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DESCRIPTION 

MOBILE COMMUNICATION METHOD AND RADIO BASE STATION 

 

TECHNICAL FIELD 

[0001] 5 

 The present invention relates to a mobile communication 

method and a radio base station. 

 

BACKGROUND ART 

[0002] 10 

 In a mobile communication system employing the LTE (Long 

Term Evolution) system, which is specified in the 3GPP, a 

handover source radio base station S-eNB is configured to 

perform the following operation, when determining that a mobile 

station UE is to perform a handover (X2 handover) from a cell 15 

controlled by the handover source radio base station S-eNB to 

a cell controlled by a handover destination radio base station 

T-eNB.  Here, the handover source radio base station S-eNB 

transfers consecutive uplink data (accumulated in a receiving 

buffer) to a serving gateway apparatus S-GW, by using a U-plane 20 

resource (GTP (GPRS Tunneling Protocol)-U tunnel) allocated 

between the handover source radio base station S-eNB and the 

serving gateway apparatus S-GW, and also transfers 

non-consecutive uplink data (accumulated in the receiving 

buffer) to the handover destination radio base station T-eNB.  25 

The consecutive uplink data refers to uplink data that are 

received by the handover source radio base station S-eNB from 

the mobile station UE with their sequence numbers being 

consecutive (In-sequence).  The non-consecutive uplink data 

DESCRIPTION  MOBILE COMMUNICATION METHOD AND RADIO BASE
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mobile communication  method and a radio base station. BACKGROUND
ART  10 [0002] In a mobile communication system employing the LTE (Long
Term Evolution) system, which is specified in the 3GPP, a  handover source
radio base station S-eNB is configured to  perform the following operation,
when determining that a mobile 15 station UE is to perform a handover (X2
handover) from a cell  controlled by the handover source radio base station
S-eNB to  a cell controlled by a handover destination radio base station
T-eNB. Here, the handover source radio base station S-eNB  transfers
consecutive uplink data (accumulated in a receiving 20 buffer) to a serving
gateway apparatus S-GW, by using a U-plane  resource (GTP (GPRS
Tunneling Protocol)-U tunnel) allocated  between the handover source radio
base station S-eNB and the  serving gateway apparatus S-GW, and also
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their sequence numbers being  consecutive (In-sequence). The
non-consecutive uplink data  1 refers to uplink data that are received by the
handover source  
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refers to uplink data that are received by the handover source 

radio base station S-eNB from the mobile station UE with their 

sequence numbers being not consecutive (Out-sequence). 

[0003] 

 In addition, in the aforementioned mobile communication 5 

system, the handover source radio base station S-eNB is 

configured to notify, to the handover destination radio base 

station T-eNB, a transfer status of the non-consecutive uplink 

data to the handover destination radio base station T-eNB by 

using a C-plane resource (specifically, to transmit an “SN 10 

Status Transfer” message). 

[0004] 

 Meanwhile, in the aforementioned mobile communication 

system, the handover source radio base station S-eNB may be 

configured to perform the following operation, when determining 15 

that a mobile station UE is to perform a handover (S1 handover) 

from a cell controlled by the handover source radio base station 

S-eNB to a cell controlled by a handover destination radio base 

station T-eNB.  Here, the handover source radio base station 

S-eNB uses “Indirect Forwarding” to transfer, to the serving 20 

gateway apparatus S-GW, consecutive uplink data (accumulated 

in the receiving buffer) received from the mobile station UE 

with their sequence numbers being consecutive (In-sequence), 

by using a U-plane resource (GTP-U tunnel) allocated between 

the handover source radio base station S-eNB and the serving 25 

gateway apparatus S-GW.  Meanwhile, the handover source radio 

base station S-eNB discards non-consecutive uplink data 

(accumulated in the receiving buffer) received from the mobile 

station UE with their sequence numbers being not consecutive 

radio base station S-eNB from the mobile station UE with their  sequence
numbers being not consecutive (Out-sequence).  [0003] 5 In addition, in the
aforementioned mobile communication  system, the handover source radio
base station S-eNB is  configured to notify, to the handover destination radio
base  station T-eNB, a transfer status of the non-consecutive uplink  data to
the handover destination radio base station T-eNB by 10 using a C-plane
resource (specifically, to transmit an "SN  Status Transfer" message). 0004]
Meanwhile, in the aforementioned mobile communication  system, the
handover source radio base station S-eNB may be  15 configured to perform
the following operation, when determining that a mobile station UE is to
perform a handover (S1 handover)  from a cell controlled by the handover
source radio base station  S-eNB to a cell controlled by a handover
destination radio base  station T-eNB. Here, the handover source radio base
station 20 S-eNB uses "Indirect Forwarding" to transfer, to the serving
gateway apparatus S-GW, consecutive uplink data (accumulated  in the
receiving buffer) received from the mobile station UE  with their sequence
numbers being consecutive (In-sequence),  by using a U-plane resource
(GTP-U tunnel) allocated between 25 the handover source radio base station
S-eNB and the serving  gateway apparatus S-GW. Meanwhile, the handover
source radio  base station S-eNB discards non-consecutive uplink data
(accumulated in the receiving buffer) received from the mobile  station UE
with their sequence numbers being not consecutive  2 
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(Out-sequence). 

[0005] 

 Moreover, in the aforementioned mobile communication 

system, the handover source radio base station S-eNB may be 

configured to perform the following operation, when determining 5 

that a mobile station UE is to perform a handover (S1 handover) 

from a cell controlled by the handover source radio base station 

S-eNB to a cell controlled by the handover destination radio 

base station T-eNB.  Here, the handover source radio base 

station S-eNB uses “Direct Forwarding” to transfer, to the 10 

handover destination radio base station T-eNB, consecutive 

uplink data (accumulated in the receiving buffer) received from 

the mobile station UE with their sequence numbers being 

consecutive (In-sequence), by using a U-plane resource (GTP-U 

tunnel) allocated between the handover source radio base 15 

station S-eNB and the handover destination radio base station 

T-eNB.  Meanwhile, the handover source radio base station S-eNB 

discards non-consecutive uplink data (accumulated in the 

receiving buffer) received from the mobile station UE with their 

sequence numbers being not consecutive (Out-sequence). 20 

[0006] 

 Further, in the aforementioned mobile communication 

system, the handover source radio base station S-eNB is 

configured to perform the following operation, when determining 

that the mobile station UE is to perform a handover (S1 handover) 25 

from a cell controlled by the handover source radio base station 

S-eNB to a cell controlled by the handover destination radio 

base station T-eNB.  Here, the handover source radio base 

station S-eNB transfers downlink data to the handover 

(Out-sequence).  [0005] Moreover, in the aforementioned mobile
communication  system, the handover source radio base station S-eNB may
be  5 configured to perform thefollowing operation, when determining that a
mobile station UE is to perform a handover (S1 handover)  from a cell
controlled by the handover source radio base station  S-eNB to a cell
controlled by the handover destination radio  base station T-eNB. Here, the
handover source radio base 10 station S-eNB uses "Direct Forwarding" to
transfer, to the  handover destination radio base station T-eNB, consecutive
uplink data (accumulated in the receiving buffer) received from  the mobile
station UE with their sequence numbers being  consecutive (In-sequence), by
using a U-plane resource (GTP-U 15 tunnel) allocated between the handover
source radio base  station S-eNB and the handover destination radio base
station  T-eNB. Meanwhile, the handover source radio base station S-eNB
discards non-consecutive uplink data (accumulated in the  receiving buffer)
received from the mobile station UE with their 20 sequence numbers being
not consecutive (Out-sequence).  [0006] Further, in the aforementioned
mobile communication  system, the handover source radio base station
S-eNB is  configured to perform the following operation, when determining 25
that the mobile station UE is to perform a hangover (S1 hangover)  from a
cell controlled by the handover source radio base station  S-eNB to a cell
controlled by the handover destination radio  base station T-eNB. Here, the
handover source radio base  station S-eNB transfers downlink data to the
handover  
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destination radio base station T-eNB, the downlink data being 

downlink data which are among the downlink data received from 

the serving gateway apparatus S-GW and whose transmission to 

the mobile station UE is not completed yet (downlink data for 

which ACK is not received). 5 

[0007] 

 However, in the conventional mobile communication system 

employing the LTE system, there is a problem that, when a mobile 

station UE performs an X2 handover and an S1 handover, the 

serving gateway apparatus S-GW cannot know how long the serving 10 

gateway apparatus S-GW needs to hold the U-plane resource (GTP-U 

tunnel), because the serving gateway apparatus S-GW (or 

handover destination radio base station T-eNB) cannot detect 

completion of the transfer of the consecutive uplink data to 

the serving gateway apparatus S-GW by the handover source radio 15 

base station S-eNB. 

[0008] 

 In addition, there is another problem in the conventional 

mobile communication system employing the LTE system.  The 

problem is that, when a mobile station UE performs an S1 handover, 20 

the handover destination radio base station T-eNB cannot 

perform sequence control between the downlink data received 

from the serving gateway apparatus S-GW and the downlink data 

received from the handover source radio base station S-eNB, 

because the handover destination radio base station T-eNB 25 

cannot detect completion of the transfer of the downlink data 

to the handover destination radio base station T-eNB by the 

handover source radio base station S-eNB. 

 

3 destination radio base station T-eNB, the downlink data being  downlink
data which are among the downlink data received from  the serving gateway
apparatus S-GW and whose transmission to  the mobile station UE is not
completed yet (downlink data for  5 which ACK is not received). 0007]
However, in the conventional mobile communication system  employing the
LTE system, there is a problem that, when a mobile  station UE performs an
X2 handover and an S1 handover, the 10 serving gateway apparatus S-GW
cannot know how long the serving  gateway apparatus S-GW needs to hold
the U-plane resource (GTP-U  tunnel), because the serving gateway
apparatus S-GW (or  handover destination radio base station T-eNB) cannot
detect  completion of the transfer of the consecutive uplink data to 15 the
serving gateway apparatus S-GW by the handover source radio  base station
S-eNB. [0008] In addition, there is another problem in the conventional
mobile communication system employing the LTE system. The  20 problem is
that, when a mobile station UE performs an S1 handover, the handover
destination radio base station T-eNB cannot  perform sequence control
between the downlink data received  from the serving gateway apparatus
S-GW and the downlink data  received from the handover source radio base
station S-eNB, 25 because the handover destination radio base station
T-eNB  cannot detect completion of the transfer of the downlink data  to the
handover destination radio base station T-eNB by the  handover source radio
base station S-eNB. 



5 

DISCLOSURE OF THE INVENTION 

[0009] 

 The present invention has been made in view of the 

aforementioned problems.  An objective of the invention is thus 

to provide a mobile communication method and a radio base 5 

station which allow the serving gateway apparatus S-GW to detect 

completion of the transfer of the consecutive uplink data to 

the serving gateway apparatus S-GW (or handover destination 

radio base station T-eNB) by the handover source radio base 

station S-eNB, when a mobile station UE performs an X2 handover 10 

and an S1 handover. 

[0010] 

 In addition, the present invention has been made in view 

of the aforementioned problems.  Another objective of the 

invention is thus to provide a mobile communication method and 15 

a radio base station which allows the handover destination radio 

base station T-eNB to detect completion of the transfer of the 

downlink data to the handover destination radio base station 

T-eNB by the handover source radio base station S-eNB, when a 

mobile station UE performs an S1 handover. 20 

[0011] 

 A first aspect of the present invention is summarized as 

a mobile communication method including: the steps of: (A) 

transferring, from a first radio base station to an upper level 

node, consecutive uplink data received from a mobile station 25 

with their sequence numbers being consecutive, by use of a 

resource allocated by the upper level node, when the first radio 

base station determines that the mobile station is to perform 

a handover from a cell controlled by the first radio base station 

4 DISCLOSURE OF THE INVENTION  [0009] The present invention has
been made in view of the  aforementioned problems. An objective of the
invention is thus  5 to provide a mobile communication method and a radio
base station which allow the serving gateway apparatus S-GW to detect
completion of the transfer of the consecutive uplink data to  the serving
gateway apparatus S-GW (or handover destination  radio base station
T-eNB) by the handover source radio base 10 station S-eNB, when a mobile
station UE performs an X2 handover  and an S1 handover. [0010] In addition,
the present invention has been made in view  of the aforementioned
problems. Another objective of the  15 invention is thus to provide a mobile
communication method and a radio base station which allows the handover
destination radio  base station T-eNB to detect completion of the transfer of
the  downlink data to the handover destination radio base station  T-eNB by
the handover source radio base station S-eNB, when a  20 mobile station UE
performs an S1 handover. [0011] A first aspect of the present invention is
summarized as  a mobile communication method including: the steps of: (A)
transferring, from a first radio base station to an upper level 25 node,
consecutive uplink data received from a mobile station  with their sequence
numbers being consecutive, by use of a  resource allocated by the upper
level node, when the first radio  base station determines that the mobile
station is to perform  
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to a cell controlled by a second radio base station; (B) 

transmitting, from the first radio base station to the upper 

level node transfer completion notification data after the 

transfer of the consecutive uplink data to the upper level node 

is completed, the transfer completion notification data 5 

indicating the completion of the transfer of the consecutive 

uplink data; and (C) releasing, at the upper level node, the 

resource when receiving the transfer completion notification 

data. 

[0012] 10 

 In the first aspect of the present invention, in the step 

(A), the first radio base station can transfer, to the second 

radio base station, non-consecutive uplink data received from 

the mobile station with their sequence numbers being not 

consecutive; and in the step (B), the first radio base station 15 

can transmit the transfer completion notification data to the 

second radio base station, after the transfer of the 

non-consecutive uplink data to the second radio base station 

is completed. 

[0013] 20 

 A second aspect of the present invention is summarized 

as a mobile communication method including the steps of: (A) 

transferring, from a first radio base station to a second radio 

base station, consecutive uplink data received from a mobile 

station with their sequence numbers being consecutive, by use 25 

of a resource allocated by the second radio base station, when 

the first radio base station determines that the mobile station 

is to perform a handover from a cell controlled by the first 

radio base station to a cell controlled by the second radio base 

a handover from a cell controlled by the first radio base station  5 to a cell
controlled by a second radio base station; (B)  transmitting, from the first
radio base station to the upper  level node transfer completion notification
data after the  transfer of the consecutive uplink data to the upper level node
5 is completed, the transfer completion notification data  indicating the
completion of the transfer of the consecutive  uplink data; and (C) releasing,
at the upper level node, the  resource when receiving the transfer completion
notification  data. 10 [0012] In the first aspect of the present invention, in the
step  (A), the first radio base station can transfer, to the second  radio base
station, non-consecutive uplink data received from  the mobile station with
their sequence numbers being not 15 consecutive; and in the step (B) , the
first radio base station  can transmit the transfer completion notification data
to the  second radio base station, after the transfer of the  non-consecutive
uplink data to the second radio base station  is completed. 20 [0013] A
second aspect of the present invention is summarized  as a mobile
communication method including the steps of: (A)  transferring, from a first
radio base station to a second radio  base station, consecutive uplink data
received from a mobile 25 station with their sequence numbers being
consecutive, by use  of a resource allocated by the second radio base
station, when  the first radio base station determines that the mobile station  
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station; (B) transmit, from the first radio base station to the 

second radio base station, transfer completion notification 

data after the transfer of the consecutive uplink data to the 

second radio base station is completed, the transfer completion 

notification data notifying the second radio base station of 5 

the completion of the transfer of the consecutive uplink data; 

and (C) releasing, at the second radio base station, the 

resource, when receiving the transfer completion notification 

data. 

[0014] 10 

 In the second aspect of the present invention, in the step 

(A), the first radio base station can discard the 

non-consecutive uplink data. 

[0015] 

 A third aspect of the present invention is summarized as 15 

a mobile communication method including the steps of: (A) 

transferring, from a first radio base station to a second radio 

base station, the downlink data which are among the downlink 

data received from an upper level node and whose transmission 

to a mobile station is not completed yet, when the first radio 20 

base station determines that the mobile station is to perform 

a handover from a cell controlled by the first radio base station 

to a cell controlled by the second radio base station; and (B) 

performing, at the second radio base station, sequence control 

between downlink data received from the upper level node and 25 

the downlink data received from the first radio base station 

by use of transfer completion notification data, when receiving 

the transfer completion notification data. 

[0016] 

is to perform a hangover from a cell controlled by the first  radio base station
to a cell controlled by the second radio base  6 station; (B) transmit, from the
first radio base station to the  second radio base station, transfer completion
notification  data after the transfer of the consecutive uplink data to the
second radio base station is completed, the transfer completion 5 notification
data notifying the second radio base station of  the completion of the transfer
of the consecutive uplink data;  and (C) releasing, at the second radio base
station, the  resource, when receiving the transfer completion notification
data. 10 [0014] In the second aspect of the present invention, in the step  (A),
the first radio base station can discard the  non-consecutive uplink data.
[0015]  15 A third aspect of the present invention is summarized as  a mobile
communication method including the steps of: (A)  transferring, from a first
radio base station to a second radio  base station, the downlink data which
are among the downlink  data received from an upper level node and whose
transmission 20 to a mobile station is not completed yet, when the first radio
base station determines that the mobile station is to perform  a hangover
from a cell controlled by the first radio base station  to a cell controlled by the
second radio base station; and (B)  performing, at the second radio base
station, sequence control 25 between downlink data received from the upper
level node and  the downlink data received from the first radio base station  
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 In the third aspect of the present invention, the mobile 

communication method can further include the step of: (C) 

transmitting, from the first radio base station to the second 

radio base station, the transfer completion notification data, 

after the transfer of the downlink data from the first radio 5 

base station to the second radio base station is completed, the 

transfer completion notification data indicating the 

completion of the transfer of the downlink data. 

[0017] 

 In the third aspect of the present invention, the mobile 10 

communication method can further include the step of: (D) 

transmitting, from the first radio base station to the second 

radio base station, transmit the transfer completion 

notification data received from the upper level node. 

[0018] 15 

 In the third aspect of the present invention, in the step 

(A), when receiving no downlink data from the upper level node 

for a predetermined period of time, the first radio base station 

can transmit the transfer completion notification data to the 

second radio base station. 20 

[0019] 

 In the third aspect of the present invention, in the step 

(A), when receiving a switch completion notice from the upper 

level node, the first radio base station can transmit the 

transfer completion notification data to the second radio base 25 

station, the switch completion notice notifying that transfer 

of downlink data to the second radio base station is started. 

[0020] 

 A fourth aspect of the present invention is summarized 

by use of transfer completion notification data, when receiving  the transfer
completion notification data. [0016] 7 In the third aspect of the present
invention, the mobile  communication method can further include the step of:
(C)  transmitting, from the first radio base station to the second  radio base
station, the transfer completion notification data, 5 after the transfer of the
downlink data from the first radio  base station to the second radio base
station is completed, the  transfer completion notification data indicating the
completion of the transfer of the downlink data. [0017]  10 In the third aspect
of the present invention, the mobile  communication method can further
include the step of: (D)  transmitting, from the first radio base station to the
second  radio base station, transmit the transfer completion  notification data
received from the upper level node. 15 [0018] In the third aspect of the
present invention, in the step  (A) , when receiving no downlink data from the
upper level node  for a predetermined period of time, the first radio base
station  can transmit the transfer completion notification data to the  20
second radio base station. [0019] In the third aspect of the present invention,
in the step  (A), when receiving a switch completion notice from the upper
level node, the first radio base station can transmit the 25 transfer completion
notification data to the second radio base  
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as a radio base station including: an uplink data transfer unit 

configured to transfer, to an upper level node, consecutive 

uplink data received from the mobile station with their sequence 

numbers being consecutive, by use of a resource allocated by 

the upper level node, when it is determined that a mobile station 5 

is to perform a handover from a cell controlled by the radio 

base station to a cell controlled by a different radio base 

station; and a transfer completion notification data 

transmitter unit configured to transmit transfer completion 

notification data to the upper level node after the transfer 10 

of the consecutive uplink data to the upper level node is 

completed, the transfer completion notification data notifying 

that the transfer of the consecutive uplink data is completed. 

[0021] 

 In the fourth aspect of the present invention, the uplink 15 

data transfer unit can be configured to transfer, to the 

different radio base station, non-consecutive uplink data 

received from the mobile station with their sequence numbers 

being not consecutive, when it is determined that the mobile 

station is to perform a handover from the cell controlled by 20 

the radio base station to the cell controlled by the different 

radio base station; and the transfer completion notification 

data transmitter unit can be configured to transmit the transfer 

completion notification data to the different radio base 

station, after the transfer of the non-consecutive uplink data 25 

to the different radio base station is completed. 

[0022] 

 A fifth aspect of the present invention is summarized as 

a radio base station including: an uplink data transfer unit 

station, the switch completion notice notifying that transfer  of downlink data
to the second radio base station is started.  0020] A fourth aspect of the
present invention is summarized  8 as a radio base station including: an
uplink data transfer unit  configured to transfer, to an upper level node,
consecutive  uplink data received from the mobile station with their sequence
numbers being consecutive, by use of a resource allocated by 5 the upper
level node, when it is determined that a mobile station  is to perform a
handover from a cell controlled by the radio  base station to a cell controlled
by a different radio base  station; and a transfer completion notification data
transmitter unit configured to transmit transfer completion 10 notification data
to the upper level node after the transfer  of the consecutive uplink data to the
upper level node is  completed, the transfer completion notification data
notifying  that the transfer of the consecutive uplink data is completed.  [0021]
15 In the fourth aspect of the present invention, the uplink  data transfer unit
can be configured to transfer, to the  different radio base station,
non-consecutive uplink data  received from the mobile station with their
sequence numbers  being not consecutive, when it is determined that the
mobile 20 station is to perform a handover from the cell controlled by  the
radio base station to the cell controlled by the different  radio base station;
and the transfer completion notification  data transmitter unit can be
configured to transmit the transfer  completion notification data to the different
radio base 



10 

configured to transfer, to a different radio base station 

consecutive uplink data received from the mobile station with 

their sequence numbers being consecutive, by use of a resource 

allocated by the different radio base station, when it is 

determined that a mobile station is to perform a handover from 5 

a cell controlled by the radio base station to a cell controlled 

by the different radio base station; and a transfer completion 

notification data transmitter unit configured to transmit 

transfer completion notification data to the different radio 

base station, after the transfer of the consecutive uplink data 10 

to the different radio base station is completed, the transfer 

completion notification data notifying that the transfer of the 

consecutive uplink data to the different radio base station is 

completed. 

[0023] 15 

 In the fifth aspect of the present invention, the uplink 

data transfer unit can be configured to discard the 

non-consecutive uplink data. 

[0024] 

 A sixth aspect of the present invention is summarized as 20 

a radio base station including: a downlink data transfer unit 

configured to transfer down link data to a different radio base 

station when it is determined that a mobile station is to perform 

a handover from a cell controlled by the radio base station to 

a cell controlled by the different ration base station, the 25 

downlink data being downlink data which are among the downlink 

data received from an upper level node and whose transmission 

to the mobile station is not completed yet; and a transfer 

completion notification data transmitter unit configured to 

25 station, after the transfer of the non-consecutive uplink data  to the
different radio base station is completed. [0022] A fifth aspect of the present
invention is summarized as  a radio base station including: an uplink data
transfer unit  9 configured to transfer, to a different radio base station
consecutive uplink data received from the mobile station with  their sequence
numbers being consecutive, by use of a resource  allocated by the different
radio base station, when it is 5 determined that a mobile station is to perform
a handover from  a cell controlled by the radio base station to a cell controlled
by the different radio base station; and a transfer completion  notification data
transmitter unit configured to transmit  transfer completion notification data to
the different radio 10 base station, after the transfer of the consecutive uplink
data  to the different radio base station is completed, the transfer  completion
notification data notifying that the transfer of the  consecutive uplink data to
the different radio base station is  completed. 15 [0023] In the fifth aspect of
the present invention, the uplink  data transfer unit can be configured to
discard the  non-consecutive uplink data. [0024]  20 A sixth aspect of the
present invention is summarized as  a radio base station including: a
downlink data transfer unit  configured to transfer down link data to a different
radio base  station when it is determined that a mobile station is to perform  
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transmit transfer completion notification data to the different 

radio base station after the transfer of the downlink data from 

the radio base station to the different radio base station is 

completed, the transfer completion notification data 

indicating the completion of the transfer of the downlink data. 5 

[0025] 

 In the sixth aspect of the present invention, the transfer 

completion notification data transmitter unit can be configured 

to transmit the transfer completion notification data to the 

second radio base station, when no downlink data is received 10 

from the upper level node for a predetermined period of time. 

[0026] 

 In the sixth aspect of the present invention, the transfer 

completion notification data transmitter unit can be configured 

to transmit the transfer completion notification data to the 15 

second radio base station, when a switch completion notice is 

received from the upper level node, the switch completion notice 

notifying that transfer of downlink data to the second radio 

base station is started. 

 20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

[Fig. 1] Fig. 1 is an overall configuration diagram of a 

mobile communication system according to a first embodiment of 

the present invention. 25 

[Fig. 2] Fig. 2 is a functional block diagram of a radio base 

station according to the first embodiment of the present 

invention. 

[Fig. 3] Fig. 3 is a sequence diagram showing an X2 handover 

a handover from a cell controlled by the radio base station to 25 a cell
controlled by the different ration base station, the  downlink data being
downlink data which are among the downlink  data received from an upper
level node and whose transmission  to the mobile station is not completed
yet; and a transfer  completion notification data transmitter unit configured to
10 transmit transfer completion notification data to the different  radio base
station after the transfer of the downlink data from  the radio base station to
the different radio base station is  completed, the transfer completion
notification data 5 indicating the completion of the transfer of the downlink
data.  [0025] In the sixth aspect of the present invention, the transfer
completion notification data transmitter unit can be configured  to transmit the
transfer completion notification data to the 10 second radio base station,
when no downlink data is received  from the upper level node for a
predetermined period of time.  [0026] In the sixth aspect of the present
invention, the transfer  completion notification data transmitter unit can be
configured  15 to transmit the transfer completion notification data to the
second radio base station, when a switch completion notice is  received from
the upper level node, the switch completion notice  notifying that transfer of
downlink data to the second radio  base station is started. 20 BRIEF
DESCRIPTION OF THE DRAWINGS  [0027] 
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procedure in the mobile communication system according to the 

first embodiment of the present invention. 

[Fig. 4] Fig. 4 is a diagram describing the X2 handover 

procedure in the mobile communication system according to the 

first embodiment of the present invention. 5 

[Fig. 5] Fig. 5 is an overall configuration diagram of a 

mobile communication system according to a second embodiment 

of the present invention. 

[Fig. 6] Fig. 6 is a sequence diagram showing an S1 handover 

procedure in the mobile communication system according to the 10 

second embodiment of the present invention. 

[Fig. 7] Fig. 7 is a diagram showing the S1 handover 

procedure in the mobile communication system according to the 

second embodiment of the present invention. 

[Fig. 8] Fig. 8 is a sequence diagram showing an S1 handover 15 

procedure in a mobile communication system according to a third 

embodiment of the present invention. 

[Fig. 9] Fig. 9 is a diagram describing the S1 handover 

procedure in the mobile communication system according to the 

third embodiment of the present invention. 20 

 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0028] 

(Mobile Communication System According to First Embodiment of 

Present Invention) 25 

 A mobile communication system according to a first 

embodiment of the present invention will be described with 

reference to Figs. 1 and 2. 

[0029] 

[Fig. 1] Fig. 1 is an overall configuration diagram of a  mobile communication
system according to a first embodiment of  25 the present invention. [Fig. 2]
Fig. 2 is a functional block diagram of a radio base  station according to the
first embodiment of the present  invention. [Fig. 3] Fig. 3 is a sequence
diagram showing an X2 hangover  11 procedure in the mobile communication
system according to the  first embodiment of the present invention. [Fig. 4]
Fig. 4 is a diagram describing the X2 handover  procedure in the mobile
communication system according to the  5 first embodiment of the present
invention. [Fig. 5] Fig. 5 is an overall configuration diagram of a  mobile
communication system according to a second embodiment  of the present
invention. [Fig. 6] Fig. 6 is a sequence diagram showing an S1 handover  10
procedure in the mobile communication system according to the  second
embodiment of the present invention. [Fig. 7] Fig. 7 is a diagram showing the
S1 handover  procedure in the mobile communication system according to
the  second embodiment of the present invention. 15 [Fig. 8] Fig. 8 is a
sequence diagram showing an S1 handover  procedure in a mobile
communication system according to a third  embodiment of the present
invention. [Fig. 9] Fig. 9 is a diagram describing the S1 handover  procedure
in the mobile communication system according to the  20 third embodiment of
the present invention. BEST MODE FOR CARRYING OUT THE INVENTION
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 In this embodiment, a mobile communication system 

employing the LTE (Long Term Evolution) system is used as an 

example to describe the embodiment.  However, the present 

invention is applicable to a system other than the 

aforementioned mobile communication system. 5 

[0030] 

 As shown in Fig. 1, in this embodiment, a description will 

be given of an example of a case where a mobile station UE 

performs a handover (X2 handover, Inter-eNB handover) from a 

cell (handover source cell) controlled by a handover source 10 

radio base station (first radio base station) S-eNB to a cell 

(handover destination cell) controlled by a handover 

destination radio base station (second radio base station) 

T-eNB. 

[0031] 15 

 As shown in Fig. 2, a radio base station eNB according 

to the first embodiment includes a handover processor unit 11, 

a downlink data receiver unit 12A, a downlink data transfer unit 

12B, an uplink data receiver unit 13A, an uplink data transfer 

unit 13B and an End Marker data transmitter unit 14. 20 

[0032] 

 The handover processor unit 11 is configured to perform 

processing relating to a handover (X2 handover or S1 handover, 

for example) of the mobile station UE. 

[0033] 25 

 Specifically, the handover processor unit 11 of the 

handover source radio base station S-eNB is configured to 

determine on the basis of a measurement report (Measurement 

Report message) received from a mobile station UE connected to 

[0028] (Mobile Communication System According to First Embodiment of  25
Present Invention) A mobile communication system according to a first
embodiment of the present invention will be described with  reference to Figs.
1 and 2. 0029] 12 In this embodiment, a mobile communication system
employing the LTE (Long Term Evolution) system is used as an  example to
describe the embodiment. However, the present  invention is applicable to a
system other than the  5 aforementioned mobile communication system.
0030] As shown in Fig. 1, in this embodiment, a description will  be given of
an example of a case where a mobile station UE  performs a handover (X2
handover, Inter-eNB handover) from a 10 cell (handover source cell)
controlled by a handover source  radio base station (first radio base station)
S-eNB to a cell  (handover destination cell) controlled by a handover
destination radio base station (second radio base station)  T-eNB. 15 [0031]
As shown in Fig. 2, a radio base station eNB according  to the first
embodiment includes a handover processor unit 11,  a downlink data receiver
unit 12A, a downlink data transfer unit  12B, an uplink data receiver unit 13A,
an uplink data transfer  20 unit 13B and an End Marker data transmitter unit
14. 0032] 
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the handover source radio base station S-eNB whether or not the 

mobile station UE is to perform a handover from a cell controlled 

by the handover source radio base station S-eNB to a cell 

controlled by the handover destination radio base station 

T-eNB. 5 

[0034] 

 The downlink data receiver unit 12A is configured to 

receive downlink data transmitted from a serving gateway 

apparatus S-GW (upper level node). 

[0035] 10 

 The downlink data transfer unit 12B of the handover source 

radio base station S-eNB is configured to transfer downlink data 

to the handover destination radio base station T-eNB, the 

downlink data being downlink data which are among the downlink 

data received from the serving gateway apparatus S-GW and whose 15 

transmission to the mobile station UE is not completed yet, i.e., 

the downlink data for which no positive delivery acknowledgment 

information (ACK) is received from the mobile station UE. 

[0036] 

 Here, the downlink data transfer unit 12B of the handover 20 

source radio base station S-eNB may be configured to transfer 

downlink data to the handover destination radio base station 

T-eNB, the downlink data including not only the downlink data 

for which no ACK is received, but also all of the downlink data 

transmitted after the first downlink data for which no ACK is 25 

received (including downlink data for which ACK is received) 

among the downlink data accumulated in a downlink data 

transmission buffer (including the downlink data received via 

an S1 interface after the start of the handover). 

The handover processor unit 11 is configured to perform  processing relating
to a handover (X2 handover or S1 handover,  for example) of the mobile
station UE. 25 [0033] Specifically, the handover processor unit 11 of the
handover source radio base station S-eNB is configured to  determine on the
basis of a measurement report (Measurement  Report message) received
from a mobile station UE connected to  13 the handover source radio base
station S-eNB whether or not the  mobile station UE is to perform a handover
from a cell controlled  by the handover source radio base station S-eNB to a
cell  controlled by the handover destination radio base station  5 T-eNB.
0034] The downlink data receiver unit 12A is configured to  receive downlink
data transmitted from a serving gateway  apparatus S-GW (upper level
node). 10 [0035] The downlink data transfer unit 12B of the handover source
radio base station S-eNB is configured to transfer downlink data  to the
handover destination radio base station T-eNB, the  downlink data being
downlink data which are among the downlink 15 data received from the
serving gateway apparatus S-GW and whose  transmission to the mobile
station UE is not completed yet, i.e.,  the downlink data for which no positive
delivery acknowledgment  information (ACK) is received from the mobile
station UE.  [0036] 20 Here, the downlink data transfer unit 12B of the
handover  
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[0037] 

 The uplink data receiver unit 13A is configured to receive 

uplink data transmitted from a mobile station UE. 

[0038] 

 The uplink data transfer unit 13B of the handover source 5 

radio base station S-eNB is configured to transfer consecutive 

uplink data to the serving gateway apparatus S-GW by using a 

U-plane resource (GTP-U tunnel), when the handover source radio 

base station S-eNB determines that a mobile station UE is to 

perform a handover from a cell controlled by the handover source 10 

radio base station S-eNB to a cell controlled by the handover 

destination radio base station T-eNB.  Here, the U-plane 

resource is allocated by the serving gateway apparatus S-GW 

(upper level node), and the consecutive uplink data are uplink 

data which are received from the mobile station UE with their 15 

sequence numbers being consecutive (In-sequence) (consecutive 

uplink data being uplink data which are accumulated in the 

receiving buffer with their sequence numbers being consecutive 

(In-sequence)). 

[0039] 20 

 In addition, the uplink data transfer unit 13B of the 

handover source radio base station S-eNB is configured to 

transfer non-consecutive uplink data to the handover 

destination radio base station T-eNB, when the handover source 

radio base station S-eNB determines that a mobile station UE 25 

is to perform a handover from a cell controlled by the handover 

source radio base station S-eNB to a cell controlled by the 

handover destination radio base station T-eNB.  Here, the 

non-consecutive uplink data are uplink data which are received 

source radio base station S-eNB may be configured to transfer  downlink
data to the handover destination radio base station  T-eNB, the downlink data
including not only the downlink data  for which no ACK is received, but also
all of the downlink data 25 transmitted after the first downlink data for which
no ACK is  received (including downlink data for which ACK is received)
among the downlink data accumulated in a downlink data  transmission
buffer (including the downlink data received via  an S1 interface after the start
of the hangover). 14 0037] The uplink data receiver unit 13A is configured to
receive  uplink data transmitted from a mobile station UE. [0038]  5 The
uplink data transfer unit 13B of the handover source  radio base station
S-eNB is configured to transfer consecutive  uplink data to the serving
gateway apparatus S-GW by using a  U-plane resource (GTP-U tunnel) ,
when the handover source radio  base station S-eNB determines that a
mobile station UE is to 10 perform a handover from a cell controlled by the
handover source  radio base station S-eNB to a cell controlled by the
handover  destination radio base station T-eNB. Here, the U-plane  resource
is allocated by the serving gateway apparatus S-GW  (upper level node) ,
and the consecutive uplink data are uplink 15 data which are received from
the mobile station UE with their  sequence numbers being consecutive
(In-sequence) (consecutive  uplink data being uplink data which are
accumulated in the  receiving buffer with their sequence numbers being
consecutive  (In-sequence)). 
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from the mobile station UE with their sequence numbers being 

not consecutive (Out-sequence) (non-consecutive uplink data 

being uplink data which are accumulated in the receiving buffer 

with their sequence numbers being not consecutive 

(Out-sequence)). 5 

[0040] 

 The End Marker data transmitter unit 14 is configured to 

transmit End Marker data (transfer completion notification 

data) to the serving gateway apparatus S-GW, after the transfer 

of the aforementioned consecutive uplink data to the serving 10 

gateway apparatus S-GW is completed.  Here, the End Marker data 

notifies, to the serving gateway apparatus S-GW, the completion 

of the transfer of the consecutive uplink data. 

[0041] 

 In addition, the End Marker data transmitter unit 14 may 15 

be configured to transmit End Marker data to the handover 

destination radio base station T-eNB, after the transfer of the 

aforementioned non-consecutive uplink data to the handover 

destination radio base station T-eNB is completed. 

[0042] 20 

(Operation of Mobile Communication System According to First 

Embodiment of Present Invention) 

 A description will be given of an operation of the mobile 

communication system according to the first embodiment of the 

present invention with reference to Figs. 3 to 4. 25 

[0043] 

 As shown in Fig. 3, in step S1001, the handover source 

radio base station S-eNB determines on the basis of a 

measurement report (“Measurement Report” message) received 

20 [0039] In addition, the uplink data transfer unit 13B of the  handover
source radio base station S-eNB is configured to  transfer non-consecutive
uplink data to the handover  destination radio base station T-eNB, when the
handover source 25 radio base station S-eNB determines that a mobile
station UE  is to perform a handover from a cell controlled by the handover
source radio base station S-eNB to a cell controlled by the  handover
destination radio base station T-eNB. Here, the  non-consecutive uplink data
are uplink data which are received  15 from the mobile station UE with their
sequence numbers being  not consecutive (Out-sequence) (non-consecutive
uplink data  being uplink data which are accumulated in the receiving buffer
with their sequence numbers being not consecutive  5 (Out-sequence)).
0040] The End Marker data transmitter unit 14 is configured to  transmit End
Marker data (transfer completion notification  data) to the serving gateway
apparatus S-GW, after the transfer 10 of the aforementioned consecutive
uplink data to the serving  gateway apparatus S-GW is completed. Here, the
End Marker data  notifies, to the serving gateway apparatus S-GW, the
completion  of the transfer of the consecutive uplink data. [0041]  15 In
addition, the End Marker data transmitter unit 14 may  be configured to
transmit End Marker data to the handover  destination radio base station
T-eNB, after the transfer of the  aforementioned non-consecutive uplink data
to the handover  
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from a mobile station UE connected to the handover source radio 

base station S-eNB whether the mobile station UE is to perform 

a handover (X2 handover) from a cell controlled by the handover 

source radio base station S-eNB to a cell controlled by the 

handover destination radio base station T-eNB, and then 5 

transmits a handover command (“Handover Command” message) to 

the mobile station UE, the command instructing the mobile 

station UE to perform the handover. 

[0044] 

 In step S1002, the handover source radio base station 10 

S-eNB transfers consecutive uplink data to the serving gateway 

apparatus S-GW (upper level node) by use of a U-plane resource 

(GTP-U tunnel) allocated by the serving gateway apparatus S-GW.  

Here, the consecutive data are the uplink data which are 

received from the mobile station UE with their sequence numbers 15 

being consecutive (In-sequence) (consecutive uplink data being 

uplink data which are accumulated in the receiving buffer with 

their sequence numbers being consecutive (In-sequence)). 

[0045] 

 In step S1003, the handover source radio base station 20 

S-eNB detects non-consecutive uplink data which are uplink data 

received from the mobile station UE with their sequence numbers 

being not consecutive (Out-sequence) (non-consecutive uplink 

data being a uplink data which are accumulated in the receiving 

buffer with their sequence numbers being not consecutive 25 

(Out-sequence)). 

[0046] 

 Here, as shown in Fig. 4(a), an assumption is made that 

the handover source radio base station S-eNB receives uplink 

destination radio base station T-eNB is completed. 20 [0042] (Operation of
Mobile Communication System According to First  Embodiment of Present
Invention) A description will be given of an operation of the mobile
communication system according to the first embodiment of the  25 present
invention with reference to Figs. 3 to 4. 0043] As shown in Fig. 3, in step
51001, the handover source  radio base station S-eNB determines on the
basis of a  measurement report ("Measurement Report" message) received
16 from a mobile station UE connected to the handover source radio  base
station S-eNB whether the mobile station UE is to perform  a handover (X2
handover) from a cell controlled by the handover  source radio base station
S-eNB to a cell controlled by the 5 handover destination radio base station
T-eNB, and then  transmits a handover command ("Handover Command"
message) to  the mobile station UE, the command instructing the mobile
station UE to perform the handover. [0044]  10 In step S1002, the handover
source radio base station  S-eNB transfers consecutive uplink data to the
serving gateway  apparatus S-GW (upper level node) by use of a U-plane
resource  (GTP-U tunnel) allocated by the serving gateway apparatus S-GW.
Here, the consecutive data are the uplink data which are 15 received from
the mobile station UE with their sequence numbers  being consecutive
(In-sequence) (consecutive uplink data being  uplink data which are
accumulated in the receiving buffer with  
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data with sequence numbers “0” to “3”, “5”, “6” and “8” from 

the mobile station UE, and accumulates the uplink data in the 

receiving buffer. 

[0047] 

 In this case, the uplink data with the sequence numbers 5 

0” to “3” are the consecutive uplink data which are uplink data 

received from the mobile station UE with their sequence numbers 

being consecutive (In-sequence) (consecutive uplink data being 

uplink data which are accumulated in the receiving buffer with 

their sequence numbers being consecutive (In-sequence)). 10 

[0048] 

 In addition, the uplink data with the sequence numbers 

“5”, “6” and “8” are the non-consecutive uplink data which are 

uplink data received from the mobile station UE with their 

sequence numbers being not consecutive (Out-sequence) 15 

(non-consecutive uplink data being uplink data which are 

accumulated in the receiving buffer with their sequence numbers 

being not consecutive (Out-sequence)). 

[0049] 

 Note that, in the example shown in Fig. 4(a), the uplink 20 

data with the sequence numbers “5” and “6” are received in a 

consecutive manner in the radio base station S-eNB, but the 

uplink data are treated as non-consecutive uplink data, because 

the uplink data with the sequence number “4” of the handover 

source is not received. 25 

[0050] 

 In step S1004, the handover source radio base station 

S-eNB determines that the transfer of the aforementioned 

consecutive uplink data to the serving gateway apparatus S-GW 

their sequence numbers being consecutive (In-sequence)).  [0045] 20 In step
S1003, the handover source radio base station  S-eNB detects
non-consecutive uplink data which are uplink data  received from the mobile
station UE with their sequence numbers  being not consecutive
(Out-sequence) (non-consecutive uplink  data being a uplink data which are
accumulated in the receiving 25 buffer with their sequence numbers being
not consecutive  (Out-sequence)). [0046] Here, as shown in Fig. 4(a), an
assumption is made that  the handover source radio base station S-eNB
receives uplink  17 data with sequence numbers "0" to "3", "5", "6" and "8"
from  the mobile station UE, and accumulates the uplink data in the  receiving
buffer. [0047]  5 In this case, the uplink data with the sequence numbers  0"
to "3" are the consecutive uplink data which are uplink data  received from
the mobile station UE with their sequence numbers  being consecutive
(In-sequence) (consecutive uplink data being  uplink data which are
accumulated in the receiving buffer with 10 their sequence numbers being
consecutive (In-sequence)).  [0048] In addition, the uplink data with the
sequence numbers  "5", "6" and "8" are the non-consecutive uplink data
which are  uplink data received from the mobile station UE with their 15
sequence numbers being not consecutive (Out-sequence)  (non-consecutive
uplink data being uplink data which are  
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is completed, and thus transmits End Marker data to the serving 

gateway apparatus S-GW.  Here, the End Marker data notifies, 

to the serving gateway apparatus S-GW, the completion of the 

transfer of the consecutive uplink data. 

[0051] 5 

 In step S1005A, the handover source radio base station 

S-eNB notifies, to the handover destination radio base station 

T-eNB, a transfer status of the aforementioned non-consecutive 

uplink data to the handover destination radio base station T-eNB 

(specifically, transmits an “SN Status Transfer” message). 10 

[0052] 

 In the example shown in Fig. 4(a), the “SN Status Transfer” 

message) indicates that the uplink data with the sequence 

numbers “5”, “6” and “8” are transferred to the handover 

destination radio base station T-eNB. 15 

[0053] 

 In step S1005B, the handover source radio base station 

S-eNB transfers the aforementioned non-consecutive uplink data 

to the handover destination radio base station T-eNB. 

[0054] 20 

 Here, when the transfer of the aforementioned 

non-consecutive uplink data to the handover destination radio 

base station T-eNB is completed, the handover source radio base 

station S-eNB transmits End Marker data to the handover 

destination radio base station T-eNB.  Here, the End Marker data 25 

notifies, to the handover destination radio base station T-eNB, 

the completion of the transfer of the non-consecutive uplink 

data. 

[0055] 

accumulated in the receiving buffer with their sequence numbers  being not
consecutive (Out-sequence)). [0049]  20 Note that, in the example shown in
Fig. 4(a), the uplink  data with the sequence numbers "5" and "6" are
received in a  consecutive manner in the radio base station S-eNB, but the
uplink data are treated as non-consecutive uplink data, because  the uplink
data with the sequence number "4" of the handover  25 source is not
received. [0050] In step S1004, the handover source radio base station
S-eNB determines that the transfer of the aforementioned  consecutive uplink
data to the serving gateway apparatus S-GW  18 is completed, and thus
transmits End Marker data to the serving  gateway apparatus S-GW. Here,
the End Marker data notifies,  to the serving gateway apparatus S-GW, the
completion of the  transfer of the consecutive uplink data. 5 [0051] In step
51005A, the handover source radio base station  S-eNB notifies, to the
handover destination radio base station  T-eNB, a transfer status of the
aforementioned non-consecutive  uplink data to the handover destination
radio base station T-eNB 10 (specifically, transmits an "SN Status Transfer"
message).  [0052] In the example shown in Fig. 4 (a) , the "SN Status
Transfer"  message) indicates that the uplink data with the sequence
numbers "5", "6" and "8" are transferred to the handover  15 destination radio
base station T-eNB. 
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 Here, step S1005B may be performed before step S1004 or 

S1005A. 

[0056] 

 In step S1006, the handover destination radio base 

station T-eNB notifies the mobile station UE of the 5 

aforementioned “SN Status Transfer” message. 

[0057] 

 In step S1007, the mobile station UE performs 

retransmission control of the uplink data in accordance with 

positive delivery acknowledgment information (ACK) received 10 

from the handover source radio base station S-eNB and the “SN 

Status Transfer” message notified by the handover destination 

radio base station T-eNB. 

[0058] 

 For example, as shown in Fig. 4(b), when receiving the 15 

delivery acknowledgment information (ACK) for the uplink data 

with the sequence numbers “0” to “2”, “5” and “8”, and then 

receiving the “SN Status Transfer” message indicating the 

transfer status of the uplink data shown in Fig. 4(a), the mobile 

station UE retransmits only the uplink data with the sequence 20 

numbers “4” and “7” as shown in Fig. 4(c). 

[0059] 

(Effects and Advantages of Mobile Communication System 

According to First Embodiment of Present Invention) 

 With the mobile communication system according to the 25 

first embodiment of the present invention, when a mobile station 

UE performs an X2 handover, the serving gateway apparatus S-GW 

can detect completion of transfer of consecutive uplink data 

to the serving gateway apparatus S-GW by the handover source 

[0053] In step 51005B, the handover source radio base station  S-eNB
transfers the aforementioned non-consecutive uplink data  to the handover
destination radio base station T-eNB. 20 [0054] Here, when the transfer of
the aforementioned  non-consecutive uplink data to the handover destination
radio  base station T-eNB is completed, the handover source radio base
station S-eNB transmits End Marker data to the handover 25 destination
radio base station T-eNB. Here, the End Marker data  notifies, to the
handover destination radio base station T-eNB,  the completion of the
transfer of the non-consecutive uplink  data. [0055] 19 Here, step S1005B
may be performed before step S1004 or  S1005A. 0056] In step S1006, the
hangover destination radio base  5 station T-eNB notifies the mobile station
UE of the  aforementioned "SN Status Transfer" message. [0057] In step
S1007, the mobile station UE performs  retransmission control of the uplink
data in accordance with  10 positive delivery acknowledgment information
(ACK) received from the handover source radio base station S-eNB and the
"SN  Status Transfer" message notified by the handover destination  radio
base station T-eNB. [0058]  
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radio base station S-eNB by use of End Marker data. 

[0060] 

(Mobile Communication System According to Second Embodiment of 

Present Invention) 

 A description will be given of a mobile communication 5 

system according to a second embodiment of the present invention 

with reference to Figs. 5 through 7.  In the following 

description of the mobile communication system according to the 

second embodiment, the mobile communication system will be 

described focusing on differences from the mobile communication 10 

system according to the first embodiment described above. 

[0061] 

 As shown in Fig. 5, in this embodiment, a description will 

be given of an example focusing on downlink data of a case where 

a mobile station UE performs a handover (S1 handover, Inter-eNB 15 

handover) from a cell (handover source cell) controlled by a 

handover source radio base station (first radio base station) 

S-eNB to a cell (handover destination cell) controlled by a 

handover destination radio base station (second radio base 

station) T-eNB. 20 

[0062] 

 In this embodiment, the End Marker data transmitter unit 

14 of the handover source radio base station S-eNB is configured 

to perform the following operation, in a case where an “Indirect 

Forwarding” method is used.  Here, the End Marker data 25 

transmitter unit 14 transmits End Marker data (transfer 

completion notification data) to a handover source serving 

gateway apparatus S-S-GW, after transfer of downlink data from 

the handover source radio base station S-eNB to the handover 

15 For example, as shown in Fig. 4(b), when receiving the  delivery
acknowledgment information (ACK) for the uplink data  with the sequence
numbers "0" to "2", "5" and "8", and then  receiving the "SN Status Transfer"
message indicating the  transfer status of the uplink data shown in Fig. 4 (a) ,
the mobile 20 station UE retransmits only the uplink data with the sequence
numbers "4" and "7" as shown in Fig. 4(c). [0059]  (Effects and Advantages of
Mobile Communication System  According to First Embodiment of Present
Invention) 25 With the mobile communication system according to the  first
embodiment of the present invention, when a mobile station  UE performs an
X2 handover, the serving gateway apparatus S-GW  can detect completion of
transfer of consecutive uplink data  to the serving gateway apparatus S-GW
by the handover source  20 radio base station S-eNB by use of End Marker
data.  [0060] (Mobile Communication System According to Second
Embodiment of  Present Invention) 5 A description will be given of a mobile
communication  system according to a second embodiment of the present
invention  with reference to Figs. 5 through 7. In the following  description of
the mobile communication system according to the  second embodiment, the
mobile communication system will be 10 described focusing on differences
from the mobile communication  system according to the first embodiment
described above.  [0061] As shown in Fig. 5, in this embodiment, a
description will  
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destination radio base station T-eNB through the handover 

source serving gateway apparatus S-S-GW and a handover 

destination serving gateway apparatus T-S-GW is completed.  

Here, the End Marker data indicates the completion of the 

transfer of the downlink data. 5 

[0063] 

 In addition, the End Marker data transmitter unit 14 of 

the handover source radio base station S-eNB is configured to 

perform the following operation, in a case where a “Direct 

Forwarding” method is used.  Here, the End Marker data 10 

transmitter unit 14 transmits End Marker data (transfer 

completion notification data) to the handover destination radio 

base station T-eNB, after transfer of downlink data to the 

handover destination radio base station T-eNB not through the 

handover source serving gateway apparatus S-S-GW and the 15 

handover destination serving gateway apparatus T-S-GW is 

completed by the handover source radio base station S-eNB.  Here, 

the End Marker data indicates the completion of the transfer 

of the downlink data. 

[0064] 20 

 Specifically, the End Marker data transmitter unit 14 of 

the handover source radio base station S-eNB may be configured 

to transmit End Marker data to the handover destination radio 

base station T-eNB or the handover source serving gateway 

apparatus S-S-GW, when no downlink data is received from the 25 

handover source serving gateway apparatus S-S-GW for a 

predetermined period of time. 

[0065] 

 In addition, the End Marker data transmitter unit 14 of 

be given of an example focusing on downlink data of a case where  15 a
mobile station UE performs a handover (S1 handover, Inter-eNB handover)
from a cell (handover source cell) controlled by a  handover source radio
base station (first radio base station)  S-eNB to a cell (handover destination
cell) controlled by a  handover destination radio base station (second radio
base  20 station) T-eNB. [0062] In this embodiment, the End Marker data
transmitter unit  14 of the handover source radio base station S-eNB is
configured  to perform the following operation, in a case where an "Indirect 25
Forwarding" method is used. Here, the End Marker data  transmitter unit 14
transmits End Marker data (transfer  completion notification data) to a
handover source serving  gateway apparatus S-S-GW, after transfer of
downlink data from  the handover source radio base station S-eNB to the
handover  21 destination radio base station T-eNB through the handover
source serving gateway apparatus S-S-GW and a handover  destination
serving gateway apparatus T-S-GW is completed.  Here, the End Marker
data indicates the completion of the  5 transfer of the downlink data. [0063] In
addition, the End Marker data transmitter unit 14 of  the handover source
radio base station S-eNB is configured to  perform the following operation, in
a case where a "Direct 10 Forwarding" method is used. Here, the End Marker
data  transmitter unit 14 transmits End Marker data (transfer  completion
notification data) to the handover destination radio  



23 

the handover source radio base station S-eNB may be configured 

to transmit End Marker data to the handover destination radio 

base station T-eNB or the handover source serving gateway 

apparatus S-S-GW, when a switch completion notice (a “Release 

Resource” message in the S1 handover procedure) is received from 5 

a handover source exchange S-MME (upper level node).  Here, the 

switch completion notice notifies that transfer of downlink 

data to the handover destination radio base station T-eNB is 

started. 

[0066] 10 

 In addition, when End Marker data is received from the 

handover source serving gateway apparatus S-S-GW (upper level 

node), the End Marker data transmitter unit 14 of the handover 

source radio base station S-eNB may be configured to transmit 

the received End Marker data to the handover destination radio 15 

base station T-eNB or the handover source serving gateway 

apparatus S-S-GW. 

[0067] 

 For example, when performing “Path Switch” from the 

handover source radio base station S-eNB to the handover 20 

destination radio base station T-eNB, the handover source 

serving gateway apparatus S-S-GW (upper level node) may be 

configured to transmit the above End Marker data to the handover 

source radio base station S-eNB. 

[0068] 25 

 Note that, the functions of the handover source serving 

gateway apparatus S-S-GW may be implemented in the handover 

source radio base station S-eNB, and also, the functions of the 

handover destination serving gateway apparatus T-S-GW may be 

base station T-eNB, after transfer of downlink data to the  handover
destination radio base station T-eNB not through the 15 handover source
serving gateway apparatus S-S-GW and the  handover destination serving
gateway apparatus T-S-GW is  completed by the handover source radio base
station S-eNB. Here,  the End Marker data indicates the completion of the
transfer  of the downlink data. 20 [0064] Specifically, the End Marker data
transmitter unit 14 of  the handover source radio base station S-eNB may be
configured  to transmit End Marker data to the handover destination radio
base station T-eNB or the handover source serving gateway 25 apparatus
S-S-GW, when no downlink data is received from the  handover source
serving gateway apparatus S-S-GW for a  predetermined period of time.
[0065] In addition, the End Marker data transmitter unit 14 of  22 the
handover source radio base station S-eNB may be configured  to transmit
End Marker data to the handover destination radio  base station T-eNB or the
handover source serving gateway  apparatus S-S-GW, when a switch
completion notice (a "Release 5 Resource" message in the S1 handover
procedure) is received from  a handover source exchange S-MME (upper
level node) . Here, the  switch completion notice notifies that transfer of
downlink  data to the handover destination radio base station T-eNB is
started. 10 [0066] In addition, when End Marker data is received from the  
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implemented in the handover destination radio base station 

T-eNB. 

[0069] 

 Next, a description will be given of an operation of the 

mobile communication system according to the second embodiment 5 

of the present invention with reference to Fig. 6. 

[0070] 

 As shown in Fig. 6, in step S2001, the handover source 

radio base station S-eNB determines on the basis of a 

measurement report (“Measurement Report” message) received 10 

from a mobile station UE connected to the handover source radio 

base station S-eNB whether the mobile station UE is to perform 

a handover over (S1 handover) from a cell controlled by the 

handover source radio base station S-eNB to a cell controlled 

the handover destination radio base station T-eNB.  Then, the 15 

handover source radio base station S-eNB transmits a handover 

command (“Handover Command” message) to the mobile station UE, 

the command instructing the mobile station UE to perform the 

handover. 

[0071] 20 

 In step S2002, the handover source radio base station 

S-eNB transmits downlink data to the handover destination radio 

base station T-eNB, the downlink data being downlink data which 

are among the downlink data received from the handover source 

serving gateway apparatus S-S-GW and whose transmission to the 25 

mobile station UE is not completed yet, specifically, all of 

the downlink data transmitted after the first downlink data for 

which no positive delivery acknowledgment information (ACK) is 

received from the mobile station UE. 

handover source serving gateway apparatus S-S-GW (upper level  node), the
End Marker data transmitter unit 14 of the handover  source radio base
station S-eNB may be configured to transmit 15 the received End Marker
data to the handover destination radio  base station T-eNB or the handover
source serving gateway  apparatus S-S-GW. [0067] For example, when
performing "Path Switch" from the  20 handover source radio base station
S-eNB to the handover  destination radio base station T-eNB, the handover
source  serving gateway apparatus S-S-GW (upper level node) may be
configured to transmit the above End Marker data to the handover  source
radio base station S-eNB. 25 [0068] Note that, the functions of the handover
source serving  gateway apparatus S-S-GW may be implemented in the
handover  source radio base station S-eNB, and also, the functions of the
handover destination serving gateway apparatus T-S-GW may be  23
implemented in the handover destination radio base station  T-eNB. 0069]
Next, a description will be given of an operation of the  5 mobile
communication system according to the second embodiment  of the present
invention with reference to Fig. 6. 0070] As shown in Fig. 6, in step 52001,
the handover source  radio base station S-eNB determines on the basis of a
10 measurement report ("Measurement Report" message) received 
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[0072] 

 Here, in a case where the “Direct Forwarding” method is 

used, the handover source radio base station S-eNB transfers 

the aforementioned downlink data to the handover destination 

radio base station T-eNB not through the handover source serving 5 

gateway apparatus S-S-GW and the handover destination serving 

gateway apparatus T-S-GW.  In a case where the “Indirect 

Forwarding” method is used, the handover source radio base 

station S-eNB transfers the aforementioned downlink data to the 

handover destination radio base station T-eNB through the 10 

handover source serving gateway apparatus S-S-GW and the 

handover destination serving gateway apparatus T-S-GW. 

[0073] 

 In the example shown in Fig. 7, since the handover source 

radio base station S-eNB has not received positive delivery 15 

acknowledgment information (ACK) for the downlink data with the 

sequence number “3”, the handover source radio base station 

S-eNB transfers all of the downlink data with the sequence 

numbers “3” to “10” to the handover destination radio base 

station T-eNB. 20 

[0074] 

 In step S2003, the handover source radio base station 

S-eNB detects that the transfer of the downlink data from the 

handover source radio base station S-eNB to the handover 

destination radio base station T-eNB is completed.  Then, the 25 

handover source radio base station S-eNB transmits End Marker 

data to the handover destination radio base station T-eNB in 

step S2004. 

[0075] 

from a mobile station UE connected to the handover source radio  base
station S-eNB whether the mobile station UE is to perform  a handover over
(S1 handover) from a cell controlled by the  handover source radio base
station S-eNB to a cell controlled 15 the handover destination radio base
station T-eNB. Then, the  handover source radio base station S-eNB
transmits a handover  command ("Handover Command" message) to the
mobile station UE,  the command instructing the mobile station UE to perform
the  handover. 20 [0071] In step 52002, the handover source radio base
station  S-eNB transmits downlink data to the handover destination radio
base station T-eNB, the downlink data being downlink data which  are among
the downlink data received from the handover source 25 serving gateway
apparatus S-S-GW and whose transmission to the  mobile station UE is not
completed yet, specifically, all of  the downlink data transmitted after the first
downlink data for  which no positive delivery acknowledgment information
(ACK) is  received from the mobile station UE. 24 0072] Here, in a case
where the "Direct Forwarding" method is  used, the handover source radio
base station S-eNB transfers  the aforementioned downlink data to the
handover destination 5 radio base station T-eNB not through the handover
source serving  gateway apparatus S-S-GW and the handover destination
serving  gateway apparatus T-S-GW. In a case where the "Indirect
Forwarding" method is used, the handover source radio base  station S-eNB
transfers the aforementioned downlink data to the 
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 When receiving the End Marker data, the handover 

destination radio base station T-eNB performs sequence control 

between the downlink data received from the upper level node 

and the downlink data received from the first radio base station 

by use of the End Marker data. 5 

[0076] 

 Here, the End Marker data may be one that is transmitted 

by the handover source serving gateway apparatus S-S-GW. 

[0077] 

 With the mobile communication system according to the 10 

second embodiment of the present invention, when the mobile 

station UE performs an S1 handover, the handover destination 

radio base station T-eNB can detect completion of transfer of 

downlink data to the handover destination radio base station 

T-eNB by the handover source radio base station S-eNB by use 15 

of End Markr data.  In addition, the handover source serving 

gateway apparatus S-GW can detect completion of transfer of 

downlink data from the handover source radio base station S-eNB 

to the handover source serving gateway apparatus S-GW by End 

Marker data. 20 

[0078] 

(Mobile Communication System According to Third Embodiment of 

Present Invention) 

 A description will be given of a mobile communication 

system according to a third embodiment of the present invention 25 

with reference to Figs. 5, 8 and 9.  In the following description 

of the mobile communication system according to the third 

embodiment, the mobile communication system will be described 

focusing on differences from the mobile communication system 

10 handover destination radio base station T-eNB through the  handover
source serving gateway apparatus S-S-GW and the  handover destination
serving gateway apparatus T-S-GW.  0073] In the example shown in Fig. 7,
since the handover source  15 radio base station S-eNB has not received
positive delivery  acknowledgment information (ACK) for the downlink data
with the  sequence number "3", the handover source radio base station
S-eNB transfers all of the downlink data with the sequence  numbers "3" to
"10" to the handover destination radio base  20 station T-eNB. 0074] In step
S2003, the handover source radio base station  S-eNB detects that the
transfer of the downlink data from the  handover source radio base station
S-eNB to the handover 25 destination radio base station T-eNB is completed.
Then, the  handover source radio base station S-eNB transmits End Marker
data to the handover destination radio base station T-eNB in  step S2004.
[0075] 25 When receiving the End Marker data, the handover  destination
radio base station T-eNB performs sequence control  between the downlink
data received from the upper level node  and the downlink data received from
the first radio base station  5 by use of the End Marker data. [0076] Here, the
End Marker data may be one that is transmitted  by the handover source
serving gateway apparatus S-S-GW.  
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according to the first embodiment described above. 

[0079] 

 As shown in Fig. 5, in this embodiment, a description will 

be given of an example focusing on uplink data in a case where 

a mobile station UE performs a handover (S1 handover, Inter-eNB 5 

handover) from a cell (handover source cell) controlled by a 

handover source radio base station (first radio base station) 

S-eNB to a cell (handover destination cell) controlled by a 

handover destination radio base station (second radio base 

station) T-eNB. 10 

[0080] 

 In this embodiment, the uplink data transfer unit 13B of 

the handover source radio base station S-eNB is configured to 

discard uplink data received from a mobile station UE whose 

sequence numbers are not consecutive (uplink data accumulated 15 

in the receiving buffer whose sequence numbers are not 

consecutive). 

[0081] 

 Here, a description will be given of an operation of the 

mobile communication system according to the third embodiment 20 

of the present invention with reference to Figs. 8 and 9. 

[0082] 

 As shown in Fig. 8, in step S3001, the handover source 

radio base station S-eNB determines on the basis of a 

measurement report (“Measurement Report” message) received 25 

from a mobile station UE connected to the handover source radio 

base station S-eNB whether the mobile station UE is to perform 

a handover (S1 handover) from a cell controlled by the handover 

source radio base station S-eNB to a cell controlled by the 

[0077] 10 With the mobile communication system according to the  second
embodiment of the present invention, when the mobile  station UE performs
an S1 handover, the handover destination  radio base station T-eNB can
detect completion of transfer of  downlink data to the handover destination
radio base station 15 T-eNB by the handover source radio base station
S-eNB by use  of End Markr data. In addition, the handover source serving
gateway apparatus S-GW can detect completion of transfer of  downlink data
from the handover source radio base station S-eNB  to the handover source
serving gateway apparatus S-GW by End  20 Marker data. [0078]  (Mobile
Communication System According to Third Embodiment of  Present
Invention) A description will be given of a mobile communication  25 system
according to a third embodiment of the present invention  with reference to
Figs. 5, 8 and 9. In the following description  of the mobile communication
system according to the third  embodiment, the mobile communication
system will be described  focusing on differences from the mobile
communication system  26 according to the first embodiment described
above.  0079] As shown in Fig. 5, in this embodiment, a description will  be
given of an example focusing on uplink data in a case where  5 a mobile
station UE performs a handover (S1 handover, Inter-eNB handover) from a
cell (handover source cell) controlled by a  handover source radio base
station (first radio base station)  
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handover destination radio base station T-eNB.  Then, the 

handover source radio base station S-eNB transmits a handover 

command (“Handover Command” message) to the mobile station UE, 

the command instructing the mobile station UE to perform the 

handover. 5 

[0083] 

 In step S3002, the handover source radio base station 

S-eNB transfers consecutive uplink data to the serving gateway 

apparatus S-GW (upper level node) by use of a U-plane resource 

(GTP-U tunnel) allocated by the serving gateway apparatus S-GW.  10 

Here, the consecutive uplink data are uplink data received from 

the mobile station UE with their sequence numbers being 

consecutive (In-sequence) (consecutive uplink data being 

uplink data which are accumulated in the receiving buffer with 

their sequence number being consecutive (In-sequence)). 15 

[0084] 

 In step S3003A, the handover source radio base station 

S-eNB discards non-consecutive uplink data without 

transferring the non-consecutive uplink data to the handover 

destination radio base station T-eNB.  Here, the 20 

non-consecutive uplink data are uplink data which are received 

from the mobile station UE with their sequence numbers being 

not consecutive (Out-sequence) (non-consecutive uplink data 

being uplink data which are accumulated in the receiving buffer 

with their sequence numbers being not consecutive 25 

(Out-sequence)). 

[0085] 

 Here, as shown in Fig. 9(a), suppose that the handover 

source radio base station S-eNB receives the uplink data with 

S-eNB to a cell (handover destination cell) controlled by a  handover
destination radio base station (second radio base  10 station) T-eNB. [0080]
In this embodiment, the uplink data transfer unit 13B of  the handover source
radio base station S-eNB is configured to  discard uplink data received from a
mobile station UE whose 15 sequence numbers are not consecutive (uplink
data accumulated  in the receiving buffer whose sequence numbers are not
consecutive). [0081] Here, a description will be given of an operation of the
20 mobile communication system according to the third embodiment  of the
present invention with reference to Figs. 8 and 9.  [0082] As shown in Fig. 8,
in step 53001, the handover source  radio base station S-eNB determines on
the basis of a  25 measurement report ("Measurement Report" message)
received from a mobile station UE connected to the handover source radio
base station S-eNB whether the mobile station UE is to perform  a handover
(S1 handover) from a cell controlled by the handover  source radio base
station S-eNB to a cell controlled by the  27 handover destination radio base
station T-eNB. Then, the  handover source radio base station S-eNB
transmits a handover  command ("Handover Command" message) to the
mobile station UE,  the command instructing the mobile station UE to perform
the  5 handover. [0083] 
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the sequence numbers “0” to “3”, “5”, “6” and “8” from the mobile 

station UE, and accumulates the uplink data in the receiving 

buffer.  In this case, the handover source radio base station 

S-eNB discards the uplink data with the sequence numbers “5”, 

“6” and “8”, which are non-consecutive uplink data. 5 

[0086] 

 In step S3003B, the handover source radio base station 

S-eNB determines that the transfer of the aforementioned 

consecutive uplink data to the serving gateway apparatus S-GW 

is completed, and then transmits End Marker data to the serving 10 

gateway apparatus S-GW.  Here, the End Marker notifies, to the 

serving gateway apparatus S-GW, the completion of the transfer 

of the consecutive uplink data. 

[0087] 

 Here, the handover source radio base station S-eNB does 15 

not transmit the aforementioned “SN Status Transfer” message 

to the handover destination radio base station T-eNB. 

[0088] 

 Accordingly, the handover destination radio base station 

T-eNB does not notify the mobile station UE of the 20 

aforementioned “SN Status Transfer” message either. 

[0089] 

 For this reason, in step S3006, the mobile station UE 

performs retransmission control of the uplink data in 

accordance with only positive delivery acknowledgment 25 

information (ACK) received from the handover source radio base 

station S-eNB. 

[0090] 

 For example, as shown in Fig. 9(b), when the mobile station 

In step S3002, the handover source radio base station  S-eNB transfers
consecutive uplink data to the serving gateway  apparatus S-GW (upper level
node) by use of a U-plane resource 10 (GTP-U tunnel) allocated by the
serving gateway apparatus S-GW.  Here, the consecutive uplink data are
uplink data received from  the mobile station UE with their sequence numbers
being  consecutive (In-sequence) (consecutive uplink data being  uplink data
which are accumulated in the receiving buffer with 15 their sequence number
being consecutive (In-sequence)).  [0084] In step S3003A, the handover
source radio base station  S-eNB discards non-consecutive uplink data
without  transferring the non-consecutive uplink data to the handover 20
destination radio base station T-eNB. Here, the  non-consecutive uplink data
are uplink data which are received  from the mobile station UE with their
sequence numbers being  not consecutive (Out-sequence) (non-consecutive
uplink data  being uplink data which are accumulated in the receiving buffer
25 with their sequence numbers being not consecutive  (Out-sequence)).
[0085] Here, as shown in Fig. 9(a), suppose that the handover  source radio
base station S-eNB receives the uplink data with  28 the sequence numbers
"0" to "3", "5", "6" and "8" from the mobile  station UE, and accumulates the
uplink data in the receiving  buffer. In this case, the handover source radio
base station  S-eNB discards the uplink data with the sequence numbers "5",
5 "6" and "8", which are non-consecutive uplink data. 
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UE receives delivery acknowledgment information (ACK) for the 

uplink data with the sequence numbers “0” to “2”, “5” and “8”, 

the mobile station UE retransmits only the uplink data with the 

sequence numbers “3” to “8” as shown in Fig. 9(c). 

[0091] 5 

 With the mobile communication system according to the 

third embodiment of the present invention, when a mobile station 

UE performs an S1 handover, the serving gateway apparatus S-GW 

can detect completion of transfer of consecutive uplink data 

to the serving gateway apparatus S-GW by the handover source 10 

radio base station S-eNB by use of End Marker data. 

[0092] 

 Note that operation of the above described mobile station 

UE, the radio base station eNB, the exchange MME and the serving 

gateway apparatus S-GW may be implemented by means of hardware, 15 

a software module executed by a processor, or a combination of 

both. 

[0093] 

 The software module may be provided in any type of storage 

medium such as an RAM (Random Access Memory), a flash memory, 20 

a ROM (Read Only Memory), an EPROM (Erasable Programmable ROM), 

an EEPROM (Electronically Erasable and Programmable ROM), a 

register, a hard disk, a removable disk, or a CD-ROM. 

[0094] 

 The storage medium is connected to the processor so that 25 

the processor can read and write information from and to the 

storage medium.  Also, the storage medium may be integrated into 

the processor.  Also, the storage medium and the processor may 

be provided in an ASIC.  The ASIC may be provided in the mobile 

[0086] In step 53003B, the handover source radio base station  S-eNB
determines that the transfer of the aforementioned  consecutive uplink data to
the serving gateway apparatus S-GW 10 is completed, and then transmits
End Marker data to the serving  gateway apparatus S-GW. Here, the End
Marker notifies, to the  serving gateway apparatus S-GW, the completion of
the transfer  of the consecutive uplink data. [0087]  15 Here, the handover
source radio base station S-eNB does  not transmit the aforementioned "SN
Status Transfer" message  to the handover destination radio base station
T-eNB.  [0088] Accordingly, the handover destination radio base station  20
T-eNB does not notify the mobile station UE of the  aforementioned "SN
Status Transfer" message either. [0089] For this reason, in step S3006, the
mobile station UE  performs retransmission control of the uplink data in  25
accordance with only positive delivery acknowledgment information (ACK)
received from the handover source radio base  station S-eNB. [0090] For
example, as shown in Fig. 9 (b) , when the mobile station  29 UE receives
delivery acknowledgment information (ACK) for the  uplink data with the
sequence numbers "0" to "2", "5" and "8",  the mobile station UE retransmits
only the uplink data with the  sequence numbers "3" to "8" as shown in Fig.
9(c). 
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station UE, the radio base station eNB, the exchange MME and 

the serving gateway apparatus S-GW.  Also, the storage medium 

and the processor may be provided in the mobile station UE, the 

radio base station eNB, the exchange MME and the serving gateway 

apparatus S-GW as a discrete component. 5 

[0095] 

 Hereinabove, the present invention has been described in 

detail using the above embodiment; however, it is apparent to 

those skilled in the art that the present invention is not 

limited to the embodiment described herein.  Modifications and 10 

variations of the present invention can be made without 

departing from the spirit and scope of the present invention 

defined by the description of the scope of claims.  Thus, what 

is described herein is for illustrative purpose, and has no 

intention whatsoever to limit the present invention. 15 

 

INDUSTRIAL APPLICABILITY 

[0096] 

 As described above, according to the present invention, 

it is possible to provide a mobile communication method and a 20 

radio base station which allow the serving gateway apparatus 

S-GW to detect completion of transfer of consecutive uplink data 

to the serving gateway apparatus S-GW (or handover destination 

radio base station T-eNB) by the handover source radio base 

station S-eNB when a mobile station UE performs an X2 handover 25 

and an S1 handover. 

[0097] 

 In addition, according to the present invention, it is 

possible to provide a mobile communication method and a radio 

5 [0091] With the mobile communication system according to the  third
embodiment of the present invention, when a mobile station  UE performs an
S1 handover, the serving gateway apparatus S-GW  can detect completion of
transfer of consecutive uplink data 10 to the serving gateway apparatus
S-GW by the handover source  radio base station S-eNB by use of End
Marker data. 0092] Note that operation of the above described mobile station
UE, the radio base station eNB, the exchange MME and the serving  15
gateway apparatus S-GW may be implemented by means of hardware, a
software module executed by a processor, or a combination of  both. 0093]
The software module may be provided in any type of storage  20 medium
such as an RAM (Random Access Memory), a flash memory,  a ROM (Read
Only Memory) , an EPROM (Erasable Programmable ROM) ,  an EEPROM
(Electronically Erasable and Programmable ROM), a  register, a hard disk, a
removable disk, or a CD-ROM. [0094]  25 The storage medium is connected
to the processor so that  the processor can read and write information from
and to the  storage medium. Also, the storage medium maybe integrated into
the processor. Also, the storage medium and the processor may  be provided
in an ASIC. The ASIC may be provided in the mobile 30 station UE, the radio
base station eNB, the exchange MME and  the serving gateway apparatus
S-GW. Also, the storage medium  and the processor may be provided in the
mobile station UE, the  
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base station which allow the handover destination radio base 

station T-eNB to detect completion of transfer of downlink data 

to the handover destination radio base station T-eNB by the 

handover source radio base station S-eNB when a mobile station 

UE performs an S1 handover. 5 

radio base station eNB, the exchange MME and the serving gateway  5
apparatus S-GW as a discrete component. [0095] Hereinabove, the present
invention has been described in  detail using the above embodiment;
however, it is apparent to  those skilled in the art that the present invention is
not 10 limited to the embodiment described herein. Modifications and
variations of the present invention can be made without  departing from the
spirit and scope of the present invention  defined by the description of the
scope of claims. Thus, what  is described herein is for illustrative purpose,
and has no  15 intention whatsoever to limit the present invention.
INDUSTRIAL APPLICABILITY  [0096] As described above, according to the
present invention,  20 it is possible to provide a mobile communication
method and a  radio base station which allow the serving gateway apparatus
S-GW to detect completion of transfer of consecutive uplink data  to the
serving gateway apparatus S-GW (or handover destination  radio base
station T-eNB) by the handover source radio base 25 station S-eNB when a
mobile station UE performs an X2 handover  and an S1 handover. 0097] In
addition, according to the present invention, it is  possible to provide a mobile
communication method and a radio  31 base station which allow the
handover destination radio base  station T-eNB to detect completion of
transfer of downlink data  to the handover destination radio base station
T-eNB by the  
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Claims 

 

[1] A mobile communication method comprising: the steps of: 

 (A) transferring, from a first radio base station to an 

upper level node, consecutive uplink data received from a mobile 5 

station with their sequence numbers being consecutive, by use 

of a resource allocated by the upper level node, when the first 

radio base station determines that the mobile station is to 

perform a handover from a cell controlled by the first radio 

base station to a cell controlled by a second radio base station; 10 

 (B) transmitting, from the first radio base station to 

the upper level node transfer completion notification data 

after the transfer of the consecutive uplink data to the upper 

level node is completed, the transfer completion notification 

data indicating the completion of the transfer of the 15 

consecutive uplink data; and 

 (C) releasing, at the upper level node, the resource when 

receiving the transfer completion notification data. 

 

[2] The mobile communication method according to claim 1, 20 

wherein 

 in the step (A), the first radio base station transfers, 

to the second radio base station, non-consecutive uplink data 

received from the mobile station with their sequence numbers 

being not consecutive; and 25 

 in the step (B), the first radio base station transmits 

the transfer completion notification data to the second radio 

base station, after the transfer of the non-consecutive uplink 

data to the second radio base station is completed. 

handover source radio base station S-eNB when a mobile station  5 UE
performs an Si handover. 32 Claims  [1] A mobile communication method
comprising: the steps of: (A) transferring, from a first radio base station to an
5 upper level node, consecutive uplink data received fromamobile  station
with their sequence numbers being consecutive, by use  of a resource
allocated by the upper level node, when the first  radio base station
determines that the mobile station is to  perform a hangover from a cell
controlled by the first radio 10 base station to a cell controlled by a second
radio base station;  (B) transmitting, from the first radio base station to  the
upper level node transfer completion notification data  after the transfer of the
consecutive uplink data to the upper  level node is completed, the transfer
completion notification 15 data indicating the completion of the transfer of the
consecutive uplink data; and (C) releasing, at the upper level node, the
resource when  receiving the transfer completion notification data. 20 [2] The
mobile communication method according to claim 1,  wherein in the step (A) ,
the first radio base station transfers,  to the second radio base station,
non-consecutive uplink data  received from the mobile station with their
sequence numbers  25 being not consecutive; and in the step (B) , the first
radio base station transmits  the transfer completion notification data to the
second radio  base station, after the transfer of the non-consecutive uplink  
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[3] A mobile communication method comprising the steps of: 

 (A) transferring, from a first radio base station to a 

second radio base station, consecutive uplink data received 

from a mobile station with their sequence numbers being 5 

consecutive, by use of a resource allocated by the second radio 

base station, when the first radio base station determines that 

the mobile station is to perform a handover from a cell 

controlled by the first radio base station to a cell controlled 

by the second radio base station; 10 

 (B) transmit, from the first radio base station to the 

second radio base station, transfer completion notification 

data after the transfer of the consecutive uplink data to the 

second radio base station is completed, the transfer completion 

notification data notifying the second radio base station of 15 

the completion of the transfer of the consecutive uplink data; 

and 

 (C) releasing, at the second radio base station, the 

resource, when receiving the transfer completion notification 

data. 20 

 

[4] The mobile communication method according to claim 3, 

wherein 

 in the step (A), the first radio base station discards 

the non-consecutive uplink data. 25 

 

[5] A mobile communication method comprising the steps of: 

 (A) transferring, from a first radio base station to a 

second radio base station, the downlink data which are among 

data to the second radio base station is completed. 33 [3] A mobile
communication method comprising the steps of:  (A) transferring, from a first
radio base station to a second radio base station, consecutive uplink data
received  5 from a mobile station with their sequence numbers being
consecutive, by use of a resource allocated by the second radio  base
station, when the first radio base station determines that  the mobile station is
to perform a hangover from a cell  controlled by the first radio base station to
a cell controlled  10 by the second radio base station; (B) transmit, from the
first radio base station to the  second radio base station, transfer completion
notification  data after the transfer of the consecutive uplink data to the
second radio base station is completed, the transfer completion 15
notification data notifying the second radio base station of  the completion of
the transfer of the consecutive uplink data;  and (C) releasing, at the second
radio base station, the  resource, when receiving the transfer completion
notification  20 data. [4] The mobile communication method according to
claim 3,  wherein in the step (A), the first radio base station discards  25 the
non-consecutive uplink data. [5] A mobile communication method comprising
the steps of:  (A) transferring, from a first radio base station to a  second
radio base station, the downlink data which are among  34 
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the downlink data received from an upper level node and whose 

transmission to a mobile station is not completed yet, when the 

first radio base station determines that the mobile station is 

to perform a handover from a cell controlled by the first radio 

base station to a cell controlled by the second radio base 5 

station; and 

 (B) performing, at the second radio base station, 

sequence control between downlink data received from the upper 

level node and the downlink data received from the first radio 

base station by use of transfer completion notification data, 10 

when receiving the transfer completion notification data. 

 

[6] The mobile communication method according to claim 5, 

further comprising the step of: 

 (C) transmitting, from the first radio base station to 15 

the second radio base station, the transfer completion 

notification data, after the transfer of the downlink data from 

the first radio base station to the second radio base station 

is completed, the transfer completion notification data 

indicating the completion of the transfer of the downlink data. 20 

 

[7] The mobile communication method according to claim 5, 

further comprising a step of: 

 (D) transmitting, from the first radio base station to 

the second radio base station, transmit the transfer completion 25 

notification data received from the upper level node. 

 

[8] The mobile communication method according to claim 6, 

wherein 

the downlink data received from an upper level node and whose
transmission to a mobile station is not completed yet, when the  first radio
base station determines that the mobile station is  to perform a hangover
from a cell controlled by the first radio 5 base station to a cell controlled by
the second radio base  station; and (B) performing, at the second radio base
station,  sequence control between downlink data received from the upper
level node and the downlink data received from the first radio 10 base station
by use of transfer completion notification data,  when receiving the transfer
completion notification data.  [6] The mobile communication method
according to claim 5,  further comprising the step of: 15 (C) transmitting, from
the first radio base station to  the second radio base station, the transfer
completion  notification data, after the transfer of the downlink data from  the
first radio base station to the second radio base station  is completed, the
transfer completion notification data 20 indicating the completion of the
transfer of the downlink data.  [7] The mobile communication method
according to claim 5,  further comprising a step of: (D) transmitting, from the
first radio base station to  25 the second radio base station, transmit the
transfer completion  notification data received from the upper level node. [8]
The mobile communication method according to claim 6,  wherein 35 in the
step (A) , when receiving no downlink data from the  upper level node for a
predetermined period of time, the first  
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 in the step (A), when receiving no downlink data from the 

upper level node for a predetermined period of time, the first 

radio base station transmits the transfer completion 

notification data to the second radio base station. 

 5 

[9] The mobile communication method according to claim 6, 

wherein 

 in the step (A), when receiving a switch completion notice 

from the upper level node, the first radio base station 

transmits the transfer completion notification data to the 10 

second radio base station, the switch completion notice 

notifying that transfer of downlink data to the second radio 

base station is started. 

 

[10] A radio base station comprising: 15 

 an uplink data transfer unit configured to transfer, to 

an upper level node, consecutive uplink data received from the 

mobile station with their sequence numbers being consecutive, 

by use of a resource allocated by the upper level node, when 

it is determined that a mobile station is to perform a handover 20 

from a cell controlled by the radio base station to a cell 

controlled by a different radio base station; and 

 a transfer completion notification data transmitter unit 

configured to transmit transfer completion notification data 

to the upper level node after the transfer of the consecutive 25 

uplink data to the upper level node is completed, the transfer 

completion notification data notifying that the transfer of the 

consecutive uplink data is completed. 

 

radio base station transmits the transfer completion  notification data to the
second radio base station. 5 [9] The mobile communication method
according to claim 6,  wherein in the step (A) , when receiving a switch
completion notice  from the upper level node, the first radio base station  10
transmits the transfer completion notification data to the second radio base
station, the switch completion notice  notifying that transfer of downlink data
to the second radio  base station is started. 15 [10] A radio base station
comprising: an uplink data transfer unit configured to transfer, to  an upper
level node, consecutive uplink data received from the  mobile station with
their sequence numbers being consecutive,  by use of a resource allocated
by the upper level node, when 20 it is determined that a mobile station is to
perform a hangover  from a cell controlled by the radio base station to a cell
controlled by a different radio base station; and a transfer completion
notification data transmitter unit  configured to transmit transfer completion
notification data  25 to the upper level node after the transfer of the
consecutive uplink data to the upper level node is completed, the transfer
completion notification data notifying that the transfer of the  consecutive
uplink data is completed. 36 [11] The radio base station according to claim
10, wherein  the uplink data transfer unit is configured to transfer, to the
different radio base station, non-consecutive uplink  
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[11] The radio base station according to claim 10, wherein

 the uplink data transfer unit is configured to transfer, 

to the different radio base station, non-consecutive uplink 

data received from the mobile station with their sequence 

numbers being not consecutive, when it is determined that the 5 

mobile station is to perform a handover from the cell controlled 

by the radio base station to the cell controlled by the different 

radio base station; and 

 the transfer completion notification data transmitter 

unit is configured to transmit the transfer completion 10 

notification data to the different radio base station, after 

the transfer of the non-consecutive uplink data to the different 

radio base station is completed. 

 

[12] A radio base station comprising: 15 

 an uplink data transfer unit configured to transfer, to 

a different radio base station consecutive uplink data received 

from the mobile station with their sequence numbers being 

consecutive, by use of a resource allocated by the different 

radio base station, when it is determined that a mobile station 20 

is to perform a handover from a cell controlled by the radio 

base station to a cell controlled by the different radio base 

station; and 

 a transfer completion notification data transmitter unit 

configured to transmit transfer completion notification data 25 

to the different radio base station, after the transfer of the 

consecutive uplink data to the different radio base station is 

completed, the transfer completion notification data notifying 

that the transfer of the consecutive uplink data to the 

data received from the mobile station with their sequence  5 numbers being
not consecutive, when it is determined that the mobile station is to perform a
handover from the cell controlled  by the radio base station to the cell
controlled by the different  radio base station; and the transfer completion
notification data transmitter  10 unit is configured to transmit the transfer
completion  notification data to the different radio base station, after  the
transfer of the non-consecutive uplink data to the different  radio base station
is completed. 15 [12] A radio base station comprising: an uplink data transfer
unit configured to transfer, to  a different radio base station consecutive
uplink data received  from the mobile station with their sequence numbers
being  consecutive, by use of a resource allocated by the different 20 radio
base station, when it is determined that a mobile station  is to perform a
handover from a cell controlled by the radio  base station to a cell controlled
by the different radio base  station; and a transfer completion notification data
transmitter unit  25 configured to transmit transfer completion notification data
to the different radio base station, after the transfer of the  consecutive uplink
data to the different radio base station is  completed, the transfer completion
notification data notifying  that the transfer of the consecutive uplink data to
the  37 different radio base station is completed. [13] The radio base station
according to claim 12, wherein  the uplink data transfer unit is configured to
discard  
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different radio base station is completed. 

 

[13] The radio base station according to claim 12, wherein 

 the uplink data transfer unit is configured to discard 

the non-consecutive uplink data. 5 

 

[14] A radio base station comprising: 

 a downlink data transfer unit configured to transfer down 

link data to a different radio base station when it is determined 

that a mobile station is to perform a handover from a cell 10 

controlled by the radio base station to a cell controlled by 

the different ration base station, the downlink data being 

downlink data which are among the downlink data received from 

an upper level node and whose transmission to the mobile station 

is not completed yet; and 15 

 a transfer completion notification data transmitter unit 

configured to transmit transfer completion notification data 

to the different radio base station after the transfer of the 

downlink data from the radio base station to the different radio 

base station is completed, the transfer completion notification 20 

data indicating the completion of the transfer of the downlink 

data. 

 

[15] The radio base station according to claim 14, wherein 

 the transfer completion notification data transmitter 25 

unit is configured to transmit the transfer completion 

notification data to the second radio base station, when no 

downlink data is received from the upper level node for a 

predetermined period of time. 

5 the non-consecutive uplink data. [14] A radio base station comprising: a
downlink data transfer unit configured to transfer down  link data to a different
radio base station when it is determined  10 that a mobile station is to
perform a hangover from a cell controlled by the radio base station to a cell
controlled by  the different ration base station, the downlink data being
downlink data which are among the downlink data received from  an upper
level node and whose transmission to the mobile station  15 is not completed
yet; and a transfer completion notification data transmitter unit  configured to
transmit transfer completion notification data  to the different radio base
station after the transfer of the  downlink data from the radio base station to
the different radio 20 base station is completed, the transfer completion
notification  data indicating the completion of the transfer of the downlink
data. [15] The radio base station according to claim 14, wherein  25 the
transfer completion notification data transmitter  unit is configured to transmit
the transfer completion  notification data to the second radio base station,
when no  downlink data is received from the upper level node for a
predetermined period of time. 38 [16] The radio base station according to
claim 14, wherein  the transfer completion notification data transmitter unit is
configured to transmit the transfer completion  5 notification data to the
second radio base station, when a  switch completion notice is received from
the upper level node,  
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[16] The radio base station according to claim 14, wherein 

 the transfer completion notification data transmitter 

unit is configured to transmit the transfer completion 

notification data to the second radio base station, when a 5 

switch completion notice is received from the upper level node, 

the switch completion notice notifying that transfer of 

downlink data to the second radio base station is started. 

 

the switch completion notice notifying that transfer of  downlink data to the
second radio base station is started.  39 


