalshowninFIC.ll,
theCIRof thepilotsignal output fromdespreading section
218 is measured by the CIR measurement section 219, and
a CIR signal is created by the CIR information creation
section 801. B

The CIR signal is modulated by modulator 802, spread
byspreadingsectionSOB,andoutputtotheCIRinformat%on
power controller 804. Iﬁ the transmission power table
805, the correspondence between CIR level and CIR signal
transmissionpower is showninthe samewayas in Embodiment

1, set so that the CIRsignal transmission power increases

~in proportion to the level of the CIR. That is to say,

in the settings in transmission power table 805, as in
Embodiment 1, the better the downlink channel guality
indicated by a CIR signal, the higher is the transmission
power. Also, as in Embodiment 1, the CIR signal
transmission power values set in the transmission power
table 805 are expressed as a ratio to the pilot signal
transmission power.

In the CIR information power controller 804} the
CIR signal transmission power is obtained by having the
transmission power of the pilot signal output from the
pilot power controller 209 adjusted in accordance with

theratios set inthe transmission power table 805. Then,
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in the CIR information power controller 804, the
transmissionpoWeroftheCIRsignaloutputfromspreading
section 803 is adjusted to this obtained transmission
power, and a CIR signal that has been subjected to
transmission power control is output to the multiplexer
210.

TheCIRsignalthathasundergonetfansmissionpower
control is multiplexed with the pilot signal by the
multiplexer 210, frequency-converted to radio frequency
by a transmit RF section 211, and transmitted to the base
stationas aradio signalwfrom an antenna 213 viaaduplexer
212.

In the base station shown in FIG.10, the output
signal from the despreading section 113 is demodulated
by demodulator 701, and the demodulated CIR signal is
extracted and output to the allocation section 704. In
the reception power calculation section 702, the
reception power of the despread CIR signal is meaéured,
and is output to the unused CIR detection section 703.
The lowest reception poWer at which an error does not
occur in a CIR éignal indicating that downlink channel
quality is poorest has been set beforehand in the unused
CIR detection section 703 as a threshold value, as in
Embodiment 1. Then, in the unused CIR detection section
703, a CIR signal of reception power lower than this
threshold value is detected, and the detection result
is output to the allocation section 704. A CIR signal

detected by the unused CIR detection section 703 is a
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CIR signal that is not used by the allocation section
704 in determining communication resource allocation.
In the allocation section 704, communication
resource allocation to each communication terminal is
determinedbasedontheCIRshownbyCIRsignaLsremaining
after CIR signals detected by the unused CIR detection

section 703 have been excluded from the CIR signals

‘extracted by the demodulator 701, and CIR information

is output to the communication mode determination section
705.

In the communication mode determination section 705,
the communication mode is determined based on CIR
information output from the allocation section 704, and
a signal indicating this communication mode is output
to modulator 706. The signal indicating the
communication mode is modulated by modulator 706, spread
by spreading section 707, multiplexed with transmit data
and the pilot signal in the multiplexer 108,
frequency-converted to radio frequency by the transmit
RF section 109, and transmitted to the communication
terminal as a radio signal from an antenna 111 wvia a
duplexer 110.

In the communication terminal shown in FIG.1l1l, a
baseband signal is despread by despreading section 807,
and the despread signal is output to the communication
mode detection section 808. 'In the communication mode
detectionsectionBOS,theoutputsignalfromdespreading

section 807 is demodulated and the communication mode
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isdetected,andbasedonthedetectedcommunicationmode,
the downlink receive data demodulation method is
indicated to the adaptive demodulator 216 and the downlink
receivedatadecodingmethodisindicatedtdtheadaptive
decoding section 217.

Thus, accordingto this embodiment, as in Embodiment
1, the better the downlink channel quality indicated by
a CIR signal, the higher is the transmission power at
which transmission is performed, and therefore it is
possible to reduce the error occurrence rate of CIR
information for which the probability of use by a base_
station is high. By this means it is possible to reduce
the possibility of communication resource allocation
beingdeterminedbasaionerroneousCIRinformation,and
SO to prevent a fall in downlink throughput.

Also, accordingto this embodiment, as in Embodiment
1, a CRI signal of reception power lower than the lowest:
reception power at which a CIR signal indicating that
downlink channel guality is poorest is not received
erroneously is excluded, and therefore, even though a
CIR signal indicating that downlink channel quality is
poor is transmitted at lower transmission power than in
a conventional system, it is possible to prevent
communication resource ailocation from being determined
based on erroneous CIR information.

A base station according to this embodiment may also
be configured as shown in FIG.12. FIG.12 is a block

diagram showing another configuration of a base station
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accordingtu:Embodiment.4of1ﬂu3preseﬁtinvention. That
is to say, a base station may be configured in such a
way that the reception power calculation section 702 and
unused CIR detection section 703 shown in FIG.10 are
replaced by a likelihood calculation section 901 and
unused CIR detection section 902. In the following
description, parts identical to those in FIG.10: are
assigned the same reference numerals as in FIG.10 and
their detailed explanations are omitted.

In FIG.12, the likelihood calculation section 901
calculates a likelihood that indicates the probable
degree of certainty of a CRI signal, and outputs the
calculation result to the unused CIR detection section
902. The lowest likelihood at which an error does not
occur in a CIR signal‘indicating that downlink channel
quality is poorest has been set beforehand in the unused
CIR detection section 902 as a threshold value. Then,
in the unused CIR detection section 902, a CIR éignal
with a likelihood lower than this threshold value is
detected, and the detection result is output to the
allocation section 704.

In this way the same effect as described above is
also obtained when a base station according to this

embodiment is configured as shown in FIG.12.

(Embodiment 5)
In a communication terminal according to Embodiment

50fthepresentinvention,thebetterthedownlinkchanhel
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guality indicated by a CIR signal, the larger is the code
word minimum distance of the code word to which that CIR
signal is converted with respect to other CIR signal code
words before being transmitted.

FIG.13 is a block diagram showing the configuration
of‘a communication terminal according to Embodiment 5
of the present invention. As shown in this figure, a
communication terminal according to this embodiment is
configured in such a way that the modulator 802, spreading
section 803, CIR information power controller 804, and
transmissionpowertable805showninETG.llarereplaced
by a code word selector 1001, code wofd table 1002,
modulator 1003, and spreading section 1004. In the
followingdescription,partsidenticaltothoseinFIG.ll
are assigned the same reference numerals as in FIG.11 "
and thei: detailed explanations are omitted.

The code word selector 1001 refers to the code word
table 1002, converts a CIR signal created by the CIR
information creation section 801 to a predetermined code
word, and outputs it to modulator 1003. Modulator 1003
modulatesthecodewordandoutputsittospreadingsection
1004. Spreading section 1004 spreads the output signal
from modulator i003 and outputs the resulting signal to
a multiplexer 210.

Next, the operation of a communication terminal
according to this embodiment will be described.

In the same way as in above-described Embodiment

2, the code word table 1002 shows the correspondence
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between CIR level and code words after CIR signal
conversion, set so that £he higher the CIR level, the
larger is the code word minimum distance of the code word
to which the CIR signal is converted. That is to say,
in the settings in the code word table 1002, the better
the downlink channel gquality indicated by a CIR signal,
the larger is the code word minimum distance of the code
word to which the CIR signal is converted.

In the code word selector 1001, a CIR signal output
fromtheCIRinformationcreationsectionBOlisconverted
toeacodewordset:ulthecodewordtaleIOOZ,andoutput,
to modulator 1003. Following conversion, the code word
is modulated by modulator 1003 and spread by spreading
section 1004. The spread code word is multiplexed with
a pilot signal by amultiplexer 210, frequency-converted
to radio frequency by a transmit RF section 211, and
transmitted to the base station as a radio signal from
an antenna 213 via a duplexer 212.

Thus, according to this embodiment, as in Embodiment
2, the better thé downlink channel qguality indicated by
a CIR signal, the larger is the code word minimum distance
of the code word to which that CIR signal is converted
with respect to other CIR signal code words before being
transmitted, and therefore it is possible to reduce the
error occurrence rate of CIR information for which the
probability of use by a base station is high. By this
means it is possible to reduce the possibility of

communicationresource allocationbeingdetermined based
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on erroneous CIR information, and so to prevent a fall
in- downlink throughpuf.

Also, according to this embodiment, as in Embodiment
2,‘it is possible to reduce the error occurrence rate
of CIR information for which the probability of use by
a base station is high without increasing CIR signal
transmission power, thereby making it possible to reduce
the possibility of communication resource allocation
being determined based on erroneous CIR information
without increasing communication terminal power
consumption. B

Moreover, according to this embodiment, as in
Embodiment 2, it is possible to change the degree of
insusceptibility to errors of code words corresponding
to CIR signals while keeping the code length of code words
constant, and therefore it is not necessary to provide .
a plurality of demodulation systems in accordance with
different code lengths in a b&se station, thus enabling
the apparatus configuration of a base station to be

simplified.

(Embodiment 6)

A communication terminal according to Embodiments
6 to 8 of the present invention transmits with less
susceptibility to errors in the propagation path in
proportion to information for which the amount of change
is lérge within CIR information. In other words, a

communication terminal according to Embodiments 6 to 8
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of the present invention transmits with less

susceptibility to errors in the propagation path in
proportion to information that indicates a broad value
within CIR information.

The meaning of “information for which the amount
of change is large” and “information that indicates a
broadvalue” herecanbeillustratedbyaspecificexample.
If a CIR value is indicated by a value with a decimal
fraction (such as 8.7 dB), then the above-mentioned
information refers to the integer part (here, “87)., 1In
this case, since the amount of change per unit of the
integer part is 1 dB, while the amount of change per unit
of the fractional part is 0.1 dB,. the integer part is
“information for which the amount of change is large?.
Therefore, if an integer part is received erroneously
by a base station, the degree of error is large compared
with the case where a fractional part is received
erroneously} and the probability of an erroneoﬁs
communication mode being determined is higher—that is
to say, the probability of downlink throughput falling
is higher.

Also, CIR information is normally converted to a
code word with a limited number of bits before being
transmitted to a base station, and there are also limits
on the transmission power and spreading code spreading
factor that can be used in transmitting CIR information.
There are thus limits to making CIR information overall

insusceptible to errors, and it is difficult to do so.
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Thus,inEmbodiments61x>80fthepresentinvention,
within the above-described limitations on transmission
of CIR information, transmission is performed with
insusceptibility to errors in the propagation path made
proportional to “information for which the amount of
change is large” within the above limitations so that,
at least “information for which the amount of change is
large” (that is, “information that indicates a broad
value”) of CIR information is received correctly.

A communication terminal according to Embodiment
6 of the present invention is described below. A _
communication terminal according to Embodiment 6 of the
presentinventionperfo:msconversionto,andtransmits,
a code word with a code length proportional to the value

of the upper digit in a CIR value.

FIG.1l4 is a block diagram showing the configuration
of a communication terminal according to Embodiment 6
of the present invention. 1In the following description,
parts identical to those in FIG.11 are assigned the same
reference numerals as in FIG.11 and their detailed
explanations are omitted.

In FIG.14, a CIR signal creation section 1101
converts a CIRvaluemeasured by a CIRmeasurement section
219 to a code word and creates a CIR signal, and outputs
thecreatedCIRsignal toamultiplexer 210. At this time,
the CIR signal creation section 1101 creates a CIR signal
by performing conversion to a code word with a code length

proportional to the value of the upper digit in the CIR
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value.
Next, the configuration of the CIR signal creation

section 1101 will bedescribed. FIG.15 isablockdiagram

showing the configuration of the CIR signal creation

section of a communication terminal according to
Embodiment 6 of the present invention.

In FIG.15, an upper digit information generation
section 1201 outputs the value of the upper digit in the
CIR value output from the CIR measurement section 219
to a6-bit coding section 1203. A lower digit information
generation section 1202 outputs the value of the lower
digit in the CIR value output from the CIR measurement
section 219 to a 4-bit coding section 1204. To give a
specific example, if the CIR value output from the CIR
measurement section 219 is 8.7 dB, the upper digit
information generation section 1201 outputs the value
of the integer part, “87", to the 6-bit coding section .
1203, and the 10Wer‘digit information generation.section
1202 outputs the value of the fractional part, “7", to
the 4-bit coding section 1204.

The 6-bit coding section 1203 converts the value
output from the upper digit information generation
sectioanOl(here,"8")1x)a6—bitcodeword,andoutputs
the6—bitcddewordtozitimemultiplexer1205. The 4-bit
coding section 1204 converts the value output from the
lower digit information generation -section 1202 (here,
“7") to a 4-bit code word, and outputs the 4-bit code

word to the time multiplexer 1205. It is herein assumed
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that the ﬁumber of bits that can be used to indicate a
CIR value is ten.

The time multiplexer 1205, by storing the 6-bit code
word in the first half of a slot and storing the 4-bit
codewordinthe followinglatterhalfoftheslot, performs
time multiplexing of the code word for the integer part
of the CIR value (that is, the code word corresponding
to the value of the upper digit) and the code word for
the fractional part of the CIR value (that is, the code
wordcorrespondingtothevaiuecﬂfthelowerdigit). The
time multiplexer 1205 then outputs the time-multiplexed
10-bit code word to a modulatox 1206 as a CIR signal.
It is herein assumed that one slot is composed of 10 bits,
with the integer part of a CIR value represented b& the
preceding 6 bits and the fractional paft of a CIR value
represented by the succeeding 4 bits.

The modulator 1206 modulates the CIR signal and
outputs_it to the spreading section 1207. The spreading
section 1207 spreads the output signal from the modulator
1206 and outputs the resulting signal to the multiplexer
210.

Next, the operationof a communicationterminal with
the above configuration will be described.

In the 6-bit coding section 1203, the value of the
upper digit in the CIR value (here, “8”) is converted
to a 6-bit code word, and the value of the lower digit
in the CIR value (here, "77) is converted to a 4-bit code

word.
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As the number of different code words that can be
represented by 6 bits is 2°, and the number of different
code words that can be represented by 4 bits is 2%, the
code word minimum distance between code words can be made
larger for code words represented by 6 bits. Therefore,
a code word representedbby 6 bits is less susceptible
to being mistaken for another code word than a code word
representedby 4 bits. That is tosay, inthis embodiment,
the value of the upper digit of a CIR value is less
susceptible to errors.

Thus, with a communication terminal according to
this embodiment, within the limitation of 10 bits
available to indicate a CIR value, by performing
conversion to a code Word of a code length proportional
to the value of the upper digit in a CIR value, it is
possible to perform trénsmission with insusceptibility
to errors made proportional to the value of the upper
digit for which the amount of change is large. By this
means, even if an error should occur in a CIR signal in
the propagation path, the probability of being able to
perform reception correctly at the base station is
proportionallyhigheraccording1x>thevalueof1ﬂu3upper
digit in a CIR value, and the degree of error in CIR values
can be kept low. Thus, it is possible to reduce the
possibility of an erroneous communication mode being
defermined in the base station.

In this embodiment, a case has been described where

the upper digit value is converted to a 6-bit code word
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and the lower digit value is converted to a 4-bit code
word. However, as long as the number of bits of the code
word corresponding to the upper digit value is greater
than the number of bits‘of the code word corresponding
to the lower digit value, there are no particular

limitations on these numbers of bits.

(Embodiment 7)

A communication terminal according to Embodiment
7 of the present invention transmits with transmission
power increased in proportion to the value of the upper
digit in a CIR value.

A communication terminal according to this
embodiment differs from a communication terminal
according to Embodiment 6 only in the internal
configuration of the CIR signal creation section 1101,
and therefore only the CIR signal creation section 1101
will be described in the following descripfion.

FIG.16 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 7 of the present

invention. In the following description, parts

‘identical to those in FIG.15 are assigned the same

reference numerals as in FIG.15 and their detailed
explanations are omitted.

The CIR signal creation section 1101 shown in FIG.16
convertsaCIRvalueméasuredbyeaCIRmeasurementsection

219 to a code word, and then creates a CIR signal,
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increasing transmission power in proportion to the value
of the upper digit. |

In FIG.16, a 5-bit coding section 1301 converts the
value output from an upper digit information generation
section 1201 to a 5-bit code word and outputs the 5-bit
code word to a modulator 1303, and a 5-bit coding section
1302 converts the value output from a lower digit
information generation section 1202 to a 5-bit code word
and outputs the5-bit codeword toamodulator 1304. Thus;
in this embodiment, both the upper digit value and the
lower’digit value are converted to 5-bit code words, and
therefore there is no difference between them in
insusceptibility to errors from a code word standpoint.

Modulator 1303 modulates the code wordJOutput from
5-bit coding section 1301, and outputs it to an upper
digit spreading section 1305. Modulator 1304 modulates
the code word output from 5-bit coding section 1302, and
outputs it to a lower digit spreading section 1306,

The upper digit spreading section 1305 spreads the
output signal frommodulator 1303, and outputs the spread
si@naltoanupperdigitpowercontroller1307. The lower
digit spreading section 1306 spreads the output signal
from modulator 1304, and outputs the spread signal to
a lower digit power controller 1308. At this time, the
upper digit spreading section 1305 and lower digit
spreadingsection 1306 performtheir respective spreading
processing using different spreading codes of the same

spreading factor. That is to say, the upper digit value
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of the CIR value and the lower digit value of the CIR
value are spread using different spreading codes that
have the same spreading facfor.

Based on the transmission power of a pilot signal
output from a pilot power controller 209, the upper digit
power controller 1307 controls the transmission power
of the signal indicating the upper digit value of the
CIR value, and outputs the signal that has undergone
transmission power control to a code multiplexer 1309.
Similarly, based on the transmission power of the pilot
signal output from the pilot power controller 209, the
lower digit power controller 1308 controls the
transmission power of the signal indicating the lower
digit value of the CIR value, and outputs the signal that
has undergone transmission power control to the code
multiplexer 1309. The actual transmission power control
method will be described later herein.

The code multiplexer 1309 multiplexes the signal
indicating the upper digit value of the CIR value and
the signal indicating the lower digit value of the CIR
value in the same time slot. That is to say, the code
nmltiplexerl309performscodemultiplexingofthesignal
indicatingtheupperdigitvalueandthesignalindicating
the lower digit value.

Next, theoperationof acommunicationterminal with
the above configuration will be described.

In the upper digit power controller 1307, a signal

indicatingtheupperdigitvalueofeaCIRvalueisadjusted
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to a transmission power whose only predetermined value
is higher than the pilot signal transmission power. In
the lower digit power controller 1308, asignal indicating
the lower digit value of the CIR value is adjusted to
a transmission power whose only predetermined value is
lower than the pilot signal transmission power. That is
to say, the transmission power is increased in proportion
to the value of the upper digit in the CIR value.
Thus, a communication terminal according to this
embodiment can transmit with insusceptibility to errors
made proportional to the upper digit value for which the
amount of change is large by transmitting with
transmission power increased in proportion to the upper
digit value of a CIR value. By this means, even if an

error should occur in a CIR signal in the propagation

path, the probability of being able to perform reception

correctly at the base station is proportionally higher
according to the value of the upper digit in a CIR value,
and the degree of error in CIR values can be kept low.
Thus, it is possible to reduce the possibility of an
erroneous communication mode being determined in thebase
station.

Also, in this embodiment, by increasing
transmission power of the upper digit value compared with
conventional CIR signal transmission power (here, the
pilot signal transmission power), and decreasing
transmission power of the lower digit value by the amount

by which it is increased for the upper digit value, giving
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a total transmission power increase/decrease value of
*0 dB, the overall CIR signal transmission power is kept
the same as conventional CIR signal transmission power.
Thus, according to this embodiment, it is possible to
performtransmissionwithinsﬁsceptibilitytoerrorsmade
proportional to the upper digit value while keeping CIR
signal transmission power the same as in a conventional
system. That is to say, it is possible to perform

transmission with insusceptibility to errors made

proportional to the upper digit value without reducing

uplink capacity compared with a conventional system.

(Embodiment 8)

A communication terminal according to Embodihent
8 of the present invention transmits with spreading
performed using a spreading code with a higher spreading
factor in proportion to the value of the upper digit in
a CIR value.

A communication terminal according to this
embodiment differs from a communication terminal
according to Embodiment 6 or 7 only in the internal
configuration of the CIR signal creation section 1101,
and therefore only the CIR signal creation section 1101
will be described in the following description.

FIG.17 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 8 of the present

invention. In the following description, parts
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identical to those in FIG.15 or FIG.16 are assigned the

same reference numerals as in FIG.15 or FIG.16 and their
detailed explanations are omitted.

The CIR signal creation section 1101 shown in FIG. 17
converts a CIR value measured by a CIR measurement section
219 to a code word, and then creates a CIR signal, with
spreading performed using a spreading code with a higher
spreading factor in proportion to the value of the upper
digit.

In FIG.17, an upper digit spreading section 1401
spreads the output signal frommodulator 1303 and outputs
the resulting signal to a time multiplexer 1205, and a
lower digit spreading section 1402 spreads the output
signal ffonlmodulator 1304 and outputs the spread signal
to the time multiplexer 1205. At this time, the upper
digit spreading section 1401 performs spreading
processing with a spreading code of the same kind as used
bythelowerdigitspreadingsectionl402andwithaihigher
spreading factor than that of the lower digit spreading
section 1402. That is to say, the upper digit value of
the CIR value is spread with a higher spreading factor
thanthelowerdigitvalue. As aresult, insusceptibility
to errors in the propagation path is proportional to the
upper digit value.

Thus, a communication terminal according to this
embodiment can transmit with insusceptibility to errors
made prdportional to the upper digit value for which the

amount of change is large by transmitting with spreading
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performed using a spreading code with a higher spreading
factor in proportion to the value of the upper digit in
a CIR value. By this means, even if an error should occur
in a CIR signal in the propagation path, the probability
of being able to perform reception correctly at the base
station is proportionally higher according to the value
of the upper digit in a CIR value, and the degree of error
in CIR values can be kept low. Thus, it is possible to
reducethepossibilityofznlerroneouscommunicationmode
being determined in the base station.

Also, in this embodiment, the spreading factor for
the upper digit value is increased compared with a
conventional CIR signal spreading factor, and the
spreading factor for the lower digit value is decreased
by the amount by which it is increased for the upper digit
value. By this means, the amount of data sent in one slot
is kept the same as for a conventional CIR signal. Thus,
according to this embodiment, it is possible to éerform
transmission with insusceptibility to errors made
proportional to the upper digit value without reducing
the amount of data sent in one slot.

It is also possible to implement the present
inventionbycombiningacommunicationterminalaccording
to above-described Embodiment 1 and a communication
terminal according to above-described Embodiment 2.
Moreover, it is also possible to implement the present
inventionbycombiningacommunicationterminalaccording

to above-described Embodiment 4 and a communication
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terminal according to ébove—described Embodiment 5.
Furthermore,ji:isalsopossibletojj@leméntthepresént
invention by combining the respective communication
terminals according to above-described Embodiments 6 to
8. 1In addition, it is also possible for the transmission
power table provided in a communication terminal
according to above-described Embodiment 4 and the code
word table provided in a communication terminal according
to above-described Embodiment 5 to be rewritten as
appropriatebasedonacontrol signal fromthebasestation
in the same way as in above-described Embodiment 3.

Also, in above-described Embodiments 1 to 8, a case
has been described where a pilot signal is
time-multiplexed, but above-described Embodiments 1 to
8 are not limited to this, and can also be applied to
a case where a pilot signal is code-multiplexed.

Moreover, in above-~described Embodiments 1 to 8,
a CIR.haé been used as a value that indicates pilot signal
reception gquality, but this is not a limitation, and any
value may be used as long as it is a value that indicates
reception quality.

Furthermore, in above-described Embodiments 1 to
5, the predetermined threshold value set in the unused
DRC detection section or the unused CIR detection section
is assumed to be a fixed value, but a configuration may
also be used whereby the threshold value is varied
adaptively in accordance with the DRC signal error rate

or CIR signal error rate.
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In addition, in above-described Embodiments 6 to
8, either time multiplexing or code multiplexing may be
used when multiplexing code words.

Also, in above-described Embodiments 6 to 8, an
example has been given in which a CIRvalue is represented
by one integer-part digit and one fractional-part digit.
However, this is not a limitation, and abo&e-described
Embodiments 6 to 8 may all be implemented for CIR values
represented by a plurality of digits.

Moreover, in above-~described Embodiments 6 to 8,
the value of the upper digit of a CIR value has been
described as “information for which the amount of change
is large”. However, “information for which the amount
of éhange is large” does not necessarily correspond to
the size of a digit. For example, if a method is used
whereby a CIR value is represented by an integer by first
indicating a broad value of 0db, 2 dB, 4 dB, 6 dB ..changing
by 2 dB at a time, and adding information indicating the
presence or absence of an increment of 1 dB for that broad
value, a value changing by 2 dB at a time is “information
forwhichthe amount of change is large”. Withthis method
to represent a CIR value of 7 dB, for example, CIR
information that includes information indicating 6 dB
and information indicating that there is an increment
of 1 dB is transmitted to the base station. At this time,
the communication terminal apparatus transmits the
information indicating 6 dBwithgreater insusceptibility

to errors than the information indicating that there is
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anincrementofildB,inthesamewayasinaboﬁe—described
Embodiments 6 to 8.

As described above, according to the present
invention it is possible to prevent a fall in downlink
throughbut iﬁ a communication system in which
communication resources are allocated to communication
terminals based on downlink channel quality.

This application is based on Japanese Patént
Application No.2000-234420 filed on August 2, 2000, and
Japanese Patent Application No.2000-285405 filed on
September 20, 2000, entire content of which is expressly

incorporated by reference herein.
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CLAIMS

1. A communication terminal apparatus used in a
communication system in which communication resources
are allocated to each communication terminal apparatus
based on downlink channel guality, said communication
terminal apparatus comprising:

a measuring device that measures downlink channel
gquality; and

a transmitter that transmits a notification signal
to notify a base station apparatus of information that
indicates channel gquality;

wherein said transmitter transmits a notification
signalhaVinginformationmadelesssuéceptibletoemrors
in a propagation path, the information, among information
indicative of channel quality, having a possibility of
decreasing the downlink throughput when the information
is received erroneously in said base station apparatus.
2. The communication terminal épparatus according to
claim 1, wherein said transmitter transmits with less
susceptibility to errors in a propagation path in
proportiqn to a notification sighal that indicates that
channel gquality 1is good.
3. The communication terminal apparatus according to
claim 2, wherein said transmitter transmits with
transmission power increased in proportion to a
notification signal thét indicates that channel guality

is good.
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4. The cohmunication terminal apparatus according to
claim 3, further comprising a controller that controls
transmission power of a pilot signal;

wherein said transmitter transmits with a
notificationsignalthat indicates channel qualitybetter
than a predetermined channel quality set to higher
transmission power than pilot signal transmission power,
and a notification signal that indicates channel quality
poorer than a predetermined channel gquality set to lower
transmission power than pilot signal transmission power.
5. The communication terminal apparatus according to
claim 3, further comprising:

a table that indicates a correspondence between a
notification signal and transmission power; and

a rewriting device that rewrites contents of said
table in accordance with a control signal from a base
station apparatus;

wherein said transmitter adjusts a notification
signal1x>predeterminedtransmissionpowerbased<§nsaid
table.
6. The communication terminal apparatus according to
claim 2, wherein said transmitter transmits after
performing conversion to a code word with a size of a
codewordminimum distance proportional to anotification
signal that indicates that channel quality is good.
7. The communication terminal apparatus according to
claim 6, further comprising:

a table that indicates a correspondence between a
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notification signal and a code word; and

a rewriting device that rewrites contents of said
table in accordance with a control signal from a base
station apparatus; |

wherein said transmitter converts a notification
signal to a predetermined code word based on said table.
8. The communication terminal apparatus according to
claim 2, further comprisiﬁg a determination device that
determines a communication mode indicated by a
combination of modulation.method,and.cédingrnethod based
on channel quality;

wherein said transmitter makes a notification
signal a signal that indicates a communication mode.
9. The communication terminal apparatus according to
claim 2, wherein:

-said measurement device measures pilot signal
reception quality; and

said transmitter makes a notification signal a
signal that indicates a pilot signal reception quality
value.
10. The communication terminal apparatus according to
claim 1, wherein:

said meésurement device measures pilot signal
reception quality; and

said transmitter transmits a notification signal
made less susceptible to errors in a propagation path
inproportiontoinformationforwhichanamountofcmange

islargewithininformationusedtoindicateapilotsignal
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reception quality value.

11. The communication terminal apparatus according to
claim 10, wherein said transmitter transmits a
notification signal conve;ted to a code word whose code
length is proportional to a value of an upper digit.
12. The communication terminal apparatus according to
claim 10, wherein said transmitter transmits a
notification signal with transmission power increased
in proportion to a value of an upper digit. -
13. The communication terminal apparatus according to
claim 10, wherein said transmitter transmits a
notification signal spread with a spreading code whose
spreading factor is higher in proportion to a value of
an upper digit.

14. A base station apparatus comprising:

a receiver that receives a notification signal
transmitted from the communication terminal apparatus
according to ciaim 1; |

a measurement device that measures reception power
of a notification signal;

a detector that detects a notification signal whose
reception power is less than a predetermined threshold
value; and -

a determination device that determines downlink
communication resource allocation using a notification
signal excluding a detected notification signal from a
received plurality of notification signals.

15. The base station apparatus according to claim 14,
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further comprising:

a calculator that calculates a rate of detection
by said detector; and

a transmitter that transmits a control signal
instructingacommunicationterminalapparatustorewrite
said table based on a result of comparison of a rate of
detection and a predetermined threshold value.
l6. A base station apparatus comprising:

a receiver that receives a notification signal
transmitted from the communication terminal apparatus
according to claim 1; -

a measurement device that measﬁres likelihood of
a notification sigﬁal;

a detectdr that detects a notification signal whose
likelihood is less thana.predeterminea'threshold value;
and

a determination device that determines downlink
communication resource allocation using a notification
signal excluding a detected notification signal from a
received plurality of notification signals.

17. The base station apparatus according to claim 16,
further comprising:

a calculator that calculates a rate of detection
by said detector; and

a transmitter that transmits a control signal
instructing a communicationterminal apparatus torewrite
said table based on a result of comparison of a rate of

detection and a predetermined threshold value.
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18. A radio communication method, wherein:

a communication terminal apparatus, when
transmitting a notification signal to notify a base
stationapparatusofimformationthatindicatesdownlink
channel quality, transmits a notification signal having
information made less susceptible to errors in a
propagation path, the information, among information
indicative of channel gquality, having a possibility of
decreasing the downlink throughput when the information
is received erroneously in said base station apparatus;
and -

said basestationdetermines downlink communication
resource allocation in accordance with a notification
signal.

19. The radio communication method according to claim
18, wherein said communication terminal apparatus
transmits with less susceptibility to errors in a
propagation path in proportion to a notification siénal

that indicates that channel quality is good.

20. The radio communication method according to claim
18, wherein said communication terminal apparafus

measures pilot signal reception quality, and transmits
a notification signal made less susceptible to errors

in a propagation path in proportion to information for

‘which an amount of change is large within information

used to indicate a reception quality value.
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ABSTRACT
A communication mode determination section 201
determines the communication mode based on the CIR
measured by a CIR measurement section 219; a DRC signal
creation section 202 creates a DRC signal with a number
corresponding to the communication mode; and a DRC power
controller 205 refers to a transmission power table 206
showing the correspondence between DRC numbers and
transmission power, and, based on the transmission power
of the pilot signal output from a pilot power controller
209, increases transmission power in proportion as the
DRC signal indicates that downlink channel quality is

good.
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e : APPLICATION FOR UNITED STATES PATENT
. Declaration for Patent Application

¥ sy As a below named inventor, [ hereby declare that: )
My residence, post office address and citizenship are as stated below next to my name.
I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on

the invention entitled: COMMVNICATION TERMINAL APPARATVS, pASE STATION APPARATVS , AND RAD(O
the specification of which 2 (fi]e no )LOHMUNI CATIoN METHo |

(check at least one) 3[x] isattached hereto

4[ ] wasfiled on as (5) U.S. Application Serial No,
6[ ] and was amended

(if applicable)

I 7{x] wasfiled as PCT international application
Use this 8 Number _PCT/JIP01/06654
portion
by if
o :n'myrf:g 9 on __2/August/2001 _
;q]:‘cﬁg,',i] and was amended under PCT Article(s) 19 and/or 34
phase based - - .
ona PCT 10 on (if applicable).
International . . . . . .
Application 11 priority date claimed in PCT International Application
designati
the US. JAPAN 2000-234420 2/August/2000
(Country) (Number) - (Day/Month/Year Filed)
JAPAN 2000-285405 20/September/2000
(Country) (Number) (Day/Month/Year Filed)
(Country) (Number) (Day/Month/Year Filed)

I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended,
by any amendment referred to above.

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to
patentability in accordance with Title 37, Code of Federal Regulations, §1.56.

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor’s
certificate listed below and have also identified below any foreign application(s) for patent or inventor’s certificate or any PCT international
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date
earlier than that of the application(s) on which priority is claimed.

Prior (Foreign) Application(s) any Priority Claims Under 35 U.S.C. 119 Priority Claimed
12a
[ ] [ ]
(Country) (Number) (Day/Month/Year Filed) Yes No
[ ] {1
(Country) (Number) (Day/Month/Year Filed) Yes No

Priority Claim(s) from U.S. Provisional Application(s) — I hereby claim the benefit under Title 35, United States Code, §119(e) of any
United States provisional application(s) listed below:

12b . '
Application No. Day/Month/Year Filed Application No. Day/Month/Y ear Filed

Do not use this I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or
portion toidentitya | PCT international application(s) designating the United States of America that is/are listed below and, insofar as
PCT apptication if the | the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the
parent applicstionis | manner provided by the first paragraph of Title 35, United States Code §112, I acknowledge the duty to disclose
the U.S. National | to the United States Patent and Trademark Office all information known to me to be material to patentability as
phase of the PCT | defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior
application application and the national or PCT international filing date of this application.

13
(U.S. Application Number) (U.S. Filing Date) Status (patented, pending, abandoned)
I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office:

James E. Ledbetter, Reg. No. 28732; Thomas P. Pavelko, Reg. No. 31689; and Anthony P. Venturino, Reg. No. 31674.
ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO
STEVENS, DAVIS, MILLER & MOSHER, L.L.P., 1615 L Street, N.-W., Suite 850, Washington, D.C. 20036,
TELEPHONE (202) 408-5100, FACSIMILE (202) 408-5200. )
See page 2 for signature lines

©1998 Stevens, Davis, Miller & Mosher, L.L.P. other side for instructions for completing this form
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o TMSTRUCTIONS FOR COMPLETION OF THIS "ORM
ling 1 ) Insert the same title as is used on ti.  pecification and in the assignment.

ling 2+ Is optional but is provided so that you can use it to identify more readily an application prior to the time that the Patent Office application serial number is
assigned. We suggest that the specification, drawings and declaration always bear a file number since it can help to get the papers together in case they become inadvertently
separated. In instances where the specification is filed without a signed declaration form (under 37 CFR §1.53) a file number on a later-received separate form will assistus
in associating it with the correct case.

line 3 Check this box if the specification, claims and drawing (if any) are attached to this declaration form, e.g., when filing a new patent application.
lines 4-5 Are only used in an instance where the application is already on file and the declaration from is being separately filed, e.g.,when the application was
originally filed without a signed declaration or where the Patent Office has required a new declaration because of a deficiency in the original declaration. In such an

instance the Patent Office will require that lines 4 and 5 be completed with the filing date and application serial number already assigned.

line 6 Is used in conjunction with line S but only when there have been one or more amendments to the specification or claims.  Line 6 is also used when the
Examiner requires a new declaration because claims inserted by amendment cover subject matter not originally claimed (37 CFR  §1.67).

lines 7-11 Are for PCT (Patent Cooperation Treaty) cases and are used only when you are entering the U.S. National phase (Chapter I or II) based upon a previously
filed PCT International application designating the U.S.

line 7 Check this box if this i;é PCT National Phase application.

line 8 Insert PCT International application number.

line 9 Insert date of filing of PCT International application.

lines 10-11 Insert the date of all amendments filed in the PCT International application. Such amendments are optional, so this line at times will not be used.

line 12a Is used in the following instances:
@) If a single priority is being claimed from a foreign application you need to list only the first-filed application; you do not-need to list other countries if all
applications were filed within one year of the U.S. filing.
(it) If multiple priorities are being claimed, from a plurality of applications filed in one or more countries, you must list the first filed application for each aspect

of the invention. Example: if aspect A of the invention was disclosed in an application filed 11 months earlier in country X and aspect B was disclosed 9 months
earlier in an application filed in country Y, then the applications in both countries X and Y must be identified. Only the first application for each aspect of the
invention needs to be identified provided all applications on that aspect were filed within one year prior to the U.S. filing.

(iii) If a non-priority application is being filed you must list all applications in all countries where corresponding foreign applications were filed more than one
year prior to the U.S. filing.  This is so the Examiner can check to see if any of those applications were published or patented early enough to be prior art against the
U.S. application.

(iv) If there are more than two applications to be listed we suggest that you type in on this form only “See attached Schedule A” and then list all of the previous
applications on an attached sheet.

line 12b Is used to claim priority under 35 USC §119(e) based on a provisional application filed within one year of the filing of the instant application. More than
one provisional application may be identified provided neither was filed more than one year earlier.

line 13 This block is used only in instances where there is a previously filed 1L.S. non-provisional application which was copending at the time the present application
was (or is being) filed.  that previous application could be a U.S. non-provisional application or the National Phase of a PCT allocation. In such a case the present
application may be entitled to the priority of the previous application’s U.S. filing date (and consequently the foreign priority thereof) provided the present application is
identified as a continuing application (continuation, divisional or continuation-in-part) of the carlier (parent) application. H the foregoing is applicable, please fill in one line
for each such prior application.

line 14 Type the inventor’s proper legal name in the order specificd, e.g., “John B. JONES” or “J. Bob JONES” if the invenior so prefers. It is not acceptable to use
only initials such as “J. B. JONES.”

line 15 The inventor’s “signature” may be his (or her) usual manner of signing but it is preferable that the inventor simply write his (or her) name in his (or her) own
cursive handwriting in the same order as on line 14, e.g., given name, middle initial and Family name.

hine 16 Insert the actual date of signature.

line 17 Insert simply the city and state or country, e.g., “Paris, France”, of the inventor’s residence, not citizenship. No street address or postal code is required on
this line.

line 18 Insert the inventor’s citizenship.  The statement of citizenship (or subject of) is a statutory requirement (35 USC §115). Simply the name of the country of

citizenship, e.g., “lapan” is sufficient.

line 19 Insert the inventor’s mailing address. - The purpose of requiring the post office address is to enable the Patent Office to communicate directly with the
inventor if desired, sucb as in the case of death of the U.S. attorney. It should be the address where the inventor customarily receives  his (or her) mail and should include
the postal code. If applicable it can be the inventor’s business address or address at place of employment.

Applicants are reminded that the U.S. Patent and Trademark Office has very strict requirements as to proper execution of an application. The applicant should
make sure that he reviews the declaration, prior to signing to make sure the declaration properly identifies the application and all relevant information; and should review the
specification and claims (including drawings, if any) before signing the declaration.  Failure to do so will require the filing of a supplemental declaration --- 37 CFR §1.67(c).

Any handwritten changes to the specification, claims or drawings must be in ink personally by all of the inventors prior to signing the declaration and the adjacent
left margin must be initialed and dated by all of the inventors, e.g., “JBJ 6-9-91".

Please let us know if there are any questions regarding proper completion of this form. Thank you.

An assignment, a separate document requiring separate signature and dating may be enclosed. Please look for it and sign and date it in the same manner as in
lines 15 and 16 above.

IPR2018-01474
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STEVEi\‘S,\DAVIS, MILLER & MOSHE™ L.L.P.

I hereby declare that all statements made herein of n

/n knowledge are true and that all statements made on in?

tion and belief are believed to be true; and further that

these statements were made with the knowledge that willful false statements and the like so made are punishable by une or imprisonment, or both, under Section 1001 of Title
18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon.

PAGE 2 OF U.S.A. DECLARATION FORM

14a

15a
16a

17a

18a
19a

14b

15b
16b

17b

18b
19b

l4c

15¢
16¢

17c

18¢c
19¢

14d

15d
16d

17d

18d
19d

*Note to Inventor:

Typewritten Full Name
of Sole or First Inventor

Inventor’s Signature
Date of Signature

Residence

Citizenship

Post Office Address
(Insert complete mailing
address, including country)

Typewritten Full Name
of Sole or First Inventor

Inventor’s Signature
Date of Signature

Residence

Citizenship

Post Office Address
(Insert complete mailing
address, including country)

Typewritten Full Name
of Sole or First Inventor

Inventor’s Signature
Date of Signature

Residence

Citizenship

Post Office Address
(Insert complete mailing
address, including country)

Typewritten Full Name
of Sole or First Inventor

Inventor’s Signature
Date of Signature

Residence

Citizenship

Post Office Address
(Insert complete mailing
address, including country)

Kenichi MIYOSHI
Given Name Middle Name Family Name
- . a - .
;’/W&ﬂ«, gl
Mav th % 2002
Month Day Year
Yokohama-shi Kanagawa JAPAN
City State or Province Country
JAPAN
JAPAN
Osamu KATO
Given Name Middle Name Family Name
Mavch % 20072
Month Day Year
" Yokosuka-shi Kanagawa JAPAN
City State or Province Country
JAPAN
Junichi AIZAWA
Given Name Middle Name Family Name
@49%(4%{ Uesyre
“Mar th % Y9001
Month Day Year
Yokohama-shi Kanagawa JAPAN
City State or Province Country
JAPAN
- - oaWwWa N J
Given Name Middle Name Family Name
Month Day Year
City State or Province Country

copy of this page for identification and signatures for the additional invenlors.
1998 STEVENS, DAVIS, MILLER & MOSHER, L.L.P.

Please sign name on line 15 exactly as if appears in line 14 and insert the actual date of signing on line 16. 1 there are more than four inventors, please add a
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PATENT NUMBER and
ISSUE DATE

[*CONTINUING DATA VERIFIED:
i[[This application is a CON of 10/089,605 04/01/2002 Y=+ Lt

|~ FOREIGN APPLICATIONS VERIFIED:
) } JAPAN 2000-234420 08/02/2000
o JAPAN 2000-285405 09/20/2000

il PG-PUB |DO NOT PuBLISH [ I rescinp |

Foreign priority claimed o yes o no IATTORNEY DOCKET NO
i| 35 USC 119 conditions met o yes g ho
Verified and Acknowledged Examiners's intials L9289.021498B

{[TITLE : Communication terminal apparatus, base station apparatus, and radio communication method
i U.S.DEPT. OF COMMJPAT.& TM-PTO-436L(Rev, 12-94; A

CLAIMS ALLOWED

Totai Claims

] PrintCiaim for
o loe

‘ : Assistant Examiner A
ISSUE FEE ) . . i . DRAWING .

"Amount Due | Date Paid v | Shoats Drwg. | FigaDrwg. _
miih et

Primary Examiner-

TERMINAL , r PREPARED FOR ISSUE Application Examiner

DISCLAMER . WARNING:" »Thszmnnunndxsclosmh:tcmmaybemned. :

- R UnamhnnzeddmclosmmybepmhibmdbyﬂmUmmdSmCodchﬂcJS

S -++ | Sections 122, 181 and 368, Possession outside the U.S. Patem&deemark o
. B mmmmmm:g%_wmmm

FILEDWITH: " - Dmsx(caF) Lo DCD-ROM R
{Attached In pocket on fight insida fiap)
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SEARCH NOTES

(List databases searched. Attach
search strategy inside.)

INTERFERENCE SEARCHED

Class

Sub..

Date

Exmr.

Date | Exmr.
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EAST Seouwch_ 4/7/04 bl
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ISSUE SLIP STAPLE AREA (for additional cross-references)
ISSUING CLASSIFICATION
ORIGINAL - CROSS REFERENCE(S)
CLASS | SUBCLASS | CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

INTERNATIONAL
CLASSIFICATION

A Continued on Issue Slip Inside File Jacket

INDEX OF
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U.S.PTO

{1033

Express Mail Label No. ‘ ] I
| Docket No.

== UTILITY PATENT APPLICATION TRANSMITTAL 1.9289.02149B
oy (Large Entity)
=___§ (Only for new nonprovisional applications under 37 CFR 1.53(b))

TO THE ASSISTANT COMMISSIONER VFOR PATENT;—%S_&S:P%
B L

Transmitted herewith for filing under 35 U.S.C. 111(a) and 37 C.F.R. 1.53(b) is a new utility patent application for an
invention entitled:

COMMUNICATION TERMINAL APPARATUS, BASE STATION APPARATUS AND RADIO
COMMUNICATION METHOD

Total Pages in this Submission

and invented by:
Lenichi MTYOSHI

Osamu KATO
Junichi AIZZAWA

L
If a CONTINUATION APPLICATION, check appropriate box and supply the requisite information:

&k Continuation [3J Divisional O Continuation-in-part (CIP) of prior application No.: 10/089 .605 ,
Which is a: .

O Continuation (3 Divisional [J Continuation-in-part (CIP) of prior application No.:

Which is a:

QO Continuation (O Divisional [J Continuation-in-part (CIP) of prior application No.:

Enclosed are:
Application Elements

1. Filing fee as calculated and transmitted as described below

2. Specification having : 68 pages and including the following:

a. & - Descriptive Title of the Invention

b. O Cross References to Related Applications (if applicable)

¢. O Statement Regarding Federally-sponsored Research/Development (if applicable)
d. O Reference to Sequence Listing, a Table, or a Computer Program Listing Appendix
e. Background of the Invention

f. Brief Summary of the Invention

g. Brief Description of the Drawings (if filed)

h. Detailed Description

Claim(s) as Classified Below

X ¥ X

Abstract of the Disclosure

Page 1 of 4 PO1ULRG/REV06
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Docket No.

UTILITY PATENT APPLICATION TRANSMITTAL 1.9289.02149B

(Only for new nonprovisional applications under 37 CFR 1.53(b))

(Large Entity)

Total Pages in this Submission

10.
1".
12.
13.
14.
15.
16.

c o X

x

oce OO0

00O o

OO0 ¥ X X

e o op

Application Elements (Continued)

Drawing(s) (when necessary as prescribed by 35 USC 113)

Formal Number of Sheets 17
O Informal Number of Sheets

Oath or Declaration

O Newly executed (original or Copj/) O Unexecuted _

& Copy from a prior application (37 CFR 1.63(d)) (for continuation/divisional application only)
With Power of Attorney O Wwithout Power of Attorney

O DELETION OF INVENTOR(S)

Signed statement attached deleting inventor(s) named in the prior application,
see 37 C.F.R. 1.63(d)(2) and 1.33(b).

Incorporation By Reference (usable if Box 4b is checked)

The entire disciosure of the prior application, from which a copy of the oath or declaration is supplied under
Box 4b, is considered as being part of the disclosure of the accompanying application and is hereby
incorporated by reference therein.

CD ROM or CD-R in duplicate, large table or Computer Program (Appendix)
Application Data Sheet (See 37 CFR 1.76)
Nucleotide and/or Amino Acid Sequence Submission (if applicable, all must be included)
0 Computer Readable Form (CRF) ‘
O Specification Sequence Listing on:
i. O CD-ROM orCD-R (2 copies); or
i. O Paper
O Statement(s) Verifying Identical Paper and Computer Readable Copy
Accompanying Application Parts

Assignment Papers (cover sheet & document(s))

37 CFR 3.73(B) Statement (when there is an assignee)
English Translation Document (if applicable)
Information Disclosure Statement/PTO-1449 O Copies of IDS Citations
Preliminary Amendment

Return Receipt Postcard (MPEP 503) (Should be specifically itemized)
Certified Copy of Priority Document(s) (if foreign priority is claimed)
Certificate of Mailing

O FirstClass [ Express Mail (Specify Label No.):

Page 2 of 4 PO1ULRG/REV06
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Docket No.

UTILITY PATENT APPLICATION TRANSMITTAL ' 19289.02149B

(Large Entity)

. L Total Pages in this Submission
(Only for new nonprovisional applications under 37 CFR 1.53(b))

Accompanying Application Parts (Continued)

17. Additional Enclosures (please identifybelow):

Confirmation Claim for Priority

Request That Application Not Be Published Pursuant To 35 U.S.C. 122(b)(2)

18. [ Pursuant to 35 U.S.C. 122(b)(2), Applicant hereby requests that this patent application not be
published pursuant to 35 U.S.C. 122(b)(1). Applicant hereby certifies that the invention disclosed in
this application has not and will not be the subject of an application filed in another country, or under
a multilateral international agreement, that requires publication of applications 18 months after filing
of the application.

Warning - .

An applicant who makes a request not to publish, but who subsequently files in a foreign
country or under a multilateral international agreement specified in 35 U.S.C. 122(b)(2)(B)(i),
must notify the Director of such filing not later than 45 days after the date of the filing of
_such foreign or international application. A failure of the applicant to provide such notice
within the prescribed period shall result in the application being regarded as abandoned,
unless it is shown to the satisfaction of the Director that the delay in submitting the notice
was unintentional. :

Page 3 of 4 PO1ULRG/REV0S
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9 @

UTILITY PATENT APPLICATION TRANSMITTAL

(Only for new nonprovisional applications under 37 CFR 1.53(b))

Docket No.
1.9289.02149B

(Large Entity)

Total Pages in this Submission

Fee Calculation and Transmittal

CLAIMS AS FILED

For #Filed #Allowed  #Extra Rate Fee
Total Claims S 20 -20 = 0 X $18.00 $0.00
Indep. Claims 2 -3 = 0 x  $84.00 $0.00
Multiple Dependent Claims (check if applicable) O $0.00
BASIC FEE $740.00
OTHER FEE (specify purpose) $0.00
TOTAL FILING FEE $740.00
& A check in the amount of $740.00 to cover the filing fee is enclosed.
& The Commissioner is hereby authorized to charge and credit Deposit Account No. 19-4375
as described below. A duplicate copy of this sheet is enclosed.
O Charge the amount of as filing fee.
® Credit any overpayment.
Xl Charge any additional filing fees required under 37 C.F.R. 1.16 and 1.17.
U Charge the issue fee set in 37 C.F.R. 1.18 at the mailin§ of the Notice of Allow. nce,
pursuantto 37 C.F.R. 1.311(b). ?
‘ Signature
James E. Ledbetter, Esq.
Dated: December 18, 2002 Registration No. 28,732

CC:

STEVENS, DAVIS, MILLER & MOSHER, LLP

1615 L Street, N.-W., Suite 850
Washington, DC 20036

Tel: 202-785-0100
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DESCRIPTION

COMMUNICATIONTERMINALAPPARATUS,BASESTATIONAPPARATUS,

AND RADIO COMMUNICATION METHOD

Technical Field

The present invention relates to a communication
terminal apparatus, base station apparatus, and
radio communication method to be used in a cellular

communication system.

Background Art

Inacellular communication system, onebasestation
performs radio communication with a plurality of
communication terminals simultaneously, and therefore,
as demand has increased in recent years, so has the need
for higher transmission efficiency.

Oﬁetechnologythathasbeenproposedforincreasing
the transmission efficiency of a downlink from a base
station to a communication terminal is HDR (High Data
Rate). HDR is a communication method whereby.a base
stationperformsschedﬁlingforallocatingcommunication
resources to communication terminals by time division,
and also sets a transmission rate for each communication
terminal according to the downlink channel quality.

The operations by which a base station and
communication terminals performradio communicationwith

HDR are described below. First, the base station

IPR2018-01474
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transmits a pilot signal to each communicetion'terminal.
Each communication terminal estimates the downlink.
channel quality using a CIR (desired carrier to
interference ratio) based on the pilot signal, etc., and
finds a transmissioh rate at which communication is
poesible. Then, based on the transmission rate at which
communication is possible, each communication terminal
selects a communication mode, which is a combination of
packet length, coding method, and modulation method, and
transmits a data rate control (hereinafterlreferred to
as ”“DRC”) signal indicating the communication mode to
the base station.

The fype of modulation method that can be used in
each system is predetermined as BPSK, QPSK, 16QAM, 64QAM,
and so forﬁh. Also, the type of coding that can be used
in each system is predetermined as 1/2 turbo code, 1/3
turbo code, 3/4 turbo code, and so forth. Further, a
plurality of transmission rates that can be used in each
system are predetermined according to a combination of
packet length, modulation method, and coding method.
Eachcommunicationterminal selects acombinationwhereby
communication can be performed most efficiently with the
current downlink channel quality, and transmits a DRC
signal indicating the selected communication mode to the
base station. Generally, DRC signals are represented by
numbers from 1 to N, with a higher number indicating a
proportionally better downlink channel quality.

Based on the DRC signal transmitted from each
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communication terminal, the base station.sets a
transmission rate for each communication terminal, and
sends asignal to eachcommunicationterminalviaacontrol
channel indicating communication resource allocation to
each communication terminal. Generally, taking

improvement of system transmission efficiency into

‘consideration, communication resources are allocated

with priority to the communication terminal that has the

best downlink channel guality-—that is to say, the

communication terminal that transmits the

higheét—numbered DRC signal.

The base station then transmits data only to the
relevant communication terminal in ité allocated time.
Forexample,iftimetlhasbeenallocatedtocommunication
terminal A, in timevtl the base station transmits data
only to communication terminal A, and does not transmit
data to a communication terminal other than communication
terminal A.

In this way, -data transmission efficiency has
conventibnally been increased for the overall system by
setting a transmiséion rate for each communication
terminal according to channel gquality by means of HDR,
and performing communication resource allocation with
priority to a communication terminal with a high
transmission rate at which communication is possible.

However, if the communication mode determined by
‘a communication terminal is received erroneously by the

base station due to deterioration of the channel
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conditions on the uplink frontthe«:ommunication terminal
to the base station, or the like, the base station will
transmit data using that erroneous mode. As the
determined communication mode and the communication mode
of data transmitted to the communicatidn terminal are
different, the communication terminal cannot demodulate
or decode the data.

Also, when a base station such as that described
above has allocated time tl to communication terminal
A, in time tl the base station transmits data only to
communication terminal A, and does not transmit data to
a communication terminal other than communication
terminal A.

Due to the abéve, a problem arises in that, if the
éommunicationmodedeterminedbyacommunicationterminal
is received erroneously by the base station, there will
be an interval during which time-divided communication

resources are not used, and downlink throughput falls.

Disclosure of'Invention

It is an object of the present invention to provide
a communication terminal apparatus, base station
apparatus, and radio communication method that make it
possible to prevent a fall in downlink throughput in a
communication system in which communication resources
are allocated to communication terminals based on
downlink channel gquality.

In order to achieve the above-described object, in
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the present invention, with respect to information, among
informationindicativeofdownlinkchannel quality, which
has a possibility of décreasing the downlink throughput
when the information is receivéd erroneously in a bése
station, a communication terminal provides éuch

information with less susceptibility to errors in the
propagation path to transmit. It is thereby possible to

prevent the downlink throughput from decreasing.

Brief Description of Drawings

FIG.1l is a graph illustrating DRC signal selection
frequency in a base station;

FIG.2 is a block diagram showing a configuration
of a base station according to Embodiment 1 of the present
invention;

FIG.3 is a block diagram showing the configuration
of a communication terminal according to Embodiment 1
of the present invention;

FIG.4 is a drawing showing the contents of the
transmission power table provided in a communication
terminal according to Embodiment 1 of the present
invention;

FIG.5 is a block diagram showing another
configuration of a base station according to Embodiment
1l of the present invention;

FIG.6 is a block diagram showing the configuration
of a communication terminal according to Embodiment 2

of the present invention;
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FIG.7 is a drawing showing the contents of the code
wordtableprovidedleacommuﬁicationterminalaccording
to Embodiment 2 of the present invention;

FIG.8 is a block diagram showing the configuration
of a base station according to Ebmbodiment 3 of the present
invention;

FIG.9 is a block diagram showing the configquration
of a communicatidn terminal'according to Embodiment 3
of the present invention;

FIG.10 is a block diagram Showing a configuration
of a base station according to Embodiment 4 of the present
invention;

FIG.1ll is a block diagram showing the configuration
of a communication terminal according to Embodiment 4
of the'present invention;

FIG.12 is a block diagram showing another
configuration of a base station according to Embodiment
4 of the present invention;

FIG.13 is a block diagram showing the configquration
of a communicatidn terminal according to Embodiment 5
of the present invention;

FIG.1l4 is a block diagram showing the configuration
of a communication terminal according to Embodiment 6
of the present invention; -

FIG.1l5 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 6 of the present

invention;
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FIG.16 is a block diagram showing the configuration

.of the CIR signal creation section of a communication

terminal according to Embodiment 7 of the present
invention; and

FIG.17 is a block diagram showing the configuration
of the CIR signal creation section df a‘communication
terminal according to Embodiment 8 of the present

invention.

Best Mode for Carrying out the_Invention

With reference now to the accompanying drawinés,
embodiments of the present invention will be explained
in detail below.

(Embodiment 1)

As stated abéve, a base station allocates
communication resources with priority to the
communication terminal with the best dowﬁlink channel’
guality. In other words, a base statioh selects the
highest-numbered DRC signal, and allocates communication
resources with priority to the communication terminal
that transmitted that selected DRC signal. Thus, DRC
signal selection frequency is as shown in FIG.1l. FIG.1
is a graph illustrating DRC signal selection frequency
in a base station. in this figure, numbers 1 to 5 are
used as DRC numbers, with a higher number representing
a proportionally better channel gquality. A

As shown in FIG.1l, the higher the number of a DRC

signal, the greater is the frequency of its selection
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by the base station. That is to say, the better the
downlink channel gquality of a communication terminal,

the higher is the frequency with which communication

resources are allocated to that communication terminal.

This kind of relationship arises from the fact that there

are many communication terminals, and there is an

increased probability of there being a communication
terminal with good downlink channel guality.

Thus, the selection frequency of each DRC signal
differs according to channel gquality. That is to say,
since a DRC signal indicating that downlink channel
qualityisgoodténdstobéselectedwithgreaterfrequency,
there is a high probability that downlink throughput will
fall if a DRC signal indicating that downlink channel
gquality is good is received erroneously. Also, since a
DRC signal indicating that downlink channel quality is
poor tends to be selected with lower frequency, thefe
islittleeffectof producinga fall indownlink throughput
if a DRC signél indicating that downlink channel guality
is poor is received erroneously.

Thus, a communication terminal according to
Embodiment 1 of the present invention transmits at
proportionally higher transmission power a DRC signal
indicating that downlink channel quality is good. Also,

a base station according to Embodiment 1 of the present

>inventionexcludesDRCsignalswithreceptionpowerlower

than a predetermined threshold value in performing

communication resource allocation.
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FIG.2 is a block diagram shéwing a configuration
ofaabasestationaccordingtoEmbodiment].ofthepresent
invention. | A

In FIG.2, an allocation section 101 determines
communication resource allocation to each communication
terminal based on DRC signals exclﬁding ch signals
detected by unused DRC detection sections 116 described
later herein from among DRC signals extracted by
demodulators 114 described later herein. Then, based on
the determined communication resource allocation, the
allocation section 101 notifies a buffer 102 for output
of downlink transmit data, indicates the downlink
transmitdatacodingmethodt05m1adaptivecodingsection
103, and indicates the downlink transmit data modulation
method to an adaptive modulator 104.

The buffer 102 holds downlink transmit data, and
outputs downlink transmit data for a predetermined
communication terminal to the adaptive coding section
103 in accofdance with the directions of'the allocation
section 101. The adaptive coding section 103 codes the
output signal from the buffer 102 in accordance with the
directions of the allocation section 101, and outputs
the resulting signal to the adaptive modulator 104. The
adaptive modulator 104 modulates the output signal from
the adaptive coding section 103 in accordance with the
directions of the allocation section 101, and outputs
the resulting signal to a spreading section 105.

Spreading section 105 spreads the output signal from the
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adaptive modulator 104, and outputs the fesultingvsignal
to a multiplexer 108.

Amodulator 106 modulates a pilot signal and outputs
it to a spreading section 107. Spreading section 107
spreads the output signal from the modulator 106, and
outputs the resulting signal to the multiplexer 108.

The multiplexer 108 performs time multiplexing of
thespreadpilotsignalwiththespreaddownlinktransmit'
data at predetermined‘intervals, and outputs the
resulting signal to a transmit RF section 109. The
transmit RF section 109 converts the frequency of the
ouﬁputsignalfromthemultiplexer108toradiofrequency,
and outputs the resulting signal to a duplexer 110.

The duplexer 110 transmits the output signal from
the transmit RF section 109 as a radio signal from an
antenna 111 to a communication terminal. Moreover, the
duplexer 110 outputs the signals transmitted from each
communication terminal and received by antenna 111 to
receive RF section 112.

A receive RF section 112 converts the frequency of
a radio frequency signal output from the duplexer 110
to baseband, and outputs the resulting signal to a
despreading section 113. The deséreading section 113
despreads the baseband signal using the spreading code
used to spread the DRC signal, and outputs the resulting
signal to the demodulator 114 and a reception power
calculation section 115.

The demodulator 114 demodulates the output signal
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from the despreading section 113 and extracts the DRC
signal,andoutputsthissignaltotheallocationsection
101.

The reception power calculation section 115
measures the reception power of the despread DRC signal,
which is output to the unused DRC detection section 116.
In the unused DRC detection section 116 is set a
predeterminedthresholdvalue,asdescribedlaterherein,
and a DRC signal of recepfion power lower than this
threshold value is detected, and the result of the
detection'is output to the allocation section 101.

A despreading section 113, demodulator 114,
reception power calculation section 115, and unused DRC
detection section 116 are provided for each communication
terminal. From each demodulator 114 a DRC signal for the
corresponding communication terminal is output, and from
each unused DRC detection section 116 a detection result
for théAcorresponding communication terminal is output.

FIG.3 is a block diagram showing the configuration

"of a communication terminal according to Embodiment 1

of the present invention. InFIG.3, a communication mode
determination section 201 determines acommunicationmode
indicatingzacombinationofnmdulaﬁionmethodand coding
method based on a CIRmeasured by a CIRmeasurement section
219 described later herein, and outputs the result to
aDRCsignalcreationsection202. The communicationmode
determination section 201 also indicates the downlink

receive data demodulation method to an adaptive
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demodulator 216, and indicates the downlink receive data
decodingmethod to an adaptivedecodingsection217, based
on the determined communication mode.

The DRC signal creation section 202 creates- a DRC
signal with a number correspondiﬁg to the communication
mode output from the communication mode determination
section 201, and outputs this DRC signal to a modulator
203 and DRC power controller 205.

Modulator 203 modulates the DRC signal and outputs
the resulting signal to a spreading section 204.
spreading section 204 spreads the output signal from
modulator 203 and outputs the resulting signal to the
DRC power controller 205. The DRC power controller 205
refers to a transmission power table 206 that shows the
correspondencebetweenDRCnumbersandtransmissionpower,
controls the DRC signal transmission power based on the
transmission power of a pilot signal output from a pilot
power controller 209 described later herein, and outputs
the DRC signal that has undérgone transmission power
control to a multiplexer 210. The actual method of
controlling DRC signal transmission power will be
described later herein.

A modulator 207 modulétes the pilot signal and
oufputs the resulting signal to a spreading section 208.
Spreading section 208 spreads the output signal from
modulator 207 and outputs the resulting signal to the
pilot power controller 209. The pilot power controller

209 controls the transmission power of the pilot signal,
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and outputs the pilot signal that. has undergone‘
transmiésion perr control to the multiplexer 210. The
pilot power controller 209 also outputs the pilot signal
transmission power to the DRC power controller 205.

The multiplexer 210 performs time multiplexing of
the DRC signal that has undergone trénsmission power
control and the pilot signal that has undergone
transmission power control at predetermined intervalsj
and outputs the resulting signal to a transmit RF section
211. The transmit RF section 211 converts the frequency
of the output signal from the multiplexer 210 to radio
frequency, and outputs the resulting signal to a duplexer
212.

The duplexer 212 transmits the output signal from
the transmit RF section 211 as a radio signal from an
antenna 213 to the base station. Also, a signal
transmitted as a radio signal by the base station and
received as a radio signal by the antenna 213 is output
by the duplexer 212 to a receive: -RF section 214.

The receive RF section 214 converts the fregquency
of the radio frequency signal output from the duplexer
212 to baseband, and outputs the resulting signal to a
despreading section 215 and a despreading sectién 218.

Despreading section 215 despreads the data
componentofthebasebandsignalandoutputsthéresulting
signal to the adaptive demodulator 216. The adaptive
demodulator 216 demodulates the output signal from

despreading section 215 in accordance with thedirections
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of the communication mode determination section 201, and
outputs the resulting signai to the adaptive decoding
section 217. The adaptive decbding section 217 decodes
the output signal from the adaptive demodulator 216 in
accordance with the directions of the communication mode
determination section 201, and obtains receive data.

Despreading section 218 despreads the pilot signal
component of thebaseband signal andoutputs theresulting
signal to a CIR measurement,éection 219. The CIR
measurement section 219 measures the CIR of the pilot
signal output from despreadiné section 218, and outputs
the result to the communication mode determination
section 201.

Next, the procedure for transmission/reception of
signals between the base station shown in FIG.2 and the
communication terminal shown in FIG.3 will be described.

.First, at the start of communication, a pilot signal
is modulated by the modulator 166 in the base station,
is spread by spreading section 107, and is output to the
multiplexer 108. Only the spread pilot signal is output
from the multiplexer 108 to the transmit RF section 1089.
The spread pilot signal is frequency-converted to radio
frequency by the transmit RF section 109, and transmitted
to communication terminals as a radio signal from the
antenna 111 via the duplexer 110.

A radio signal of only the pilot signal component
transmitted as a radio signal from the base station is

received by theantenna 213 of the communicationterminal,
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pasées through the duplexer 212, and is
freguency—convertedtobasebandbythereceiveRFsection
214. The'pilot signal component of the baseband signal
is despread by despreading section 218, and output to
the CIR measurement section 219. |

Next, in the CIR measurement section 219, the CIR
of the pilot signal output from despreading section 218
is measured, and based on the CIR, the communication mode

is determined by the communication mode determination

.section 201. Then a DRC signal with a number

corresponding to the communication mode is created by
the DRC signal creation section 202.
TheDRCsignalisnwdulatedbynwdulatorZOB,spread

by spreading section 204, and output to the DRC power

controller 205. In the DRC power controller 205, the DRC

signal transmission power is controlled based on the
transmission power of the pilot signal output from the
pilotpowercontrollerZOQ,andtheratiosofpilotsignal
transmissionApower to DRC signal transmission power set
beforehand in the transmission power table 206.

The contents set in the transmission power table
206 will be described below. FIG.4 is a drawing showing
the contents of the transmission power table provided
in a communication terminal according to Embodiﬁent 1
of the present invention.

The transmission power table 206 shows the
correspondence between DRC numbers and DRC signal

transmissionpower,setsothatthehighertheDRCnumber,
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the higher is the transmission power. Here, numbers 1
to 5 are used as DRC numbers, with a ﬁigher number
representing a proportionally better downlink channel
guality. That is to say, in the setfings in the
transmission power table 206, the better the downlink
channel guality indicated by a DRC signai, the higher
is the transmiésion power. .

As explained above, the frequency of selection by
the base station tends to be proportional to the downlink
channel quality indicated by a DRC signal, and therefore
in this embodiment, transmission power is higher, and
susceptibility to errors lower, the better the downlink
channel gquality indicated by a DRC signal. As a result,
the probability of a DRC signal that indicates that
downlink channel quality is good being received
erroneously can be made lowér than the probability of

-

a DRC signal that indicates that downlink channel quality
is poor being received erroneously. In otﬁer'words, the
probability of a DRC signal with a high frequency of
selection by the base station being received erroneously
can be made lower than the probability of a DRC signal
with a low frequency of selection by the base station
being received erroneously.

The DRC signal transmission power values set in the
transmission power table 206 are expressed as a ratio
to the pilot signal transmission power. Here, as shown

in FIG.4, the settings are arranged so that DRC number

3 inthemiddle of DRC numbers 1l to5 is takenasareference,
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and DRC signals indicating a lower number than DRC number
3 are transmitted at lower transmission power than the
pilot signal transmission power, while DRC signals
indicating a higher number than.DRC number 3 are
transmitted at higher transmission perr than the pilot
signal transmission power. That is to say, the settings
are arranged so that DRC signals indicating a poorer
channel guality than a predetermined channel quality
(hére, the channel gquality corresponding to a DRC signal
with DRC number 3) are transmitted at lower transmission
power than the pilot signal transmission power, while
DRC signals indicating a better channel guality than the
predetermined channel quality are transmitted at higher
transmission power than the pilot signalltransmission
powé;.

Thus, with this embodimént, by setting DRC signals
forwhichtransmissionpowerisimcreasedandDRCsignals
for which transmission power is decreased in comparison
with conventional DRC signal transmission power (here,
that is, pilot signal transmission power), and making
the total of DRC signal transmission power increases and
decreases *0 dB, it is possible to make DRC signals
indicating that danlink channel quality is good
proportionally less susceptible to errors while keeping
average DRC signal transmission power constant compared
withaconventional system. That is to say, it ispossible
to proportionally reduce susceptibility to errors of DRC

signals indicating that downlink channel quality is good
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"without reducing uplink capacity compared with a

conventional system.

Also, since, in this way, DRC signals indicating
that downlink channel quality is poor (DRC signals with
DRC numbers 1 and 2 in FIG.4) are transmitted at lower
tfansmission power than in a conventional system, it is
possible to reduce power consumption in a communication
terminal that is located far from the base station and
for which there is a high probability of transmitting
a DRC signal indicating that downlink channel guality
is poor. That is to say, in the case of a communication
terminal that transmits a DRC signal indicating that
downlink channel quality is poor, whereas the DRC signal
was previously transmitted at transmission power that
was high to begin with, according to this embodiment the
DRC signal transmission.power'can.belﬁade lower than that
hightransmissionpower,enablingcommunicationtérminal
power consumption to be greatly reduced.

As the frequency of selection by a base station is
lowto beginwith for a DRC signal indicating that downlink
channel guality is poor, there is almost no effect of
producing a fall in throughput due to transmitting a DRC
signal indicating that downlink channel guality is poor
at lower transmission powef than previously in this way.

Also, with this embodiment, DRC signals indicating
that uplink channel guality is good (DRC signals with
DRC numbers 4 and 5 in FIG.4) are transmitted at higher

transmission power than in a conventional system.
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However, there is a high possibility of a DRC signal
indicating that ﬁplink chénnel guality is good being
transmitted from a communication terminal located
comparatively near-the base station. Also, due to pilot
signal transmission power control that is performed
constantlycnuanuplink,thetransmissionpowerofeapilot
signaltransmittedfrémeacommunicationterminéllocated
comparatively near the base station (that is, the
conventional DRC signal transmission power) is low to
begin with. Therefore, in the case of a communication

terminal that transmits a DRC signal indicating that

‘'uplink channel quality is good, DRC signal transmission

power remains low and power consumption remains low even
though the previously originally low DRC signal
transmission power increases, and so there is almost no
effect on power consumption.

In the DRC power controller 205, the DRC signal
transmission power is obtained by having the transmission
power of the pilot signal output from the pilot power
contréller 209 adjusted in accordance with the ratios
set in the transmission power table 206. Then, in the
DRC power controller 205, the transmission power of the
DRC signal output from spreading section 204 is adjusted
to this obtained transmission power, and a DRC signal
that has been subjected to transmission power control
is output to the multiplexer 210. To give a specific
example, if the number of the DRC signal output from the

DRCsignalcreationsectionZOZtotheDRCpowercontrollef
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205 is 5,'the‘transmission power of the DRC signal output
from spreading sectién 204 is adjusted to a transmission
power 2 dB lower than the transmission power of the pilot
signal output from the pilot power controller 209.

TheDRCsignalthathasunde:gonetransmissionpoWer
control is multipléxed with the pilot signal by the
multiplexer 210, frequency-converted to radio frequency
by the transmit RF section 211, and transmitted to the
base station as a radio signal from the antenna 213 via
the duplexer 212.

The radio signal transmitted from the communication
terminalisreceivedbytheantennalllofthebasestation,
and input to the receive RF section 112 via the duplexer
110. The signal input to the feceive RF.section 112 is
frequency-converted to baseband, despread by the
despreading section 113 using the spreading code used
to spread the DRC signal, and output to the demodulator
114 and reception power'calculation section 115.

In the demodulator 114 the output signal from the
des?readingsectionllBjj;demodulated,andtheDRcAsignal
is extracted and output to the allocation section 101.

Here, since a DRC signal indicating that downlink
channelquality.ispoor'istransmittedby'acommunication

terminal at lower transmission power than in a

‘conventional system, the probability of a DRC signal

indicating that downlink channel quality is poor being
received erroneously by the base station is increased.

Also, as stated above, if communication resource
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allocation is performed based on an erroneously received
DRC signal,ldownlink throughput will fall.

Thus, in the reception power calculation section
115, the reception power of the despread DRC signal is
measured,andisoutputtotheunusedDRCdetectionsecti5ﬁﬁ

116. The lowest reception power at which an error does

not occur in a DRC signal indicating that downlink channel

quality is poorest (a DRC signal with DRC number 1 in
FIG.4) has beeh se.t beforehand in the unused DRC detection
section 116 as a threshold value. Then, in the unused
DRCdetectionsectionllG,eaDRCsignalofreceptionpower
lower than this threshold value is detected, and the
detection result is output to the allocation section 101.
A DRC signal detected by the unused DRC detection section
116 is a DRC signal that is not used by the allocation
section 101 in determining communication resource
allocation.

In the allocation section 101, communication
resource allocation to each communication terminal is
determined based on the DRC signals remaining after DRC
signals detecﬁed by the unused DRC detection section 116
have been excluded from the DRC signals extracted by the
demodulator 114.

Thus, inabasestationaccording tothis embodiment,
a DRC signal of reception power lower than the lowest
reception power at which a DRC signal indicating that
downlink channel guality is poorest is not received

erroneously is excluded. That is tosay, inabase station
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according to this embodiment, a notiﬁication signal
susceptible to errors is excluded in determining downlink
communication resource allocation. Therefore,
accordingtoabasestationof this embodiment, eventhough
a" DRC signal indicating that downlink channel Quality
is poor is transmitted at lower transmission power than
in.a conventional system, it is possible to prevent
communication resource allocation from being determined
based on an erroneous DRC signal.

Thus, according to this embodiment, the better the
downlink channel guality indicated by a DRC signal, the
higher is the transmission power at which transmission
is performed, and therefore it is possible to make DRC
signals indicating that downlink channel gquality is good
proportionally less susceptible to errors, and to reduce
the error occurrence rate of DRC signals for which the
probability of selection by a base station is high. By
thié means it is possible tozreduce the possibility of
éommunicationresourceallocationbeingdeterminedbased
on an erroneous DRC signal, and sb to prevent a fall in
downlink throughput.

Abasestationaccordingtothisembodimentmayalso
be configured as shown in FIG.5. FIG.5 is a blockdiagram
showing another configurationof a base station according
to Embodiment 1 of the present invention. That is tosay,
a base station may be configured in such a way that the
reception power calculation section 115 and unused DRC

detection section 116 shown in FIG.2 are replaced by a
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likelihood célculation section 301 and unused DRC
detection section 302. In the following description,
parts identical to those in FIG.2 are assigned the same
reference numerals as in FIG.2 and their detailed
explanations are omitted.

In FIG.5, the likelihodd calculation section 301
calculates a likelihood thét indicates the probable
dégree of certainty of a DRC signal, and outputs the
c;lculation result to the unused DRC detection section
302. The lowest likelihood at which an error does not

occur in a DRC signal indicating that downlink channel

quality is poorest has been set beforehand in the unused

DRC detection section 302 as a threshold value. Then,
in the unused DRC detection section 302, a DRC signal
with a likelihood lower than this threshold value is
detected, and the detection result is output to the
allocation section 101.

In this way the same kind of ‘effect as described
above is also qbtained when a base station according to

this embodiment is configured as shown in FIG.S5.

(Embodiment 2)

In a communication terminal according to Embodiment
2of thepresent invention, the better thedownlinkchannel
quality indicated by a DRC signal, the larger is the code
word minimum distance of the code word to which that DRC
signal is converted with respect to other DRC signal code

words before being transmitted.
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' FIG.6 is a block diagram showing the configuration

of a communication terminal according to Embodiment 2

of the present invention. As shown in this figure, a

communication terminal according to this embodiment is
configuredinsucheawaythatthemodulator203,spreading
section 204, DRC power controller 205, aﬁd'transmission
power table 206 shown in FIG.3 are replaced by a code
wora selector 401, code WOrd table 402, modulator 403,
and spreading section404. Inthe followingdescription,
parts identical to tﬁose in FIG.3 are assigned the same
reference numerals as in fIG.3 and their detailed
explanations are omitted.

The code word selector 401 refers to the code word
table 402, converts a DRC signal created by the DRC signal
creation section 202 to a predetermined code word, and
outputs the code word to modulator 403. Modulator 403
modulatesthecodewordandoutputsittospreadingsection
404. Spreadingsection404spreadstheoutpﬁtsignalfrom
modulator 403 and outputs the resulting signal to a
multiplexer 210.

Next, the operation of a communication terminal
according to this embodiment will be described.

First, the contents set in the code word table 402
will be described. FIG.7 is a drawing showing the
contentsof thecodewordtableprovided inacommunication
terminal according to Embodiment 2 of the present
invention.

The code word table 402 shows the correspondence

IPR2018-01474
Apple Inc. EX1002 Page 166



10

15

20

25

25

between DRC numbers ana code words after DRC signal
conversion, set so that the higher the DRC number, the
larger is the code word minimum.dis;ance of the code word
to which the DRC signal is converted. Here, numbers 1
to 5 are used as DRC ﬁumbers, with a highef number
representing a proportionally better downlink channel
qgquality. That is to say, in the settings in the code word
table 402, the better the downlink channel gquality
indicated by a DRC signal, the larger is the code word
minimum distance of the code word to which the DRC signal
is converted.

Here, “code word distance” is the number of bits
that differ between code words, and “code word minimum
distance” 1is the mipimum number of bits by which a
particular code word differs with respect to all other
code words. Tobe specific, thecodeword for aDRC signal
with-DRC number 5 is 1111111117, and this code word
#111111111" differs by a minimum of 6 bits when compared
with any of the code words cofresponding to DRC signals
withDRCnumbers].to4. Therefore, the code word minimum

distance of the code word for a DRC signal with DRC number

5is 6. Similarly, the code word minimum distance of the

code word for a DRC signal with DRC number 4 is 3.
Thus, the code word for a DRC signal with DRC number

5 is less likely to be mistaken for another code word

than the code word for a DRC signal with DRC number 4.

That is to say, the larger code word minimum distance

of a code word, the less likely it is to be mistaken for
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another code word.

In the code word selector 401, a DRC signal output
from the DRC signal creation section 202 is converted
to a code word set in the code word table 402, and output.
to modulator 403. To giveaaspecific example, if the DRC
signal output from the DRC signal creation section 202
is a number 5 DRC signal) it is converted to code word
“#111111111". |

Following conversion, the code word is modulated
by modulator 403 and spread by spreading section 404.
The spread code word is multiplexed with a pilot signal

by a multiplexer 210, frequency-converted to radio

. frequency by a transmit RF section 211, and transmitted

to the base station as a radio signal from an antenna
213 via a duplexer-212.

Thus, according to this embodiment, the better the
downlink channel quality indicated by a DRC signal, the
larger is the code word minimum distance of the code word
to which that DRC siénal is converted with respect to
other DRC signal code words before being transmitted,
and therefore it is possible tomakeDRCsignals indicating
that downlink channel quality is good proportionallyless
susceptible to errors, and to reduce the error occurrence
rateofDRCsignalsfofwhichtheprobabilityofselection
by a base station is high. By this means it is possible
to reduce the»possibility of communication resource
allocation being determined based on an erroneous DRC

signal, and so to prevent a fall in downlink throughput.

IPR2018-01474

Apple Inc. EX1002 Page 168



10

15

20

25

27

Also, according to this embodiment, it is possible

to reduce the error occurrence rate of DRC signals for

which the probability of selection by a base station is

high without increasing DRC signal transmission power,

thereby making it possible to reduce the possibility of

communicationresourceallocationbeidgdeterminedbased
on an erroneous DRC signal without increasing
communication terminal power consumption.

Moreover, according to this embodiment, it is_
possible to change the degree of insusceptibility to
erroré of code words corresponding to DRC signa;s while
keeping the code length of code words constant, and
therefore it is ﬁot necessary to provide a plurality of
demodulation systems in accordance with different code
lengths in a base station, thus enabling the apparatus

configuration of a base station to be simplified.

(Embodiment 3)

A base station according to Embodiment 3 of the
present invention transmits to a communication terminai
a control signal for tabie rewriting based on the rate
of occurrence of DRC signals that are excluded when
communication resource allocation is détermined, and a
communication terminal according to Embodiment 3 of the
present invention rewrites the contents of atransmission
power table or code word table based on a control signal
transmitted from the base station.

FIG.8 is a block diagram showing the configuration
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- of a base station according to Embodiment 3 of the present

invention. As shown in'this figure, a base station
according to this embodiment is configured by further

providing the configuration shown in FIG.2 with a

detection rate calculation section 501, control signal

creation séction 502, modulator 503, and spreading
section 504. In the following description, parts
identicaltothoseinFIG.Zareassignedthésamereferénce
numerals as in FIG.2 and their detailed explanations are
omitted. .

In FIG.8, the detection rate caiculation section
501 calculates the rate of detection by the unused DRC
detectionsection116andoutputstheresulttdthécontrol
signal creation sectidn-SOZ. That is to say, the
detection rate.calculation section 501 calculates the
rate of occurrence'of DRC signals that are excluded when
communication resource allocationjj{detefmined. Based
onthe detectionrate, thecontrol signal creationsection
502 creates a controi signal for table rewriting
(hereinafter referred to as “table rewrite signal”),
whichisoutput tomodulator 503. Modulator 503 modulates
the téble rewrite signal and outputs it to spreading
section 504. Spreading section 504 spreads the output
signalfrommodulatorSOBandoutputstheresultingsignal
to the multiplexer 108.

FIG.9 1is a block diagram showing the configuration
of a communication terminal according to Embodiment 3

of the present invention. As shown in this figure, a
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communication terminal éccérding to this embodiment is
configured by further providing the configuration shown
inFIG.3witheadesp;eadingsectionGOl}demodulator602,>
and table rewriting section 603. In the following
description, parts identical to those in FIG.3 are
assignedthesamereferéncenumeralsasiﬁETG.3andtheir
detailed éxplanations are omitted.

In FIG.9, despreading.section 601 despreads a
baseband signal using‘the spreading code used to spread
thetablerewritesignal,andoutputstheresultingsignal
tovthedemodulatorGOz. Thedemodﬁlatorsoz demodulates

the output signal from despreading section 601 and

" extracts the table rewrite signal, which is output to

the table rewriting section 603. The table.rewriting
section 603 rewrites the contents of the transmission
power table in accordance with the table rewrite signal.

Next, the procedure for transmission/reception of
signals between the base station shown in FIG.8 and the
cdmmunicationterminalshown:U1FIG.9willIM3described.

First, in the detection rate calculation section
501 of the base station, the detection rate of the unused
DRC detection sectionA116 is calculated and is output
tothecontrolsignalcreationsection502. Thedetection
rate can be calculated, for example, from the number of
detections in a predetermined time.

A predetermined threshold value for the detection
rate has been set in the control signal creation section

502, and this threshold value is compared with the
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detection rate calculated by the detection rate
calculation section 501. If the detection rate
calculated by the detection rate calculation section 501
is greater than or equal to the threshold value, a table

rewrite signal ordering all transmission power values

'set in the transmission power table 206 to be increased

is created, and is output to modulator 503. That . is to

say, if the rate of occurrence of'DRC signals that are

"excluded when communication resource allocation is

determined is greater than or equal to the predetermined
threshold value, the control signal creation seétion 502
creates a table rewrite signal that orders all DRC signal
transmissionpowervalues1x>beincreasedsimultaneously
from their current values.

The.table rewrite signal is modulated by modulator
503,.spread by spreading section 504, and output to the
multiplexer 108. The spread table rewrite signal is
multiplexed with transmit data and the pilot signal in
the multiplexer 108, frequency-converted to radio
frequency by the transmit RF section 109, and transmitted
to communication terminals as a radio signal from the
antenna 111 via the duplexer 110.

The radio signal transmitted from the base station
is received by the antenna 213 of the communication
terminal, passes through the duplexer 212, and is
frequency-converted to baseband by the receive RF section
214. The baseband signal is despread by despreading

section 601 and demodulated by the demodulator 602, and

IPR2018-01474
Apple Inc. EX1002 Page 172



10

15

20

25

@ ®
31

the table rewrite signal is extracted. The extracted
table rewrite signal is output to tﬁe table rewriting
section 603. - |
The contents of the transmission power table 206
are then rewritten by the table rewfiting section 603
in‘accordance with the table rewrite signal. That is to
say, the table reWriting section 603 incréases all the

transmission power values set in the transmission power

- table 206.

In the above description, the configuration is such

thatthetablerewritingsection603rewritesthecontents

of the transmission power table 206, but this embodiment

may also be applied to a communication terminal according
to Embodiment 2, and a configuration may be used whereby
the table rewriting section 603 rewrites the contents
of the code word table 402 shown in FIG.6. |
In this case, if the detection rate calculated Ey

the detection rate calculation section 501 is greater

‘than‘or equal to the threshold value, the control signal

creation section 502 of a base station according to this
embodiment creates a table rewrite signal ordering all
code word minimum distancés set in the code word table
402 to be increased. That is to say, if the rate of
occurrence of DRC signals that are excluded when
communication resource allocation is determined is
greatérthanorequaltothepredeterminedthresholdvalue,
the control signal creation section 502 creates a table

rewritesignal that orders all codewordminimumdis tances
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of code words corresponding to DRC signals to be increased
simultaneouslyfromtheircurrentvalues.,Thenthetable
rewriting section 603 rewrites the contents of the code
wordtable402inaccordancewiththetéblerewritesignal.
That is to say, the table rewriting section 663 rewrites
the code words set in the code word table 402 with code
words all of whose cdde word minimum distances are larger
than at present. |

Thus, according to thié embodiment, the contents

of the transmission powér table or code word table are

‘rewritten based on the rate of occurrence of DRC signals

that are excluded when communication resource allocation
is determined. In other words, in this embodiment,
transmission power table or code word table contents are
rewritten adaptively. . in accordance with variations in
thecommunication environment. That is to say, according
to this embodiment, when the communiéation environment
deteriorates and the rate of occurrence of DRC signals
that are excluded when communication resource allocation
is determined reaches or exceeds a predetermined .
thresholdvalue,thetransmissionpowerofeachDRCsignal
is increaséd, or the code word minimum distance of the
code word corresponding to each DRC signal is increased,
thereby enabling the DRC signal error occurrence rate
to be held down even when the communication environment
deteriorates.

In this embodiment, the predetermined detection

rate threshold value is decided upon considering
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appropriately the environment in which the
communication system is used.

Moreover, with this embodiment, it is also possible
to further set a second predetermined threshold value
in the cbntrol signal cfeation'section 502 to create a
table rewrite signal ordering all transmission power
values set in the transmission power table 206 to be
decreased when the aetection rate calculated by the
detection rate calculation section 501 falls below this
second threshold value. By this means, it is possible
to reduce DRC signal transmission power when DRC signal
reception qualify becomes excessive, thereby enabling
communication terminal power consumptiontobedecreased.

Furthefmore, in this embddimént,vtable rewriting
is perférmed based on the rate of detection by the unused
DRC detection section 116, but it is also possible to
rewrite a table based on the distribution of DRC signals
used in determining communication resource allocation
from among DRC signals transmitted from mobile stations,
so that that distribution is optimized. 1In this case,
the base -station shown in FIG.8 is configured with the
detection rate calculation section replaced by a used
DRCdistributiondeterminationsection,whichdetermines
the distribution of DRC signals used in communication
resource allocation determination based on DRC signals
output from the demodulator 114 and detection results
output from the unused DRC detection section 116, and

outputs a signal indicating that distribution to the

IPR2018-01474
Apple Inc. EX1002 Page 175



10

15

20

25

° e
34

control signal creation section 502. The control signal
creation section 502 then creates a table rewrite signal
based on the signal indicating the distribution output

from the used DRC distribution determination section.

(Embodiment 4)

‘A communication terminal according to Embodiment
4 of the present invénﬁioﬂ transmits at higher
transmission power in proportiorxto CIﬁ.information that
indicates that downlink.channel Quality is good. A base
stationaccordingtoEmbodimemt4offhepresentinvention
excludes CIR information for which the reception power
is lower than a predetermined threshold value in
performing communication resource allocation.

In above-described Embodiment 1, a:cbmmunication
terminal determines the communication mode based on the
CIR and transmits a DRC signal corresponding to that
determined communication mode to the base station at
predetermined transmission power, and the base station
determines communicatibn resource allocation to each
communication terminal based on the DRC signals. DRC
signal can be represented with far fewer bits than other
information indicating downlink channel quality (such
as a downlink CIR, for example), and therefore use of
a DRC signal has the advantage of enabling the downlink-
channel utilization efficiency to be increased. On the
other hand, since a communication terminal must be

provided with a table for communication mode
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determinaﬁion, a table for DRC signal creation, and so
forth to determine the communication mode and create a
DRC signal, there are the disadvantages of increased
communication terminal power consumptioﬁ and apparatus
size.

Thus, in this embodiment, a communication terminal
transmits CIR information to the base station at‘
predetermined transmission power, and the base station
determines the communication mode based on the CIR
information and then determines communication resource
allocation to eachcommunicatipnterminél. Aé aresult,
although there is the disadvantage of a slight decrease
in the dplink channel utilization efficiency, the fact
that communication terminéls do not have to determine
the communication mode and create a DRC signal, and do
not need to be provided with a communication mode
defermination table, DRC signal creation table, and so
forth, offers the major advantage of enabling
communication terminal power consumpfion and apparatus
size to be reduced. Also,'in this embodiment, it is
possible for CIR information for a plurality of terminals
to be compared in the base station, and the correct
communication mode to be determined with certainty,
making this embodiment particularly useful in cases such
as those where it is not possible for the communication
mode to be determined simply from the CIR in each
communication terminal.

A base station according to this embodiment and a
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communicationterminalaccordingtoéhisembodimenﬁwill
be described below. fIG.lO is a block diagram showing
aconfiguratibnofeabaseﬁtationaccordingtoEmbodiment
4o0f thepresent invention. Inthefollowingdescription,
parts ideﬁtical tb thosé in FIG.2 are assigned the same
reference nuﬁerals as in FIG.2 and their detailed
explanations are omitted.

InFIG.10, a demodulator 701 demodulates the output
signal from a despreéding section 113, and extracts a
signal that contains CIR information (héreiﬁafter»

referred to as “CIR signal”), which is output to an

‘allocation section 704.

'A.receptibn power calculation section 702 measures
the reception power of the despread CIR signal, which
is output to an unused CIR detection section 703. 1In the
unused CIR detection section 703 is set a predetermined
threshold value in the same way as in Embodiment 1,.and
a CIR signal of reception power lower than this threshold
value is detected, and the result of the detection is
output to the allocation section 704.

A despreading section 113, demodulator 701,
reception power calculation section 702, .and unused CIR
detectionsection703areprovidedforeachcommunication
terminal. From each demddulator'701a.CIR.signal for the
correspondingcommunicationterminal,isoqtput,armifrom
each unused CIR detection section 703 a detection result
for the corresponding communication terminal is output.

Theallocationsection 704 determines communication
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resource allocation to each communication terminal based
on CIR information indicated by CIR signals excluding
CIR signals detected by the unused CIR detection sections
703 from among the CIR signals extracted by the
demodulators 701. Then, based on the determined
communication reéoﬁrce allpcation, the allocation
section 704 notifies a buffer 102 for output of downlink
transmit data, and outputs the CIR information to a
communication mode determination section 705.

Based on the CIR informqtion output from the
allocation section 704; the communication mode
determinétion section 705 determines the communication
mode, which indicates a combination of modulation method
and coding method, and:outputs a signal indicating this
communicationmodetoanbdulator706. Inaddition, based
on the determined communication mode, the communication
mode determination section 705 indicates the downlink
transmitdatacddingmethodtoenuadaptivecodingsection
103, and indicates_the downlink transmit data modulation
method to an adaptive modulator 104. Modulator 706
modulates the signal indicating the communication mode
and outputs_it to a spreading section 707. 8p;eading
section 707 spreads the output signal from modulator 706
and outputs the resulting signal to a multiplexer 108.

FIG.11 is a block diagram showing the configuration
of a communication terminal according to Embodiment 4
of the present invention. h1thefollowingdeséription,

parts identical to those in FIG.3 are assigned the same

i
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reference numerals as in FIG.3 and their detailed

explanations are omitted.

In FIG.11, a CIR information creation section 801

.creates a CIR signal.indicating a CIR measured by a CIR

'measurement section 219, and outputs it to a modulator

802athIRinformationpowercontroller804. Modulator
802 modulates the CIR signal and outputs it to a spreading
section 803. Spreading sectionv803 spreads the output
signal from modulator 802 and outputs the spread signal
to the CIR information power controller 804. The CIR
informationpowercontroller804refersix>atransmission
power table 805 that shows the correspondence between
CIR level and transmission power, and controls the CIR
signaltfansmissionpowerbasedonthetransmissionpower
of a pilot signal output from a pilot power controller
209, and outputs the CIR signal that has undergone
transmission power control to a multiplexer 210.

A despreading section 807 despreads the baseband
signallusing'the spreading cbde used to spread the signal
indicating the communication mode, and outputs the
despfeadsignaltoacommunicationmodedetectionsection
808. The communication mode detection section 808
demodulates the output signal from despreading section
807 and detects the communication mode. Then, based on
the detected communication mode, the communication mode
detection section 808 indicates thedownlink receivedata
demodulatioﬁ method to an adaptive demodulator 216 and

indicates the downlink receive data decoding method to
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an adaptiveAdecoding section 217.

Next, the procedure for transmission/reception of
signals between the base station shown in FIG.10 and.the
communication terminal shown in FIG.11will be described.

First,inthecdmmunicatioﬂterminalshowninFIG.ll,
the CIRof thepilotsignal output fromdespreadingsection
218 is measured by the CIR méasurement section 219, and
a CIR signal is created by the CIR information creation
section 801.

The CIR signal is modulated by modulator 802, spread
by spreadingsection 803, andoutput totheCIRinformation
power controller 804. 1In the transmission power table
805, the correspondence between CIR level and CIR signal
transmissipnpowerisshowninthesameﬁayasinEmbbdimeht
l,setsothattheCIRsignaltransmissionpowerincreases
in proportion to the level of the CIR. That is to say,
in the settings in traﬁsmission power table 805, as in
Embodiment 1, the better the downiink channel guality
indicated by a CIR signal, the higher is the transmission
power. Also, as in Embodiment 1, the CIR signal
transmission power values set in the transmission power
table 805 are expressed as a ratio to the pilot signal
transmission power.

In the CIR information power controller 804, the
CIR signal transmission power is obtained by having the
transmission power of the pilot signal output from the
pilot power controller 209 édﬁusted in accordance with

theratios set inthe transmission power table 805. Then,
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in the CIR information power controllef 804, the
transmissionpoweroftheCIRsigﬁaloutputfromspreading'
section 803 -is adjﬁsted to thisAobtained transmission
power, and a CIR signal that has been subjected to
transmission po;ervdontrol is output to the multiplexer
210.

TheCIRsignalthathasundergonetransmissionéower
control is multiplexed with the pilot signal by the
multiplexer 210} frequency-converted to radio freguency
by a transmit RF section 211, and transmitted to the base
stationasaradiosignalfromanantenna213viaaduplexer
212.

In the base station shown in FIG.10, the output
signal from the despreading section 113 is demodulated
by demodulator 701, and tﬁe demodulated CIR signal is
extracted and output to the allocation section 704. TIn
the reception powér calculation section 702, the
reception power of the despread CIR signal is measured,
and is output to the unused CIR detection section 703.
The lowest reception power at which an error does not
occur in a CIRlsignal indicating that downlink channel
quality is pocorest has been set beforehand in the unused
CIR detection section 703 as a threshold value, as in
Embodiment 1. Then, in the unused CIR detection section
703, a CIR signal of reception power lower than this
threshold value is detected, and the detection result
is output to the allocation section 704. A CIR signal

detected by the unused CIR detection section 703 is a
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CIR signal that is not used by the allocation section
704 in determining communication resource allocation.

In the allocation section 704, communication
resource allocation to each communication terminal is
determinedbasaﬁontheCIRshownbyCIRsignaLsremaining
after CIR signals detected by the unused CIR detection
section 703 have been excluded from the CIR signals
extracted by the demodulatof 701, and CIR informaﬁion
isoutputfothecommunicationmodedeterminationéection
705. }

In the communication mode determination section 705,
the communication mode is determined based on CIR
information output from the'allocatioﬁ section 704, and
a signal indicating this communication mode is coutput
to modulator 706. The signal indicating the
communication mode is modulated by modulator 706, spread
by sPieading section 707, multiplexed with transmit data
and the pilot signal in the multiplexer 108,
frequency—converted to radio frequency by the transmit
RF section 109, and transmitted to the communication
terminal as a radio signal from an antenna 111 via a
duplexer 110.

In the communication terminal shown in FIG.1l1l, a
baseband signal is despread by despreading section 807,
and the despread signal is output to the communication
mode detection section 808. In the communication mode
detectionsection808,theoutputsignalfromdespreading

section 807 is demodulated and the communication mode
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is detected, and basedon thedetected communication mode,
the downlink receive datatdemodulation method is
indicated to the adaptive demodulator 216 and the downlink
receivedatadecodingmethodisindicatedtotheadaptive
decoding section 217.

Thus,accordingtothisémbodiment,asinEmbodiment
1, the better the downlink channel quality indicated by
a CIR signal, the higher is the transmission power at
which transmission is performed, and therefore it is
possible to reduce the error occurrence rate of CIR
information for which the probability of use by a base
station is high. By this means it is possible to reduce
the possibility of communication resource allocation
being determined based on erroneous CIR information, and
so to prevent a fall in downlink throughput.

Also,accordingtothisembodiment,asinEmbodiment
1, a CRI signal of reception power lower than the lowest
reception power at which a CIR signal indicating that
downlink channel guality is poofest is not received
erroneodsly is excluded, and therefore, even though a
CIR signal indicating that downlink channel guality is
poor is transmitted at lower transmission power than. in
a conventional system, it 1s possible to prevent
communication resource allocation from being determined
based on erroneous CIR information.

A base station according to this embodiment may also
be configured as shown in FIG.12. FIG.12 is a block

diagram showing another configuration of a base station
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according to Embodiment 4 of the 'present invention. That
is to say, a base station may be configured in such a
way that the reception power calculation section 702 and
unused CIR detection section 703 shown in FIG.1l0 are
replaced by a likelihood calculation secﬁion 901 and
unused CIR detection section 902. In the following

description, parts identical to those in FiG.lO are

assigned the same reference numerals as in FIG.10 and

"their detailed explanations are omitted.

In FIG.12, the likelihood calculation section 901

calculates a likelihood that indicates the probable

'degree of certainty of a CRI signal, and outputs the

calculation result to the unused CIR detection section
902. The lowest likelihood at which an error does not
occur in a CIR signal indicating that downlink channel
guality is poorest has been set beforehand in the unused
CIR detection section 902 as a threshold value. Then,
in the unused CIR detection section 902, a CIR signal
with a likelihood lower than this threshold value is
detected, and the detection resulf is output to the
allocation section 704.

In this way the same effect as described above is
also obtained when a base station according to this

embodiment is configured as shown in FIG.1l2.

(Embodiment 5)
In acommunication terminal according to Embodiment

Softhepresentinvention,thebettérthedownlinkchannel
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guality indicated by a CIR signal, the larger is the code

word minimum distance of the code word to which that CIR

signal is converted with respect to other CIR signal code

words before being transmitted.

FIG.13 is ablockdiagramshowinjtheconfiguration
of a communication terminal according to Embodiment 5
of the pfesent invention. Aé shown in this figure, a
communication terminal according to this embodiment is
configuredinsuchéawaythatthenmdulator802,spreading
section 803, CIR information power controller 804, and
transmission power table 805 shown in FIG.1l1l are replaced
by a code word selector 1001, code wofd table 1002,
modulator 1003, aﬁd spreading section 1004. 1In. the
following description, parts identical to those in FIG.11

are assigned the same reference numerals as in FIG.11

and their detailed explanations are omitted.

The code word selector 1001 refers to the code word
table 1002, converts a CIR signal created by the CIR
iﬁformationcreationsection8011x>apredeterminedcode
word, and outputé it to modulator 1003. Modulator 1003
modulates thecodeword andoutputs it to spreadingsection
1004. Spreading section IOQ4 spreads the output signal
from modulator 1003 and outputs the resulting signal to
a multiplexer 210.

Next, the operation of a communication terminal
according to this embodiment will be described.

In the séme way as in above-described Embodiment

2, the code word table 1002 shows the correspondence
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between CIR level and code words after CIR signal
conversion, set so that the higher the CIR level, the

larger is the code word minimum distance of the code word

to which the CIR signal is converted. That is to say,

in the settings in the code word table 1002, the better

the downlink channel quality indicated by a CIR signal,
the larger is the code word minimum distance of the code
word to which the CIR signal is converted.

In the code word selector 1001, a CIR signal output

fromtheCIRinformationcreationsection801 is converted

~to a code word set in the code word table 1002, and output

to modulator 1003. Following conversion, the code word
is modulated by modulator 1003 and spread by spreading
section 1004. The spread code word is multiplexed with
a pilot signal by a multiplexer 210, frequency-converted
to radio frequency by a transmit RF section 211, and
transmitted to the base station as a radio signal from
an antenna 213 via a duplexer 212.
Thus,accordingtothisembodiment,asinEmbodiment
2, the better the downlink channel quality indicated by
a CIR signal, the larger is the code word minimum distance
of the code word to which that CIR signal is converted
with respect to other CIR signal code words before being
transmitted, and therefore it is possible to reduce the
error occurrence rate of CIR information for which the
probability of use by a base station is high. By this
means 1t 1s possible to reduce the possibility of

communication resourceallocation beingdetermined based
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on erroneous CIR information, and so to prevent a fall
in downlihk throuéhput.

Also, according tothis embodiment, as in Embodiment
2, it is possible to reduce the error occurrence rate
of CIR information fof which the probability of use by
a base station is high without increasing CIR signal
transmission power, thereby making it possible to reduce
the possibility of communication resource allocation
being determined based on erroneous CIR information
without increésing communication terminal power
consumption. '

Moreover, according to this embodiment, as in
Embodiment 2, it is possible to change the degree of
insusceptibility to errors of code words cérresponding
to CIR signals while keeping the code length of code words
constant, and therefore it is not necessary to provide
a plurality of demodulation systems in accordance with
different code lengths in a base station, thus enabling
the apparatus configuration of a base station to be

simplified.

(Embodiment 6)

A communication terminal according to Embodiments
6 to 8 of the present invention transmits with less
susceptibility to errors in the propagation path in
proportion to information for which the amount of change
is large within CIR information. 1In other words, a

communication terminal according to Embodiments 6 to 8
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of the present invention transmits with less
susceptibility to errors in the propagation path in
proportion to information that indicates a broaa value
within CIR information.

The meaning of “information for which thg amount
of change is large” and “information that indicates a
broadvalue"herecanbeillustratedbyaspecificéxample.
If a CIR value is indicated by a value with a decimal
fraction (such as 8.7 dB), then the above-mentioned

information refers to the integer part (here, “8”). 1In

‘this case, since the amount of change per unit of the

integer part is 1 dB, while the amount of change per uniﬁ
of the fractional part is 0.1 dB, the integer part is
“information for which the amount of change is large”.
Therefore, 1f an integer part is received erroneously
by a base station, the degree of error is large compared
with the case where a fractional part is received
erroneously, and the probability of an erroneous
communication mode being determined is higher—that is

to say, the probability of downlink throughput falling

" is higher.

Also, CIR information is normally converted to a
code word with 5 limited number of bits before being
transmitted to a base station, and there are also limits
on the transmission power and spreading code spreading
factor that can be used in transmitting CIR information.
There are thus limits to making CIR information overall

insusceptible to errors, and it is difficult to do so.
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Thus, in Embodiments 6 to 8 of the present invention,
within the abové—described limitations on transmission
of CIR information, transmission is performed with
insusceptibility to errors in the propagation path made
proportional to “information for which the amount of
change is large” within thé above limitaﬁions so that,
at least “information for which the amount of change is
large” (that is, “information that indicates a broad
value”) of CIR information is réceived correctly.

A communication terminal accofding to Embodiment
6 of the present invention is déscribed below. A
communication terminal according to Embddiment 6 of the
present invention performs conversion to, and transmits,
a code word with a code length proportional to the value

of the upper digit in a CIR value.

FIG.14 is a block diagram showing the configuration
of a communication terminal according to Embodiment 6 .
of the present invention. 1In the following description,
parts identical to those in FIG.1l1l are assigned the same
reference numerals as in FIG.11] and their detailed
explanations are omitted.

In FIG.14, a CIR signal creation section 1101
converts a CIRvaluemeasured by a CIRmeasurement section
219 to a code word and creates a CIR signal, and outputs
thecreated CIRsignal toamultiplexer 210. Aéthistime,
the CIR signal creation section 1101 creates a CIR signal
by performing conversion to a code word with a code length

proportional to the value of the upper digit in the CIR
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value.

Next, phe configuration of'theVCIR signal creation
section 1101 will be described. FIG.lSiseabiockdiagrami
showing the coﬁfiguration of the CiR signal cfeation
section of a communication terminal ‘according to
Embodiment 6 of the present invention.

In FIG.15, an upper digit information generation
section 1201 outputs the value of the upper digit in the
CIR value output from the CIR measurement section 219
toab-bit coding section 1203. A lowerdigit information
generation section 1202 outputs the value of the lower

digit in the CIR value output from the CIR measurement

‘section 219 to a 4-bit coding section 1204. To give a

specific example, if the CIR value output from the CIR
measurement section 219 is 8.7 dB, the upper digit
information generation section 1201 outputs the value
of the integer part, “8”, to the 6-bit coding section
1203, and the lower digit information generation section
1202 outputs the value of the fractional part, “77, ‘to
the 4-bit coding section 1204. '

The 6-bit coding section 1203 converts the value
output from the upper digit information generation
section 1201 (here, “8”) to a 6-bit code word, and ocoutputs
the 6-bit code word to a timemultiplexer 1205. The 4-bit
coding section 1204 converts the value output from the
lower digit information generation section 1202 (here,
“7") to a 4-bit code word, and outputs the 4-bit code

word to the time multiplexer 1205. It is herein assumed
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that the ﬁumber of bits that can be used to indicate a
CIR value is ten.

The time multiplexer 1205, by storing the 6-bit code
word in the first half of a slot and storing the 4-bit
codewordinthefollowinglaﬁterhalfoftheslot,performs
time multiplexing of the code word for the integer part
of the CIR value (that is, the code word corresponding
to the value of the upper digit) and the code word for
the fractional part of the CIR value (that is, the.code
word corresponding to the value of the lower digit). The
time multiplexer 1205 then outputs the time—multiélexed

10-bit code word to a modulator 1206 as a CIR signal.

It is herein assumed that one slot is composed of 10 bits,

with the integer part of a CIR value represented by the
preceding 6 bits and the fractional part of a CIR value
represented by the succeeding 4 bits.

The modulator 1206 modulates the CIR signal and
outputs it to the spreading section 1207. The spreading
section 1207 spreads the output signal from the modulator
1206 and outputs the resulting signal to the multiplexer
210.

Next, theoperationof a communicationterminal with
the above configuration will be deséribed. -

In the 6-bit coding section 1203, the value of the
upper digit in the CIR value (here, “8”) is converted
to a 6~bit code word, and the value of the lower digit
in the CIR value (here, ”7"5 is converted to a 4-bit code

word.
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As the number of different code words that can be
represented by 6 bits is 2%, and thelnumber of different
code words that cén be represented by 4 bits is 2%, the
code word minimgm distance between code words can be made
larger for code words represented by 6 bits. Therefore,
a code word represented by 6 bits is less susceptible
to being mistaken for another code word than a code word
represented by 4 bits. Thatistosay,inthisembodiment,
the value of the upper digit of a CIR vélue is less
susceptible to errors.

Thus, with a communication terminal according to
this embodiment, within the limitation of 10 bits
available to indicate a CIR value, by performing
conversion té a code word of a code length proportional
to the value of the upper digit in a CIR value, it is

possible to perform transmission with insusceptibility

to errors made proportional to the value of the upper

'digit for which the amount of change is large. By this

means, even if an error should occur in a CIR signal in
the propagation path, the probability of being able to
perform reception correctly at the base station is
proportionally higher according to the value of the upper
digit in a CIR value, and the degree of error in CIR values
can be kept low. Thus, it is possible to reduce the
possibility of an erroneous communication mode being
determined in the base station.

In this embodiment, a case has been described where

the upper digit value is converted to a 6-bit code word
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and the lower digit value is converted to a 4-bit code
wérd. However, as long as the number of bits of the code
word corresponding to the upper digit value is greater
than the number of bits of the code word corresponding
to the lower‘digit value, thefe are no particular

limitations on these numbers of bits.

(Embodiment 7)

A communication terminal according to Embodiment
7 of the present invention transmits with transmission
power increased in proportion to the valué of the upper
digit in a CIR value.

A communication terminal according to this
embodiment differs from a communication terminal
according to Embodiment 6 only in the internal
configuration of the CIR signal creation section 1101,
and therefore only the CIR signal creation section 1101
will be described in the following description.

FIG.16 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 7 of the present
invention. 1In the following description, parts
identical to those in FIG.1l5 are aésigned the same
reference numerals as in FIG.1l5 and their detailed
explanaﬁions are omitted.

The CIR signal creation section 1101 shown in FIG.16
converts a CIR value measured by a CIR measurement section

219 to a code word, and then creates a CIR signal,
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increasingtransmissionpower.hlproportiontx)thevalue
of the upper digit.

In FIG.16, a 5-bit coding section 1301 converts the
value output from an upper digit inférmation generation
section 1201 to a 5—bit code word and outputs the 5-bit
code word to a modulator 1303, a‘nd a 5-bit coding section
1302 converts the value output from a lower digit
information geheration section71202 to a 5-bit code word
and outputs the 5~-bit codeword toamodulator 1304. Thus,
in this embodiment, both the upper digit value and the
lower digit value are converted to 5-bit code words, and
therefore there is no difference between them in
insusceptibility to errors from a code word standpoint.

Modulator 1303 modulates the code word output from
5-bit coding section 1301, and outputs it to an upper
digit spreading section 130%. Modulator 1304 modulates
the code word output from 5-bit coding section 1302, and
outputs it to a lower .digit spreading section 1306.

The.upper digit spreading section 1305 spreads the
oﬁtput signal from modulator 1303, and outputs the spread
signaltoanupperdigitperrcontroller1307. The lower
digit Spreading section 1306 spreads the output signal
from modulator 1304, and outputs the spread signal to
a lower digit power controller 1308. At this time, the
upper digit spreading section 1305 and lower digit
spreading section 1306 performtheir respective spreading
processing using different spreading codes of the same

spreading factor. That is to say, the upper digit value
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of the CIR value and the lower digit value of the CIR
value are spread using different spreading codes that
have the same spreading factor.

Based on the transmission power of a pilot signal
output from a pilot power controller 209, the upper digit
power controller 1307 controls the transmission power
of the signal indicating the upper digit value of the
CIR value, and outputs the signal that has undergone
transmission power control to a code multiplexer 1309.
Similarly, based on the transmission power of the pilot
signal output from the pilot power controiler 209, the
lower digit power controller 1308 controls the
transmission power of the signal indicating the lower
digit value of the CIR value, and outputs the signal that
has undergone transmission power contfol to the code
multiplexer 1309. The actual transmission power control
method will be described later herein.

The code multiplexer 1309 multiplexes the signal
indicating the upper digit value of the CIR value and
the signal indicating the lower digit value of the CIR
value in the same time slot. That is to say, the code
multiplexer 1309 performs codemultiplexingof the signal
indicating theupper digit value and thesignal indicating
the lower digit value.

Next, the operationof a communicationterminalwith
the above configuration will be described.

In the upper digit power controller 1307, a signal

indicatingtheupperdigitvalgeoféaCIRvalueisadjusted
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to a transmission power whose only predetermined value
is higher than the pilot signal transmission power. 1In

the lowerdigit power controller 1308, asignal indicating

the lower digit value of the CIR value .is adjusted to

a transmission power whose only predetermined value is

lower than the pilot signal transmission power. That is
tosay,thetransmissionpowerisincreaseﬂiﬂproportion'
to the value of the upper digit in the CIR value.

Thus, a cdmmunication terminal according to this
embodiment can transmit with insusceptibility to errors
made proportional to the upper digit value for which the
amount of change is large by transmitting with

transmission power increased in proportion to the upper

digit value of a CIR value. By this means, even if an

error should occur in a CIR signal in the propagation

.path, the probability of being able to perform reception

correctly at the base station is proportionally higher
according to the value of the upper digit in a CIR value,
and the degree of error in CIR values can be kept low.
Thus, it is possible to reduce the possibility of an
erroneous communicationmode beingdetermined inthe base
station.

Also, in this embodiment, by increasing
transmission power of the upper digit value compared with
conventional CIR signal transmission power (here, the
pilot signal transmission power), and decreasing
transmission power of the lower digit value by the amount

bywhichiﬁ.isincreasedfortheupperdigitvalue,giving
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a total tranémission power increase/decrease value of
*0 dB, the overall CIR signal transmission power is kept
the same as conventional CIR signal transmission power.
Thus, according to this embodiment, it is possible to
performtransmissionwithinsusceptibilithoerrorsmade
proportional to the upper digit value while keeping CIR

signal transmission power the same as in a conventional

- system. That is to say, it is possible to perform

transmission with insusceptibility to errors made
proportional to the upper digit value without reducing

uplink capacity compared with a conventional system.

(Embodiment 8)

A communication terminal according to Embodiment
8 of the presént invention transmits with spreading
performed using a spreading code with a higher spreading
factor in proportion to the value of. the upper digit in
a CIR value.

A communication terminal according to this

embodiment differs from a communication terminal

-according to Embodiment 6 or 7 only in the internal

configuration of the CIR signal creation section 1101,
and therefore only the CIR signal creation section 1101
will be described in the following description.
FIG.17 is a block diagram showing the configuration
of the CIR signal creation section of a communication
terminal according to Embodiment 8 of the present

invention. In the following description, parts
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identical to those in FIG.15 or FIG.16 are assigned the
same reference numerals as in FIG.15 or FIG.16 and their
detailed explanations are omitted.

The CIR signal creation section 1101 shown in FIG.17
converts a CIR value measured by a CIR measurement section
219 to a code word, and theh creates a CIR signal, with
spreading performed using a spreading code with a higher
spreading factor in proportion.to the value of the upper
digit. ‘

In FIG.17, an upper digit spreading section 1401
spreadstheoutputsignalffomnmdulatorl303andoutputs
the resultiné signal to a time multiplexer 1205, and a
lower digit spreading section 1402 spreads the output
signal from modulator 1304 and oufputs the spread signal
to the time multiplexer 1205. At this time, the upper
digit spreading section 1401 performs spreading
processing with a spreading céde of the same kind as used
bythelowerdigitspreadingsection1402andwithaahiéher
spreading factor than that of the lower digit spreading
section 1402. That is to say, the upper digit valﬁe of
the CIR value is spread with a higher spreading factor
thanthelowerdigitvalue. Asaresult, insusceptibility
ﬁo errors in the propagation path is proportional to the
upper digit value.

Thus, a communication terminal according to this
embodiment can transmit with insusceptibility to errors
made proportional to the upper digit value for which the

amount of change is large by transmitting with spreading
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performed using a spreading code with a higher spreading
factor in proportion to the vaiue of the upper digit in
a CIRvalue. By this means, even if an error should occur
in a CIR signal in the propagation path, the probability
of being able to perform reception correctly at the base
station is proportionally higher according to the value
of the upper digit in51CIR.vaiue, and the degree of error
in CIR values can be kept low. Thus, it is possible to
reduce the possibility of an erroneous communication mode
being determined in the base station.

Also, in this embodiment, the spreading factor fér
the upper digit value is increased compared with a
conventional CIR signal spreading factor, and the
spreading factor for the lower digit value is decreased
by the amount by which it is increased for the upper digit
value. By this means, the amount of data sent in one slot
is kept the same as for a conventional CIR signal. Thus,
according to this embodiment,vit is possible to perform
transmission with insusceptibility to errors made
proportional to the upper digit value without reducing
the amount of data sent in one slot.

It is also possible to implemenﬁ the present
inventionby combiningacommunicationterminal according
to above-described Embodiment 1 and a communication
terminal according to above-described Embodiment 2.
Moreover, it is also possible to implement the present
inventionbycombining acommunicationterminal according

to above-described Embodiment 4 and a communication
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terminal according to above-described Embodiment 5.
Furthermore,ji:isalsopossib;etoimplemehtthepresent
invention by combining the respective communication
terminals according to above-described Embodiments 6 to
8. In addition, it is also possible for the transmission
power table provided in a communication terminal
according to above-described Embodiment 4 and the code
word table provided in a communication terminal according
to above-described Embodiment 5 to be rewritten as
appropriatebasedonacontrol signal fromthe basestation
in the same way as in above-described Embodiment 3.

Also, in above-described Embodiments 1 to 8, a case
has been described where a pilot signal is
time-multiplexed, but above-described Emquiments 1l to
8 are not limited to this, and can also be applied to
a case where a pilot signal is code-multiplexed.

Moreover, 1in above-described Embodiments 1 to 8,
a CIR has been used as a value that indicates pilot signal
reception guality, but this is not a limitation, and any
value may be used as long as it is a value that indicates
reception gquality.

Furthermore, in above-described Embodiments 1 to
5, the predetermined threshold value set in the unused
DRC detection section or the unused CIR detection section
is assumed to be a fixed value, but a configuration may
also be used whereby the threshold value is varied
adaptively in accordance with the DRC signal error rate

or CIR.signal error rate.
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In addition, in above-described Embodiments 6 to
8, either time multiplexing or code multiplexing may be
used when multiplexing code words.

Also, in above-described Embodiments 6 to 8, an
example has been given in which a.CIR value is represented
by one integer-part digit and one fractional-part digit.
However, this is not a limitation, and above-described
Embodiments 6 to.8 may all be implemented for CIR values
represented by a plurality of digité.

Moreover, in above-described Embddiments.G to 8,
the value of the upper digit of a CIR value has been
described as “information for which the amount.-of change
is large”. However, “information for which the amount
of change is large” does not necessarily correspond to
the size of a digit. For example, if a method is used
whereby a CIR value is represented by an integer by first
indicating a broad value of 0 db, 2dB, 4 dB, 6 dB .. chang_ing
by 2 dB at a time, and adding information indicating the
présence or é\bsence of an increment of 1 dB for that broad
value, a value changing by 2 dB at a time is "information
for which the amount of change is large”. Withthis method
to represent a CIR value of 7 dB, for example, CIR
information that includes information indicating 6 dB
and information indicating that there is an increment
of 1 dB is transmitted to the base station. At this time,
the communication terminal apparatus transmits the
informationindicating6dBwithgreater insusceptibility

to errors than the information indicating that there is
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an increment of 1 dB, in the same way as in above-described
Embodiments 6 to 8.

As described above, according to the present
invention it is possible to prevent a fall in downlink
throughput in a communication system in which
communication resources are allocated to communicafion
“terminals based on downlink channel quality.

This application is based on Japanese Patent
Application No.2000-234420 filed on August 2,' 2000, and
Japanese Patent Application No.2000-285405 filed on
September 20, 2000, entire content of which is expressly

incorporated by reference herein.
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CLAIMS
1. A communication \terminal apparatus used in a

communication system in which communication resources

5 are allocated to each co\

munication terminal apparatus
based on downlink channel quality, séid communication
terminallapparatus compriising:
a measuring device tlhat measures downlink channel
quality; and
10 a transmitter that tr nsmits a notification signal
to notify a base station apparatus of information that
indicates channel quality;
wherein said transmittef transmits a notification
signal having information made esséusceptibletoerrors
15 in a propagationpath, the inforpation, among information
indicative of channel quality,\having a possibility of
decreasing the downlink throughput when the information
is received erroneously in said base station apparatus.
2. The communication terminal dpparatus according to
20 claim 1, wherein said transmitter transmits with less
susceptibility to errors in a propagation path in
proportion to a notification signall\that indicates that
channel gquality is good.
3. The communication terminal appakatus according to
25 claim 2, wherein said transmitter transmits with -
transmission power increased in propoYtion to a

notification signal that indicates that fthannel gquality

is good.

IPR2018-01474
Apple Inc. EX1002 Page 204



15

20

25

63

4.  The communicati‘n terminal apparatus according to
claim 3, further compnising a controller that controls
transmission power df pilot signal;
wherein said transmitter transmits with a
notificationsignal that inHicates channel quality better
than a predetermined channel guality set to higher
transmission power than piloy signal transmission power,
and a notification signal tha indicafeschannelquality
poorer than a predetermined chiannel guality set to lower
transmissionpowerthanpilots'gnaitransmissionpower.
5. The communication terminal apparatus according to
claim 3, further comprising:

a table that indicates a cofrrespondence between a
notification signal and transmis\sion power; and

a rewriting device that rewrlites contents of said
table in accordance with a contrb signal from a base
station apparatus;

wherein said transmitter adjusts a notification
signal to predetermined transmission\power based on said
table. -
6. The communication terminal appaiatus according to
claim 2, wherein said transmitter transmits after
performing conversion to a code word With a size of ;
code word minimum distance proportional o a notification
signal that indicates that channel quality is good.
7. The communication terminal apparaﬁ s according to

claim 6, further comprising:

a table that indicates a correspondence between a
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notification signal and a code word;. and

a rewriting device that rewrites contents of said
table in accordapée witR a control signal from a base
station appératus;

wherein said transmitter converts a notification

signal to a predetermined cf§de word based on said table.

8. The communication term'naliapparatus according to
claim 2, further comprising determination device that
determines a communication mpde indicated by a
combination of modulation meth§d and coding method based
on channel guality;
wherein said transmitter fakes a notification
signal a signal that indiéates communication mode.
9. The communication terminal 3dpparatus according to
claim 2, wherein:
said measurement device measljres pilot signal
reception quality; and
said transmitter makes a notification signal a
signal that indicates a pilot signall\reception quality
value.
10. The communication terminal apparhtus according to
claim 1, wherein: »
said measurement device measures\pilot signal
reception guality; and
said transmitter transmits a notiflWication Signal
made less susceptible to errors in a pr pagation path
in proportion to information for which an ambunt of change

is largewithininformationused to indicate 4 pilot signal
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reception quality walue.

11. The communication terminal apparatus according to
claim 10, wherein sald transmitter transmits a
notification signal cohverted to a code word whose code
length is proportional|l to a value of an upper digit.
12. The communication \terminal apparatus according to
claim 10, wherein said fransmitter transmits a
notification signal with transmission power increaéed
in proportion to a value\of an upper digit.

13. The communication tefminal apparatus according to
claim 10, wherein said transmitter transmits a
notification signal spread\with a spreading code whose

spreading factor is higher \in proportiocn to a value of

an upper digit.

14. A base station apparatys comprising:
a receiver that receivds a notification signal
transmitted from the communidation terminal apparatus

according to claim 1;

a measurement device that measures reception power
of a notification signal;

a detector that detects a nolftification signal whose
reception power is less than a predetermined threshold

value; and

a determination device that\determines downlink
communication resource allocation using a notification
signal excluding a detected notifitation signal from a
received plurality of notification signals.-

15. The base station apparatus acc rding to claim 14,
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further comprisin

a calculator fthat calculates a rate of dete;tion

- by said détector; and

a transmitter tRat transmits a control signal
instructingagommunic tionterminal apparatus to rewrite
said table based on a rgsult of comparison of a rate of
detection and a predetefmined threshold value.

16. A base station app ratds cohprising:

a receiver that reckives a notification signal
transmitted from the commynication terminal apparatus
aécording to claim 1;

a measurement device that meaéures likelihood of
a notification signalj; ‘

a detector that detects h notification signal whose
likelihood is less than a predétermined threshold value;
and

a determination device that determines downlink
communication resource allocatlon using a notification
signal excluding a detected notification signal from a
received plurality of notificatlion signals.

17. The base station apparatus hccording to claim 16,
further comprising:

a calculator that calculated a rate of detection
by said detector; and

a transmitter that transmits\a control signal
instructing acommunicationterminallapparatus to rewrite

said table based on a result of compiprison of a rate of

detection and a predetermined threshold value.
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18. A radio communfcation method, wherein:
a communicatio terminal_épparatus, when
transmitting a notification signal to notify a base
station apparatus of in ormationthatindicateédownlink
channel quality, transmiits a notification signal ﬁaving
information made less sljusceptible to errors in a
propagation path, the ijformation, among info:mation
indicative of channel qu lity, having a possibility of
decreasing the downlink t roﬁghput when the information
is received erroneously in\said base station apparatus;
and | |
said basestationdete ines downlink communication
resource allocation in accdrdance with a notification
signal.
19. The radio communicatio meﬁhod according to claim
18, wherein said communicatilon terminal apparatus
transmits with less suscepti ility to errors in a
to a notification signal

propagation path in proportio

that indicates that channel gyality is good.

20. The radio communication melthod according to claim
18, wherein said communication erminal apparatus

uality, and transmits
usceptible to errors
in a propagation path in proporti¢n to information for
which an amount of change is larg within information

used to indicate a reception qualilty value.
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ABSTRACT
A communication mode determination section 201
determines the communication mode based on the CIR
measured by a CIR measurement section 219; a DRC signal
creation section.202 creates a DRC signal with a number
correéponding to the communicﬁation'mode; and a DRC power
controller 205 refers to a transmission power table 206
showing the correspondence between DRC numbers and
transmission power, and, based on the transmission power
of the pilot signal output from a pilot power controller
269, increases transmission power in proportion as the
DRC signal indicates that downlink channel quality is.

good.
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6 ] and was amended : .
(if applicable)
7[x] was filed as PCT international application
Use this 8 Number _PCT/JP01/06654
portion
a?’:lin‘lre{'?:g 9 on __2/August/2001
;;T,il;;,s,,} and was amended under PCT Article(s) 19 and/or 34
phase based . .
onaPCT 10 on (if applicable).
l,';‘;;ﬂﬂ:'.?.’,’:' 11 priority date claimed in PCT International Application
designati
the U.S. - JAPAN 2000-234420 2/August/2000
(Country) (Number) (Day/Month/Year Filed)
JAPAN 2000-285405 20/September/2000
(Country) (Number) (Day/Month/Year Filed)
(Country) (Number) (Day/Month/Year Filed)

I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended,
by any amendment referred to above.

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to
patentability in accordance with Title 37, Code of Federal Regulations, §1.56.

[ hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor’s
certificate listed below and have also identified below any foreign application(s) for patent or inventor’s certificate or any PCT international
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date
carlier than that of the application(s) on which priority is claimed. .

Prior (Foreign) Application(s) any Priority Claims Under 35 U.S.C. 119 Prioritv Claimed
12a
[ ] [ ]
(Country) (Number) (Day/Month/Year Filed) Yes No
(] {1
(Country) (Number) (Day/Month/Year Filed) ) Yes No

Priority Claim(s) from U.S. Provisional Application(s) - I hereby claim the benefit under Title 35, United States Code, §119(e) of any
United States provisional application(s) listed below:

12b
Application No. Day/Month/Year Filed Application No. Day/Month/Year Filed

Do not use this [ hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or
portion w identity s | PCT international application(s) designating thie United States of America that is/are listed beiow and, insofar as
PCT application if the | the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the
parent application is | manner provided by the first paragraph of Title 35, United States Code §112, T acknowledge the duty to disclose
the US. National | tO the United States Patent and Trademark Office all information known to me to be material to patentability as
phaseof tne PCT | defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior
application application and the national or PCT international filing date of this application. :

13
(U.S. Application Number) (U.S. Filing Date) Status (patented. pending. abandoned)
I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office:

James E. Ledbetter, Reg. No. 28732; Thomas P. Pavelko, Reg. No. 31689; and Anthony P. Venturino, Reg. No. 31674.
ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO
STEVENS, DAVIS, MILLER & MOSHER, L.L.P., 1615 L Street, N.W., Suite 850, Washington, D.C. 20036,
TELEPHONE (202) 408-3100, FACSIMILE (202) 408-5200. :

See page 2 for signature lines

1998 Stevens. Davis. Miller & Mosher. L.L.P. other side for instructions for completing this form
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RUCTIONS FOR COMPLETION OF 7 ‘RM

line 1 Insert the same title as is used on u.  pecification and in the assignment.

line 2 Is optional but is provided so that you can use it to identify more readily an application prior to the time that the Patent Office application serial number is
assigned. We suggest that the specification, drawings and declaration always bear a file number since it can. help to get the papers together in case they become inadverently
separated. In instances where the specification is filed without a signed declaration form (under 37 CFR §1.53) a file number on a later-received separate form will assist us
in associating it with the correct case.

line 3 Check this box if the specification, claims and drawing (if any) are attached to this declaration form, e.g., when filing a new patent application.
lines 4-5 Are dnly used in an instance where the application is already on file and the declaration from is being separately filed, e.g.,when the application was

originally filed without a signed declaration or where the Patent Office has required a new declaration because of a deficiency in the original declaration. In such an
instance the Patent Office will require that lines 4 and 5 be completed with the filing date and application serial number already assigned.

line 6 Is used in conjunction with line 5 but only when there have been one or more amendments to the specification or cluims. Line 6 is also used when the
Examiner requires a new declaration because claims inserted by amendment cover subject matter not originally claimed (37 CFR §1.67).

lines 7-11 Are for PCT (Patent Cooperation Treaty) cases and are used onlv when you are entering the U.S. National phase (Chapter | or 11) based upon a previously
filed PCT International application designating the U.S. . R

line 7 Check this box if this is a PCT National Phase application.

line 8 Insert PCT International application number.

line 9 Insert date of filing of PCT International application.

lines 10-11 Insert the date of all amendments filed in the PCT International application. Such amendments are optional, so this line at times will not be used.

line 12a Is used in the following instances: ‘
0] If a single priority is being claimed‘from a foreign application you rieed to list only the first-filed application; you do not need to list other countries if all
applications were filed within one year of the U.S. filing. .
(ii) 1f multiple priorities are being claimed, from a plurality of applications filed in one or more countries, you must list the first filed application for each aspect

of the invention. Example: if aspect A of the invention was disclosed in an application filed 11 months earlier in country X and aspect B was disclosed 9 months
earlier in an application filed in couniry Y, then the applications in both countries X and Y must be identified. Only the first application for each aspect of the
invention needs to be identified provided all applications on that aspect were filed within one year prior to the U.S. filing.

(iii) If a non-priority application is being filed you must list a]l applications in all countries where corresponding forcign applications were filed more than one
vear prior to the U.S. filing. This is so the Examiner can check to see if any of those applications were published or patented early enough to be prior art against the
U.S. application. X

(iv) If there are more than two applications to be listed we suggest that you type in on this form only “See attached Schedule A” and then list all of the previous
applications on an attached sheet.

iine 12b Is used 10 claim priority under 35 USC §119(e) based on a provisional application filed within one vear of the filing of the instant application. More than
one provisional application may be identified provided neither was filed more than one year earlier.

line 13 This block is used only in instances where there is a previously filed U.S. non-pravisional application which was copending at the time the present appiication
was (or is being) filed.  that previous application could be a U.S. non-provisional application or the National Phase of a PCT allocation.  In such a case the present
application may be entitled to the priority of the previous application’s U.S. filing date (and consequently the foreign priority thereof) provided the present application is
identified as a continuing application (continuation, divisional or continuation-in-part) of the earlier (parent) application. If the foregoing is applicable, please fill in one line
for each such prior application.

line 14 Type the inventor’s proper legal name in the order specified, e.g., “John B. JONES" or “J. Bob JONES" if the inventor so prefers. It is not acceptahle 10 use
only initials such as “J. B. JONES.”

line 15 The inventor's “signature” may be his (or her) usual manner of signing but it is preferable that the inventor simply write his (or her) name in his (or her) own
cursive handwriting in the same order as on line 14, e.g., given name, middle initial and Family name.

line 16 insert the actual date of signature.

line 17 Insert simply the city and state or country, e.g., “Paris, France”, of the inventor’s Iesidence, not citizenship.  No street address or postal code is required on
this line.
line 18 Insert the inventor’s citizenship.  The statement of citizenship (or subject of) is a statutory requirement (35 USC §1 15).  Simply the name of the country of

citizenship, e.g., “Japan” is sufficient.

line 19 Insert the inventor’s mailing address. The purpose of requiring the post office address is to enable the Patent Office to communicate direcily with the
inventor if desired, such as in the case of death of the U.S. attorney. It should be the address where the inventor customarily receives  his (or her) mail and should include
the postal code.  If applicable it can be the inventor’s business address or address at place of employment. '

Applicants are reminded that the U.S. Patent and Trademark Office has very strict requirements as to proper execution of an application. The applicant should
make sure that he reviews the declaration, prior 10 signing to make sure the declaration properly identifies the application and all relevant information; and should review the
specification and claims (including drawings, if any) before signing the dectaration.  Failure to do so will require the filing of a supplemental declaration --- 37 CFR §1.67(c).

Any handwritien changes 1o the specification, claims or drawings must be in ink personally by all of the inventors prior to signing the declaration and the adjacem
left margin must be initialed and dated by all of the inventors, e.g., “JBJ 6-9-91".

Please let us know if there are any questions regarding proper completion of this form. . Thank you.

An assignment, a separate document requiring separate signature and dating may be enclosed. Please look for it and sign and date it in the same manner as in
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STEVENS, DAVIS, MILLER & MOSHY 2l 1..P.

1 hereby declare that all statements made herein «
these statements were made with the knowledge that

knowledge are true and that all statements made or. ’
B ul false statements and the like so made are punishablc ..y 11%¢ O

n and belief are believed to be true: and further that
r imprisonment, or both, under Section 1001 of Title

18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon.

l4a Typewritten Full Name
of Sole or First Inventor
15a Inventor’s Signature
16a Date of Signature
17a Residence
18a Citizenship
19a ~ Post Office Address
(Insert complete mailing
address, including country)
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15b Inventor’s Signature
16b Date of Signature
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19b Post Office Address
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address, including country)
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17c Residence
18c Citizenship
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15d Inventor’s Signature
16d Date of Signature
17d Residence
18d Citizenship
19d Post Office Address

(Insert complete mailing
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Application of

Inventors: Kenichi MIYOSHI, et al.

Appln. No.: New Continuation Application of
10/089,605 filed April 1, 2002

Filed: December 18, 2002

For: COMMUNICATION TERMINAL APPARATUS, BASE STATION
APPARATUS, AND RADIO COMMUNICATION METHOD

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. §1.56

Assistant Commissioner of Patents
Washington, D. C. 20231

Sir:

Pursuant to 37 C.F.R. §1.56, applicants hereby call to the
attentidn of the Patent and Trademark Office the references listéd
on the attached List of References. All of these references are of
record in the parent application; copies need not be submitted (see
37 CFR §1.98(d)). This list of references is being provided to
ensure listing of theée references on a patent to_issue in this
application in accordance with the following paragraph of MPEP 609:

“a citation on form PTO-1449 and considered by
the Examiner...will be printed on the patent.”

Applicants present these references so that the Patent and
Trademark Office may, in the f£first instance, determine any
relevancy thereof to the presently claimed invention; see Beckman

Instruments, Inc. v. Chemtronics, Inc., 439 F.2d4 1369, 1380, 165

USPQ 355, -364 (5th Cir., 1970). Also see Patent Office Rules 104

and 106.
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Applicants reépectfully request> that these 'reﬁerences be
expressly considered during the prosecutionbéf this apélication and
made of record herein and appear among the "References Cited" on
any patent to issue herefrom.

Re ctfully submitted,

29N .

Date: December 18, 2002 J s E. Ledbetter

' Registration No. 28,732
JEL/ejw _
ATTORNEY DOCKET NO. 19289.02149B
STEVENS, DAVIS, MILLER & MOSHER, L.L.P.
1615 L Street, NW, Suite 850
P.O. Box 34387 ‘ -
Washington, DC 20043-4387 ‘
Telephone: (202) 785-0100
Facsimile: (202) 408-5200
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Y

In re the Application

Inventors: Kenichi MIYOSHI, et al.

Appln. No.: New Continuation Application of
10/089,605 filed April 1, 2002

Filed: = . ° December 18, 2002

_ For: ' COMMUNICATION TERMINAL APPARATUS, BASE STATION

APPARATUS, AND RADIO COMMUNICATION METHOD

PRELIMINARY AMENDMENT

Assistant Commissioner of Patent

Wwashington, D!C. 20231 C
Sir:
Please amend the above-captioned application as follows:

IN THE SPECIFICATION

Please insert:the following paragraph at page 1, between lines

4 and 5:

*

--This is a continuation of application number 10/089,605

filed April 1, 2002.--

IN THE CLATIMS

Please amend claims 1-20 to read as follows (Exhibit I

contains a marked up version):

1. (Amended) A communication terminal apparatus used in a

communication system in which communication resources are allocated

IPR2018-01474
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to -each communication terminal'apparatus»based on downlink channel
quality, said communication terminal apparatus comprising:
a measurer that measures dowﬁlink channel quality; and
a transmitter that transmits a notification signal to notify
a base station apparatus of information that indicates said
downlink channel quality;
 wherein said notification signal includes information made
less susceptible to errors in é propagation path; the inﬁormation,
(1* among information indicative of channel quality, having a
possibility of decreasing the downlink throughput when the

information is received erroneously in said base station apparatus.

2. (2Amended) The communication terminal apparatus according
to claim 1, wherein said transmitter transmits with less
susceptibility to errors in a propagation path in proéortion to a
notification signal that indicates that said downlink channel

quality is good.

3. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits with transmission
power increased in proportion to a notification signal that

indicates that said downlink channel quality is good.
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4, (Amended).The communication terminal apparétus according
to claim 3, further comprising a controller that controls
transmission power of a pilot signal, L

wherein said transmitter transmits with a notificatiqn signal
that indicates said downlink channel quality better than a
predetermined channel quality set to higher tranSmisSidn power than
pilot signal transmission powef} and a notification signal that
indicates said downliﬁk channel quality poorer than a predetermined

channel quality set to lower transmission power than pilot signal

transmission power.

5. (Amended) The communication terminal apparatus according
to claim 3, further éomprising:

a table that indicate§ a correspondence between a notification
signal and transmission power; and

a rewriter that rewrites contents'of said table in accordance
with a control signal from-a base station apparatus,

wherein said transmitter adjusts a notification signal to

predetermined transmission power based on said table.

6. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits after performing

conversion to a code word with a size of a code word minimum
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distance proportional to a notification signal that indicates that

said downlink channel quality is good.

7. (Amended) The communication terminal épparatus according
to claim 6, further comprising:

a table that indicates a correspondence between a notification
signal and a code word; and

a rewfiter that rewriEes contents of said table in accordance
with a control signal_from a base station apparatus,

wherein said transmitter converts a nétification signal to a

predetermined code word based on said table.

8. (Amended) The communication terminal apparatus according

to claim 2, further comprising A determiner that determines a

communication mode indicated by a combination of modulation method
and coding method based on channel quality,

| wherein said transmitter makes a notification signal a signal

that indicates a communication mode.

9. (Amended) The communication terminal apparatus according

to claim 2, wherein:

said measurer measures pilot signal reception quality; and
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said transmitter makes a notification signal a signal that

indicates a pilot signal reception quality wvalue.

10. (Amended) The communication terminal apparatus according
to claim 1, wherein:

said measurer measures pilot signal reception quality; and

said transmitter transmits a notification signal made less
susceptible to errors in a probagation path in proportion to
information for which an amount of change is large within
information used to indicate a pilot signal reception quality

value.

11. The communication terminal‘apparatus according to claim
10, wherein said transmitter transmits a notification signal
converted to a code word whose code length is proportional to a

value of an upper digit.

12. The communication terminal apparatus according to claim

10, wherein said transmitter transmits a notification signal with

. &
-

transmission power increased in proportion to a value of an upper

digit.
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13. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal spfead
with a spreading code whose spreading factor is higher in

proportion to a value of an upper digit.

14. (Amended) A ba;e station apparatﬁs'comprising:

a receiver that receives a notification signal transmitted
from the communication terminal apparatus according to claim 1;

a measurer that measures reception power of a notification
signal;

a detector that detects a notificgtion signal whose reception
power is less than a predetermined threshold value; and

a determiner that determines downlink communication resource
allocation wusing a notification signal excluding a detected
notification signal from a received plurality of notification

signals.

15. The base sta;ion apparatus according to claim 14, further
comprising:

a calculator that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a

communication terminal apparatus to rewrite said table based on a
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result of comparison of a rate of detection and a predetermined

threshoid value.

16. (Amended) A base station éppératus comprising:

a receiver that receives a notification signal transmitted
from the coﬁmunication terminal apparatus according to claim 1;

a measurer that measures likelihood of a notification signal,

a detector that detects a notification signal whose likelihood
is less than a predétermined threshold value; and

a determiner that determines downlink communication resource
allocation using a notification signal excluding a detected
notification signal from a received. plurality of notification

signals.

17. The base station apparatus according to claim 16, further
comprising:

a calculatér that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a
‘communication terminal apparatus to rewrite said table based on a
result of comparison of a rate of detection and avpredetermined

threshold value.
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18. (Amended) A radio communication method, wherein:

a ‘communication terminal apparatus, when transmitting a
notificatiqn signal to mnotify a base station. apparatus of
information that'inaicates downlink channel quality, transmits a
notification signal having information made less susceptible to
errors in a propagation path, the iﬁformatipn, among information
indicative‘of said downlink channel quality, having a possibility
of decreasing the downlink throughput when the information is
received erroneously in said base station apparatus; and

said base station determines downlink communication resource

allocation in accordance with a notification signal.

19. (Amended) The radio communication method according to
claim 18, wherein said communication terminal apparatus transmits
with less susceptibility to errors in a propagation path in
proportion to a notification signal that indicates that said

downlink channel quality is good.

20. The radio communication method according to claim 18,
wherein said communication terminal apparatus measures pilot signal
reception quality, and transmits a notification signal made less

susceptible to errors in a propagation path in proportion to

By
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C&( information for which an amount of change is large within

information used to indicate a reception quality value.
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REMARKS
This application is directed to original claims 1-20 which are
amended for clarity. The amendmeﬁtg are .considered to bevnohf
narrowing and no estdppel should be dgemed to attach thereto.
' Early and favorable consideration of this application is
respectfully requested.

Respectfully submitted,

Date: December 16, 2002 James E. Ledbetter
' Registration No. 28,732

JEL/spp

ATTORNEY DOCKET NO. L9289.02149B

STEVENS, DAVIS, MILLER & MOSHER, L.L.P.
1615 L Street, NW, Suite 850

P.O. Box 34387

Washington, DC 20043-4387

Telephone: (202) 785-0100

Facsimile: (202) 408-5200
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Exhibit I

1. (Amendea) A communication tefminal apparatus used in a
commuﬁication system in which communication resources are
allocated to each communication terminal apparatus based on
downlink channel quality, said communication terminal apparatus
© comprising:

a [measuring.device] measurer that measures downlink channel
quality; and

a transmitter that transmits a notification signal to notify
a base station apparatus of information that indicates said
downlink channel qualityy |

wherein said [transmitter transmits a] notification signal
[having] includes information made less susceptible to errors in a
propagation path, the information, among information indicative of
channel quality, having a possibility of decreasing the downlink
throughput when the information is received erroneoﬁsly in said

bage station apparatus.

2. (Amended) The communication terminal apparatus according
to claim 1, wherein said transmitter transmits with less
susceptibility to errors in a propagation path in proportion to a

notification signal that indicates that said downlink channel

quality is good.

11
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- 3. (Amended) The communication terminal appafatus accordihg
to claim 2, wherein said transmitter transmits with transmission
power increased in proportion to a notification signal that

indicates that said downlink channel quality is goéd.

4, (Amended) The communication terminal apparatus according
to claim 3, further comprising a controller that controls
traﬁsmission power of a éilot signal [;1,.

wherein said transmitter transmits with a notification

signal that indicates said downlink channel quality better than a

predetermined channel quality set to higher transmission power
than pilot signal transmission power, and a notification signal

that indicates said downlink channel quality poorer than a

predetermined channel quality set to lower transmission power

than pilot signal transmission power.

5. (Amended) The communication terminal apparatus according
to claim 3, further comprising:
a table that indicates a correspondence between a

notification signal and transmission power; and

12
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a‘[rewriting device] rewriter that rewrites contents of said
table in accordance with a control signal from a base station
apparatus|[sl, L

wherein said transmitter adjusts a notification signal to

predetermined transmission power based on said table.

6. (Amended) The communication terminal apparatus according
to claim 2, wherein said transmitter transmits after performing
conversion to a code word with a size of a code word minimum

distance proportional to a notification signal that indicates

. that said downlink channel quality is good.

7. (Amended) The communication terminal apparatus according
to claim 6, further comprising:

a table that indicates a correspondence between a
notification signal and a code word; and

a [rewriting device] rewriter that rewrites contents of said
table in accordance with a control signal from a base station
apparatus|[;]

wherein said transmitter converts a notification signal to a

predetermined code word based on said table.

13
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8. (Amendeq) The communication terminal apparatus according
to claim 2, further comprising a [determination device]
determiner that determines a communication mode indicated by a
combination of modulétion method and coding method based on
channel quaiity[;]L |

wherein said transmitter makes a notification signai a

signal that indicates a communication mode.

9. (Amended) The communication terminal apparatus according
to claim 2, wherein:

said [measurement device]l measurer measures pilot signal
reception quality; and

said transmitter makes a notification signal a signal that

indicates a pilot signal reception quality value.

10. (Amended) The communication terminal apparatus
according to claim 1, wherein:

said [measurement device] measurer measures pilot signall
reception quality; and

said transmitter transmits a notification signal made less
susceptible to errors in a propagation path in proportion to

information for which an amount of change is large within

14
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“information used to indicate a pilot signal reception quality
value.

11. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal

converted to a code word whose code length is proportional to a

value of an upper digit.

12. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal with
transmission power increased in proportion to a value of an upper

digit.

13. The communication terminal apparatus according to claim
10, wherein said transmitter transmits a notification signal
spread with a spreading code whose spreading factor is higher in

proportion to a value of an upper digit.

14. (Amended) A base station apparatus comprising:

a receiver that receives a notification signal transmitted
from the communication terminal apparatus according to claim 1;

a [measurement device] measurer that measures reception

power of a notification signal;

15
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a detector that detects a notification signal whose
reception power is less than a predetermined threshold value; and
a [determination device] determiner that determines downlink
communication resource allocation using a notificaﬁion signal
excluding a detected notification signal from a received

plurality of notification signals.

15. The base station apparatus according to claim 14,
further comprising: | |

a calculator that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a
communication terminal apparatus to rewrite said table based on a
result of comparison of a rate of detection and a predetermined

threshold value.

16. (Amended) A base station apparatus comprising:

a receiver that receives a notifiéation signal transmitted
from the communication terminal‘apparaﬁus accordin§ to claim 1;

a [measurement.device] measurer that measures likelihood of
a notification signal;

a detector that detects a notification signal whose

likelihood is less than a predetermined threshold value; and

16
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a [determination device] determiner that determines downlink
communication resource allocation using a notificationusignal
excluding a detected notification signal from a received

plurality of notification signals.

17. The base station apparatus according to claim 16,
further comprising:‘

a calculator that calculates a rate of detection by said
detector; and

a transmitter that transmits a control signal instructing a
communication terminal apparatus to rewrite said table based on a
result of comparison of a rate of_detection and a predetermined

threshold value.

18. (Amended) A radio communication method, whefein:

a communication terminal apparatus, when transmitting a
notification signal to notify a base station apparatus of
information that indicates downlink channel quality, transmits a
notification signal having information made less susceptible to
errors in}a propagation path, the information, among information
indicative of said downlink channel quality, having a possibility
of decreasing the downlink throughput when the information is

received erroneously in said base station apparatus; and

17
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said base station determines downlink communication resource

allocation in accordance with a notification signal.

19. (Amended) The radio communication method according to
claim 18, wherein said communication terminal apparatus transmits
with 1less sﬁsceptibility to ‘errors in a propagation path in
proportion to a notification signal that indicates that said

downlink channel quality is good.

20. The radio communication method according to claim 18,
wherein said communication terminal apparatus measures pilot
signal reception quality, and transmits a notification signal
made less susceptible to errors in a propagation path in
proportion to information for which an amount of change is large

within information used to indicate a reception quality value.

18
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Inventors: Kenichi MIYOSHI, etvai.
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Filed: - December 18, 2002

For: - . COMMUNICATION TERMINAL APPARATUS, BASE STATION
APPARATUS, AND RADIO COMMUNICATION METHOD

CONFIRMATION CLAIM FOR PRIORITY

Assistant Commissioner of Patenté
Washington, D.C. 20231

Sir:

The benefit of the filing date of the following foreign
application filed in the following foreign country and priority
provided in the 35 USC §119 have been claimed for the above-
identified application:

JAPANESE PATENT APPLICATION NO. 2000-234420
FILED August 2, 2000

JAPANESE PATENT APPLICATION NO. 2000-285405
FILED September 20, 2000.

The International Bureau received the priority document
within the time limit in parent application serial no. 10/089,605

filed April 1, 2002.
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It is requested that the file of this application be marked
to indicate that the requiiements of 35 USC §119 have been

fulfilled and that the Patent and Trademark Office kindly

acknowledge receipt of these papers.
Date: December 18, 2002
JEL/ejw

R-isectfully submitted,
Qib’
ATTORNEY DOCKET NO. L9289.02149B

STEVENS, DAVIS, MILLER & MOSHER, L.L.P.
1615 L Street, NW, Suite 850

P.O. Box 34387

Washington, DC 20043-4387

Telephone: (202) 785-0100

Facsimile: (202) 408-5200
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Assistant Commissioner of Patents
Washington, DC 20231
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1.121.

R ectfully submitted,
Date: February 12, 2003 es E. Ledbetter

Registration No. 28,732
JEL/ejw
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f ' Application No. . Applicant(s)

10/321,623 MIYOSHI ET AL.
Office Action Summary Examiner Art Unit
DANH C LE 2683

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- IfNO period for reply is specified above, the maximum statutory period will apply and will expire SIX (8) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 18 December 2002.
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)0J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) _____is/are withdrawn from consideration.
5)(] Claim(s) _____is/are allowed.
6)IX] Claim(s) 1-3,8-10.14,16 and 18-20 is/are rejected.
7)X Claim(s) 4-7.11-13,15 and 17 is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAIl b)[J Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[X certified copies of the priority documents have been received in Application No. 10/089,605.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) . Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PT0O-948) Paper No(syMail Date. .
3) X information Disclosure Statement(s) (PTO-1449 or PTO/SBI08) 5) [ Notice o Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 3. 6) [:l Other: _____.
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 2
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Application/Control Number: 10/321,623 Page 2
Art Unit: 2683

DETAILED ACTION
Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

1. Claims 1-3, 8-10, 14, 16, 18-20 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Tong (US 2001/0038630) in view_of Juntti (US 5,564,074).

As to claim 1, Tong teaches a communication terminal apparatus used in a
communication system in which communication resources are allocated to each
communication terminal apparatus based on downlink channel quality (figure 1 and
paragraph 37-38), said communication terminal apparatus comprising:

a measurer device that measures downlink channel quality; and

a transmitter that transmits a notification signal to notify a base station apparatus
of information that indicates said downlink channel quality;

wherein said transmitter transmits a notification signal includes information made
less susceptible to errors in a propagation path, the information, among information
indicative of channel quality.

Tong fails to teach channel quality having a possibility of decreasing the downlink
throughput when the information is received erroneously in said base station apparatus.
Juntti teaches channel quality having a possibility of decreasing the downlink throughput

when the information is received erroneously in said base station apparatus (col.4, line

IPR2018-01474
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Application/Control Number: 10/321,623 Page 3
Art Unit: 2683

57-col.5, line 6). Therefore, it would have been obvious to one of ordinary skill in the
art at the time the invention was made to provide the teaching of Juntti into the system
of Tong in order to maximized the service level.

As to claim 2, the combination of Tong and Juntti teaches the communication
terminal apparatus according to claim 1, wherein said transmitter transmits with less
susceptibility to errors in a propagation path in proportion to a notification signal that
indicates that said downlink channel quality is good (Juntti, col.4, line 57-col.5, line 6).

As to claim 3, the combination of Tong and Juntti teaches varying transmission
power base on the increasing the transmission QUaIity. The combination of Tong and
Juntti fails to teach increasing the transmission power when the channel quality is good
as claimed. However, the above claimed limitation would not render the claim
patentable over the applied references because its merely depends on how one would
like to vary the transmission power based on channel quality. In addition, channel
quality would be further improved if the transmission power is increased. Therefore, it
would have been obvious to one of ordinary skill in the art at the time the invention was
made to provide the teaching of increasing the transmission power in proportion to a
notification signal into the system of Tong and Juntti in order to maximized the service
level and avoid the reception error.

As to claim 8, the combination of Tong and Juntti teaches the communication
terminal apparatus according to claim 2, further comprising a determiner that
determines communication mode indicated by combination of modulation method and

coding method based channel quality;

IPR2018-01474
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Application/Control Number: 10/321,623 Page 4
Art Unit: 2683

wherein said transmitter makes a notification signal a signal that indicates a
communication mode (Tong, paragraph 85, 86).

As to claim 9, the combination of Tong and Juntti teaches the communication
terminal apparatus according to claim 2, wherein:

said measurer device measures pilot signal reception quality; and

said transmitter makes a notification signal a signal that indicates a pilot signal
reception quality value (Tong, paragraph 85, 86).

As to claim 10, the combination of Tong and Juntti teaches the communication
terminal apparatus according claim 1, wherein :

said measurer device measures pilot signal reception quality; and

said transmitter transmits a notification signal made less susceptible to errors in a
propagation path in proportion to information for which an amount of change
is large within information used to indicate a pilot signal reception quality signal (Juntti,
col.4, line 57-col.5, line 6).

As to claim 14, the combination of Tong and Juntti teaches a base station
apparatus (paragraph 37, 64, 80-82) comprising:

a receiver that receives a notification signal transmitted from the communication
terminal apparatus
according to claim 1;

a measurer device that measures reception power of a notification signal;

a detector that detects a notification signal whose a predetermined threshold

reception power is less than value; and
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Application/Control Number: 10/321,623 Page 5
Art Unit: 2683

determiner device that determines downlink communication resource allocation
using a notification signal excluding a detected notification signal from a
received plurality notification signals.

As to claim 16, the combination of Tong and Juntti teaches a base station
apparatus (paragraph 37, 64, 80-82) comprising:

a receiver that receives notification signal transmitted from the communication
terminal apparatus
according to claim 1:

a measurer device that measures likelihood a notification signal;

a detector that detects a notification signal whose likelihood is less than a
predetegmined threshold value; and

determiner device that determines downlink communication resource a
notification signal excluding detected notification signal from a received plurality of
notification signals.

As to claim 18, the claim is a method claim of claim 1; therefore, the claim is
interpreted and rejected as set as in claim 1.

As to claim 19, the claim is a method claim of claim 2; therefore, the claim is
interpreted and rejected as set as in claim 2.

As to claim 20, the claim is a method claim of claim 3; therefore, the claim is
interpreted and rejected as set as in claim 3.

Allowable Subject Matter

IPR2018-01474
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Claims 4-7, 11-13, 15, 17 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims.

As to claim 4, the teaching of prior arts either alone or in combination fails to
teach the transmitter transmits with a notification signal that indicates said downlink
channel quality better than a predetermined channel quality set to higher transmission
power than pilot signal transmission power, and a notification signal that indicates said
downlink channel quality poorer than a predetermined channel quality set to lower
transmission power than pilot signal transmission power.

As to claim 5, the teaching of prior arts either alone or in combination fails to
teach the table that indicates a correspondence between a notification signal and
transmission power, rewriting device that rewrites contents of said table in accordance
with control signal from a base station apparatus, wherein said signal to predetermined
transmission power based on said table transmitter adjusts notification signal that
indicates that channel quality is good.

As to claim 6, the teaching of prior arts either alone or in combination fails to
teach the transmitter transmits after performing conversion to a code word with size of
code word minimum distance proportional to a notification signal that indicates that said
downlink channel quality is good.

As to claim 7, the teaching of prior arts either alone or in combination fails to
teach the table that indicates a correspondence between a notification signal and a

code word, a rewriting device that table accordance with a station apparatus, wherein
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said transmitter converts a notification signal to a predetermined code word based on
said table.

As to claim 11, the teaching of prior arts either alone or in combination fails to
teach the notification signal converted to a code word whose code length is proportional
to a value of an upper digit.

As to claim 12, the teaching of prior arts either alone or in combination fails to
teach the transmitter transmits a notification signal with transmission power increased
in proportion to a value of an upper digit.

As to claim 13, the teaching of prior arts either alone or in combination fails to
teach the transmitter transmits notification signal spread with a spreading code whose
spreading factor higher in proportion to a value of an upper digit.

As to claims 15 and 17, the teaching of prior arts either alone or in combination
fails to teach the a calculator that calculates by said detector, a transmitter that
transmits a rate of detection control signal instructing a communication terminal
apparatus to rewrite said table based on a result of comparison of a rate of detection
and a predetermined threshold value.

Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

A. Nakano et al (US RE37,870) teaches the CDOMA/TDD radio communication

system.
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B. Lee et al (US 2001/0050900) teaches the communication system and method
of transmitting data therein.

C. Luschi et al (US 2003/0043778) teaches the wireless communication
network, a user terminal therefore, a base station therefor and a method of
telecommunication.

D. Sumasu et al (US 2002/0155861) teaches the base station apparatus,

communication terminal apparatus, and communication method.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to DANH C LE whose telephone number is 703-306-0542.
The examiner can normally be reached on 8:00AM-5:00PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, WILLIAM TROST can be reached on 703-308-5318. The fax phone number
for the organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).
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3
Danh C.Le
)
LLIAM TROST
SUPEHVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2600
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&
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(54) RADIO COMMUNICATION DEVICE AND METHOD OF CONTROLLING TRANSMISSION RATE

(57) The communication terminal apparatus meas- terminal apparatus deteriorates. Furthermore, the
ures reception quality and reports the measurement transmission rate is switched so that the amount of
result to the base station apparatus, and the base sta- interference with others is within the allowable range
tion apparatus switches the transmission rate based on according to the channel condition between the commu-
the reported result of the reception quality. In this way, nication terminal apparatus and base station apparatus.

the transmission rate is switched starting at the point in
time at which the reception quality of the communication
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Description
Technical Field

[0001]
munication apparatus with a variable transmission rate
and a transmission rate control method.

Background Art

[0002] A conventional radio communication apparatus
is explained using a document "Performance of SIR-
Based Transmit Power Control using Outer Loop in the
forward Link of DS-CDMA (TECHNICAL REPORT OF
. IEICE AP96-148, EMCJ96-83, RCS96-162, MW96-188
(1227-02)." This document describes a transmission
power control method in CDMA. The following is an
explanation of this description.
[0003] In transmission power control, measurement of
SIR indicating the reception quality and increment/dec-
rement of transmission power are performed at every
slot cycle (0.625 ms). In this case, if the measured SIR
is greater than the target SIR a command to reduce
transmission power is sent io the base station (trans-
mission side) and if the measured values is smaller than
the target SIR a command to increase transmission
power is sent to the base station. The base station
increments or decrements transmission power accord-
- ing to this command.
[0004] Furthermore, the base station controls the
outer loop taking into accourt the fact that the target
SIR to acquire the required quality (FER: Frame Error
Rate) varies depending on the environment of a mobile
station. To be more specific, FER is measured from
decoded data. This FER is compared with the target
FER in every several frames and if the measured value
is greater, the target SIR is increased and if the meas-
ured value is smaller, the target SIR is reduced.
[0005] The prior art performs transmission power con-
trol not only by sending a transmission power control
command to the transmitting side based on the SIR
measured by the mobile station but aiso by changing
the target SIR through outer loop control.
[0006] However, the prior art has the following prob-
lem. That is, the target SIR increases depending on the
environment and transmission rate of the mobile station
and the reception SIR sometimes decreases due to fad-
ing, etc. In such a case, the mobile station instructs the
base station to increase transmission power to make
the reception SIR come closer to the target SIR, consid-
erably increasing transmission power of the base sta-
tion to the mobile station, which is likely to increase
interference with other mobile stations to an intolerable
degree.

Disclosure of Invention

[0007]) Itis an objective of the present invention to pro-

The present invention relates to a radio com- 5§
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vide a radio communication apparatus and transmission
rate control method capable of controliing transmission
power of a base station directed to a mobile station
appropriately without being atiected by the environment
of the mobile station or transmission rate.

[0008] This objective is achieved by a radio communi-
cation apparatus and transmission rate control method
that switch the transmission rate of a fransmission sig-
nal based on reception quality information from the
other end of communication, or according to the envi-
ronment of the other end of communication and transmit
the signals at the switched transmission rate.

Brief Description of Drawings
[0009]

FIG.1 is a block diagram showing a configuration of
a base station apparatus according 1o Embodiment
1 of the present invention; )

FIG.2 is a block diagram showing a configuration of
a communication terminal apparatus that carries
out a radio communication with the base station
apparatus according to the embodiment above;
FIG.3 is a block diagram to explain a desired signal
reception power measurement method in the com-
munication terminal apparatus above;

FIG.4 is a block diagram to explain a method of
measuring signal-to-interference plus noise rafio in
the communication terminal apparatus above;
FIG.5 is a diagram to explain a method of signal-to-
interference plus noise ratio in the communication
terminal apparatus above;

FICG.6 is a data frame configuration diagram used in
a communication by the base station apparatus of
the present invention;

FIG.7 is another data frame configuration diagram
used in a communication by the base station appa-
ratus of the present invention;

FIG.8 is a sequence diagram between the base sta-
tion apparatus and communication terminal appa-
ratus of th~ ~resent invention;

FIG.9 is another sequence diagram between the
base station apparatus and communication termi-
nal apparatus of the present invention;

FIG.10 is another sequence diagram between the
base station apparatus and communication termi-
nal apparatus of the present invention;

FIG.11 is another sequence diagram between the
base station apparatus and communication termi-
nal apparatus of the present invention:

FIG.12 is a flow chart to explain a transmission rate
switching method in the base station apparatus
according to the embodiment above;

FIG.13 is another flow chart to explain a transmis-
sion rate switching method in the base station
apparatus according to the embodiment above;
FIG.14 is another flow chart to explain a transmis-

IPR2018-01474
Apple Inc. EX1002 Page 260



. . 3

sion rate swiiching method in the base station
apparatus according to the embodiment above;
FIG.15 is another flow chart to explain a transmis-
sion rate switching method in the base station
apparatus according to the embodiment above;
FIG.16 is a block diagram showing a configuration
of a base station apparatus according to Embodi-
ment 2 of the present invention;

FIG.17 is a block diagram showing a configuration
of a communication terminal apparatus that carries
out a radio communication with the base station
apparatus according to the embodiment above;
FIG.18 is a block diagram to explain a method of
measuring desired signal reception power in the
communication terminal apparatus above;

FIG.19 is a block diagram to explain a method of
measuring signal-to-interference plus noise ratio in
the communication terminal apparatus above;
FiG.20 is aflow chart to explain a method of switch-
ing the transmission rate in the base station appa-
ratus according to the embodiment above;

FIG.21 is another flow chart to explain a method of
switching the transmission rate in the base station
apparatus according to the embodiment above;
FIG.22 is another flow chart to explain a method of
switching the transmission rate in the base station
apparatus according to the-embodiment above;
FI1G.23 is another flow chart to explain a method of
switching the transmission rate in the base station
apparatus according to the embodiment above;
FIG.24 is another flow chart to explain a method of
switching the transmission rate in the base station
apparatus according to the embodiment above;
FIG.25 is another flow chart to explain a method of
switching the transmission rate in the base station
apparatus according to the embodiment above;
FI1G.26 is another flow chari to explain a method of
switching the transmission rate in the base station
apparatus according to the embodiment above;
F1G.27 is another flow chart to explain a method of
switching the transmission rate in the base station
apparatus according to the embodiment above; -
FIG.28 is a diagram to explain transmission rate
control between layers in the base station appara-
tus of the present invention; and

FIG.29 is a flow chart to explain transmission rate
control between layers in the base station appara-
tus of the present invention.

Best Mode for Carrying out the Invention

[0010] With reference now to the attached drawings,
the embodiments of the present invention are explained
in detail below.

(Embodiment 1)

[0011] FIG.1is a block diagram showing a configura-
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tion of a base station apparatus according to Embodi-
ment 1 of the present invention. In this base station
apparatus, a signal received from antenna 101 is sent to
reception RF circuit 103 via duplexer 102 to use a same
antenna for both transmission and reception. At recep-
tion RF circuit 103, the reception signal is amplified and
converied to an intermediate frequency or a baseband
frequency.

[0012])  The frequency-converied signal is demodu-
lated by demodulator 104. The demodulation result is
sent to separator 105, where it is separated into recep-
tion data and a signal for transmission rate switching
control.

[0013} Transmission rate switching controller 106
sends a transmission rate switching signal to transmis-
sion frame generator 107 based on the received control
signal. The operation of the transmission rate switching
control circuit will be explained later. )

[0014] Regarding transmission, the transmission data
are modulated by modulator 108 and sent to transmis-
sion RF circuit 109. Transmission RF circuit 109 con-
verts the frequency of the transmission data and then
amplifies it. This transmission signal is sent from
antenna 101 via duplexer 102.

[0015]) FIG.2 is a block diagram showing a configura-
tion of a communication terminal apparatus that carries
out a radio communication with the base station appara-
tus according to Embodiment 1 of the present invention.
[0016] A signal received from antenna 201 is sent to
reception RF circuit 203 via duplexer 202 to use a same -
antenna for both transmission and reception, where it is
amplified and converted to an intermediate frequency or
a baseband frequency. The frequency-converted signal
is demodulated by demodulator 204. At the same time,
the output signal of the reception RF circuit is sent to

‘reception gquality measurement circuit 205, where the

reception quality is measured.

[0017]  This reception quality includes, for example,
received signal strength, desired signal reception
power, signal to interference ratio (SIR), Signal-to-Inter-
ference plus Noise Ratio (hereinafter abbreviated as
"SINR"). The received signal strength is obtained by
measuring the power af reception RF. The use of the
received signal strength makes the circuit configuration
simplest and allows the use in an environment free of
interference signals.

[0018]  The reception power of a desired signal is
measured by multiplying the reception signal by a
known signal. In this case, if an interference signal
exists, using the received signal strength alone would
end up reporting the reception power of the desired sig-
nal and the interference signal, and this would mean
that the reception power of a desired signal required by
the terminal might not always be reported. Therefore, in
order to measure and report the reception power of the
desired signal required by the terminal, it is desirable to
use SINR as the reception quality which is the most reli-
able information as an index to determine an error rate

m

i
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characteristic.

[0019] A measurement circuit for the desired signal
reception power is shown in FIG.3. This circuit extracts
the known pattern component of the reception signal;
complex conjugate circuit 302 carries out a complex
conjugate operation on the known pattern held by the
base station; complex multiplication circuit 301 carries
out a complex multiplication on the known pattern com-
ponent of the reception signal and the known pattern
subjected to the complex conjugate operation and cal-
culates the position of the desired reception signal on
the complex plane (position of the black circle in FIG.5);
and power measurement circuit 303 measures the
power from this calculation result.

[0020) ©On the other hand, an SINR measurement cir-
cuit is shown in FIG.4. This circuit extracts the known
patiern component of the reception signal; complex
conjugate circuit 402 carries out a complex conjugate
operation on the known pattern held by the base station;
complex multiplication circuit 401 carries out a complex
multiplication on the known pattern component of the
reception signal and the known pattern subjected to the
complex conjugate operation and calculates the posi-
tion of the desired reception signal on ihe complex
plane (position of the black circle in FIG.5); and the
power is measured from this calculation result. Further-
more, interference signal + noise power measurement
circuit 404 measures interference signal power + noise
power from a mean value of vector sum of squares
between the position of each reception signal (position
of the white circle in FIG.5) and position of the desired
reception signal (position of the black circle in FIG.5).
Furthermore, desired power measurement circuit 403
measures the desired power from the calculation resutt
above. Then, ratio calculation circuit 405 calculates the
ratio between the output of interference signal + noise
power measurement circuit 404 and the output of
desired power measurement circuit 403. SINR is calcu-
lated from this.

[0021] The reception quality measurement result cal-
culated in this way is sent to multiplexing circuit 206.
Multiplexing circuit 206 assigns the transmission data
and reception quality measurement result to a transmis-
sion slot. Modulation circuit 207 modulates such trans-
mission data and transmission RF circuit 208 converts
the frequency and amplifies. This transmission signal is
sent from antenna 201 via duplexer 202.

[0022) Here, how the transmission rate switching infor-
mation is reported from the communication terminal
apparatus to the base station apparatus is explained.
There are two types of reporting; reporting all the time
and reporting on an as-needed basis. Since the first
method performs reporting all the time, it can switch the
transmission rate with high precision but the amount of
communication increases.

[0023] In the case of voice communications, voice
information (message) is often transmitied multiplexed
with control information in one siot as shown in FIG.6.
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Therefore, reporting all the time is possible in voice
communications or low-speed data communications.

[0024] In the latter method, only a small amount of
communication is required because reporting is per-
formed only when required. It is desirable to use this
method for packet communications to realize high-
speed data communications. In packet communica-
tions, intermittent information is sent in a short time.
Thus, as shown in FIG.7(a) and FIG.7(b), control infor-
mation is not multiplexed in a slot but a flag indicating
whether it is @ message or control information is used.
FIG.7(a) shows a case where a flag is set to indicate a
message. FIG.7(b) shows a case where a flag is set to
indicate control information.

[0025] Then, the timing for switching the transmission
rate is explained. There are four methods of timing for
switching the transmission rate as shown below:

[0026) The first method is explained using FIG.8.
While the transmission terminal apparatus is measuring
the reception quality, there are moments the reception
quality deteriorates drastically. In a mobile communica-
tion environment, in the case of non-line-of-sight (non-
LOS) communication called "shadowing”, for example,
the received signal strengih decreases drastically by 10
dB or more. While monitoring such a situation, reporting
is made when the reception quality deteriorates drasti-
cally. Upon reception of this reception quality report, the
base station apparatus switches the transmission rate.
When the reception quality improves, which is meas-
ured on the communication terminal side periodically or
by a demand from the base station, the base station
apparatus switches the transmission rate to the original
transmission rate . The timing at which the reception
quality deteriorates or improves drastically can be
detected by performing threshold judgment on the
reception quality such as reception field density, for
example.

[0027] Then, the second method is explained using
FIG.9. The base station apparatus measures the recep-
tion quality. If the reception quality deteriorates drasti-
cally, this can be determined as non-LOS
communication ca/s1 “shadowing.” Shadowing is
determined by the position of the antenna of the com-
munication terminal apparatus and the antenna of the
base station apparatus and not afiected by difierences
in the carrier frequency. Therefore, in such a case, i is
possible that the reception quality will also deteriorate
drastically in the communication terminal apparatus.
Thus, the base station apparatus sends a request for
reporting the reception quality to the communication ter-
minal apparatus. The communication terminal appara-
tus measures the reception quality and reports it to the
base station apparatus. The base station apparatus
performs transmission rate switching contro! according
1o the reported reception quality. When the reception
quality improves, which is measured on the communica-
tion terminal side periodically or by a request from the
base, the base station apparatus switches the transmis-
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sion rate to {he original transmission rate. The timing at
which the reception quality deteriorates or improves
drastically can be detected by performing threshold
judgment on the reception quality, for example, received
signal strength.

[0028]) Then, the third method is explained using
FIG.10. If there is an error in the message received, the
communication terminal apparatus issues a retransmis-
sion request. The base station apparatus sends a
request for.reporting the reception quality to the com-
munication terminal apparatus when the communica-
tion terminal apparatus issues a retransmission
request. The communication terminal apparatus meas-
ures the reception quality and reports it to the base sta-
tion apparatus. The base station apparatus performs
transmission rate switching contro! according to the
reported reception quality. For example, if the reported
reception quality measured by the communication ter-
minal apparatus is lower than a predetermined value,
the base station apparatus switches the transmission
rate. When the reception quality improves, which is
measured on the communication terminal side periodi-
cally or by a demand from the base station, the base
station apparatus switches the transmission rate tc the
original transmission rate. The timing at which the
reception quality deteriorates or improves drastically
can be detected by performing threshold judgment on
the reception quality, for example, received signal
strength.

[0029]  Then, the fourth method is explained using
FIG.11. The base station apparatus monitors the trans-
mission power of itself. The base station apparatus con-
trols the transmission power based on a transmission
power control signal sent from the communication ter-
minal apparatus, and if the quality of transmission from
the base station apparatus to the communication termi-
nal apparatus deteriorates, the communication terminal
apparatus requests an increase of transmission power.
If this request is judged to be excessive transmission
sower taking into account the amount of interference
with others, the base station apparatus performs trans-
mission rate switching control. Judgment of excessive
transmission power can be performed by threshold
judgment, for example. Moreover, if a predetermined
allowable amount of transmission power has been
secured, then the base station apparatus switches the
transmission rate to the original transmission rate. This
predetermined aliowable amount of transmission power
is determined appropriately according to the amount of
transmission rate controlled. For example, if the trans-
mission rate is reduced to 1/2, the transmission rate is
switched when at least an allowable amount of 3 dB has
been secured. .

[0030] By the way. combining some of the 4 methods
above can eliminate delays in switching the transmis-
sion rate and perform delicaie control.

[0031] Thus, the reception quality measurement result
of the downlink signal transmitied from the base station
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apparatus shown in FIG.1is measured by the communi-
cation terminal apparatus in FIG.2 and reported to the
base station on the uplink. The base station switches
the transmission rate based on the reception guality
measured and received on the uplink by the transmis-
sion terminal apparatus.

[0032]  Here, the operation of the transmission rate
switching control circuit is explained in detail. FIG.12 is
a flow chart of the transmission rate switching control
circuit. In ST11, the base station apparatus compares
the reception quality measurement result reported from
the communication terminal apparatus with threshold 1.
Here, a case when SIR is used as the reception quality
is explained, but the same applies when the received
signal strength, desired signal reception power or SINR
is used. This threshold 1 is set according to the trans-
mission rate, butin a CDMA communication system, itis
set according to the spreading factor or the number of
multiplexing codes.

[0033] If the reception quality measurement result
(SIR) is greater than threshold 1, the same transmission
rate is used. If SIR is smaller than threshold 1, the chan-
nel condition is determined to be bad and the transmis-
sion rate is changed to & 1/2 transmission rate (ST1 2).

[0034) Moreover, as shown in FIG.13, the base station
apparatus compares the reception quality measure-
ment result reported from the communication terminal
apparatus with threshold 1 (ST21) and it SIR is greater
than threshold 1, the same transmission rate is used. If
SIR is smaller than threshold 1, the transmission rate is
switched to such a transmission rate that SIR is greater
than threshold 1 (ST22). In CDMA, the spreading factor
is switched. Thus, SIR exceeds threshold 1 and more
accurate control can be performed on varying reception
quality. This makes it possible to improve the reception
quality of the other end of communication even if the
condition of the communication path with the other end
of communication deteriorates drastically and reduce
the amount of interference with others because the tar-
get reception quality is reduced and transmission power
is reduced. Therefore, it is possible to enhance the
efiect ot switching the transmission rate.

[0035) Moreover, as shown in FIG.14, the base station
apparatus compares the reception quality measure-
ment result reported from the communication terminal
apparatus with threshold 2 (8T31) and if SIR is smaller
than threshold 2, the same transmission rate is used
and it SIR is greater than threshold 2, the channel con-
dition is determined to be good and the transmission
rate is switched to a double transmission rate (1/2
spreading factor)(ST32). Here, threshold 2 corresponds
to a double transmission rate and is set greater than
threshold 1. Thus, while the channel condition is good,

the transmission rate is increased to transmit as much
data as possible. That is, it the condition of the commu-
nication path with the other end of communication is
good, faster fransmission is possible while maintaining
the reception quality of the other end of communication.
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However, since the transmission power does not
increase, interference with others does not increase.
[0036] Moreover, as shown in FIG.15, threshold n is
set (ST41) and the base station apparatus compares
the reception quality measurement result reported from
the communication terminal apparatus with threshold n
(ST42). If SIR is smaller than threshold n, threshold n is
switched to threshold n+1 corresponding to the next
fastest transmission rate (ST43). If SIR is greater than
threshold n, the nth fastest transmission rate (spreading
tactor) is set (ST44). That is, the transmission rate is
switched to such a transmission rate that SIR is setto a
value between threshold n and threshold n+1 corre-
sponding to the two transmission rates. Threshold n cor-
responds to the nth fastest transmission rate and is
greater than threshold n+1. in this case, the fastest
transmission is possible on condition that the reception
quality be satisfied. This allows more accurate control
over the fransmission rate according to the channel con-
dition.

[0037] Using such a method, it is possible to switch
the transmission rate of the base station according to
the reception quality of the communication terminal
apparatus. This not only avoids the reception quality of
the other end of communication from continuing to be
bad but also reduces transmission power because the
target reception quality reduces, which reduces interter-
ence with others. Therefore, it is possible to control the
transmission power of the base station to the communi-
cation terminal apparatus appropriately without being
" affected by the environment of the communication ter-
minal apparatus and transmission speed.

(Embodiment 2)

[0038]) FIG.16is a block diagram showing a configura-
tion of a base station apparatus according to Embodi-
ment 2 of the present invention.

[0039] In this bass station apparatus, a signa! received
from antenna 101 is sent 1o reception RF circuit 103 via
duplexer 102 to use a same antenna for both transmis-
sion and reception. At reception RF circuit 103, the
reception signal is amplified and converted to an inter-
mediate frequency or a baseband frequency.

[0040)} The frequency-converted signal is demodu-
lated by demodulator 104. The demodulation result is
sent to separation circuit 105, where it is separated into
reception data and transmission power control signal.
[0041] Transmission rate switching control circuit 106
sends a transmission rate swiiching signal to transmis-
sion frame generator 107 based on the transmission
power control signal. The operation of the transmission
rate switching control circuit will be explained later.
[0042] Regarding transmission, the transmission data
are modulated by modulation circuit 108 and sent to
transmission RF circuit 109. Transmission RF circuit
109 converts the frequency of the transmission data.
This transmission signal is sent from antenna 101 via
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duplexer 102,

[0043] FIG.17 is a block diagram showing a configura-
tion of a communication terminal apparatus that carries
out a radio communication with the base station appara-
tus according to Embodiment 2 of the present invention.
[0044] A signal received from antenna 201 is sent to
reception RF circuit 203 via duplexer 202 to use a same
antenna for both transmission and reception, where it is
amplitied and converted to an intermediate frequency or
a baseband frequency. The frequency-converted signal
is demodulated by demodulator 204. At the same time,
the output signal of the reception RF circuit is sent 1o
transmission power control value calculation circuit 205,
where the transmission power control signal is deter-
mined.

[0045]) This transmission power control signal
includes, for example, received signal strength, desired
signal reception power, signal to interference ratio
(SIR), and signal-to-interference plus noise ratio. More-
over, concerning the amount of information sent as a
transmission power signal, there are cases with 2
pieces of information on whether to increase/decrease
the transmission power, 3 pieces of information on
whigther to increase/maintain/decrease the transmis-
sion power or 4 or more pieces of information with more
detailed setting of the amount of control than the above
cases. i

[0046] First, the case where the control information
consists of 2 pieces of information is explained. if the
received signal strength is based, the power of recep-
tion RF is measured. If the measured power is greater
than a threshold, a control signal is generated so that
the transmission power from the base station is reduced
and if the measured power is smaller than the threshold,
the control signal is created so that the transmission
power from the base station is increased. Such a
method based on the received signal strength has the
simplest circuit configuration. Furthermore, this method
can be used in an environment where there is no inter-
terence signal.

[0047] It the desired signal reception power is based,
the reception signal is m™easured by multiplying the
reception signal by a known signal. lf an interference
signal exists, using the received signal strength alone
would not mean that the reception power of the desired
signal and that of the interference signal have been
reported. Theretfore, it is necessary to measure and
report the reception power of the desired signal
required by the communication terminal apparatus.
Thus, it is desirable to use SINR as the reception qual-
ity, which is the most reliable information as an index to
determine error rate characteristics.

[0048] The desired signal reception power measure-
ment circuit is shown in FIG.18. This circuit extracts the
known pattern component of the reception signal; com-
plex conjugate circuit 302 carries out a complex conju-
gate operation on the known pattern held by the base
station; complex multiplication circuit 301 carries out a
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complex multiplication and calculates the position of the
desired reception signal on the complex plane (position
of the black circle in FIG.5); and power measurement
circuit 303 measures the power based on this calcula-
tion result. If the power measured by comparison circuit
1801 is greater than threshold 3, a control signal is gen-
erated so that the transmission power from the base
station is reduced and if the measured power is smaller
than threshold 3, the control signal is generated so that
the transmission power from the base station is
increased. -

[0049] On the other hand, an SINR measurement cir-
cuit is shown in FIG.19. This circuit exiracts the known
patitern component of the reception signal; complex
conjugate circuit 402 carries out a complex conjugate
operation on the known pattern held by the base station;
complex multiplication circuit 401 carries out a complex
multiplication and calculates the position of the desired
reception signal on the complex plane (position of the
Ylack circle in FIG.5); and the power is measured based
on this calculation result. Furthermore, interference sig-
na! + noise power measurement circuit 404 measures
interference signal power + noise power from a mean
value of vector sum of squares between the position of
each reception signal (position of the white circle in
FIG.5) and position of the desired reception signal
(position of the black circle in FIG.5). Furthermore,
desired power measurement circuit 403 measures
desired power. Then, ratio calculation circuit 405 calcu-
lates the ratio between the output of interference signal
power + noise power measurement circuit 404 and the
output of desired power measurement circuit 403. If the
power ratio measured by comparison circuit 1901 is
greater than threshold 3, a control signal is generated
so that the.transmission power from the base station is
reduced and if the measured power ratio is smaller than
threshold 3, a control signal is generated so that the
transmission power from the base station is increased.
[0050] Then, the case where the control information
1as 3 pieces of information is explained. In the case of
3 pieces of information, threshold 3 and threshold 4
which is greater than threshold 3, are used as thresh-
olds. If the power ratio measured is smaller than thresh-
old 3, a control signal is generated so that the
transmission power from the base station is increased.
It the measured power ratio is greater than threshold 3
and smaller than threshold 4, a control signal is gener-
ated so that the transmission power from the base sta-
tion is retained. lf the measured power ratio is greater
than threshold 4, a control signal is generated so that
the transmission power from the base station is
reduced. ‘

[0051] Moreover, if the control information has 4 or
more pieces of information, the number of thresholds is
set to (number of control information pieces - 1) to
determine control information divided into smaller
pieces through threshold judgment based on compari-
son among a plurality of thresholds.
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[0052])  The transmission power control information
calculated in this way is sent to multiplexing circuit 206.
Multiplexing circuit 206 assigns the transmission data
and transmission power control information to a trans-
mission slot. Modulation circuit 207 modulates such
transmission data and transmission RF circuit 208 con-
veris the frequency and amplifies the transmission data.
This transmission signal is sent from antenna 201 via
duplexer 202.

[0053]  Thus, the transmission power control signal
based on the reception quality of the downlink signal
transmitted from the base station apparatus shown in
FIG.16 is generated by the communication terminal
apparatus shown in FIG.17 and reportied to the base
station apparatus on the uplink. The base station appa-
ratus switches the fransmission rate based on the trans-
mission power control signal measured by the
communication terminal apparatus received on the
uplink.

[0054] Here, the operation of the transmission rate
switching control circuit is explained in detail. FIG.20 is
a flow chart showing transmission rate switching con-
trol. The base station apparaius estimates the reception
quality by accumulating the transmission power control
information reported from the communication terminat
apparatus (ST51) and compares it with threshold 1
(ST52). This threshold 1 is set according to the trans-
mission rate but in the CDMA communication system, it
is set according o the spreading factor or the number of
multiplexing codes.

[0055] I reception quality estimated value (SIR esti-
mated vaiue) is greater than threshold 1, the channel
condition is determined to be good and the same trans-
mission rate is used. If the SIR estimated value is
smaller than threshold 1, the channel condition is deter-
mined to be bad and the transmission rate is switched to
a 1/2 transmission rate (x2 spreading factor)(ST53).
[0056] Thus, the transmission rate is switched based
on the channel estimation result, making it possible to
reduce interference with others. Furthermore, the use of
the transmission power contro! bit for channel estima-
tion can reduce the amount of information to be sent
from the other end of communication without the need
for special control information about transmission rate
control.

[0057) Furthermore, as shown in FIG.21, the base
station apparatus estimates the reception quality by
accumulating the transmission power control informa-
tion reported from the communication terminal appara-
tus (ST61) and compares it with threshold 1 (ST62). If
the SIR estimated value is greater than threshold 1, the
channel condition is determined 1o be good and the
same transmission rate is used. If the SIR estimated
value is smaller then threshold 1, the channel condition
is determined to be bad and SIR may be changed to
such a transmission rate that SIR is greater than thresh-
old 1 (ST63). This allows more accurate control over
varying reception quality. That is, it is possible not only
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to improve the reception quality of the other end of com-
munication even if the channel condition with the other
end of communication deteriorates drastically but also
to reduce the transmission power because the target
reception quality reduces, also reducing interference
with others. Therefore, it is possible to enhance the
effect of transmission rate switching.

[0058) As shown in FIG.22, the base station appara-
tus estimates the reception quality by accumulating the
transmission power control information reported from
the communication terminal apparatus (ST71) and com-
pares it with threshold 2 (ST72). if the SIR estimated
value is smaller than threshoid 2, the channel condition
is determined to be bad and the same transmission rate
is used. If the SIR estimated value is greater than
thresheld 2, the channel condition is determined to be
good and the transmission rate may be switched to a
double transmission rate (1/2 spreading factor) (ST73).
Threshold 2 corresponds to a double transmission rate
and is greater than threshold 1.

[0059] In this way, while the channel condition is good,
the transmission rate is increased to transmit as much
data as possible. That is, it the channel condition with
the other end of communication is good, faster trans-
mission is possible while maintaining the reception
quality of the other end of communication. By the way,
since transmission power is not increased, interference
with others does not increase.

[0060) As shown in FIG.23, the base station appara-
tus estimates (ST82) the reception quality by accumu-
lating the transmission power control information
reported from the communication terminal apparatus by
setting threshold n (ST81) and compares it with thresh-
old n (ST84). if the SIR estimated value is smaller than
threshold n, threshold n is changed to threshold n+1,
which corresponds to the next tastest transmission rate
(ST83). If the SIR estimated value is greater than
threshold n, the nth fastest transmission rate (spreading
tactor) is set (ST85). That ig, a2 transmission rate is
selected so that the SIR estimated value is between
threshold n and threshold n+1 corresponding to two
transmission rates. Threshold n corresponds to the nth
fastest transmission rate and is greater than threshold
n+1. In this case, the fastest transmission is possible on
condition that the reception quality be satisfied. This
allows more accurate control of transmission rate
according to the channel condition.

[0061] Furthermore, the operation of another trans-
mission rate switching control circuit is explained. As
shown in FiG.24, for example, the base station appara-
tus determines the required transmission power based
on the transmission power control information reported
from the communication terminal apparatus. This trans-
mission power is compared with threshold 4 (ST91).
[0062] This threshold 4 is determined according to the
amount of interference with others generated by
increasing the limit value or transmission power of the
transmitter. Threshold 4 is also set according to the
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transmission rate, but in the CDMA communication sys-
tem it is set according to the spreading factor or the
number of multiplexing codes. That is, if transmission is
performed with x16 spreading or x256 spreading, there
is a x16 ditference in terms of spreading factor and so
the threshold of transmission power at x16 spreading is
16 times the threshold of fransmission power at x256
spreading. The same applies to the number of muiti-
plexing codes.

[0063] It the transmission power is smaller than
threshold 4, the same transmission rate is used. if the
transmission power is greater than threshold 4, interfer-
ence with others is determined to be great and the
transmission rate is switched to a 1/2 transmission rate
(x2 spreading factor) (ST92). This allows the optimal or
fastest transmission on condition that interference with
others be within the aliowable range.

[0064) Furthermore, as shown in FIG.25, the base
station apparatus determines the required transmission
power based on the transmission power contro! infor-
mation reported from the communication terminal appa-
ratus. This transmission power is compared with
threshold 4 (ST101) and if the transmission power is
smalier than threshold 4, the same transmission rate is
used and if the transmission power is greater than
threshold 4, interference with others is determined to be
great and a transmission rate (spreading factor) is
selected so that the transmission power is smaller than
threshold 4 (8T102). This can prevent an excessive
amount of interference from generating.

[0065] Furthermore, as shown in FIG.26, the base
station apparatus determines the required transmission
power based on the transmission power control infor-
mation reported from the communication terminal appa-
ratus. This transmission power is compared with
threshold § (ST111) and if the transmission power is
greater than threshold 5, the same transmission rate is
used and if the transmission power is smaller than
threshold §, interference with others is determined to be
smalil and the transmission rate may be switched to a
double transmission rate (1/2 spreading factor)
(ST112). Here, threshold 5 cnrresponds to a double
transmission rate and is smaller than threshold 4.
[0066] Furthermore, as shown in FIG.27, threshold n
is set (ST121) and the base station apparatus com-
pares the transmission power based on the transmis-
sion power control information reported from the
communication terminal apparatus with threshold n
(ST123). If the transmission power is greater than
threshold n, threshold n is changed to threshold n+1,
which corresponds to the next fastest transmission rate
(ST122). it the transmission power is smaller than
threshold n, the nth fastest transmission rate (spreading
factor) is set (ST124). That is, a transmission rate is
selected so that the transmission power is a value
between threshold n and threshold n+1 corresponding
to two transmission rates. Threshold n corresponds to
the nth fastest transmission rate and is smalier than
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threshold ri+1. In"this case, the fastest transmission is
possible on condition that the amount of interference
with others be controlied within a certain range.

[0067) Furthermore, the base station sets transmis-
sion power in various ways; transmitting with the trans-
mission power prior to switching every time the
transmission rate is switched, transmiting with the
transmission power prior to switching reduced by a cer-
tain value and transmitting with the transmission power
prior to switching increased by a certain value.

[0068] The first method is valid to reliably improve the
communication quality for the terminal. In the configura-
tion of the present embodiment, a transmission power
control signal input to transmission rate switching con-
trol circuit 106 can be sent to transmission RF circuit
109. Transmission RF circuit 109 controls
increase/decrease of the transmission power based on
the transmission power control signal.

[0069) The second method is a method of setting
transmission power by subtracting a certain value from
the transmission power when switching the transmis-
sion rate. This is because the transmission power pos-
sibly reaches a great value when the channel is
improved for the terminal, generating great interference
with other terminals. In this configuration of the embod-
iment, the transmission power control signal input to
transmission rate switching control circuit 106 can be
changed to such a control signal that the transmission
power is reduced by a certain value when switching the
transmission rate. Transmission RF circuit 109 controls
increase/decrease of the transmission power based on
the transmission power control signal. In this case, the
transmission power control accumulated value also
needs to be reduced by a certain value.

[0070] The third method is a method of increasing the
transmission power within the allowable range of inter-
ference with others and is valid to improve the commu-
nication quality. In the configuration of this embodiment,
the transmission power control signal input to transmis-
sion rate switching control circuit 106 can be changed to
such a control signal that the transmission power is
increased by a certain value when the transmission rate
is switched. In this case, the transmission power control
accumulated value also needs to be increased by a celr-
tain value.

[0071] For a certain value to decrease, in the CDMA
system for example, transmission with power reduced
by 3dB aliows one additional communication terminal
apparatus communicating with a similar spreading fac-
tor.

[0072] Furthermore, together with the transmission
power control information, the reception quality informa-
tion can also be reported from the communication termi-
nal apparatus using the method explained in
Embodiment 1. The method of reporting from the com-
munication terminal apparatus to the base station appa-
ratus and its timing are the same as those in
Embodiment 1.
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[0073) Transmission rate switching control is normally
performed based on the accumulated value of transmis-
sion power control information and i the reception qual-
ity on the communication terminal apparatus side
deteriorates drastically, the reception quality information
is reported from the communication terminal apparatus
to the base station apparatus and the base station
apparatus performs transmission rate switching contro!.
[0074] Furthermore, the base station apparatus sends
a request for measurement of the reception quality to
the communication terminal apparatus at the timing at
which the communication terminal apparatus generates
a request for resend of ARQ control information, etc.,
and the communication terminal apparatus measures
the reception quality and reports it to the base station
apparatus. The base station apparatus performs trans-
mission rate switching based on the reception quality
reported.

[0075] Then, the contro! between layers in the trans-
mission rate control method described in Embodiments
1 and 2 above is explained. FIG.28 is a diagram to
explain how the transmission rate is controlled between
layers.

[06076] In this control, as shown in FIG.28, aliowable
transmission power (Pallow) set in a radio resource con-
trol (RRC) layer of layer 3 is sent to layer 1 (physical
layer). In layer 1, average transmission power is com-
pared with allowable transmission power (Pallow).
Then, a message (MPHY-STATUS) such as "Allowable
transmission power has been reached” or "Ailowable
transmission power has been exceeded” or "Average
transmission power is X dB below allowable transmis-
sion power" is indicated from layer 1 to the medium
access control (MAC) layer of layer 2. The allowable
transmission power is appropriately set by the radio

- resource control layer (layer 3) according to the system

load such as the traffic condition.

[0077]  Here, the message "Allowable transmission
power has been reached” or "Allowable transmission
power has been exceeded” indicates that the channel
condition is determined to be bad and it is necessary to
lower the transmission rate. On the other hand, the
message "Average transmission power is X dB below
allowable transmission power” indicates that the chan-
nel condition is recovered and the transmission rate can
be increased.

[0078) Details of control are explained using FIG.29.
Here, a case with the downlink is explained. First, the
radio resource control layer monitors the downlink traffic
condition and determines the initial transmission rate on
the downlink through negotiation between the radio
resource control layer (layer 3) and medium access con-
trol layer (layer 2). Then, a communication is started.
[0079]  During a communication, in ST131, at least
one frame of average transmission power (Pave) is
monitored in layer 1. The transmission rate is controlied
according to this channel condition.

[0080] First, this average transmission power (Pave) is
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compared with allowable transmission power (Pallow)
and the difference between these two (D = Pallow -
Pave) is obtained. Then, in ST132, it is determined
whether average transmission power (Pave) exceeds
allowable transmission power (Pallow) or not. If average
transmission power (Pave) exceeds allowable transmis-
sion power (Pallow), a message "Allowable transmis-
sion power has been reached” or “Allowable
transmission power has been exceeded” is indicated in
ST133.

[0081)  According to this message, the transmission
rate is lowered in medium access control layer (layer 2)
and total (average) transmission power is reduced in
layer 1. This reduces interference with other communi-
cation terminals. .

[0082) If average transmission power (Pave) does not
exceed allowable transmission power (Pallow), it is
determined whether the difference is at least a predeter-
mined value (Pstep) in ST134. This Pstep is a power
step corresponding to the difference between the
changed transmission rate and original transmission
raie when the transmission rate is lowered.

[0083] i difference (D) between average transmission
power (Pave) and allowable iransmission power (Pal-
low) is smaller than predetermined value (Pstep), the
same ftransmission rate is used. i difference (D)
between average transmission power (Pave) and allow-
able transmission power (Pallow) is greater than prede-
termined value (Pstep), layer 1 indicates a message
"Average transmission power is X dB below allowable
transmission power” in ST135. Then, according to this
message, medium access control layer (layer 2)
increases the transmission rate and layer 1 increases
the total transmission power within the range of XdB.
This makes it possible to immediately send the trans-
mission signal that has been buffered due to the low-
ered transmission rate.

[0084] In FIG.29, it is only determined whether the
transmission rate is "increased” or "maintained” or “low-
ered,” but judgment is not limited to this; it is also possi-
ble to freely set a command to make the transmission
rate variable beyond this limitation.

[0085] Then, a case where the aforementioned trans-
mission rate control is actually performed is explained.
According to the existing method of changing the trans-
mission rate, the downlink is designated for burst trans-
mission and the uplink is designated for continuous
transmission. Therefore, the transmission rate is
changed according to this. That is, fransmission power
itself is not changed on the downlink, and, for example,
transmission is performed only in the first half of a
frame, and on the uplink, transmission power is lowered
and transmission is performed through rate matching
without perforating the frame. The medium access con-
trol layer (layer 2) selects the transmission rate among a
rale set specified by the radio resource control layer
(layer 3). At this time, the physical layer (layer 1) creates
and adds a word indicating the current transmission rate
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as instructed by the medium access control layer (layer
2).

[0086] Furthermore, when each base station performs
the transmission rate control above separately, negotia-
tion is required when diversity handover takes place.
For example, a method by which all base stations select
a specitic transmission rate through negotiation in the
upper layer and another method by which no transmis-
sion rate control is performed during diversity handover
are possible examples of this.

[0087]1 The explanation above describes the case
where the parameter monitored in layer 1 is transmis-
sion power, but FER, SIR or interference power can also
be used as the parameter monitored in layer 1.

[0088] The explanation above describes the case
where the transmission rate control shown in FIG.29 is
performed on the downlink, but the transmission rate
control shown in FIG.29 can also be applied to the
uplink. :

[0089] Transmission rate control on the downlink is
used to reduce interference with others but transmission
rate control on the uplink is not only used to reduce
interference with others but also used to achieve power
saving or when there are hardware restrictions.

{0090]) Embodiments 1 and 2 above describe the
apparatus shown in FIG.1 and FIG.16 as the base sta-
tion apparatus and the apparatus shown in FIG.2 and
FIG.17 as the communication terminal apparatus, but
the present invention is also applicable to the case
where the apparatus shown in FIG.1 and FIG.16 is the
communication terminal apparatus and the apparatus
shown in FIG.2 and FIG.17 is the base station appara-
tus.

[0091] Furthermore, Embodiments 1 and 2 describe
the case with a transmission rate set to x2 or 1/2, but in
the present invention, the transmission rate can also be
set to other magnifications according to various condi-
tions.

[0092] As explained ahove, in the radio communica-
tion apparatus and transmission rate control method of
the present invention, the base station can switch the
transmission rate of the base statior hased on a trans-
mission power control signal of the base station that the
terminal has determined by measuring the reception
quality. This allows appropriate control by the base sta-
tion over transmission power to the mobile station with-
out being affected by the environment of the mobile
station or transmission speed.

[0093] This application is based on the Japanese Pat-
ent Application No.HEI 10-107300, entire content of
which is expressly incorporated by reference herein.

Industrial Applicability
[0094) The present invention is applicable to a.base

station apparatus and communication terminal appara-
tus in a digital radio communication system.
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Claims

1.

A radio communication apparatus comprising:

transmission rate switching means for switch-
ing a transmission rate of a fransmission signal
based on reception quality information from the
other end of communication; and

transmission means for transmitting a trans-
mission signal at the switched transmission
rate.

The radio communication apparatus according to
claim 1, wherein the transmission rate switching
means selects a 1/2 transmission rate when the
reception quality measurement result of the recep-
tion quality information is smaller than a first thresh-
old.

The radio communication apparatus according to
claim 1, wherein the transmission rate switching
means selects a transmission rate at which the
reception quality measurement result becomes
greater than the first threshold when the reception
quality measurement result of the reception quality
information is smaller than the first threshold.

The radio communication apparatus according to
claim 3, wherein the transmission rate switching
means selects a double transmission rate when the
reception quality measurement result is greater
than a second threshold which is greater than said
first threshold.

The radio communication apparatus according to
claim 1, wherein the transmission rate switching
means selects a transmission rate that meets the
reception quality of the reception quality measure-
ment result in the reception quality information and
at the same time allows the fastest transmission.

A radio communication apparatus comprising:

reception quality estimation means for estimat-
ing the reception quality of the other end of
communication based on transmission power
control information of said other énd of commu-
nication;

transmission rate switching means for switch-
ing the transmission rate of a transmission sig-
nal based on this reception quality estimation
result; and

transmission means for transmitting the trans-
mission signal at the switched transmission
rate.

~ 7. .The radio communication apparatus according to

claim 6, wherein the reception quality estimation
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means estimates the reception quality by accumu-
lating the transmission power control information
and the transmission rate switching means selects
a 1/2 fransmission rate when the reception quality
estimation result is smaller than a threshold.

The radio communication apparatus according 1o
claim 6, wherein the reception quality estimation
means estimates the reception quality by accumu-
lating the transmission power control information
and the transmission rate switching means selects
a transmission rate at which the reception quality
becomes greater than the first threshold when the
reception quality estimation result is smaller than
the first threshold.

The radio communication apparatus according to
claim 8, wherein the reception quality estimation
means estimates the reception quality by accumu-
lating the transmission power control signal and the
transmission rate switching means selects a double
transmission rate when the reception quality esti-
mation result is greater than a second threshold
which is greater than the first threshold.-

The radio communication apparatus according o
claim 6, wherein the reception quality estimation
means estimates the reception quality by accumu-
lating the transmission power control signal and the
transmission rate switching means selects a trans-
mission rate that meets the reception quality of the
reception quality estimation result and at the same
time allows the fastest transmission.

A radio communication apparatus comprising:

transmission rate switching means for switch-
ing a transmission rate of a transmission signal
based on transmission power controt informa-
tion from the other end of communication: and
transmission means for transmitting the trans-
mission signal at the switched transmission
rate.

The radio communication apparatus according to
claim 11, wherein the transmission rate switching
means selects a 1/2 transmission rate when the
tfransmission power in the transmission power con-
trol information is greater than a threshold.

The radio communication apparatus according to
claim 11, wherein the transmission rate switching
means selects a transmission rate at which the
tfransmission power becomes smaller than a first
threshold when the transmission power in the trans-
mission power control information is greater than
the first threshold.
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The radio communication apparatus according to
claim 13, wherein the transmission rate switching
means selects a double transmission rate when the
transmission power is smaller than a second
threshold which is smaller than said first threshold.

The radio communication apparatus according to
claim 11, wherein the transmission rate switching
means switches the transmission rate so that the
transmission power in the transmission power con-
trol information is within a predetermined range.

The radio communication apparatus according to
claim 2, wherein the threshoid is set according to
the transmission rate in communication.

The radio communication apparatus according to
claim 2, using'a CDMA communication system and
setting a threshold according to the spreading fac-
tor.

The radio communication apparatus according to
claim 2, using a CDMA communication system and
setting a threshold according to the number of mul-
tiplexing codes.

A radio communication system comprising:

a first radio communication apparatus compris-
ing reception quality measuring means for
measuring reception quality and transmission
means for transmitting information including
this reception quality; and

a second radio communication apparatus com-
prising transmission rate switching means for
switching a transmission rate based on said
reception quality.

The radic communication system according 1o
claim 19, wherein the second radio communication
apparatus comprises transmission power control
means ior controlling the transmission power of the
first radio communication apparatus based on the
reception quality measurement result.

The radio communication system according to
claim 20, wherein the first radio communication
apparatus comprises reception quality estimation
means for estimating the reception quality of said
other end of communication based on the transmis-
sion power control information .from the second
radio communication apparatus.

The radio communication system according to
claim 19, wherein the first radio communication
apparatus transmits information to the second radio
communication apparatus all the time.
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23.

24.

25.

26.

27.

28.

29.

30.
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The radio communication system according to
claim 19, wherein the first radio communication
apparatus transmits information to the second radio
communication apparatus only when required.

The radio communication system according to
claim 23, wherein the second radio communication
apparatus switches the transmission rate when the
reception quality measured by the first radio com-
munication apparatus deteriorates.

The radio communication system according to
claim 23, wherein, when the reception quality of the
second radio communication apparatus deterio-
rates, the second radio communication apparatus
requests the first radio communication apparatus to
send information including the reception quality.

The radio communication system according to
claim 23, wherein the first radio communication
apparatus requests the second radio communica-
tion apparatus to resend the information including
the reception quality when the reception signal con-
tains an error and the second radio communication
apparatus, upon reception of the resend request,
requests the first radio communication apparatus to
send the information including the reception quality.

The radio communication system according to
claim 19, wherein the transmission rate switching
means switches the transmission rate when the
transmission rate switching means receives a
report that the transmission power is excessive
from the second radio communication apparatus.

A transmission rate control method comprising the
steps of:

comparing aliowable transmission power set in
a first layer with average transmission power
obtained in a second layer, which is lower than
said first layer;

indicating a change or no change in a transmis-
sion rate in said second layer according to said
comparison result; and

changing the transmission rate in a third layer
which is higher than said second layer and
lower than said first layer according to a
change or no change in said transmission rate.

The transmission rate control method according 1o
claim 28, wherein said first layer is instructed to
lower the transmission rate when said average
transmission power is greater than said allowable
transmission power.

The transmission rate control method according to
claim 28, wherein said first layer is instructed to
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increase the transmission rate when said average
transmission power is smaller than said aliowable
transmission power by a predeiermined amount or
more.

15

20

25

30

35

40

45

50

55

13

24

IPR2018-01474
Apple Inc. EX1002 Page 271



EP 0 986 282 A1

1032 1042 1052
o RECEPTION
ANTENHA £1 RECEPTION 1! oewonuLAToR |—» separaTon DATA
RF CROUT
== =
| A TRANGHISSION
DUPLEXER 106 |RATE SWITCHING
| [rranswission | | TRANSMISSION |, TRANSMISSION
=1 R CRCUT WODULATOR 1 coe GENERATOR [ paT
{ 109 21. o8 ! 107
2032 .2042
ANTENHA & R o EMODULATOR |~ P TON
. 201 - * y )
. l 205 [SRMEASUREMENT
DUPLEXER ~1  CRCUT
.202_/] ]
TRANSHISSION 1! yopuLATOR — MULTPLOER [ TRANSMISSION
HE UIRLUTE et
] y SIGNAL
208 207 206

FIG. 2

IPR2018-01474
Apple Inc. EX1002 Page 272



EP 0 986 282 A1

3301 303
KNOWN PATTERN COMPLEX POWER
COMPONENT OF ©——> MULTIPLICATION —MEASUREMENT %RggggEgNS;%wLR
RECEPTION SIGNAL CIRCUIT CIRCUIT I E
COMPLEX ] »
CONJUGATING  }-.302
CIRCUIT
" KNOWN PATTERN
FIG. 3
3‘3'0.4 o
INTERFERENCE
POWER+NOISE POWER
MEASUREMENT CIRCUIT
KNOWN PATTERN
COMPONENT OF RECEPTION

3401' SIGNAL S 405

KNOWN PATTERN COMPLEX DESIRED POWER RATIO SIGNAL - 70 -
-+ COMPONENT OF o—>1 WULTIPLCATION |—$——%{ WEASUREMENT || CALCULATING | INTERFERENCE PLUS
RECEPTKJN SIGNAL CIRCUMT CIRCUIT CIRCUT NOISE RATIO
409
COMPLEX CONUGATING | 402
CIRCUT —~
A
é
KNOWN PATTERN

15

IPR2018-01474
Apple Inc. EX1002 Page 273



EP 0 986 282 A1

FIG. 5

Q N ch INTERFERENCE SIGNAL RECEPTION
©%o POWER PLUS NOISE POWER
o O
DESIRED SIGNAL RECEPTION POWER
~ 1—ch :
PILOT CONTROL
sYmMBOL | MESSAGE INFORMATION
PILOT
SYMBOL FLAG MESSAGE

(a) WHEN FLAG = MESSAGE

PILOT

SYMBOL FLAG| CONTROL INFORMATION

(b) WHEN FLAG = CONTROL INFORMATION

IPR2018-01474
Apple Inc. EX1002 Page 274



FiG. 8

EP 0 986 282 A1

BASE STATION APPARATUS TERKINAL APPARATUS
MESSAGE
—eve |
VESSAGE
CONTROL INFORVATION DRASTIC DETERIORATION
_ (RECEPTION QUALITY OF RECEPTION QUALTY
< CONTROLINFORMATION
(SHITCHNG NOTIFICATION
MESSAGE ]
TRANSISSONRATE. |
SWICHNGCONOL [ MESWGE

WHEN TERMINAL APPARATUS STARTS TO REPORT UPON RECEPTION OF

: FiG . 9 BASE STATION APPARATUS

OF RECEPTION QUALITY

TRANSHISSION RATE
SWITCHING CONTROL

DRASTIC DETERICRATION QUEST FOR RECEPTION GUALITY REPORT)
CONTROL INFORMA

RECEPTION QUALITY MEASUREMENT RESULT

MESSAGE
< MESSAGE

i MESSAGE
rTONTROL INFORMATION

e

ECEPTION QU
CONTROL INFORMATION
{SWITCHING NCTIFICATION
MESSAGE
MESSAGE

_\.\\)

&

TERMINAL APPARATUS

WHEN BASE STATION APPARATUS STARTS TO REQUEST FOR REPORT
ON RECEPTION QUALITY TO TERMINAL UPON RECEPTION OF

RECEPTION QUAUTY MEASUREMENT RESULT

17

IPR2018-01474

Apple Inc. EX1002 Page 275



FIG. 10 ssesmmonarmans

TRANSMISSION RATE
SWITCHING CONTROL

EP 0986 282 A1

MESSAGE

TERMINAL APPARATUS

4

\MESSA(;E-\\’
MESSAGE
RESEND REQUEST

[ CONTROL INFORMATION
[REQUEST FOR REPORT ON RECEPTION QUALITY)

CONTROL INFO

ERROR DETECTION

{RECEPTION QUALITY)

il CONTROL INFORMATION
(SWITCHING NOTIFICATION)

MESSAGE

ot

MESSAGE

\

WHEN BASE STATION APPARATUS STARTS TO REQUEST FOR REPORT ON RECEPTION
QUALITY TO TERMINAL UPON RECEPTION OF RESEND REQUEST FROM TERMINAL

FIG. 11

BASE STATION APPARATUS TERMINAL

EXCESSIVE TRANSMISSION
POWER REQUEST

TRANSMISSION RATE
SWITCHING CONTROL

MESSAGE

APPARATUS

il MESSAGE

T

MESSAGE

4 CONTROL INFORMATION

SWITCHING NOTIFICATION)
MESSAGE

@
g

[ g

MESSAGE
B
" :

WHEN BASE STATION APPARATUS STARTS TRANSMISSION RATE
SWITCHING CONTROL BASED ON OWN TRANSMISSION POWER

IPR2018-01474

Apple Inc. EX1002 Page 276



EP 0 986 282 At

“START

SIR<THRESHOLD 1 SST12
SET 1/2
NO TRANSMISSION
RATE (DOUBLE
SPREADING RATE)
|
END

START

~SIR<THRESHOLD 1 I\ST?_z
T SET TRANSMISSION
NO RATE(SPREADING

RATE)AT WHICH

SIR>THRESHOLD 1

1
3

END

FIG. 13

19

IPR2018-01474

Apple Inc. EX1002 Page 277



EP 0 986 282 A1

% THRESHOLD 2 CORRESPONDS
TO DOUBLE TRANSMISSION RATE
ST31 (THRESHOLD 2 >THRESHOLD 1)

START

SIR<THRESHOLD >>ES %STSZ
5 SET DOUBLE
TRANSMISSION RATE
(1/2 SPREADING
RATE)
« |
END
START |
ST41
n=1 ~——
< 8743
R 1
ST42 - : n=n+1

% THRESHOLD n CORRESPONDS
NO TO nTH FASTEST
TRANSMISSION RATE
STas | _SETNTHFASTEST | (THRESHOLD n>THRESHOLD n+1)
2+ TRANSMISSION RATE
(SPREADING RATE)

END

FIG. 15

nn

IPR2018-01474
Apple Inc. EX1002 Page 278



EP 0 986 282 A1

103 1042 105 )
RECEPTION
ANTENNA 1 RECEPTION | . . ———0
1 RECiRCUT [ {DEMODULATOR t—»| SEPARATOR |. DATA
101{ \2
Lt y (
‘ ' TRANSMISSION
d LEXEHH 106 _ |RATE SWITCHING
102/ CONTROLLER
TRANSMISSION «| TRANSMISSON |, TRANSMISSION
e R MODULATOR 14— rma GENERATOR DATA
2109 ?108 21.07
2032 2042
ANTENNA #1 RECEPTION. RECEPTION
: RF CIRCUTT DEMODULATOR ———+0 "gionp)
201 = } )
. l - 205 .| TRANSMISSION POWER
: DUPLEXER ~~  CONTROLLER
1202/ [+
: TRANSMISSION
eroRauT [ MODULATOR [+—{ MATIPLEXER [ mAg%mNifloN
! ) [,
208 207 206

21

IPR2018-01474
Apple Inc. EX1002 Page 279



EP 0 986 282 A1

nn

TRANSHISSION
POWER CONTROL
SIGNAL
(301 (303 I
KNOWN PATTERN CONPLEX POWER
COMPONBNT OF O——] HULTPLCATION | NEASURENENT |—LOMPURGATOR-»0
RECEPTION SIGNAL CROUT CIROUT 5
f 1801
COMPLEX COMJUGATING | 302
CIRCUIT "
KNOWN PATTERN
(404
INTERFERENCE
O PO TRANSMISSION
POWER CONTROL
KNOWN PATTERN LGN
COMPONENT OF RECEPTION
. KNOWN PATTERN (401 SIBAL (405 I SIGNAL-T0 -
COMPONENT OF ) : : t _ INTERFERENCE
RECEPTIONSIGNAL | COMPLEX DESIRED POWER RATO PLUS ROBE AT
O] WULTPLICATION |—4—»{ MEASUREMENT |»| CALCULATING |- COMPARISON | =0
. CIRGUT CRCUT GIRCUIT
403s 1901§
COMPLEX CONUGATIVG ] 402
cROT P~
KNOWN PATTERN

IPR2018-01474
Apple Inc. EX1002 Page 280



EP 0 986 282 A1

ESTIMATE SIR FROM
TRANSMISSION POWER
CONTROL
ACCUMULATION

| _ST51

ST52

ESTIMATED
SIR VALUE<
JHRESHOLD 1

NO

YES ST53
3

SET 1/2 TRANSMISSION
RATE(DOUBLE

SPREADING RATE)

I

<

END

FIG. 20

ESTIMATE SIR FROM
TRANSMISSION POWER
CONTROL
ACCUMULARION

ESTIMATED
SIR VALUE<

| ST61

~ sT62

VES ST63
3

THRESHOLD 1

SET TRANSMISSION
'RATE (SPREADING
RATE) AT WHICH
SIR>THRESHOLD 1

|

23

IPR2018-01474

Apple Inc. EX1002 Page 281



EP 0 986 282 A1

X THRESHOLD 2 CORRESPONDS
TO DOUBLE TRANSMISSION RATE

ESTIMATE SIR FROM
TRANSMISSION POWER
CONTROL

- _ACCUMULATION

(THRESHOLD 2 >THRESHOLD 1)
~ST71

ESTIMATED
SIR VALUE>

ST72

ST73

5

THRESHOLD

SET 1/2 TRANSMISSION
RATE(DOQUBLE

NO SPREADING RATE)
. ]
f
END
START
ESTIMATE SIR FROM
TRANSMISSION POWER |~ ST81
CONTROL ACCUMULATION
! ST82
n=1 ) -~
ST83
1.9

ST84

NO

SET nTH FASTEST
~ “TRANSMISSION
RATE(SPREADING RATE)

ST85
"

END

n=n+1
ESTIMATED YES
SIR VALUE<
JHRESHOLD n

% THRESHOLD n CORRESPONDS

TO nTH FASTEST
TRANSMISSION RATE

(THRESHOLD 1 >THRESHOLD n+1)

FIG. 23

na

IPR2018-01474
Apple Inc. EX1002 Page 282



EP 0 986 282 A1

START

STo1
TRANSMISSION
POWER> £ \STQZ
THRESHOLD 4~ 1557175 TRANSMISSION
- RATE(DOUBLE
\ | SPREADING RATE)
) ]
‘(" Enp
START
ST111
TRANSMISSION
POWER> SST-! 02
THRESHOLD 4 o= TRANSMISSION
’ " RATE(SPREADING RATE)
o AT WHICH
TRANSMISSION
POWER<THRESHOLD 5

T
}

END

FIG. 25

25

IPR2018-01474

Apple Inc. EX1002 Page 283



EP 0 986 282 A1

% THRESHOLD 5 CORRESPONDS
ST111 TO DOUBLE TRANSMISSION RATE
(THRESHOLD 5 >THRESHOLD 4)

§8T1 12
SET DOUBLE
NO TRANSMISSION RATE
- (1/2 SPREADING
' RATE)
; N
" END
~ O
FiG. 26
- STi21
_A ST122
N 1S
P Y .
ST123 . n=n:1

% THRESHOLD n CORRESPONDS
TO nTH FASTEST
TRANSMISSION RATE
SET nTH FASTEST (THRESHOLD n >THRESHOLD n+1)
<~ TRANSMISSION RATE
(SPREADING RATE)

END

FIG. 27

~r

IPR2018-01474
Apple Inc. EX1002 Page 284



EP 0 986 282 A1

(H3AV
IVDISAHA)
TOHLNOD 3LVH . L HIAV]
S—INnoISSINSNVHEL [C 0
SNLVLS N
— AHdW 4
(OVW) TOHLNOD
SS30DV Z HIAV
WNIa3Iw
MQOT1Vd
(OYH) TOHLNOD € HIAV
3DHNOS3H |—
olavy

27

IPR2018-01474

Apple Inc. EX1002 Page 285



. EP 0986 282 A1

START

‘

Pallow:ALLOWABLE TRANSMISSION POWER
Pave:AVERAGE TRANSMISSION POWER
Pstep:INTER — TRANSMISSION

D=Pallow — Pave

| ST131

ST132 -

NO

D<Pstep

MPHY — STATUS
“TRANSMISSION

RATE POWER STEP

ST134

ST135

1S

MPHY — STATUS
“TRANSMISSION

POWER REACHES POWER IS LOWER
ALLOWABLE THAN ALLOWABLE
TRANSMISSION TRANSMISSION
- POWER” POWER”
END

"o

IPR2018-01474

Apple Inc. EX1002 Page 286



N v, EP 0 986 282 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP99/02077

A CLASSIFICATION OF SURJECT MATTER
Int.Cl® HO04Q7/38

According to Intemaiional Patent Classification (IPC) or 1o both national dassification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by dlassification symbols)
Int.Cl° H04Q7/00-7/38

Documentation searched other than minimum documentation to the exient that such documents are incduded in the fields searched
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999
Kokai Jitsuyo Shinan Roho 1971-1999 Jitsuyo Shinan Taroku Roho 1996-1999

Electronic data base consulied during the intemaiions] sewrch (name of dats base and, wiere praticable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of d with indication, where appropriate, of the relevani passages Relevant to claim-No.

X JP, 07-143572, A (CSELT-CENTRO STUD1 E LABORATORI 1-5, 16-18
TELECOMUNICAZIORI SOCIETA PER AZIONI),

Y 2 June, 1995 (02. 06. 95) 6-15
& EP, 627827, A

X JP, 09-506231, A (Qualcomm,Inc.}), 1-5, 16-30
17 June, 1997 (17. 06. 97)

Y & WO, 9604718 & EP, 721704, A 6-15

X JP, 10-075209, A (Lucent Technologies Inc.), 1-5

17 March, 19%8 (17. 03. 98)
& CA, 2204057, A

Y Jp, 08-340308, A (NTT Data Communications Systems 6-15
Corp.),
24 December, 1996 (24. 12. 96) (Family: none)

Y JP, 09-046290, A (NEC Engineering K.K.), 6~-15
14 February, 1997 (l14. 02. 97) -
L Us, 5825761, A

E Further documents are listed in the continuation of Bax C. D See perent family annex.

. Special caspories of Gied documests: ‘T hia documrnl published afiey the interm tiomal filing dale of prionty
"A"  documen! oclining the general sate of the art which is not date and oot io conflict with the spplication but Gied (o sadarstasd
idered to be of pasthcul 3 the principie or theary underiying the imveation
“E"  earlicr docureat but poblisked on or after the interyutom! filing cate X" 4 pars el the cialned iovention taaxol be
‘L"  documes! which may throw doubo on priority claim(s) or which is Mmﬂawhwnimnwcniwmmnqx
ciled 10 estmbliab the publication dste of noother citation o7 other whes lbe document i takes alone
epecisl s (2 Sodificd) -~ o prrsicatar selevaacs: the ciadined | Som Caxcmoi be
‘0" o rederring 3o an onl disd nsc, exbibition o1 other cousidersd (0 invoive an inventive siep when the document iz
oxans combmed with ose or s00re olber sech documents, such combination
°P"  documenl published prior to the intermations] filing dete bt fatey thao being obvious 10 8 person skilled in the sn
the priority date chajtnod & docoment member of the same paicnt family
Date of the =xual completion of the istermations) search Daie of msiling of th¢ internatsonal search report
13 July, 1999 (13. 07. 99) 27 July, 1999 (27. 07. 89)
Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No, Telephone No.

Form PCT/ISA/210 (sccond sheet) (July 1992)

29

IPR2018-01474
Apple Inc. EX1002 Page 287



EP 0 986 282 A1

INTERNATIONAL SEARCH REPORT

Intemational application Na
PCT/JP99/02077

C(Contiouation). DOCUMENTS CONSIDERED TO BE RELEVANT

Catepory” Citstion of document, with indication, where appropriate, of the relevant passages Relevant 1o cizim No.
Y JP, 09-312649, A (NEC Corp.). ] 6-15
2 December, 1997 (02. 12. 97) (Family: none)
Y JP, 10-502778, A (Qualcomm,Inc.), 19-30

10 March, 1998 (10. 03. 98)
& WO, 5602097, A & US, 5603096, A

Form PCT/ISA210 (continuation of sccond sheet) (July 1992)

an

IPR2018-01474
Apple Inc. EX1002 Page 288



' This Page is Inserted by IFW Indexing and Scanning
- Operations and is not part of the Official Record

. BEST AVAILABLE IMAGES

" Defective images within this document are accurate representations of the original
documents submitted by the applicant. o

Defects in the images include but are not limited to the items checked:-

QO BLACK BORDERS

" O IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

\#JFADED TEXT OR DRAWING |

O BLURRED OR ILLEGIBLE TEXT OR DRAWING
O SKEWED/SLANTED IMAGES
O COLOR OR BLACK AND WHITE PHOTOGRAPHS
0 GRAY SCALE DOCUMENTS
Q) LINES OR MARKS ON ORIGINAL DOCUMENT
0O REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

Q OTHER:

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documents will not correct the image
~ ‘problems checked, please do not report these problems to

the IFW Image Problem Mailbox.

IPR2018-01474
Apple Inc. EX1002 Page 289



This Page Blank {qspio‘}

IPR2018-01474
Apple Inc. EX1002 Page 290



EP 0986 192 A2

1
1

. \ . Européisches Patentamt

(19) 0’ " European Patent Office

Office européen des brevets
(12)

(43) Date of publication:
15.03.2000 Bulletin 200011

(21) Application number: 99114627.5

(22) Date of filing: 26.07.1999

A O

(1) EP 0986 192 A2

" EUROPEAN PATENT APPLICATION

(51) Int. ct.”: HO4B 7/005

(84) Designated Contracting States:

ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE

Designated Extension States:
AL LT LVMK RO SI

(30) Priority: 07.09.1998 JP 25299198

(71) Applicant:
Matsushita Electric Industrial Co., Ltd.
Kadoma-shi, Osaka 571-8501 (JP)

(72) Inventors:
« Ue, Toyoki -
Yokosuka-shi, Kanagawa 239-0847 (JP)

- Kitade, Takashi
Yokosuka-shi, Kanagawa 239-0847 (JP)
* Miya, Kazuyuki .
Kawasakl-shi, Kanagawa 215-0021 (JP)
« Uesugi, Mitsuru
" Yokosuka-shi, Kanagawa 238-0048 (JP)
- Kato, Osamu

Yokosuka-shi, Kanagawa 237-0066 (JP)

(74) Representative:
Griinecker, Kinkeldey,
Stockmair & Schwanhéusser
Anwaltssozietdt
Maximilianstrasse 58
80538 Miinchen (DE)

(54) Mobile station communication apparatus, base station communication apparatus and radio
communication method for transmission power control
(57) A mobile station apparatus performs a commu-

nication in a COMA/TDD system with TDMA structure
with a base station apparatus using a subframe having
a plurality of slots, and monitors a broadcast channel
signal. The mobile station apparatus further measures a

FiG.4

1 FRAME

quality of the broadcast channel signal received imme-
diately before transmitting a traffic channel signal in
reverse link, and based on the measurement result,
controls transmission power in reverse link.

BROADCAST CHANNEL

16 1{ 12 13 14

cle €% W e
A i R R FE TR
i6] [ie({16]16 16 G KL KT
| USER®1 USER #N|  USER #1

OPEN-LOOP TRANSMISSION
POWER CONTROL IS APPLICABLE
AND TPC BIT

CLOSED-LOOP TRANSMISSION
POWER CONTROL USING
SIR IS APPLICABLE

Primed by Xerax (UK) Business Services

Ado?) S|0DIIOAY |50

IPR2018-01474
Apple Inc. EX1002 Page 291




1 EP 0986 192 A2 2

Description

BACKGROUND OF THE INVENTION
Field of the Invention

{0001] The present invention relates to a mobile sta-
tion communication apparatus, a base station communi-
cation apparatus and a radio communication method
which are used in digital radio communication.

Description of the Related Art

{0002} In digital radio communications, as circuit-
switching systems for a plurality of mobile station appa-
ratuses to concurrently communicate in the same fre-
quency band, multiple access communication systems
have been applied, examples of which are Time Divi-
sion Multiple Access (TDMA) and Code Division Multi-
ple Access (CDMA). In the use of TDMA techniques,
multiple access communications are performed by
transmitting and receiving assigned slots to which infor-
mation signals are divided. In the use of CDMA tech-
niques, multipie access communications are performed
using spread spectrum communications in which infor-
mation signals are spread over a broad frequency band
to transmit, as compared to original frequency band,
using a Direct Spreading (DS) system. In the use of DS
techniques, information signals are multiplied by a
spreading code.

[0003] On the other hand, in radio communications,
duplex systems such as Frequency Division Duplex
(FDD) system and Time Division Duplex system have
been applied conventionally for the purpose of improv-
ing communication efficiencies. For example, in the
TDD system which is also called Ping-Pong system,
communications are performed by dividing transmission
time and reception time in the same radio frequency
band. .

[0004] Inthe case of the TDD system, since the same
frequency band is used for transmission and reception,
fading variations of transmitted signals and received
signals are the same ( frequency correlation character-
istic of fading variations is 1). In addition, when trans-
mission and reception are switched shortly enough,
since fading variations of transmitted signals and
received signals are almost the same (time correlation
characteristic of fading variations is high), it is possible
to perform in a mobile station apparatus transmission
power control using a received power level (hereinafter,
also referred to as received level) from a base station
apparatus , which is called open-loop power control.
Further, in the case where a base station apparatus has
a plurality of antennas, the base station may apply
transmission diversity in which optimal antennas are
selected corresponding to the received level at each
antenna. In this case, the mobile station apparatus does
not need to perform space diversity, thereby enabling

10

15

20

25

30

35

40

45

50

55

the mobile station apparatus to be miniaturized.

{0005] In specific applications, the multiple access
communication system such as TDMA and CDMA and
the communication system such as FDD and TDD are
combined. In particular, a COMA/TDD system is consid-
ered to be used widely in future, because this system is
capable of efficiently increasing the number of system
users. '

[0006] As transmission power control in this
CDMA/TDD system, open-loop power control may be
used. When reverse and forward link communications
are performed by the open-loop power control, a refer-
ence for controlling one link is changed by controlling
another link. In other words, the transmission power
control is affected by a-variation of received signal level
due to, for example, fading, and therefore resulting in
the inconvenience that the transmission power control is
often unstable.

[0007] Therefore, with respect to the COMA/TDD sys-
tem, as disclosed in Japanese Patent Application H7-
221700, there has been proposed the method in which
a base station apparatus transmits a pilot signa! of
which power level is known as ¢onstant, and based on
the pilot signal, a mobile station apparatus performs
transmission power control with higher accuracy.
[0008] In addition, the introduction of TDMA structure
to the communication method in the above-mentioned
CDMA/TDD system has been proposed in order to
decrease interference in the system. Further, in such a
communication method of COMA/TDD system with
TDMA structure, there has been proposed the use of
control channel called broadcast channel or perch
channel (hereinafter referred to as broadcast channel)
including transmission power control information and
other information. In this case, a pilot channel signal
which is transmitted in known constant power is not
present, and an interval of reverse link slot and forward
link slot is sometimes long depending on a subframe
configuration due to TDMA structure. Therefore, it is not
possible to apply the transmission power control dis-
closed in the above-mentioned application directly, thus
remaining the. problem that transmission power control
and base station transmission diversity are not per-
formed properly. Such a problem is actualized in a sys-
tem applying asymmetry transmission system in which
the number of forward link slots and that of reverse link
slots are different. This problem is explained specitically
below.

[0009] FIG.1A and FIG.1B are frame structure dia-
grams in the case where each user performs asymme-
try transmission using four slots of one reverse slot and
three forward slots in the CDMA/TDD system with
TDMA structure. FIG. 1A illustrates a frame structure
composed of one reverse slot (S1) and three forward
slots (S2 to S4) in this order. FIG.1B illustrates a frame
structure composed of three forward slots (S1 to S3)
and one reverse slot (S4) in this order.

{0010] Inthe case of the frame structure as illustrated
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in FIG.1A, "since’ forward slot S2 is present next to
reverse slot S1, base station transmission diversity and
transmission power control are effectively performed
using a received level of reverse link signal. However, in
the COMA/TDD system with TDMA structure, since the
base station apparatus communicates with a plurality of
users assigning slots in one frame, an interval of for-
ward link S4 and following reverse link S1 becomes
long. In other words, a delay corresponding to a plurality
of slots occurs until next transmission after measuring a
received level of forward link signal to reflect in the next
transmission, and therefore, the performance deterio-
rates largely when fading varies rapidly, and accuracy of
open-loop power contro! in the mobile station is low-
ered.

[0011] On the other hand, in the case of the frame
structure as illustrated in FIG. 1B, since forward slot S3
is present next to reverse link slot S4, open-loop power
control is performed effectively using a received level of
forward link signal. However, since an interval between
reverse slot S4 and following forward slot S1 becomes
long, base station transmission diversity and accuracy
of transmission power control deteriorate.

SUMMARY OF THE INVENTION

[0012] An object.of the present invention is to provide
a mobile station communication apparatus, a base sta-
tion communication apparatus and a radio communica-
tion method -which do not lower performances of
transmission power control and base station transmis-
sion diversity in a communication method of a
CDMA/TDD system with TDMA structure in which com-
munications are performed using a subframe, having a
plurality of slots, as a unit.

[0013] In order to achieve the above-mentioned
object, according to the present invention, in a
CDMA/TDD system with TDMA structure communica-
tion system using a subframe having a plurality of slots,
a mobile station measures a quality of a broadcast
channel signal in forward link received immediately
before transmitting a traffic channel signal in reverse
link, and based on the measurement result, controls
transmission power in reverse link. While, based on
TPC information received from the mobile station appa-
ratus or appropriately corrected reverse link signal, a
base station apparatus performs transmission diversity
and transmission power contro! in forward link.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other objects and features of
the invention will appear more fully hereinafter from a
consideration of the following description taken in con-
nection with the accompanying drawing wherein one
example is illustrated by way of example, in which;

FIG.1A and 1B are frame configuration diagrams in
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a conventional COMA/TDD system with TDMA
structure;

FIG.2 is a block diagram illustrating a configuration
of a mobile station apparatus in a communication
system using a radio communication apparatus
according to an embodiment of the present inven-
tion;

FIG.3 is a block diagram illustrating a configuration
of a base station apparatus according to the above
embodiment;

FIG.4 is a frame configuration diagram used in the
communication system according to the above
embodiment; and

FIG.5 is a block diagram illustrating a configuration
of another base station apparatus according to the
above embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] Communication apparatuses according to an
embodiment of the present invention will be described
in the following with reference to accompanying draw-
ings.

[0016] FIG.2 is a block diagram illustrating a configu-
ration of a mobile station apparatus in a communication
system using a radio communication apparatus accord-
ing to the embodiment of the present invention. This
mobile station apparatus is principally composed of one
or a plurality of antennas 101, receiver 100, transmitter
105 and transmission/reception slot control section 110.
[0017)] Receiver 100 has traffic channel CDMA
demodulator 102, broadcast channel CDMA demodula-
tor 103, and SIR(Signal Interference Ratio) measuring
section 104. Transmitter 105 has forward link TPC bit
generating section 106, slot construction section 107,
CDMA modulator 108, and transmission power control
section 109. Transmission/reception slot control section
110 controls receiver 100, transmitter 105 and transmis-
sionfreception slots. .

[0018] FIG.3 is a block diagram illustrating a configu-
ration of a base station apparatus in a communication
system using the radio communication apparatus
according to the embodiment of the present invention.
This base station apparatus is principally composed of
antenna 201, receiver 200, transmitter 204, and trans-
mission/reception slots control section 208.

[0019] Receiver 200 has CDMA demodulator 202 and
forward link TPC bit demodulation section 203. Trans-
mitter 204 has traffic channel CDMA modulator 205,
broadcast channel CDMA modulator 206 (common to
all users), and transmission power contro! section 207.
Transmission/reception slot control section 208 controls
receiver 200, transmitter 204 and transmission/recep-
tion slots.

[0020] Operations in the communication system with
the mobile station and base station each having the
above-described configuration will be described next.
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[0021] A received signal received at antenna 101 at a
mobile station apparatus side is adjusted at fransmis-
sion/reception slot control section 110, and input to traf-
fic channel CDMA demodulator 102 and broadcast
channel CDMA demodulator 103. Traffic channel COMA
demodulator 102 demodulates received data. Broad-
cast channel CDMA demodulator 103 demodulates for-
ward link transmission power control information and
reverse link interference power information which are
inserted to a broadcast channel, while outputs the
demodulated signal to SIR measuring section 104.
Based on the input signal, SIR measuring section 104
measures a reception quality to recognize channel con-
dition. SIR measuring section 104 further outputs the
measurement result to forward link TPC bit generating
section 106 and transmission power control section 109
in the transmitter. This SIR measurement result is used
for forward link closed-loop transmission power control
at forward link TPC bit generating section 106, while
used for reverse link open-loop transmission power con-
trol at transmission power control section 109. In other
words, based on the input SIR measurement result, for-
ward link TPC bit generating section 106 generates for-
ward link TPC bit tc be transmitted to the base station
apparatus so as to output to slot construction section
107. Further, based on the SIR measurement resuilt,
transmission power control section 109 performs trans-
mission power control.

[0022] Slot construction section 107 sequentially con-
structs slots of reverse link transmission data, while
inserts a TPC bit input from forward link TPC bit gener-
ating section 106 to a specific slot. The transmission
data subjected to such a slot construction is modulated
at CDMA modulator 108, and transmitted in transmis-
sion power control section 109 at the power correspond-
ing to the measurement result input from SIR
measuring section 104.

{0023] On the other hand, a received signal received
at antenna 201 at a base station apparatus side is
adjusted at transmissior/reception slot control section
208, and input to CDMA demodulator 202 to demodu-
late received data. Forward link TPC bit demodulation
section 203 demodulates forward link TPC bit inserted
to the received signal to output to transmission power
control section 207.

[0024] Forward link transmission data is demodulated
at tratfic channel CDMA modulator 205, and transmitted
at transmission power control section 207 at transmis-
sion power level determined by the received forward link
TPC bit. Broadcast channel CDMA modulator 206 con-
currently modulates data to be transmitted in a broad-
cast channel. The broadcast channel is a channel used
commonly to all users in the same frequency band as in
a traffic channel and with different spreading code from
that of the traffic channel. The data subjected to the
CDMA modulation is transmitted from antenna 201. In
addition, broadcast channel signals are transmitted at
almost constant power and not subjected to transmis-
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sion power control.

[0025] With respect to transmission power control per-
formed in the communication system configured as
descried above, a detailed description is given below
using a frame configuration diagram iflustrated in FIG.4.
FIG.4 illustrates an example of an asymmetry transmis-
sion system in which one frame has four subframes
each having four slots of one reverse slot and three for-
ward slots. In this system, communications are per-
formed according to the CDMA/TDD -system, each
subframe is assigned for a different user and all frames
are divided using subframes according to the TDMA
structure.

[0026] In forward link, the base station apparatus
transmits broadcast channel signal 16 to all users. This
broadcast channel signal includes forward link transmis-
sion power information and reverse link interference
power information, so that the mobile station apparatus
receives these information to use a measurement of
SIR in forward link.

[0027] As illustrated in FIG.4, broadcast channel sig-
nal 16 is provided at all forward slots over the entire of
one frame. In the case of user #1, broadcast channel
signal 16 is also transmitted in forward link slot 15 which
is present before assigned four slots 11, 12, 13 and 14.
The mobile station apparatus dose not monitor SIR of
the traffic channel signal, but measures SIR of broad-
cast channel signal 16 at slot 15 positioning immedi-
ately before reverse link 11, so that the mobile station
recognizes immediately previous channel conditions.
Further, as the measurement methods, a received
power level of the broadcast channe! signal may be

‘measured instead of SIR.. The SIR measurement or

received power level measurement may be performed
also using the traffic channel signal. The mobile station
apparatus performs the transmission power control for
signals in reverse link slot 11 corresponding to the
measurement result, while inserting the TPC bit to
reverse link slot 11 in order to be used for closed-loop
transmission power control using SIR for forward link in
the base station apparatus.

[0028] Thus, in the case where aninterval of a forward
link slot and a following reverse link slot becomes long in
the TDMA structure, the mobile station apparatus is
capable of performing transmission power control with
high accuracy by monitoring a broadcast channel signal
at an appropriate timing, and the base station apparatus
is capable of performing transmission power control and
base station transmission diversity with high accuracy.
Further, since the mobile station apparatus has a
CDMA demodulator for despreading a signal of control
channel (broadcast channel), the mobile station appara-
tus is capable of monitoring the signal of control channel
(broadcast channe!) more assuredly.

[0029] On the other hand, the base station apparatus
performs closed-loop transmission power control in for-
ward link slots 12, 13 and 14 by demodulating the TPC
bit transmitted in reverse link slot 11.
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[0030] Thus, it i§ possible to combine open-loop trans-
mission power control in reverse link and closed-loop
transmission power control in forward link to achieve the
transmission power control. Therefore, it is possible to
perform transmission power control appropriate enough
for both reverse link and forward link even in the case
where fading varies rapidly, thereby enabling transmis-
sion power contro! accuracy to be further improved.
[0031] A broadcast channel signal is transmitted in
forward link from the base station apparatus. However,
it is not necessary to transmit the broadcast channel
signal in all slots in forward link. When the broadcast
channel signal is transmitted at least in a slot immedi-
ately before a reverse link slot, it is possible to provide
sufficient transmission power control to the mobile sta-
tion apparatus of the present invention.
[0032] In addition, it is possible to insert information,
such as forward link transmission power information
and reverse link interference power information, to the
broadcast channel signal. Therefore, the use of the
broadcast channel signal enables the mobile station
apparatus to combine the open-loop power control by
measuring a power level of a received signal as previ-
ously described and closed-loop power control. For
example, a base station apparatus inserts information
indicative of transmission power of broadcast channel
- signal to the broadcast channel signal. A mobile station
apparatus acquires the forward link power information
using the broadcast channel signal, and obtains a differ-
ence between a base station transmitied broadcast
channel power level and an actually transmitted power
level, thus enabling the mobile station to estimate chan-
nel conditions with high accuracy. Such processing may
be combined with the closed-loop power control which
uses, for example, TPC information received from the
base station.
[0033] Specifically, the transmission power of a mobile
station apparatus (Tms) in the case of performing such
a control is obtained using, for example, an equation as
follows:

Tms=(Pbts+Ptpc)+(Tbts-Rms)

where Pbts is target received power in a base station
apparatus, Pipc is corrected power corresponding to
TPC bit of closed-loop power control from the base sta-
tion apparatus, Tbts is (estimated) transmission power
of base station apparatus transmitted broadcast chan-
nel signal, and Rms is received power of broadcast
channel signal in the mobile station apparatus.

[0034] In other words, the mobile station apparatus
performs the closed-loop power control in reverse link
using the target received power in the base station
apparatus (Pbts) and the corrected power based on the
TPC bit obtained in forward link (Ptpc), while obtains a
difference between estimated transmission power of
base station transmitted broadcast channel signal
(Tbts) and received power of the broadcast channel sig-

15

20

25

30

35

40

45

50

55

EP 0 986 192 A2 8

nal so as to add to the transmission power.

[0035] Information on the estimated transmission
power of base station transmitted broadcast channel
signal (Tbts) is inserted to forward link from the base
station, and the broadcast channel signal is transmitted
at least in a forward link slot positioning immediately
before a transmission slot in reverse link. In other words,
the base station apparatus is controlled to transmit the
broadcast channel signal to which transmission power
information is inserted at such a timing.

[0036] Since the mobile station thus performs trans-
mission power control by combining the open-loop
power control and the closed-loop power control, the
accuracy of the transmission power control is further
improved.

[0037] In addition, this embodiment describes about
an example of a system where asymmetry transmission
is performed using one reverse slot and three forward
slots. However, it may be possible to design the assign-
ment of slots for forward link and reverse link flexibility
depending on a system. For example, it may be possible
to assign first to fourth slots respectively to reverse link,
forward link, reverse link and forward link, or to reverse
link, reverse link, forward link and forward link.

[0038] When the transmission diversity in a base sta-
tion apparatus is considered, it is preferable to assign at
least a head slot of each subframe to reverse link and
further at least a final slot of each subframe to forward
link. This is because the base station apparatus needs
a reverse link slot signal from a user assigned to the
subframe before transmitting a forward link slot to the
user in order to perform transmission diversity in for-
ward link. Since the assignment is performed in such a
manner that the head slot of each subframe is always
used in reverse link and the final slot of each subframe
is always used in forward link, the mobile station appa-
ratus can monitor a broadcast channel signal in a for-
ward link slot immediately before a reverse link slot, and
the base station apparatus can perform the transmis-
sion diversity using received signals from the mobile
station apparatus assuredly.

[0039] The base station apparatus for performing
such transmission diversity is explained using FIG.5.
FIG.S is a schematic block diagram illustrating an exam-
ple of a configuration of a base station apparatus in a
communication system using multiple access communi-
cation apparatuses.

[0040] This base station apparatus is principally com-
posed of a plurality of antennas, such as, 401 and 402,
receiver 400, transmitter 405 and transmission/recep-
tion slot controlling section 409.

[0041] Receiver 400 has CDMA demodulator 403,
and antenna received power comparator 404. Transmit-
ter 405 has traftic channel CDMA modulator 406 and
broadcast channel CDMA demodulator 408, which is
common to all users, and antenna selection control sec-
tion 407. Transmission/reception slot control section
409 adjusts transmission slots and received slots
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respectively for transmitter 400 and receiver 405.

[0042] Signals received at antenna 401 and antenna
402 are input to CDMA demodulator 403 to demodulate
data, and also input to antenna received power compa-
rator 404, provided in parallel to CDMA demodulator
403, to monitor. Antenna received power comparator
404 outputs an antenna control signal to antenna selec-
tion control section 407 so that an antenna under the
best channel condition is selected.

[0043]) Transmission data is modulated at traffic chan-
nel CDMA modulator 408, input to antenna selection
control section 407, and transmitted from antennas 401
and 402. Corresponding to the antenna selection con-
trol signal input from antenna received power compara-
tor 404, transmission power for each antenna is
controlled, and thereby the selection between transmis-
sion antennas for respective users is controlled. The
comparison of received power at each antenna is per-
formed by measuring received level of the traffic chan-
nel signal in reverse slot 11 illustrated in FIG.4. to
compare. The measurement result is reflected in the
transmission of traffic channel signals in siots 12, 13
and 14. While, a broadcast channel signal is modulated
in broadcast channel CDMA modulator 408 and trans-
mitted from the antenna in the same way as traffic chan-
nel signal. However, the antenna selection contro! is not
performed for the broadcast channel signal.

[0044] In addition, there has been proposed a system
applying a CDMA/TDD system in Joint-Detection sys-
tem. In this system, open-loop transmission power con-
trol is performed in forward link based on a reverse
signal received in a base station apparatus. In the trans-
mission power control of the present invention, it is pos-
sible to perform open-loop transmission power control in
reverse link using the broadcast channe! signal, and
also perform open-loop transmission power control in
forward link using the reverse link traffic channel signal
subjected to the transmission power control. Theretfore,
the present invention is applicable to the system apply-
ing COMA/TDD system in Joint-Detection system.
[0045] In addition, system designs and modifications
are facilitated by that the assignment in a subframe is
tixed in such a manner that the head slot is assigned for
reverse slot and the final slot is assigned for forward
slot, and that a broadcast channel signal is transmitted
only in the final slot for forward link. In other words, since
it is enough for the base station apparatus to transmit a
broadcast channel signal only in a specific slot, it is pos-
sible to change a siot assignment of each subframe
easily, thereby enabling the system to be designed flex-
ibly.

[0046] For example, according to the present inven-
tion, it is possible to correspond to both a system in
which symmetry transmission is performed and another
system in which asymmetry transmission is performed
by fixing a slot for a broadcast channel signal and
changing the assignment for forward slots and reverse
slots. Further, it is possible to apply the present inven-
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tion to a public network system with high generality in
which frame configurations are standardized. Further-
more, according to the present invention, it is possible to
easily correspond to a system in which a slot assign-
ment is different for every subframe or in which each
mobile station is controlled to belong to a specific base
station.

[0047] As described above, according to the mobile
station communication apparatus, base station commu-
nication apparatus, and radio communication method of
the present invention, it is possible in the CDMA/TDD
system with TDMA structure to perform base station
transmission diversity and transmission power control
with high accuracy, and to follow propagation path vari-
ations of both forward link and reverse link even when
tading varies rapidly, thereby resulting in improved com-
munication qualities.

[0048] The present invention is not limited to the
above described embodiments, and various variations
and modifications may be possible without departing
from the scope of the present invention.

[0049] This application is based on the Japanese Pat-
ent Applications No.HEI10-027711 filed on January 26,
1688 and No.HEI10-252991 filed on September 7,
1998, entire contents of which are expressly incorpo-
rated by reference herein. :

Claims

1. A mobile station communication apparatus com-
prising:

communication control means(110) for per-
forming a communication in a COMA/TDD sys-
tem with a TDMA structure with a base station
communication apparatus using a subframe
having a plurality of slots;

received quality measurement means(104) for
measuring a quality of a broadcast channe! sig-
nal in forward link which is received immedi-
ately before transmitting a traffic channel signai
in reverse link; and reverse link transmission
power control means(109) for

controlling fransmission power in reverse link
based on the measurement result in said
received quality measurement means.

2. A mobile station communication apparatus com-
prising:

communication conirol means(110) for per-
forming a communication in a COMA/TDD sys-
tem with a TDMA structure with a base station
communication apparatus using a subframe
having a plurality of slots;

CDMA demodulation means(102,103) for
receiving both a traffic channel signal and a
broadcast channel signal transmitted from the
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base station communication apparatus in for-
ward link to respectively despread with different
spreading codes;

received quality measurement means(104) for
measuring a quality of the broadcast channel
signal in forward link which is received immedi-
ately before transmitting a reverse link signal,
after said CDMA demodulation means demod-
ulates said broadcast channel signal;

reverse link transmission power control
means(109) for controlling transmission power
in reverse link based on the measurement
result in said received quality measurement
means.

The mobile station communication apparatus
according to claim 1, wherein said communication
control means(110) uses a first slot in forward link
and a final slot in reverse link in a subframe.

The mobile station communication apparatus
according to claim 1, wherein said apparatus fur-
ther comprises forward link TPC bit generating
means(1086) for generating a TPC bit, which is used
in transmission power control in the base station
communication apparatus , based on the measure-
ment result in said received quality measurement
means. :

A base station communication apparatus compris-
ing:

communication control means(208) for per-
forming a communication in a COMA/TDD sys-
tem with a TDMA structure with a mobile
station communication apparatus using a sub-
frame having a plurality of slots;

broadcast channel signal transmission
means(206) for transmitting a broadcast chan-
nel signal, common to all users, in forward link;
reception means(202) for receiving in reverse
link a signa! subjected to transmission power
control based on a received quality of said
broadcast channel signal; and

transmission power control means(207) for
controlling transmission power of transmission
data in forward link.

The base station communication apparatus accord-
ing to claim 5, wherein said communication control
means(208) uses a first slot in forward link and a
final slot in reverse link in a subframe.

The base station communication apparatus accorgd-
ing to claim 5, wherein said broadcast channel sig-
nal transmission means(206) transmits a broadcast
channel signal only in a specific slot in forward link.
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The base station communication apparatus accord-
ing to claim 5, wherein said transmission power
control means(207) acquires TPC information,
which is generated in the mobile station communi-
cation apparatus based on the received quality of
said broadcast channe! signal, from a traffic chan-
nel signalin reverse link, and based on the acquired
TPC information, controls transmission power in
forward link.

The base station communication apparatus accord-
ing to claim 5, wherein said transmission power
control means(207) controls transmission power in
forward link based on a quality of a signal received
in said reception means.

A radio communication method in which a base sta-
tion communication apparatus and a mobile station
communication apparatus each comprises commu-
nication control means for performing a communi-
cation in a CDMA/TDD system with a TDMA
structure mutually using a subframe having a plu-
rality of slots, said method comprising the steps of:

transmitting in said base station communica-
tion apparatus data using a traffic channel,
while transmitting a broadcast channel signal
common to all users using a broadcast chan-
nel; .

measuring in said mobile station communica-
tion apparatus a quality of said broadcast chan-
nel signal which is received in forward link
immediately before transmitting a reverse link
signal, after said broadcast channe! signal is
CDMA demodulated, and based on the meas-
urement result, performing transmission power
control, while inserting a TPC bit to a traffic
channe! signal to transmit in forward link; and
performing, in said base station communication
apparatus which receives said traffic channel
signal, transmission power control based on
the acquired TPC bit.

A radio communication method comprising the
steps:

providing both a base station communication
apparatus and a mobile station communication
apparatus with communication contro! means
for performing a communication in a
CDMA/TDD system with a TDMA structure
mutually using a subframe having a plurality of
slots;

performing in said mobile station communica-
tion apparatus open loop power control based
on a received quality of a broadcast channel
signal received immediately before transmitting
areverse link signal, while generating a forward
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link TPC bit based on the received quality of
said broadcast channe! signal; and

performing in said base station communication
apparatus closed loop power control based on
the received TPC bit.
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(57)  Afacility is provided for more efficiently control-
ling transmitted power in a forward link of CDMA tele-
communications system. This is done by offsetting a
power reference level that adjusts the level of the trans-
mitted power using an power offset selected as a func-
tion of a transmission rate specified for the transmission

Method and apparatus forcontrolling power in a forward link of a CDMA telecommunications

of a coded frame. The coded frame is then transmitted
at a power level selected as function of the adjusted
power reference level, rather than the unadjusted level.
Such efficiently is particularly noticeable when there is

transition from one frame transmission rate to another
such rate and vice-versa.
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Description

FIELD OF THE INVENTION

The invention relates to wireless telecommunica-
tions, and more particularly relates to controlling trans-
mitted power in a code-division multiple access (CDMA)
system. ’

BACKGROUND OF THE INVENTION

In wireless, cellular, telecommunications systems,
a base station transmits information bits grouped into
frames at a power level that is intended 1o be sufficient
to permit a receiver to receive the frames at a desired
frame error rate, e.g., a frame error rate of about 1%.
The receiver continually returns (feedback) information
indicative of the Frame Error Rate (FER) to the base
station. If the feedback indicates that the FER occurring
al the receiver is greater than the desired FER, then the
base station (transmitter) increases the transmit power
level. Conversely, if such feedback indicates otherwise,
then the base station lowers the transmit power level.

In voice communications systems, a variable rate
vocoder processes speech and periodically produces a
frame containing a variable number of bits, for example,
a full-, half-, quarter-, or eighth-rate frame, as disclosed
in the Telecommunications Industries Associations
(TIA) Interim Standard IS 85, available from TIA located
in Washington, D.C., U.S.A.

Moreover, in wireless systems adhering to the IS 95
standard, it is common practice to keep the total trans-
mitted energy per bit (Eb) substantially the same for any
of the aforementioned frame rates. A wireless system
may achieve this for a half-, quarter-, or eighth-rate
frame, by transmitting a symbol repeatedly for two, four
or eight times, respectively, with the transmitted power
reduced correspondingly, as specified in the IS 95
standard.

We have observed that maintaining substantially
the same transmit energy per bit for all of the aforemen-
tioned frame rates results in (a) inefficient use of trans-
mitted power, (b) high frame error rates during transi-
tions between frame rates and (c) an increase in inter-

- ference experienced by receivers other than the target-
ed receiver.

SUMMARY OF THE INVENTION

We deal with the foregoing problems and advance
the relevant art of controiling the transmitted power in a
forward link of a CDMA telecommunications system by
adjusting the power reference value as a function of a
power offset value selected as a function of the trans-
mission rate at which a coded frame is to be transmitted
The coded frame is then transmitted at a power level
selected as a function of the adjusted power reference
value.
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In accord with one illustrative embodiment of the in-
vention, we generate a plurality of power offset values
associated with respective frame transmission rates,
and, responsive to receipt of an indication identifying the
transmission frame rate for the coded frame the appro-
priate power offset value is selected as a function of the
identified transmission frame rate. The value of the ref-
erence power level is then adjusted as a function of the
selected offset value and the coded frame is then trans-
mitted at a power level derived as a function of the ad-
justed reference power level.

These and other aspects of the invention are dis-
closed in the following detailed description and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 illustrates a prior art transmitter érranged lo
control the level of forward link transmitted power
as a function of a power reference level in a CDMA
telecommunication system; o

FIG. 2 illustrates graphically the way in which the
power reference level adapts to' a change in the
transmission rate applied to coded frames;

FIG. 3 illustrates one way in which the transmitter
of FIG. 1 may be arranged to implement the princi-
ples of the invention;

FIG. 4 illustrates graphically the way in which the
power reference level adapts in accord with an as-
pect of invention to a change in the transmission
rate applied to coded frames;

FIG. 5 shows in flow chart form an illustrative pro-
gram which implements the principles of the inven-
tion in the rate-based controller of FIG. 3;

FIG. 6 shows a table of offset values associated with
respective frame rates that is used by the program
of FIG. 5; and

FIG. 7 shows in flow chart form another illustrative
program which may be used to implement the prin-
ciples of the invention in the rate-based controller
of FIG. 3 and which adapts such ofiset values to the
environmental conditions of a locality in which atar-
get receiver is present.

BRIEF DESCRIPTION OF THE INVENTION

The transmitter section of a conventional base sta-
tion transmitter 100, FIG. 1, for wireless telecommuni-
cations system includes, inter alia, vocoder 10, channel
coder 15, Frame Error Rate (FER) monitor and power
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controller 20 and Variable Rate Transmitter (VRT) 30.
Vocoder 10, more particularly, receives speech signals
via path O that are 1o be transmitted to mobile station 50
via antenna 35 and encodes the speech signals in ac-
cord with a predetermined encoding scheme, e.g., linear
predictive coding, to produce a coded speech frame.
Such a frame is generated periodically, e.g., once every
twenty milliseconds. Vocoder 10, based on the speech
activity that occurs at its input in a twenty millisecond
period, determines the frame rate that should be used
in the encoding of the speech signals. For example, in
the above-mentioned IS 95 standard, the number of bits
forming a.frame may vary and take one of four different
values respectively corresponding to a full-, half-, quar-
ter- or eighth-rate frame. Vocoder 10 then outputs the
coded frame to channelcoder 15 via path 14. In addition,
vocoder 10 presents to VRT 30 via path 13 the frame
rate that was used in the encoding of the frame output-
ted to path 14,

Channel coder 15 further processes the encoded
frame to add so-called forward error correction capabil-
ity, using, for example, the convolutional coding scheme
specified in the IS 95 standard. Channel coder 15 then
outputs the resulting encoded frame (aiso referred to
hereinafter as the channel coded frame) to VRT 30 via
path 16.

VRT 30 uses the frame rate received via path 13 to
select one of a number of difierent transmission
schemes that it will use to transmit the channel coded
frame received via path 16. VRT 30 also uses a refer-
ence power levelthat it receives via path 21todetermine
the power level that will be used in the transmission of
the channel coded frame. VRT 30 transmits the channel
coded frame via antenna 35 in accord with the selected
transmission scheme and at a power level correspond-
ing to the reference power level such that the energy
per transmitted bit is substantially the same for all frame
rates.

Such transmitting may be achieved, for example, in
accord with the rate based transmission scheme spec-
ified in the IS 95 standard, in which, for a partial rate (e.
g., hali-, quarter- or eighth-rate} channel-coded frame,
an encoded bit is repeatedly transmitted in inverse pro-
portion to its frame rate (i.e., two, four or eight times,
respectively). To maintain the same transmission ener-
gy per bit for all frame rates, the transmit power level is
reduced as a function of the frame rate. For example, in
a quarler-rate frame, an encoded bit is transmitted four
times at a power level that is one-fourth of the power
level corresponding to the value of the reference power
levelreceived via path 21. Whereas, for a full-rate frame,
an encoded bit is transmitted once at the power level
corresponding to the value of the reference power level.

Information that VTR 30 transmits via antenna 35
is received by a target mobile station, e.g., station 50,
as well as other mobile stations (not shown) that are
within the coverage area (cell) of base station transmit-
ter 100. Mobile station 50 receives the transmitted chan-
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nel coded frame and processes it in accord with a pre-
determined decoding scheme to recover the original in-
formation. In doing so, mobile station 50 determines if
the frame was received correctly or contains errors and
transmits the result of the determination to base station
receiver 200 via a reverse “feedback® channel. That is,
mobile station 50 transmits an indication of the error rate
that it is experiencing with respect to the channel coded
frame that it received from the base station. This error
indication may be transmitted “raw* identifying the error
status of each received frame on a frame by frame basis.
Such an error indication may be sent, on the other hand,
less frequently in an aggregate form where the mobile
station informs the base station of the average received
FER that occurred over a certain "observation® interval.
Feedback processor 210 of receiver section 200 re-
ceives the content of the feedback channel and supplies
such content to FER monitor and power controlier 20
via path 18. Controller 20 processes the feedback infor-
mation to generate an estimate of the error rate that is
occurring at station 50 and adjusts the reference power
level, Pref, as a function of the estimate and supplies
the adjusted value to path 21, as mentioned above. That
is, ifthe estimated FER is lower (higher) than the desired
FER, then the reference power level is increased (de-
creased), for example, as shown in FIG. 2 .

For example, assume a system in'which mobile 50
provides on a frame by frame basis an indication of
whether the received frame was error free or contained
errors. Also assume that transmitter 100 is transmitting
a series of frames at a full frame rate, and that at a par-
ticular instant in time, transmitter 100 is transmitting a
frame at a reference power level "a*, as shown in FIG.
2. If the above-mentioned feedback indicates that the
transmitted frame was received iree of errors, then FER
monitor and power controller 20 reduces the reference
power level by a value equal to a down-step size "b". I
such error-free transmission continues, as verified by
the feedback provided by receiver 50, then FER monitor
and power controller 20 further reduces Pref for the
frames transmitted during time period "c®. Assume now
that the next frame that station 50 receives contains er-
rors and that station 50 advises base station transmitter
100 of that fact via the reverse "feedback” channel. In
that case then, FER monitor and power controller 20
raises the value of Pref by a value equal to an up-step
size "d". (Note that it is common practice to choose the
ratio of the down-step size to the up-step equal 1o the
desired FER.)

Assume now that at time t, transmitter 100 begins
to transmit a series of frames at an eighth rate. Recall
that for the same frame error rate, the transmit energy
per bit needed for an eighth-rate frame is lower than that
for afulirateframe. The reasons forthis include (a) since
symbols in a channel coded eighth rate frame are re-
peated eight times with the same energy per bit, the so-
called diversity gain results in a much lower symbol error
rate, leading to an even lower frame error probability;
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and (b) since the total number of information bits trans-
mitted in eighth-rate frame is smaller by a factor of eight,
the frame error probability for the same the symbol error
rate is smaller. It can be appreciated that when an
eighth-rate frame is transmitted at a power level corre-
sponding to Pref at *e”, the FER at the receiver will be
well below the desired FER. Thus, FER monitor and
power controller 20 continues to decrease Pref as long
as the feedback from receiver 50 indicates error free
transmission. This continuous decrease in Pref extends
from time t, to time t,. The duration of time represented
by t, minus t; may be, for example, several hundred mil-
liseconds to one or more seconds -- which means that
the transmit power level during that time is too high and,
therefore, inefficient in the use of power and generates
excessive interference to other connections.

Assume now that the at time t3 transmitter 100 be-
gins totransmit a series of full rate frames, and transmits
the first of the frames at a power level corresponding to
a particular value of Pref, e.g., the value represented at
"e2", which is likely to be close to the reference power
level at e,". It may be appreciated that when a full-rate
frame is transmitted at a power level corresponding to
Pretf at e, ", the FER at the receiver will be well above
the desired error rate. For this case, then, FER monitor
and power controller 20 increases Pref as long as the
feedback from receiver 50 indicates that the FER at re-
-ceiver 50 is higher than the desired FER. This continu-
ous increase in Pref may extend from time t; to time t,.
The duration of time extending from 15 to t, represents
a period of time during which the FER at the receiver is
much larger than the desired error rate..

We deal with the inefficient use of power problem -

and the latter error rate problem by responding to chang-
es in the frame rate more quickly than prior base station
transmitters. Specifically, when the frame rate changes,
we quickly adapt the value of Pref so that it is substan-
tially close to the value that is appropriate for the new
frame rate. This is achieved, in accord with an aspect of
the invention, by using an off-set controller in the prior
art circuit of FIG. 1, as shown in FIG. 3.

In particular, rate-based offset controller 40 is dis-
posed between FER monitor and power controlier 20
and VRT 30 for the purpose of off-setting Pref to a level
suited for the current frame rate. That is, rate-based ofi-
set controller 40 receives the value of Pref via path 21
and adjusts that value as a function of the frame rate
that it receives from vocoder 10 via path 13. If the frame
rate changes, then controller 40 adjusts the value of Pref
as a function of an offset value that is selected (gener-
ated) for the new frame rate, as will be explained below.
Controller 40 then supplies the adjusted value of Pref
as an offset power level Pos to VRT 30 via path 41. Sim-
ilarly, VRT 30 transmits the channel coded frame at a
power level corresponding to the value of a offset power
level that it receives via path 41, namely the value of
Pos.

FIG. 4 illustrates the way in which an offset quickly
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adjusts Pref so that it is substantially close to the value
appropriate for a new frame rate. FIG. 4 assumes the
same conditions assumed for FIG. 2. It is also assumed
that A, (1), the off-set value for a full-rate frame, is cho-
sen to be zero (0) dB. Thus, it is seen that fromtyto 1,
when VRT 30 is transmitting the series of full rate
frames, Pos substantially follows the values shown for
Pref in FIG. 2 (and as also shown in FIG. 4). Attime t,,
when the transmitter begins to transmit the series of
frames at the eighth-rate, rate-based offset controlier 40
applies an offset of size A, (1/8) to Pref, which causes
the resulting Pos value to quickly adapt to the desired
level for the eighth frame rate. It is thus seen from FIG.
41hat as a result of applying the offset to Pref, the ofiset
power level, Pos, that is supplied to VRT 30 is changed
quickly and coincidentally with the change in the frame
rate, which is unlike the slow response that is obtained
by the prior art as is illustrated in FIG. 2 between times
t; and t,. A similar offset, Ay (1), is applied at t3 when
the full rate frame transmission is resumed, which elim-
inates the response time 3 to t4 (FIG. 2) that is con-
sumed in prior anl arrangements to change Pref to the
desired level. i

It is also seen from FIG. 4 that the values that Pret
assumes (as shown by the dashed line) do not track the
values shown for Pref in FIG. 2 for the period from 1, to
t5. The reason for this is that the offset power level, Pos,
provides the appropriate power level indicator 1o VRT
30. Accordingly, Pref does not have to change substan-
tially whenever the frame rate changes, since that func-
tion is now largely assumed by the value of the ofiset.

FIG. 5 illustrates in flow chart form the program
which implements the invention in rate-based ofiset
controller 40. Specifically, the program (500) is entered
upon receipt of a current value of Pref from circuit 20
and a current frame rate from vocoder 10 and proceeds
to block 501. At block 501, the program stores the cur-
rent frame rate in associated memory (not shown), and
then uses the current frame rate as an index to access
a table of offset values that correspond to respective
frame rates. An example of such a table is shown in FIG.
6 and includes a plurality of entries, e.g., four entries
601 through 604, respectively, corresponding to full
rate-, half rate-, quarier rate-and eighth rate frames and
specifying an ofiset for the corresponding frame rate.
For example, for a hali-rate frame, the ofiset A,;(1/2) is
1.0 dB. Table 600 also specifies an offset for each of the
other frame rates, namely, offsets of 0 dB, 2.5 dB and
4.0 dB, respectively. It is noted that such ofisets were
determined experimentally by determining the differ-
ence in the energy per bit required to achieve the de-
sired frame error rate at each of the aforementioned
frame rates.

Thus, at block 501 of FIG. 5, if the current frame is
an eighth-rate frame, then the program unloads the con-
tents of entry 604 of table 600. The program (block 502)
then applies the offset to the current value of Pref. That
is, the program subtracts the value of the ofiset, e.g.,
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4.0 dB, from Pref and supplies the result to VAT 30 as
Pos. The program then exits to await receipt of the next
value of Pref and frame rate.

It is noted that an adaptation process may be used
in place of the entries recorded in table 600 to account
for changes in the transmission link between the base
station and target mobile station, e.g., station 50, as the
mobile station changes its position and/or velocity, as
well as changes in the surrounding environment and to-
pography.:It is likely that such changes would require
corresponding changes in the energy per bit for each
frame rate. Moreover, the difference in energy per bit
required for different frame rates-is not a constant, but
is itself dependent upon the environment. Accordingly,
there may be a need to adapt the offset to meet the cur-
rent environment of the target mobile station.

An illustrative example of such an adaptation proc-
ess is shown in FIG. 7. Again, the conditions for FIG. 7
assume trame by frame feedback. Specifically, the pro-
gram is entered at block 700 responsive 1o receipt of a
frame error indication via the reverse feedback channel.
When so entered, the program proceeds to block 701
where it gets the frame rate (rp) for the corresponding
transmitted frame associated with the received frame
error indication. The frame rate (rp) is assumed to have
been stored by rate based offset. controller 40 as de-
scribed at block 501, FIG. 5. When the frame error indi-
cation is received, the program (block 701) correlates
that indication with the appropriate frame that was pre-
viously fransmitted, thereby associating the error indi-
cation with the appropriate frame rate. The program
(block 702) then updates the corresponding frame error
rate FER(ry) using the received frame error indication.
One such-method that may be used to achieve such up-
dating is disclosed in U.S. Patent No. 5,383,219 issued
January 17, 1995 to C. E. Wheatley Il et al, at column
7, line 45 et seq.,

Following such updating the program (block 703)
compares the ratio of FER(rp) with the FER for afull rate
frame, i.e., FER(1). If the value of the ratio exceeds the
value of variable a (e.g., a value greater than one, such
as 2), then the program (block 704) cccreases the value
of the offset corresponding to the rate ro. The program
(block 705) then updates the latter value, A4(rp), in table
600 for the corresponding frame rate and then exits.

Otherwise, the program (block 706) checks to see
if the value of the aforementioned ratio is less than the
value of a variable 8 (e.g., a value less than one, such
as 1/2). If that is the case, then the program (block 707)
increases the value of the offset corresponding to the
rate ro. Similarly, the program (block 705) updates the
value of A,4(rp) in table 600 for the corresponding frame
rate and then exits. Otherwise, the program exits without
updating the corresponding offset in table 600. (It is not-
ed that, in practice, upper and lower limits are typically
placed on the values that these offsets may 1ake.)

The foregoing is merely illustrative of the principles
of the invention. Those skilled in the art will be able to
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devise numerous arrangements, which, although not
explicitly shown or described herein, nevertheless em-
body those principles that are within the spirit and scope
of the invention. For example, although the claimed in-
vention has been discussed in the context of a particular
receiver feedback arrangement, it is clear that the in-
vention may be used in conjunction with other forms of
receiver feedback. As another example, it also clear that
the claimed system may be usedin otherthan a wireless
system, e.g., a wired system. As a further example, a
separate reference power level is maintained for each
respective frame rate and then adapted to achieve a de-
sired error rate for that frame rate atthe remote receiver.
Accordingly, a coded frame is transmitted at a reference
transmit power leve! corresponding to the frame rate for
the coded frame. :

Claims

1. A method of operating a transmitter in a cellular
communications system, said method comprising
the steps of

generating a coded frame of signals,

generating a plurality of power offset values as-
sociated with respective frame transmission
rates,

generating an indication identifying the frame
transmission rate for the coded frame and se-
lecting one of the power offset values as afunc-
tion of the identified frame transmission rate,

responsive to the selection, applying the select-
ed ofiset value to a reference power level to ob-
tain an offset power level value, and

transmitting the coded frame at a power level
derived as a function of at least the offset power
level.

2. The method of claim 1 further comprising the step
of fransmitting each bit forming the coded frame re-
peatedly a number of times in which said number is
inversely proportional to said indication.

3. The method of claim 1 further comprising the steps
of

receiving the coded frame at a target receiver,
at said target receiver, generating an error rate
from which the transmitter may determine an

error rate at the receiver, and

transmitting the error rate indicator via a re-
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verse feedback channel.

The method of claim 3 further comprising the steps
of

at said transmitter, receiving said error rate in-
dicator via said reverse feedback channel and ac-
justing said power reference level as a function of
the received error rate.

The method of claim 3 wherein each of said power
offset values are initially set to predetermined val-
ues and each is thereafter adaptively changed to
adjust to a transmission environment associated
with a location in which the target receiver situated.

A method of operating a transmitter for a celiular
communications system, said method comprising
the steps of

generaling an encoded frame of speech sig-
nals,

generéting a reference power level which is
thereafter adjusted as a function of an estimat-
ed error rate occurring ata remote receiver and
a predetermined error rate,

generating a plurality of power offset values as-
sociated with respective frame transmission
rates,

receiving an indication identifying the transmis-
sion frame rate for the encoded frame and se-
lecting a previously stored power offset value
associated with the identified transmission
rate,

responsive to the selection, generating a offset
power level, Pos, as a function of the reference
power level, Pref, and the selected power offset
value, A,

transmitting the encoded frame at a power level
derived as a function of the oftset power leve],
Pos,

changing the power ofiset value, Agg. such that
an error rate at the remote receiver substantial-
ly meets a predetermined error rate and storing
the current power offset value, Ay, in the mem-
ory in place of the previously stored power off-
set value for the identified frame rate.

7. A cellular communications system having a trans-

mitter, said transmitter comprising,

means for generating a coded frame of speech
signals,
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10.

n

.

12.

o~

means for generating a plurality of power offset
values associated with respective frame trans-
mission rates,

means for receiving an indication identifying
the transmission frame rate for the coded frame
and for selecting one of the power offset values
as a function of the identified transmission
frame rate,

means, responsive to the selection, for adjust-
ing a reference power level by the selected
power offset value, and

means for transmitling the coded frame at a
power ievel derived as a function of the adjust-
ed reference power level.

The transmitter of claim 1 further comprising means
for transmitting each bit forming the coded frame
repeatedly for a number of times that is inversely
proportional to said indication.

The cellular communications system of claim 7 in-
cluding at one target receiver, said one target re-
ceiver comprising

means for receiving the coded frame,

means for generating an error rate indicator in-
dicative of whether said code frame was re-
ceived in error and extent of such error, and

means for transmitting the error rate indicator
via a reverse feedback channel to said trans-
mitter.

The transmitter of claim 9 further comprising

means for receiving said error rate indicator
via said reverse feedback channel and for adjusting
said power reference level as a function of the re-
ceived error rate.

The transmitter of claim 9 wherein said power offset
values are-initially set to respective predetermined
values and each is thereafter adaptively changed
to adjust 1o an environment associated with a loca-
lion in which the target receiver situated.

A method of operating a transmitter for a cellular
communications system, said method comprising
the steps of

generating an encoded frame of speech sig-
nals,

generating a reference power level such that
when the coded frame is received at a remote
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receiver a frame error rate atthe receiver meets
a predetermined frame error rate,

generating a plurality of power offset values as-
sociated with respective frame transmission 5
rates,

receiving an indication identifying the transmis-

sion frame rate for the encoded frame and se-
lecting a previously stored power offset value 10
associated with the identified transmission
rate,

responsive to the selection, generating an off-
set power level based on the reference power 75
level and the selected power ofiset value,

transmitting the encoded frame ata power level
- derived as a function of the changed offset pow-
er level, 20

changing selected power offset value until a
coded frame is received at the remote receiver
"atan error rate which substantially meets a pre-
determined error rate and storing the current 25
.power offset value in the memory in place of the
previously stored power ofiset value for the
identified frame rate.

13. A method of operating a transmitter in a cellular 30
communications system, said method comprising
the steps of

generating a plurality reference power levels

associated with respective frame transmission 35
rates, '

generating a coded frame of signals,

' selecting one of the plurality of reference power 40
levels associated with a frame rate at which
said coded frame is to be transmiitied to a re-
mote receiver, and
transmitting the coded frame at a power level 45

derived as a function of the selected reference
power level.
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(54)  Method and apparatus for controlling power in a forward link of a CDMA telecommunications

system

(57)  Afacility is provided for more efficiently control-
ling transmitted power in a forward link of CDMA tele-
communications system. This is done by offsetting a
power reference level that adjusts the level of the trans-
mitted power using an power offset selected as a func-
tion of a transmission rate specified for the transmission

FIG. 3

of a coded frame. The coded frame is then transmitted
at a power level selected as function of the adjusted
power reference level, rather than the unadjusted level.
Such efficiently is particularly noticeable when there is
transition from one frame transmission rate to another
such rate and vice-versa. ’

. BASE STATION TRANSHITIER 1~ 100
14 {
SPEECH N § CHANNEL
§7——————— VOCODER CODER
16
2 4 {’ br
AU S AN
AND POWER == OFFSET TRANSMITTER (VRT)
CONTROLLER | 57  [CONTROLLER
307 307
19
FEEDBACK
RECEIVER
210~{PROCESSOR

BASE STATION RECEIVER

L~ 200

[ PP S

mrAns mamis e,

IPR2018-01474
Apple Inc. EX1002 Page 377



EPC FORM 1603 03.82 {POACO1)

),

EP 0 802 638 A3

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 97 30 2216

Category

Citation of dosument wilh indication, where appropriate,
of relevant p g

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (in1.CL6)

US 5 396 516 A (ZIV NOAM ET AL)

7 March 1995 (1995-03-67)

* abstract *

* figures 3A,3B,3C *

* column 6, line 39 - columm 7, Yine 62 *
* column 9, line 33 - line 53 *

* column 10, line 7 - line 19 *

* column 10, line 53 - line 63 *

EP O 548 939 A (NIPPON ELECTRIC CO)

30 June 1993 (1993-06-30)

* abstract *

* colum 2, line 12 - line 42 *

* column 3, line 11 - line 41 *

US 5 333 175 A (ARIYAVISITAKUL SIRIKIAT
ET AL) 26 July 1994 (1994-07-26)

* abstract *

* column 9, line 30 - line 22 *

1,3-7,
9-13

HO4B7 /0065

TECHNICAL FIELDS
SEARCHED {in.CL.6)

O:non

X : partioukarly relovant i taken alone

Y : partioularly relevant § combined with another
dooument of the sama category

A : technological background

-writen disolosure

P . intermediate document dooument -

after the filing date
D : document cited in the application
L : document cited tor other reasons

HO4B
The present search report has been drawn up tor oll claims
Piace of search Gale of completion of the search Examiner
THE HAGUE 17 February 2003 Lustrini, D
CATEGORY OF OITED DOCUMENTS Em::{;m ;;numam‘ L-mvp?;r;md:n, o

!- : member of the same patent

ta.mi.'y,' ;}mmntﬁng

IPR2018-01474

Apple Inc. EX1002 Page 378




EP 0 802 638 A3

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 97 30 2216

This annex lists the patent family membars relating to the patent documents citedin the above-mentioned European search report.

The members are as contalned in the European Fatem Office EDF file on

The European Patent Offios is in no way lisble for these particulars which are merely given for the purposs of information.

EPO FGRM 20459

17-02-2003
Patent dooument Publication Patent lamily Publication
cited in search report date member(s) date
US 5396516 A 07-03-1995 AT 164712 T 15-04-1998
AU 666811 B2 22-02-19396
AU 6099994 A 14-09-1994
BR 9405695 A 21-11-1995
CA 2156707 Al 01-09-1994
CN 1099920 A 08-03-1995
DE 69409368 D1 07-05-1998
DE 69409368 T2 01-10-1998
DK 685129 T3 18-01-1999
EP 0685129 Al 06-12-1995
ES 2115215 713 16-06-1998
F1 953938 A 22-08-1995
HK 1005922 Al 29-01-1999
HU 73907 A2 28-10-1996
JP 3051176 B2 12-06-2600
JP 8567185 T 30-07-1996
KR 153354 B1 16-11-1998
MX 9401298 Al 31-08-1994
PL 309726 Al 13-11-1995
RU 2114508 Cl 27-06-1998
SG 52679 Al 28-09-1998
WO 9419876 Al 01-089-1994
A 9400516 A 05-09-1994
EP 0548939 A 30-06-1993 DE 69231437 D1 19-10-2000
DE 69231437 T2 01-03-2001
EP 0548839 A2 30-06-1993
JP 2823034 B2 11-11-1998
JP - 5244056 A 21-09-1993
us 5386589 A 31-01-1995
US 5333175 A 26-07-1994  NONE

For more details aboul this annex : see Official Journal ot the European Patent Office, No. 12/82

IPR2018-01474
Apple Inc. EX1002 Page 379



; 7 age Blank (uspto)

IPR2018-01474
Apple Inc. EX1002 Page 380



* This Page is Inserted by IFW Indexing and Scanning
- Operations and is not part of the Official Record

. BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the orlgmal
documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:
. -'"',‘..:. ' . - .

(] BLACK BORDERS
O IMAGE CUT OFF AT TOP, BOTTOM OR SIDES
DPFADED TEXT OR DRAWING |
U BLURRED OR ILLEGIBLE TEXT OR DRAWING
0 SKEWED/SLANTED IMAGES
O COLOR OR BLACK AND WHITE PHOTOGRAPHS
'] GRAY SCALE DOCUMENTS
O LINES OR MARKS ON ORIGINAL DOCUMENT
0O REFERENCE(S) OR EXHIBIT(S) SUBMITTED Ann POOR QUALITY

Q) OTHER:

IMAGES ARE BEST AVAILABLE COPY.

As rescanning these documents will not correct the image
problems checked, please do not report these problems to
the IFW Image Problem Mailbox.

IPR2018-01474
Apple Inc. EX1002 Page 381



U YU o WP B FXT. t
This Fo s Thank (usplo)

IPR2018-01474
Apple Inc. EX1002 Page 382



%
A
d

: Y y%ff’l

- ﬂ ‘7
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket No.
(Large Entity) 19289.02149B
In Re Application Of. Kenichi MIYOSHI, et al.
Application No. Filing Date Examiner Customer No.| Group Art Unit | Confirmation No.
10/321,623 December 18, 2002 D.C. Le 24257 2683 5366

Invention:. COMMUNICATION TERMINAL APPARATUS, BASE STATION APPARATUS, AND RAD[b

COMMUNICATION METHOD REC E‘VE
MY | 0T 2 7 2004

Tm@‘éfequest under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the Office Action

of April D22 2004 above-identified application.
ate

4 The requested extension is as follows (check time period desired):

O One month O Two months Three months O Fourmonths -~ O Five months
from: July 22,2004 until: October 22, 2004
Date Date
The fee for the extension of time is $980 and is to be paid as follows:

& A check in the amount of the fee is enclosed.

X The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account No.  19-4375

X If an additional extension of time is required, please consider this a petition therefor and charge
any additional fees which may be required to Deposit Account No. 19-4375

(J Paym