
-1- TITLE OF THE INVENTION METHOD, BASE STATION AND
MOBILE STATION  FOR TIMESLOT SELECTION AND TIMESLOT
ASSIGNMENT 5 BACKGROUND OF THE INVENTION 1. Field of
the Invention The present invention relates to a
technique wherein a plurality of mobile stations
access a base station randomly for performing packet 10
transmission in a cellular system which uses radio
waves of the same frequency repetitively. Further, the
present invention relates to  a timeslot assignment
method in a TDD system for  mobile communications, a
base station and a mobile  15 station using the method.
2. Description of the Related Art  It is well known
that random access  controlled by a base station is
necessary for  preventing throughput reduction caused
by collisions 20 of packets which are sent
simultaneously from a  plurality of mobile stations
when the mobile  stations access a base station
randomly. As a conventional random access method, an
ICMA-PE (Idle-Signal Casting Multiple Access with 25
Partial Echo) method is proposed in Japanese patent
application No.1-240822. In the ICMA-PE method, a
mobile station sends a signal after verifying that a
timeslot is idle by checking a downlink notification
signal. 30 More specifically, in the wireless
communication method disclosed in the Japanese  patent
application No.1-240822, a collision control  field is
added after a downlink information unit.  The collision
control field includes an Idle/Busy 35 (I/B) bit, a
Receive/Non-receive bit (R/N) and  Partial Echo bits
(PE). In addition, length  information W is added
before an uplink information 



-2- unit. A mobile station sends the length information
to a base station in an uplink communication.
According to the length information W, the base
station decides a number of units where I/B is 5
presented. Other mobile station accesses a timeslot
where I is indicated in the I/B field. The
above-mentioned conventional packet  transmission
method has defects in that adaptability  to a cellular
system where the same frequency waves 10 are used
repeatedly is low and that high throughput  can not be
obtained. That is, in the cellular system, there are
timeslots having low interference and timeslots  having
high interference according to a position or 15 a
transmission power of a mobile station which uses  the
same frequency in another cell. Thus, when a  mobile
station which is far from the base station  accesses a
timeslot having high interference among a  plurality of
available timeslots, desired CIR 20
(Carrier-to-Interference Ratio) can not be obtained
since receive level at the base station is lowered  due
to propagation loss. Therefore, transmission  failure
occurs and high throughput can not be  obtained. In the
above description, CIR is a ratio 25 of a desired wave
(carrier) power to an interference  wave power. The
larger the CIR is, the smaller  interference to the
desired wave is. Therefore,  probability of
transmission failure becomes small  when CIR is large
since interference amount of the 30 desired wave
becomes small. In addition, when a plurality of mobile
stations tries to send data, a collision occurs when
the mobile stations tries to send data simultaneously
by a timeslot which is detected first.  35 Thus, the
possibility that the base station does not  receive the
data becomes high and throughput reduces. 



Further, since the possibility that an -3- idle
timeslot having high interference is used in an
adjacent cell is high, when a mobile station located
in the vicinity of the periphery of a cell accesses  an
idle timeslot having high interference, it 5 provides
high interference to a communication in the  adjacent
cell in addition that communication failure  ratio
becomes high. These problems occur because selection of
idle timeslots is not performed in the above 10
mentioned packet transmission method. In another aspect
of the related art,  conventionally, in a TDD (Time
Division Duplex)  system wherein carriers are assigned
to timeslots  for communication, uplink and downlink
timeslot 15 configuration is symmetric. The reason is
that  uplink and downlink traffic is almost symmetric
in  voice communication. As multimedia services become
widespread,  non-voice traffic is increasing. Thus, it
is 20 conceivable that various information providing
services and applications for e-mail, information
sending from users and the like will be used more  and
more in the future. From the viewpoint of  traffic of
the applications and services, since data 25
distribution from a database may be main traffic in
the information providing services, it can be
considered that downlink traffic becomes large in  the
network. In the uplink direction, information  traffic
from users will increase. Therefore, in 30 non-voice
communication such as data and images,  there will be
many cases where uplink traffic and  downlink traffic
are asymmetrical. In such cases, when symmetrical
timeslot  assignment is used in the TDD system in the
same way  35 as conventional voice communication, a
following 



problem arises. If timeslots are provided in
accordance with communication of a direction which -4-
sends larger traffic, timeslots for communication of
another direction remain unused. If timeslots are
provided in accordance with communication of a
direction which sends smaller traffic, timeslots for 5
communication of another direction is insufficient.  As
a result, information transmission having high
serviceability and high efficiency can not be
provided. For overcoming such problems, in Lan Chen,
10 Susumu Yoshida, Hidekazu Murata and Shouichi Hirose,
1A dynamic timeslot assignment algorithm for asymmetric
traffic in multimedia TDMA/TDD mobile  radio", IEICE
Trans. Fundamentals, vol.E81 -A,  pp.1358-1366, no.7,
July 1998, a timeslot assignment 15 method for
asymmetric traffic is disclosed. In the  conventional
timeslot assignment method shown in  this document, as
shown in Fig.l. one  uplink/downlink timeslot switching
boundary (TDD  boundary) is provided in a frame.
According to 20 uplink and downlink traffic, the TDD
boundary is  moved within movable bounds. As shown in
Fig.1,  although timeslots 4 and 5 are available, they
can  not be used as uplink. Thus, timeslots can not be
used efficiently by this method. 25 In addition,
control for accepting packet  transmission is performed
in the following according  to the method in the
above-mentioned document. When  a mobile station sends
a request timeslot number,  which is a number of
timeslots per one frame to be 30 used for data
transmission, to a base station, the  base station
tries to assign timeslots for the  mobile station. At
this time, when available  timeslots is insufficient
even if the TDD boundary is moved, the base station
refuses data transmission.  



35 In addition, even when the number of timeslots which
exist is larger than a number which is requested by
the mobile station, a number of assigned timeslots -5-
is the same as the number which is requested.  Further,
when new available timeslots appear in data
transmission and timeslots more than requested
timeslots becomes available, the number of assigned 5
timeslots is the same as the number which is
requested. As mentioned above, in the conventional
timeslot assignment method, the TDD boundary is  moved
for adapting to asymmetrical uplink and 10 downlink
traffic. However, since there is only one  boundary
between uplink and downlink timeslots, when  timeslots
adjacent to the boundary are used, it is  impossible to
assign a downlink timeslot to an  uplink timeslot area
and to assign an uplink 15 timeslot to a downlink
timeslot area even when  timeslots other than the
timeslots adjacent to the  boundary are released.
Therefore, the released  timeslots can not be utilized.
Thus, the  utilization of timeslot resources can not be
20 maximized. As a result, frequency utilization
efficiency is low, transmission delay becomes large,
and in data transmission, transmission incompletion
ratio becomes high. In addition, when the number of
idle 25 timeslots is smaller than the number requested
by a  mobile station in the case of traffic congestion,
the data transmission request is denied, and data is
discarded or the mobile station wait for
retransmission. Thus, data transmission 30 incompletion
ratio becomes high. In addition,  transmission delay
becomes large. When the number of idle timeslot is
larger  than the number of requested timeslots during
off- 



peak times, or, when new available timeslots appear 35
during communication, it is possible to perform  higher
speed data transmission if the mobile station  and the
base station have means for data -6- transmission using
timeslots more than requested  number or currently used
timeslots. However, in the  conventional technique,
idle timeslots are not used  actively. Thus, there is a
problem that throughput  5 is low. SUMMARY OF THE
INVENTION A first object of the present invention is
to provide a timeslot selection method and a 10
wireless packet transmission system in which high
throughput and low delay can be obtained in a  cellular
system. A second object of the present invention  is to
provide an efficient and flexible timeslot 15
assignment method in which asymmetric traffic can be
accommodated, service quality is satisfied maximally
and throughput is improved maximally. The above first
object of the present  invention is achieved by a
timeslot selection method  20 of selecting a
transmitting timeslot used by a mobile station in a
wireless packet transmission  system where the mobile
station communicates with a  base station, the timeslot
selection method  comprising the steps of: 25 obtaining
a propagation loss;  receiving an occupation state and
an  interference amount of an uplink timeslot from the
base station; obtaining a desired wave (or carrier)  30
power from the propagation loss; obtaining a ratio
between the desired wave  power and the propagation
loss for the uplink  timeslot in which the occupation
state is idle; and 



selecting the transmitting timeslot by  35 using the
ratio between the desired wave power and  the
propagation loss among uplink timeslots. According to
the above-mentioned invention, -7- since a transmitting
timeslot is selected by using  the ratio between the
desired wave power and the  interference amount of each
idle timeslot, an  appropriate transmitting timeslots
can be selected 5 in consideration of the interference
amount.  Therefore, transmission failure can be
decreased and  high throughput and low delay can be
realized. In the above method, the step of selecting
the transmitting timeslot may includes the step of:  10
selecting an idle timeslot which has the lowest ratio
between the desired wave power and the  propagation
loss among idle timeslots each of which  idle timeslots
satisfies a predetermined ratio  between desired wave
power and propagation loss. 15 According to the
above-mentioned invention,  a timeslot which satisfies
the ratio between the  desired wave power and the
interference amount can be selected. In addition, the
conventional problem  can be solved, in the
conventional problem, a mobile  20 station of low
desired wave power may selects a timeslot of high
interference since a mobile station  near the base
station may occupy a timeslot of low  interference.
Therefore, transmission failure can  be decreased and
high throughput and low delay can  25 be realized. The
above-mentioned first object is also  achieved by a
mobile station in a wireless packet  transmission
system where the mobile station communicates with a
base station, the mobile station  30 comprising: means
for obtaining a propagation loss;  means for receiving
an occupation state  



and an interference amount of an uplink timeslot  from
the base station; 35 means for obtaining a desired wave
power  from the propagation loss; means for obtaining a
ratio between the -8- desired wave power and the
propagation loss for the  uplink timeslot in which the
occupation state is  idle; and means for selecting the
transmitting 5 timeslot by using the ratio between the
desired wave  power and the propagation loss among
uplink  timeslots. The above-mentioned mobile station
may  includes means for selecting an idle timeslot
which  10 has the lowest ratio between the desired wave
power and the propagation loss among idle timeslots
each  of which idle timeslots satisfies a predetermined
ratio between desired wave power and propagation  loss.
15 According to the above-mentioned invention,  a
mobile station applicable to the timeslot selection
method can be provided. The above-mentioned first
object is also  achieved by a base station in a
wireless packet 20 transmission system where the base
station  communicates with a mobile station, the base
station  comprising: means for measuring an occupation
state  and an interference amount of an uplink
timeslot;  25 and means for sending the occupation
state and  the interference amount of the uplink
timeslot to  the mobile station. In the above-mentioned
base station may  30 includes means for receiving a
number of remaining  information units and a
propagation loss from the  



mobile station; means for obtaining an interference
amount  by using the propagation loss and a receive
level 35 when the number of remaining information units
is  zero; and means for sending the interference amount
-9- to the mobile station. According to the
above-mentioned invention,  a mobile station applicable
to the timeslot selection method can be provided. 5 The
above-mentioned first object is also  achieved by a
wireless packet transmission system  comprising a
mobile station and a base station where  the mobile
station communicates with the base  station: 10 the
mobile station comparing: means for obtaining a
propagation loss;  means for receiving an occupation
state  and an interference amount of an uplink timeslot
from the base station; 15 means for obtaining a desired
wave power  from the propagation loss; means for
obtaining a ratio between the  desired wave power and
the propagation loss for the  uplink timeslot in which
the occupation state is 20 idle; and means for
selecting a transmitting  timeslot by using the ratio
between the desired wave  power and the propagation
loss, the base station comprising: 25 means for
measuring the occupation state  and the interference
amount of the uplink timeslot;  and means for sending
the occupation state  and the interference amount of
the uplink timeslot  30 to the mobile station. 



In the wireless packet transmission system  the means
for selecting the transmitting timeslot in  the base
station may includes: means for selecting an idle
timeslot which  35 has the lowest ratio between the
desired wave power  and the propagation loss among idle
timeslots each  of which idle timeslots satisfies a
predetermined -10- ratio between desired wave power and
propagation  loss. According to the above-mentioned
invention,  a wireless packet transmission system
applicable to 5 the timeslot selection method can be
provided.  The above-mentioned second object is
achieved by a timeslot assignment method used for  TDD
in a mobile communication system, comprising the  steps
of: 10 providing a plurality of TDD boundaries  each of
which TDD boundaries is a boundary between  at least an
uplink timeslot and at least a downlink  timeslot in a
frame; and performing timeslot assignment. 15 The
above-mentioned method may includes  the step of:
changing the TDD boundary dynamically when  waiting or
when carrying out communication. In the above-mentioned
method, the TDD  20 boundary may vary according to a
predetermined  condition. According to the
above-mentioned invention,  since it becomes possible
to assign uplink timeslots  or downlink timeslots
regardless of the position of 25 idle timeslots, it can
be prevented that useless  timeslots may occur.
Therefore, the above-mentioned  second object can be
achieved. The predetermined  condition is, for example,
the case when timeslots  are released, the case of
traffic congestion or a 



30 QoS level from a user. For example, when high QoS
is requested by a user, many timeslots are assigned
dynamically. The above-mentioned second object is also
achieved by a timeslot assignment method used for  35
TDD in a mobile communication system which includes a
base station and a mobile station, comprising the
steps of: -11- the base station assigning at least a
timeslot for a next frame in a frame time; and  the
base station sending information  including information
of timeslot assignment to the 5 mobile station by using
at least a control mini-slot.  According to this
invention, since  assignment information is represented
by the control  mini-slot, the mobile station can
access timeslots  according to the assignment
information, and 10 uplink/downlink timeslots for
transmission can be  assigned freely to idle timeslots.
The timeslot assignment method may  includes the step
of: the base station receiving information 15 including
a desired number of timeslots in the frame  time; and
the base station assigning timeslots of  the desired
number from idle timeslots of the next  frame. 20 The
timeslot assignment method may  includes the step of:
the base station receiving information  including a
desired number of timeslots in the frame  time; and 25
when the number of idle timeslots in the  next frame is
smaller than the desired number of  timeslot, the base
station assigning timeslots in  which the number of the
timeslots is smaller than  



the desired number of timeslots for the next frame  30
within predetermined bounds. The timeslot assignment
method may  includes the step of: the base station
receiving information  including a desired number of
timeslots in the frame  35 time; and when the number of
idle timeslots in the  next frame is larger than the
desired number of -12- timeslots, the base station
assigning timeslots in  which the number of the
timeslots is larger than the  desired number of
timeslots for the next frame  within predetermined
bounds. 5 The timeslot assignment method may  includes
the step of: when at least an idle timeslot occurs
during data transmission, the base station assigning
timeslots in which the number of the timeslots is 10
larger than a number of timeslots used for the data
transmission within predetermined bounds. The timeslot
assignment method may  includes the step of: the base
station assigning, during data  15 transmission,
timeslots in which the number of the  timeslots is
smaller than a number of timeslots used  for the data
transmission within predetermined  bounds. According to
the above-mentioned invention,  20 the number of
timeslot assignment can be changed  dynamically
according to a request of a state of  communication
such that timeslots can be used  effectively. The
predetermined bounds are, for  example, between the
maximum number of timeslots 25 which can be used and
the minimum number of  necessary timeslots. In the
timeslot assignment method, the  



control mini-slot may includes an assignment state  of
a timeslot, information for verifying that uplink 30
data is received, allocated timeslot information for
the next frame. According to this invention, timeslots
for  use in the next frame can be reserved and the
mobile  station can verify that sent data is received
by the  35 base station. The timeslot assignment method
may  includes the steps of: -13- service quality being
classified to  service classes; and the base station
performing timeslot  assignment according to the
service class. 5 In the timeslot assignment method, a
head  packet in data which is sent to the base station
from the mobile station may include a QoS request, the
QoS request including a maximum number  of timeslots
which can be used for transmitting the  10 data, a
minimum number of timeslots and a service  class, and
the base station assigning timeslots of  the maximum
number or the minimum number according  to the service
class. 15 According to the above-mentioned invention,
quality for data transmission can be changed  according
to a service class. The above-mentioned second object
is also  achieved by a base station in a mobile
communication  20 system using a TDD method which
includes the base station and a mobile station,
comprising: means for assigning at least a timeslot
for a next frame in a frame time; and means for sending
information including  25 information of timeslot
assignment to the mobile  station by using at least a
control mini-slot. 



The base station may includes: means for receiving
information including  a desired number of timeslots in
the frame time; and  30 means for assigning timeslots
of the desired number from idle timeslots of the next
frame.  The base station may includes: means for
receiving information including  a desired number of
timeslots in the frame time; and  35 means for, when
the number of idle timeslots in the next frame is
smaller than the  desired number of timeslots,
assigning timeslots in -14- which the number of the
timeslots is smaller than  the desired number of
timeslots for the next frame  within predetermined
bounds. The base station may includes: 5 means for
receiving information including  a desired number of
timeslots in the frame time; and  means for, when the
number of idle timeslots in the next frame is larger
than the  desired number of timeslots, assigning
timeslots in  10 which the number of the timeslots is
larger than the  desired number of timeslots for the
next frame within predetermined bounds. The base
station may includes: means for, when at least an idle
timeslot  15 occurs during data transmission, assigning
timeslots  in which the number of the timeslots is
larger than  a number of timeslots used for the data
transmission  within predetermined bounds. The base
station may includes:  20 means for assigning, during
data  transmission, timeslots in which the number of
the  timeslots is smaller than a number of timeslots
used  for the data transmission within predetermined
bounds. 25 In the base station, the control mini-slot  



may include an assignment state of a timeslot,
information for verifying that uplink data is
received, allocated timeslot information for the  next
frame. 30 The base station may includes: means for
performing timeslot assignment  according to a service
class which is included in a  QoS request which is sent
from the mobile station. According to the
above-mentioned invention,  35 a base station
applicable to the above-mentioned slot assignment
method can be provided. The above-mentioned second
object is also -15- achieved by a mobile station in a
mobile  communication system using a TDD method which
includes the mobile station and a base station,
comprising: 5 means for communicating with the base
station which includes means for assigning at least  a
timeslot for a next frame in a frame time; and  means
for sending information including information  of
timeslot assignment to the mobile station by 10 using
at least a control mini-slot; means for sending
information which  includes a QoS request by sending a
head packet in  data which is sent to the base station;
and means for sending information by using at  15 least
an assigned timeslot which is notified of by  the
control mini-slot. According to this invention, a
mobile  station applicable to the base station can be
provided. 20 BRIEF DESCRIPTION OF THE DRAWINGS Fig.1 is
a figure for explaining an  upward/downward timeslot
switching boundary (TDD  boundary) in a TDD system in a
conventional 



25 technique; Fig.2 shows a timeslot configuration
according to a first embodiment of the present
invention; Fig.3 shows bit configurations for  30
propagation loss; Fig.4 shows bit configurations for
interference amount level; Fig.5 shows a first example
of an  operation of timeslot allocation according to
the  35 first embodiment of the present invention;
Fig.6 shows a second example of an  operation of
timeslot allocation according to the -16- first
embodiment of the present invention; Fig.7 shows a
plurality of mobile stations  in a cellular system;
Figs.8A and 8B show an example of timeslot  5
occupation state and interference amount in a cell  A;
Fig.9 is a flowchart showing the operation  of the base
station; Fig.10 is a flowchart showing the  10
operation of the mobile station; Fig.11 shows a
configuration of a mobile  station according to the
first embodiment of the  present invention; Fig.12
shows a configuration of a base  15 station according
to the first embodiment of the  present invention;
Fig.13 shows another example of a timeslot
configuration; Fig.14 shows a timeslot configuration
20 according to a second embodiment of the present
invention; Fig.15 shows an example of a timeslot
assignment method according to the second embodiment  



of the present; 25 Fig.16 is a flowchart showing an
operation  of the mobile station according to
embodiments of  the present invention; Fig.17 is a
flowchart showing the  operation of the base station
according to the  30 second embodiment of the present
invention; Fig.18 shows a configuration of a mobile
station according to embodiments of the present
invention; Fig.19 shows a configuration of a base  35
station according to embodiments of the present
invention; Fig.20 is a flowchart showing the -17-
operation of the base station according to a third
embodiment; Fig.21 is a flowchart showing a channel
assignment method for a class 1 user according to  5
the third embodiment; Fig.22 is a flowchart showing a
channel  assignment method for a class 2 user according
to  embodiments of the present invention; Fig.23 is a
flowchart showing the 10 operation of the base station
according to a fourth  embodiment; Fig.24 is a
flowchart showing timeslot  assignment for a class 1
user when available  resources increase during data
transmission 15 according to embodiments of the present
invention;  Fig.25 is a flowchart showing timeslot
number change when available resources decrease  during
data transmission according to the fourth  embodiment
of the present invention; 20 Fig.26 is a flowchart
showing the  operation of the base station according to
a fifth  embodiment; 



Fig.27 is a flowchart showing timeslot  assignment for
a class 1 user according to the fifth  25 embodiment;
Fig.28 is a flowchart showing the  operation of the
base station according to a sixth  embodiment; Fig.29
is a flowchart showing timeslot  30 number change when
available resources decrease  during data transmission
according to the sixth  embodiment. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS  35 [First
Embodiment] In the following, an embodiment of the
present invention corresponding to the first object
-18- will be described as a first embodiment. The
present invention corresponding to the  first object is
applicable to TDMA and CDMA for an  access method and
is applicable to TDD and FDD for a 5 duplex method. In
the following, an embodiment in  the case of TDMA/FDD
will be described with  reference to figures.
interference Fig.2 shows a timeslot configuration
according to the first embodiment of the present 10
invention. A carrier is divided into frames and the
frame is divided into timeslots. As shown in a
downlink timeslot 18 in the figure, a collision
control field (E) 13 is added to each timeslot of  the
downlink carrier. The collision control field 15 13
includes Idle/Busy (I/B) bits 14, interference  level
(Itf) bits 15, receive/non-receive (R/N) bits  16, and
partial echo bits 17. In an uplink timeslot  20,
propagation loss (Lp) bits 21 and remaining
information unit number (W) bits 22 are added to the 20
head of the uplink information unit 23. The  remaining
information unit number (W) represents the  number of
remaining necessary frames on the  



precondition that one timeslot is used in one frame.
When a plurality of timeslots are used 25
simultaneously in one frame, the remaining  information
timeslot number W is added to each  timeslot. Each of
the propagation loss (Lp) bits 21  and the interference
level (Itf) bits 15 includes n  30 bits such that
enough accuracy is ensured. To take an example of the
propagation loss  (Lp), assuming that range attenuation
in a cell of  1-km radius adheres to fourth-power law,
a dynamic  range of the propagation loss is 106dB which
is from 35 -13dB to 93db in consideration of shadowing
of 6.5dB  standard deviation. Therefore, the
propagation loss  can be formed as 7 bits which can
represent 128 -19- classes as shown in Fig.3. As for
the interference amount level Itf,  when each of mobile
stations (transmission power  0.1W (20dBm)) using the
same timeslot is located at 5 the end of adjacent cells
which is nearest to an  interference measuring base
station, it is considered that the interference level
becomes worst,  which is 39 dBm. Therefore, the
interference level  Itf can be formed by 8 bits which
represent 256 10 classes as shown in Fig.4. Next,
methods for calculating the  propagation loss Lp and
calculating the interference  level Itf will be
described. Assuming that a transmission power Pbt 15
(dBm) of a base station and a transmission power Pmt
(dBm) of a mobile station are known to the base
station and the mobile station. In addition,  assuming
that propagation losses of uplink and  downlink are the
same. 20 The mobile station calculates the  propagation
loss Lp as shown in a formula 1 by using  



a receive power Pmr (dBm) of a synchronization  signal
and the like. Lp(dB) = Pbt(dBm) - Pmr(dBm) (formula 1)
25 The mobile station informs the base  station of the
remaining information unit length W and the propagation
loss Lp by sending the uplink  timeslot. The base
station informs the mobile  station of the interference
level of an idle 30 timeslot of a next frame by using
the collision  control field in the downlink timeslot.
As for the  idle timeslot of the next frame, there are
two cases  that the remaining information unit number W
of the  current timeslot is 0 or the current timeslot
is 35 idle. The interference level for each case is
calculated as follows. (1) For the case where the
current -20- timeslot is idle, the interference level
is measured  directly so that the interference level is
obtained. (2) For the case where the remaining
information unit number W of the current timeslot is  5
0, the base station measures a receive power Pbr (dBm).
Since the base station receives the  propagation loss
Lp from the mobile station, the  base station
calculates a desired wave power C (dBm)  of the mobile
station which sends the packet by the 10 following
formula 2. Therefore, the interference  level Itf can
be obtained by subtracting C from the  receive level
Pbr by the following formula 3. C (dBm) = Pmt (dBm) -
Lp (dB) (formula 2)  Itf = Pbr - C (formula 3) 15 As is
described later, the mobile station  which requested
data transmission calculates the  desired wave power C
at the base station and  predicts receive CIR of each
idle timeslot for  transmission by using the
interference level Itf of 20 an idle timeslot which is
sent from the base station.  



The mobile station selects an idle timeslot which has
an appropriate interference level such that the
predicted CIR becomes the smallest in which the
predicted CIR satisfies a required CIR. 25 The required
CIR is a CIR which satisfies  communication quality for
providing a service and is  decided according to the
communication quality  necessary for a providing
service and application.  As the CIR becomes larger
than the required CIR, the 30 probability of quality
deterioration becomes smaller.  However, when a mobile
station using large desired  wave power occupies a
timeslot having small  interference, a mobile station
using small desired  wave power tends to use a timeslot
having large 35 interference. Therefore, the
probability of receive  failure becomes high. Thus, in
the present  invention, the appropriate idle timeslot
is selected -21- such that the CIR becomes smallest in
which the CIR  satisfies the required CIR. Figs.5 and 6
are figures which show  examples of operations of
timeslot assignment 5 according to the first embodiment
of the present  invention. In a first example shown in
Fig.5, the  mobile station receives, from the base
station,  occupation states and interference amounts of
timeslots of one frame beginning from the time of 10
transmission request. For example, in the figure, a
mobile station 1 (Ml) sends a transmission request  at
the time of a timeslot 4 in a frame 1, and the  mobile
station receives, from the base station,  occupation
states and interference amounts for one 15 frame which
is from the timeslot 4 of the frame 1 to  a timeslot 3
of a frame 2. Then, the mobile station  selects a
timeslot 5 and starts transmission from  the timeslot 5
of the frame 2. As the first example  shown in Fig.5,
the method in which a mobile station 



20 receives occupation states and interference amounts
of timeslots of a length from the time of the
transmission request is applicable to a mobile  station
having low transmission frequency or to a  mobile
station which does not have exacting delay  25
requirement. In a second example shown in Fig.6, the
mobile station receives and stores occupation states
and interference amounts of timeslots from the base
station, and reads the occupation states and 30
interference amounts of timeslots for one frame
backward in the time when transmission is requested.
For example, in the figure, the mobile station 1  (M1)
sends a transmission request at the timeslot 4  of the
frame 2 and starts transmission from the 35 timeslot 5
of the frame 2 after selecting the  timeslot 5 on the
basis of the occupation states and  interference
amounts of timeslots of one frame which -22- are
stored. The second example is applicable to a  mobile
station having high transmission frequency or  a mobile
station having exacting delay requirement. Fig.7 shows
a plurality of mobile stations  5 in a cellular system.
Figs.8A and 8B show an  example of timeslot occupation
states and  interference amounts in a cell A. In the
following,  the operation of timeslot selection
according to the  first embodiment will be described
with reference to  10 Figs.7, 8A, 8B and 5. In Fig.5,
when the mobile station 1 (MS1)  and the mobile station
2 (MS2) send transmission  requests at the time of the
timeslot 4 of the frame  1, the mobile station 1 (MS1)
receives the 15 occupation states (I/B) and the
interference amounts  (Itf) of uplink timeslots by
downlink timeslots from  the timeslot 4 of the frame 1
to the timeslots 3 of  the frame 2. Then, the mobile
station 1 (MS1) 



predicts each receive CIR of transmission in the 20
case that each idle timeslot is used. As an example,
the occupation states and interference amounts of 10
timeslots for one frame are shown in Figs.8A and 8B.
Therefore, interference levels of idle timeslots 2,  5,
6, 7, 8 and 10 are shown in Fig.BB. As shown in 25
Figs.7 and 5, since the mobile station 1 (MS1) is
close to the base station, the mobile station 1  (MS1)
selects a timeslot 5 which has a high  interference
level. The mobile station 2 (MS2)  selects a timeslot 7
which has a low interference 30 level since it is far
from the base station.  Each of the mobile stations 1
and 2  performs transmission by using a selected
timeslot.  When transmission succeeds, remaining
information is  sent by a timeslot of the same number
in the next 35 frame. If transmission fails,
transmission is  restarted, for example, after a random
time. In  addition, when transmission by a mobile
station -23- succeeds, the base station updates the
occupation  states and the interference amounts of
uplink  timeslots and sends them by downlink timeslots.
Fig.9 is a flowchart showing the operation  5 of the
base station. The base station receives the
propagation loss Lp and a number of information  units
W from the mobile station in each timeslot in  step 1.
The base station checks whether each uplink  timeslot
is idle in step 2. When it is idle, the 10 base station
measures the interference level of this  timeslot in
step 3. When it is not idle, the base  station checks
whether the timeslot sends the last  packet (that is,
the number of remaining information  units W = 0) in
step 4. When the timeslot sends the 15 last packet, the
base station measures the receive  level Pbr in step 5.
Then, the interference level  Itf is calculated by the
above-mentioned formula 3  



since the desired wave level C of the mobile station
is obtained from the propagation loss Lp in step 6. 20
After the step 3 and the step 6, the base  station
notifies the mobile station of the  interference amount
in a downlink timeslot in which  "Idle" is indicated by
the I/B bits for the timeslot  in steps 7 and 8. When
the number of the remaining 25 information units W is
larger than 1 in step 4,  Busy" is indicated by the I/B
bits for the timeslot  in steps 9 and 10. Fig.10 is a
flowchart showing the  operation of the mobile station.
The mobile station  30 which requested transmission
calculates the propagation loss Lp by the formula 1
after receiving  a synchronizing signal and the like
from the base  station in step 21 and step 22. Next,
the mobile  station receives occupation states and
interference 35 amount levels of timeslots sent from
the base  station in step 23. Then, the mobile station
calculates each desired wave power from the -24-
propagation loss Lp in step 24, and predicts each
receive CIR of transmission in the case that each  idle
timeslot is used in step 25. Next, the mobile  station
selects an idle timeslot which has an 5 appropriate
interference level such that the  predicted CIR becomes
the smallest on condition that  the predicted CIR
satisfies a required CIR in step  26. Then, the mobile
station sends uplink  information by the selected
timeslot where the 10 propagation loss Lp and the
number of information  units W is added in step 27.
Next, the mobile  station checks whether transmission
succeeds in step  28. When transmission succeeds, the
mobile station  checks whether there is remaining
information in 15 step 29, and when there is remaining
information,  sends next information by using a
timeslot of the  



same number of the next frame in step 30. When
transmission fails in step 28, transmission is
restarted after a random time in step 31. 20 Fig.11
shows a configuration of a. mobile  station according
to the first embodiment of the  present invention. The
mobile station includes an  encoder 71, a send control
circuit 72, a modulator 73, a logical operation circuit
74, a  25 propagation loss calculation circuit 75. a
decoder  76, a signal separator 77 and a demodulator
78. Fig.12 shows a configuration of a base  station
according to the first embodiment of the  present
invention. The base station includes a 30 demodulator
81, a signal separator 82, a decoder 83,  a
interference measuring calculation circuit 84, an
informing control circuit 85, a logical operation
circuit 86, a demodulator 87, a signal multiplexing
circuit 88 and an encoder 89. 35 In this embodiment,
the operation of the  mobile station and the base
station in the case that  an uplink message is sent
will be described in the -25- following. When the
mobile station needs to send an  uplink message, the
encoder 71 shown in Fig.11  performs error correction
encoding on the uplink 5 message for example. Then, the
uplink message is  input into the send control circuit
72 and waits for  being transmitted. The logical
operation circuit 74  performs a predetermined process
to obtain partial  echo data (PE) 17 (shown in Fig.2)
such as 10 extracting a part of a bit sequence of the
uplink  message, and inputs the partial echo data into
the  send control circuit 72, and the send control
circuit 72 stores the partial echo data. Downlink data
which is demodulated in the  15 demodulator 78 is input
into the propagation loss  



calculation circuit 75 in which the propagation loss
is calculated which is input into the send control
circuit 72. Then, the signal separation circuit 77
separates the collision control field (E) 13, which 20
is an informing signal part shown in Fig.2, and  input
the collision control field (E) 13 into the  send
control circuit 72. The send control circuit  72
selects a timeslot from timeslots having "I" as  the
I/B information according to the interference  25
amount level and the propagation loss. Then,
transmission is started from a head burst with  timing
of the selected timeslot. The base station receives
this burst  signal. Then, via the demodulator 81 and
the signal  30 separator 82, a part of the number of
the burst W which is included in the head burst is
input into  the informing control circuit 85. In
addition, a  part of the propagation loss Lp is input
into the  interference measuring calculation circuit
84. The 35 interference measuring calculation circuit
84  measures interference of an idle timeslot and
calculates interference of a timeslot which has 0 as
-26- the number of the remaining information units by
using receiving power and the propagation loss. The
interference level Itf 15 which is measured or
calculated is input into the informing control 5
circuit 85. On the other hand, the decoder 83 performs
error correction and the like on uplink information  in
the base station. The decoded uplink information  is
input into the logical operation circuit 86 and 10
partial echo data 17 which is generated by a process
same as that performed in the logical operation
circuit 74 is input into the informing control  circuit
85. In addition, error detection is performed  



15 in the decoder 83 and notifies the informing control
circuit 85 whether the signal is received or not.  The
informing control circuit 85 sets I/B bits to
successive timeslots according to W. The
receive/non-receive (R/N) bits 16 are set according 20
to whether the signal is received or not. The
notification signal (I/B bits 14, interference level
15, R/N bits 16, partial echo data 17) is sent via  the
signal multiplexing circuit 88 and the  demodulator 87.
25 In the mobile station, the notification  signal is
input into the send control circuit 72 via  the
demodulator 78 and the signal separator 77. In  the
send control circuit 72, when the R/N  information 16
which is input from the signal 30 separator 77
indicates signal receive "R", the  partial echo data is
compared with data stored in the logical operation
circuit 74 before transmission.  When they are the
same, it is judged that sending  data is received
correctly, and a next burst is sent. 35 When the R/N
information 17 indicates  "non-receive" or when the
partial echo data and the  stored data are not the
same, the mobile station is -27- changed to a waiting
state for sending data from the  head burst. The mobile
station restarts sending  after a random time or
immediately when the I/B bits  indicates I according to
the interference amount 5 level and the propagation
loss. As shown in Fig.13, information in the  collision
control field can be consolidated and  located at the
tail end of a frame for downlink  transmission. In this
case, since the mobile 10 station receives the
collision control field  information only once per a
frame, there is a merit  that battery life becomes
longer. On the other hand,  since the mobile station
which requests transmission  



needs to wait until the end of a frame comes, there 15
is a demerit that delay may occur. As mentioned above,
according to the  present invention corresponding to
the first object,  the base station notifies the mobile
station of the  occupation states and the interference
amounts of 20 idle timeslots. Then, the mobile station
predicts  each receive CIR for transmission in the case
that  each idle timeslot is used, and selects and sends
a  timeslot having an appropriate interference such
that the predicted CIR is smallest on condition that 25
the predicted CIR satisfies the required CIR.
Accordingly, the success rate of transmission is
increased for the mobile station. In addition, when  a
plurality of mobile stations try to send data in a
cell simultaneously, they select different timeslots 30
according to propagation loss. Thus, collision rate
decreases. Therefore, according to the present
invention, a wireless packet transmission method  which
provides low delay and high throughput can be
provided. 35 In the following, embodiments
corresponding to the second object of the present
invention will be described with reference to -28-
figures. Following embodiments comply with TDMA/TDD.
First, outlines of each embodiment will be described.
Then, each embodiment will be described in detail. In a
second embodiment, the basic 5 operation of the present
invention corresponding to  the second object will be
described. In a third  embodiment, a method in which a
timeslot is assigned  by a QoS (quality of service)
request according to a  traffic state at the time of
packet transmission 10 acceptance. In this embodiment,
giving a higher  priority to after-mentioned class 2
users, quality  for the class 2 users is degraded in
higher priority  



when congestion occurs. In a fourth embodiment, a
method is  15 described in which the number of
timeslots is  changed according to a service class and
the QoS  request when the number of available timeslots
decreases or increases during packet transmission.  In
addition, in the case that timeslots need to be 20
deleted when the number of available timeslots is
decreased, the quality for class 2 users is degraded
in higher priority In a fifth embodiment, a method in
which  timeslots are assigned according to a QoS
request in  25 consideration of a traffic state at the
time of packet transmission acceptance. The difference
between the third embodiment and the fifth  embodiment
is as follows. In the third embodiment,  quality for
the class 2 users is degraded in higher 30 priority
when congestion occurs at the time of  acceptance. On
the other hand, in the fifth  embodiment, excess
timeslots which are assigned in  excess of a minimum
timeslot number or a desired  timeslot number are
deleted in higher priority. 35 In a sixth embodiment, a
method is  described in which the number of timeslots
is  changed according to a service class and the QoS
-29- request when the number of available timeslots
decreases or increases during packet transmission.  The
difference between the fourth embodiment and the  sixth
embodiment is as follows. In the fourth 5 embodiment,
quality of class 2 users is degraded in  higher
priority when congestion occurs in  transmission. On
the other hand, in the sixth  embodiment, excess
timeslots which are assigned  beyond a minimum timeslot
number or a desired 10 timeslot number are deleted in
higher priority when  congestion occurs in
transmission. 



[second embodiment] In the following, the basic
operation of  the present invention for TDMA/TDD will
be described  15 with reference to figures. Figs.14A
and 14B show a timeslot  configuration according to the
second embodiment of  the present invention. As shown
in the figure, a  carrier 31 includes a frame 32 which
repeats with a 20 predetermined interval. The frame
includes a  plurality of timeslots 33 (information
timeslots),  control mini-slots 34 each of which slots
corresponds to one of the information timeslots 33.
The information timeslot is used uplink or downlink. 25
In this embodiment, uplink or downlink is  assigned
without constraint. That is, it is  permissible that a
plurality of boundaries between  uplink timeslots and
downlink timeslots exist. In  the example shown in
Fig.14A, a frame includes ten 30 information timeslots
and there are three  uplink/downlink boundaries between
S1-S2, S3-S4 and  S4-S5 respectively. The control
mini-slots 34 are provided at  the tail end of each
frame. The number of the 35 control mini-slots is the
same as the number of the  information timeslots, and
each control mini-slot  corresponds to one of
information slots. The -30- control mini-slot includes
a timeslot assignment  state (uplink/downlink/idle :
U/D/I) 36 for a next  frame, verification data for
verifying that  transmission in the current frame
succeeds, and 5 allocated timeslot numbers (AL) 38 for
assigning  timeslots in the next frame for transmitting
data  continuously. The verification data may be any
data  as long as the data can be used for the mobile
station to verify that information which is sent by 10
the mobile station is successfully received. In  



this embodiment, partial echo data (PE) 37, which is
described in the first embodiment, is used. As for the
allocated timeslot number, the  base station decides
the number of allocated 15 timeslots according to
traffic congestion level, and,  then, sends timeslot
numbers which are accessed by  the mobile station in
the next frame. In the example shown in Fig.14A, the
number of timeslots  which can be allocated is ten at
the maximum. 20 A head packet 51 for uplink
transmission  includes a packet length L 52 which is
represented  by a number of timeslots, a QoS request
part 53 and  information bits 54. The QoS request part
53 includes the maximum number of timeslots B, a number
25 of desired timeslots E, the minimum number of
timeslots W and a service class C. Next, an example of
the timeslot  assignment method according to the second
embodiment  of the present invention will be described
with 30 reference to Fig.15. The part (a) in Fig.15
shows the operation  of the base station (BS), that is,
the operation of  an after-mentioned timeslot
assignment circuit in  the base station. The part (b)
shows the operation 35 of the mobile station (MS). As
shown in Fig.15,  transmission 1 from the mobile
station to the base  station is already started and
timeslots 1, 2 and 3 -31- are used for the transmission
1. First, transmission from the base station  to the
mobile station, that is, downlink  transmission will be
described. 5 In a frame 0, downlink transmission
request 2 having two as the desired number of
timeslots arises in the base station in step 41, and
the desired number of timeslots (two timeslots) are
assigned in step 42. In this example, since 



10 timeslots 0, 4, 5, 6, 7, 8 and 9 are idle in the
next frame, downlink use reservations are shown in
mini-slots corresponding to timeslots 8 and 9. Then,
the base station starts transmission from a frame 1  by
using the timeslots 8 and 9 in step 43. 15 Next,
transmission from the mobile station  to the base
station, that is, uplink transmission  will be
described. In the frame 0, when an uplink  transmission
request 3 arises in step 44, the mobile  20 station
verifies the timeslot assignment state of the next
frame by checking the control mini-slots.  As mentioned
above, since the timeslots 8 and 9 are  already
assigned for the downlink transmission  request 2, the
mobile station selects a timeslot 25 randomly among
idle timeslots 0, 4, 5, 6 and 7. In the example shown
in Fig.15, the mobile  station starts transmission
corresponding to the  uplink transmission request 3 by
using a timeslot 4  in step 45, and sends the packet
length L=5 and the 30 QoS request (the maximum timeslot
number B=4, the  desired timeslot number E=3, the
minimum timeslot  number W=1 and the service class C=1)
by adding the  length and the QoS request to the head
of  information bits. Usage of the maximum number of 35
timeslots B, the desired number of timeslots E, the
minimum number of timeslots W and the service class  C
will be described later. Since the desired number -32-
of timeslots is three for the transmission request 3,
the base station assigns timeslots 0, 4 and 5 (step
46) and sends the assigned timeslot numbers to the
mobile station by using the control mini-slot (AL=O,  5
4, 5 in the mini-slot 4). Then, the mobile station
verifies that  data which is sent from the mobile
station at the  timeslot 4 in the frame 1 is received
by the base  



station and timeslots 0, 4 and 5 are assigned for 10
the next frame in step 47. The mobile station sends
data from the frame 2 according to instructions of  the
control mini-slot in step 48. In addition, the  mobile
station verifies that data which is sent be  the mobile
station is received or not by receiving 15 partial echo
data in the control-mini slots 0, 4, 5  in the frame 2
and by comparing them with  corresponding data stored
in the mobile station. Since the packet length of the
uplink  transmission request 3 is five, remaining data
20 length becomes one after the mobile station sends
data by using timeslots 0, 4 and 5 of the frame 2.  The
base station assigns a timeslot 0 in the control
mini-slot right after the frame 2 for transmission  of
the frame 3 and releases timeslots 4 and 5 in 25 step
49. That is, when the base station recognizes  that the
last information timeslot is received, the  base
station changes the timeslot assignment state  and the
allocated number for the timeslot of the  next frame to
"I" (idle) and "null" respectively, 30 and notifies the
mobile station of them by the  control mini-slot. Then,
the mobile station recognizes that  data which is sent
from the mobile station is  received and the last one
packet is assigned to the 35 timeslot 0 in the next
frame (frame 3) on the basis  of the control mini-slot
in the frame 2 in step 50.  When the mobile station
sends the last packet by the -33- timeslot 0 in the
frame 3 to the base station in  step 51, the base
station does not perform timeslot  assignment for the
transmission request 3. Then,  the mobile station
checks the control mini-slot 0 of 5 the frame 3 so as
to recognize that data sent by the  mobile station is
received and timeslot assignment  is completed since
data transmission is completed in  



step 52. On the other hand, the length of the  downlink
transmission 2 is ten, the downlink 10 transmission 2
continues at the time of the frame 3  (Steps 53, 54).
Fig.16 is a flowchart showing the  operation of the
mobile station. When a  transmission request arises in
the mobile station in 15 step 61, the mobile station
receives the control- mini slots in the tail end of a
frame in step 62 and  checks whether there is an idle
timeslot in the next  frame in step 63. When there is
not any idle timeslot in the next frame, the mobile
station 20 checks whether the mobile station is in
time-out or  not in step 64. When it is in time-out,
the process  ends as the transmission is incomplete.
When it is  not in time-out, the mobile station waits
until it  receives the control mini-slots in the next
frame in  25 step 65. When there is at least an idle
timeslot in  the next frame in step 63, the mobile
station  selects an idle timeslot randomly and sends
information where information bits which represent 30
the packet length L, the maximum number of timeslots
B, the desired number of timeslots E, the minimum
number of timeslots W and the service class C are
added at the head to the mobile station in step 66.
Next, the mobile station receives a control mini 35
slot sent from the base station which corresponds to
the idle timeslot sent from the mobile station in  step
67, and the mobile station checks whether -34-
transmission succeeds or not in step 68. When
transmission fails, the mobile station retransmits  the
information in steps 69 and 70, wherein, when  the
number of retransmissions exceeds a limit, the 5
process ends as the transmission is incomplete.  When
the transmission succeeds in step 68,  



the mobile station checks whether packet  transmission
is completed in step 71. When it is - completed, the
process ends. When it is not 10 completed, the mobile
station continues transmission  by using information
timeslots in the next frame  which are assigned in step
72. Fig.17 is a flowchart showing the  operation of the
base station according to the 15 second embodiment of
the present invention. When  the base station receives
an uplink head packet from  the mobile station or when
a downlink transmission  request arises in the base
station in step 81, the  base station assigns timeslots
of the desired number 20 if there are available
timeslots more than the  desired number of timeslots in
steps 82 and 83. If  the number of the available
timeslots is smaller  than the desired number, the base
station waits for  the next frame in step 84. 25 When
at least an timeslot is assigned, the  base station
notifies the mobile station of the  timeslot assignment
state U/D/I, receive  verification data PE, the
allocated timeslot numbers  AL of the next frame by
using the control mini-slots 30 in step 85. In the case
that there are changes of  available resources during
transmission, if the  number of available timeslots is
equal to or larger  than the desired number of
timeslots (when YES in  steps 86 and 87), the base
station maintains the 35 current state. If the number
of available timeslots  is equal to or smaller than the
desired timeslot  number (when NO in step 87), the base
station waits -35- until the number of available
timeslots increases to  the desired number of timeslots
in steps 88 and 89.  When the base station receives the
last uplink  packet (when YES in step 90), the base
station sends 5 the timeslot assignment state of the
next frame as  



I" (idle), the receive verification data PE and the
allocated timeslot number AL=null to the mobile
station by using the control mini-slot in step 91. In
the above-mentioned process, the part  10 of steps 82 -
84 is called a sequence 1 and the part  of the steps 86
- 89 is called a sequence 2. Fig.18 shows a
configuration of the mobile  station according to the
embodiment of the present  invention. The mobile
station includes an encoder 15 71, a send control
circuit 72, a modulator 73, a  logical operation
circuit 74, a decoder 76, a signal  separator 77 and a
demodulator 78. Fig.19 shows a configuration of a base
station according to the embodiment of the present  20
invention. The base station includes a demodulator  81,
a signal separator 82, a decoder 83, an informing
control circuit 85, a logical operation  circuit 86, a
demodulator 87, a signal multiplexing  circuit 88 and
an encoder 89, a timeslot assignment  25 circuit 90.
The operation of the mobile station and  the base
station will be described according to the  embodiment.
When the mobile station needs to send an  30 uplink
message, a process such as an error  correction process
is performed on the message in  the encoder 71 and the
message is input into the  send control circuit 72 for
transmission. The  logical operation circuit 74
generates partial echo 35 data (PE in Fig.14) by
extracting a part of a bit  sequence of the uplink
information, inputs the  partial echo data into the
send control circuit 72 -36- which stores the partial
data. The demodulator 78 demodulates data from  the
base station. The signal separator 77 separates  the
control mini-slots from the data and inputs the 



5 control mini-slots into the send control circuit 72.
Then, the mobile station selects timeslots having  "I"
as the U/D/I information from the left side, and
starts transmission of a head burst at the timing of
the selected timeslots. 10 When the base station
receives the burst,  the number of packets (packet
length L in Fig.14)  for the message and the QoS
request (QoS request  part in Fig.14) which are
included in the head burst  are input into the timeslot
assignment circuit 90 15 via the demodulator 81 and the
signal separator 82  as shown in Fig.19. According to
the result of  timeslot assignment by the timeslot
assignment  circuit 90, the timeslot assignment state
U/D/I  (U/D/I 36 in Fig.14) and the allocated timeslot
20 numbers (AL 38 in Fig.14) are input into the
informing control circuit 85. On the other hand,  the
error correction process, for example, is  performed on
uplink information from the mobile  station in the
decoder 83. As a result, decoded 25 uplink information
is input into the logical  operation circuit 86. In
addition, partial echo  data generated by performing
the same process as  performed in the logical operation
circuit 74 of the  mobile station is input into the
informing control  30 circuit 85. The informing control
circuit 85 sets the  state U/D/I, the partial echo and
the allocated  timeslot number for each information
timeslot as  informing data. The informing data is sent
to the 35 mobile station via the signal multiplexing
circuit  88 and the demodulator 87. In the mobile
station, the informing data -37- is input into the send
control circuit 72 via the  demodulator 78 and the
signal separator 77. The  send control circuit 72
compares the partial echo  



input from the signal separator 77 with partial echo 5
stored in the logical operation circuit 74. When  they
are the same, the mobile station judges that  sent data
is received correctly. Then, the mobile  station
accesses assigned timeslots so as to continue
transmission according to the assigned  10 timeslot
numbers AL in the next frame. When both of the partial
echo data are not  the same, the mobile station waits
for transmitting  the head burst again, and, then, the
mobile station  restarts transmission immediately or
after a random  15 time when U/D/I becomes I. [third
embodiment] In the third embodiment, packet
transmission is prioritized and timeslots are  assigned
by using the QoS request according to 20 traffic state
at the time of packet transmission  acceptance. In this
embodiment, the prioritization  includes two stages
which are a service class 1 and  a service class 2.
However, it is possible to 25 provide more service
classes such that timeslots are  allocated more
flexibly according to multi-QoS. In this embodiment,
channel (timeslot)  assignment is performed so that
desired quality is  assured maximally for a user of the
service class 1 30 (high class). For a user of the
service class 2  (low class), channel (timeslot)
assignment is  performed on best-effort basis. In
addition, quality is degraded for the  class 2 user in
higher priority when traffic is 35 congested at the
time of packet transmission  acceptance. That is, as
mentioned later, when -38- available timeslots are
insufficient for a class 1  user, timeslots are
assigned for the class 1 user by  



deleting one or more timeslots of other users,  wherein
timeslots are deleted in the following order, 5 which
is, timeslots which are assigned in excess of  the
minimum number of timeslots of the service class  2,
minimum timeslots of the class 2, timeslots which  are
assigned in excess of the desired number of timeslots
of the class 1. The timeslots deleted in  10 this order
are assigned to a new user. The timeslot configuration
of the third  embodiment is the same as that of the
second  embodiment which is shown in Fig.14. The
operation  flowchart of the mobile station of the third
15 embodiment is the same as that of the second
embodiment which is shown in Fig.16. Fig.20 is a
flowchart showing the  operation of the base station of
the third  embodiment. 20 When the base station
receives an uplink  head packet or there is a downlink
transmission  request in step 101, the base station
checks the  service class in step 102. When the service
class  is 1, a process (3-1) shown in Fig.21 is
performed 25 in step 103. When the service class is not
1, a  process (3-2) shown in Fig.22 is performed in
step  104. The process after the step 103 or the step
104  is the same as that of the flowchart shown in
Fig.17  from step 85. 30 Next, the method of timeslot
assignment to  a class 1 user will be described in the
following  with reference to Fig.21. When the number of
available timeslots is larger than the maximum  number
of timeslots (when YES in step 111). 35 timeslots of
the maximum number are allocated for  the user in step
112. When the number of available timeslots is -39-
smaller than the maximum number but larger than the  



desired number E of timeslots (when NO in step 113),
the available timeslots are allocated for the user  in
step 114. 5 On the other hand, in the case of the
number of available timeslots is smaller than the
desired number of timeslots (when YES in step 113),
when the sum mw2 of timeslots which are assigned for
the class 2 users in excess of the minimum number of 10
timeslots for each class 2 user is larger than the
number of a shortage S of timeslots in step 115, S
timeslots are released from class 2 users in
decreasing order of the number of excess timeslots,
and the released timeslots and the available 15
timeslots are assigned to the class 1 user in step
116. When No in step 115, all or a part of  timeslots
of one or more class 2 users are released  for
assigning the timeslots to the class 1 user in 20 steps
117 and 118. That is, if the sum (w2) of the  minimum
number of timeslots of the class 2 users is  equal to
or larger than a shortage s (s=S-mw2) in  step 117, mw2
timeslots are released from the class  2 users and s
timeslots are released from class 2 25 users in
decreasing order of the minimum number of  timeslots,
and the released timeslots and the  available timeslots
are assigned to the class 1 user  in step 118 When
timeslots for the class 1 user can  30 not be assigned
fully even when timeslots of the  class 2 users are
released (when NO in step 117),  one or more timeslots
which are already assigned for  each class 1 user in
excess of each desired number  of timeslots are
released for the new class 1 user 35 in steps 119 and
120. That is, if sum (mel) of  timeslots in excess of
the desired number of  timeslots of the class 1 users
is equal to or larger -40- 



than a shortage ss (ss=s-w2) in step 119, the
timeslots (mw2+w2) of the class 2 users are released
and ss timeslots of the class 1 users are released  in
decreasing order of the number of excess 5 timeslots in
step 120. Then, the released timeslots  and the
available timeslots are assigned to a new  user. In
step 120, when there are a plurality of  class 1 users
of the same condition, one or more of  the target class
1 user where a part of timeslots is 10 released are
selected randomly. When timeslots are not fully
assigned for  the new class 1 user even after the
above-mentioned  processes (when NO in step 119),
timeslots which are  in excess of the minimum number of
timeslots for the 15 class 1 users are used in steps
121 and 122. That  is, if (the desired number of
timeslots - the  minimum number of timeslots) is equal
to or larger  than a shortage sss (sss=ss-mel) in step
121, the  excess timeslots (sss) of the class 1 users
are 20 released and (mw2+w2) of the class 2 users are
released in step 122. The released timeslots and  the
available timeslots are used for a new user. When
timeslots are not fully assigned for  the new class 1
user even after the above-mentioned  25 processes, the
base station wait until the next frame comes in step
123. In the above-mentioned processes, a class  2 user
which has timeslots of fewer than the minimum
timeslots ceases transmission temporarily, and 30
restarts transmission as soon as necessary timeslots
become available in step 124. Next, a channel
assignment method for a  class 2 user will be described
with reference to a  flowchart shown in Fig.22. This
flowchart 35 corresponds to the step 104 in Fig.20.
When transmission request of class 2 is  received, the
base station checks the number of 



-41- available timeslots in step 131. When the number
of  available timeslots is equal to or larger than the
maximum number of timeslots (when YES in step 131),
the maximum number of timeslots are assigned in step 5
132. When the number of available timeslots is  smaller
than the maximum number of timeslots (NO in  step 131)
but larger than the minimum number of  timeslots (NO in
step 133), the available timeslots  are assigned for
the class 2 user in step 134. When 10 the number of
available timeslots is smaller than  the number of
minimum timeslots (YES in step 133),  the base station
tries timeslot assignment after one  frame in step 135.
Each of the configuration of the mobile 15 station and
the base station is the same as those of  the second
embodiment which are shown in Fig.18 and  Fig.19
respectively. [fourth embodiment] In this embodiment, a
method will be  20 described in which the number of
timeslots is  changed according to the service class
and the QoS  request when the available timeslots
decrease or  increase during packet transmission. In
addition,  when the available timeslots decrease,
timeslots are 25 deleted such that quality of class 2
users is  degraded in higher priority. That is, as
mentioned  later, when one or more timeslots are
deleted,  timeslots are deleted in order of timeslots
which  are assigned in excess of minimum timeslots of
the 30 class 2 users, minimum timeslots of the class 2
users, timeslots which are assigned in excess of
desired timeslots of the class 1 users for assigning
to a new user. The timeslot configuration of the fourth
35 embodiment is the same as that of the second
embodiment which is shown in Fig.14. 



Fig.23 is a flowchart showing the operation -42- of the
base station according to the fourth  embodiment. A
process (sequence 4) in the case that  available
resources are changed during transmission  will be
described. 5 When there is a change in the available
resources (YES in step 141), the base station checks
whether the available resources increase in step 142.
When the available resources increase, a process (4- 1)
shown in Fig.24 is performed in step 143. When 10 the
available resources do not increase, a process  (4-2)
shown in Fig.25 is performed in step 144.  Next, a
process which is performed when there is at least a
timeslot which is released or  when system resources
increase, that is, the process  15 of the step 143 will
be described with reference to  a flowchart shown in
Fig.24. The base station checks class 1 users  having
timeslots less than the desired number in  step 151.
Then, the base station assigns timeslots 20
additionally for the class 1 users in decreasing  order
of the number of the shortage of timeslots  with
respect to the desired timeslots, wherein  timeslots
are assigned to each of the class 1 user  until the
number of timeslots becomes the desired 25 number of
timeslots in step 152. Instead,  additional assignment
can be performed randomly for  class 1 users having
less timeslots than the desired  timeslots. When one or
more available timeslots  30 remains after performing
the above-mentioned  assignment (YES in step 153), the
base station  checks whether there is any class 2 user
which has  less timeslots than minimum timeslots in
step 154.  Then, the base station assigns timeslots 35
additionally for each of the class 2 users in  



descending order of the number of shortage of
timeslots of the each class 2 user with respect to -43-
the minimum number of timeslots until the number of
timeslots of each class 2 user becomes the number of
minimum timeslots in step 155. Instead, assignment  can
be performed randomly to the class 2 users. 5 Next,
processing in the case that  available timeslots
decreases, that is, the of the  step 144 will be
described with reference to a  flowchart in Fig.25. As
shown in Fig.25, when S available  10 timeslots
decrease in step 161, timeslots are  deleted in the
following order, timeslots which are  assigned in
excess of the minimum number of  timeslots for class 2
users (steps 162 - 164),  minimum timeslots (step 165 -
167), timeslots which 15 are assigned in excess of the
desired number of  timeslots of class 1 users (steps
168 - 170),  timeslots which are assigned in excess of
the  minimum number of timeslots for class 1 users
(steps 171 - 173), the minimum timeslots for the class
1  20 users (step 174). When S timeslots are decreased
in step 161,  if the sum (mw2) of timeslots in excess
of the  minimum number of timeslots of the class 2
users is  equal to or larger than S in step 162, S
timeslots 25 are deleted in descending order of the
number of  excess timeslots of each class 2 user in
step 163.  If mw2 < S, mw2 timeslots are deleted in
descending  order of the number of excess timeslots in
step 164.  If the sum (w2) of the minimum number of
timeslots 30 of the class 2 users is equal to or larger
than s  (s=S-mw2) in step 165, s slots are deleted in
descending order of the minimum number of timeslots  in
step 166. If NO in step 165, w2 timeslots are  deleted
from class 2 users in descending order of 



35 the minimum number of timeslots in step 167. If the
sum (mel) of timeslots in excess of  desired number of
timeslots of the class 1 users is -44- equal to or
larger than ss (ss=s-w2) in step 168, ss  slots are
deleted in descending order of the number  of excess
timeslots in step 169. If NO in step 168,  mel
timeslots are deleted in descending order of the 5
desired number of timeslots from the class 1 users  in
step 170. If the sum (mwl) of timeslots in  excess of
the minimum number of timeslots of the  class 1 users
is equal to or larger than sss  (sss=ss-mel) in step
171, sss slots are deleted in 10 descending order of
the number of excess timeslots  in step 172. If NO in
step 171, mwl timeslots are  deleted in descending
order of the number of excess  timeslots in step 173.
Then, sss timesiots are  deleted in descending order of
the minimum number of  15 timeslots in step 174. The
user in which timeslots are deleted to  less than the
minimum number of timeslots ceases  transmission and
restarts when necessary available  timeslots are
assigned in step 175. 20 Each of the configuration of
the mobile  station and the base station is the same as
those of  the second embodiment which are shown in
Fig.18 and  Fig.19 respectively. [fifth embodiment] 25
In the fifth embodiment, prioritization is  performed
for packet transmission and one or more  timeslots are
assigned by the QoS request according  to traffic state
at the time of packet transmission  acceptance. The
difference between the third 30 embodiment and the
fifth embodiment is as follows.  In the third
embodiment, quality for the class 2  user is degraded
by priority when congestion occurs  at the time of
acceptance. On the other hand, in  



the fifth embodiment, timeslots which are assigned 35
in excess of the minimum number of timeslots or the
desired number timeslots are deleted in higher
priority. -45- The configuration of a timeslot of the
fifth embodiment is the same as that of the second
embodiment shown in Fig.14. A flowchart of the
operation of the mobile station is the same as that 5
of the second embodiment shown in Fig.16. A process for
changing the timeslot number  in the case that there is
a change of available  resources follows the sequence 2
or the sequence 4.  In the following, a process of
acceptance (sequence  10 5) will be described. When the
service class is 1, a process (5- 1) shown in Fig.27 is
performed in step 182. When  the service class is not
1, the process (3-2) shown  in Fig.29 is performed in
step 183. 15 Next, the method of timeslot assignment to
a class 1 user will be described in the following  with
reference to Fig.27. When the number of  available
timeslots is larger than the maximum  number of
timeslots (when YES in step 191), 20 timeslots of the
maximum number are allocated for  the user in step 192.
When the number of available  timeslots is larger than
the desired number of  timeslots (when NO in step 193),
the available  timeslots are allocated for the user in
step 134. 25 In the case of the number of available
timeslots is smaller than the desired number of
timeslots (when YES in step 193), timeslots are
deleted and assigned to the new user in the  following
order, one or more timeslots which are 30 assigned for
the class 2 users in excess of the  minimum number of
timeslots for class 2 users (steps  195 and 196), one
or more timeslots which are  



already assigned for each class 1 user in excess of
desired number of timeslots (steps 197 and 198). 35
minimum timeslots of class 2 users (steps 199 and
200), timeslots which are assigned in excess of the
minimum number of timeslots (steps 201 and 202). -46-
The operation for assigning timeslots to a class 2 user
is the same as that shown in Fig.22.  Each of the
configuration of the mobile station and  the base
station is the same as those of the second 5 embodiment
which are shown in Fig.18 and Fig.19  respectively.
[sixth embodiment] In the sixth embodiment,
prioritization is  performed for packet transmission
and the number of  10 timeslots is changed according to
a service class and a QoS request according to traffic
state while  packet transmission. The difference
between the  fourth embodiment and the sixth embodiment
is as  follows. In the fourth embodiment, quality'of
class 15 2 user is degraded in higher priority when
congestion occurs in transmission. On the other  hand,
in the sixth embodiment, timeslots which are  assigned
in excess of the minimum number of  timeslots or the
desired number of timeslots are 20 deleted in higher
priority when congestion occurs in  transmission. The
timeslot configuration of the fourth  embodiment is the
same as that of the second  embodiment which is shown
in Fig.14. A flowchart of 25 the operation of the
mobile station is the same as  that of the second
embodiment shown in Fig.16.  Fig.28 is a flowchart
showing the operation of the base station according to
the sixth  embodiment. A process in the case of
available 30 resources are changed is shown in the
sequence 6  (steps 211 - 214). A process of the step
213, that  



is, the operation of the base station in the case of
the available resources increase is the same as that
shown in Fig.24. In the following, a process of the 35
step 214, that is, the operation of the base station
in the case that available resources decrease will  be
described with reference to a flowchart shown in -47-
Fig.29. As shown in Fig.29, when the number of
available timeslots decreases in step 221, timeslots
are deleted in the following order, that is, one or 5
more timeslots which are assigned in excess of the
minimum number of timeslots of the class 2 user  (steps
222 - 224), one or more timeslots which are  assigned
in excess of the desired timeslot number  for the class
1 user (step 225 - 227), the minimum 10 number of
timeslots for the class 2 users (steps 228  - 230),
timeslots which is assigned in excess of the  minimum
number of timeslots for the class 1 users  (steps 231 -
233), the minimum number of timeslots  (step 234). The
user in which timeslots are deleted 15 to less than the
minimum number of timeslots ceases  transmission and
restarts after a random time in  step 235. Each of the
configuration of the mobile  station and the base
station is the same as those of  20 the second
embodiment which are shown in Fig.18 and  Fig.19
respectively. As mentioned above, according to the
present invention corresponding to the second object,
timeslots are allocated while allowing 25
uplink/downlink conversion a plurality of times as
requested instead of dividing timeslots into  timeslots
for uplink and timeslots for downlink as a
conventional TDD system. Therefore, a timeslot
assignment method can be realized in which timeslots 30
can be allocated dynamically according to  



uplink/downlink traffic such that asymmetric traffic
can be accommodates effectively. In addition, service
quality is  categorized to service classes in which
desired 35 quality for a high class user is satisfied
maximally  and a best effort service is provided for a
low  class user according to excess of resources. -48-
Therefore, a timeslot assignment method can be
realized in which timeslot assignment is performed
according to the service class and allowance of
resources. In addition, efficiency of timeslot use 5
and throughput are improved and high service quality
is provided maximally. The present invention is not
limited to  the specifically disclosed embodiments, and
variations and modifications may be made without 10
departing from the scope of the invention.  15 20  25
30  35 49  WHAT IS CLAIMED IS: 1. A timeslot assignment
method used for  TDD in a mobile communication system,
comprising the  steps of: providing a plurality of TDD
boundaries  each of which TDD boundaries is a boundary
between  at least an uplink timeslot and at least a
downlink  timeslot in a frame; and performing timeslot
assignment. 2. The timeslot assignment method as
claimed in claim 1, further comprising the step of:
changing said TDD boundary dynamically when waiting or
when carrying out communication.  



3. The timeslot assignment method as  claimed in claim
2, wherein said TDD boundary  varies according to a
predetermined condition. 4. A timeslot assignment
method used for  TDD in a mobile communication system
which includes  a base station and a mobile station,
comprising the  steps of: said base station assigning
at least a  timeslot for a next frame in a frame time;
and  said base station sending information  including
information of timeslot assignment to said mobile
station by using at least a control mini-slot. 50  5.
The timeslot assignment method as claimed in claim 4,
further comprising the steps  of: said base station
receiving information  including a desired number of
timeslots in said  frame time; and said base station
assigning timeslots of  said desired number from idle
timeslots of said next  frame. 6. The timeslot
assignment method as  claimed in claim 4, further
comprising the steps  of: said base station receiving
information  including a desired number of timeslots in
said  frame time; and when the number of idle timeslots
in said  next frame is smaller than said desired number
of  timeslot, said base station assigning timeslots in
which the number of said timeslots is smaller than
said desired number of timeslots for said next frame
within predetermined bounds. 7. The timeslot assignment
method as  claimed in claim 4, further comprising the
steps  of: 



said base station receiving information  including a
desired number of timeslots in said  frame time; and 51
when the number of idle timeslots in said next frame is
larger than said desired number of  timeslots, said
base station assigning timeslots in  which the number
of said timeslots is larger than  said desired number
of timeslots for said next frame  within predetermined
bounds. 8. The timeslot assignment method as  claimed
in claim 4, further comprising the step of;  when at
least an idle timeslot occurs during data transmission,
said base station  assigning timeslots in which the
number of said  timeslots is larger than a number of
timeslots used  for said data transmission within
predetermined  bounds. 9. The timeslot assignment
method as  claimed in claim 4, further comprising the
step of:  said base station assigning, during data
transmission, timeslots in which the number of said
timeslots is smaller than a number of timeslots used
for said data transmission within predetermined
bounds. 10. The timeslot assignment method as  claimed
in claim 4, wherein said control mini-slot  includes an
assignment state of a timeslot,  information for
verifying that uplink data is  received, allocated
timeslot information for said  next frame. 52  11. The
timeslot assignment method as claimed in claim 4,
further comprising the steps  of: service quality being
classified to  service classes; and 



said base station performing timeslot  assignment
according to said service class. 12. The timeslot
assignment method as  claimed in claim 4, wherein a
head packet in data  which is sent to said base station
from said mobile  station includes a QoS request, said
QoS request including a maximum  number of timeslots
which can be used for  transmitting said data, a
minimum number of  timeslots and a service class, and
said base station assigning timeslots of  said maximum
number or said minimum number according  to said
service class. 13. A base station in a mobile
communication system using a TDD method which  includes
said base station and a mobile station,  comprising:
means for assigning at least a timeslot  for a next
frame in a frame time; and means for sending
information including  information of timeslot
assignment to said mobile  station by using at least a
control mini-slot. 53  14. The base station as claimed
in claim  13, further comprising: means for receiving
information including  a desired number of timeslots in
said frame time;  and means for assigning timeslots of
said  desired number from idle timeslots of said next
frame. 15. The base station as claimed in claim  13,
further comprising: means for receiving information
including  a desired number of timeslots in said frame
time;  and means for, when the number of idle  



timeslots in said next frame is smaller than said
desired number of timeslots. assigning timeslots in
which the number of said timeslots is smaller than
said desired number of timeslots for said next frame
within predetermined bounds. 16. The base station as
claimed in claim  13, further comprising: means for
receiving information including  a desired number of
timeslots in said frame time;  and means for, when the
number of idle  timeslots in said next frame is larger
than said  desired number of timeslots, assigning
timesiots in 54  which the number of said time-slots is
larger than  said desired number of timeslots for said
next frame  within predetermined bounds. 17. The base
station as claimed in claim  13, further comprising:
means for, when at least an idle timeslot  occurs
during data transmission, assigning timeslots  in which
the number of said timeslots is larger than  a number
of timeslots used for said data transmission within
predetermined bounds. 18. The base station as claimed
in claim  13, further comprising: means for assigning,
during data  transmission, timeslots in which the
number of said  timeslots is smaller than a number of
timeslots used  for said data transmission within
predetermined  bounds. 19. The base station as claimed
in claim  13, wherein said control mini-slot includes
an  assignment state of a timeslot, information for
verifying that uplink data is received, allocated
timeslot information for said next frame. 55  



20. The base station as claimed in claim  13, further
comprising: means for performing timeslot assignment  5
according to a service class which is included in a
QoS request which is sent from said mobile station.  10
21. A mobile station in a mobile  communication system
using a TDD method which  includes said mobile station
and a base station,  comprising: 15 means for
communicating with said base  station which includes
means for assigning at least  a timeslot for a next
frame in a frame time; and  means for sending
information including information  of timeslot
assignment to said mobile station by 20 using at least
a control mini-slot; means for sending information
which  includes a QoS request by sending a head packet
in  data which is sent to said base station; and means
for sending information by using at  25 least an
assigned timeslot which is notified of by  said control
mini=slot. 30  35 




