
COMMUNICATION CONTROL SYSTEM, COMMUNICATION CONTROL  METHOD, BASE STATION
DEVICE AND MOBILE TERMINAL DEVICE  5 BACKGROUND OF THE INVENTION FIELD OF
THE INVENTION The present invention relates to a communication  control
system, a communication control method, a base  10 station device and a
mobile terminal device for carrying out packet communications between the
base station device  and the mobile terminal device. DESCRIPTION OF THE
RELATED ART 15 Conventionally, there are two types of the uplink  resource
control or traffic control method in the mobile  packet communications
including a resource reserving type  method and a resource non-reserving
type method. Exemplary techniques for this resource reservation 20 includes
those disclosed in Japanese Patent Application No.  9-180261 (1997) and
Japanese Patent Application Laid Open  No. 10-191455 (1998). and these
examples use the resource  reserving type method for reserving resources
according to  a reservation from a mobile terminal regardless of types of
25 traffics. On the other hand, as the resource non-reserving type  method,
PRMA (Packet Reservation Multiple Access) type  access control methods have
been proposed. One example of  them as disclosed in Japanese Patent
Application Laid Open 30 No. 10-136021 (1998) proposes a scheme for
controlling the  transmission of a reservation request packet by
establishing a certain transmission permission as notified  from a base
station. According to this scheme, when the  transmission of the
reservation request packet succeeds, 35 the same time-slot of the
subsequent frames is also  -1 reserved for that mobile terminal, and the
time-slot is  released after the bursty communications are finished.  Also,
each mobile station adjusts the transmission  



permission establishing according to attributes such as its  5 own priority
level. However, the above described resource reserving type  method is
associated with problems of low resource  utilization efficiency including
a problem that a  reservation delay due to the resource reservation 10
processing occurs for packets in small sizes and a problem  that a control
overhead becomes large as a rate of  reservation signals becomes large.
Also, there are cases  where the actually used resources are less than the
reserved resources due to a variation in the amount of 15 occurred
traffics, and in such cases the resources are  reserved wastefully so that
the resource utilization  efficiency is lowered. Also, the above described
resource non-reserving type  method has a drawback that the QoS
satisfaction level is  20 lowered at the beginning of the burst in the
realtime traffic as the quality degradation such as delay or  interruption
at a time of the start of the burst occurs due  to the fact that the
transmission of the initial packet is  managed by the transmission
permission establishing. Also, 25 when there is temporarily no transmission
packet during a  communication session, the reservation will be released so
that there is a possibility of becoming impossible to make  the reservation
for some time due to a variation of the  transmission permission
establishing when a next burst 30 occurs, and this situation tends to cause
a forceful  disconnection of the realtime communication so that it can
potentially be a factor for the service quality  degradation. 35 -2 BRIEF
SUMMARY OF THE INVENTION It is therefore an object of the present invention
to  provide a communication control system and a communication  



5 control method capable of realizing the efficient resource utilization,
securing the QoS, and improving the service  quality, by changing a scheme
for allocating resources  according to whether it is a realtime traffic or
a non- realtime traffic. 10 According to one aspect of the present
invention there  is provided a communication control method for mobile
communications in which packet communications are carried  out between a
mobile terminal and a base station,  comprising the steps of: (a) checking
a priority level of a 15 traffic and judging a type of the traffic, at the
mobile  terminal; (b) transmitting a reservation signal for a  transmission
request to the base station when the type of  the traffic is a high
priority level or realtime type, and  not transmitting the reservation
signal to the base station 20 when the type of the traffic is a low
priority level or  non-realtime type, at the mobile terminal; (c)
determining  a resource amount to be reserved for packet transmission
according to a resource utilization state and the  reservation signal for
the traffic of the high priority 25 level or realtime type, or determining
an average  transmission interval or transmission rate for the traffic  of
the low priority level or non-realtime type according to  margins in
remaining resources, at the base station; and  (d) notifying the resource
amount or the average 30 transmission interval or transmission rate
determined by  the step (c) from the base station to the mobile terminal.
According to another aspect of the present invention there is provided a
communication control system for mobile  communications in which packet.
communications are carried  35 out between a mobile terminal and a base
station, -3 comprising: a priority level checking unit for checking a
priority level of a traffic and judging a type of the  traffic, at the
mobile terminal; a reservation signal  



generation unit for transmitting a reservation signal for a 5 transmission
request to the base station when the type of  the traffic is a high
priority level or realtime type, and  not transmitting the reservation
signal to the base station  when the type of the traffic is a low priority
level or  non-realtime type, at the mobile terminal; a resource 10
determination unit for determining a resource amount to be  reserved for
packet transmission according to a resource  utilization state and the
reservation signal for the  traffic of the high priority level or realtime
type, or  determining an average transmission interval or 15 transmission
rate for the traffic of the low priority level  or non-realtime type
according to margins in remaining  resources, at the base station; and a
notification  information control unit for notifying the resource amount
or the average transmission interval or transmission rate 20 determined by
the resource determination unit from the base  station to the mobile
terminal. According to another aspect of the present invention  there is
provided a base station device for carrying out  packet communications with
a mobile terminal, comprising: a 25 reservation signal receiving unit for
receiving a  reservation signal for a transmission request when a type  of
a traffic is a high priority level or realtime type; a  resource
determination unit for determining a resource  amount to be reserved for
packet transmission according to 30 a resource utilization state and the
reservation signal for  the traffic of the high priority level or realtime
type, or  determining an average transmission interval or  transmission
rate for a traffic of a low priority level or  non-realtime type according
to margins in remaining 35 resources; and a notification information
control unit for  -4 notifying the resource amount or the average
transmission  interval or transmission rate determined by the resource  



determination unit to the mobile terminal. According to another aspect of
the present invention  5 there is provided a mobile terminal device for
carrying out  packet communications with a base station, comprising: a
priority level checking unit for checking a priority level  of a traffic
and judging a type of the traffic; and a  reservation signal generation
unit for transmitting a 10 reservation signal for a transmission request to
the base  station when the type of the traffic is a high priority  level or
realtime type, and not transmitting the  reservation signal to the base
station when the type of the  traffic is a low priority level or
non-realtime type. 15 Other features and advantages of the present
invention  will become apparent from the following description taken  in
conjunction with the accompanying drawings. 20 BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a flow chart showing an operation of a  mobile terminal
according to one embodiment of the present  invention. 25 Fig. 2 is a
diagram for explaining an operation to  determine an average transmission
interval for the non- realtime traffic after reserving resources for the
realtime  traffic according to one embodiment of the present  invention. 30
Fig. 3 is a flow chart showing an operation of a base  station according to
one embodiment of the present  invention. Fig. 4 is a block diagram showing
a configuration of a  base station according to one embodiment of the
present. 35 invention. -5 Fig. 5 is a block diagram showing a configuration
of a  mobile terminal according to one embodiment of the present
invention. Fig. 6 is a diagram showing a correspondence table for  



5 traffic type, priority level and DSCP according to one  embodiment of the
present invention. Fig. 7 is a diagram showing a table of DSCP of AF
classes according to one embodiment of the present  invention. 10 Fig. 8 is
a diagram showing an exemplary case of  determining a QoS of realtime
traffic and a packet average  transmission interval or a number of packets
to be  transmitted per frame for non-realtime traffic according to  one
embodiment of the present invention. 15 DETAILED DESCRIPTION OF THE
INVENTION Referring now to Fig. 1 to Fig. 8, one embodiment of a  20
communication control system and a communication control  method according
to the present invention will be described  in detail. (Communication
control method) Fig. 1 to Fig. 3 show the procedure of the 25 communication
control method according to this embodiment.  The communication control
method according to this  embodiment has the major features that, in the
mobile  communications for carrying out packet communications  between a
mobile terminal and a base station, a priority 30 level of an application
traffic is checked and a type of  that traffic is judged at the mobile
terminal side, and  when that traffic is a traffic of a high priority level
or  of a realtime type, a transmission request reservation  signal is
transmitted to the base station, whereas when 35 that traffic is of a low
priority level or of a non- -6 realtime type, the reservation signal is not
transmitted,  while the base station determines an amount of resources to
be reserved for the realtime packet transmission according  to presence or
absence of that reservation signal and in 5 the case of the low priority
level or the non-realtime  



type, the base station determines not to reserve any  resources while
determining an average transmission  interval of the packets and notifies
this determination to the mobile terminal side. 10 In the priority level
checking method of this  embodiment, assuming Diffserv control, the
priority level  and the realtime characteristic of the IP packets are
judged by DSCP (Diffserv Code Point). Here, the Diffserv  control is a QoS
control on the Internet or the like, in 15 which the priority level is
specified by each IP packet  header and the priority control is carried out
for each  packet at each router, and its implementation is the  standard
for a network communication device in a form of a  router. Namely, in this
control, the header fields of the 20 IP packet include a Diffserv field,
and 6 bits of this  field indicate a Diffserv Code Point (DSCP) of the
packet.  Fig. 6 shows a correspondence relationship between the  traffic
type or the priority level and the DSCP. Within an AF (Assured Forwarding)
class shown in Fig.  25 6, four classes and three stages of the discarding
priority  levels are defined further. Fig. 7 shows DSCPs of the AF
classes. In this embodiment, EF and AF4 are regarded as the  realtime
traffics while AF3, AF2, AF1 and BE are regarded  30 as the non-realtime
traffics. Note that, according to the requests of the applications such as
those for delays, it  is also possible to use an alternative mapping in
which EF  is regarded as the realtime traffic while AF4, AF3, AF2,  AF1 and
BE are regarded as the non-realtime traffics. 35 Note that this embodiment
is directed to the case of  -7 one-to-one correspondence between the DSCP
and the QoS, but  it is also possible to use different QoS mappings for the
same DSCP according to the desire of the user. In such a  case, the desire
of the user should be given a higher 



5 priority. For example, in the case where three ranks of  high, medium and
low are available for the image quality of  the video phone, they can be
set in correspondence to AF4,  AF3 and AF2, respectively. At the system
side, such three  ranks of the image quality are notified to the user in 10
advance, such that the user makes a selection before  carrying out
communications. When there is no user  selection, it is mapped to AF4.
Next, the specific procedure of the communication  control method according
to this embodiment will be 15 described. Fig. 1 shows an operation of the
mobile terminal  in this embodiment. As shown in Fig. 1, when the
transmission packets are generated, the mobile terminal  carries out the
identification of the traffic: type first  (5101, 5102). More specifically,
the DSCP of the packets is 20 recognized and whether it is realtime or
non-realtime is  judged. In the case where it is judged as a realtime
traffic  at the step 5102, a reservation packet containing the QoS  request
(a maximum request, an average request, or a 25 minimum request, for
example) specified from the user is  transmitted (S103), and the resource
allocation by the base  station is waited. After that, the transmission of
the  packets using a code and a slot allocated by the base  station is
carried out (5104). 30 On the other hand, in the case where it is judged as
a  non-realtime traffic at the step 5102, a packet average  transmission
interval or transmission rate of that traffic  type (AF3, AF2, AF1, BE) as
notified from the base station  for that frame is received (5105), and the
actual . 35 transmission timing of the packet is calculated (5106).  -8
This embodiment uses an exemplary calculation method in  which the actual
packet transmission interval is calculated  according to the exponential
distribution with an average  



set equal to the average transmission interval notified 5 from the base
station. In further detail, as shown in Fig. 2, in the case  where the
average transmission interval is notified from  the base station, the
uplink interference power level in  the previous slot or the average of the
uplink interference 10 powers in the previous frame is measured, and the
average  transmission interval of each traffic type in the next slot  or
frame is notified from the base station according to,  margins in the
resources. Each mobile terminal calculates  the packet transmission
interval for the traffic type of 15 the own device according to the
notified information.  Also, the mobile terminal receives the average
transmission interval of each traffic type that is  periodically notified
from the base station, and adjusts the average transmission timing
according to the latest  20 average transmission interval. For example, as
shown in  Fig. 2. the user of AF3 checks the average transmission  interval
(5 slots) at a time of the slot2, and determines  the actual transmission
timing according to the exponential  distribution. 25 In the example shown
in Fig. 2, the calculation is  made by setting the actual transmission
interval equal to 6  slots. Consequently, it will be transmitted at the
slot8  that is 6 slots ahead from the slot2. At a timing of the  slot3,
when the transmission interval calculated according 30 to the exponential
distribution with the average of 3 slots  is 4 slots, for example, the
transmission slot becomes the  slot? (3+4 = 7). Here, this "7" is compared
with the  transmission timing "8" calculated in the previous slot,  and one
with the earlier timing (slot7) is selected as the 35 transmission timing.
In this way, the transmission timing  -9 is calculated at each slot on a
basis of the latest  notified average transmission interval, compared with
the  



transmission timing calculated in the previous slot, and  one with the
earlier transmission time is selected as the 5 transmission timing.
Consequently, it is possible to deal  with the variation of the traffic
load quickly, and it is  possible to utilize the resources efficiently.
Then, the packet transmission is carried out at the  calculated
transmission timing (S107). Note that this  10 embodiment is directed to
the exemplary case where the average transmission interval notifying period
and the  transmission timing calculation period are set equal to one  slot,
but it is also possible to set them equal to one  frame. 15 Also, in the
case where the base station notifies the  transmission rate, each mobile
terminal checks the  transmission rate corresponding to the priority level
or  the traffic type of the own device, and determines the  number of
packets to be transmitted per unit time. For 20 example, when the
transmission rate of the AF3 traffic is  notified as 320 kbps, if the frame
length is 10 ms and the  packet size is 320 bits, the number of packets to
be  transmitted per frame is 10. Also, if the number of slots  per frame is
15, these 10 transmission packets are 25 transmitted by randomly selecting
10 slots from these 15  slots. Fig. 3 shows an operation of the base
station. As  shown in Fig. 3, when the base station receives the
reservation packet (containing the QoS request) for the 30 realtime traffic
from the mobile terminal (S201), the  availability of the resources is
checked (5202). More  specifically, in this embodiment, the QoS request
from the  user is set as the transmission rate. The availability of  the
resources is indicated by a rate of the average of the 35 uplink
interference powers of the slots in the previous  -10 frame with respect to
the uplink maximum tolerable power,  



for example. The uplink interference powers contain  interferences from the
other cells. Next, the QoS (transmission rate) to be provided to  5 the
realtime traffic (EF, AF4) is determined (S203). For  example, as shown in
Fig. 8, when the resource availability  coefficient is between 0.7 and 1.0,
many resources are  available so that it is determined to provide the
maximum  transmission rate of the user. Also, when the resource 10
availability coefficient is between 0 to 0.3, not many  resources are
available so that it is determined to provide  the minimum transmission
rate of the user. This is an  exemplary case where the maximum request and
the minimum  request for the QoS are declared by the mobile terminal at 15
a time of the reservation, but in the case where the  maximum request and
the minimum request of the QoS are not  declared, it is possible for the
base station to set  several steps such as high, medium and low. The
transmission rate can be adjusted by the value of  20 the spreading factor
(SF) or the multi-code number to be  used for each user. In the case of
doubling the  transmission rate, a provision for reducing the SF to a  half
and a provision for using twice as many orthogonal  codes will require the
same amount of the required power 25 resource, so that the exemplary case
of adjusting the  transmission rate by the number of orthogonal codes to be
used will be described here. Next, the amount of resources required for
providing  the determined transmission rate is calculated (S204). In  30
the case of carrying out the transmission power control in the CDMA, the
transmission power is controlled such that  the SIR (Signal-to-Interference
Ratio) becomes a target SIR  (which will be denoted as "SIRtg"). The amount
of the  uplink interferences as seen from the base station will be 35
denoted as "Sumliup". The receiving power necessary at the  -11 



base station in order to provide the transmission rate of  "ratecd" by one
code is calculated by the following  equation (1). 5 Powered = SIRtg x
Sumliup (1)  The receiving power necessary at the base station in  order to
provide the determined transmission rate "rateqos"  is calculated by the
following equation (2). 10 Powerqos = Powered x rateqos/ratecd = SIRtg x
Sumliup x rateqos/ratecd (2)  15 Then, whether the calculated resource
amount exceeds  the uplink capacity or not is judged (5205). In the case
where the uplink capacity is not exceeded  even when the calculated
"Powerqos" is added to the current  average uplink interference power, the
transmission rate 20 and the number of codes (rateqos/ratecd) for providing
"rateqos" are allocated (S209), and notified to the mobile  terminal
(S212). On the other hand, in the case where the uplink  capacity is
exceeded when the calculated "Powerqos" is  25 added to the current average
uplink interference power, "rategos" is reduced to the minimum request
"ratemin", and  "Powermin" is re-calculated by using the following equation
(3). 30 Powermin = Powered x ratemin/ratecd = SIRtg x Sumliup x
ratemin/ratecd (3)  Then,. whether the uplink capacity is exceeded or not
35 is judged by using this re-calculated value (2206), and if  -12 it is
not exceeded, the resources required for the minimum  request transmission
rate are allocated (S210) and notified  to the mobile terminal (S212). If
it is judged that the  uplink capacity is exceeded at the step S206, the
admission  5 is refused (S211). The packet average transmission intervals
or the  



transmission rates for AF3, AF2, AF1 and BE are determined  according to
the margins of the resources after the  allocation of the resources to EF
and AF4 as indicated in 10 Fig. 8 (S207), and notified to the mobile
terminal by using  the notification signal (S208). For example, when the
traffics are heavy (when the availability coefficient is  between 0 to
0.3), the average transmission intervals of  AF3, AF2, AF1 and BE traffics
are set to be "12", "24", 15 "36" and "48", respectively, and notified to
the mobile  terminal. Note that the mobile terminal determines the actual
transmission timing according to the exponential  distribution with the
average value equal to the notified 20 average transmission interval of
that traffic type. For  example, even in the case where a plurality of
mobile  terminals of the BE traffic exist, each one determines the  actual
transmission timing according to the exponential  distribution with the
average of "48", so that it is 25 possible to reduce collisions in the
uplink. Also, as for the decision of the resource allocation  at the steps
S209 and 5210, it is decided when the  transmission request is made in the
case of the realtime  traffic, whereas it is decided and notified according
to 30 the latest traffic state by setting a certain period (one  slot
interval or one frame interval, for example) as the  average transmission
interval in the case of the non- realtime traffic. Note that the
exponential distribution is used in this  35 embodiment, but it is also
possible to use the other -13 distribution with the average value set equal
to the  average transmission interval value. In the above, the operation in
the case where the base  station notifies the average transmission interval
has been  5 described, but in the case of notifying the transmission 



rate, each mobile terminal checks the transmission rate  corresponding to
the priority level or the traffic type of  the own device, determines the
number of packets to be  transmitted per unit time, and transmits the
packets by  10 selecting slots randomly. (Configuration of the
communication control system)  The communication control method described
above can  be realized by the following communication control system.  Fig.
4 and Fig. 5 show a configuration of the communication 15 control system
according to this embodiment. As shown in Fig. 4, the base station has a
circulator  100, a demodulation circuit 101, a signal demultiplexing
circuit 102, a decoding circuit 103, a modulation circuit  110, a signal
multiplexing circuit 111, an encoding circuit 20 112, and a resource
determination unit 113. The circulator 100 carries out transmission and
reception of packets through radio communications with the  mobile
terminal, and the received uplink packets are  outputted to the
demodulation circuit 101 while the 25 downlink packets modulated by the
modulation circuit 110  are inputted from the modulation circuit 110 and
transmitted to the mobile terminal. The demodulation circuit 101 converts
the received  signals by a despreading processing or the like, and the  30
converted signals are outputted to the signal demultiplexing circuit 102.
The signal demultiplexing  circuit 102 is a circuit for demultiplexing
prescribed  signals from the converted signals, and in this embodiment,
the control signal such as the reservation signal is 35 demultiplexed and
outputted to the resource determination  -14 unit 113. Also, the signal
demultiplexing circuit 102  outputs the signals after demultiplexing the
reservation  signal to the decoding circuit 103. The decoding circuit  103
decodes the inputted signals and outputs them as the 



5 uplink information to circuits of the subsequent stage.  On the other
hand, the encoding circuit 112 encodes  the downlink information, and the
encoded signals are  outputted to the signal multiplexing circuit 111. The
signal multiplexing circuit 111 is a circuit for 10 multiplexing the
signals inputted from the encoding circuit  112 and the notification
information inputted from the  resource determination unit 113, assembling
packets, and  outputting them to the modulation circuit 110. The
modulation circuit 110 modulates the multiplexed data and 15 outputs them
to the circulator 100. The resource determination unit 113 has a
reservation  information recognition circuit 120, a vacant resource  amount
checking circuit 104, a QoS determination circuit  105, a resource
determination circuit 106, a remaining 20 resource amount checking circuit
107, a packet average  transmission interval or transmission rate
determination  circuit 108, and a notification information control circuit
109. The reservation information recognition circuit 120 is  25 a circuit
for recognizing the reservation signal among the  control signals
demultiplexed by the signal demultiplexing  circuit 102 and analyzing its
content. 30 The vacant resource amount checking circuit 104 is a  circuit
for checking the amount of currently used  resources, judging the vacant
resources, and outputting  that judgement result to the QoS determination
circuit 105. 35 The QoS determination circuit 105 is a circuit for judging
15  the priority level of the service request of the user  according to the
content of the reservation signal. The resource determination circuit 106
is a circuit  for determining the resource amount according to the 5
checking result of the vacant resource amount checking  



circuit 104 in the case where the traffic requested from  the mobile
terminal is realtime. The remaining resource amount checking circuit 107 is
a circuit for subtracting the resource amount allocated to  10 the realtime
traffic from the vacant resource amount to check the remaining resource
amount. The packet average transmission interval or  transmission rate
determination circuit 108 is a circuit  for determining the average
transmission interval according 15 to the priority level of the request
from the mobile  terminal in the case where the traffic requested by the
mobile terminal is non-realtime. The notification information control
circuit 109 is a  circuit for notifying the determined resource amount and
20 average transmission interval to the mobile terminal, which outputs
these informations to the signal multiplexing  circuit 111. Note that the
signal demultiplexing circuit 102, the  reservation information recognition
circuit 120, the vacant  25 resource amount checking circuit 104, the QoS
determination circuit 105, the resource determination circuit 106, the
remaining resource amount checking circuit 107, the packet  average
transmission interval or transmission rate  determination circuit 108 and
the notification information 30 control circuit 109 may be provided behind
the decoding  circuit 103. Also, the signal multiplexing circuit 111 may
be provided in front of the encoding circuit 112. Then, in the base station
in such a configuration, the  reservation packet transmitted from the
mobile terminal is  35 recognized by the reservation information
recognition -16 circuit 120 through the circulator 100, the demodulation
circuit 101, and the signal demultiplexing circuit 102.  According to this
recognized reservation packet, the vacant  resource amount accounting for
the interferences of the 



5 other cells is checked at the vacant resource amount  checking circuit
104, and the QoS to be provided is  determined by the QoS determination
circuit 105. After that, the amount of resources to be reserved for  the
realtime is calculated and allocated by the resource 10 determination
circuit 106. The remaining resource amount by  subtracting the resources
reserved for the realtime is  checked by the remaining resource amount
checking circuit  107. The packet average transmission interval or
transmission rate for each priority level of the non 15 realtime is
determined by the packet average transmission  interval or transmission
rate determination circuit 108,  and after multiplexing the notification
information from  the notification information control circuit 109 with the
downlink information at the signal multiplexing circuit 20 111, they are
transmitted to the mobile terminal through  the modulation circuit 110 and
the circulator 100. As shown in Fig. 5, the mobile terminal has a priority
level checking unit 199, a reservation information  generation circuit 200,
an encoding circuit 201, a 25 modulation circuit 202, a circulator 203, a
signal  demultiplexing circuit 204, a demodulation circuit 205, a  decoding
circuit 206, a packet average transmission  interval or transmission rate
checking circuit 207, a  number of packets determination circuit 208, and a
30 transmission timing determination circuit 209. The circulator 203
carries out transmission and  reception of packets through radio
communications with the  base station, and the received downlink packets
are  outputted to the signal demultiplexing circuit 204 while 35 the uplink
packets modulated by the modulation circuit 202  -17 are inputted from the
modulation circuit 202 and  transmitted to the base station. The signal
demultiplexing circuit 204 is a circuit for  



demultiplexing prescribed signals from the signals inputted  5 from the
circulator 203, and in this embodiment, the control signal containing
information regarding the QoS and  the radio resource amount (notification
information) is  demultiplexed and outputted to the packet average
transmission interval or transmission rate checking circuit 10 207. Also,
the signal demultiplexing circuit 204 outputs  the signals after
demultiplexing the control signal to the  demodulation circuit 205. The
demodulation circuit 205  converts the received signals by a despreading
processing  or the like, and the converted signals are outputted to the 15
decoding circuit 206. The decoding circuit 206 decodes the  inputted
signals and outputs them as the downlink  information to circuits of the
subsequent stage. On the other hand, the encoding circuit 201 encodes  the
uplink information, and the encoded signals are 20 outputted to the
modulation circuit 202. The modulation  circuit 202 modulates the encoded
data and outputs them to  the circulator 203. The priority level checking
unit 199 is a circuit for  checking the transmission type traffic type (a
value of the  25 DSCP, for example), and judging whether it is the realtime
traffic or the non-realtime traffic according to Fig. 6  described above.
The judgement result of this priority  level checking unit 199 is outputted
to the reservation  information generation circuit 200. 30 The reservation
information generation circuit 200 is  a circuit for generating the
reservation signal according  to the judgement result of the priority level
checking unit  199, and outputting it to the encoding circuit 201. More
specifically, the reservation information generation 35 circuit 200
generates the reservation information in the  -18 case of the realtime
traffic such as EF and AF4 as  indicated in Fig. 6. 



The packet average transmission interval or  transmission rate checking
circuit 207 checks the packet  5 average transmission interval or
transmission rate according to the notification information (information
regarding the QoS and the radio resource amount)  demultiplexed by the
signal demultiplexing circuit 204, and  outputs this checking result to the
number of packets 10 determination circuit 208. The number of packets
determination circuit 208 determines the number of packets  to be
transmitted per unit time according to the packet  average transmission
interval or transmission rate, and  outputs the determined number of
packets to the 15 transmission timing calculation circuit 209. The
transmission timing calculation circuit 209  calculates the transmission
timing according to the number  of packets to be transmitted per unit time
and outputs the  calculated transmission timing to the encoding circuit
201, 20 the modulation circuit 202 and the circulator 203. The  encoding
circuit 201, the modulation circuit 202 and the  circulator 203 encode and
modulate the packets and transmit  them to the base station at the inputted
transmission  timing. 25 In the mobile terminal in such a configuration, at
a  time of transmitting, the transmission target traffic type  is checked
by the priority level checking unit 199, and in  the case of the realtime
traffic, the reservation information is generated by the reservation
information 30 generation circuit 200, and this reservation information is
transmitted to the base station through the encoding  circuit 201, the
modulation circuit 202 and the circulator  203. On the other hand, at a
time of receiving, the 35 notification information regarding the QoS and
the radio  -19 resource amount determined by the base station is received  



through the circulator 203 and the signal demultiplexing  circuit 204.
Then, in the case of the realtime traffic, the mobile  5 terminal transmits
the packet data by using the allocated  resource amount through the
encoding circuit 201, the  modulation circuit 202 and the circulator 203.
Also, in the case of the non-realtime traffic, the  packet average
transmission interval or transmission rate  10 demultiplexed by the signal
demultiplexing circuit 204 is checked at the packet average transmission
interval or  transmission rate checking circuit 207, the transmission
timing is calculated at the transmission timing  determination circuit 209,
and the packet data are 15 transmitted to the base station through the
encoding  circuit 201, the modulation circuit 202 and the circulator  203
at the determined transmission timing. As described, according to the
present invention, with  respect to the realtime traffic, the resources are
reserved  20 and the base station allocates the resources according to the
resource utilization state and the QoS request of the  user, so that it is
possible to realize the QoS support and  the service quality improvement.
On the other hand, with  respect to the non-realtime traffic, the resources
are not 25 reserved and the packet reservation is unnecessary, so that  the
delay due to the reservation packet can be reduced by  omitting the
reservation packet. Also, the average  transmission interval is determined
dynamically according  to the resource utilization state so that it is
possible to 30 realize the efficient resource utilization. Moreover, the
actual transmission timings of the mobile terminals are  distributed on a
basis of the average transmission interval  notified from the base station,
so that it is possible to  reduce the transmission collisions of the uplink
packets  35 and improve the capacity. -20 



Namely, the mobile terminal side judges the traffic  type and transmits the
reservation signal in the case of  the high priority level or the realtime
traffic so as to  carry out the resource reservation at the base station,
so 5 that the QoS can be supported. Also, in the case of the low  priority
level or the non-realtime traffic, the processing  delay and the overhead
can be reduced by not transmitting  the reservation signal in advance.
Also, in the case of the non-realtime traffic, it is  10 possible to carry
out the packet transmission in accordance  with the variations of the
resource utilization state, by  not reserving the resources, referring to
the traffic  priority level and determining the packet average
transmission interval or transmission rate according to the 15 resource
utilization state at each period. For example, when there are transmission
requests for  the realtime traffic and the non-realtime traffic, the
resource amount according to the reservation signal is  determined in
advance with respect to the realtime traffic, 20 and when the realtime
traffic is less than the reserved  amount, the non-realtime packets are
transmitted by  utilizing the vacant resources, so that the efficient
resource utilization can be realized. Also, the mobile terminal determines
the actual 25 transmission timing on a basis of the average transmission
interval notified from the base station, so that it is  possible to
distribute the transmission timings, and it is  possible to reduce the
transmission collisions of the  uplink packets and improve the capacity. 30
Also, the base station allocates the resources to the  low priority level
or the non-realtime traffic according to  the remaining available resource
amount by accounting for  the interferences from the other cells and the
resource  amount reserved for the high priority level or the realtime 35
traffic, so that it is possible to realize the efficient  



-21 utilization of the radio resources while accounting for the  QoS
support. It is also to be noted that, besides those already  mentioned
above, many modifications and variations of the  5 above embodiments may be
made without departing from the novel and advantageous features of the
present invention.  Accordingly, all such modifications and variations are
intended to be included within the scope of the appended  claims. 10  15
20  25  30  35  -22 WHAT IS CLAIMED IS: 1. A communication control method
for mobile  communications in which packet communications are carried  out
between a mobile terminal and a base station,  5 comprising the steps of:
(a) checking a priority level of a traffic and  judging a type of the
traffic, at the mobile terminal; (b) transmitting a reservation signal for
a  transmission request to the base station when the type of  10 the
traffic is a high priority level or realtime type, and not transmitting the
reservation signal to the base  station when the type of the traffic is a
low priority  level or non-realtime type, at the mobile terminal; (c)
determining a resource amount to be reserved for  15 high priority or
realtime packet transmission according to  a resource utilization state and
the reservation signal  for the traffic of the high priority level or
realtime  type, or determining an average transmission interval or  



transmission rate for the traffic of the low priority 20 level or
non-realtime type according to margins in  remaining resources, at the base
station; and (d) notifying the resource amount and resource  allocation or
the average transmission interval or  transmission rate determined by the
step (c) from the base  25 station to the mobile terminal. 2. The
communication control method of claim 1, wherein  the mobile, terminal at
the step (b) transmits the  reservation signal that contains a QoS request
of an 30 application recognized at the mobile terminal, and the  base
station at the step (c) checks a current resource  utilization state and
determines the resource amount to be  allocated to a realtime traffic
according to the current  resource utilization state and the QoS request
contained  35 in the reservation signal. 3. The communication control
method of claim 1, wherein  the base station at the step (c) determines the
average  transmission interval or transmittion rate when a traffic  40 type
of the application is non-realtime. 23 4. The communication control method
of claim 1, wherein  the base station at the step (c) obtains the resource
utilization state by measuring an uplink interference 5 power level or a
rate of the uplink interference power  level and an uplink tolerable
interference power level. 5. The communication control method of claim 1,
wherein  the base station at the step (c) allocates resources to a  10
realtime traffic whenever the transmission request occurs, and determines
the average transmission interval or  transmission rate for a non-realtime
traffic is determined  at each prescribed period according to a total
available  resource amount based on the resource utilization state in  15 a
past prescribed period of time. 6. The communication control method of
claim 1, further  



comprising the step of determining a number of packets to  be transmitted
per unit time according to a transmission 20 rate of a traffic type
notified from the base station, at  the mobile terminal. 7. The
communication control method of claim 1, further  comprising the step of
calculating an actual transmission  25 timing according to the average
transmission interval of a traffic type notified from the base station and
a  predetermined distribution, at the mobile terminal. 8. The communication
control method of claim 7, further  30 comprising the step of updating the
actual transmission  timing for not yet transmitted packets of a
non-realtime  traffic, according to the average transmission interval  that
is periodically notified from the base station. 35 9. A communication
control system for mobile  communications in which packet communications
are carried  out between a mobile terminal and a base station,  comprising:
a priority level checking unit for checking a  40 priority level of a
traffic and judging a type of the  24 traffic, at the mobile terminal; a
reservation signal generation unit for  transmitting a reservation signal
for a transmission  request to the base station when the type of the
traffic 5 is a high priority level or realtime type, and not  transmitting
the reservation signal to the base station  when the type of the traffic is
a low priority level or  non-realtime type, at the mobile terminal; a
resource determination unit for determining a  10 resource amount to be
reserved for high priority or  realtime packet transmission according to a
resource  utilization state and the reservation signal for the  traffic of
the high priority level or realtime type, or  determining an average
transmission interval or 



15 transmission rate for the traffic of the low priority  level or
non-realtime type according to margins in  remaining resources, at the base
station; and a notification information control unit for  notifying the
resource amount and resource allocation or  20 the average transmission
interval or transmission rate determined by the resource determination unit
from the  base station to the mobile terminal. 10. The communication
control system of claim 9, further  25 comprising a vacant resource
checking unit for checking a  current resource utilization state at the
base station,  wherein the reservation signal generation unit transmits
the reservation signal that contains a QoS request of an  application
recognized at the mobile terminal, and the 30 resource determination unit
determines the resource amount  to be allocated to a realtime traffic
according to the  current resource utilization state and the QoS request
contained in the reservation signal. 35 11. The communication control
system of claim 9, wherein  the the resource determination unit determines
the average  transmission interval or transmission rate when a traffic
type of the application is non-realtime. 40 12. The communication control
system of claim 9, wherein  25 the resource determination unit obtains the
resource  utilization state by measuring an uplink interference  power
level or a rate of the uplink interference power  level and an uplink
tolerable interference power level. 5 13. The communication control system
of claim 9, wherein  the resource determination unit also allocates
resources  to a realtime traffic whenever the transmission request  occurs,
and determines the average transmission interval 10 or transmission rate
for a non-realtime traffic is  determined at each prescribed period
according to a total  



available resource amount based on the resource  utilization state in a
past prescribed period of time. 15 14. The communication control system of
claim 9, further  comprising a unit for determining a number of packets to
be transmitted per unit time according to a transmission  rate of a traffic
type notified from the base station, at  the mobile terminal. 20 15. The
communication control system of claim 9, further  comprising a transmission
timing determination unit for  calculating an actual transmission timing
according to the  average transmission interval of a traffic type notified
25 from the base station and a predetermined distribution, at  the mobile
terminal. 16. The communication control system of claim 15,  wherein the
transmission timing determination unit also  30 updates the actual
transmission timing for not yet transmitted packets of a non-realtime
traffic, according  to the average transmission interval that is
periodically  notified from the base station. 35  40 26 17. A mobile
terminal device for carrying out packet  communications with a base
station, comprising: 5 a priority level checking unit for checking a
priority level of a traffic and judging a type of the  traffic; and a
reservation signal generation unit for  transmitting a reservation signal
for a transmission  10 request to the base station when the type of the
traffic is a high priority level or realtime type, and not  transmitting
the reservation signal to the base station  when the type of the traffic is
a low priority level or  non-realtime type. 



15 18. The mobile terminal device of claim 17, wherein the  reservation
signal generation unit transmits the  reservation signal that contains a
QoS request of an  application recognized at the mobile station device. 20
19. The mobile terminal device of claim 17, further  comprising a unit for
determining a number of packets to  be transmitted per unit time according
to a transmission  rate of a traffic type notified from the base station.
25 20. The mobile terminal device of claim 17, further  comprising a
transmission timing determination unit for  calculating an actual
transmission timing according to an  average transmission interval of a
traffic type notified 30 from the base station and a predetermined
distribution.  21. The mobile terminal device of claim 20, wherein the
transmission timing determination unit also updates the  actual
transmission timing for not yet transmitted packets 35 of a non-realtime
traffic, according to the average  transmission interval that is
periodically notified and  received from the base station. 27 


