27 July 2006 BASE STATI ON, CONTROL DEVI CE, COVMUNI CATI ON SYSTEM AND
COVMUNI CATI ON METHOD CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
application is based upon and clains the benefit of priority fromthe
prior Japanese Patent Applications No. P2002-24770, filed on JAN. 31,
2002; the entire contents of which are incorporated herein 27 July280nce.
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a base station, a control device, a comrunication
system and a conmuni cation nmethod. 2. Description of the Related Art
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i npl ementing high speed packet transmission with a nmaxi mumtransni ssion
rate of 2,4 Mops based on a radio interface of |1S-95 has been proposed

(" CDVWV HDR?* %%ﬁa\xﬂa?hmf Bef RETRHY A dh- Speed Wrel ess Data Services for
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Shi ndhushyaB@ing &g ifonMed €l ikl fFELQFBHRCAl 208 YBgazistariVRdry 38, no.

7o PP 70- (g, L 2L Uy, 2000, July 2000, which.is Derealter referred to as
first papef) Furtherndre,c 1R 3 rd CENeratTon Partner SArp Br oj eCt) as
wel |, inpl éneemtiignal Mobile Telecommunication - 2000 (IMT-2000) are 144 kbps,

384 kbps, and 2 Mbps, respectively. As a result, it becomes possible
to implement real multimedia mobile communication in addition to voice
service. Considering rapid spread of Internet, increases in the
dimension of information, increases in the capacity of information,
and development of the next generation Internet in'recent years, however,
there is a pressing need in the mobile communication system to develop
a radio access scheme capable of implementing a transmission rate
exceeding 2 Mbps. It is considered to be increasing especially in a
radio link for down direction traffic reguired to be at a high rate
and have a large capacity, such as for downloading an image, a file,
or a dynamic image such as video data from a database or a Web site.
Therefore, a high speed packet transmission technigque suitable for
traffic of high speed and large capacity-ié indispensable.

- From the background as described above, a scheme for implementing
high speed packet transmission with a maximum transmission rate of 2!,4
Mbps based on a radio interface of IS-95 has been proposed ("CDMA/HDR:
A Bandwidth - Efficient High-Speed Wireless Data Services for Nomadic
Users," P. Bender, P. Black, M.Grob, R. Padecvani, N. Shindhushyana,

and A. Viterbi, IEEE Communication Magazine, Vol. 38, no. 7, pp. 70-77,
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of high speed packet transm ssion having a maxi rumtransm ssion rate of
approxi mately 2.4 Mops obtai ned by expanding the WCDVA (Wdeband Code
Division Multiple Access) radio interface is studied. As for such high
speed packet transm ssion, application of a technique, such as adaptive
nmodul ation and denodul ation and error correction, based on adduty 2006r adi o
link control (link adaptation), such as channel coding, proposed in
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there is péd&%sl communi cation nethod in which a base station that
transnmt and Teéeceive packets nonitors the situation:-of data transnission
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exanple, in the above descr i.rst r
P modulation, %Quadrature ﬁn;ﬁlthde l‘?odeula%lon) modulation, or

64 QAM modulation, as the propagation environment becomes favorable.
As a result, the transmission speed of the communication system can
be increased. For example, if data modulation using 64 QAM is conducted
L in the case where the spreading factor = 4, the number of multi-codes
L = 3, and the error correction coding facter = 1/2, ultra-high speed
data transmission of 8.5 Mbps becomes possible with a W-CDMA interface
having a chip rate of 3.84 Mcps. As for the high speed packet
transmission, application of the ARQ (Automatic Repeat reQuest)
technigue proposed in "Automatic - Repeat - Request Error Control
Schemes," S§. Lin, D. Costello. Jr., and M. Miller, IEEE Communlcation
Magazine, Vol. 12, no. 12, pp. 5-17, Dec. 1984 is also studied.
On the other hand, in order to conduct such packet transmissi;on

efficiently, there is proposed a communication method in which a base
station that transmit and receive packets monitors the situation of
data transmission paths formed between the base station and mobile

stations that conduct communication with the base station, determines
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proposed a nmethod of maxi m zing throughput in a sector or a cell by giving
priority to transm ssion of a packet to a nobile station that 1is favorable
in reception state and transmtting a packet preferentially to the nobile
station. However, this conmunication nmethod causes unfairness that only a
specific nobile station can conduct comuni cation and other Rguke2006
stations cannot conduct comrunication. In order to reduce the unfairness,
therefore, there is proposed a comruni cation nethod of deriving a ratio of
an average value of a transmission rate determned by a past transm ssion
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receptlonsateo g ation a estination a pac et IS not
gOOd when a Once a base station has decided to transmit a certain packet based
on the reception state and transmission rate, however, thereafter the
base station assigns a channel to the packet and transmits the packet,
in the conventional communication method. Also when deriving priority
of transmission, once the base station has derived priority, thereafter
the base station assigns a channel to the packet based on the priority.
When actually transmitting the packet, however, there might occur a
situation where a packet having lov;r priority should be transmitted
rather than a packet decided once to be transmitted or a packet having
priority once derived. Even for apacket once decided to-be transmitted
or a packet hawfing high priority derived once, there might occurs a
situation where it is not necessary to transmit the packet immediately.

Even if such a situation occurs, the base station conducts channél
assignment according to the priority once derived, in the conventicnal
communication method. In the conventional communication method,
therefore, the base station cannot conduct channel assignment according
to the situation at the time of transmission without being restricted
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base station transmts the packet, then the possibility that the

transm ssion will fail is high even if the packet has high priority. This
results in high possibility that radio resources will be wasted. Fromthe
vi ewpoi nt of preventing the radio resources frombeing wasted, therefore,
it is preferable to transnmit another packet rather than the 233like20l6avi ng
high priority. If priority derived once is high, however, then in the
conventional comruni cation nethod a channel is assigned to the packet
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BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to p;dvide a base station,
a control device, a communication system, and a communication method
capable of assigning a channel as occasion may demand according to the
situation obtained when transmitting a packet, without being
necessarily restricted by once decided priority of transmission of a
packet to a mobile station. '

A base station according to an aspect of the present invention
includes an acquisition unit for acquiring a packet transmitted from
a terminal device to a mobile station, a priority calculation unit for
calculating priority of transmission cf the packet_acquired by the
acqguisition unit to the mobile station, a weight processing unit for
conducting weighting on the priority of the packet calculated by the
priority calculation unit, a channel control unit for assigning a
channel for transmission of the packet from the base station to the

mobile station, to the packet based on the priority of the packet
4



According to the base station, the acquisition unit acquires a packet
transmtted froma termnal device toward a certain nobile station, from
the term nal device. Subsequently, the priority calculation unit
calculates priority of transm ssion of the packet acquired by the
acquisition.unit to the nobile station. The wei ght processi 2gJuly2006
conducts weighting on the calculated priority. The channel control unit
assigns a channel for transm ssion of the packet to the nobile station, to
t he packet based on the weighted priority. And the transm ssion unit
transnmits M&&gﬁﬁéﬁck&iy Ttﬁetwh&gffﬁ:biph:ecééﬁdgoﬂni@ﬂ drite aassagadsebanmeit for
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

Fig. 1 is a diagram showing a configuration of a communication
system according to a first embodiment of the present invention;

Fig. 2 is a block diagram showing a configuration of a base station
according to a first embodiment of the present invention:

. Fig. 3 is a diagram showing a retransmission packet priority
L calculation unit according to a first embodiment of the present
1nvent10n.

Figs. 4A and 4B are diagrams showing a transmission path situation
priority calculation unit according toa first embodiment of the present
invention; )

7 -Figs. 5A and 5B are diagrams showing a QoS priority calculation
unit according to a first embodiment of the present invention:

Figs. 6A and 6B are diagrams showing a transmission waiting ti:me
priority calculation unit according to a first embodiment of the present
invention;

Figs. 7A, 7B, 7C and 7D are block diagrams showing configurations

of a weight processing unit according to a first embodiment of the
5



wei ght processing unit according to a first enbodi mrent of the present
invention; Fig. 10 is a block diagram showi ng a configuration of a

transm ssion decision unit according to a first enbodi nent of the present
invention; Fig. 11 is a flow diagram show ng a procedure of a comuni cation
met hod according to a first enbodi nent of the present invent26July 208 12
is a block diagram showi ng a configuration of a base station according to a
second enbodi nent of the present invention; Figs. 13A and 13B are di agrans
showi ng a predetermned transmssion rate priority calculation unit

accordi ng tQ-&58CoRekn@mA0di nent of the present invention; Figs. 14A and
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Fig. 15 is a flow diagram showing a procedure of a communication

method according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described with
reference to the drawings.
[First Embodiment]
(Communication System)

As shown in Fig. 1, a communication system 1 includes a base
station 2 and a plurality of mobile stations 3. The mobile statilons
3 transmit and receive packets. The mobile stations 3 are mobile
terminals, such as portable telephones (cel;{phones) and PDAs, for

- conducting voice communication, dynamic image communication, and data
communication. The base station 2 acquires, via a network, a packét
transmitted froma terminal device, such as amcbile terminal, a personal
computer or a server, to amobile station 3. The base station?2 transmits
the acquired packet to the mobile station 3.

As shown in Fig. 2, the base station 2 includes a control device
4, a network interface unit 5, a transmission buffer 6, a baseband

processing unit 7, a radio unit 8, and an antenna 9. The control device
6



network 10, a packet transmitted froma termnal device that is a

transm ssion source of the packet to a nobile station 3. The network
interface unit 5 stores the acquired packet in the transm ssion buffer 6.
Upon acquiring the packet, the network interface unit 5 notifies the tine
control unit 42 of data for identifying the packet (hereafter7 JabfZ0eed to
as "packet identification data") . Furthernore, the network interface unit
5 takes out a packet transmitted to the termi nal device by the nobile
station 3 and received by the radio unit 8 fromthe transm ssion buffer

6, ang t ranﬁméﬁldeaea Qﬁétzkaa.tpﬁ&etslaeng ghﬂt 2| acta.\'hiec‘cﬁ)nt\tb& utnhe anetaprforkty
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buf feér 6. -E?fﬁnﬁ@i?é‘sqfon' hed fedes, &ndaﬁﬁn@ﬁifsttharﬁdﬂﬂetteﬂo t@etteeminbl |®@vitat i on
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transni ssi 8A% He Patke S cont ation part in
i nf or mati on conél‘éwentﬁgnwgs(l@a‘l’ﬁffroﬁ S*erav%@}e’btl'wtlﬁé“%é’dﬁét ferdrddinger
ref.erred bacests Q05 pakkeorizedticaa)in tukataancheintsiibni v farisey thefndtverk
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2006 (hereafter Perred aestl nati on user identification dat {t
packet i defhbffiCaEMdHS R BUf%ﬁfa 6t i atiR PUt Y £BF HATAP2BRRTOEEF 1RHE™
t ransm ssi Gnosothe @eliasri riarsritatedartite Spadibet basevaral Parceesing adito? as

"source trapsmiSs %&ghaﬂﬁpﬁocemenéamnas pélqro@sabage@man &oli@k@Sanout the
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the mobile station 3 and conducts signal processing, such as error
correction decoding and despreading, on the recgived signal received
by the radio unit 8. Furthermore, the baseband processing unit 7 takes
. out a packet to be transmitted to the mobile station 3, from the
‘;, transmission buffer 6, conducts the above-described signal processing
on the packet, and provides the radio unit 8 with the processed packet.
Furthermore, the baseband processing unit 7 acquires a packet
transmitted to the terminal device by the mobile station 3 and received
by the radio unit 8, from the radic unit 8, and stores the packet in
the transmission buffer 6. S
The packet includes a data part transmitted to the mobile station
3 by .a terminal device and a control information part for controlling
_ transmission of the packet. The control information part includes
information concerning QoS (Quality of Service)_ of the packet
(hereafter referred to as "0oS information”}, data identifying a user

of the mobile station 3 of the transmission destination of the packet
7



transm ssion buffer 6, and provides the signal processing unit 41 wth.
the control information part. The QoS information includes perm ssible
delay tinme of data, a service class used in the transm ssion of the
packet, such as voice communi cation service, dynam c inmage conmunication
service, or data communication service, and a packet transni2§dubn20ist e
assured by the QS (hereafter referred to as ~QoS-assured transm ssion
rate"). Furthernore, the baseband processing unit 7 acquires a control
signal fromthe radio unit 8 The control information contains ACK/ NACK
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control si goeurticanson t4ed ikceonvt hiatanobihen idtadt pons Scvdivd . aapdck acekect ed

to the ter E}Mmlgg\ibﬁera@QSsQEQa"tq,e%htah@oé ddHeReHBt dr &e‘ﬁe&he& he, gentrol
signal and, the packet. _Furthernore, the antenna 9 transmits a packet

provi ded by ‘i%é’srséiﬁf‘% LIARSMigS QP (HRke m)Jbl le station 3. The radio unit 8 is
a transm ssi on #narthefmnret.r bine Hasebayd progeReinpnitchasmiras st geeEred t he
packet to H@ﬁxald&%mmrmldmm& 8. Sirakicen t3oUAdesrhdie onoftntal nshckiRACK

control devl fc‘{rﬁ‘étﬁjg é';%z d&'orma ctm cogcé}%i%.?stl% ﬁ’c%oﬁn\i@ ibf?%&@ﬂ sq.tggffg&;

provi ded by FOCESSt N ransmts result
packet to (h%aﬁﬁérlr@fﬁaﬂl R = v‘i%@"’tsﬁlésﬁh?'éﬁﬂéh éanHFQWé}“nﬁrféTantsﬁétF%l‘Eh 0
unit 8 regajn/ege tidiqenttticsi gnalthanshddvanpapkeiesdiingairdid ¥ottdheigealn nal

devi ce fro t&%sgﬁﬁ &rﬁltsﬁt%i)fh 3n¥l é‘orﬁﬁ%laQ% 9A Sandust §heﬁxrl%18ig7an] ul Ly

2006 conversion o rovi des the processi ng unit
them The Yadiseghiqn 8%%? fbieéé’ef’%ethﬁr %Meyseamn ét % tORi %%Saf‘ti?rhe
nunber of mpbrhemstbald ensttomAcchesnits tikecoatid sigraldtd bherbgse station

transm ssi pR,Pa{d1gonthE1 CRBRAGY . deUL GRoKY NAEK PITPGrAgE: bl meBRs DaFRrabeiéPn 2.
The concerning a result of reception of the packet in the mobile station
3, and including an ACK (Acknowledge) response, which indicates that
reception of the packet has been successful, ang a NACK (Negative
Acknowledge) response, which indicates that the reception of the packet

. has failed and retransmission of the packet is requested.

& ! The antenna 9 receives the control signal transmitted from the
mobile station 3 and a packet directed to the terminal device, and
provides the radio unit 8 with the control signal and the packet.
Furthermore, the antenna 9 transmits a packet provided by the radio
unit 8 to the mobile station 3. The radio unit 8 is a transmission unit
for transmitting a packet on a channel assigned‘to the packet to the
destination mobile station 3 under the control of the control device
4. The radio unit 8 conducts D-A conversion on a packet provided By
the baseband processing unit 7, and transmits a resultant packet to
the mobile station 3 via the antenna 9. Furthermore, the radio unit
8 receives the control signal and the packet directed to the terminal

device from the mobile station 3 via the antenna 9, conducts A-D
8



control device 4 controls transm ssion of a packet to the nobile station.

3 by assigning a channel for transmtting a packet to the nobile station

3, to a packet. The control device 4 controls reception of a packet
transmtted fromthe nobile station 3 to the term nal device and

transm ssion of the packet to the term nal device. The contr Q7 Jagvioos 4
controls the network interface unit 5, the baseband processing unit 7 and
the radio unit 8. The signal processing unit 41 processes a control

i nformati on part of a packet provided fromthe baseband processing unit 7,

and takes Quh,QPSidNta g@&a Ol ot BACKRS 1adEslidPoRBobER unit 7 wicen
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measuri ng t:hensmwmandtanmlc@@kam figr thet ¢dntined inEormatieont PeFhe. As the
control of phhehdrm@Re M s 9NgN& bEBQeééﬂﬁ_; uhOr e @cﬁmﬁ’dtbeprddaﬁsﬁ_hgﬁan enat r ol

unit 42 conduct asur erent f r SIO uly
2006 and %?%Vl%l g?ﬁ 95 L %E ansm slsl'eo%@églsn fo\@i&%ﬁq’ e?gse?bfae}]lr ed to
as "transnPBE&ISFing Wiiig7 i iand Falfesr ot ithA’ trF“ﬁW%Wé”bPPBP |W°6§PE%H“&\FP6n

unit 43 anehd MeKRRORT ifi®@ESoM0cdhtiatindd. inlee tbetnet wakgkalnterface wunit

> has acquired andSW A KElaoddlink I LCONGEBL1 M knd 22 209! Ld Rh1alhon

packet identificatio b e networ nterface unit fp
unit 43 with the ACK/NACK information and QoS informatlon of the packet
in association with the packet identification data. Furthermore, the
signal processing unit 41 provides the priority calculation unit 43,
the weight processing unit 44, and the transmission decision unit 46
with destination user identification data and transmission path
information of a transmission path formed between the base station and
the destination mobile station 3 so as to be associated with packet
identification data. Furthermore, the signal processing unit 41
provides the time control unit 42 with the source transmission time
and the ACK/NACK information so as to be associated with packet
identification data. |

The time control unit 42 controls time concerning the packet,
such as the packet transmission waiting time in the base station 2 and
packet delay time. The time control unit 42 includes a timer 42a for
measuring the time and a clock 42b for notifying the current time. As
the control of the transmission waiting time, to be concrete, the time
control unit 42 conducts measurement of the transmission waiting time
9



being notified of the packet identification data, the tine control unit 42
starts the tinmer 42a, and starts neasurenent of the transm ssion waiting
time of the packet. The neasured value (tinmer value) of the tiner 42a
becones the transmission waiting tinme as it is. In the present enbodi nent,
the transm ssion waiting tine becones time during which the 27aKlilp2006 t 8
does not transmt a packet since the network interface wunit 5 has acquired
the packet. It is time during which packet transmssion is waited in the
base station 2. Periodically or upon being requested by the priority
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i.e., the delay tine of the packet at .the current
notice from the transmission decision unit 46 as to whether transmission

is possible associated with the packet identification data.

As for a packet the time contrel unit 42 is notified that
transmission of which is possible by the transmission decision unit
46, the time control unit 42 turns off the timer 42a and finishes the
measurement of the transmission waiting time. On the other hand, as
for a packet the time control unit 42 1s notified that transmission
of which is left over or transmission of which is impossible by the
priority comparison unit 45 or the transmission decision unit 46, the
time control unit 42 continues the measurement of the transmission
waiting time. Therefore, the transmission waiting time continues to
be updated by the time control unit 42.

As the control of the delay time, to be concrete, the time control
unit 42 conducts calculation of the delay time and notifying the priority
calculation unit 43 and the weight processing unit 44 of the delay time.
The time control unit 42 acquires the source transmission time
associated with packet identification data from the signal processing

10



time. The clock 42b is set beforehand so as to notify the sanme tinme in the
source term nal device and the base station 2. Periodically or upon being
requested by the priority calculation wunit 43 or the weight processing
unit 44, the time control unit 42 calculates the packet delay tinme at the
point in time and provides the priority calculation unit 4328dJulyn2006ei ght
processing unit 44 with the calculated delay tinme so as to be associ ated
with the packet identification data. The tine control unit 42 acquires

ACK/ NACK information associated with the packet identification data from
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to retransmit the packet and it is necessary to calculate the delay
time, and consequently the time control unit 42 holds the packet
identification data and the source transmission time of the packet as
they are. X

The priority calculation unit 43 calculates priority of

transmission of a packet transmitted from the terminal device and

( 3 acquired by the network interface unit 5 to the mebile station 3. The
priority of the packet becomes a criterion when assigning a c¢hannel
for transmitting the packet to the mobile station 3. The priority is
set 50 as to provide a packet that should be assigned a channel and
transmitted early with a high priority.

The priority calculation unit 43 ‘includes a retransmisslion packet
priority calculation unit 431, a transmission path situation priorlty
calculation unit 432, a QoS priority calculation unit 433, a
transmission waiting time priority calculation unit 434, and a priority
unification.dnit 435. In the present embodiment, a synthetic priority
calculated by using a plurality of kinds of information (hereafter

referred to as "synthetic priority") is used as priority. The
11



each information for calculating priority (hereafter referred to as
"individual priorities''). The retransm ssion packet priority cal culation
unit 431 calculates priority based on whether the packet is a

retransm ssion packet. The retransm ssion packet neans a packet
transmtted to the nobile station 3 again by the radio unit 25 hdg20ife a
packet transmtted once fromthe base station 2 to the nobile station 3
has not arrived at the nobile station 3 without an error and normal |y
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users #1 to #k in the mobile stations 3 as its destination is a new
packet or a retransmission packet. To be concrete, the retransmission
packet priority calculation unit 431 first acquires ACK/NACK '
information from the signal processing unit 41. If there is a NACK
response for a packet having one of users #1 to #k as its destination,
then the retransmission packet priority calculation unit 431 judges
the packet to be a retransmission packet. On the other hand, if there
isn't a NACK response for a packet having one of users #1 to #k as its
destination, then the retransmission packet priority calculation unit
431 judges the packet to be a new pécket. In thisway, the retransmission
packet priority calculation unit 431 obtains new/retransmission packet
information of the users #1 to #k based on the ACK/NACK information.

The retransmission packet priority calculation unit 431

calculates the retransmission packet priority of a packet having one
of users #1 to #k as its destination based on the new /retransmission

packet information of the user (102). The retransmission packet
12



IS a new packet or a retransm ssion packet, based on the new

/retransm ssion packet information of the user, provides the packet wth
the preset retransm ssion packet priority, and cal cul ates the

retransm ssion packet priority of a packet directed to each of the users

#1 to #k. Since capacities of the reception buffer serving a27taly 206! di ng
unit of the reception packet in the nobile station 3 and the transm ssion
buffer 6 in the base station 2 are limted, it is preferable to transmt a
retransm ssi on packet as soon as possible and with short transm ssion
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pat h si tuat T on priori
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 or each user, fasedyon e}t uald 2 ebn LA 1322 Tudt] 1nR0BB10dTARAM ST 0N

pat h fornmed tatli %e tlong ﬁ"
user. Fig. ARTHGMESILN RRSKEE AGATHEISF Sift tBR MSATPri P @‘ daPedt atio
unit 432a icatcheheasechdgred bheigmmenéniss¢orusde &y tusdngopnpy itdrei ty s

cal cul at ed Py GA¥RAELNh Shikat p2RsrOfy asibalitiy ok fdt3288hESEM6h packet
priority calculation unit 431 provides the weight processing unit 44
directly with the calculated retransmission packet priorities of the
users #1 to #k. According to such retransmiss;on packet priority
calculation unit 431, the control device 4 can conduct channel
assignment based on the priority calculated considering whether the
£ packet is a retransmission packet.

The transmission path situation priority calculation unit 432
calculates priority based on the situation of the transmission path
formed between the radio unit 8 and the mobile station 3. Priority
calculated based on the transmission path situation is hereafter
referred to as "transmission path situation priority”. The
transmission path situation priority is one of the individual
priorities. Thetransmissionpathsituationprioritycalculationuhit
432 may calculate the transmission path situation priority by comparing
situations of a plurality of transmission paths formed between the base
station 2 and the mobile stations 3 of respective users with each other,
or may calculate uniguely for each user based on the situation of the
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pat hs forned between the base station 2 and the nobile stations 3 of
respective users wth each other. Fig. 4B shows a transm ssion path
situation priority calculation unit 432b in the case where the

transm ssion path situation priority is calculated uniquely for each wuser
based on the situation of the transm ssion path fornmed betweam Julhz0dsase
station 2 and the nobile station 3 of the user. As shown in Figs. 4A and
4B, each of the transmission path situation priority calculation unit 432a
and the transmi ssion path situation priority calculation unit 432b first
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t he case where
The transmission path information is contained in the control

signal transmitted from the mobile station 3, and taken out from the
control signal by the signal processing unit 4%. Therefore, each of
the transmission path situation priority calculation units 432a and
432b acquires the transmission path information from the signal

s processing unit 41. The mobile station 3 obtains the transmission path
situation by measuring the reception quality or obtaining the
transmission rate, and transmits the transmission path situation to
the base station 2 in an up control channel. Each of the transmission
path situation priority calculation units 432a and 432b may use the
transmission path information acquired from the signal processing unit
41 as it is, or may predict a transmission path situation at timing
of transmission of a packet and use a value obtained by the predictién.
Or each of the transmission path situation priority calculation units
432a and 432b may acquire transmission path situations of a plurality
of kinds, and calculate the transmission path situation priority by

combining the transmission path situations.
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CDMA is used as an access schene, a ratio of signal power to interference
wave power after despreadi ng processing can be used as the SIR The CRis
a ratio of desired wave signal power to interference wave power. As the
CIR aratio of desired wave signal power to interference wave power and
noi se power can be used, considering noise power in a receive7July 200e
nobile station 3. In the case where CDVA is used as an access schene, a
rati o of desired wave signal power to interference wave power and noi se
power on a pilot channel can be used. The SNRis a ratio of signal power
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calculation units 432a an uires the ratio of the co onent of
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Consi der | nio Ti BPREF deer BYEr nabaEar P El af s ipoliR stalicy Binan
conponent gfaptodthdneddy praoktingwerddkaymtine afeleflectrigiviarh @#\%’LW Re
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order to suppreday eleetdnd reawevddpewterenamebyplestmg aavadaptive array

antenna as the iANLEONA HbFEGH Ml:8RranLEANLREAM La-b0P: MR 2s5hat | on

3, and directin e nul he antenna beamto an interfering nobile
stati on, interfe¥ence canceller is used in a receiver of the mobile station 3,

an interference wave removal effect differs according to a ratioc of
a component of interference wave power from a ce]:l in which the mobile
station 3 has conducted location registration to an interference wave
power component and a ratio of a component of interference wave power
E from other cells to the interference wave power component. Therefore,
it is preferable that each of the transmission path situation priority
calculation units 432a and 432b acquires the ratio of the component
of interference wave power from the cell in which the mobile station
'3 has conducted lpc&ti.on registration to the interference wave power
cemponent and the -ratio of the componeht of interference wave power
from other cells to the interference wave pcwer component, and calculate
the CIR and SIR by considering the ratios. By the way, a ratio between
the ratio of the component of interference wave power from the cell
in which the mobile station 3 has conducted location registration to
the interference wave power component and the ratio of the component
of interference wave power from other cells to the interference wave
15



the nobile station 3 cannot directly obtain the actual reception quality
even if the R and SIR are cal cul ated by using the actual signal power,

i nterference wave power, desired wave signal power, and noi se power.
Therefore, it is preferable to conduct conputation in the nobile station
3, the signal processing unit 41, and the transm ssion path 27tJudy 2006
priority calculation units 432a or 432b in order to correct the C'R and
SIR cal cul ated by using the actual signal power, interference wave power,
desired wave signal power, and noi se power and obtain the actual CR and

SIR. Each %%te@e I‘an%gltS%é %h;%@:ﬁ:@dsié é&%t &89/ {]d ority calculation units

432a and 4 fromthe signal processing unit 41
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i nformation hérnore, each transm ssion path situation prlorlty
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at which the mobile station 3 obtains the reception qual ty. a reception
quality at a time point at which the radio unit 8 transmits a packet
that is predicted from variation of the past rg,-ception gquality, an
average value of the reception quality over a certain past period of
time, an average value of the reception quality over a period of time
including a time point at which the mobile station 3 obtains the
reception quality, and an average value of the reception guality over
a period of time including a time pbint at which the radio unit 38
transmits a packet that is predic'ted fromvariation of the past reception
gquality. Therefore, each of the transmission path situation priority
calculation units 432a and 432b dcquires such reception quaiities as
transmission path information.

Furthermore, each of the transmission path situation priori.‘ty
calculation units 432a and 432b can calculate the transmission path
situation priority by using, as the reception quality, a difference
between values of two or more than reception qualities selected from
among a reception quality at a point in past time, a reception guality
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over a period of tinme including a tine point at which the nobile station 3
obtains the reception quality, and an average value of the reception
quality over a period of tine including a time point at which the radio
unit 8 transmts a packet that is predicted fromvariation of the past
reception quality. Wen thus obtaining the difference betweer27 Julg 2§06 on
qualities, each of the transm ssion path situation priority calculation
units 432a and 432b can calculate the transm ssion path situation priority
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8 transmits a packet that is predicted from variation of the past
reception quality, an average value of the transmission rate over a
certain past period of time, and an average valu.e of the transmission
rate over a period of time including a time point at which the radio
unit 8 transmits a packet that is predicted from variation of the past
reception quality. Therefore, each of the transmission path situation
priority ‘calculation units 432a and 432b acquires such transmission
rates as transmission path information.

Furthermore, each of the transmission path situation priority
calculation units 432a and 432b can calculate the transmission path
situation priority by using, as the throughput such as the transmissiocn
rate, a difference between values of two or more than reception qualities
selected from among a transmission rate at a point in past time, a
transmission rate at a time point at which the mobile station 3 obtains
the reception guality, a transmission rate at a time point at which
the radio unit 8 transmits a packet that i1s predicted from variation
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bet ween transm ssion rates, each of the transm ssion path situation
priority calculation units 432a and 432b can cal cul ate the transm ssion
path situation priority while considering variations such as inprovenment or
degradation of the transmi ssion rate. Therefore, each of the transm ssion
path situation priority calculation units 432a and 432b acqai7daly 2006h
transm ssion rates as transm ssion path information. Each of the

transm ssion path situation priority calculation wunits 432a and 432b
conducts weighting on acquired transm ssion path information of the users
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Fig. 4A the_ transm Ssion tuation prio Q’ cal culation unit 432a
then conpaf®d §¥e PPANEH §§P8ﬁmb%ﬁjﬁ’“i AEB? maFPB PP 1enecaSRIdt #1%t 0 #k, and
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pat h situat IcP 1%hcgl:j?oria1}| Ic’;ruc-?luser who is large in the SIR or CIR,
or a user who is small in the transmission rate. As for the weighting,
the transmissicn path information may be made lag:ge by adding a weight
having a positive value or multiplying a weight having a value greater
than unity. O©On the contrary, the transmission path information may be
made small by adding a weight having a negative value or multiplying
a weight having a value less than unity.

Furthermore, in the case where a plurality of kinds of
transmission path information are used, each of the transmission path
situation priority calculation units 432a and 432b may provide
réspéctive kinds of transrﬁission path informatibn with different
welghts. For example, each of the transmission path situation priority
calculation units 432a and 432b may conduct weighting by setting weigﬁts
50 as to make transmission path information desired to be made more
of larger when calculating the priority. Each of the transmission path
situation priority calculation units 432a and 432b may not conduct

weighting on the transmission path information.
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432a provides users with order in order of decreasing CIR based on CIRs of
the users #1 to #k. And the transm ssion path situation priority
calculation unit 432a cal cul ates the transm ssion path situation

priorities of the users #1 to #k so as to nake the transm ssion path
situation priority of a user early in order high and nmake the?7 Julp2806 ssi on
path situation priority of a user late in order |ow. Furthernore, for
exanpl e, the transm ssion path situation priority calculation unit 432a
provi des users with order in order of decreasing transni ssion rate based
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transmission path situation priorities respectively of packets to be
transmitted to the users #1 to #k based on transmission path information
of the users #1 to #k (203b). For example, the transmission path
situation priority calculation unit 432b previ&usly sets a plurality
of numerical value ranges of CIR and transmission path situation
priorities in the case where the CIR is in the ranges. And the
transmission path situation priority calculation unit 432b judges in
which numerical value r'ange the CIR of each of the users #1 to #k exists,
and calculates a value set as transmission path situation prierity in
-the case where the CIR is in that numerical value range, as the
transmission path situation priority of the user.

For example, if the CIR of the user #i is in the numerical value
range between CIR{n) and CIR(n+l) (where "n" i1s a natural number, and
it represents an order of a numerical value that defines a numerical
value range). In other words, if the relation CIR(n) = CIR of user
#i ¢ CIR(n+l) is satisfied. then a value "A" previously set as
transmission path situation priority for the case where the CIR is in
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435 with the calculated transm ssion path situation priorities
respectively of the users #1 to #k (204a, 204b) . In the case where
channel assignment is conducted by using only the transm ssion path
situation priority as the priority, each of the transm ssion path
situation priority calculation units 432a and 432b provi des @rJaty 2806 t he
wei ght processing unit 44 with the calculated transm ssion path situation
priorities of the users #1 to #k. According to the transm ssion path
situation priority «calculation units 432a and 432b, the control device 4
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transmission and improvement of the reception quality. In the case
where each of the transmission path siltuation priority calculaticn
units 432a and 432b has calculated the priority by using the transmission
rate as the transmission path situation, the base station 2 can prevent
inclination to transmission to a specific mobile station 3, keep
fairness in giving an opportunity of communication to a plurality of
mobile stations 3, and contribute to shorten the delay time as well.
The QoS pricrity calculation unit 433 calculates the priority
based on the QoS of a packet. Priority calculated based on QoS is
hereafter referred to as "QoS priority”. The QoS priority is one of
the individual pridrities . The QoS priorify calculation unit 433 may
calculate QoS by comparing QoS values of packets transmitted to
respective users with each other, or may calculate uniguely for each
user based on QoS of a packet transmitted to each user. Fig. 5A shows
a QoS priority calculation unit 433a in the case where QoS is calculated
by comparing QoS values of packets transmitted to respective users with

each other. ¥Fig. 5B shows a QoS priority calculation unit 433b in the
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I nformati on of a packet, there are the permssible delay tine of data
contained in the packet, the class of service utilized for transm ssion of
t he packet, and the QoS-assured transm ssion rate. Each of the QoS
priority calculation units 433a and 433b acquires QoS information of
packets fromthe signal processing unit 41. Each of the QoS p27 Milyt2906

cal culation units 433a and 433b conducts weighting on acquired QS
informati on of the users #1 to #k (302a, 302b) . Each of the QoS priority
calculation units 433a and 433b conducts weighting on the nunerical val ues
of the perntgsébihmdebay 14 mRieu1bbed dnlikBel Predy e¥bHesseiEhEs RCeREdbRg
to. the serV| ce }gl ass. sngptedof 0t Qgc (g)% priority calculation units 433a
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the weightlng, the QoS5 information may be made large by adding a weight
having a peositive value or multiplying a weight having a value greater
than unity. ©On the contrary, the QoS informatic;n may be made small by
adding a weight having a negative value or multiplying a weight having
a value less than unity. .

Furthermore, in the case where a plurality of kinds of QoS
information are 'used, each of the QoS priority calculation units 433a
and 433b may provide respective kinds of QoS information with different
weights. For example, each of the QoS priority calculation units 433a
and 433b may conduct weighting by setting welghts so as to make QoS
information desired to be thought much of, larger when calculating the
priority. Each of the QoS priority calculation units 433a and 433b may
not conduct weighting on the QoS information.

As shown in Fig. 5A, the QoS priority calculation unit 433a then
compares the QoS information of the users #1 to #k. and calculates QoS

priorities of packets to be transmitted to the users #1 to #k (303a).
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of a user late in order low. Furthernore, for exanple, the QoS priority
calculation unit 433a provides users with order in order of decreasing
QS-assured transm ssion rate based on QoS-assured transm ssion rates of
the users #1 to #k. And the QoS priority calculation unit 433a cal cul ates
the QoS priorities of the users #1 to #k so as to nake the QIJujy 2006 ty
of a user early in order high and nake the QoS priority of a user late in
order low. On the other hand, as shown in Fig. 5B, the QoS priority

cal cul ation unit 433b uniquely calculates QS priorities respectively of
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pri ori ty calculation unit 433b judges in which numerical value range the
permisslible delay time of each of the users #1 to #k exists, and
calculates a value set as QoS priority in the case where the permissible
delay time is in that numerical value range, as the QoS priority of
the user. ‘

For example, if the permissible delay time of the user #i is in
the numerical value range between permissible delay time (n) and
pefmissible delay time (n+l) (where "n” is a natural number, and it
represents an order of a numerical value that defines a numerical value
range). In other words, if the relation permissible delay time (n) =
permissible delay time of user #i < permissible delay time (n+l) is
satisfied, then a value B previously set as QoS priority for the case
where the permissible delay time is in that numerical value range is
selected as QoS priority. In this case, the QoS priority 1s set equal
to "B” irrespective of permissible delay time values of other users.

Furthermore, for example, the QoS priority calculation unit 433b
previously sets a plurality of numerical value ranges of the QoS-assured

transmission rate and QoS priorities in the case where the QoS-assured
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of the user. In this case as well, the QS priority calculation unit 433b
can calculate the QoS priority irrespective of QoS-assured transm ssion
rates of other users. Finally, each of the QoS priority calculation units
433a and 433b provides the priority unification unit 435 with the
calculated QoS priorities respectively of the users #1 to #k1Rll¢200804b)
. I'n the case where channel assignnent is conducted by using only the QS
priority as the priority, each of the QS priority calculation units 433a
and 433b provides directly the weight processing unit 44 with the
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calculates the priority based on the transmission waiting time of a
- packet. Priority calculated based on transmission waiting time is
hereafter referred to as "transmission waiting\ time priority”". The
transmission waiting time priority is one of the individual priorities.
The transmission waiting time priority calculation unit 434 may
calculate transmission waiting time priority by comparing transmission
waiting time values of packets transmitted to respective users with
each other, or may calculate uniquely for each user based on transmission
waiting time values of packets transmitted to respective users. Fig.

6A shows a transmission waiting time priority calculation unit 434a
in the case where transmission waiting time priocority is calculated by
comparing transmission waiting time values of packets transmitted to
respective users with each other. Fig. 6B shows a transmission waiting
time priority calculation unit 434b in the case where transmission
waiting time priority is calculated unlquely for each user based on

a transmission waiting time value of a packet transmitted to each user.

As shown in Figs. 6A and 6B, each of the transmission waiting
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transm ssion waiting time priority calculation units 434a and 434b
conducts weighting on acquired transm ssion waiting tinme information of
the users #1 to #k (402a, 402b) . Each of the transmi ssion waiting tine
priority calculation units 434a and 434b conducts weighting on the
transm ssion waiting tinme. Each of the transmi ssion waiting tZ7rduly pedeority
calculation units 434a and 434b can set weights according to the
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transmission waiting time information.

As shown in Fig. 6A, the transmission waiting time priority
calculation unit 434a then compares the trans’mi:ssion waiting time
information of the users #1 to #k., and calculates transmission waiting
time priorities of packets to be transmitted to the users #1 to #k (403a).
.For example, the transmission waiting time priority calculation unit
434a provides users with order in order of decreasing transmission
waiting time based on transmission waiting time values of the users
#1 to #k. And the transmission waiting time prioritj calculation unit
434a 6alculates the transmission waiting time priorities of the users
#1 to #k so as to make the transmission waiting time priority of a user
early in order high and make the transmission waiting time priorify
of a user late in order low.

On the other hand, as shown in Fig. 6B, the transmission waiting
time priority calculation unit 434b uniguely calculates transmission

waiting time priorities respectively of packets to be transmitted to
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the ranges. And the transm ssion waiting tinme priority calculation wunit
433b judges in which nunerical value range the transm ssion waiting tine
of each of the users #1 to #k exists, and cal cul ates a value set as
transm ssion waiting time priority in the case where the transm ssion
waiting time is in the nunmerical value range, as the transmn sx1July2006i ng
time of the user. For exanple, if the transm ssion waiting tinme of the user
# 1s in the nunerical val ue range between transm ssion waiting time (n)
and transm ssion waiting tinme (n+l) (where "nmis a natural nunber, and
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i ndi vi dual priority. 1In this case, the transmission waiting time priority is set
equal to "C" irrespective of transmission waiting time values of other
users. ,

Finally, each of the transmission waiting time priority
calculation units 434a and 434b provides the priority unification unit
435 with the calculated transmission waiting time priorities
respectively of the users #1 to #k (404a, 404b). In the case where -
‘channel assignment is conducted by using only the transmission waiting

" time priority as the priority, each of the transmission waiting time
priority calculation units 434a and 434b provides directly the weight
processing unit 44 with the calculated transmission waiting time
pricrities of the users #1 to #k. '

According to the transmission waiting time priority calculation
units 434a and 434b, the control device 4 can conduct channel assignmént
based on the priority calculated considering transmission waiting time
values of packets. As a result, the base station 2 can prevent
inclination to transmission to a specific mobile station 3, keep

fairness in giving an opportunity of communication to a plurality of
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priorities synthetically, and determ nes the synthetic priority. In the
present enbodi nent, the retransm ssion packet priority, the transm ssion
path situation priority, the QoS priority, and the transm ssion waiting
time priority are used as the individual priorities, and the synthetic
priority is determ ned by unifying them The priority unifica7July2ee 435
acquires the retransm ssion packet priority, the transm ssion path
situation priority, the QS priority, and the transm ssion waiting tinme
priority respectively from the retransm ssion packet priority cal cul ation
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pOSSi bl'e tx(r?ulftlir hgd nh:%%(:%oggglélaentgesﬁeﬁ&igf VII:HQ J?é.'transmlssion packet
priority by "v", the transmission path situation priority by "x", the
QoS priority by "y", and the transmission waiting time priority by "z",
the coefficient for the retransmission packet Qriority by "a", the
coefficient for the transmission path situatien priority by "b", the
coefficient for the QoS priority by "c", and the coefficient for the
transmission waiting time priority by "d" (where "a" to "d" are positive
real numbers), the synthetic priority can be calculated by the £following
equafion (1). | . o ‘ '

av+bx+cy+dz ' (1)

The coefficients "a" to "d" may be set as fixed values in each
base station 2, or may be determined according to the situation and
varied adaptively according to the situation. If the priority
unification unit 435, for example, sets the coefficient "b" for the
transmission path situation priority as a fixed value greater than other
coefficients "a", "c", and "d", or makes the coefficient *h" change
50 as to become greater than other coefficients "a", "c", and "d", then
the control device 4 can conduct channel assignment while thinking much
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opportunity of comrunication to a plurality of nobile stations 3, and
greatly contribute to shorten the delay tinme as well. |If the priority
unification unit 435 sets the coefficient "d* for the transm ssion waiting
time priority as a fixed value greater than other coefficients " a", "b",
and "c", or make the coefficient "a" change so as to becone grRdy 2006 han

ot her coefficients "a", "b", and "c", then the control device 4 can
conduct channel assignnment while thinking nuch of the transm ssion waiting
time situation and giving priority to the transm ssion waiting tine.
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the mobi| etﬁt @t’ét?ensprlorltjguuanq_tfli%gtjo.on uni 4§5 sets the coefficient "a" for
the retransmission packet priority as a fixed value greater than other
coefficients "b", "¢", and "d", or make the coefficient "a" change so
as to become greater than other coefficients "b", "¢", and "4".

In this way, the priority unification unit 435 can freely change
the condition of calculating the synthetic priority by changing the
settlng of fixed values of the coeffic:.ents "a" to "d" or determining
the coefficients "a" to "d" according to the situation. Especially,
the priority unification unit 435 can easily calculate the synthetic
priority with information desired to be regarded as important thought
much of, by setting the fixed values of the coefficients "a" to "ad"
or determining the ceoefficients "a" to "d" according to the situation
50 as to increase the coefficients of the individrual priorities obtained
based on information desired to be thought much of, when calculating
the synthetic priority. As for individual priority judged to be
unnecessary to consider, the priority unification unit 435 can set its
coefficient equal to "0". ‘
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stored in the transm ssion buffer 6. The priority unification unit 435
acquires the traffic situation periodically or when determ ning the
coefficients. The priority unification unit 435 acquires the traffic
situation by, for exanple, receiving a notice of the nunber of nobile
stations 3 connected to the radio unit 8 issued by the radio 2nirly&006
checking the packet quantity stored in the transm ssion buffer 6, or
acquiring the service class from QS information acquired fromthe signal
processing unit 41. For exanple, in the case where there is nuch traffic,
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ate equa EQ of the transmission waiting time priority large. Therefore, the

base station 2 can meet the request of the permissible delay time and
keep the fairness in opportunity of communication between mobile
stations 3. a

In the case where there is less traffic, such as in the case where
the number of the mobile stations connected to the radio unit 8 is small,
or in the case where the gquantity of packets stored in the transmission
buffer 6 is small, a margin often occurs in the packet delay time and
the transmission waiting time. In that case, the synthetic unification
unit 435 can calculate the synthetic priority with the transmission
path situation priority thought much of, by making the coefficient "b"
of the transmission path situation priority large. Therefore, the base
station 2 can improve the reception quality while satisfying the '
permissible delay time of packets and keeping the fairness in
opportunity of communication between mobile stations 3.

Furthermore, the priority unification unit 435 may determine the
coefficients "a" to "d" according to the transmission rate of packets.
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the QoS-assured transm ssion rate or a transnmi ssion rate determ ned based
on the QoS-assured transm ssion rate. Furthernore, the priority

unification unit 435 can set the desired transm ssion rate equal to a
transm ssion rate that the comunication system 1l assures a user of the
nobi | e station 3 of (hereafter referred to as "system assured7 Jilg2808 ssi on
rate") or a transm ssion rate determ ned based on the system assured
transm ssion rate. The transm ssion rate that the comunication system1l
assures the user of is arranged by a contract or the |like between a conmon
carrier WhoTh&insiblrete amficaal 60 mnsY S4 Bcai mrmﬁ@aiﬂ@ceeﬁm&ie&%i o
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referre to collectively as “assured transmission rate”. .

The priority unification unit 435 acquires an actual transmission

rate to the mobile station 3 of the user of paéket transmission
destination from the signal processing unit 41 as the transmission path
information. In the case where the QoS-assured transmission rate or
‘a transmission rate determined based on the QoS-assured transmission
rate is used as the desired transmission rate, the priority unification
unit 435 acquires QoS information of the packet from the signal
procéssing unit 41 and determines the desired transmission rate. In
the case where the system-assured transmission rate or a transmission
rate determined based on the system-assured transmission rate is used
as the desired transmission rate, the priofity_unification unit 435
associates transmission destination user identification data with the
system-assured transmission rate the user is assured of and the desired
transmission rate determined based on the system-assured transmission

rate, and holds them. And the priority unification unit 435 acquires
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station assured transm ssion rate. And the priority unification unit 435
conpares the actual transmssion rate with the desired transm ssion rate,
.and obtains the difference between the actual transm ssion rate and the
desired transmission rate, or the ratio of the actual transm ssion rate to
the desired transmssion rate. The priority unification unit274R8y 2006
determ nes the coefficients by using the difference between the actual
transm ssion rate and the desired transm ssion rate, or the ratio of the
actual transmission rate to the desired transmi ssion rate. For exanple, if
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‘sets and moblle station 3 that is low in transmission rate, enhance the fairness
in giving an opportunity of communication to a plurality of mobile
stations 3, and greatly contribute to shorten the delay time as well.

The priority unification unit 435 may deAtermine the coefficients
"a" to "d" according to the delay time of the packet. The priority
unification unit 435 can determine the coefficients "a"™ to "d" by
determining a desired value of the delay time (hereafter referred to
as "desired delay time”) and comparing the- actual delay time with the
desired delay time. The priority unification unit 435 can set the
desired delay time eq1._1a1 to the permissible delay time contained in
QoS5 information or a delay time determined based on the permissible
delay time. Furthermore, the priority unification unit 435 can set the
desired delay time equal to the delay time that the communication system
1l assures the user of the mobile station 3 of (hereafter referred to
as "system-assured delay time”) or a delay time determined based on
the system-assured delay time. As described above, the delay time that

the communication system 1 assures the user of is arranged by a contract
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assures the user of the nobile station 3 of (hereafter referred to as
"base station assured delay tinmew). The priority unification unit 435
-acquires packet delay time from the time control unit 42. In the case

' where the perm ssible delay tine contained in QoS information or del ay
"tinme determ ned based on the pernissible delay tinme is used2agdulyt2dddesired
delay tine, the priority wunification unit 435 acquires QS information of
t he packet fromthe signal processing unit 41, and determ nes the desired
delay tine. In the case where the systemassured delay tine or delay tine
determ ned asqu( on Ehe sSystem. asgggre%rd%% |s mt%“sed a (t)rpe dgm red
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and acguires the desired delay time of the transmission destination

user identification data. In the case where the base station assured
delay time is used as the desired delay time, the priority unification
unit 435 holds the base staticn assured deléy time.

And the priority unification unit 435 compares the actual delay
time with the desired delay time, and obtains the difference between
the actual delay time and the desired delay time, or the ratio of the
actual delay time to the desired delay time. The priority unification
unit 435 determines the coefficients by using the difference between
the actual delay time and the desired delay time, or the ratio of the
actual delay time to the desired delay time. For example, if the
difference between the actual delay time and the desired delay time,
or the ratioc of the actual delay time to the desired delay time is great,
then the priority unification unit 435 calculates the synthetic
priority with the QoS priority thought much of by making the coefficient
"c" of the QoS priority large. As a result, if becomes possible to give

priority to transmission of a packet that is great in delay time and
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traffic situation and the actual situation. The wei ght processing unit 44
conducts weighting on the priority of the packet cal cul ated by the
priority calculation unit 43. The weight processing unit 44 conducts

wei ghting on the priority calculated once by the priority calculation unit
43 based on situations, such as the transm ssion rate of a padubt2006
transmtted fromthe radio unit 8 to the nobile station 3, the

transm ssion waiting tine and the delay tine of the packet, and the
reception state of the nobile station 3. It is preferable that the meight
processing unit 44 conducts wei
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3. The weight processing unit 441 includes a transmission rate
comparison unit 441a, a timer 441b, a weight calculation unit 441c,
and a weighting processing unit 441d. Fig. 8A is a graph showing a
relation between an average value "Ri(t)” of tfansmission rate and time
"t". In Fig. 8A, the ordinate represents the average value "Ri(t)" of
transmission rate, and the abscissa represents time “t-".

The transmission rate comparison unit 441la compares the actual
transmission rate with a prescribed value ¢f the transmission rate
determined beforehand (hereafter referred to "prescribed transmission
rate”). The prescribed tranémission rate can be determined based on
the assured transmission rate vsuch as the QoS-assured transmission rate,
the system-assured transmission rate, or the base station assured
transmission rate. The prescribed transmission rate is a transmission
rate serving as a criterion in determining whether weighting for
changing the priority should be conducted. Therefore, the prescribed
transmission rate that is greater than the éssured transmission rate
to some degree is set so as to be able to maintain the assured
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conparison unit 44l1la acquires QoS information of the packet fromthe

signal processing unit 41, and determ nes the prescribed transm ssion

rate. In the case where a prescribed transm ssion rate determ ned based on
the systemassured transm ssion rate is used, the transm ssion rate
cconparison unit 44la associ ates transm ssion destination use?7 July 2006
"identification data with the prescribed transm ssion rate determ ned by
usi ng the systemassured transm ssion rate the user is assured of, and

hol ds them The transm ssion rate conparison unit 44la acquires the
transmsmgn destination user i lon_data from.the si.gna
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signal processing unit 41 from the start time of packet transmission
to the mobile station 3 of the user. The actual transmission rate may
be a transmission rate measured when the mobile station 3 transmits
the control signal to the base station 2, or-may be an average value
of transmission rates measured in a fixed period of time immediately
before the mobile station 3 transmits the contreol signal to the base

- station 2. The transmission rate comparison unit 441a may acquire the
transmission rate periodically, or acquire the transmission rate
continuously. In the present embodiment, the transmission rate
comparison unit 441la acquires the average wvalue "Ri(t)" of the
transmission rate.

The transmission rate comparison unit 441a compares the actgal
transmission rate thus acquired with the prescribed transmission rate,
and monitors a variation of the transmission rate. If thé actual
transmission rate becomes less than the prescribed transmission rate,
then the transmission rate comparison unit 441a gtarts the timer 441b.

While the actual transmission rate is at least the prescribed
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unit 44l1a, and provides the weight calculation unit 441c with the tiner
value. Until the timer 441b is started by the transm ssion rate conparison
unit 44l1a, the timer 441b waits and conducts nothing on the weight

cal culation unit 441c. The wei ght calculation unit 441c cal cul ates a wei ght
based on the transmission rate (hereafter referred to as ~t2adsly 2é6on
rate weight 0) as a weight f or weighting the priority. The wei ght
calculation wunit 441c provides the weighting processing unit 441d with the
cal cul ated transm ssion rate wei ght The weight calculation unit 441c
substitutes a tiner val "V If cqu ired_ f omthet | mer. A4
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wai ting faqr, ?Mon g.avig;gmtt in the base station 2. The transm ssion

rate wei ght uncti on shown in Fi 9:3188 can Qe represe nt ed ibS% t he

fol | owi ng equat IJéh ation between ransm ion
rate weight function "W(T)" and the timer value "T". In Fig. 8B, the

graph showing a

ordinate represents the transmission rate weight function "W(T)", and
the abscissa represents the timer value " 7". When the timer value 7
=T, it is possible to prevent the transmissioﬁ rate "Ri(t)"” from being
T made less than the assured transmission rate "Rmin” by conducting packet
transmigsion once as shown in Fig. BA. If packet transmission is not
- conducted, then the transmission rate “"Ri(t)}” becomes less than the
assured transmission rate "Rmin” when the fimer value " 7 " has exceeded
"T", In other words, when the timer value T =T, the transmission rate
"Ri(t)" can be maintained equal to at least the assured transmission
rate "Rmin" after executing packet transmission once. When the

transmission rate weight is Wmax shown in Fig. 8B, a channel is assigped
" to a packet to be transmitted to the mobile station 3 and the packet

is transmitted without fail. -As for the transmission rate weight
function " W{T)}", such a function that the transmission rate weight
Wmax is calculated by the time when the timer value 7 = T is used.
For example, as shown in Fig. 8B, it is possible to use, as the
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(2). W( 'CWmax ( V~5T) (2) It is preferable to set, as the tiner val ue
= T, such tinme that the transmssion rate "Ri(t)ff is nade equal to at

| east the prescribed transm ssion rate "Rg" by conducting transni ssion

once. The weighting processing unit 441d conducts wei ghting processing

onthepriority. The wei ghting processing unit 441d conducts waTv Jhly 2096

processing by performng addition or nultiplication between the

transm ssion rate weight provided fromthe weight calculation unit 441c
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conduct CB@'BHOI@%?, OB 191kl EMe Preaah ey ter tthe A&kt directed to the
user desired to be made higher in priority by a transmission rate weight
having a value greater than unity, adding a transmission rate weight
having a negative value to the priorities of packets of other users,
ormultiplying the priorities of packets of other users by a transmission
rate weight having a value less than unity. In the present embodiment,
the weighting processing unit 4414 adds a transmission rate weight Wmax
to the pri'ority of the packet so as to certainly maximize the priority

" of the packet among packets waiting for channel assignment in the base
station 2. ‘

The weighting processing unit 441d provides the priority
comparison unit 45 with the weighted priority. When a weight 1s not
provided by the weight calculation unit 441c, the weighting processing

. unit 441d does not conduct weighting processing and provides the
priority comparison unit 45 with the priority as it is. When a weiéht
is not provided by the weight calculation unit 441c., the weighting
processing unit 4414 may conduct weighting that does not change the
priority, such as addition of "0" as the transmission rate weight or

multiplication of "1 as the transmission rate weight, and may provide
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transm ssion rate. Especially, only in the case where the actual

transm ssion rate of a packet directed to a user of a certain nobile
station 3 has becone slow as conpared with the prescribed transm ssion

rate determ ned based on the QoS-assured transni ssion rate, the

system assured transm ssion rate, and the base station assur 2dJuly 2006
transm ssion rate, the weight processing unit 441 conducts weighting so as
to make the priority of the packet to be transmtted to the nobile station
3 of the user higher than priorities of ot her packets thus nekes the
priority of the packet hi
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based on t ransm sSiIon e wel t processi ng un|t 4472
i ncl udes ﬁtFFh‘ﬁ%n‘} g\g.'tgnthe prescribed transmission ate, and the weil

processing unit 441 does not conduct weighting for making the priority
of a packet to be transmitted to the mobile station 3 of the user high
while the actual transmission rate is faster.~ Even if the priority of
that packet is originally high, a packet made high in priority as a

result and included in other highly urgent packets to be transmitted

o earlier, if any, is transmitted earlier. ‘Therefore, the base statilon
2 can cause transmission of a packet that has a margin for the QoS-assured
transmissién rate or the system-assured transmission rate to become
later, prevent a packet from being transmitted at a transmission rate
that is excessive as compared with the assured transmission rate, and
give priorit-y to a packet to be transmitted earlier, such as another
highly urgent packet.

The weight processing unit 441 may compare the actual rate of
transmission of a packet to a user of a certain mobile station 3 with
the prescribed transmission rate, and conduct weighting so as to cause
the priority of the packet to be transmittéd to the mobile station 3
of the user to become low while the actual transmission rate is fast.
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waiting tinme conparison unit 442a, a tinmer 442b, a weight calculation wunit
442c, and a weighting processing unit 442d. The transm ssion waiting tinme
conpari son unit 442a conpares the actual transmission waiting tine with a
prescri bed value of the transm ssion waiting tine determ ned beforehand
(hereafter referred to as "prescribed transm ssion waiting t2aduly 2006e
prescribed transm ssion waiting tine can be determ ned based on, for
exanple, QS information. Fromthe viewpoint of suppression of the
transm ssion waiting tine required to satisfy the permssible delay tine
contained in the S.information, it is possible to determn transm.ssion
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time''). reaft assured transmssion waiting tine, the
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prescribed transm ssign waiting tinme determned based-on th
n§gpission waiting time, or in the case where each base station assures

system as
the users of the mobile stations 3 of transmission waiting time, the
prescribed transmission waiting timé can be determined based on the
transmission waiting time the communication system 1 assures users of
the mobile stations 3 of (hereafter referred- to as "system-assured
transmission waiting time") or the transmission waiting time each base
station assures the users of the mobile stations 3 of {hereafter referred
to as "base station assured transmission waiting time"). Hereafter,
the QoS-assured transmission waiting time, the system-assured
transmission waiting time, and the base station assured transmission
wait_ing‘ time are collectively referred to as “assured transmission
waiting time”.

The prescribed transmission waiting time is transmission walting
time serving as a criterion in determining whether weighting for
changing the priority should be conducted. Therefore, a value that is
less than the assured transmission walting time to some degree is set
50 as to be able to maintain the assured trénsmission waiting time.

In the case where a prescribed transmission waiting time determined
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transm ssion waiting tinme is used, the transm ssion waiting tine
conparison unit 442a associ ates transm ssion destination user
identification data with the prescribed transm ssion waiting tine

determ ned by using the systemassured transm ssion waiting time the user
is assured of, and holds them The transm ssion waiting tinme27dJday2i6éson
unit 442a acquires the transm ssion destination user identification data
fromthe signal processing unit 41 and acquires the prescribed

transm ssion waiting time of the transm ssion destination user
identification data. In the case where a grescrlbed transm ssi on waiting
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waiting time continucusly. The transmission waiting time comparison
unit 442a compares the actual transmission walting time thus acquired
with the prescribed transmission waiting time, ‘and monitors a variation
of the transmission waiting time. If the actual transmission waiting
time exceeds the prescribed transmission waiting time, then the
transmission waiting time comparison unit 442a starts the timer 442b.-
While the actual transmission waiting time is less than or equal to
the prescribed transmission waiting time, the transmission waiting time
comparison unit 442a conducts nothing on the timer 442b and continues
to monitor the transmission waiting time.

Upon being started by the transmission waiting time comparislon
unit 442a, the timer 442b starts measurement of time. The timer 442b
measures the time elapsed since it is started by‘ the transmissionwaiting
time comparison unit 442a, and provides the welght calculation unit
442c with the timer wvalue. Until the timer- 442b is started by the

transmission walting time comparison unit 442a, the timer 442b waits
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442d with the calculated transm ssion waiting tinme weight. The wei ght

cal culation unit 442c substitutes a tiner value acquired fromthe tiner
442b for a transm ssion waiting tine weight function in which the

transm ssion waiting tinme weight changes according to the timer value, and
cal cul ates the transm ssion waiting tine weight. Wiile the ti2¥shuly 23@e is
not provided by the tinmer 442b, the weight calculation unit 442c does not
calculate the transm ssion waiting time weight. At a timer value "T1' "', it
is possible to prevent the transmission waiting time from exceeding the

assured {ransm ssio, YRlhiRg bl Mellos SANGUSLLNG RACKSL: LEARSM ssi on once.
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the mobile station 3 and the packet is transmltted without fail. As

for the transmission waiting time weight function, such a function that
the transmission waiting time weight is calculated by arrival of the
timer value "T1" is used. For example, it is-possible te use, as the

L transmission waiting time weight function, a function that gives, at
the timer value "T1l", a transmission wailting time weight certainly
maximizing the priority of the packet among packets waiting for channel
assignment in the base station 2.

The weighting processing unit 442d conducts weighting processing
by performing addition or multiplication between the transmission
waiting time weight provided from the weight calculation unit 442c and
the priority. In the case where it is desired to make priority of a
packet directed to a certain user higher than priorities of packéts _
directed to other users, it is possible to conduct weighting processing
by adding a transmission waiting time weight having a positive value
to the priority of the packet directed to the user desired to be made
higher in priority, multiplying the priority of the packet directed
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a value less than unity. The wei ghting processing unit 442d provides the
priority conparison unit 45 with the weighted priority. Wien a weight is
;not provided by the weight calculation unit 442c, the weighting processing
unit 442d does not conduct wei ghting processing and provides the opriority
~conparison unit 45 with the priority as it is. Wen a wei ght 27iJulyn2006

provi ded by the weight cal culation unit 442c, the weighting processing
unit 442d may conduct wei ghting that does not change the priority, and
provide the priority conparison unit 45 with the weighted priority.
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cause transm ssion of a pacCket tha [N, qirected to a user of a
actual transmlssion waltlng ime 0 a packe

certainmobile station 3 has become great as compared with the prescribed
transmission waiting time determined based on the QoS-assured
transmission waiting time, the system-assured ftransmission waiting

time, and the base station assured transmissioniwaiting time, the weight
processing unit 442 conducts weighting sc as to make the priority of

the packet to be transmitted to the mobile station 3 of the user higher
than priorities of other packets, thus makes the priority of the packet
-high and causes a channel to be assigned to the packet. As a result,

the base station 2 can maintain the QoS-assured transmission waiting
time, the system-assured transmission walting time, and the base
station assured transmission waiting time, assure the user of them,

and maintain the fairness between mobile stations.

In addition, the welght processing unit 442 compares the actual
transmission waiting time of a packet directed to a user of a certain
mobile station 3 with the prescribed transmission waiting time, and
the weight processing unit 442 does not conduct weighting for making

the priority of a 'packet to be transmitted to the mobile station 3 of
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for the QoS-assured transm ssion waiting tinme or the system assured

transm ssion waiting tine to becone |ater, prevent a packet from being

transmtted at a transmi ssion waiting time that is excessive as conpared

with the assured transm ssion waiting tinme, and give priority to a packet

to be transmtted earlier, such as another highly urgent packatJuly 2806

wei ght processing unit 442 may conpare the actual waiting tinme of

transm ssion of a packet directed to a user of a certain nobile station 3

with the prescribed transm ssion waiting tinme, and conduct weighting so as

to cause e priority.af. the cket_to be transmtted o the, nobi
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27 July 20¢21B48a conpares the actual delay tine thus acquired with the

prescri bed defrsy. t7cnes aablot®riikgi-sm ahoalnatd @night ttrecdesyy tnme. 443f t he
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conparison .unit 443a starts e tinpr, 443h." Wi le the actual delay time is
008 T har e b QS SE ERACTIcLRt BT Aot e PHEMRAEAy o 1432,
a timer 443b, a weight calculation unit 443c¢c, and a weighting processing
unit 443d. The delay time comparison unit 443a compares the actual
delay time with a prescribed value of the delay time determined
beforehand (hereafter referred to as “prescribed delay time”"). The
prescribed delay time can be determined based on, for example}
permissible delay time contained in Qef§ information. The prescribed
delay time is delay time serving as a criterion in determining whether
welghting for changing the priority should be conducted. Therefore,
a value that is less than the permissible delay time to some degree
is set so as to satisfy the permissible delay time.

The delay time comparison unit 443a acquires QoS information of
the packet from the signal processing unit 41, and determines the
prescribed delay time. The delay time comparison unit 443a acquires
the actual delay time of a packet from the time contrel unit 42 from
the time when the network interface unit 5 has ag¢qgquired a packet. The
delay time comparison unit 443a may acguire the. delay time periodically,
or acquire the delay time continuously. The delay time comparison unit
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conparison unit 443a conducts nothing on the tinmer 443b and continues to
nonitor the delay time. Upon being started by the delay tinme conparison
unit 443a, the tiner 443b starts nmeasurenent of tine. The tinmer 443b
nmeasures the tinme elapsed since it is started by the delay tinme conparison
unit 443a, - and provides the weight cal culation unit 443c w 2 Jule2@d6rer
value. Until the tinmer 443b is started by the delay tinme conparison unit
443a, the tinmer 443b waits and conducts nothing on the weight cal cul ation
unit 443c. The wei ght cal culation unit 443c cal cul ates a meight based on
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del ay ti r@nlvgel,;gﬁg | s calcul ated by arrival of the tinmer value " T2" S
used. For exarrﬁ , is possible to use, as the delay tinme weig
function, a fu E%.Wgﬁﬁafab?%ioat un’c%é@Fnﬁ?lfi}ﬁiaﬁés"TZ"el‘-’éltdQP‘é?dtq“rre
wei ght cetteadellay time (haredf teheefprired itbysoldellag tHimeketigatd NG spaebIE
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time weight changes according to the timer value, and calculates the
delay time weight. While the timer value is not provided by the timer
443b, the weight calculation unit 443c does not calculate the delay
time weight.

At a timer value "T2", it is possible to-prevent the delay time
from exceeding the permissible delay time by conducting packet
transmission once. If packet transmission is not conducted, then the
delay time exceeds the permissible delay time when the timer value has
exceeded "T2". In other words, at the timer value T2, the delay time
can be maintained equal to the permissible delay time or less after
executing packet transmission once. ‘At a delay time weight, a channel
is assigned t¢ a packet to be trahsmitted to the mobile station 3 and
the packet is transmitted without fail. As for the delay time weight
function, such a function that the delay time weight is calculated by
arrival of the timexr value "T2" is used. For example, it is possible
to use, as the delay time weight function, a function that gives, at
the timer wvalue "T2", a delay time weight cértainly maximizing the

priority of the packet among packets waiting for channel assignment
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a certain user higher than priorities of packets directed to other users,

it Is possible to conduct weighting processing by adding a delay tinme

wei ght having a positive value to the priority of the packet directed to
the user desired to be made higher in priority, nultiplying the priority
of the packet directed to the user desired to be nade hi gher 27iJulyp200# ity
by a delay tine weight having a value greater than unity, adding a del ay
time weight having a negative value to the priorities of packets of other
users, or nmultiplying the priorities of packets of other users by a delay
time weight having a val ue Iess than unity. The weighting processing unit
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priority, and provide the priority comparison unit 45 with the weighted

priority.

According to the weighting processing unit 443, it is possible
to conduct weighting on the priority accordinj to the actual delay time
and change the priority, and the control device 4 can conduct channel
assignment with due regard to the actual delay time. Especially, only
in the case where the actual delay time of a packet directed to a user
of a certain mobile stafion 3 has become great as compared with the
prescribed delay time determined base‘d on the permissible delay time,
‘the weight processing unit ‘443 conducts weighting so as to make the
prierity of the packet to .be transmitted to the mobile station 3 of
the user higher than priorities of other packets, thus makes the prior:ii.ty
of the packet high and causes a channel to be assigned to the packet.
As a result, the base station 2 can assure the permissible delay time.

In addition, the weight processing unit 443 compares the actual
delay time of a packet directed to a user ofA a certain mobile station

3 with the prescribed delay time, and the weight processing unit 443
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earlier. Therefore, the base station 2 can cause transm ssion of a packet
that has a margin f or the permssible delay tine to becone |later, prevent
a packet frombeing transnmitted at a quality that is excessive as conpared
with the perm ssible delay tinme, and give priority to a packet to be
transnmtted earlier, such as another highly urgent packet. TRE Judy 2006
processing unit 443 may conpare the actual delay time of a packet directed
to a user of a certain nobile station 3 with the prescribed delay tineg,
and conduct wei ghting so as to cause the priority of the packet to be
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as “"synthetic weight"”) as the weight, and conduct weighting. Fig. 7D
shows a weight processing unit 444 for conducting weighting on priority

by synthetically considering the transmission rate, the transmission
waiting time, and the delay time. The weighf processing unit 444

" includes a transmission rate comparison unit 444a, a transmission
waiting time comparison unit 444c, a delay time comparison unit 444e,

" timers 444b, 444d and 444f, a weight calculation unit 444g, and a
weighting processing unit 4441. The weilght calculation unit 444g
includes a transmission rate weight calculation unit 444h, a

_rtranSMlSSlOH waiting time weight calculation unit 444i, a delay time
weight calculation unit 444]j, and a welght unification unit 444k.

The transmission rate comparison unit 444a, the timer 444b and
the transmission rate weight calculation unit 444h are substantialily
the same as the transmission rate comparison unit 441a, the timer 441b
and the weight calculation unit 441c shown in Fig. 7A, respectively.
The transmission waiting time comparison unif 444c, the timer 4444 and
the transmission walting time weight calculation unit 444i are
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wei ght cal cul ation unit 443c shown in Fig. 7C, respectively. The

transm ssion rate weight calculation unit 444h provides the weight
unification unit 444k with the cal culated transm ssion rate weight. The
transm ssion waiting tinme weight calculation unit 4441 provides the weight
unification unit 444k with the calcul ated transmni ssion waiti 2y kuly2086ei ght .
The delay-tinme weight calculation unit 444 provides the weight
unification unit 444k with the calculated delay tine weight. In the weight
calculation unit 444g, the transmi ssion rate weight calcul ation unit 444h,

the transm ssion t _cal.cul.ation,.unit 4441 nd the deI ay
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to be unnédek sami/f ites the transmission rate weight, the transmission waiting
time weight, and the delay time weight, which are individual weights
respectively calculated based on the transmission rate, the
transmission waiting time, and the delay time by the transmission rate
weight calculation unit 444h, the transmission waiting time weight
calculation unit 4441, and the delay time weight calculation unit 44473.
The weight unification unit 444k thus determines the synthetic weight.
The weight unification unit 444k can determine the synthetic
weight by, for example, adding the individual weights, i.e., the
transmission rate weights, the transmission waiting time weights, and
delay time weights' respectively multiplied by coefficients. Each base
station 2 may set the coefficients as fixed values, or may determine
the coefficients according to the situation and change the coefficierits
adaptively according to the situatlon. The weight unification unit
444 can freely change a condition of calculating the synthetic weight
by changing setting of fixed values of the réspective coefficients or

determining the respective coefficients according to the situation.
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consider equal to 0. If any of the transm ssion rate wei ght, the

transm ssion waiting tinme weight, and the delay tinme weight respectively
fromthe transm ssion rate weight calculation unit 444h, the transni ssion
waiting tinme weight calculation unit 4441, and the delay tine weight
calculation unit 444J is not provided, then the weight unifi QftJuin2006 t
444k determ nes the synthetic weight by using only the provided wei ghts

wi t hout considering the weight that has not been provided. If none of the
transm ssion rate weight, the transmssion waiting time weight, and the
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packet 46 2 lé‘ be transimtted earlier,”such as another highly

urgent packbt: "‘T—Ht t@‘al‘%e‘%?ra‘ll&‘@?a‘?ﬁ%ﬁ "4 priority calculation unit 43
and the wei ght Tbeordgbithgg pmptesiingNnit #éspechduct savptgiiddingdrosesetnd o
each of the,u §9£§n#:ﬂm_f Qafikt &dn Bbendmﬁbhﬁcﬁﬁinl QélﬁweetrhEhé evhaRsM & %k 98nt

packet pr Ié);dﬁ}l%e%afrom q:thleo‘rn]rezl.“lg 1':[ u%?.);l:'lcgt ol'rlll %EEE J:Itﬁ rt]e.sg]r or:i(.)ty If
a synthetic weight is not prov:.}d\c_ed by the weight unification unit 444k,
then the weighting processing unit 4441 does not conduct weighting
processing and provides the priority comparison unit 45 with the
priorityas it is. If aweight is not provided by the weight unification
unit 444k, then the weighting processing unit 4441 may conduct weighting
that does not change the priority, and provide the priority comparison
unit 45 with the weighted priority.

According to the weight calculation unit 444g, the weig_ht
processingunit 444 can calculate a weight with dpe regard to a pll;rality
of kinds of information, and chang'é' the priority while considering the
plurality of kinds of information. As a result, the base station 2 can
implement simultaneously maintenance of the assured transmission raFe.
maintenance of the assured transmission waiting »time, and response to

- arequest of the permissible delay time. Furthermore, the base station
2 can prevent a packet from being transmitted with a gquality that is
excessive as compared with the assured transmission rate, the assured

transmission waiting time, and delay time, and give priority to a packet
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packet priority (501), and the transm ssion path situation priority
calculation unit 432 calculates the transm ssion path situation priority
(502). The QoS priority calculation unit 433 calculates the QoS priority
(503) and the transmission waiting time priority calculation unit 434
calculates the transm ssion waiting tinme priority (504). The7daly206k ed
priorities are provided for the priority wunification unit 435. The
priority unification unit 435 unifies the acquired retransm ssion packet
priority, transm ssion path situation priority, QoS priority and
transm ssi gn Itin ' priotity of cket [ e_users #1 to
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41 wi t h paxsle&t,_dr@ﬁﬁidd;@&bb(ﬁhedﬁjrﬂtt@ft_ibrp_&*ipm:kfbf e:ha;teasfrbaeklgtsndbﬁechﬂidt_
over in tranghl S, ﬁf%?jﬂﬁtfsotsli‘?s%kﬂ” e %%Byké# 'n&'lféﬁgtiéé unfEi Gt ing
again, and notifies the signa cproc_:e55| ng unit 41 of a IQac et 47 27 July
2006 to HFOYISPHnERS F¥SLARRNRACCEPRED YL £ Thithdes SH Rt 48T HRt i es
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over the tr.an sgion .ip.associarion w Eh acli<§t | genttf | ggt on daf a_of
packets detlgPiﬁg‘%ég e weight processing uni 4 ovides the priority comparison
unit 45 with the weighted priority of the packet directed to each of

the users #1 to #k (5071,507k}.
The priority comparison unit 45 compares priorities of packets

weighted by the weight processing unit 44 with each other, and judges
a packet to be transmitted. The priority comparison unit 45 compares
priorities of packets with each other, and £ixes upon a weighted packet
having high priority as the packet to be transmitted. On the other hand,
the priority comparison unit 45 fixes upon weighted packets having low
pricrity as the packets to be untransmitted this time.

The priority comparison unit 45 provides the transmission
decision unit 46 with-packet idéntification data of the packet
determined to be transmitted, and notifies the transmission decision
unit 46 of the packet determined to be transmitted. On the other hand,
the priority comparison unit 45 provides the signal processing unit
41 with packet identification data of the packets determined to be left
over in transmission, conducts the priorityA calculation and its

weighting again, and notifies the signal processing unit 41 of a packet
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to be left over in transm ssion. The packets determ ned to be untransmtted
this time enter a queue. Therefore, the time control unit 42 continues the
measurenent of the transmission waiting tine on the packets a notice of

| eavi ng over transm ssion of which has been given to the tinme control unit
42 by the priority conparison unit 45. As a result, the tranr3Jubs20n6
waiting tinme of the packets are gradually wupdated. The transm ssion
decision unit 46 determ nes whether transm ssion of the packet determ ned
to be transmtted by the priority conparison unit 45 is possible, based on
the reception state of eh lille station 3 that is the transm ssion
destinati &R Bf ?shselgﬁggk%tc A"t he reception state of the nobile station 3
of the transm Wicoprieesty rarparison yobt 4% Rerifins thankiisspahrdesindton
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cal cul ati gL 5 1iohSuel 9Bt 4 0% gnand &é%hgﬁ]%zatﬁgﬁélﬁbﬁ!tﬁgaﬂ{b phbkihalere, the
transmssmn &eCISIOI’l uni t 4? notifjes the IIEB
packet. The transmission decision unit notifies the radio unlt 8
of a result of the channel assignment. The radio unit 8 transmits the
packet to the mobile station 3 according to the channel assignment
notified of by the transmission decision unit 46.
The channel assignment differs accordiﬁg to the access scheme.
The transmission decision unit 46 assigns a time slot in the TDMA (Time
Division Multiple Access), a spreading code in the CDMA (Code Division
Multiple Access), and a frequency in the FDMA (Frequency Division
Multiple Access), as the channel.

7 The transmission decision unit 46 determines whether each packet
can be transmitted, and aésigns a channel to each packet. Furthermore,
it is preferable that the transmission decision unit 46 determines fast
whether transmission of a packet is possible, immediately before actual
transmission of the packet to a mobile station 3, and conducts channel

7 assignment from instant to instant. On the other hand, if the reception
state of the mobile station 3 of transmission‘ destination is not good,
then the transmission decision unit 46 judges the transmission to be

impo-ssible. And the transmission decision unit 46 provides the signal
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control unit 42 of a result of the transm ssion decision. The transm ssion
decision unit 46 notifies the tine control unit 42 of a decision result as
;to transm ssion is possible, so as to be associated wth packet
"identification data of the packet. The packets judged to be inpossible in
transm ssion enter a queue. Therefore, the time control uni 2748hc206i nues
the nmeasurenent of transm ssion waiting time on the packets the

transm ssion decision unit 46 has notified that transm ssion of which is
inpossible As a result, the transmission waiting tine of the packets are
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transmission of packets judge e impossible 1n transmission.

Therefore, the transmission decision unit 46 acquires packet
identification data of another packet determined to be transmitted by
the priority comparison unit 45, and determines whether the packet can
be transmitted. If the transmission decisioh unit 46 has judged the
packet to be possible in transmissicn, then the transmisslon decision
unit 46 assigns a channel to the packet.  In this way, the priority

.. comparison unit 45 and the transmission decision unit 46 implement a
channel control unit that assigns a channel for transmission of the
packet to a mobile station 3, to the packet based on the priority of
the packet weighted by?the weight processing unit 44 and the reception
state of the mobile station 3.

To be concrete, the transmission decision unit 46 Jjudges tl}e
reception state of the mobile station 3 baséd on the situation of the
transmissicn path formed between the mobile station 3 and the base
station 2. For example, the transmission decision unit 46 obtains an
estimate value of a success probability, whiéh indicates a possibility
that the transmission of the packet will succeed in the transmission
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I ncl udes a success probability calculation unit 46a, a transm ssion actual
result storage unit 46b, a success probability estimation unit 46c¢c, and a
success probability comparison unit 46d. The success probability
calculation unit 46a cal culates the probability that the transm ssion of

t he packet -has succeeded in the transm ssion path situati on23tJuln20d6 ne
when the packet is transmtted, i.e., an actual result value of the
success probability in the transm ssion path situation. The success
probability calculation unit 46a acquires transmn ssion path information

concer ni nq)attmesﬁ@@@mrﬁm Qntl{@%ceﬁti&?%'tggeagf EES dic# rom‘“’gggtmeapﬁ&ke%t

transmtted and ACK/ NA information o
processi nUh?® ﬁf‘nsmlﬁ?ewnslif(%’e?s YitdBabi Ith@a?ﬁﬂs&?F%O%ﬁFFlw unit

acqui res, 4orcapsxdepémEningl Rhetlsert Hbet taasmissiion jpatfosisnbbde NMdsea. ofnghet he
success pregliaﬁlakét‘yal@b%mtﬁélg{bdé@gt gf@@aﬁqllgyl ates an actual result value
in each SIR baslieerﬁ 02) gK ormat Lon. The transm ssion actual
result storage 1 6555?0?%05‘”& ag{?‘%ﬁ’l‘?f’%g?d’h WRERILFRAY 68 BRethe tine
when t he packenifgborhaecistoansyitt #éd dhvd thensdsgabn raésuilstionatnet @ t he

success prlaeabaéstay SR ceds &&%&Qﬂ@t@aﬂdﬁ%&%ﬁ hin8RCRs Q! NElrak B SUGHESS

babi I i t ¢ t th t ual it val
of the | soccadL b P .%Ja?a'e L £2b B Er A he o ot st B gt |

46b so adtfe %%@P&?éopwqdbitlhéywmmsm omigatthdsi That serresEhe
transmi ssp@abaﬁiuedy E:E$Hﬁ1a15j1cﬁ1r aget Wilat célﬁhu%tt@%e&e beb%ﬂ%ﬁth&@QheSl R

and the a%&-ﬁﬁ%m{ n o¥al:k"1'$rpoefcke hgéj ee e fgabl rz—!xr?s '[J.ssi?nol?_I O. as to

associate themwth each ccess It 46c¢C
acqui res FAEUALIYLAT F*é%&%le\f'gm’etb? Rar»?é%uﬂe%égenmm mey f PBrAqthel
t ransni ssresubictwdlue pestihd ssicersgeprutdbidbby and tabt arfssiikeiest pA@t e val ue

of the sugeesscidy. obﬁbéIa,&c\ees;fo%p@oa%qaﬁwt@amﬂstfﬁ?q&ﬁ% REQLAR u'rlasax

estimatiop_unit 6C acqllilres the transm ssion pat rmation firomthe
si gnal 5%%%%‘?@"%?? PRAER2FERT P Pee PR hhes FERRgIESsdPrBnPatihe success
probabi | i @ytle@tmmtaltohh@ntltmﬁﬁbeacqm reskeheisadiraabni esad tandahcwe/nfck50 27

July 2006mf$mnascu@ﬁess ﬂs@tb%laklattfr&@rt&l%SBQ&QalngrBQeémgt LR8N $St ffe PAL N
situation Q&:Seds Ehgiflt Ui J % sm sskolg%a[) h situat] on. The success
probabi | i Ty est] Fatron unt ZS“ Braihs™3 ERETEr S F8ToP* a1 8 s ,
probabi | i 5 ‘F}‘Fdlté&ﬂlsﬂgs-‘alqsb$’§|‘tbl Hlfqmtaﬁémnt handr thrs sussieen pmadabiditreed in
the curr esdldulansBhafiiand QatdGildtaki aNacting ek 1 ttha uedtflb s1881RGEEEY
result valye Qf AbRONAHECRIDRLEPAPI 1 ty. The success -

The transmission actual result storage unit 46b stores the
transmission path situation at the time when the packet has been
transmitted and the actual result value of the success probability so
as to associate them with each other. The sﬁccess probability
calculation unit 46a stores the calculated actual result value of the
success probability in the transmission actual result storage unit 46b
so as to be associated with the transmission path situation. The
transmission actual result storage unit 46b stores, for example, the
SIR and the actual result value of the success probability in the SIR
SO0 as to associate them with each other. | )

The success probability eétimation unit 46c acquires the actual
result value of the success probability from the transmission actual
result storage unit 46b and obtains the estimate value of the success
probability. To be concrete, the success probability estimation unit
46c acquires the transmission path information from the signal
processing unit 41 when making a transmissidn decision. The success

probability estimation unit 46c acquires the actual result value of
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probability estimation unit 46c¢c provides the success probability

conparison unit 46d with the estimate val ue of the success probability. The
success probability comparison unit 46d conpares the estimate value of the
success probability with a preset reference value of. the success
probability, and determ nes whether transm ssion is possi bl e.27 hily 206
estimate val ue of the success probability is less than the -reference val ue
of the success probability, then the success probability conparison unit
46d judges the transmission to be inpossible. If. the estimte val ue of

the success probability is.at, |east the.reference val ue.of.the success -
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provi des tisejgtliggerllato be possible, then the success probabilify comparison unit
464 assigns a channel to the packet, and notifies the radio unit 8 of
the channel.

As the reference value of the success probability becomes higher,
it is possible to suppress transmission hav:i.ng‘a possibility of failure
and prevent a waste of radio resources. If the reference value of the
success probability is too high, however, packets judged to be
impossible in transmission increase, and the number of times of
processing of the priority calculation and comparison and the
transmission decision conducted by the control device 4 increases,

" resulting in a lowered processing efficiency of resource assignment.
Therefore, it is preferable to set the reference value of the success
probability by considering the waste prevention of radio resources and
the processing efficiency of the channel asSignment. The success
probability comparison unit 46d holds the preset reference value of
the success probability.

- {(Communication Method)

A communication method executed by using the communication system
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processing unit 41 with the control information part of the packet. The
signal processing unit 41 acquires QoS information and packet
identification data fromthe control information part of the packet
(S102). A nobile station 3 conducts detection to determ ne whether there
Is an error in the received packet (S103). The nobile stati o7 Jily2806n ts
a result of the detection to the base station 2 on an up control channel
as a control signal containing ACK/NACK information to effect feedback
(S104). The radio unit 8 receives the control signal fromthe nobile

station 3, and the signal processing unit 41 acquirgs the_contral .signal
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j udged t 0o h@etransmission packet or a new packet’, based on the packe

identification data and the ACK/NACK information {S106). The mobile
station 3 estimates the transmission path situation (5107). Themobile
station 3 transmits the estimated transmission, path situation to the
base station 2 on an up control channel as a c-ontrol signal containing
transmission path information to effect feedback (S108). The radio
; unit 8 receives the control signal from the mobile station 3. and the
‘gignal processing unit 41 acquires the control signal from the basebar_ld- ,
processing unit 7 and acquires the transmission path information
(5109). - . _ o
.  The priority calculation unit 43 calculates the synthetic
priority of the packet baéed cn the QoS infoi'mation. the
new/retransmission packet information, and the transmission path
information (S$110})}. The wéight processing unit 44 conducts weighting
on the synthetic priority calculated by the priority_calculation unit
43 (S111). The priority comparison unit 45 compares weighted priority
- of a certain packet with weighted prioritiés of other packets, and

determines whether the packet should be transmitted (s112). If the
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possi ble at the step (S113), then the transm ssion decision unit 46
assigns a channel to the packet, and the radio unit 8 transmts the packet
to the nobile station 3 (S114). On the other hand, if the weighted priority
of the packet is lower than priorities of other packets at the step
(S112), then the priority conparison unit 45 judges that the7thdn2dessi on
of the packet should be left over. And the packet enters a queue. The
priority conparison unit 45 notifies the time control -unit 42 that the
transm ssion of the packet is lef t over. And the time control unit 42
conti nues neasurenment . of transpission.wajti ti f.the packet, and
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priority calculation and weighting, the transmission waiting time is

also considered.
If the transmission of the packet is judged to be impossible at
the step (S5113), then the packet enters a quéue. The transmission
o decision unit 46 notifies the time control unit 42 of the decision result

T

indicating that the transmission is impossible. And the time control
unit 42 continues ‘the measurement of the transmission waiting time, -
and updates the transmission waiting time (S$115). The transmission

. decision unit 46 notifies the signal processing unit 41 of the decision
result indicating that the transmission is impossible. The packet
judged to be impbssible in transmission is subject to the pricrity
calculation, priority weighting., comparison of weighted prioritie;,
‘and transmission decision again. In the priority calculation and
weighting, the transmission waiting time is also considered.

) According to the communication system 1, the base station 2, the
-control device 4 and the communication metho-d. the network interface

unit 5 acquires a packet transmitted from a terminal device to'a certain
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decision unit 46 determ nes whether. the packet can be transmtted based

on the reception state of the nobile station 3 that is the transm ssion
destination, and assigns a channel to the packet judged to be possible in
transm ssion. And the radio unit 8 transmts the packet to the nobile
station 3 an the assigned channel. Therefore, the wei ght proc@dsiynZfénit 44
conducts weighting on the priority cal cul ated once by the priority
calculation unit 43, and the priority conparison unit 45 determ nes a
packet to be transmtted, based on the meighted priority. And the
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synthetic priority by using a plurality of kinds of information as
priority. Theprioritycalculationunit43includestheretransmission
packet priority calculation unit 431, the tranémission path situation
priority calculation unit 432, the QoS priorif.y calculation unit 433,
the transmission waiting time priority calculation unit 434, and the
priority unification unit 435. The priority unification unit 435
unifies a plurality of individual priorities calculated by these
individualprioritycalculationunité,i.e.,theretransmissionpacket
priority, the transmission path situation priority, the QoS priority.

“and the transmission waiting time,priérity, and determings'the
synthetic priority.

_ As a result, the priority calculation unit 43 can calculate
priority with due regard to a plurality of kinds of ihformation, and

- the priority comparison unit 45 can determine a packet to be transmitted,
based on pricrity calculated considering a plurality of kinds of

- information. And the transmission decision.unit 46 can determine

whether the packet determined to be transmitted by the priority
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contained in the packet. Furthernore, the transm ssion decision unit 46
determ nes whether transm ssion of the packet is possible, based on the
reception state of the nobile station 3, and conducts channel assignnment.
As a result, the control device 4 can conduct channel assignment while
considering the reception state of the nobile station 3. Whel7Taly 2006
reception state of the nobile station 3 that is the transm ssion
destination is good, therefore, the transm ssion decision unit 46 can
assign a channel to a packet directed to the nobile station 3 and give an
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path sityatiic@Aty, the base station 2 can prevent from assigning an opportunity
of transmission of the packet to the radio unit 8 when the possibility
that the transmissiocon of the packet will fail is high, and from wasting

the radio resources.

[Second Embodiment]
(Communication System)

A second embodiment of the present invention will now be described
‘with reference to the drawings. A communication system according to
the second embodiment includes a base station 202 shown in Fig. 12 and
a plurality of mobile stations 3. The base station 202 inqiudes a
control device 204, a network interface unit 205, a transmission buffer
206, a baséband processihg unit 207, a radid unit 208, and an antenna
209. The control device 204 includes a signal processing unit 241, a
time control unit 242, a priority calculation unit 243, a weight |
processing unit 244, and a priority comparison unit 245. The time
control unit 242 includes a timer 242a and a clock 242b. The network.
interface unit 205, the transmission buffer-206, the'baseband

processing unit 207, the radio unit 208, the antenna 209, the signal
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priority calculation unit 2432, a QoS priority calculation unit 2433, a
transm ssion waiting tine priority calculation unit 2434, a predeterm ned

.transm ssion rate priority calculation unit 2435, and a priority

.unification unit 2436. The retransm ssion packet priority calculation unit

2431, the transm ssion path situation priority calculation @7iJml22@®%, the
QS priority calculation unit 2433, and the transmssion waiting tinme
priority calculation unit 2434 are substantially the sane as the

retransm ssion packet pri ority cal cul ation unit 431, the transrri ssi on path

situation priorit c tio it, 432 r | unit
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priority al euk@é¢me11§rlt 2435a in the case where the predeterm ned
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transm ssion rates o pac
2435 calculates priority based on a predetermined transmission rate

determined as a transmission rate of packet transmission from the radio
unit 8 to the mobile station 3. The priority calculated based on the
predetermined transmission rate is hereafter referred to as
“predetermined transmission rate priority”. ' The Hpredetermined
transmission rate refers to a transmission rate determined for some
purpose. As the predetermined transmission rate, there are, for
example, the QoS-assured transmission rate and system-assured
transmission rate. As the predetermined transmission rate, either the
QoS-assured transmission rate or the system-assured t:ansmissio'n rate ‘
may be used. As the predetermined transmission rat:,e‘, both the
QoS—assured transmission rate énd the system-assured transmission rate
may also be used, or the sum or an average of the QoS-assured transmiss:ton
rate and the system-assured transmission rate may also be used. The
predetermined transmission rate priority is one of the individual
priorities. .
The predetermined transmission rate priority calculation unit

2435 may calculate the predetermined transmission rate priority by
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transmtted to respective users. Fig. 13B shows a predeterm ned

transm ssion rate priority calculation unit 2435b in the case where the
predeterm ned transm ssion rate priority is calculated uniquely f or each
user based on the predeterm ned transm ssion rate of a packet to be
transmitted to each user. As shown in Figs. 13A and 13B, eaci27dfuly 206
predetermned transmssion rate priority calculation units 2435a and 2435b
acquires .predeterm ned transm ssion rate information concerning

pr edet er m ned transnission rates of packets directed to the users #1 to

#k of the b|Ie statl 601h). I n e r ured
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or the syst emassured transmssion rate as.it . dtt gssus ags\/‘ﬁre%ge of
or the sum of the QoS-assured transmission rate an Y
transmission rate is used as the predetermined transmission rate, each
of the predetermined transmission rate priority calculation units 2435a
and 2435b acquires QoS information of a packet from the signal processing
unit 241, and acquires information concernihg the QoS-assured
transmission rate. In the case where the system-assured transmission
rate is used as the predetermined transmission rate, both the

- system-assured transmission rate and the QoS-assured transmission rate
Iare used as the predetérmined transmission rate, or an average or the

~ sum of the system-assured transmission rate and the QoS-assured
transmlss:mn rate is used as the predetermined transmission rate. each _
of the predetermined transmission rate priorlty calculation units 2435a
and 2435b holds transmission destination user identification data gnd .
system-assured transmission rate the user is assured of, so as to be -
associated with each other. And each of the predetermined transmission
rate priority calculation units 2435a and 2435b acquires the
transmission destination user identificatidn data from the signal
processing unit 241, and acquires information concerning the
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the QoS-assured transm ssion rate and the systemassured transm ssion rate
I s used, then each of the predeterm ned transm ssion rate priority

cal cul ation units 2435a and 2435b obtains the sum or average of the
QS-assured transm ssion rate and the systemassured transm ssion rate by
usi ng the acquired QoS-assured transm ssion rate and system 29shule2006
transm ssion rate, and thus obtains the predeterm ned transm ssion rate

i nformati on. Each of the predetermined transmission rate priority
calculation wunits 2435a and 2435b conducts wei ghting on acquired

c ( Soa . ; : Y 2a,
pr edet er M08 dem! £ A3 SLAM 8L Soh Hadb B £RD t2hnbiiEs iR Sodth du bk JcB022

602b) . ) of > predetermned transm ssion rate priority cal culation
units 2435denbhttoUEISH E8FRiuct s wei ghting on the predeternined transnission
rate i nfornatiDh.thea0hs edsdulredpt edetrdssioedrdtreansnibs i systeat asprbedr i ty

cal cul ati @R NnhiSs%A328t@Nd 2433 LR SetasariEifhlaeRE R 8rhRsh @ ion
predeterm ned transm ssion rate. For exarrFlI_e, , eacht of Ehe 1%(r‘_)edgtlﬁrarsp ned
transni ssFBRer £EEPHY bRE Py eat TIHEEANT AT 85 HABER L A RGO U S B2 L AP  a
wei ght souasts o24ee ahfie2 p¥%ddeses nime oSk ansunesks itgansmigsd onnfateredy dhel ar ge
?nd provi Q?s@érﬂ{héydAr%ﬁl E:Var{sﬁfis@ib’ﬁﬁ:%a_ﬁ@qﬁyﬁt Ii%r.gexft mﬂepmg%tremf@@ of
ransm ssion rate. r e i in predet erm ne ransm ssion
are | ot BPRAROR AR e S RATE T T Do B AR S MIGRE Rt RS eiP ve
val ue orratg tisplsddhgtizemeseinef g prede teanire ¢ toan i ssian NatetBE100ALY he
conlt lra[) Y, c%r@mﬁ%t Qﬁﬁ%@ﬁzisb&aaﬁm mis@_nobeé_ﬁxlsj nher 8% i aFeyade JradRe )
sna y i ng..a weight havin ti.ve e ng. t
havi ng a @%?Uae eSS %%élr? mﬁﬁ?fﬁgrgﬁggﬁgﬁﬁ\éfg&i‘% ?ﬁ%u%ﬁsgfﬁnﬁlggé&\éﬁtgal ity
of ki nds BY usieddiher ardiededrfnfsssren tranemi o R MU FES teRAFSUESL h of
t he- pr edet £ingnied ibharsei, Ssidathusad et gihisaihiet pre@Getce uh ftédtrangniilss 134 358 and

2435b may. %aq:qoﬁespective kinds of QoS information wth different
wei ghts. For exagg e, each of the predetermined transmssion rate priority
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predetermined transmission rate. For example, each of the
predetermined transmission rate priority calculation units 2435a and
2435b can set a weight so as to make the predetermined transmission
rate information large and provide high priority for a user who is large
in predetermined transmission rate.
As for the weighting, the predetermined transmission rate
information may be made large by adding .a weight having a positivéfvalue
or multiplying a weight having a valué greater than unity. On the
contrary, the predetermined transmission rate information may be made
" small by adding alweight having a negative value or multiplying a weight
having a value less 'thah unity. Furthermore, in the case whéi:e a
plurality of kinds of predetermined transmission rate information are
used, each of the predetermined transmission rate priority calculation
units 2435a and 2435b may provide respective kinds of QoS information
with different weights. For example, each of the predetermined
transmission rate priority calculation unité 2435a and 2435b may
conduct weighting by setting weights so as to make predetermined
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transm ssion rate priorities of packets to be transmtted to the users #1
to #k (603a) . For exanple, the predetermned transm ssion rate priority,
cal culation unit 2435a provides users with order in order of decreasing
predeterm ned transm ssion rate based on predetermined transm ssion rates
of the users #1 to #k. And the predeterm ned transm ssion r27dulyr2086ity
cal culation unit 2435a cal cul ates the predeterm ned transm ssion rate
priorities of the users #1 to #k so as to make the predeterm ned
transmssion rate priority of a user early in order high and nmake the

predet er mdaatlehy AR S5100nE Bl i afd dikeatlo B URRIoHAhio) BOkBE: W O

t he ot her han as shown I n e predetern ne transm ssion rate
priority (?é‘IlEHiL%*EJrrlﬁ]tﬁ?nplrl?’&B% uﬁ%fheﬁ FRERTEGEAPERINGS} LRI FoARR Tate
transm ssipgiorate qalicolati@s unéspebidswehyd @i 3packat sot ocorliimct resigymittingd t o

the usersogltg,g% dasefli Q8 tﬂ}%ngﬁlfgﬁo%r %GédinEJrEQE%éSi on rate

information of the users #1 to é % For exa t he predeterm ned
transmissi on rdt%eSHToHT F§79t:ér°’%ulta PORIGiT 1883552 WWWZ&%‘E@‘T& 4
pl uralitycefculmerdrcabival4kSa dhgescarparhe tipr ededetenmigedt tamsission rate

and predetgt g1 NRG @RS 15 kAB JALE #PdPkkl | &% bElé@&%ﬁr&M&m&H@d
predeterm ned transmssion rate iIs e ran es And the pr eterm ned

t ransni ssicOA°FHE 9N e 91”1%%&%%?% Bﬁcg‘h’ﬁ t% fie fsers
nuneri cal #atwuetl dif§éat he Fopr edanmdreni hiel nmﬁsernsmerm tlranemﬁsi@achabé t he

users #1 bei#klﬁxbahéula@% 6 €358 DrdviabeRssel W PbLESt hMeRE of

{ransmt 5900 LA PEk28 o lal PEe SRIE AP LN BLEUS! BLINDEG 1o
transm ssion ra a nunerlca val ue range, eterm ned

transm ssFﬁﬁnﬁ'ﬂb}tSéiﬁﬂl B@T-GE%/ ofothe Hesarseil 'P@r#kexaﬂ‘ﬁﬂ éhel Pr@weweae@ er m ned
transm sstpandrals® 10h &6 USGbri#y dafcullatién RUAEr 2£3a \GAlldalaesrganbet ween a

predeter”}g?&?ett rrﬂﬁﬁghséf%xﬁisgig (EQt Egi&fﬂri%geBFrEHQ%%eﬁréa#‘ 'oS?icoébrate
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Lransm ss)on. LaLe: PLLOMS ¥ne' Ss 88 #3948' pf BaBeh §:£ VR bt Ge lrmigd St o M ned
transmission rate information of the users #1 to #k (603b). For example,
the predetermined traﬁsmission rate priority calculation unit 2435b
previously sets a plurality of numerical value. ranges of the
predetermined transmission rate and predetermined transmission rate

-'priorities in the case where the predetermined transmission rate is
_in the ranges. And the predetermined transmission rate priority

- calculation unit 2435b judges in which numerical value range the
predetermined transmission rate of each of the users #1 to #k exists,
and calculates a value set as predetermined transmission rate priority
in the case where the predetermined transmlssion rate is in that
numerical value range, as the predetermined transmission rate priority
of the user. _ L

For example, if the predetermined transmission rate of the user

#1i is in the numerical value range beti«reen a predetermined transmission
rate (n) and a predetermined transmission rate (n+l) (where n is a
natural number, and it represents an order df a numerical value that

defines a numerical wvalue range). In other words, if the relation
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ot her users. Finally, each of the predeterm ned transm ssion rate priority
cal cul ation units 2435a and 2435b provides the priority unification wunit
2436 with the cal cul ated predeterm ned transnmi ssion rate priorities
respectively of the users #1 to #k (604a. 604b) . In the case where
channel assignment is conducted by using only the predeterni @2duly 2006
transm ssion rate priority as the priority, each of the predeterm ned
transm ssion rate priority calculation units 2435a and 2435b provi des
directly the weight processing uni t 244 with the cal cul ated transm ssion
rate priori ties of the users #1 caQr ot

t r ansni ssPSﬁd?%ﬁ%‘lﬁFFdﬁrﬁPﬁml%ﬁtO&ﬁ%ﬁe {ng ani %regﬁﬁ%gﬁ neé‘@%&g%?{,}ﬂgom rol
devi ce 4 eimssonfiuct prefefrraingdirgnsehssiniseated nthd 7 |Séitilﬁ§l%da| EBPAt ed
consi deri agvdhe: pppedaiasnynad teafisdtietsirninedteanshissivn Qote gasorety

transm ssi.on ,(ate.or A0l% %t spa%%%gﬁegeé '2a8ghesL O LAke 100LD dhbe

QS- assur&d” FHranéisgion rat e system assured_transnissjon rate, or
the sum BrreRifdgEabie TRBIELS 48487 L FFaWserﬁesT§F’Bh“?%tt§a§ﬁ‘alf"T1’e°n rate
syst em asguiedityt.r answrhssicazer, atle: psedstedmised Heapssies Eymicatd ADiansky ssi on

rate, thegefgr gquéfg blﬁae.-rag 0208 1306 UBEMilaN L+ AiesrARS 188 SHHRE of

transmssion raté an e systemassured transm ssion rate, cope with a
request of’t]ﬁf)‘"s“sﬁﬁﬁ assures the user of the systemassured transm ssion
rate. The pri ofiibgllyi fdacht pbnthmipre@dBomiged thangwitssiqsntals Rripatket

ﬂ ; g; Imt g’sf;%%&m]éa{t?laﬁnﬁﬁﬂso@4@§5 fhntﬁd y4abb O‘cﬁgmaegl e priierQoy wiifdkhtyon the
e _predetermn ssion rate
priority 48%F i3 8 tg’i% 8?#??% £ ﬁ’de%eeﬁeé‘r %nﬁgséraf%mqgglﬁl Ic priority
by uni fyi nglttlné:lpsmﬁsp'ﬁpésvelbh@f FhEcsEry #1UFe Fk(50RBNR Glﬁ’ﬂ%t) 243’6’:%6%?% es
]E he, p: ﬁdeﬁﬁéfda ?ﬁén&éﬁgsm@&hm L at@®ndpetéd byusihigaanindine pitele ternbned y
romthe redeternne trans LAOT I nC 35 as
e R e R e A N AN LR T
equat i on FEE)DS“E-ﬁééBP IG’GGZHI%HHWYZWGFMFH%%“ “PHES FAieari 43R aAPTY é’&f’vﬂ)ﬁe%m t
2436 i s sabsiallyi ahé yWwdimtspaeceasinghenpr i2dni wytunidfed catcohated t 435 in the

Tirst e"bg%l{laﬂatsmﬂefaeéeo%emriﬂesd%%%wtds%s%iItdoq;komtted In the

equation represe redet er m ned nsm ssi on rat§¥pr|ority,

and "e" repr eséﬁ?%r‘émgcdéf F?%l%"‘rﬂde%?mjﬂf’éi HERUETESORedet? Hi dSTon rate
priori ty ¢ahernetibnednits 24pbsidnd/@4pBal thenbenjraly Aevicy +Hzcasy cpBjuct

channel assignment based on the priority calculated considering the
predetermined transmission rates. If the QoS- assured transmission

rate or the system-assured transmission rate, both the QoS-assured

transmission rate and the system-assured transmission rate, or the sum
or average of the QoS-assured transmission rate and the system-assured
transmission rate is used as the predetermined transmission rate,
therefore, the base station 202 can maintain the QoS-assured
transmission rate and the system-assured transmission rate, cope with
arequest of QoS, and assures the user of the system-assured transmission
rate. - o

The priorityunification un_it 2436 uses the retransmission packet
priorityl. _the transmission path situation priority, the QoS priority,
the transmission waiting time priority, and the predetermined
transmission rate priority as individual priorities, and determin{es
the synthetic priority by unifying the priorities. The priority
unification unit 2436 acquires the predetermined transmission rate
priority as an individual priority from the predetermined transmission -
rate priority calculation unit 2435 as well, and calculates the

synthetic priority according to the folleowing equation _,(3) . Except
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If the priority unification unit 2436, for exanple, sets the coefficient
"e" for the predetermned transm ssion rate priority as a fixed val ue
- greater than other coefficients "a" to "d", or nake the coefficient "e
- change so as to beconme greater than other coefficients ,,a" to "d", then
the control device 204 can conduct channel assignnment whil e2FJuhk200§ nuch
of the predeterm ned transm ssion rate and giving priority to the
predeterm ned transm ssion rate. The wei ght processing unit 244 conducts
wei ghting on the priority based on the reception state of the nobile

T o CpnlRe e or ROGERNIAR; Ul na? ' 90 Rl Nan GPRY AT Sl £ OF

the nobil &%%4 o on CfKaY it transm’ssion
fornmed betheesiphéty wobEleaion vk 33548 "Et}fef{%%"eeg‘P‘a‘H’EﬁPtZOZThqii?lfOé?anpl e,
the wei ghtne fe@eespt igh walll t44mobtai nsiartheséquetiony ot be "of soesssts

probabi |'i E?(? prvae%eamﬂgéf%&%Es&b@sﬂﬁs:?Ebélér.t 2ol ?t éljﬂ‘f‘ "te"agégiés%in(?;'% gf the

packet ransm ssi on uat 1 on he reception
state of cetf ifdisntel 2¥ dteo RTSAHIEG8A Ff?é‘sﬂiéﬁ%ﬂ? s’éf’rt(?npﬁé?ﬁl%y t PI'BFF

And the wet ght apbaeessvengteuml tudekd )can cal cul ate a, wei ght based .on the
estimate val ue g &55.Qrobabi ity and condygy wei ghting processing.
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will succeed in the transmission path situation as the reception state

of the mobile station 3 based on the transmission path situation. And
the weight processing unit 244 can calculate a.weight based on the
estimate value of success probability and conduct weighting processing.
Fig. 14A shows a configuration of a weight processing unit 2441

for conducting weighting on the priority based on the reception state
of the mobile station 3. The weight processing unit 2441 includes a -
success probability calculation unit 2441la, a transmission actual
result storage unit 2441b, a success probability estimation unit 2441c,
a wer-ight calculation unit 24414, and a welghting processing unit 2441le.

" The success probability calcuiation-unit 2441a, the transmission actual
result storage unit 2441ib, and the success probability estimation unﬁit
2441c are substantially the same as the success probability calculation
unit 46a, the transmission actual result storage unit 46b, and the
success probability estimation unit 46c shown in Fig. 10, respectively.
However, the success probability estimation‘ unit 2441c acguires the
actual result value of success probability from the transmission actual
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t he weighting processing unit 2441e with the cal cul ated reception state

wei ght. The wei ght cal cul ation unit 2441d cal cul ates the reception state
wei ght based on the estinmate val ue of success probability acquire fromthe
success probability estimation unit 2441c. For exanple, the weight

cal cul ation unit 2441d conpares reception states of the nobfgubt2006ons 3
of a plurality of users with each other, and calcul ates reception state
wei ghts for weighting the priorities of packets to be transmitted to the
users. In this case, the weight calculation unit 2441d provi des the users
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directed to a user late in order low.

The weight calculation unit 24414 may uniquely calculate
reception state weights to be used for weighting the priorities of
packets to be transmitted to users, based on the reception states of
the mobile stations 3 of the users. In this case, the weight calculation
unit 24414 previously sets a plurality of numerical value ranges of
success probability and reception state weight’s'. in the case where i:he
estimate value of success probabllity is in the ranges. It is
preferable that the weight calculation unit 24414 sets weights so that

A reception state weight will heighten the priority as the estimate
" value of success probability corresponds to a range of greater numerical ‘
\}alues. It is preferable that the weight calculation unit 24414 sets
‘weights so that a redeption state weight will 1owei: the pricrity as
the estimate value of success probability corresponds to a range of

smaller numerical values. o
For example, in the case where the recepfion state weight is added

to the priority, it 1s preferable that a reception state weight
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3 that is extrenely small in estinmate value of success probability and

poor in reception state, and prevent the packet from being transmtted.

And the weight cal culation unit 2441d determi nes in which numerical range
the estimate val ue of success probability for the nobile station 3 of each
user exists, and calculates a value preset as a reception st@EtJlygoght f
or the case where the estimte val ue of success probability exists in that
nunerical value range, as the reception state weight for the priority of
the packet to be transmitted to the nobile station 3. The weighting
processing unit 2441e conducts wei_ght i rocessi b erfor [ tion
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directed to other users, the weighting processing unit 2441e can conduct
weighting processing by adding a reception state weight having a
positive value to the priority of the packet directed to the user desired
to be made higher in priority, multiplying the priority of the packet
directed to the user desired to be made higher in priority by a recepticn
state weight having a value greater than unity, adding a reception state
- weight having a negative value to the prior:.ties of packets of other
users, or multiplying the priorities of packets of other users by a
recept:l.on state welght having a value less than unity. The weighting
proce551ng unit 244le provides the priority comparison unit 245 with
the weighted prlorltles
According to the weight processing unit 2441, it is possible_\to
conduct weighting on the priority acdording to the actual recerption
state of the mobile station 3 and change the priority,. -and the control
device 204 can conduct channel assignment with due regard to the actual
reception state of the mobile station 3. Espécially, in the case where

the actual reception state of a certain mobile station 3 is poor, the
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hei ghten the priority of the packet. As a result, the control device 204
can assign a channel to a packet to be transmtted to a nobile station
that is good in reception state. Wen the reception state of the nobile
station 3 of the transm ssion destination is good, therefore, the base
station 2 can assign a channel to a packet directed to that 2¥Vohily 2086 at i on
3 and give an opportunity of transm ssion of the packet to the radio
station 208. Therefore, the base station 2 can prevent from assigning a
channel uselessly to a packet for the reason that priority of the packet
once obtained is high and wasting radio resgurcesl1 I n ot her mordﬁé_ﬁpe
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COpraI’I son uni I mers e g ) Wel ght
by welighting the priority of the pack t with the reception’state weight

or heighten priorities of other packets by weighting priorities of
packets directed to other mobile stations 3 that are good in reception
state with reception state weights. Thus the base station 2 can prevent

_from assigning an opportunity of transmission of a packet to a mobile

station that is not good in reception state, to the radio unit 8, and
'from wasting the radio resources. 7

And the base station 202 assigns a channel to a paqke;directed
to a mobile station 3 that is good in reception state and high in
preobability of success of transmission even though the priority
obtained once by the priority calculation unit 243 is somewhat low,
instead of thé packet directed to thre mobile station 3 that is not geod
in reception state. Thus it is possible to prevent resources from bei?ng
‘wasted. o ' -

Fig. 14B shows a weight .processing unit 2442 for conducting
weighting on priority by synthetically considering the reception state,
the transmission rate, the transmission Waiting time, and the delay

time. The weight processing unit 2442 calculates a synthetic weight
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cal culation unit 2442j, and a weighting processing unit 2442p. The weight
cal culation unit 2442) includes a reception state weight calculation unit
2442k, a transm ssion rate weight calculation unit 24421, a transni ssion
waiting tinme weight calculation unit 2442m a delay tinme weight

cal cul ation unit 2442n, and a weight unification unit 24420277nty Mécess
probability calculation unit 2442a, the transm ssion actual result storage
unit 2442b, the success probability estimation wunit 2442c, the

transm ssion rate conparison unit 2442d, the transm ssion waiting tine

e aaT e e By B e e i on
state we ghBLRaFELaACT SbGT H‘E“dgﬁiz‘ré‘gf"lrﬁlét%?‘éhgﬂﬁgs"gf‘fgg%%?%a‘ﬁrﬂé e

cal cul at i oreighitt p1242E 10y veltt3ei@sinalsiden a\alE¢eRs ProRabidiightcadgnéatrd@n on
uni ]E 24:12n&n1tth§4 g2 ax ﬁﬁéﬁ%mlﬂgi&mac@@élfl!élag?fh@%tdﬂa@e 244244200 4 becveight
uni fi cation are. subs e sa s S

probabi | i t%}rogjﬁgéﬁf‘5¥leﬁﬁlﬂ‘ﬁﬂ°n e %.tlgah? e¥‘ttrJr:éi"rIllssmmlgs%“‘%lnrgp c%iﬂgglg%sa Wor age
unit 2441b244dd 2 Heansmtesion prbhialsi ti@@c@@?¢mwm?ﬂ4m§@@mlmﬁ

Fi gt 14At ma&fﬂsonta@rts B4 8 Sh ¢ 0}412@5_»et SOMRAS i22QDg Udrid 2444a, 4 heilghansni ssion
wai tin i 0 ni a e,
9 nPlﬂEiSQP%A"AP 3421%;1 le%]%i%ﬁ Bf&@es%qgg H‘l:l?i? %4“&2&211%%

the timers® processing
wei ght  catedghst Fakcuktionqunit %Méhi%ﬁfé’rﬁ%s?o?ﬁ?%téoﬂeﬁbﬁe “siightati on

uni t 444fba1t:h¢ati@ﬂsm1&s bomraid icpgnémissivai ghte aalighkatarulanbt indidi |

the cel a%dale Met,ga%m&%% %}ai%npnhf %%J%gn@n&féa&a%bgmnﬁnbﬁug@t o

uni t 444k s respect € receptiron state weli
cal cul atii cswl&m W@Mezwﬁr ﬁACdJéétflﬁ’é un&é.%ﬂurﬁnﬂ %at#%‘ht HHFP%%?%‘ Wit the

cal ¢cul at ecueeeption state weight. In the weight calculation unit 2442j,
the reception sial Sucéf‘@%ﬁﬁﬁ%o%iﬁlilt@daqauﬂgfior?&ﬂ:g’l‘ 2h52§-n thg@rﬁhgﬂﬁési’&ﬁi ght

cal culation unit.
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the 65 27 uilty220D6, t&ueansmmsmowarﬂmgompﬁfeim gindt adtRq. héihéel ay tine

vve: ghf ta%angﬁ%%iﬁrﬂ%ﬂ:bﬁg SB&ﬂId"?bhﬁaﬂﬁo@hhnré\szdfl ngné aidiag wenght

cal cul at1 on _uni | | C

Sei oht i FAHAE By he 2422 Sl no S %R M n Pl LOMERUINAR B
the pri orlptrycmﬂfél @Gﬁs?él‘é?ﬁrngihtehée‘ﬁﬁﬁfrlé’lnl 93’6? Yal9hs SRLTHASAARL PR As a
result, thaszhasenstiatheni b aate pdRMNtastmdtianconst y2quzavenbé on of

radio transmission waiting time weight calculation unit 2442m, the delay time
weight calculation unit 2442n, and the weight unification unit 24420
are substantially the same as the success probability calculation unit

2441a, the transmission actual result storage unit 2441b, and the
success probability estimation unit 2441c shown in Fig. 14A, and the
Y transmission rate comparison unit 444a, the transmission waiting time
" comparison unit 444c, the delay time comparison unit 444e, the timers
444b, 4444 and 444f, the weighting processing unit- 4441, the weight
calculation -unit 24414, the transmission rate weight céldixlation unit
444h, the transmission waiting time weight calculation unit 4441, the
delay time weight calculation unit 4443, and the weight unification

unit 444k shown in Fig. 7D, respéctively. |

The reception state weight calculation unit 2442k provides 1‘:he

weight unification unit 24420 with the calculated reception state

weight. In the weight-calculation unit 2442j, the reception state
weight calculation unit 2442k is an individual weight calculation unit.
In the present embodiment, the weight-unifié:atioh unit 24420 unifies

the reception state weight, the transmission rate weight, the
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resource waste, maintenance of the assured transm ssion rate, maintenance
of the assured transm ssion waiting tine, and response to a request of the
perm ssible delay tine. Especially, while naintaining the assured

transm ssion rate, the assured transm ssion waiting tinme, and the

perm ssible delay tinme, the base station 202 can assign a chaTdaly 2006 a
packet directed to a nobile station 3 and give an opportunity of

transm ssion of the packet to the nohile station 3, to the radio station 8
when the reception state of the nobile station 3 is conparatively good.

Waste of radio resources can thus be revent %JWD“ ori t%/ %[(%rrparason
unit 245 coRIEmessil otaitiag ’b’fmepé’é&g gﬂ?e hE=WET 'ght "pFocessi ng
unit 244 vadtereashs otthesynanetjaidgeght a packet to be transnitted. The
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notified of the |or|t C a t eyP BPfHdson
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transmttif}@ trd pakialsibleldeeagihinke thbaidsens tatibe 202i am 435 igopehamwl uni t

245; condyct s facﬁgs QPSSO Conggﬁw fels by %nhf@@%e&ppc&%ﬁw&r&s a

packet to BethH uct s c annel” assi gnnent ]?
i nstant. QFankeissien ohikhe Patcllf@tptrq Bhe POPEHHPLR TEBh ur® ttl'f4%a%' %I% 1"t he
signal pr cacefashngne:rﬁetceaﬂiom dtutpaockethe dwbtiléi ctation dats aomparphtkey

determ ned, t g be, &Lt OQVPédionrtegaaeéasseaanm@@mtugtsvmal ty 66 27 July

2006 | | t nd t t t
init 241 of a pRENEEIPE HECRESFEHER B HhANAC A e o £LG o BAGERS, U0

conpar i somweighte@4y hist weilgt roceE aina gRLE A4 4ut th 2agh StheRe ass jipdoesof

priori f y éé@@bet%nehi@téd y '@IQéTpﬂietuSﬂﬂr wm:iaﬁ%n runti it {248SE 1atee ugdnme
control wuni of on resul stul d be
execut ed @rw?’eqlttegv%?Ck q;nglaslsnc?m a“?h ﬁi thhfoamg g% EA02 BL 33ang

nti1fication dat adof
the packeton Tiireophek SEnGettEeRTAAF I %elplaé‘t-fon unit 245 Fixes Gpon weidich
packets having low priority as the packets to be untransmitted this

time, and determines to leave over the transmission of the packets.

The priority comparison unit 245 assigns a channel for
transmitting a packet to the packet determined to be transmitted. The

{ 0 priority comparison unit 245 notifies the radio unit 208 of a result

of the channel assignment. The radio unit 208 transmits the packet to
the mobile station 3 according to the channel assignment notified of
by the priority comparison unit 245. The priority comparison unit 245
compares priorities every packet, and conducts channel assighment every -
packet. It ispreferable that immediately before actually transmitting
a packet to the mobile station 3 the priority comparison unit 245
conducts fast comparison on the priority of the packet, determj.ne.,_‘sr a
packet to be transmitted, and conducts channel assignment £rom instant
to instant.

On the other hand, the priority comparj.son unit 245 provides the
signal processing unit 241 with packet identification data of a packet

determined to be left over in transmission, conducts priority
66



over in transm ssion enters a queue. Therefore, the tine control unit 242
continues the neasurenent of the transmi ssion waiting tine on the packet a
notice of |eaving over transm ssion of which has been given to the tine
control unit 242 by the priority conparison unit 245. As a result, the
transm ssion waiting tinme of the packet is gradually updated7Jaly2086 ot her
hand, as f or the packet judged to be transmtted, it is not necessary to
update the transm ssion waiting tine, and consequently the tine control
unit 242 finishes the nmeasurenent of the transm ssion waiting tinme. In

this way, the prlorlt corrprlsonu it 24 I n a_.channel nt r ol
uni t that Sa5SHGCR BRENTRIS 4P 3 r%anqsm grsllgolho f%'?% the 3 BB R R cessggg to a

packet, bas&t2éhofrd padkat bf be lsespankee chergat ed FbythQW%lt@l¢tprﬂP§éé§s i ng
unit 244, cbfipd & o0k {012 48eMb e 204 thé heime’ e6RPEdOMnStaE £ oF tie raebite

station Sk seeonstienedabicdiic ML glicr PPEERSIIA ML 28 TECRIL OELY.
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packet frpm aocheimedlthdevemramenyes ahe tthranbases sirawadting 02nyica the

net wor k #&etagdni@fc&%w&éwdg s{zéﬁ%aﬁemsgﬁi‘ R &S nab r@ee@laﬁjk.@én
(S201) . e network I nterface unit
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t akes outatdrsupackete fromsmhestomnaditdagoninsyoffethe 288 kedndls preadudddyt he
si gnal prlﬁszfa&%ang dthe d4heWnlahal PR £ONthObackst AR @B Wfﬁar@fnﬂ:ﬁ@d
packet. The s g ?I rocessi n? U%A e4l1iea ur{srm S j(%)S“lrar}_ft J,on ang
transmi ser‘anSd ki PR s & s fPRation romt con r 61 67 27

July 2006consefigently dhephine generel B&ék@t‘*z'ﬁfﬂéllﬁhéae‘tt@r Wi‘ﬁéﬁeﬂ‘ﬁﬁh% ¥R¢ on
rate prigfdnishieal enllwaiitafhgupite 2435 hol ds the transni ssion destination

user Identifl EI?EPEQ w%gv;]atﬁ;gr Icﬂ_r‘itgy gara%i‘ééﬁ‘{xﬁgt tz&%’lﬁﬁlléﬁé% %@I"xgnﬁ@l as to

associ ate the uires assure
t ransmi ssTFIPAt BnbE Hhalsapsding %BPP%e%tf&rl &R a?ss’?’rfa‘?tmf“s te r thesmeRsion
desti nat isvathases, otp th@atkans masidonn destdridlyi of tisepackentweigbaed dy

data. Furdfetappge ShscdNseHgt &E1H 3] . ran ek SebNrd128vPEL Yoal Yine
reception state of the moblle station 3 is con51dered by the weight
processing unit 244. The pricrity comparison unit 245 can conduct
channel assignment by comparing priorities-weighted considering the
reception state. In the control device 204, therefore, processing of
channelassignméntcanbesimplifiedascomparedwiththecontroldevice
e shown in Fig. 2.
‘ - (Communication Method)
A communication method executed by using the communication syStem
including the base station 202 will now be described. As shown in Fig.
.15, first, a packet from a terminal Gevice arrives at the base station
202 via the network .10, and the network inferface unit 205 acgulres
the packet (S201). The network interface unif 205 temporarily stores
the acquired packet in the transmission buffer 206. The baseband;
;processing unit 207 takes out the packet from the transmission buffer
206, and provides the signal processing unit 241 with the control
information part of the packet.
The signal processing unit 241 acquirés QoS information and

transmission destination user ldentification data from the control
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cal culation unit 2435 acquires QS-assured transm ssion rate fromthe QS
information. In this way, the predetermned transm ssion rate priority
ccalculation unit 2435 acquires predeterm ned transm ssion rate information
: (S202). A nobile station 3 conducts detection to determ ne whether there

Is an error. in the received packet (S203). The nobile stati o273ul2006snm ts
a result of the detection to the base station 202 on an up control channel
as a control signal containing ACK/NACK information to effect feedback
(S204). The radio unit 208 receives the control signal fromthe nobile

station 3 asog]gmattg SbOoPELRC SRRUDR. Utk S (AEAN LE% G AN Ok o 0Nl

fromthe cessing u acquires
i nf or mat i %1?18205“7‘&1%4@13#@{1 RS A 4551 Bt dsa ke Lrangnigsiop deqtdnpaieHRSeR; t
2431 det eménﬁeeacwmebﬂerathhmqaankeiyst@msassmfm fedn s sefiontratle hassbeen
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t he trans@iessiran ipatdessid omtthentrahSadFyionhesnobitienstsdd dded itfigation s t he

esti mat edad {ANSELOS| ARRA! Nendigrdabt Ofndifed Reabais sSR! boRe 2A2o0RcAN UP

cont rol annel as a contro ? cont ai ni g tran mss on
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241 acqw%:%éﬁ% Egﬂéﬁﬁtl%hgﬂﬁ‘it F438Mab§81 aS PRk d¥nAGeaS L khdaliskig®7 and
acquires the transm ssi OB&Fﬁ?g I nformati on (8209) The priority
5

cal cul at i TH-urdPEo3%3t 134 the synthetic priority of the packet based
on the QoS i nf drumdtiilenstation heandectnAshectioantpdekerning shaghsohhetme
transm ssi®nmPairhori I anEatkogivandathet prezdal er mheeflobi B S Hatb0IB I at e

| pfor i on (810). . Ths el il REPESSNG, WA 242 SAIUS! Soyionigg on

t he synt% pr|0r| y priority calculation unit
(S211) . TrRatFelofheagath@Sati %rahtn% ﬁlaaasl 68&]55%%’5“3/\@1‘36%?'%@( pratermeliess 27
July 2006to Gfffaceeréedvacrackets W t thavetagiibednpr i208i reesivds ahbhecopaohiet s,

and  det elgs e EUAST nbber PATkRLoSNOU h.,ouk.ﬂa bnd 20841 :8deb SRl hnat 210

wei ghted priority of ({) Hrlorltli énger ckets
Bt Phe. StansssEne HRRE el B EFDY KB RRAACSBH RFGCPS58 it the
packet shouludrbe thaR?SK/NAEK inThemptior (6908bnpike smriranspnlisRPm pashsgns a
channel tg- :._toa-%tgaegféulaacagntmf adiz@ 80idrmdA8st WGP Snet RRoiRACKes tO the

mobi | e Steuéorma 1$n é% thch has been acguired by the 51gnal processing unit
241 at the step S202, is a retransmission packet or a new packet, based
on the packet identification data and the ACK/NACK information (S5206).
The mobile station 3 estimates the transmission path situation
(§207). The mobile station 3 transmits the estimated transmission path
() situation to the base station 202 on an up control channel as a control
. signal containing transmission path information to effect feedback
(S208). The radio unit 208 receives the control signal from the mobile
‘station:3,andthesignalprocessingunit241acquiresthecontrolsignal
from the baseband processing unit 207 and acquires the transmission
path information (S209). : , h
The priority calculation unit 243 calculates the synthet:.c
priority of the packet based on the QoS information, the

new/retransmission packet information, the transmission path
information, and the predetermined transmission rate information
{S210). The weilght processing unit 244 conducts weighting on the
synthetic priority calculated by the priorify calculation unit 243
(S211). The priority comparison unit 245 compares weighted priority
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On the other hand, if the weighted priority of the packet is |lower than
priorities of other packets at the step (S212), then the priority

conpari son unit 245 judges that the transm ssion of the packet should be
|l ef t over. And the packet enters a queue. The priority conparison unit
245 notifies the tine control unit 242 that the transm ssion 2¥ JulyReopacket
is left over. And the time control unit 242 continues neasurenent of the
transm ssion waiting tinme of the packet, and updates the transm ssion
waiting time (S214). The priority conparison unit 245 notifies the signal

processi ngaunlt 41t at the ansm S'Or%ritél%s 9058{9,1' Eﬁ%ﬁso‘éﬁﬁ The

packet juldfed TF Ba" BTGVt SSi 85T on Rg? e priority
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the nobi | gh%elg%tﬂec&ntg - o%rihgr&‘% GAMRafEsE unit 245 can determne a

packet to ansmtted ased on t e wei ght ed EI’IOI’II% d conﬂuct
channel assi giPfette o VipehBaRd pdf fdeniahdsfinnoréty Atct %pﬁgkeptr FBrirgt
cal cul at edhangeiotheref of eythelrepdrged ssd atthers t2Q2( Sk . heéhewthe drigesktre

204 can ag ﬁrl.;%} %oah&m:eluasj%%%m RRY ﬁ@mmgs@f&pro@ tackle snbezept i on
state of t [ e statjon ime when th is transmtted.
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wei ght i ngtmttﬁ@smﬁsé-lopt";ﬂjéﬁ-néa‘“éﬁ‘e (r?ééléét dRPRRISTYY ISPTPREL P B’PH g45
cal cul at i gt iiiels; tRe Ghiamael peafdssahgumit et t@sed ghengransoianhet dfothe
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the prioriiy acket’ rocessing unit: and a
t ransni sstoreubieett B‘? ‘Ehr‘-“ar%'lerFfﬁhg:atlﬁ@lﬁ‘é{:%t Pf:g"ﬂ'ngy ?‘ g?at"‘l“(ﬁln on tile

channel assugnadobyct heightethekicoikiesl agamint. 2n thieepbied tyt ealarlagtenr di ng
to claimg,qwWaehaking haneeitglhsmission waiting time is also considered.
According to the communlcation system, the base station 202, the
control device 204 and the communication method, the weight processing
unit 244 conducts weighting on the'priority calculated once by the
priority calculation unit 243 based on the reception state of the mobile
station 3. The priority comparison unit 245 can determine a packet to
ff? be transmitted based on the weighted priority, and conduct channel
assignment. Without being necessarily restricted by prioxrity
calculated o’ni:e, therefore, the base station 202 and the control device
204 can assigﬁ a channel as occasion may demand according to the
reception state of the mobile station 3 at the time when the racket

is transmitted
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processing unit conducts weighting on the priority based on a transm ssion
rate of the packet transmtted fromthe transm ssion unit to the nobile
station. 3. rhe base station according.to claim1, wherein the weight
processing unit conducts weighting on the priority based on tine during
whi ch the transmi ssion unit does not transmt t.he packet, si2rgaly 2606
acquisition unit has acquired the' packet. 4. The base station according to
claimi, wherein the weight processing unit conducts weighting on
thepriority basedon tine elapsed since the term nal device has
trans-mtted the packet. 5. The base station according to claim1l, wherein
the weight processing unit conducts weighting on the priority based on a
recepti on wiadiseisdhedbe nobile station. 6. The base station according to
claim1l1, wherein the channel control wunit assigns the channel to'the
packet based on the priority of the packet weighted and a reception state
of the nobil d.st at Abase sTQiod Zothptiyin 006 7. The base station according - to
claiml1, whereint priority
based on whet her tﬂ?c%ﬁkﬁ&h%¥ﬂﬁ&%kﬁ§#ﬁg gﬁ$HWh£ﬁ&ﬁhg b®kgﬁgh£%9tted to the
nmobi | e st ati cl§viggdd amepile spéong r ansmi ssion unit: 8. The base station

according to C|alnh}noM@%ﬁ%hﬂh&$@mpﬁhQEk&MunéﬁH&H§QFhQBnHﬂkh\ﬁﬂlCU|ateS the
priority based on a situation o ransnj ssi on or med ‘between t he

transni ssi on GRS Sach R ék‘?‘rﬁﬁ‘i“l"éd%&“éf"ﬁcﬂﬁ‘s“@“ “’I“r'lécpwﬁé‘@ bile s4318% according to
claim 1, wherein theefght procdsying aall éor cehdating Mieightiag onlthetpemritshef dach ority

based on qua¢ﬁ5%“950@ﬁ&35§ﬁwlﬂﬁ"ﬂpgﬂﬁﬂgp’gmllo The base station according

to claim1l erein I"0h unit cal cul ates the priority
based on time duri ﬁghwpmntf?lhémtfﬂamm@suacﬁhmuwi for ggpynipgien ok thp gdket t he

packet, ' sinqg ik BobiRCHijoR th't@@m%ﬁﬂbttbamlﬁﬁﬂﬂhér@t of (iR pReKkdf Mleighiel-byThe base
station accorg ?Eho claim1 ﬁreln the priori calculatlon unit

cal cul ates tH&® F PrOGESHAg MR da pr edet er i ned transn155|on rate
determ ned as a transmnsssxmmmtaﬂoetrmﬁsmihmgpmpeeket t¢ tlamsobiletseatiof pothet he

transn155|ontmghklﬁgu%ggb Qu%ng (D anit 2 'rhe base station according to
claiml1, whereint rio each pac is calculated by using a

plurality of Kkinds of |nfornat|on, and
2. The base station according to claim }, wherein the welght

processing unit conducts weighting on the priority based on a

transmission rate of the packet transmitted from the transmission unit
to the mobile station.

3. The base station according to c¢laim t, wherein the weight
processing unit conducts weighting on the priority based on time during
which the transmission unit does not transmit the packet since the

acguisition unit has acquired the packet.

4. The base station according to claim 1, wherein the weight
processingunitconductsweightingontheprioritybasedontimeelapsed
since the termipnal device has transmitted the packet.

5. The base station according to claim 1, wherein the weight

processing unit conducts weighting on the priority based on a reception
state of the mobile station.

6. The base station according to claim 1, wherein the channel control

unit assigns the channel to the packet based on the priority of the
packet weighted and a reception state of the mcbile station.
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wherein the priority calculation unit conprises: a plurality of individua
priority calculation units for calculating a plurality of individual
priorities respectively based on the kinds of information used to
calculate the priority; and a prioritv unification unit for unifying the
individgl priorities calculated by the individual priority Qally 28060n
units and determning the priority. 71 27 July 2006 13. The base station
according to claim 12, wherein the priority unification unit determ nes
the priority by multiplying the individual priorities respectively by
coefficients and adding up the individual priorities respectively
multiplied by the coefficients. 14. A control device conprising: a priority
calculation unit for calculating priority of transm ssion with respect to
each packet to a nobile station; a weight processing unit for conducting

wei ghting on T-he priowaby ofateasacqoaskey t@%ﬁdﬂnﬁ&e%ﬁ)femetr@h ¥y
annei-Yf o

cal cul ation Luy u1ap u r t_for._assignin
transm ssi on of ! trlle %ggug?é%{aggt E&%ts ﬁlﬁ gps?nttyo ElSE’tdog"f H’é‘ patkdfe tj?ééiéat on

the priority of *the rﬁ&ﬁ‘kﬁﬁ%.@%a s efeiqhbe mobsbs sitagiamagainlby A
comruni cat i orth¢y $remmigapen simdg: a nobile stati-on for conducting packet
transm ssion and reception; and a base station, wherein the base station

conprises: ,ig ac LE f i |n a cket transmtted froma
Corminal - devco 1o Repondraen BeoBRht £ dplF Rarbls domone ey  or

cal cul ati ng pri SPli?Voélf “Pjr'ér??r]rf:%?tc?ﬁ fine rPriPE%ﬁ?eéﬁs%fb aiaghs Paek een acqai r ed
by the acqui STFEFORLILMIN Rayht Hermegbibd teregt athieotcanamived ight upt0Ees $heGounid f or
conducti ng weitghtomg on the priority of each packet cal culated by the
priority calculation unit; it channel control 'unit for assigning a channel
for transm sgj on q; g acket to the nobile station, to the packet based
on the prlorlty of 1°h&%% éﬁﬁ?lﬂﬁfﬁﬁféﬁnﬁytoﬂﬁéiWe}gHPeﬁFUté§S|ngkunty and
it transm ssiGAcuhttiopornty &ﬁé?ﬁltattﬁﬁgtrtehermdketbds@dtdﬂeqnﬁmdyeosts&'&:bﬂéb on
the channel o&sshgnedkby.the channel control unit. 72 27 July 2006 16.
Acomuni cation nethod conprising: acquiring a packet transmtted froma
term nal devige tq.,a nglL& tation; _calculating priority of transm ssion
with respect t0 each acqui TEH T PACKEPTIYY RSB | e WoeAtihihe priority

lculation unit calculates the priority based on time during which
the transmission unit does not transmit theé packet, 'since the

acquisition unit has acguired the packet.

11. The base station according to claim l, wherein the priority
calculation unit calculates the priority based on a predetermined
transm1551on rate determined as a transmission rate of the packet
transmitted from the transmission unit to the mobile station.

12. The base station according to claim 1,

wherein the priority of each packet is calculated by using a plurality of
kinds of information, and

wherein the priority calculation unit comprises:
a plurality of individual priority calculation units for calculating a plurality

of individual priorities respectively based on the kinds of information used to
calculate the priority; and 7

a priority unification unit for unifying the individugal priorities calculated by

the individual priority calculation units and determining the priority.
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conducting weighting on the calculated priority of each packet; assigning a
channel for transm ssion of the packet to the nobile station; to the
packet based on the weighted priority of the packet; and transmtting the
packet to the nobile station on the assigned channel. 17. The conmuni cation
met hod according to claim 16, wherein the base station cond@ztRlyee@hti ng
on the priority based on a transm ssion rate of the packet transmtted
fromthe base station to the nobile station. 18. The comuni cati on net hod
according to claim 16, wherein the base station conducts weighting on the
priority based on.tinme during which the base station does not transmt the
packet, since the base station has acquired the packet. 19. The

comuni cati on nethod according to claim 16, wherein the base station
conduct s vveﬂght |Th§ basd (statipm |au:o|ﬁy\gba:s edmﬁ)mz |mrﬁh agpe Priciity) GRificatloR umt

term nal de e catl on nmeth
accor di ng t%’ég aim %E’ﬁ&mé}ri‘ﬁ'gp’ itr% V'é"?ﬂ g?qngﬁs @Sﬁwmg‘%iﬁ V\é?edf‘ﬁ"?%a% t he
priority baa¥ingo the Iﬂét‘v@lp@ilp@nrltesaeaaectwéiytrﬂwlpmmw the sbefidciens. 21. The

comuni cati on nethod according to claim 16, wherein the base station

assi gns the( chanrglel(mhgléhe packet. based on the weighted priority —of the
packet and a recéption STACECBPISNE mobile station. 22. The communication
met hod accor di ngatpeiodtyeéateulBionwin@rfer ulelAingasRrinsbAkiRMiGH WAL €S the

priority baé?gcpﬂ e‘ﬁ’@ﬁw& ttoq hag sﬁmol s a retransm ssion packet

transmitte |onaa|h by the base station. 73 27 July
2006 23. The comﬂﬂlﬁchéwmrhbf@r amulucdmmgeutghnmg@nnielfﬁxorfv\&l@ﬁ*&lcn t he base

station calpdkalceRull@ RthOblidt S| tuatl on of a transm ssion
pat h fornmed between thehq{ g] | g??%ﬁgg% ?‘h m)bl | e station. 24- The

conmmuni cation rret‘ﬁB%f‘“ﬁb%ﬁ"&f wgf fos agsigiing 2 6hannhkfoeimndniissibastihe pheet ON

cal cul at es tbhke pobidd ithyor) BSQAE pBEk OB et. 25. The
comuni cat i ?ﬁ‘ﬁg"md acocor Lng tg cl g?%w%fpr\ﬁﬁﬁygfﬁw ad&bwscégq'?esfbgh on

cal cul ates BYOFEY! "lff"rd‘é‘@d on time during whicft the base station does
not transmt the packet, since the base station has acquired the packet.
26. The conmuni cati on nethod according to claim16, wherein the base

station cal qyl at eg cbAGLRICLGS gﬁtcgpg@%rﬁ% predetermi ned transmi ssion rate
determ ned as a transm ssion rate t he packet transmitted from the base

station to the nobmpkilasstationofer conducting packet fransmission and reception; and
a base station,

wherein the base station comprises:

an acquisition unit for acquiring a packet transmitted from a terminal
device to the mobile station:

a priority calculation unit for calculating priority of transmission with
respect to each packet acquired by the acquisition unit to the mobile station;

a4 weight processing unit for conducting weighting on the priority of gach
packet calculated by the priority calculation unit;

a channel control unit for assigning a channel for transmission of the packet

to the mobile station, to the packet based on the priority of ihe packet weighted by

the weight processing unit; and

4 transmission unit for transmitting the packet to the mobile station on the
channel assigned by the channel control unit.
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27. The comruni cation nmethod according to claim 16, wherein the priority of
each packet is calculated by using a plurality of kinds of information,
and wherein the base station calculates a plurality of individual
priorities respectively based on the kinds of information used to
calculate the priority, and ihe base station unifies the i n@dAJuly2d06
priorities and determnes the priority. 28. The comruni cati on net hod
according to claim 27, wherein the base station determ nes the prioritv by
mul tiplying the individual priorities respectively by coefficients and
adding up the individual priorities respectively nmultiplied by the
coefficients. 74

16. A communication method comprising:

acquiring a packet transmitted from a terminal device to a mobile station;

calculatmg priority of transmission with respect to each acqulred packet
to the mobile station;

conducting weighting on the calculated priority of cach packet;
asmgmng a channel for transmission of the packet to the mobile. station, to
the packet based on the weighted priority of the packet and

transmitting the packet to the mobile station on the asaigncd channel.

17. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on a transmission rate

of the packet transmitted from the base station to the mocbile station.

18. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on time during which
the base station does not transmlt the packet, since the base station
has acguired the packet.

19. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on time elapsed since
the terminal device has transmitted the packet.

20. The communication method according to claim 16, wherein the base
station conducts weighting on the priority based on a reception state
of the mobile station.

21. The communication method according to ¢claim 16, wherein the base
station assigns the channel to the packet based on the weighted priority

of the packet and a reception state of the mobile station.

22, The communication method according to claim 16, wherein the base
station calculates the priority based on whether the packet is a

retransmission packet transmitted to the mobile station again by the
base station.
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23, The communication.method.according to claim 16, wherein the base
station calculates the priority based on a situation of a transmission
path formed between the base station and the mobile station.

24. - The communication method according to claim 16, wherein the base

staticn calculates the priority based on quality of service of the
packet.

25. The communication method accoxrding to claim 16, wherein the base

staticon calculates the priority based on time during which the base
Stationdoesnottransmitthepacket,sincethebaseStationhasacquired
the packet.

26. The communication method according to claim 16, wherein the base
station calculates the priority based on a predetermined transmission
rate determined as a transmission rate of the packet transmitted from
the base station to the mobile station.

27. The communication method according to claim 16,

wherein the priority of each packet is calculated by using a plurality of
kinds of information, and

wherein the base station calculates a plurality of individual priorities
respectively based on the kinds of information used to calculate the priority, and

the base station unifies the individual priorities and determines the priority.

28. The communication method according to claim 27, wherein the base
station determines the priority by multiplying the individual
Priorities respectively by coefficients and adding up the individual

priorities respectively multiplied by the moefficients.
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