
I  DESCRIPTION PACKET COMMUNICATIONS SYSTEM, PAC .ET COMMUNICATIONS
METHOD,  BASE STATION, MOBILE STATION, CONTROL DEVICE AND PACKET  `a
COMMUNICATIONS PROGRAM TECHNICAL FIELD The present invention relate,,
to a packet communication::  system, a packet communications method,
a base station, a mobile  10 station, a control device and a packet
communications program, all of which are for performing packet
communications through  a radio link establishes between a
transmitting station and a  receiving station. 15 BACKGROUND ART In a
conventional packet communications system, upon  receipt of a packet
addressed to a mobile station, a base station  allocates radio
resources (power resources and the like) up to  maximum available
transmission power of the base station, and 20 transmits the packet
to the mobile station, For example, in  a CDMA System,, upon receipt
of a packet addressed to a mobile  station, a base station allocates
code resources up to maximum  available transmission power of the
base station, and transmits  the packet to the mobile station. 25 In
the conventional packet communications system as  described above,
when packets arrive at a base station in a burst  way, transmission
power of packets in the base: station 2  significantly fluctuates
temporally. Thus; fluctuation of an  interference level (interference
power) in a mobile station  



belonging to another cell becomes large. FIG. _ shows a schematic
configuration of a conventional  5 packet communications system in a
downlink. In this drawing,  it is assumed that a base station ESl
controls a cell (area)  "A," and communicates with mobile stations
P131 and M33 which are  located in this cell "A", and a base station
E52 controls a cell  "B' and communicates with a mobile station 1452
which ,is located 10 in this cell "b". Description will be given
below while  focusing on reception situations in the mobile station.
1452.,  In a packet communications system performing transmission
power control (TPC) , based on an interference  level received by a
receiving station in an immediately  35 preceding slot, transmission
power of packets of a transmitting station in a next slot is
determined so as to have a target SIR  (signal--to-interference power
ratio) which is obtained by  adding a TFC margin to a required SIR of
the receiving station. For example, in the packet communications
system  20 performing the transmission power control, as shown in
FIG. 2C,  based on an interference level received by the mobile
station  MS2 in a slot: 1 (see FIG. 2B) , transmission power of a
packet  addressed to the mobile station M.52 in the base station 1352
determined so as to have a target SIP (for example, 4 d13) which 25
is obtained by adding a TPC margin (for example, I dE) to a  required
SIR (for example, 3 dB). However, as shown in FIG, 2A, when a large
quantity of 3 packets arrive at. the base station BS1 in a slot 2,
the base  station BSI allocates code resources up to maximum
available 



transmission power base soation 8S1 Thus co total transmission power
the base  station 8311- in the Sint  5 . , total transmission power
of the base station BS1 in the sloe. 2 .s drastically increased. As a
result, as shown in FIG. 28.  ':eve'.:. the interference level in the
mobile station MS2 from base  station HS1 is rapidly increased Jr,
thiE~ slot 2. Therefore, as  shown to, FIG. 2D, in the mobile station
M32, an SIR of a received 10 signal fails below the required SIR to
cause packet reception  failure, As described above, the conventional
packet:  communications system described above has a drawback in
that,  regardless of the TPC margin, the rapid increase of the 15
interference level in the receiving station due to burstiness  of
;rackets causes the packet reception failure in many cases.
Moreover, there is a drawback in that such packet reception  failure
deteriorates a communications quality and decreases a  system
capacity. 20 DISCLOSURE OF THE INVENTION The present invention was
made in consideration of the  above; circumstances, It is an object
of the present invention  to provide a packet communications system,
a packet. 25 communications method, a base station, a mobile=
station, a  control device and a packet communications program, which
are  capable of improving satisfaction rate with a system capacity 4 



and a quality of service (QoS) by dynamically limiting  transmission
power of packets in a transmitting station and  keeping an increase
of an interference level in a receiving  station belonging to another
cell within a TPC. margin. 5 In order to achieve the foregoing
object, a first aspect  of the present invention is summarized as a
packet  communications system which performs packet communications
through to radio link established between a transmitting station  and
a receiving station. The packet communications system 10 includes a
transmission power setter configured to set  transmission power of
packets in a next step period, by use of  transmission power of
packets in a preceding step period and  an interference level of the
receiving station, Moreover, the first aspect of the present
invention is  15 summarized as a packet communications system which
performs  packet communications through a radio Link established
between a base station and a mobile station. The packet
communications  system includes: step setting means for changing
transmission  power for each of step periods oil a predetermined
length when 20 one or a plurality of packets are transmitted in the
radio link;  and transmission power limiting means for setting
transmission  power in a next step period by use of transmission
power in a  preceding step period and an interference level for the
mobile  station. 25 F second aspect of the present invention is
summarized  as a packet communications met.i"tod for performing
packet  communications through a radio link established between a
transmitting station and a receiving station. The packet  



communications method includes setting transmission power of  packets
in a next step period by use of transmission power of  packets in a
preceding step period and an interference level  5 of the receiving
station. Moreover, the second aspect of the present invention is
summarized as a packet communications method for performing  packet.
communications through a radio link established between  a base
station and a mobile station, The packet communications 10 method
includes: a step (1) of changing transmission power for  each of step
periods of a predetermined length when one or a  plurality of packets
are transmitted in the radio link; and a  step (2) of setting
transmission power in a next step period  by use of transmission
power in a prececdin step period and an  15 interference level for
the mobile station. A third aspect of the present invention is
summarized as  a base station which performs packet communications
through a  radio link established between the base station and a
mobile  station. The base station includes a transmission power
Better 20 configured to set transmission power of packets in a next
step  period by use of transmission power of packets in a preceding
step period and an interference level of the mobile station,
Moreover, the third aspect of the present invention is  summarized as
a base station which performs packer.  25 communications through a
radio link established between the base station and a mobile station.
The base station includes - step setting means for changing
transmission power for each of 6  step periods OF a predetermined
length when one or a plurality  



of packets are transmitted in the radio link; and transmission  power
limiting means for setting transmission power in a next  step period
by use of transmission power in a preceding step 5 period and an
interference level for the mobile station. A fourth aspect of the
present invention is summarized  as a mobile station which performs
packet communications  through a radio link established between the
mobile station and  a base station. The mobile station includes: an
interference 10 level average value obtainer configured to obtain an
average  value of interference levels received by the base station in
a preceding fixed period through an announcemen'c signal from  the
base station; and a transmission power setter- configured  to set
transmission power of packets in :.= next step period by 15 use of
transmission power of packets in a preceding step period  and the
average of interference levels. Moreover, the fourth aspect of the
present invention is  summarized as a mobile station which performs
packet  communications through a radio link established between the
20 mobile station and abase station. The mobile station includes:
interference level obtaining means for obtaining an average  level of
interference received by the base station in an  immediately
preceding fixed period of time in order to change  transmission power
at the base station Fide for each of step 25 periods of a
predetermined length when one or a plurality of  packets are
transmitted in the radio link, the average level  being obtained
through an announcement signal from the base 7  



station; and transmission power limiting means for setting
transmission power in a next step period by use of transmission
power in a preceding step period and the obtained interference
1eve,L, 5 A f i f Ur: aspect. of the present invention is summarized
as  a. control device which controls packet communications performed
through a radio link established between a transmitting station  and
a receiving station. The control device includes a  transmission
power se-t:ter configured to set transmission power 10 of packets in
a next step period by use of transmission power  of packets in a
preceding step period and an interference level  of the nee eivfng
station. Moreover, the fifth aspect of the present invention is,
summarized as a control device which controls each base station  15
which performs packet communications through a radio link established
between the base station and a mobile station. The  control device
includes: step setting means for changing  transmission power for
each of step periods of a predetermined  length when one or a
plurality of packets are transmitted in 20 the radio link; and
transmission power limiting means for  setting transmission power in
a next step period by use of  transmission power in a preceding step
period and an  interference level fox the mobile station, In the
fifth aspect of the present invention, it is  25 preferable that a
transmission power storage configured to  store the transmission
power of packets in the preceding step  period, and a transmission
power limit value calculator configured to calculate a. to ,:asm :i
s.Lcn power value :,31' the  



next step period _!lv by use of the t-.. ...n..i:Cl].,_is10Yi power
of _ ....._e, .o_. _n the, transmission power storage are further
included,  and t h e transmission power setter is configured set the
5 transmission power of packets in the next step period to he smaller
than or equal to the transmission power limit value,  Moreover, in
the fifth aspect or the p esen't invention,  it is preferable 1~ that
a quality of service monitor configured  to monitor a quality of
service in the radio link is further  10 included, and the
transmission power setter is configured set the transmission power of
packets in t:Ji next: step period  to exceed the transmission power
1iimi_ value within maximum  available transmiss .c.n power the
transmitting station when  the quality of service is smaller than n
eqnal t:. a   predetermined value, Moreover, in the fifth aspect of
the present invention,  it is preferable that the transmission power
setter is  configured to set the transmission power of the rackets in
the  next step period in accordance with an interference level of 20
the transmitting st ation when the transmission power of packets  in
the preceding step period is 0. Moreover, in the fifth aspect of the
present invention,  it is preferable that the transmission power
setter is  configured to set the transmission power of packets in the
next 25 step period based on an average value of interference levels
received b the transmitting station in a preceding fixed  period. 9  



oreover, in the h aspect of t.h+=.e present in~Jent:ion, it is
preferable that the transmission power setter is  configured to set
the transmission power of packets in the next  step period i :
accordance with an average value of transmission  power of packets in
a preceding fixed period when the  transmission power of packets in
the preceding step period is  0, Moreover, in the fifth aspect of the
present invention,  it is preferable that the transmission power
limiting means  1.0 inc?udses: transmission power storage means for
storing transmission :ower in each of the step periods; and limit
value  calculation means _or calculating a transmis.s.,ion power
limit  value in the next step period by use of the transmission power
stored in the transmission power storage means, and the 15
transmission power limiting means sets transmission power in  the
next stop period to be smaller than or equal to the  transmission
power limit value. Moreover, in the fifth aspect of the present
invention,  it is preferable that request quality a nitozing means
for  20 monitoring Q>o s for the radio link is further included, and
the transmission power limiting means has a function of setting the
transmission power of packets to exceed a transmission power  limit
in the sear period within maximum transmission power when  the 00S is
smaller than or equal to a predetermined value. 25 Moreover, in the
fifth aspect of the present invention,  it is preferable that the
transmission power limiting means sets  transmission power in the
next step period in accordance with 10  



an interference level at the base stat:icn side when transmi-ss on
power in the step period is Moreover., the Fifth aspect Of pre=en.
invention,  is preferable that interference level announcement means
for  f informing themobile station of an average level of sr.-ter e
rence ceived by the base station in an immediately preceding fixed
period of time use of an ar(.-Jn F'.ce t signal to t:he mobile
station from the base station is further included, and the  trans
miss ion po,,,,e.r limiting means has a Lunt`.._Ion setting the 10
transmission power based on announcement. from, ',hem ert erence.
level announcement means' Moreover, in the fifth aspect of the
present invention,  it is p:r__fe:n :ble that the transmission power
limiting means sets  transmission power .`Lin the next Step periocdi
in accordar.c.e with 15 average transmission power of the base
station before a fixed  period of time when transmission power in the
step period is  1. A sixth aspect of the present invention is
summarized as  a packet communications program which performs packet.
20 communications through a radio link established between a
transmitting station and a receiving station. The program  allows a
computer to execute processing of setting transmission  power of
packets in a next step period by use of transmission  power of
packets in a preceding step period and an interference  25 level of
the receiving station. Moreover, the sixth aspect of the present
invention is  summarized as a packet communications program which
performs 11  



packet cowsnunications througha radio link established between  a
base station and a mobile station, The packet communic ations
program allows a computer to execute processing which inccludes:  a
step (1) of changing transmission power for each of step 5 periods of
a predetermined length when one or a plurality of  packets are
transmitted in the radio link, and a step (2) of  setting
transmission power in a next step period by use of transmission power
in a preceding step period and an  interference level for the mobile
station. ID A seventh aspect of the present invention is summarized
as a control device which controls packet communications  performed
through a radio link established between a  transmitting station and
a receiving station. The control  device includes a resource
allocator configured to allocate a 15 radio resource in a next step
period by use of total reception  power of packets from the
transmitting station in a preceding  step period and the quantity of
packets accumulated in the  transmitting station. An eighth aspect of
the present invention is summarized  20 as a base station which
performs packet communications through  a radio link established
between the base stet:ion and a mobile  station. The base station
includes a resource allocator  configured to allocate a radio
resource in a next step period  by use of total reception power of
packets from the mobile 25 station in a preceding step period and the
quantity of packets  accumulated in the mobile station. A ninth
aspect of the present invention is summarized as 12  



packet: communications program which performs packet communications
through a radio link established between a  transmiotAng station and
a receiving station, The program  allows a computer execute
processing of allocating a radio  resource in a next step p eriod wy
use of to - ~a1 reception power  packets from the transmitting
station. in a precedilng step  periuc and the quantity packets
accumulated in the  transmitting station. 10 BRIEF DESCRIPTION OF HE
DRAWINGS FIG. I is a schematic diagram showing an Overview Of a
conventional packet communications system. FIG. A is a graph showing
total transmission power of  a base station BS_ for each period of
time (slot) in a downlink  15 in the conventional packet
communications system. FIG. 2B is a graph showing an interference
level of a  mobile station M32 for each period Of t. .me (slot) in
the down-link  in the conventional packet communications system. FIG.
2C is a graph showing transmission power of a packet  20 addressed to
the mobile station MS2 in a base station BS2 for  each period of time
(slot) in the downliini in the conventional  packet communications
system. FIG. 2D is a graph showing an SIR of a received signal  in
the mobile station M52 for each period of time (slot) in the  25
downlink in the conventional packet communications system. FIG. 3 is
an explanatory diagram showing an overview of  a packet
communication; system according to a first embodiment M He preseno
invention.  



... . 1 10. 4 is -in explanatory diagram showing ~.-oi of  anvention,
iF FIG. 5A, is a graph showing total transmission power of  a base
station BSI for. each period of time (slot) in a downlink  in the
packet communications system according to the first  embodiment of
the present invention, FIG. 5B is a graph showing an interference
level of a  10 mobile station M52 for each period of time (slot) in
the downlink  in the packet communications system according to the
first  embodiment of the present invention. FIG. ,ii. is a graph
showing transmission power of a packet  addressed to the mobile
station M92 in a base station tiS2 for  15 each period of time (slot)
in the downlink in the packet communications system according to the
first embodiment Of thEi  present invention. FIG. `;t) is a graph
showing an SIR of a received signal  An the mobile station M52 for
each period of time (slot:.) in the  20 downlink in the packet
communications system according to the  first embodiment of the
present invention. FI_G, 6A is a view showing a state of transmitting
packets  while exceeding a transmission power :limi.t value in the
packet  communications system according to the first embodiment of
the  25 present invention, FIG. 6B is a graph showing total
transmission power of  a base station Bsi for each period of time
(slot) in a downlink 14  the packet communications system cording to
the first 



embodiment of the present invention. FIG. 7 is r block diagram
_howing an internal- configuration of the base station according to
the first  embodiment of the present. invention. FIG. 8 is a
flowchart showing operations of the packe  communications system
according to the first: embodiment. o f' the  resent invention, _1;.
i? is an explanatory diagram showing overview 10 a packet
communications system according tz a second embodiment  of the p r
es.; [nt: invr_-..:i:on. FIG. 10 is an explanatory diagram showing
over/iew of  a mobile station according to the second embodiment of
..he  present: invention, 15 FIG. 11A . is a graph showing total
transmission power of  a mobile static-n MSS for each period of time
(slot) in an uplink  in the packet communications system according he
.. _.7Gnd  embodiment: of the present invention. FIG. 11l is a graph
showing an interference level of a  20 base station ES: for each
period o . time (slot) in the uplink  in the packet communications
system according to the second  embodiment of the present invention.
FIG. 11C is a graph showing transmission power of a packet  addressed
t0 the base station BSI in a mobile station MS1 for  25 each period
of time (slot) in the uplink the packet commu 37i cations system
according to the second em ,od. ment: the  p esent invention. 15  



F.I.G. llf) is a graph showing an SIR of a received signal in the
mobile station MS .7. for each peri-)d o time (slot} in the  uplink
in the packed= communications system according to the  second.
embodiment the present invention. 5 FIG. 7.7.E is a graph showing an
interference level >t  base station 252 for each period of time
(slot) in the uplink  in the packet communications system according
to the second  embodiment of the present invention. FIG. 11F is a
graph show] ing' transmission power of a packet  10 addressed to the
base station 231 in a mobile. station NiS2 for  each period of time
(slot) in the uplink in the packet  communications system according
to. the second embodiment of the  present invention. FIG. 11G is a
graph showing an SIR of a received signal  15 in the unbile station
M32 for each period of time (slot) in the  uplink in the packet
communications system according to the  second embodiment of the
present invention. FIG. 12 is a block diagram showing an internal
configuration of the mobile station according to the second  20
embodiment of the present invention. FIG. 13 is a cubic diagram
showing a computer-readable  recording medium recording a packet
communications program  according to a third embodiment of the
present invention. FIG. 14 is a table used for determining a
transmission  25 power Limit value in a next step period in the
packet'.  communications system according to the first embodiment of
the  present invention, 16  



FIG. 7.5 is a tab_.e used for cie=t.erzn.':_ning a transmission power
limit. .alue in a next step period in the packet,  communications
system ace orciru to the ~ second ..ip;>o:f::.F~.er.-. of the
present invention, 5 FIG. 16 is a flowchart showin;, operations t'
t.:a. packet  communications system according in the second
embodiment of the  present invention. FIG. 1.7 is a block diagram
showing an internal  configuration of a base station according the
third  10 embodiment of the present invention. FIG. 18 is a block
diagram showing an internal  configuration of a mobile station
according to the third  embodiment of the present invention. :G. 13
is a sequence diagram showing operations of a  15 packet
MMIun._ica.:ions system according to the third d e: i1L
C::1.iitE?n1:.  of the oresenu inve'.S]i:.:t.:'^]. BEST MODES FOR i;
V NG Of-IT > INVENTICON  'First Embodiment' 20 (overview of Packet
Communications system and Packet  Communications method According to
This Embodiment)  Detailed description will be given below of a
packet communications system and a packet communications method
according to a first embodiment. off.` the preset invention. FIG.  25
3 is an explanatory view showing an overview of the packet.
communications system according to this embodiment, Note that, the
packet communi.ca;.:toi"Fs system according 



17  this ,mb oc rent, a base station (transmitting station, Bw
controls transmission power of packets :r' --essec , to o  lam: a
station Receiving station) T`SL in a {!UFI 1N{ Q Gil Le tom:. i. l::]
toward the mobile snation M S2 from me base station BS2). S As shown
..l "'IG. 3 in the cachet cor iunicat c:: ay=..enm  according this
embodiment, a _.ase station BSI controlling  a cell "A and the base
station B S2 controlling - a cell ._,  c jac`i t to the cell "A" a r
e disposed. - ?. 4 1_- 11@ a..1Ci7s~ i and  M553 are :oared in the
cell. "A" and the mob_.__ station MS2 is  1.0 located in the cell
"B". FIG. 4 shows a schematic conf c ;Nation c,_ the base stations
PS1 and i52 to this _mbodiment.  In ~ the case wrhF9re a large
quantity M pa C1Ce, ;. ;. 2.Y-I"lV'E3 at. the base station HS , the
base station HSt. determines a  "ransmis__on. .,:e_ limit value in a
next. slot when transmi'tt. 15 packets from, a transmission buffer
via the :`_. C?VdL'Ii.i f--. i C3;,.; i1W:ir..  channel).
Specifically, the base station .351. determ:Lnes the  transmission
power limit value in accordance with transmission  power and a ISO
margin in a preceding slot f; sl:. p period of  a predetermined .f _
length) 8;` as not to significantly increase an 20 interference level
in the mobile station 152 be-longing to the  other cell "B" 



To be more specific, as shown in FIG, 5k, the base station  135I
increases (changes) the transmission power. Limit value in  stages
for each period of time (slots 1 to 3) within maximum  2.5 available
transmission over of the base station WE Consequently, as shown in
FIC. 5B, the interference level  in the mobile station MS2 which is
`located in the cell "B" from 18  the base station BSI is also
increased in stages. Here, as show[-., accordance with the Zia:
rferen'e level f the  mobile station 1 2 r n the slot] , the 1' a
determines  transmission power packets addressed the mobile station 5
MS2 in the slot 2 so as to have a targeal, SFRwhich is obtained  by
adding a TPC margin to a required STIR.. Th.. an increase of the
interference in the rnobil'r  station M S2 can be suppressed to the
TPC margin or less. ':Si  addition, as shown in . . I i a . JD, a S R
of a. ._.,7e...ved signal in 10 the mobile station MS2 can increased
to be larger than. the  required SIR, and :reception failure can be
prevented.  Hereinafter, description will be given of a method for
calculating a transmission power _imit value to keeping the  increase
of the interference level in, the mo.1ba-le station M;S2  15 within
the TI'S margin Note that, here, a required SINS in the mobile
station  MS2 and a TPC margin are expressed as "SINRth" and
"TPC,,,g,,,".  respectively, (both of which are true values, in other
words,  both of which do not take on values of `'dB") and a noise
level 20 (noise power) in the mobile station 11>2 is expressed as
"N".  Here, when transmission power of packets (total transmission  



power) of the base station B51 in the slot 1 is 112'3", an increase
of transmission power of packets of the base station B-SI in the
slot 2 (that is, a step width) "Pr is calculated. 25 First, an
interference level caused to the mobile station  NS2 by the total
transmission power of the base station BSI is  considered. Here, it
is assumed that an interference level 19  caused . to the mobile
station MS2 by the total transmission , o e,_  P1 wE the base station
BS.[ in ..he slot 1 is "I", and an increase  of the interference
level in r:ob. L _ s~:a--Jon MS2 is when  the transmission power of
the base Lion BS: JacreaSecl by  5, _ Based oil the required S:NF. of
the mobile station 1,1.S2 'C'PC. mare in and the noise level'. i-_
the s]ot I, the D_.se t:at on  BSI using the transmission power
control calculates desired  wave s gna power S in the slot 2, as
shown in t1n, following 10 exulessio_.. Specifically, the desired
wave signal power S  oalcula.tec! as bei_ow. s (S]1VR5XIPCCm,4v+1 1.5
Moreover, based on the calculated desired wave signal  power. S and
the interference level in the slot 2, the base station  BSI
calculates an SINR in the slot 2, as shown in the following
expression. -- (SINRtn X TPCr -~- KA + I)  !N+I+At .IV+I+9I
Accordingly, as a result of this calcu.i.ation, if the SICMB.  is
equal to Si.NNRth or More, the mobile station M S2 succeeds in
packet reception in the slot 2. Specifically, in order for the  



25 mobile srstionN:r2 to succeed in the packet reception in the  slot
2, it is required to satisfy the following condition. 20  (IUAI'iil
X:1?C' xrg ix iN y ) ..:  A'+ 1 Al As a result, the hollowing
expression is e st.abi.hed.  r s1:~1 t5 X 2'PC ~:g irr } r i-ere, the
noise level t4 extremely small as compared  the interference level I.
_hus, in the above expression,  io the term "1411" can be regarded as
"ii" . Moreover. sI.nca ",11W in the mobl Le stat.Lco. M 2 is equal
to " Pj r'Pi in the base station  ::S1, the above expression can be
transformed as below. e3i' i ~qtt t~elY~ x ~t l.m xrg ir,  15 The
above expression can be further transformed as below,  20 From the
above expression, for the total transmission  power P; of the base
station Esl in the slot 1, a maxim-am value  ,,P1 of the total
transmission power of the base station ES1,  which can be increased
in the slot 2, can be calculated. 21  Moreover, a transmission power
".im "- ralr_:e of the base station 651 in the slot. 2 can. be
calculated trout the following  expression, 6 _ZPi+: P1 For example,
when the required SINK (SINK.,,; _ 2 (3 dE)  and T .., ,,. 1.26 (1
dpi) , ,,P1 """ 0.26 P. Specifically, the  



transmission power limit value of the base station? P-Sl in the.  10
slot 2 is l.2(, P;. By usei of ,P_, which is calculated as described
shove' in  the slot 2, the base station f?6'1 allocates and transmits
transmission power of packets by using. "PY1 - as the  transmission
power limit value. is As to the next slot and subsequent slots, the
base station  BSI calculates a transmission power limit .,..l._... in
slot (a.+i) from transmission ?ower of packets in, _, slot i, The
maximum value of the total transmission power of the base  station
551, which can be increased, is se.-L to as described 20 above. Thus,
it is possible to avoid a rapid increase of the  interference level
in the m,ebtl; station >IS2 belonging to the  other cell "B", Note
that, when total transmission power in an  immediately receding slot
is small, a maximum value of the  25 total transmission power, wbich
can be increased in a next slot,  is limited. Thus; a packet
transmission delay occurs, In order to avoid such an adverse effect,
in His 2 embodiment, the base station BS1 can t_arnzmat packet's
regardless of the transmission power limit value, for example  by
referring CO a packet delay a_n:t _ii ty of servic >oS, such
buffering time. 5 Fox example, as shown in FIG. 6A, a bourn "P-E-nPj
provided as the transmission power limit value of the base  station
BSI in the slot 2. Then, when there is a packet  exceed-'- -nq a
predetermined del a;= threshold , as F:IG. 



the base station BS1 can repeat packet transmission processing  10
(ignore the bound of the transmission power LOW: value in the  slot
2) before transmitting the packet exceeding the delay  threshold,
within the maximum available transmission power of  the base station
BSI Moreover, when transmission power of packets in a  15 preceding
slot is `0" the base station BSI determines a  transmission power
limit value in a next slot as below, 1l:are,  when the transmission
power of packets in the preceding slot  is smaller than a
predetermined threshold, the base station ES1  may determine the
transmission power of packets to be "0" 20 To be more specific; when
traffic is empty, the  interference level in the mobile station M52
belonging to the  cell "B" which is different from the cell "A"
controlled by  the base station 6S1, is low. Thus, even if the
increase .s  of the transmission power of packets in the basis
station 1351 25 is small, the interference level exceeding the `."PC
margin is  more likely to be caused in the mobile station ?452. On
the contrary, when the traffic is busy, the 23  interference level i
t mobile station' S2. to 11-he  cell B is high, Thus, even if the
increase y of the  transmission power of packets t f_ base station
PS1 ,.acre,  ;the required SIR _ satis:i_reo the mobile station MS2
and  reception of packets from the base stag.. n BS2 _._ more likely
to be successful, Therefore, it is real red d&t rif ne the increase
,,,? 



of the transmission power of packets in the next st:e?i- period  An
accordance with t the interference level in the mobile- station  0
MS2, that is. how busy the traffic is. In this embodiment, when
transmission power of packets  in a preceding snep period is `0`, the
base station BSI can  determine the transmission power of packets in
a next step  period ccordanc_e with a proportion occupied by an.
average  16 value of transmission power of packets a certa.n period
in  then ieumavallacietransmission power of the base staion  WE ;or
example, as show: an FIG. 14, when the proportion o:`.  the average
value of the transmission power of pacrkets (average  20 transmission
power) in a certain period of time (for example, n frames) ire the
maximum available transmission power. (traffic  load) is "9 to 1/3"
"1/3 to 2/3" or '12/3 to 1", a transmission  power rim .t value
>'0_max in the next step period is set to "i/10",  "2/10" or "3/1.9"
of the maximum available transmission power  25 of the base station
B31, respectively. (Configuration of Base Station According to This
Embodiment) 24.  In order to realize the packet communications system
according to this embodiment, the base stations BS,_. and bSL have a
configuration as below, Since the base; stations B31 and 8S2  include
basically the same functions, the base `..,.. .. )"t 832 lSill  be
described below. FIG. 7 a block diagram showing the  configuration of
the base station 831 according this  embodiment, 



As shown in FIG. 7, as uplink (upward direction)  processing means,
the base station 852 includes an upward  10 interference level
storage circuit 101, a demodulation circuit 102, is decoding circuit
103 and a signal separation circuit 116.  The upward interference
level storage circuit 101 is a  storage device configured to detect
and store interference  levels in the uplink to the base station 832
from the mobile 15 stations MS1 to M33. The interference levels
stored in this  noward interference level storage circuit 101 are
outputted to  a downward announcement circuit 1U9. The demodulation
circuit 102 is an arithmetic circuit  configured to demodulate an
upward signal obtained via the  20 uplink, and the decoding circuit
103 is an arithmetic circuit. configured to produce upward
information by decoding the  demodulated upward signal. The signal
separation circuit 116 is configured to  separate an interference
level in the mobile station 1432 from  25 the upward information, and
to output the interference level to a transmission power limit value:
calculation circuit 113.  Moreover, as downlink (downward direction)
processing 25  means. line e station . FS2 imc! , do a transmission
h, i 117 h_ downward n _oun ,even circuit 109, a signal multiplexing
circuit . 8 a coding circuit 1 i) _: m _tion cir_c,-r a transmission
power calculation storage circuit, 112, the  transmission power limit
value calculation circuit 113, a QoS  .bonito _:: g circuit 114 and a
resource allocation cis .,.. _. 115, Here, in the base station 5"2,
the signal multiplexing  



circuit 108, the coding circuit 110 and the modulatio_: circuit  Ill
are included in a packet transmission circuit 214. 10 An upward
interference level from the upward interference  power level storage
circuit 101 is inputted to the signal  multiplexing circuit 108 via
the downward announcement circuit  109, and muitiplexed with downward
information. Thereafter,  the upward interference Level is
transmitted to the Mobile 10 station MS2 as a downward signal via the
coding circuit 110,  the modulation circuit 11l and a. circulator
118. The transmission buffer 117 is configured to accumulate
downward information (for example, packets) addressed to a,  mobile
station (fox example, MS2) which is located in the call  20 "E"
controlled by the base station 1332. The downward announcement
circuit 109 is a circuit  configured to inform predetermined mobile
stations M51 to RS3  of an interference level in the base station
1382, which is  obtained from the upward interference level storage
circuit 101. 25 The downward announcement circuit 109 multiplexes an
identification signal indicating the interference level into  an
announcement signal:. in the signal multiplexing circuit 108. tca
The signal multiplexing circuit 108 is a _i:cu,, configured to
multiplex many pieces of downward information  acc.umulat:ed in the
transmission buffer 117 and the announcement  sips., generated by the
downward announc.e...ent arcuit _"_ for  5 each of pr_.leterm:_ned
,:Lmea slot:.. The coding circuit 110 a circuit corer.. ~ci.. to code
a sit _ mul ,. _e_r t by the signal .:ui . p c.:i _ circuit 108,  



The modulation circuit r_1 is a circuit configured to m.dalate the
signal coded by the coring .,._:icuit 110, by use of  10 a radio
resource (for example, transmission power of packets,  a -resource
and the i ih .) which is allocated by the resource  allocation
circuit 115, The transmission power calculation storage circuit. 112
is a circuit .._onfig'ure 1 to store cransmission power of- packets
16 each of step periods (for ezarnp .e, slots) of a predetermined.
length. Specifically, the transmission power calculation  storage
circuit 12 is configured to store power  of packets in a preceding
step period, which is allocated by  the resource allocation circuit
115, 20 The t.ra smitssion power limit value calculation circuit  113
is a circuit configured to play a role of limit vam~  calculation
means for calculating a transmission power limit  <i3.i.UU in the
next step peried, by use of the transmission power  stored in the
transmission power calculation storage c17: cue is 25 112 (the
transmission power in the preceding step period)  MoreLover, when the
transmission power of packets in the  preceding step period its "0",
the transmission power limit value 27  calculation circuit 113 refers
to the transmission power  calculation ,race circuit: 112, and
calculates the  -a.,._,,,,..,_.,_on power _sm,n value in one newt
vAcq, period based an average value of transmission powe_r of packets
in a  5 ;receding fixed period. Meanwhile, when the i:rans.ni.ssi.on
power in the preceding  step period As 110" ci more, the
traeismi.ss:Lcc.n power limit value  



calculation circuit _ _$ calculates the transmission power. Limit
value in the next step period in a_.ccudance with the  10
transmission power the preceding step period ..he Qo3 monitoring
circuit _1 _s a quali.t:y of service  monitor configured to monitor-
quality of service (QoS) a  radio Link, for example, packet delays of
packets 3t: `I7 :]i3 in  the transmission buffer 117, buffering time
and the like. 1.5 The resource allocation circuit 13is a circuit
configured trio allocate a radio resource for packet transmission  in
accordance with re:. A >ct:i.v,e processing results of the  circuits
11.2 to 114. For example, when transmitting one or a  plurality of
packets in a predetermined radio link, the resource  20 allocation
c.i.rcuit.. 115 is configured to change transmission power of each of
the packets to be allocated for each of the  step periods,
Specifically, the resource allocation circuit 115  constitutes a
transmission power setter configured to set  25 transmission power of
packets in the next step period, by use of the transmission power of
packets in the preceding step  period, which is stored in the
transmission power calculation sForage Arc a 112 and the inter'
erence level in the mobile  station 1S2,. ,lac.. is obtained from te
signal separation  circuit. 116. Moreover, the resource allocation
ci..c-uit ll~ sets the  5 transmission power of packets in the next
step period to be  smaller than or equal the transmission power limit
value  



calculated b a. .t,. ate.,. by the transmission power limit value
calculation  circuit 113, and allocates a radio resource according to
the  set transmission power of packets. 10 Moreo~ e?_, when the Qc:5
in the radio ...Ln'r. i<, smaller rha is  or equal to a :redetermined
value, the resource allocation  circuit 115 sets the transielss:ion
_f nackets in the nexi.  step period to exceed the transmission power
limit va'' e- calculated the transmission power limit value
calculation .  15 circuit 113 within the pazsinar available
transmission power of  _  the base station BS2, For example, when the
;:o monitoring circuit 114  determines that: there a packet exceeding
the delay threshold,  the resource allocation circuit. 115 allocates
the radio 20 resource to the packet. even if transmission power of
the packet  exceeds the transmission power limit value in the next
step  period, Moreover, :he resource allocation circuit 115 may set:
the  transmission power of packets in t. her next: step period based
on  25 an average value of interference levels received by the base
station 1352 in a preceding fixed period The circulator. 100 is a
switching circuit configured to 2(3  Sort signals
transmittedlreceived between the bases station BS2  and the mobile
station 1:2. The circulator 100 outputs an  upward signal received
from the mobile station 1452 to the link  



processing and transmits a downward signal processed 6 by the
downlink processing circuit to the mobile station MS2.  (Packet
Communications method According .....5 EnOodimen.:)  FIG. ii shows a
flowchart of a packet communications method  according to this
embodiment, .10 As shown In FIG. C, Step 9101, the base station P52
determines whether or not there is a packet addressed the  mobile
station 4S2 in the transmission buffer 117. When the base station BS2
determines that there is no  packet addressed to the mobxi e station
1S2 in the transmission  15 buffer 117, the base station 5S2 becomes
a stand-by state until a packet addressed to the mobile station 152
is ac--cumulated in  the transmission buffer. 117 by loop processing.
Meanwhile, when the base station 532 determines that  there is a
packet addressed to the mobile station MS2 in the  20 transmission
buffer 117, the base station 552 determines, in Step 57.(12, whether
or, not transmission power of packets (total  transmission power) in
a preceding slot (step period) is "0"  When the transmission power in
the preceding slot is "011 in Step 5103, the transmission power limit
value calculation  25 circuit 113 of the base station 552 calculates
a transmission  power limit value in the next slot by referring to
FIG. 14, that  is, in accordance with the tra':.`f i load (the,
proportion of the 3 CO  average s power trausmi _:.icn 1:love -}
Meanwhile, when ..he transmission power in Lhe preceding  alct 1s
determined not: to be "0", Ito S104. the transmission  5 bower limit
value Calculation circuit 113 of the base station 



Sue decides he. transmission power :_j rz:it aloe, in the next slot
1.n c..ocordan wit s the transmission power in the In Sr p 5105, the
resource ai location. circuit of t}:'._  base station 332 allocates
radio resources with in the  10 transmission ;ewer limit value
calculated by Kansmission power limit ..ague calculation circuit 113,
and the packet  transmission circuit 118 transmits the packes: to the
mobile  station M52 by use of the allocated radio resources, in Stec
S106, the QoS monitoring circuit 114 determines  in whether or not
there is a packet exceed.`:.n; a delay titre: hold  in the packets
staying the transmission buffer 117, When there the packet exceeding
the delay threshold  in the transmission buffer 117, in Step 5107,
the resource  allocation circuit 115 allocates the radio rez:our:es
to these 20 packets until the maximum available tr'an<smis.sion power
of the  base station BS2 reached, regardless of the transmission
power limit value calculated by the transmission power l:im_it.
value calculation circuit 113 M_. inwh.ile, when the packet ex:ceedi
g the delay u1noshold 25 are determined not to exist in the
transmission buffer, the  _packet: communications method according to
this embodiment  returns to Steps 101 and repeats the above --dscr
Steps S1,011 31  to 3l(5 `Second Embodiment] (Overview of Packet
Conc.. nlc_=._ions system and Packet  5 method r :~ Ccre:unications
..:__._;rc.l.n;-t to This Struoditnent) 



Next, detailed description w.l-'- be given _... a packet
communications system and a packet communications metho,l  according
to asecond embodiment of the present invention. FIBS.  9 is an
explanatory view showing an overview of the pack-el:  1.0
communications system according this embodiment. Note that, the
packet communications system according  to this embodiment, a mobile
station (transmitting station) is configured to control tran `n. Sion
power of a packet  addressed a base station (receiving station) .,S1
in an uplink.  15 (a direction toward the base station BS1 from the
mobile station  HS & 3 . As shown in FIG. 9, in the packet
communications system  according to this embodiment, the base station
BSl controlling  a cell "A" and a base station BS2 controlling a cell
"F" ad; aeent 20 to the cell "A" are disposed. Mobile stations MSl
and M93 are  located in the cell "A", and a mobile station MS2 is
located  in the cell "B". FIG. 10 shows a schematic configuration of
the mobile stations R4S1 to 4433 according to this embodiment. As
shown in FIGS, 1174 to 11G, the packet communications  25 system
according to this, embodliment can event packet  reception failure in
the mobile stations .431 and 1492, by  limiting total transmission
power (transmission power of 32  .rackets} of the mobile station M33
in stages, To more specific, in accordance with transmission  power
of packets in a ; _eceding sac;: (for example, a slot: ,  the mobile
station M33 decides a transmission power limit value  in a _ next sl,
_ (foe example, a slot 2i . 



In this embodiment, a method for deciding the  transmission power
limit: 'alue :hf8 net.: lo~. is the same as  t:nat of the first
embodiment except for the process. q in the  case were the
transmission power of packets in the ; re;::eddi g  10 slut is 0".
Specifically, in the case of this embodiment, the base  stations 1331
and 332 inform the mobile stations 1452 a.F1'i `=ass of  rnterfeience
levels in the. respective base stations ti the sl a.:Cai3(  .3L;  by
use of downward announcement signals (for example, pilot 15 signals,
transmission permission probability announcement  signals and the
like). Thereafter, the mobile station 1433  decides the transmission
power limit value in the next slot 'n  accordance with the informed
interference levels, leFte, the base stations B91 and bat inform the
mobile  20 stations 'a2 and M93, by use of announcement signals, of
"identification signals indicating the interference levels  (for
example, I to 3) which correspond to "a proportion of the
interference levels received by the base 9't:c t:.:t.!>X!.3 BSI and
BS2 .+".  in a preceding fixed period in a maximum interference,
leveln, 25 as "an average vaiue of the "level,- received by " the
interference  ba. e si:at.i.cns B51 and 1332 in. the preceding fixed
period' +,  (Configuration ~, oa Mobile Station Fu.cc.,rei_tr_ to
This Embcdlmeni.} In odder to realize the packet ._.rnmunications
system  



described above, in this embodiment. one mobile stations 131  to rr53
11aae a configuration_b elow. S_i.rt 1. ~ c;.t:7;eanu?'bi...__
:,cations  +? 51 and 153 include hasica..i.v he same functions, the
mobil- ,station 1;!S3 will be described below. FIG. 1.2 is a block
diagram  showing the configuration of the mobile station ;;j3 accord
Yng  to this embodiment, As shown in FIG. 12, as downlink C downward
direction)  10 processing means, the mobile station 3 includes a
downward  .., Y;t' erg. E=.:[':?F:C'e? e. e?V'i?.i. storage circuit
210, Ci rCll:a.t  20:, a decoding circuit 202 and a signal .
separation circuit 203.  The downward interference level storage
cIrcui.t: 210 is a. storage device configured to detect and store
interference  15 levels the downlink to We mobile station from the.
base  stations BSI and 1x52. The interference levels stored this
downward interference level storage circuit 210 are outputted  to an
upward announcement circuit 211, The downward ea"E:e'ence e>v: from
the downward  20 interference power level storage c .rcuat 210 as
inputted '..r a  signal multiplexing circuit: 212 via the upward
announcement  circuit 211, and multiplexed with upward auf.l:ma.taon.
Thereafter, the downward interference level is transmitted to  the
.erase station 8S1 as an upward signal via a coding cir~.ca't: ~.  25
204, a modulation circ.;,it. 205 and a circulator 200. The
demodulation circuit 201 an arithmetic circuit:  configured to
demodulate downward signals obtained via the 



34  downlink front the )Jane station 651.. Moreover, the decoding
circuit 202 an arithmetic circuit confAgured to decode the
demodulated downward signals. The signal separation circuit 203 is a
circuit configured  '? to separate signals required for calculating a
transmission  power limit value (for example, announcement signals
from the  base station 1351) among the signals decoded by the
decoding  circuity 202, and outputs the signals to a transmission
power  limit value calculation circuit 207 to be described later, 10
Moreover, as uplink (upward direction) processing means,  the mobile
station M53 includes a transmission buffer 213, the  upward
announcement circuit 211, the signal multiplexing  circuit 212, the
coding circuit 204, the modulation circuit 205,  a transmission power
calculation storage circuit 206, the 15 transmission power limit
value calculation circuit 207, a Qo,  monitoring circuit 208 and a
resource allocation circuit 209.  The transmission buffer 213 is
configured to accumulate upward information addressed to the base
station BSI (for  example, packets) 20 The upward announcement
circuit 211 is a circuit  configured to inform the predetermined base
stations B51 and  BS2 of an interference level in the mobile station
M33, which  is obtained from the downward interference level storage
circuit 210. The upward announcement circuit 211 multiplexes 25 the
interference level in the mobile station MS3 into an  announcement
signal in the signal multiplexing circuit 212.  The signal
multiplexing circuit 212 is a circuit 



35 configured to multiple x many pieces of upward information
accumulated in the transmission buffer and the announcement  sicina
generated the upward announcement circuit 212 for each  ot~
pre:nerexali.ned time slots. `? The coding circuit 204 is a circuit
configu:ed code  the upward information, Moreover, the modulation
circuit: 205  is a circuit configuredromodulate MY upward information
coded  by the coding ci_:cu..... 204, by use of radio resources
(power  resources and he like) which are allocated by the resource
10 allocation circuit M. The transmission power calculation storage
circuit 206  is a circuit configured to store transmission power of
packets  in each of step periods (for example, slots) o0 a
predetermined  length 15 The transmission power limit value
calculation circuit  207 is a circuit configured to play a role of
limit value  calculation means for calculating a transmission power
limit  value in a next step period in accordance with transmission
power of packets in a preceding step period, which is stored 20 in
the transmission power calculation storage circuit 206, and
information included in the announcement signal separated in.  the
signal separation circuit 203 (for example, an average value  of
interference levels received by the base station 1321 in a  preceding
fixed period) 25 Moreover, when the transmission power of packets in
the  preceding step period is "0", the transmission power limit value
calculation circuit 207 calculates the transmission power limit 



3 110  v Q ue V! the x the inr-l.uded in the announcement signal
separated  i . X7.'7 circuit .. . a, value of one interference levels
received the base station 5 ...51 in une preceding period), fized The
QoS monitoring circuit is _ y o monitor conEigured to qualaty of
service WS) in a  ratio link. The resource allocation circuit OW 9 is
a car _uit  1.0 configured to allocate radio resources ~t t.?]3[.n;
LCr' packet iTC:.s _on  .ri ...._.`.ordance with respec'tive
processing results of the  circuits 206 to 208. Specifically. when
transmitting one a plurality of packets in a predetermined radio
link, the  resource allocation Oircui:. 2(i9 changes, transmission
t7OCaer of  15 each of tins packets no be. allocated for each w the -
periods. Moreover, the resource allocation circuit 209 plays a  role
of transmission power limiting means for limiting the  transmission
rower of packets in the next step period to be  smaller than equal to
the transmission power limit. value. 20 Moreover, when the Qos is
smaller than or equal to a  predetermined value, in the next step
period, the resource  allocation circuit 209 may set the transmission
power of packets  to exceed one transmission power limit within the
maximum  transmission power. 25 The circulator 200 is a switching
circuit configured to  sort signals transmitted/received oetwee, the
mobile station NS:< and the base station BSI. The circulator 200
outputs an 37  



downward signal received from the base station HS1 to the  downlink
processing circuit, and transmits an upward signal  processed b y the
u n l i n k _ink processing circuit i:0 the base station  BSI, .  a
a"a et Communications method According to "phi.. Embodiment)  FIG. 16
stows a flowchart of the packet communications  method according to
this embodimen't.. The packet:  communications method 2ccordi c to
this embod.ment. the came. 10 as the packet communications method
according to the first  embodi.i:3ent. except for an opera i.on of
Step S203 and a. point that- transmission power of packets is
controlled by the mobile  station MS3. Hereinafter, these differences
will be main).;  described. 15 As shown in FIG, 16, in S201, the
mobile station a33  1 0:.  determines whether or not there is a
packet. addressed to the  base station MS1 in the transmission buffer
213. When the mobile station MS3 determines that there is no  packet
addressed to the base station ES1 in the. transmission  20 buffer
213, the mobile station M93 becomes a stand-by state. until a packet
addressed to the base station BS1 is accumulated  in the transmission
buffer 213 by loop processing.  Meanwhile, when the mobile station
P4S3 determines that there is a packet addressed to the base station
651 in the  25 transmission buffer 213, the mobile station MS3
determines, in  



Step 5202, whether or not transmission power of packets (total
transmission power) in a preceding slot (step period) is "01 36  When
the transmission power: in the preceding sict is determined not to be
"0 , 1[1 Cusp 5204, the transmission j>t:wer  limit value calculation
circuit 207 of the mobile Station :;SJ  decides the transmission
power val.ue in th,: next slot in 5 accordance with '....e
transmission Power in the preceding :310t,  wri..:_h is stored in
transmission : ewer calculation sit  circuit 206. Meanwhile, when
,tine? :transmission power the previcedin  sict is J", in Step 42'0j,
the transmission w :wer limit value  10 calculation circuit 113 of
the base station BS2 obtains an announcement . signal, which is
transmitted by t'lle bas4e station  S1, from the signal separation
circuit 203. itereafter, the  transxn: ssl. on power limit value
calculation Circuit. J-13 refers  to :.I.. 15 and extracts a
transmission power limo;, value`  15 corresponding . t.., v an ..dent
i `:iCeit i? signal of -in interference  level" which is included in
the announcemernt anal, in Step 13205, :tne resource allocatical
circuit 209 of  mobile station MS3 allocates radio resources within
the  transmission power limi t, al : cial.culateci by the
transmission 20 Dower limit value calculation circuit . packet _ 207,
and a ltransmission czrc:uit. 214 transmits the packet to the base
station ES1 by using the allocated radio resources such as power
resources, In Step 3206, the Qos monitoring circuit 208 determine:"  



25 whether or not there is packet exceeding a delay threshold  in the
packets staying in the transmission buffer 213. When there is the
packet packet c.xt:ae:ciie;t~ the he delay threshold 30 in the
transmission buffer 213, Step 5207, the resource  ai.Lccat7.on
circuit 209 allocates the La :L resources these  packets until the
maximum available transmission power of the  mobile static; NS3 is
reached, regardless of the transmission 5 power limit value
calculated by the transmission power li,iit  value calculation
circuit 207. .'t :,an hi le w:next cket exceeding the delay threshold
are eiest:e.-mined not to exist: in the buffer 213, the  packet
communications method according to this embodiment 10 returns to Step
220and repeats the ;above-de._:a:ri_b=d Steps 5201  to 5206. [Third
Embodimen= Next, with reference to FIGS, ., i ,.c. 19 r'. _ a 15
communications system and a racket cnammnications method according to
;:hi.r.d embodiment of the rresent. _.vention will  be described.
FIG. 17 is a functional block diagram of a base  station 351
according this :ambodimen., and _15. 18 is a  functional block
diagram of a mobile to:t.:i.:;r: M53 according 20 this embodiment,
Hereinafter, description will be given of differences  between the
packet communications system and the packe;t..  communications method
according to this el.,odiment and the  packet communications systems
and the packet communications 25 methods according to the first and
second Embodiments described  



above. As shown in FIG. 17, the base station 13S ac ording this 40
embodiment includes a reception power storage circu_,. 1_i ._u
addition to the functions the base . .-aticn F according t :o  the
first embodiment shown in FIG_ . . The reception power storage
circuin 119 a circuit  5 con r.S. to store. a sum of reception rower
of :a:_ke._s  transmitted from, all mo!::.Lle stat.......s MIS in the
bjase station -,n  a preceding step period. Moreover , in .,_ ponse
to a request  from the resource allocation circuit 11-5, 4...e
reception y ;4s i3 Y. storage circuit 119 provides the stored sum of
the reception  10 power pac:.ke,.s. Moreover, t l-ie signal
separation circuit: 116 extracts the.  c', antic, of packets
accumulated in the_. rain=mi.,.,ion buffer 213  of the mobile station
MS from among upward n z:cr mati o decoded  by the decodinc, circuit
103, and transmits the quantity of  15 packets to the resource
allocation circuit 115. Moreover, based on a sun, of reception power
in a preceding  step period, which is received from the reception
power storage  circuit 119, and the quantity of packets accumulated
in the  transmission buffer 213 of the mobile station MS, which is 20
received from the signal separation circuit 116, We resource
allocation circuit 115 allocates radio resources (code  resources,
slat resources and the like) of the mobile station  MS in a next
step. For example, based on the above--described sum of  25 reception
power in the preceding step period, the resource  



allocation circuit. 115 calculates total available reception  power
in the next step period. 41  Here, in We base station PS,
transmission. :;weir control performed at constant reception power.
Thus, reception  ;sper code 0; the same. Therefore, based the  .a ovr
e ;crib Thd t tic.. ,. ;;a . ..L.. reception power in the next: e>i_
period. i.= res_ ,.rce allocation circuit .L_5 can calculate  the
number of codes which can be allocated in the next step  period,
Then, based an the above-- des cr..:;ec3 cluan.t..t of ',packets,
the resource allocation circuit 115 calculates the number of  10
::ocies be allocated the respective mobile s.,.s:Ions MS from  the
number codes which can be allocated. The resource allocation circuit
115 transmits the number  of coup allocated the respective mobile
stations, M to the  r; coydulation __:i.rcuit -11.1 15 ks shown in
FIG. 18, the mobile. station Ms according to  this embodiment
includes a packet quantity notification circuit  215 in addition to
the functions of the moru..1e station "9S  according to the second
embodiment shown in FIG. 12. The packet quantity notification
circuit: 215 .is a circuit  24) configured to notify the base station
ES of the quantity of  rackets accumulated in the transmission buffer
213 (such as an  amount of data or the number of packets) , by
multiplexing the  quantity of packets with control information or
upward packets  in the signal multiplexing circuit 212. 25 Moreover,
the packet quantity notification circuit 215  



may periodically notify the base station FS of the quantity of
packets accumulated in the transmission buffer 213 without 42
multiplezing the quantity of packets with M control.  information or
the upward packets. The signal separation circuit 203 extracts radio
resources (code resources, slot resources and the like) in the  next
step period from among downward information decoded by the  decoding
circuit 202, and transmits the radio resources to the  resource
allocation circuit 209. In the next step period, the resource
allocation circuit  2e9 allocates radio resources for packet
transmission in  10 accordance with the radio resources transmitted
from. the aional  sceparation circuit. 203. With reference to FIG.
19, the packet communications  method according to this embodiment
will be described. In Step S301, the mobile station MS transmits an
upward  15 signal multiplexed with tt:: quantity of packets
accumulated in  the transmission buffer 213 to the base station ES.
in Step 5302, in accordance with reception power of  packets in a
preceding step period, which is stored in the  reception power
storage circuit 119, and the quautityof packets 20 accumulated in the
transmission buffer 213 of the mobile station  MS, which is
transmitted from the signal separation circuit 116,  t xr base
station BS calculates radio resources (code resources,  slot
resources and the of the mobile station MS in a next  step period. 25
in Step 5303, the base station BS transmits the calculated  



radio resources of the mobile station MS in the next step period  to
the mobile station MS, by multiplexing the radio resources 43  with a
downward signal, Step 8304, the resource allocation circuit 209 of
the  mobile station MS allocates radio resources for racked:.
transmission (in other words, determines transmission. power: of 5
packets) An the next step period, in accordance with the radio
resources of the mobile station, which are received from the  rase
station SS. Thereafter, the packet tran amiss lion circuit  214 of
the mobile station MS transmits an uplink signal the  .base station
BS by use of the allocated radio resources, 10 According to the
packs., cc,rmunic:tions system of this  embodiment:, without having a
particularly special  configuration, the transmission power of
packets in the mobile  st'ation' MS is limited in stages at the
mobile station t.` s.tde.  Thus, packet reception failure anoth_e:.
mobile station can 15 be prevented. in addition, reduction in
capacity and  deterioration of QoS satisfaction can be pr: vrented,
Moreover, according the ;racket cos[::..:nic.ations system of this
embodiment, influences of interference on burst. signals  can be
reduced and a communication quality can be further  20 improved.
M+oreovter, according to the packet communications system  of this
embodiment, the base station RS can appropriately  instruct the
mobile station MS to change the transmission power  in the next step
period, by use of the quantity of packets  25 notified from the
mobile station MS. 



Moreover, according to the packet communications system  of this
embodiment, the mobile station MS can perform 44  notification of the
quantity packets together with  t.-ansnias Oro of packets. Thus, ie
not: r;;: iced i.o se ...ante  notify the quantity of accumulated
packets. Moreover, according to packet convnurl7cat'.!.ons system  5
of this embodiment, the base station ES can periodically  allocate
the radio resources ta, be used, by use of the  periodically notified
quantity of packets. Thus, the mobile  station can receive allocation
of radio resources, which is  periodically reviewed, and can be
prevented from receiving  10 allocation of unnecessary radio
resources. Moreo:eer, according to the packet. communicat.ions system
of this embodiment, unlike scheduling, it is not required to  always
exchange information, such as priority and :_ Jsed time, about all
transmitted packets between the mobile stations or  15 between the
base station and the mobile station, so as to  underst.'and the
information, (Modified Example 11 Note that the packet communications
systems and the  20 packet. communications methods according to the
first to third  embodiments described above can be realized by
executing a  packet communications program described in a
predetermined  computer language on a computer provided in a base
station or  a radio control device or on an IC chip included in a
mobile  25 station such as a portable telephone set, 



Specifically, the racket communications program  according to this
embodiment is configured to execute each 45  p: ocessino described in
he. first to third emboo..meents  c.esc .coed above by use of
hardware _ .sources incloded in a. such a packet: communications
program is recorded in a  a recording medium (a floppy disk 116, a
;D--ROM 117, a _.N 118  and a cassette tape 1191 which can be read by
a computer 12.0  as s,-L0wn 13, Accordingly, the device described In
the  first third en'tbtaciane.nts described above can, ke _ _a.:ire"
via  this recording ;tedium,, th:rcngh t}]E. _:omputeL 120 o-_ by
directly 10 installing the program in memories of the mobile stations
tihl  to Nz3 and the like Consequently, through rhese recording
media, sc:i:i:.S,are can be easily saved in, de -ive_ eiid to o _c
1: cans :e._.:'ed to, the c)r Lt.e;.r 120. Moreover, such a acket
communications program ..an be  15 deliveredto a mobile station used
by a user through service  modes such as downloading via a radio
network. 't'hus, smooth  Spread of the above-described packet
syst.'i~3-n and  packet communications method can be realized. 20
[Modified Example 2'. Moreover, the present invention is not limited
to the  first to third embodiments described above but may have the
following various changes added thereto. For example, in the
above-described embodiments, the  25 packet communications system and
packet r.~ mmunicai ions method  of the present invention have been
described based on the  relationship between the base station and the
mobile station. 



46  The prese_.:,v.rit.ion car:be a! so app-lied to ..::asewhen.,",,
,  station functions as a relay station for another mobile station
or at base station, such as an ad hoc, technology and a
t._._hnoli:~r, for example. 5 In this case, when the mon:L.e station
as the relay station  becomes a transmitting side the
above--"described transmission  =:_ntrol is pri.:_I;lES<.,. For
:'.aia;71, 1i9, relaying is pex.`03.,... .-.  between another mobile
station and the base station,  transmission power control an uplink
for the base station 10 is performed 8nii, at the same time,
transmission power control  in adownlink for-anethermobile station is
performed. Moreover,  when relaying is performed between bass
stations, the  transmission power control in the uplink for the ace .
,.anon,`  is performed, 1= Moreover, in the firs._ to third
embodiments described  above, the transmission power control is
performed for the base  station or the mobile station. Ho:nFeve , for
example, the  transmission power control can be also performed in a
radio  control device which controls respective base stations, 20 In
this case, interference levels and Qos of re pect:ive  base stations
are sequentially notified to the radio control  device and
transmission power and an interference level of .-a  mobile station
which establishes communications with the  respective base stations
are monitored by the radio control 25 device through the respective
base stations, Accordingly, a  transmission power limit value is
calculated by the radio  



control device, and notified to the respective base stations 4 7  and
the mobile station. Specifically, a control device :or realizing the
pac.. z~t t  co:mmunications, system according to the present
invention  controls transmission power of packets in a next st:ec
period, 5 in accordance with _ ansmission power packets in a
preceding  Step Period and an i t: r_ rence vel in a receiving ~a
tion.  This. it is needless to say that the control dean  cr is
roumt-~ d  in a base stat:i,,n and a mobile sea .ion. Moreover, On,
control  device may be mounted the radio control device which  15:
indirectly controls the base station, INDUSTRIAL APPLICABILITY As
described above, according to the g,resent invention,  a transmission
power limit value in a next step period is  15 determined by use of
actual transmission power of packets in a preceding step per.i.od.
Thus, an increase of an interference  level in a mobile station
belonging to another cell can be  suppressed within a TPC margin. In
addition, reduction in  capacity and deterioration of Qo5
satisfaction due to reception  20 failure can be prevented. in
particular, according to the present invention,  prediction of the
next step period is performed based on the  preceding step period.
Thus, influences of interference on  burst signals can be reduced and
a communication quality can  2$ be further improved. 48  



CLAIMS ; 1. , A control device which controls packet communications
performed through a radio  link established between a base station
and a mobile station, the control  device comprising: a resource
allocator configured to calculate a radio resource for the mobile
station in a  next step period, by use of sum of reception power of
packets from all mobile stations  controlled by the base station in a
preceding step period and the quantity ofpackets accumulated  in the
mobile station included in the upward siaal from the mobile station
and, to notify the  calculated radio resource, to the mobile station,
2 , Abase station which performs packet communications through a
radio link established  between the base station and a mobile
station, the base station comprising: a resource allocator configured
to calculate a radio resource for the mobile station in a  next step
period, by use of sum of reception power of packets from all mobile
stations  controlled by the base station in a preceding step period
and the quantity ofpacketg accumulated  in the mobile station
included in the upward signal from the mobile station and, to notify
the  calculated radio resource to the mobile station. 3. A packet
communications program which performs packet communications through a
radio link established between a base station and a mobile station,
the  program allowing a computer to execute processing of calculating
a radio resource for the mobile station in a next step period, by use
of sum  of reception power of packets from all mobile stations
controlled by the base station to a  preceding step period and the
quantity of packets accumulated in the mobile station included  in
the upward signal from the mobile station, and notifying the
calculated radio resource to the mobile station. 


