
;e3eH46THO *G00002* -1 ALLOCATION OF RADIO RESOURCES TO PACKETS IN
ACCORDANCE WITH SERVICE QUALITIES UNDER RADIO COMMUNICATION ENVIRONMENT 5
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
generally relates to a radio communications system for carrying out packet
transmission, 10 and more particularly, to a technique of allocation of
radio resources to a downlink packet, in compliance with the service
quality of the wireless terminal. 2. Description of Related Art 15 It is
indispensable for a wireless communications system aiming to realize
multimedia services to appropriately control packet transmission, taking
into account the quality of services (QoS) that differs among applications.
In addition, it is expected in the future 20 wireless communications
systems that information will be transmitted as packets through the network
having wireless links. One technique for supporting a wide variety of
service qualities required in a packet wireless communications system is to
classify the packets in 25 accordance with the service qualities required
by the respective wireless terminals, and to determine the transmission
priority for the packets based on the classification. One known
classification method is to set the 



30 packet transmission rate to one of the prescribed rates, such as CBR
(constant bit rate), VBR (variable bit rate), or ABR (available bit rate)
in the ATM (Asynchronous Transfer Mode). Another technique is to use the
Diffserv architecture    -2 proposed by the IETF (Internet Engineering Task
Force). Under the Diffserv architecture, the traffic type is roughly
classified into EF (expedited Forwarding), AF (assured forwarding) 1, AF2,
AF3, AF4, and BE (best effort). A DSCP 5 (Diffserv code point) value
representing the identifier of the QoS class is assigned to each of the
traffic types. Based on this classification, a packet is grouped into one
of the traffic types in accordance with the service quality required for
that packet. 10 FIG.1 is a table defining the relation between the traffic
types and the transmission priority under the Diffserv architecture. The
top priority in data transmission is given to the EF (expedited forwarding)
class. The EF class is used for the packet requiring real-time 15
transmission, such as voice. The AF class has the priority next to the EF
class, and weighted by four different factors. AF4 class is used for the
packet containing video data that requires real~time transmission, such as
video conference or streaming. AF1 through AF3 are applied to packets that
do 20 not contain data requiring real-time transmission. BE class is at the
same priority level as the router that does not support the Diffserv
architecture. The BE class is used to the packets containing data that do
not require real-time transmission. 25 An identifier representing the QoS
is written in advance in the prescribed field of the header of a packet or
a cell. Based on this identifier, a packet transmission control apparatus
classifies the packet in accordance with the required service quality, and
carries out transmission 30 priority control when forwarding the packet to
the destination. For example, since in the Diffserv architecture the top
priority is given to the EF class, a packet of the EF traffic type is
treated with the top priority.   r -3 However, the above-described method
may not exhibit its effect efficiently, depending on the environment, if it
is applied to radio communications as it is. In other words, even though
the packet transmission control apparatus 5 classifies the packets into
groups and controls the order of transmission priority based on the
required service qualities, a receiver or destination equipment may not
receive the exact service quality that the destination equipment requires. 



10 FIG. 2 illustrates an example of the radio communication system. The
mobile communications system shown in FIG. 2 includes a base station 504,
which functions as a packet transmission control apparatus, and three
wireless terminals 501, 502, and 503, which function as receivers or 15
destination equipment. The wireless terminals 501 and 502 are installed
with an application corresponding to traffic type AF4, and wireless
terminal 503 is installed with an application corresponding to traffic type
AF3 in the Diffserv architecture. 20 The base station 504 has FIFO
(First-In First Out) transmission buffers for the respective traffic types.
When receiving a packet, the base station 504 stores the packet in the
associated transmission buffer corresponding to the traffic type of the
addressed terminal one by one in order 25 of arrival. Then, the base
station 504 assigns radio resourced to the packet stored in the buffer and
transmits it to the destination. However, under the radio communication
environment, the locations (or the circumstances) of the wireless 30
terminals differ from one other, while each location moves frequently as
time passes. In addition, the transmission conditions, such as path
conditions or interference, often change. Accordingly, the quantity of
radio resources   r r -4 required for the packet transmission also
fluctuates as time passes. For example, it is assumed that the radio
resource to be allocated is transmission power of the base station 5 504,
and that the transmission power is allocated to AF3 and AF4 classes so that
the transmission ratio, that is, the ratio of the number of packets of AF3
to the number of packets of AF4, becomes four to two (4/2). As illustrated
in FIG. 3, the transmission buffer 10 for AF4 class stores packets A-1
through A-3 addressed to wireless terminal 501, which correspond to two
AF4-class fields, and packets B-1 through B-4 addressed to wireless
terminal 502, which also correspond to two AF4-class fields. The packets
are stored in order of arrival of the packets. 15 In this example, AF4
packets are received at the base station 504 in order of A-1, B-1, B-2,
A-2, B-3, A-3, B-4. On the other hand, the transmission buffer for AF3
class stores packets C-1 through C-4, which correspond to two AF3class
fields. The arrival order of these AF3 packets is C-1, 20 C-2, C-3,~and
C-4. The vertical length of the packets shown in FIG. 3 represents the
transmission power required to transmit these packets to the destinations.
Based on the transmission ratio and the arrival order, the base station 504
tries to assign transmission 25 power to packets A-1, B-1, B-2, A-2, C-1,
and C-2, simultaneously. However, as illustrated in FIG. 4, the required
transmission power levels simultaneously assigned to these packets exceeds
the maximum transmission power level of the base station 504. A portion of
the packets (in 30 this example, packet C-2) cannot receive the necessary
power, and consequently, transmission delay occurs, whereby the
predetermined transmission ratio cannot be maintained. In other words, the
required service quality cannot be   



-5 satisfied. For this reason, it becomes important for priority
transmission control to allocate radio resources in a reliable manner,
taking into account changes in transmission paths, interference, and other
factors under 5 the radio communications environment. In addition, since
the radio resources, such as time slots, frequency bands, spreading codes,
or transmission power, are limited, it is also important to use the finite
radio resources efficiently. 10 The present invention is conceived to
overcome the above-described problems, and it is an object of the invention
to provide a technique of efficient allocation of radio resources, while
satisfying the service quality required for a wireless terminal in packet
transmission. 15 This resource allocation technique is applicable to a
conventional system, such as the Diffserv system, that carries out packet
classification and transmission priority control. To achieve the object, in
one aspect of the 20 invention, a method for allocating radio resources to
packets addressed to a plurality of wireless terminals is provided. This
method is carried out at a base station in a radio communications system.
In the method, (a) a threshold of buffering delay is set at the base 25
station; (b) the communication qualities of the wireless terminals located
in the service area of the base station are monitored; (c) the packets
addressed to the wireless terminals are 



30 classified into two or more groups based on the communication qualities
of the wireless terminals; (d) buffering delay of the packet is measured in
each of the groups; and   -6 (e) if there is a group that includes a packet
with the buffering delay at or above the threshold, priority for allocating
the radio resources is given to the packets belonging to the group that
includes the packet with the 5 buffering delay at or above the threshold.
This method is effective in the congested state, where the buffering delay
of packets is apt to increase at the base station over the acceptable delay
time. By giving transmission priority to the packets classified in the
group 10 that includes a packet with the buffering delay over the
threshold, transmission delay can be prevented, while conducting
transmission control in compliance with the service quality of the wireless
terminals to which the packets are addressed. 15 If there is not a group
that includes a packet with the buffering delay at or above the threshold,
the priority for allocating the radio resources is given to the packets
addressed to the wireless terminals having lower communication qualities.
20 This arrangement can move up the total quantity of radio resources that
can be allocated to the packets toward the maximum radio resources of the
base station. Alternatively, if there is not a group that includes a packet
with the buffering delay at or above the 25 threshold, the priority for
allocating the radio resources is given to the packets addressed to the
wireless terminals having higher communication qualities. This arrangement
can increase the number of packets that can be transmitted with the limited
quantity of 30 radio resources. Preferably, when allocating the radio
resources, it is determined whether there is a sufficient quantity of radio
resources left for a current packet. If the radio   resources are
insufficient for the current packet, the radio resources are allocated to
another packet belonging to the same group. In another aspect of the
invention, a base station 5 that allocates radio resources to packets
addressed to wireless terminals located in the service area is provided.
The base station comprises: 



(a) buffering delay threshold setting unit that sets a threshold value of
buffering delay at the base station; 10 (b) a service quality detection
unit that monitors and measures communication qualities of the wireless
terminals; (c) a packet classification unit that classifies the packets
into two or more groups based on the measured communication qualities of
the wireless terminals; 15 (d) buffering delay measuring unit that measures
buffering delay of the packets for each of the groups; (e) a transmission
priority determination unit that determines order of priority for
transmitting the packets based on buffering delay measuring result of the
buffering 20 delay measuring unit, in comparison with the threshold; and
(f) a resource allocation unit that allocates the radio resources to the
packets in accordance with the order of priority. This base station can
efficiently allocate the 25 radio resources to the packets addressed to the
wireless terminals currently located in the service area, while considering
the radio communication environment, such as the degree of congestion,
which affects the communication quality. 30 If there is a group with
buffering delay measuring result at or above the threshold value, the
transmission priority determination unit gives transmission priority to the
packets included in the group with the buffering delay   _a_ measuring
result at or above the threshold value. Accordingly, the resource
allocation unit first allocates the radio resources to the packets included
in the group with the buffering delay measuring result at or above the 5
threshold value. If there is not a group with buffering delay measuring
result at or above the threshold value, then the transmission priority
determination unit gives transmission priority to the packets included in a
group corresponding to 10 a lower communication quality. The resource
allocation unit first allocates the radio resources to the packets included
in the group corresponding to the lower communication quality.
Alternatively, if there is not a group with the 15 buffering delay
measuring result at or above the threshold value, the transmission priority
determination unit may give transmission priority to the packets included
in a group corresponding to a higher communication quality. In this case,
the resource allocation unit first allocates the radio 20 resources to the
packets included in the group corresponding to the higher communication
quality. Preferably, the resource allocation unit determines whether there
is sufficient quantity of radio resources available for a current packet.
If the radio 25 resources are insufficient for the current packet, the
resource allocation unit allocates the radio resources to another packet
belonging to the same group. BRIEF DESCRIPTION OF THE DRAWINGS 30 



FIG. 1 illustrates the relation between traffic types and transmission
priority in the Diffserv architecture;   _g_ FIG. 2 illustrates an example
of a conventional mobile communications system employing the Diffserv
architecture; FIG. 3 illustrates an example of transmission 5 buffers
storing packets in accordance with the class of the Diffserv architecture;
FIG. 4 illustrates the relation between the transmission power required for
packet transmission and the maximum transmission power of the base station;
10 FIG. 5 illustrates an example of a radio communication system to which
the present invention is applied; FIG. 6 illustrates the structure of a
base station to which the present invention is applied; 15 FIG. 7
illustrates the operation flow of allocation of radio resources according
to the first embodiment of the invention; FIG. 8 illustrates the relation
between the transmission power required for packet transmission and the 20
maximum transmission power of the base station according to the first
embodiment of the invention; FIG. 9 illustrates the comparison between the
conventional technique and the first embodiment in the relation between the
transmission power required for packet 25 transmission and the maximum
transmission power of the base station; FIG. 10 illustrates the operation
flow of allocation of radio resources according to the second embodiment of
the invention; 30 FIG. 11 illustrates the relation between the transmission
power required for packet transmission and the maximum transmission power
of the base station according to the second embodiment of the invention;
and   r -10 



FIG. 12 illustrates the operation flow of allocation of radio resources
according to the third embodiment of the invention. 5 DETAILED DESCRIPTION
OF THE INVENTION The present invention will now be described in detail in
conjunction with the attached drawings. FIG. 5 illustrates an example of
the radio communications system to 10 which a radio resource allocation
technique of the present invention is applied. The base station 1 covers
the area in which wireless terminals 10, 20, 30, and 40 are located. These
wireless terminals 10 through 40 are connected to the base 15 station 1 via
radio communications. The base station 1 allocates radio resources, such as
time slots in TDMA, frequency band in FDMA, spreading codes in CDMA, and
transmission power of the base station 1, to the packets addressed to the
wireless terminals 10 through 40. In the 20 following, the transmission
power of the base station 1 is allocated to the packets, as an example of
the radio resources. In FIG. 5, while terminal 10 is receiving image data
from the base station 1, terminal 20 is receiving 25 control data for a
camera. Similarly, terminal 30, which also function as a personal computer,
is receiving data from the base station 1, and terminal 40 is making voice
communication . FIG. 6 illustrates the structure of the base 30 station 1.
The base station 1 comprises a receiver 101, a service quality detection
unit 102, a transmission power determination unit 103, a quality range
setting unit 104, and packet classification unit 105. The base station 1
also 



r -11 comprises transmission buffers 106 and 107, maximum buffering delay
measuring units 108 and 109, a required quality acquiring unit 110, and
buffering delay threshold setting unit 111. Furthermore, the base station 1
has a 5 transmission priority determination unit 112, a resource allocation
unit 113, a transmission timing determination unit 114, and a transmitter
115. The transmission buffers 106 and 107 are of a FIFO type. The receiver
101 receives a packet addressed to a 10 wireless terminal located in the
area, and supplies the packet to the transmission power determination unit
103. The packet contains information (such as telephone number or the IP
address assigned to the wireless terminal) for identifying the destination.
15 The service quality detection unit 102 constantly monitors and measures
the communication quality of each of the wireless terminals 10 through 40.
The communication quality includes, but is not limited to, transmission
power required for the base station to transmit the packet to the 20
wireless terminal, receiving quality (such as SIR) at the wireless
terminal, the receiving error rate at the wireless terminal, throughput and
packet loss of the wireless terminal, etc. The service quality detection
unit 102 outputs the measurement result to the transmission power 25
determination unit 103 and to the quality range setting unit 104. The
measurement result contains the identity information of the associated
wireless terminal. The transmission power determination unit 103 determines
the transmission power level required to transmit 30 the packet to the
addressed wireless terminal, based on the packet supplied from the receiver
101 and the communication quality measured by the service quality detection
unit 102. To be more precise, every time a packet is input to the   -12
transmission power determination unit 103 from the receiver 101, the
transmission power determination unit 103 looks for the measurement result
that has the same identity information as that contained in the packet.
Then, the 5 transmission power level to be allocated to this packet for
transmission to the destination is determined based on the associated
measurement result. For example, if the communication quality supplied from
the service quality detection unit 102 is good, the transmission power 10
determination unit 103 sets a small transmission power level for this
packet. In contrast, if the communication quality is not good, the
transmission power level is set larger. The transmission power
determination unit 103 supplies the determined transmission power level, as
well as the packet 15 and the communication quality, to the packet
classification unit 105. The quality range setting unit 104 calculates the
average of communication qualities of the wireless terminals 10 through 40,
based on the output from the service quality 20 detection unit 102, to
determine the quality ranges for the transmission buffers 106 and 107. In
this example, the quality range setting unit 104 sets a quality range at or
above the average for transmission buffer 106, and sets a quality range
below the average for transmission buffer 107. 



25 Then, the quality range setting unit 104 outputs the quality ranges
determined for the transmission buffers 106 and 107 to the packet
classification unit 105. The packet classification unit 105 distributes the
packet to one of the transmission buffers 106 and 107, based 30 on the
communication quality and the transmission power supplied from the
transmission power determination unit l03, and on the quality ranges of the
transmission buffers 106 and 107 supplied from the quality range setting
unit 104.   -13 To be more precise, every time the packet classification
unit 105 receives a packet, together with the transmission power level and
the communication quality, from the transmission power determination unit
103, the packet 5 classification unit 105 determines which quality range of
the transmission buffer covers the detected communication quality of the
packet. Then, the packet classification unit 105 sends the packet together
with the necessary transmission power level to the selected buffer. 10 If
the communication quality output from the transmission power determination
unit 103 is at or above the average of the communication qualities of the
wireless terminals 10 through 40, the packet is sent to and stored in the
transmission buffer 106 in association with the 15 transmission power level
determined to be suitable for the detected communication quality. If the
communication quality output from the transmission power determination unit
103 is below the average, then the packet is stored in the transmission
buffer 107 in association with the transmission 20 power level
corresponding to the detected communication quality. In this example, the
packets are grouped into two groups, namely, a group at or above the
average and a group below the average. The packets belonging to the former
group are stored in the transmission buffer 106, and the packets 25
belonging to the latter group are stored in the transmission buffer 107.
The maximum buffering delay measuring unit l08 constantly measures the
buffering delay of the leading packet stored in the buffer 106. The
buffering delay is the 30 time having passed while the packet has been
stored in the buffer. The measured buffering delay is output to the
transmission priority determination unit 112. Similarly, the maximum
buffering delay measuring unit 109 constantly   -14 measures the buffering
delay of the leading packet stored in the buffer 107, and outputs the
measuring result (i.e., the longest buffering delay in this buffer) to
transmission priority determination unit 112. 5 The required quality
acquiring unit 110 acquires the service qualities required for the wireless
terminals 10 through 40. In this example, the required service quality is
an acceptable delay time of each of the wireless terminals. The buffering
delay threshold setting unit 111 sets a 10 threshold value of the longest
acceptable buffering delay of the packet in the transmission buffers 106
and 107, based on the required service qualities of the wireless terminals
10 through 40. If the required service qualities differ from among the
wireless terminals 10 through 40, then the 15 buffering delay threshold
setting unit 111 selects a threshold value of the shortest acceptable
buffering delay so as to satisfy the highest service quality currently
required. 



Based on the maximum buffering delay of the 20 leading packet measured by
the maximum buffering delay measuring unit 108 and 109, and on the
threshold value determined by the buffering delay threshold setting unit
111, the transmission priority determination unit 112 determines the order
of priority for transmitting the packets stored in 25 the transmission
buffers 106 and 107. The resource allocation unit 113 reads the packets and
the associated transmission power levels from the transmission buffers 106
and 107 one by one, based on the priority determined by the transmission
priority 30 determination unit 112. Then, the resource allocation unit 113
allocates the radio resources to the packet in compliance with the
transmission power level determined for this packet, and supplies the
packet, together with the   -15 value of the transmission power level
allocated to this packet, to the transmission timing determination unit
114. The detailed process of allocation of the radio resources carried out
by the transmission priority 5 determination unit 112 and the resource
allocation unit 113 will be explained below. The transmission timing
determination unit 114 outputs the packet to the transmitter 115 at a
predetermined timing. Upon receiving the packet, the transmitter 115 10
transmits the packet to the addressed wireless terminal (destination).
Next, explanation will be made of the allocation of the radio resources
based on the first and second embodiments. In the following explanation,
the transmission 15 buffers 106 and 107 are occasionally referred to as
group-1 buffer and group-2 buffer, respectively. In the first embodiment,
the transmission priority determination unit 112 checks the packets stored
in the transmission buffer 106, namely, the packets addressed to 20 the
wireless terminals having communication qualities at or above the average.
If the buffering delay of the leading packet (i.e., the maximum buffering
delay) is equal to or longer than the threshold value of the buffering
delay set by the buffering delay threshold setting unit 111, the 25
transmission power level, which is an example of the radio resources, is
allocated to the packet in the transmission buffer 106 at a higher
priprity. If the buffering delay of the leading packet is shorter than the
threshold, then the transmission power level (or the radio resource) is 30
allocated to the packet in the transmission buffer 107 having the
communication quality below the average. FIG. 7 is a flowchart showing the
operations of allocating the radio resources according to the first  



-16 embodiment. The transmission priority determination unit 112 determines
whether the maximum buffering delay of the packet (that is, the buffering
delay of the leading packet) of group-1 buffer (transmission buffer) 106 is
equal to or 5 greater than the threshold of the buffering delay (step S101)
. If the maximum buffering delay of packet in group 1 is at or above the
threshold buffering delay (YES in step S101), the transmission priority
determination unit l12 10 gives top priority to the leading packet of group
1 so that the radio resource is first allocated to this leading packet. The
resource allocation unit 113 allocates the transmission power to the packet
of group 1 in compliance with the determined order of priority (step S102).
15 Then, the resource allocation unit 113 determines whether there is a
remainder resource (i.e., transmission power left by subtracting the
transmission power allocated to the packet of group 1 from the maximum
transmission power of the base station 1) (step S103). 20 If there are no
more resources left (NO in step S103), the process terminates. If there are
resources still left (YES in step S103), the resource allocation unit 113
allocates the resources to the packet in group 2 (the transmission buffer
107) (step S104), and the process 25 terminates. On the other hand, if in
step S101 it is determined that the maximum buffering delay of the leading
packet of group 1 is below the threshold (NO in S101), the transmission
priority determination unit 112 gives priority 30 to the packets in group
2. The resource allocation unit 113 allocates the transmission power level
(i.e., the radio resource) to the packets of group 2 in compliance with the
determined priority (step S105).   -17 



Then, the resource allocation unit 113 determines whether there are
remaining resources (transmission power left by subtracting the
transmission power level allocated to the packet of group 2 from the
maximum transmission power 5 level of the base station 1) (step S106). If
there are no more resource left (NO in step S106), the process terminates.
If there are resource still left (YES in step S106), the resource
allocation unit 113 allocates the resource to group-1 packets (step S107),
and 10 the process terminates. FIG. 8A and FIG. 8B illustrate the relation
between the transmission power required to transmit a packet and the
maximum transmission power of the base station. In these figures, packets
1-1 through 1-6 are stored in group-1 15 buffer, and packets 2-1 through
2-4 are stored in group-2 buffer. The length of each block (packet) in the
buffer represents the level of transmission power required to transmit the
packet. If, in step S101 of FIG. 7, it is determined that 20 the maximum
buffering delay of a group-1 packet (i.e., the buffering delay of the
leading packet 1-1) is below the threshold, priority is given to the
group-2 packets (that require larger transmission power), and transmission
power is first assigned to packets 2-1 through 2-4, as illustrated 25 in
FIG. 8A. If there is still transmission power left after the allocation to
the packets 2-1 through 2-4, the remaining transmission power is assigned
to group-1 packets (that require less transmission power) as long as it
does not exceed the maximum transmission power level of the base 30 station
1. If, on the other hand, it is determined in step S101 of FIG. 7 that the
maximum buffering delay of a group-1 packet is at or above the threshold,
then priority is given   -18 to the group-1 packets, and transmission power
is first assigned to packets 1-1 through 1-6, as illustrated in FIG. 8B. If
there is transmission power left after the allocation of the transmission
power to packets 1-1 through 1-6, then 5 the remaining transmission power
is assigned to group-2 packets 2-1 and 2-2 (that require greater
transmission power) as long as it does not exceed the maximum transmission
power level of the base station 1. FIG. 9 illustrates comparison between
the 10 conventional technique and the resource allocation method according
to the first embodiment of the invention, regarding the relation between
the transmission power required for transmission of packets and the maximum
transmission power level of the base station. In the 15 conventional
method, which is shown in the left drawing of FIG. 9, transmission power,
which is an example of radio resources, is allocated to packets in order of
arrival of the packets (order of A, B, C, D, and E). The resource
allocation method of the present 20 invention is shown in the right
drawing, which is carried out under the situation where it is determined
that the maximum buffering delay of group-1 packets is below the threshold
in step S101 of FIG. 7. In this case, transmission power is allocated to
group-2 packets A, B, E and F, which 25 require greater transmission power.
If there is transmission power left after the allocation to the group-2
packets, the remaining transmission power is assigned to packet C of group
1, which requires less transmission power, as long as it does not exceed
the maximum transmission power level of 30 the base station 1. With this
arrangement, even if the remaining transmission power becomes small (that
is, even if the total level of transmission power assigned to packets
becomes close to the maximum transmission power level of the  



-19 base station 1), the remaining transmission power can be still
allocated to more packets that require smaller transmission power. This
means that the total transmission power assigned to packets can be
increased closer to the 5 maximum transmission power level of the base
station 1, and consequently, the efficiency of allocation of radio
resources is improved. In the first embodiment, base station 1 monitors and
measures the time-varying communication qualities of 10 wireless terminals
10 through 40, and classifies packets addressed to the wireless terminals
10 through 40 into two groups depending on whether the current
communication quality of each terminal reaches the average in the area
covered by the base station 1. The packet addressed to a 15 wireless
terminal with current communication quality at or above the average is
stored in group-1 buffer 106. The packet addressed to a wireless terminal
with current communication quality below the average is stored in group-2
buffer 107. In addition, the base station 1 determines the 20 maximum
buffering delay of a packet in transmission buffer 106. If the maximum
buffering delay of a packet in transmission buffer 106 reaches or exceeds
the threshold time, the base station 1 gives priority to the packets in
group-1 buffer 106 when allocating the transmission power. 25 If the
maximum buffering delay in transmission buffer 106 is below the threshold,
the base station 1 first allocates the transmission power to the packets in
group-2 buffer 107. In the congested state where the maximum buffering
delay of a packet in transmission buffer l06 exceeds the 30 threshold, the
packets in transmission buffer 106 are given higher priority in allocation
of transmission power. This arrangement can prevent transmission delay, and
realizes transmission control in compliance with the service quality   -20
required by the wireless terminal. In a non-congested state, packets in
transmission buffer 107, which require a greater quantity of radio
resources for transmission, are given higher priority in 5 allocation of
transmission power. After the allocation of transmission power to packets
in the transmission buffer 107, the remaining transmission power is
assigned to the packets in the transmission buffer 106, which require less
radio resources for transmission. This arrangement can pull up the 10 total
level of transmission power assigned to packets toward the maximum
transmission power level of the base station 1, as compared with the
conventional technique, making good use of transmission power in an
efficient manner. Next, the second embodiment of resource allocation 15
will be explained below. In the second embodiment, the transmission
priority determination unit 112 checks the packets stored in the
transmission buffer 107, namely, the packets addressed to the ratio
terminals having communication qualities below the average. If the
buffering 20 delay of the leading packet (i.e., the maximum buffering
delay) in transmission buffer 107 is equal to or greater than the threshold
value set by the buffering delay threshold setting unit 111, the
transmission power, which is an example of the radio resources, is
allocated to the 25 packet in the transmission buffer 107 at a higher
priority. If the buffering delay of the leading packet is shorter than the
threshold, then the transmission power (or the radio resource) is first
allocated to the packets in the transmission buffer 106, which has a
communication quality 30 at or above the average. 



FIG. 10 is a flowchart showing the operations of allocating the radio
resources according to the second embodiment. The transmission priority
determination unit 112   -21 determines whether the maximum buffering delay
of the packet (that is, the buffering delay of the leading packet) of
group-2 buffer (transmission buffer 107) is equal to or greater than the
threshold of the buffering delay (step 5 S201) . If the maximum buffering
delay of packet in group 2 is at or above the threshold buffering delay
(YES in step S201), the transmission priority determination unit 112 gives
priority to the leading packet of group 2 so that the 10 radio resources
are first allocated to this leading packet. The resource allocation unit
113 allocates the transmission power to the packets of group 2 in
compliance with the determined order of priority (step S202). Then, the
resource allocation unit 113 determines 15 whether there are remaining
resources (i.e., transmission power left by subtracting the transmission
power level allocated to the packet of group 2 from the maximum
transmission power level of the base station 1) (step S203). If there are
no resources left (NO in step S203), 20 then the process terminates. If
there are resources still left (YES in step S203), the resource allocation
unit 113 allocates the remaining resources to the packets in group 1 (the
transmission buffer 106) (step S204), and the process terminates. 25 On the
other hand, if in step S201 it is determined that the maximum buffering
delay of the leading packet of group 2 is below the threshold (NO in S201),
the transmission priority determination unit 111 gives priority to the
packets in group 1. The resource allocation unit 113 30 allocates the
transmission power (i.e., the radio resource) to the packets of group 1 in
compliance with the determined priority (step S205). Then, the resource
allocation unit 113 determines   -22 whether there are remaining resources
(transmission power left by subtracting the transmission power level
allocated to the packet of group 1 from the maximum transmission power
level of the base station 1) (step S206). 5 If there are no resources left
(NO in step S206), then the process terminates. If there are resources
still left (YES in step S206), the resource allocation unit 113 allocates
the remaining resources to the group-2 packets (step S207), and the process
terminates. 10 FIG. 11A and FIG. 11B illustrate the relation between the
transmission power required to transmit a packet and the maximum
transmission power of the base station. In these figures, packets 1-1
through 1-6 are stored in group-1 buffer, and packets 2-1 through 2-4 are
stored in group-2 15 buffer. The length of each block (packet) in the
buffer represents the level of transmission power required to transmit the
packet. If, in step S201 of FIG. 10, it is determined that the maximum
buffering delay of a group-2 packet (i.e., the 20 buffering delay of the
leading packet 2-1) is below the 



threshold, priority is given to the group-1 packets (that require less
transmission power), and transmission power is f~rst assigned to packets
1-1 through 1-6, as illustrated in FIG. 11A. If there is still transmission
power left after 25 the allocation to the packets 1-1 through 1-6, then the
remaining transmission power is assigned to group-2 packets (that require
greater transmission power) as long as it does not exceed the maximum
transmission power level of the base station 1. 30 If, on the other hand,
it is determined in step S201 of FIG. 10 that the maximum buffering delay
of a group2 packet is at or above the threshold, then priority is given to
the group-2 packets, and transmission power is   -23 first assigned to
packets 2-1 through 2-4, as illustrated in FIG. 11B. If there is
transmission power left after the allocation of the transmission power to
packets 2-1 through 2-4, then the remaining transmission power is assigned
to 5 group-1 packets 1-1 and 1-2 (that require less transmission powery as
long as it does not exceed the maximum transmission power level of the base
station 1. In the second embodiment, base station 1 monitors and measures
the time-varying communication qualities of 10 wireless terminals 10
through 40, and classifies packets addressed to the wireless terminals 10
through 40 into two groups depending on whether the current communication
quality of each terminal reaches the average in the area covered by the
base station 1. The packet addressed to a 15 wireless terminal with current
communication quality at or above the average is stored in group-1 buffer
106. The packet addressed to a wireless terminal with current communication
quality below the average is stored in group-2 buffer 107. In addition, the
base station 1 determines the 20 maximum buffering delay of a packet in
transmission buffer 107. If the maximum buffering delay of a packet in
transmission buffer 107 reaches or exceeds the threshold time, the base
station 1 gives priority to the packets in group-2 buffer 107 when
allocating the transmission power. 25 If the maximum buffering delay of a
packet in transmission buffer 107 is below the threshold, the base station
1 first allocates the transmission power to the packets in group-1 buffer
106. In the congested state where the maximum buffering 30 delay of a
packet in transmission buffer 107 exceeds the threshold, the packets in
transmission buffer 107 are given higher priority in the allocation of
transmission power. This arrangement can prevent transmission delay, and
-24 realizes transmission control in compliance with the service quality
required by the wireless terminal. In a non-congested state, packets in
transmission buffer 106, which require less quantity of radio resources 5
for transmission, are given higher priority in allocation of transmission
power. After the allocation of transmission power to the packets in
transmission buffer 106, the remaining transmission power is assigned to
the packets in the transmission buffer 107, which require a greater 10
quantity of radio resources for transmission. This arrangement can assign
the transmission power to as many packets as possible. Consequently, more
packets can be transmitted under the limited quantity of radio resources,
and the throughput can increase. Since the transmission 



15 power is assigned to the packets requiring a greater quantity of radio
resources later, improvement of the communication quality of the
destination wireless terminal can be expected. hf the communication quality
of the wireless terminal is actually improved before the allocation 20 of
the transmission power, the level of transmission power assigned to the
packet can be reduced. To this regard, the transmission power can be used
even more efficiently. In both the first and second embodiments, the base
station 1 determines the quality range for the transmission 25 buffers 106
and 107 taking into account the average of the communication qualities of
various types of wireless terminals (in the embodiments, wireless terminals
10 through 40). Accordingly, the packets addressed to the wireless
terminals 10 through 40 are classified evenly into two 30 groups, and
stored in the corresponding transmission buffers 106 and 107 without
unevenness. Next, the third embodiment will be described. Although some
wireless terminals are classified into the   -25 same group, the
communication quality of each wireless terminal varies at a certain range,
and accordingly, the quantity of radio resources allocated to the packet
addressed to the wireless terminal belonging to the same 5 group also
varies at a certain range. By making use of the variation in communication
quality and quantity of radio resources over a certain range, more
efficient allocation of radio resources is possible. Even if radio
resources cannot be assigned to a packet addressed to a certain wireless 10
terminal due to lack of sufficient quantity, those radio resources may be
assigned to another packet addressed to another wireless terminal belonging
to the same group. In the third embodiment, when radio resources cannot be
assigned to a certain packet, they are allocated to another 15 packet in
the same group. FIG. 12 is a flowchart showing the operations for
allocation of radio resources according to the third embodiment. In the
flowchart, "n" denotes the number of packets that have been subjected to
the determination of 20 whether there are any radio resources available to
the packet, "N" denotes the maximum number of packets that can be subjected
to the determination, and "B" denotes the number of packet stored in the
transmission buffer. The term "min(N,B)" represents whichever is the
smaller one between N 25 and B. The resource allocation unit 113 first sets
n=0 in a counter or the built-in memory (not shown) at the beginning of the
operation (step S301). Then, the resource allocation unit 113 determines
whether the value "n" is 30 smaller than min(N, B) (step S302). If "n" is
smaller than min(N, B) (YES in S302), the resource allocation unit 113
further determines whether there are any radio resources available for the
current   -26 packet (step S303). If the quantity of radio resources
required to transmit the current packet is smaller than the radio resources
remaining by subtracting the already allocated radio resources from the
maximum radio resources 



5 of the base station 1, the resource allocation unit 113 determines that
there are radio resources available to the current packet. If any radio
resources are available for the current packet (YES in S303), the resource
allocation unit 10 113 allocates the radio resources to the current packet
(step S304). Then, the value of "n" is incremented by 1, and "n+1" is
stored as a new value of "n" (step S305). The steps S302 through S305 are
repeated for other packets in the transmission buffer until n reaches N or
until a11 the 15 packets stored in the buffer are subjected to the
determination. If it is determined in step S302 that n reaches min(N, B),
that is, if a11 the packets in the buffer have been subjected to the
determination or if n reaches N, then 20 the process terminates. The larger
the "N" value, the longer the time the resource allocation unit 113
requires for the operation, and transmission delay may occur. Accordingly,
it is preferable to choose the value of "N" taking into account the
real-time 25 characteristic of the system or the application. If "N" is set
to the number of packets stored in the transmission buffer, the
determination is repeated for a11 the packets in the transmission buffer.
If "n" is set to zero (N=0), the resource allocation unit 113 does not
conduct the 30 determination whether there are radio resources available to
the packet. In this manner, even if a certain packet cannot receive radio
resources due to insufficiency of the radio   -27 resources, the radio
resources may be allocated to another packet classified in the same group.
Accordingly, a11 the radio resources can be used efficiently. 



Although in the above-described embodiments the 5 packets addressed to
wireless terminals are classified into two groups based on the
communication qualities of the wireless terminals, the invention is equally
applied to the case in which the packets are grouped into three or more
groups. In addition, the third embodiment can be applied to 10 a case in
which packet classification is not conducted. In this case, the
determination shown in FIG. 12 is carried out for each transmission buffer.
As has been described above, the communication qualities of wireless
terminals are constantly monitored and 15 measured, and packets addressed
to the wireless terminals are classified into several groups based on the
measured qualities. In the congested state where packets are apt to stay in
the base station over the acceptable buffering delay even if the maximum
radio resources are used, priority for 20 assigning the radio resources is
given to the overstaying packet. This arrangement is effective in
preventing transmission delay, while carrying out transmission control in
compliance with the service quality required by the wireless terminal to
which the packet is addressed. 25 In the non-congested state, radio
resources are first allocated to the packets addressed to wireless
terminals having lower communication qualities (that is, the packets
requiring a greater quantity of radio resources for transmission), prior to
allocating radio resources to the 30 packets addressed to wireless
terminals having higher communication qualities (that is, the packets
requiring less radio resources for transmission). This arrangement can pull
up the total quantity of radio resources that can be   -28 allocated to the
packets close to the maximum radio resources of the base station. To this
end, the radio resources can be used efficiently. Alternatively, in the
non-congested state, radio 5 resources may be first allocated to the packet
addressed to wireless terminals having higher communication qualities (that
is, the packets requiring less radio resources), prior to allocating radio
resources to packets addressed to wireless terminals having lower
communication qualities 10 (that is, the packets requiring a greater
quantity of radio resources). This arrangement can increases the number of
packets that are transmitted, and consequently, the throughput is improved,
while efficiently using the radio resources. In addition, it is expected
that the 15 communication quality of the wireless terminal that is
classified in the lower quality group may be improved before the packet
addressed to this wireless terminal is actually transmitted. If the
communication quality is improved depending on the communication
environment, the radio 20 resources allocated to the packet addressed to
this wireless terminal is reduced, and the radio resources are used more
efficiently. This patent application is based on and claims the benefit of
the earlier filing date of Japanese patent 25 application No. 2002-060726
filed March 6, 2002, the entire contents of which are hereby incorporated
by reference.   -29 WHAT IS CLAIMED IS 



1. A method for allocating radio resources to a plurality 5 of packets
addressed to a plurality of wireless terminals located in an area covered
by a base station, comprising the steps of: setting a threshold of
buffering delay of the packets at the base station; 10 monitoring
communication qualities of the wireless terminals; classifying the packets
addressed to the wireless terminals into two or more groups based on the
monitored communication qualities of the wireless terminals; 15 measuring
buffering delay of the packets for each of the groups; and if there is a
group that includes a packet having the buffering delay at or above the
threshold, giving priority for allocating the radio resources to the
packets 20 belonging to said group that includes the packet having the
buffering delay at or above the threshold. 2. The method according to claim
1, further comprising the 25 step of: if there is not said group that
includes the packet having the buffering delay at or above the threshold,
giving the priority for allocating the radio resources to the packets
addressed to the wireless terminals having lower 30 communication
qualities. 3. The method according to claim 1, further comprising the 



-30 step of: if there is not said group that includes the packet having the
buffering delay at or above the threshold, giving the priority for
allocating the radio resources to 5 the packets addressed to the wireless
terminals having higher communication qualities. 4. The method according to
any one of claim 1 through 3, 10 further comprising the steps of: when
allocating the radio resources, determining whether there is a sufficient
quantity of radio resources left for a current packet; and if the radio
resources are insufficient for the 15 current packet, allocating the radio
resources to another packet belonging to the same group. 5. The method
according to claim 1, further comprising the 20 steps of: after allocating
the radio resources to the packets belonging to said group that includes
the packet having the buffering delay at or above the threshold,
determining whether any of the radio resources are still 25 left at the
base station; and if any of the radio resources are left, allocating the
remaining radio resources to the packet belonging to another group. 



30 6. A base station that allocates radio resources to a plurality of
packets addressed to a plurality of wireless terminals in a radio
communications system, comprising:   -31 a buffering delay threshold
setting unit that sets a threshold value of buffering delay at the base
station; a service quality detection unit that monitors and measures
communication qualities of the wireless terminals; 5 a packet
classification unit that classifies the packets into two or more groups
based on the measured communication qualities of the wireless terminals; a
buffering delay measuring unit that measures buffering delay of the packets
for each of the groups; 10 a transmission priority determination unit that
determines an order of priority for transmitting the packets based on
buffering delay measuring result of the buffering delay measuring unit, in
comparison with the threshold value; and 15 a resource allocation unit that
allocates the radio resources to the packets in accordance with the order
of priority. 20 7. The base station according to claim 6, wherein if one of
said groups has the above the threshold determination unit packets included
in 25 measuring result at resource allocation buffering delay measuring
result at or value, the transmission priority 



dives transmission priority to the the group with the buffering delay or
above the threshold value, and the unit first allocates the radio resources
to the packets included in the group with the buffering delay measuring
result at or above the threshold value. 30 8. The base station according to
claim 7, wherein, after the allocation of the radio resources to the
packets included in the group with the buffering delay measuring   -32
result at or above the threshold value, the resource allocation unit
determines whether there are radio resources left at the base station, and
if there are remaining radio resources, the resource allocation unit
allocates the 5 remaining radio resources to the packets belonging to
another of said groups. 9. The base station according to claim 6, wherein
if there 10 is not one of said groups with the buffering delay measuring
result at or above the threshold value, then the transmission priority
determination unit gives transmission priority to the packets included in
one of said groups corresponding to a lower communication quality, and the
15 resource allocation unit first allocates the radio resources to the
packets included in the group corresponding to the lower communication
quality. 20 10. The base station according to claim 6, wherein if there is
not one of said group with the buffering delay measuring result at or above
the threshold value, then the transmission priority determination unit
gives transmission priority to the packets included in one of said groups
25 corresponding to a higher communication quality, and the resource
allocation unit first allocates the radio resources to the packets included
in the group corresponding to the higher communication quality. 30 11. The
base station according to claim 6, wherein the resource allocation unit
determines whether there is a 



sufficient quantity of radio resources available for a   -33 current
packet, and if the available radio resources are insufficient for the
current packet, the resource allocation unit allocates the available radio
resources to another packet belonging to the same group. 5 12. The base
station according to claim 6, further comprising a quality range setting
unit that determines a range of communication quality for each of said
groups based 10 on an average of the measured communication qualities,
wherein the packet classification unit classifies the packets based on the
range of communication quality determined by the quality range setting
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