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DOWNLINK DATA TRANSMISSION
METHOD, BASE STATION, AND SERVING
GATEWAY ON LTE NETWORK

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application 1s a Reissue Application of patent appli-
cation Sev. No. 14/576,643 filed on Dec. 19, 2014, issued as
U.S. Pat. No. 9,420,622 filed on Aug. 16, 2016, which is a
continuation of International Application No. PCT/CN2012/
077759, filed on Jun. 28, 2012[, which ). The International
Application No. PCIT/CN2012/077759, 1s hereby incorpo-

rated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to wireless communication
technologies, and 1n particular, to a downlink data transmis-

sion method, base station, and serving gateway on a long
term evolution (LTE) network.

BACKGROUND

If a user equipment (UE) needs to transmit data through
an 'TE network, a bearer needs to be established first. An
end-to-end bearer of the LTE network 1s an evolved packet
system (EPS) Bearer, and the EPS Bearer refers to an
end-to-end data transmission bearer between a UE and a
packet data network (PDN) gateway (P-GW). The EPS
Bearer may be further divided mto a radio bearer, an Sl
Bearer, and an S5/S8 Bearer, where the Radio Bearer refers
to a transmission bearer between a UE and a base station
(c.g., eNB), the S1 Bearer refers to a UE specific bearer
between an eNB and a serving gateway (S-GW) for a
specific UE, the S5/S8 Bearer refers to a transmission bearer
between an S-GW and a P-GW, and the Radio Bearer and the
S1 Bearer are collectively referred to as an evolved radio

access bearer (E-RAB) bearer.

After a UE starts up and registers with a network, the
network establishes a detfault bearer for the UE, and after the
UE returns to an idle state, the network releases an E-RAB
bearer, that 1s, releases a Radio Bearer and an S1 Bearer.
When the UFE needs to transmit data, the network needs to
establish the Radio Bearer and the S1 Bearer first and then
modifies an S5/S8 Bearer, and after these operations are
completed, the UE can transmit the data.

In some scenarios, for example, 1n an intelligent meter
reading scenario, 1 order to i1mprove the transmission
ciliciency, only the Radio Bearer may be released, and the
S1 Bearer and the S5/S8 Bearer are retained, and at the same
time, an eNB retains UE context. However, when downlink
data 1s sent from the S-GW to the eNB, the downlink data
cannot be sent to the UE because the Radio Bearer has been
released, as a result, data loss occurs.

SUMMARY

The present invention provides a downlink data transmis-
sion method, base station, and serving gateway on an L'TE
network, to transmit downlink data to a UE, thereby avoid-

ing data loss.
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In one aspect, a downlink data transmission method on an
LTE network 1s provided, including determining, by an eNB,
that a UE needs to be paged, when an S1 bearer 1s retained
and a radio bearer 1s released. The method further includes
paging, by the eNB, the UE and re-establishing a radio
bearer between the eNB and the UE; and sending, by the
eNB, downlink data, which 1s received from an S-GW, to the
UE through the re-established radio bearer.

In another aspect, a downlink data transmission method
on an LTE network 1s provided, including determining, by
an S-GW, that a radio bearer corresponding to an S1 bearer
does not exist when downlink data 1s received and the S1
bearer 1s retained. The method further includes sending, by
the S-GW, a downlink data notification to an MME, so that
the MME sends a paging instruction to an eNB after
receiving the downlink data notification, where the paging
instruction 1s used to instruct the eNB to page a UE
corresponding to the S1 bearer and re-establish a radio
bearer between the eNB and the UE. The method further
includes sending, by the S-GW, the downlink data to the UE
through the S1 bearer and the re-established radio bearer.

In one aspect, an eNB 1s provided, including a learning
module configured to learn that a UE needs to be paged
when an S1 bearer 1s retained and a radio bearer 1s released.
A processing module 1s configured to page the UE and
re-establish a radio bearer between the eNB and the UE,
after the learning module learns that the UE needs to be
paged. A first sending module 1s configured to send, by the
processing module, downlink data, which 1s received from
an S-GW, to the UE through the radio bearer re-established.

In another aspect, an S-GW 1s provided, including a
learning module configured to learn that a radio bearer
corresponding to an S1 bearer does not exist, when downlink
data 1s recerved and the S1 bearer 1s retained. A first sending
module 1s configured to send a downlink data notification to
an MME, when the learming module learns that the radio
bearer corresponding to the S1 bearer does not exist, so that
the MME sends a paging instruction to an eNB after
receiving the downlink data notification, where the paging
istruction 1s used to instruct the eNB to page a UE
corresponding to the S1 bearer and re-establish a radio
bearer between the eNB and the UE. A second sending
module 1s configured to send the downlink data to the UE
through the S1 bearer and the radio bearer whose re-
establishment 1s triggered by the first sending module.

It can be known from the foregoing technical solutions,

according to embodiments of the present imnvention, when
the S1 bearer 1s retained and the radio bearer 1s released, the

UE 1s paged and the radio bearer between the eNB and the
UE 1s re-established, so that the downlink data can be sent

to the UE, thereby avoiding data loss.

BRIEF DESCRIPTION OF THE

DRAWINGS

To illustrate the technical solutions in the embodiments of
the present invention more clearly, the following briefly
introduces the accompanying drawings required for describ-
ing the embodiments. Apparently, the accompanying draw-
ings in the following description show some embodiments
of the present mnvention, and a person of ordinary skill 1n the
art may still derive other drawings from these accompanying
drawings without creative eflorts.

FIG. 1 1s a schematic flowchart of an embodiment of a
downlink data transmission method on an LTE network
according to the present ivention;
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FIG. 2 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present ivention;

FIG. 3 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present invention;

FI1G. 4 1s a schematic flowchart of activating an S1 bearer
through uplink data according to the present invention;

FIG. § 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present ivention;

FIG. 6 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present invention;

FIG. 7 1s a schematic structural diagram of an embodi-
ment of an eNB according to the present invention; and

FIG. 8 1s a schematic structural diagram of an embodi-
ment of an S-GW according to the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of the embodiments of the present invention more
comprehensible, the following clearly and describes the
technical solutions in the embodiments of the present inven-
tion with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the
described embodiments are merely a part rather than all of
the embodiments of the present invention. All other embodi-
ments obtained by a person of ordinary skill 1n the art based
on the embodiments of the present mvention without cre-
ative eflorts shall fall within the protection scope of the
present mvention.

In a scenario where a radio bearer 1s released and an S1

bearer 1s retained, after a UE enters an 1dle state (RR-
C_IDLE), a state of the UE that 1s stored in an MME 1s a

connected state (ECM_ CONNECTED) because the Sl1
bearer 1s not released. After downlink data reaches an S-GW,
the S-GW sends the downlink data to an eNB through the S1
bearer. However, because a radio bearer between the eNB
and the UE has been released and in the MME, the state of
the UE 1s the connected state, the MME does not page the
UE, so that the downlink data 1s discarded by the eNB and
fails to be transmitted to the UE. In order to ensure that the
downlink data 1s transmitted to the UE 1n the scenario where
the S1 bearer 1s retained and the radio bearer 1s released, the
present ivention provides the following embodiments.

FIG. 1 1s a schematic flowchart of an embodiment of a
downlink data transmission method on an LTE network
according to the present invention, which includes the
following steps.

Step 11: An eNB learns that a UE needs to be paged, when
an S1 bearer 1s retained and a radio bearer 1s released.

After recerving downlink data sent by an S-GW through
the S1 bearer, the eNB may learn that the UE needs to be
paged, 11 the eNB determines that a radio bearer correspond-
ing to the S1 bearer does not exist. Alternatively, the eNB
may also learn that the UE needs to be paged after receiving
a paging instruction sent by an MME.

Step 12: The eNB pages the UE and re-establishes a radio
bearer between the eNB and the UE.

After paging the UE, the eNB may re-establish the radio
bearer with the UE, and then send the downlink data from
the S-GW to the UE through the re-established radio bearer

and the existing S1 bearer.
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Step 13: The eNB sends downlink data, which 1s received
from an S-GW, to the UE through the re-established radio

bearer.

According to this embodiment, the eNB pages the UE and
re-establishes the radio bearer, so that it can be ensured that
the downlink data 1s sent to the UE.

FIG. 2 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present invention, which includes the
following steps.

Step 201: An eNB determines that a radio bearer needs to
be released.

For example, the eNB may set a keepalive clock, and may
determine that the radio bearer needs to be released, after the
keepalive clock expires.

Step 202: The eNB releases a radio resource control
(RRC) connection to the UE.

Step 203: The eNB stores UE context information.

The keepalive clock may be set in the eNB, and when 1t
1s detected that a duration without data transmission of the
UE reaches a duration set by the keepalive clock, 1t indicates
that the keepalive clock expires (inactivity timer expires).

In this embodiment, only the radio bearer 1s released, and
the eNB does not request an MME to release an S1 bearer,
and therefore, the S1 bearer and an S5/S® bearer are still
retained. At the same time, the eNB stores UE context and
configuration information about a signaling radio bearer
(SRB) and a data radio bearer (DRB) that are established last
time, so that the radio bearer can be quickly established and

correspond to the S1 bearer during subsequent UE access.

Step 204: Downlink data reaches an S-GW.

Step 205: The S-GW sends the downlink data to the eNB
through an S1 bearer.

Step 206: The eNB caches the downlink data, and obtains
paging data after determining that a radio bearer correspond-
ing to the S1 bearer does not exist.

The stored UE context information may be first searched
for, and 1f the UE context information includes the paging
data, the paging data may be obtained {from the UE context
information. Alternatively, 1if the UE context information
does not include the paging data, the eNB may obtain the
paging data from a mobility management entity (MME).

In this embodiment, an example where the paging data 1s
obtained from the MME 1s taken, so that step 206 may
specifically include the following steps.

Step 2061: The eNB caches the downlink data.

Step 2062: The eNB sends a paging data request to the
MME, where the paging data request includes information
of the UE.

Step 2063: After recewmg the paging data request, the
MME includes the paging data of the corresponding UE 1n
a paging data response and sends the response to the eNB.

In addition, the S1 bearer includes the information of the
UE, and the UE context information corresponding to the
UE that needs to be searched for may be determined
according to the imnformation of the UE.

The paging data includes: a UE 1dentity index value; a UE
identity, where the UE identity may be an 111ternat10nal
mobile subscriber identity (IMSI) or a system architecture
evolution-temporary mobile subscriber identity (S-TMSI) of
the UE; and optionally, the paging data may further include:
a UE specific discontinuous reception (DRX) numerical
value (UE Specific DRX).

Step 207: The eNB sends a paging message to the UE, to
initiate paging to the UE, where the paging i1s performed
under only one eNB.
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Step 208: The UE establishes the radio bearer under the
eNB after receiving the paging message.

When the RRC connection 1s released in step 202, the
e¢NB may send, to the UE, an instruction for the eNB to store
the UE context information, and when the UE establishes the
radio bearer, the UE may establish the radio bearer by using,
a process corresponding to the stored UE context informa-
tion, where the process of establishing the radio bearer 1s
quick. The radio bearer of the UE can be quickly established
and has a one-to-one mapping relationship with the S1
bearer because the UE context information is stored in the

eNB.

Step 209: The eNB sends the cached downlink data to the
UE through the radio bearer.

In this embodiment, the eNB can obtain the paging data
when determining that the radio bearer does not exist, and
initiate the paging to the UE, to trigger establishing of the
radio bearer, thereby ensuring that the downlink data can be
sent to the UE.

FI1G. 3 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present invention, which includes the
following steps.

Step 301: An eNB determines that a radio bearer needs to
be released.

For specific content, reference may be made to step 201.

Step 302: The eNB sends an S1 bearer sleep request to an
MME.

Step 303: The MME sends the S1 bearer sleep request to
an S-GW.

Step 304: The S-GW sets an S1 bearer to a sleep state, and
sends an S1 bearer sleep response to the MME.

Step 305: The MME sends the S1 bearer sleep response
to the eNB.

The foregoing S1 bearer sleep request and S1 bearer sleep
response may be existing signaling or added signaling.

The S1 bearer being 1n the sleep state refers to that after
downlink data reaches the S-GW, the S1 bearer exists but the
S-GW fails to send the downlink data to the eNB; and the
downlink data can be sent from the S-GW to the eNB

through the S1 bearer only when the S1 bearer 1s 1n an
activated state. The S1 bearer may be activated by the MME
or uplink data.

In addition, for the uplink data, when the S1 bearer 1s in
the sleep state, the eNB 1s also capable of sending the uplink
data to the S-GW, and the S-GW activates the S1 bearer after
receiving the uplink data.

Step 306: The eNB releases an RRC connection to a UE.

Step 307: The eNB stores UE context information.

For specific content of step 301, step 306, and step 307,

reference may be made to steps 201 to 203.

Step 308: Downlink data reaches the S-GW.

Step 309: The S-GW caches the downlink data after
determining that the S1 bearer of the UE 1s 1n the sleep state.

Step 310: The S-GW sends a downlink data notification to
the MME.

Step 311: The MME sends a paging instruction to the
eNB.

Step 312: The eNB sends a paging message to the UE, to
initiate pagmg to the UE.

The paging instruction sent by the MME may include
paging data of the UE, and the eNB mitiates the paging
according to the paging data.

Step 313: The UE establishes the radio bearer with the

eNB.
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When the RRC connection 1s released, signaling sent by
the eNB to the UE may also carry an mstruction for the eNB
to store the UE context information, so that the radio bearer
can be quickly established.

Step 314: The eNB sends a radio bearer establishing
instruction to the MME.

The instruction may be carried 1n added signaling or
existing signaling, for example, “Radio Bearer Setup Indi-
cation” 1s carried 1n an existing service request.

Step 315: The MME instructs the S-GW to activate the S1
bearer.

The nstruction for activating the S1 bearer may be also
carried 1n separately defined signaling or existing signaling,
for example, bearer modification signaling.

Step 316: The S-GW sends the downlink data to the eNB
through the activated S1 bearer, and the eNB sends the
downlink data to the UE through the established radio
bearer.

In addition, 1n this embodiment, when the S1 bearer 1s 1n
the sleep state, the S1 bearer may be also activated through
the uplink data, as shown in FIG. 4, which includes:

Step 401: An eNB determines that a radio bearer needs to
be released.

Step 402: The eNB sends an S1 bearer sleep request to an
MME.

Step 403: The MME sends the S1 bearer sleep request to
an S-GW.

Step 404: The S-GW sets an S1 bearer to a sleep state.

Step 405: The S-GW sends an S1 bearer sleep response to
the MME.

Step 406: The MME sends the S1 bearer sleep response
to the eNB.

Step 407: The eNB releases an RRC connection to a UE.

Step 408: The eNB stores UE context information.

Step 409: The UE mitiates a new service request.

Step 410: The UE establishes the radio bearer with the
eNDB.

Step 411: The UE sends uplink data to the S-GW through
the eNB. The UE may send the uplink data to the eNB
through the re-established radio bearer, and the eNB sends
the uplink data to the S-GW through the S1 bearer.

Step 412: The S-GW activates the S1 bearer 1n the sleep
state.

According to this embodiment, the S1 bearer 1s set to the
sleep state when the radio bearer 1s released, and after the
S-GW recerves the downlink data, 1f the S1 bearer 1s 1n the
sleep state, the S-GW 1nitiates the paging according to that
the UE 1s 1n an 1dle state, and then the radio bearer can be
re-established, thereby ensuring that the downlink data 1s
sent to the UE.

FIG. 5 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present invention, which includes the
following steps.

Step 501: An eNB determines that a radio bearer needs to
be released.

Step 502: The eNB releases an RRC connection to a UE.

Step 503: The eNB stores UE context information.

For specific content of steps 501 to 503, reference may be
made to steps 201 to 203.

Step 504: Downlink data reaches an S-GW.

Step 505: The S-GW sends the downlink data to the eNB
through an S1 bearer. 5053 Step 506: The eNB determines
that a radio bearer corresponding to the S1 bearer does not
exist.

Step 307: The eNB returns the downlink data to the

S-GW, and adds indication information to the returned

L1

i

LL




US RE48,571 E

7

downlink data, where the indication information 1s used to
indicate that the radio bearer corresponding to the S1 bearer
does not exist.

The indication information may be added to a GTP-U
protocol header of a data packet of the downlink data, where
the GTP-U protocol header may include an extension
header, for example, a “next extension header type” indi-
cates that the extension header 1s included, and the extension
header may include the indication information, for example,
the indication information 1s included 1n “extension header
content” of the extension header.

Step 508: The S-GW parses the recerved downlink data,

and determines, according to the indication information, that
no corresponding radio bearer exists.
Step 509: The S-GW sends a downlink data notification to

the MME.
Step 510: The MME sends a paging instruction to the

eNB.

Step 511: The eNB sends a paging message to the UE, to
initiate paging to the UE.

The paging instruction sent by the MME may include
paging data of the UE, and the eNB mitiates the paging
according to the paging data.

Step 312: The UE establishes the radio bearer with the
eNB.

Step 513: The eNB sends a radio bearer establishing
instruction to the MM

Step 514: The MM.
bearer exists.

The MME may send the notification through added sig-
naling or existing signaling, for example, the MME sends a
bearer modification request to the S-GW, where the bearer
modification request carries indication mformation ndicat-
ing that the radio bearer exists; and after receiving the bearer
modification request, the S-GW returns a corresponding,

[ 1

bearer modification response to the MME.
Step 515: The S-GW sends the downlink data to the eNB

through the S1 bearer, and the eNB sends the downlink data
to the UE through the established radio bearer.

According to this embodiment, after determining that no
corresponding radio bearer exists, the eNB returns the
downlink data to the S-GW, and carries the indication
information indicating that no radio bearer exists, so that
alter recerving the returned downlink data, the S-GW 1niti-
ates the paging according to that the UE 1s 1n an 1dle state,
and then the radio bearer can be re-established, thereby
ensuring that the downlink data 1s sent to the UE.

FIG. 6 1s a schematic flowchart of another embodiment of
a downlink data transmission method on an LTE network
according to the present invention, which includes:

Step 61: An S-GW learns that a radio bearer correspond-
ing to an S1 bearer does not exist, when downlink data 1s
received and the S1 bearer 1s retained.

Step 62: The S-GW sends a downlink data notification to
an MME, so that the MME sends a paging instruction to an
eNB after receiving the downlink data notification, where
the paging instruction 1s used to instruct the eNB to page a
UE corresponding to the S1 bearer and re-establish a radio
bearer between the eNB and the UE.

Step 63: The S-GW sends the downlink data to the U.
through the S1 bearer and the re-established radio bearer.

Optionally, when the S-GW receives the downlink data,
the S-GW may learn that the radio bearer corresponding to
the S1 bearer does not exist, 1f determining that the S1 bearer
1s 1 a sleep state. At this time, the method may further
include:

—

notlﬁes the S-GW that the radio
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The S-GW recetves an S1 bearer sleep request sent by the
MME, and sets the S1 bearer to a sleep state, where the S1
bearer sleep request 1s sent by the MME after the MME
receives the S1 bearer sleep request sent by the eNB, where
the S1 bearer sleep request sent by the eNB 1s sent by the
eNB after the eNB determines that the radio bearer needs to
be released; and the sleep state refers to that after the
downlink data reaches the S-GW, the S1 bearer exists but the
downlink data fails to be sent to the eNB, and the sleep state
1s activated by the MME or 1s activated after uplink data sent
by the eNB 1s received. The eNB may send the foregoing S1
bearer sleep request after a keepalive clock expires.

Correspondingly, the downlink data may be sent to the UE
in the following manners The method includes receiving, by
the S-GW, an activation instruction sent by the MME. The
activation instruction 1s sent by the MME after the MME
receives a radio bearer establishing instruction sent by the
eNB. The radio bearer establishing instruction 1s sent by the
eNB after the eNB re-establishes the radio bearer. The
method further includes activating, by the S-GW, the SI
bearer between the eNB and the S-GW according to the
activation instruction, and sending, by the S-GW, the down-
link data to the eNB through the activated S1 bearer, and
sending the downlink data to the UE through the eNB and
the re-established radio bearer.

Optionally, the S-GW may also learn that the radio bearer
corresponding to the S1 bearer does not exist, after receiving
the downlink data including indication information and
returned by the eNB, where the indication information 1s
used to mdicate that the radio bearer corresponding to the S1
bearer does not exist, and the indication information 1s added
to the returned downlink data after the eNB receives the
downlink data sent by the S-GW and determines that the
radio bearer does not exist.

Correspondingly, the method may further include: after
receiving the indication information, stopping, by the S-GW,
sending the downlink data to the eNB but continuing to
receive uplink data sent by the eNB and putting the returned
downlink data into a cache queue again according to a
packet header indication of the downlink data.

According to this embodiment, when the S1 bearer 1s
retained and the radio bearer 1s released, the UE 1s paged and
the radio bearer between the eNB and the UE 1s re-estab-
lished, so that the downlink data can be sent to the UE,
thereby avoiding data loss.

FIG. 7 1s a schematic structural diagram of an embodi-
ment of an eNB according to the present invention, which
includes a learning module 71, a processing module 72, and
a first sending module 73, where the learning module 71 1s
configured to learn that a UE needs to be paged, when an S1
bearer 1s retained and a radio bearer i1s released; the pro-
cessing module 72 1s configured to page the UE and re-
establish a radio bearer between the eNB and the UE, after
the learning module learns that the UE needs to be paged;
and the first sending module 73 1s configured to send
downlink data, which 1s received from an S-GW, to the UE
through the radio bearer re-established by the processing
module.

Optionally, the learning module 1s configured to learn that
the UE needs to be paged, when the S1 bearer 1s retained and
the radio bearer 1s released. The processing module 1s
configured to page the UE and re-establish the radio bearer
between the eNB and the UE, after the learming module
learns that the UE needs to be paged. The first sending
module 1s configured to send the downlink data, which 1s
received from the S-GW, to the UE through the radio bearer
re-established by the processing module.
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Optionally, the eNB may further include a receiving
module configured to receive, through the S1 bearer, the
downlink data sent by the S-GW. A caching module 1is
configured to cache the downlink data received by the
receiving module. The sending module 1s specifically con-
figured to send the downlink data cached by the caching
module to the UE through the re-established radio bearer.

Optionally, the processing module includes: a first unit,
configured to page the UE, and a second unit, configured to
re-establish the radio bearer. The first unit 1s specifically
configured to search for stored UE context information,
obtain paging data of the UE from the UE context informa-
tion 1f the UE context information includes the paging data
of the UE, obtain paging data of the UE from an MME 1f the
UE context information does not include the pagmg data of
the UE, and page the UE according to the paging data.

Optionally, the learning module 1s specifically configured
to receive a paging instruction sent by an MME, where the
paging 1nstruction 1s sent by the MME after the MME
receives a downlink data notification sent by the S-GW. The
downlink data notification 1s sent by the S-GW when the
S-GW recerves the downlink data and learns that a radio
bearer corresponding to the S1 bearer does not exist.

Optionally, the eNB further includes a second sending
module configured to send an S1 bearer sleep request to the
S-GW through the MME when 1t 1s determined that the radio
bearer needs to be released, so that the S-GW sets the S1
bearer to a sleep state, and when the S-GW receives the
downlink data, the S-GW learns that the radio bearer cor-
responding to the S1 bearer does not exist, 11 determiming
that the S1 bearer 1s 1n the sleep state. The sleep state refers
to that after the downlink data reaches the S-GW, the S1
bearer exists but the downlink data fails to be sent to the
eNB, and the sleep state i1s activated by the MME or 1is
activated after uplink data sent by the eNB 1s received.

Optionally, the first sending module 1s specifically con-
figured to send a radio bearer establishing instruction to the
MME after the radio bearer 1s established, so that the MME
activates the S1 bearer between the eNB and the S-GW after
receiving the radio bearer establishing instruction. The first

sending module 1s specifically configured to receive,
through the activated S1 bearer, the downlink data sent by
the S-GW, and send the downlink data to the UE through the
re-established radio bearer.

Optionally, the eNB {further includes a third sending
module configured to add indication information to the
downlink data and return the downlink data to which the
indication information 1s added to the S-GW after the
downlink data sent by the S-GW 1s received through the S1
bearer, 1f 1t 1s determined that the radio bearer corresponding,
to the S1 bearer does not exist. The indication mformation
1s used to indicate that the radio bearer corresponding to the
S1 bearer does not exist, so that the S-GW learns, according
to the indication information, that the radio bearer corre-
sponding to the S1 bearer does not exist.

Optionally, the first sending module 1s specifically con-
figured to send a radio bearer establishing instruction to the
MME after the radio bearer 1s established, so that the MME
sends 1indication information indicating that the radio bearer
1s established to the S-GW atter the MME receives the radio
bearer establishing instruction, and the S-GW learns that the

radio bearer exists. The eNB receives, through the S1 bearer,
the downlink data sent by the S-GW aiter the S-GW learns

that the radio bearer exists, and sends the downlink data to
the UE through the re-established radio bearer.

According to this embodiment, when the S1 bearer 1s
retained and the radio bearer 1s released, the UE 1s paged and
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the radio bearer between the eNB and the UE 1s re-esta
lished, so that the downlink data can be sent to the U]
thereby avoiding data loss.

FIG. 8 1s a schematic structural diagram of an embodi-
ment of an S-GW according to the present invention, which
includes a learning module 81, a first sending module 82,
and a second sending module 83, where the learning module
81 1s configured to learn that a radio bearer corresponding to
an S1 bearer does not exist, when downlink data 1s received
and the S1 bearer 1s retained; the first sending module 82 1s
configured to send a downlink data notification to an MME,
when the learning module learns that the radio bearer
corresponding to the S1 bearer does not exist, so that the
MME sends a paging instruction to the eNB after receiving
the downlink data notification, where the paging instruction
1s used to mstruct the eNB to page a UE corresponding to the
S1 bearer and re-establish a radio bearer between the eNB
and the UE; and the second sending module 83 is configured
to send the downlink data to the UE through the S1 bearer
and the radio bearer whose re-establishment 1s triggered by
the first sending module.

Optionally, the S-GW may further include a receiving
module configured to receive an S1 bearer sleep request sent
by the MME, and set the S1 bearer to a sleep state. The S1
bearer sleep request i1s sent by the MME after the MME
receives the S1 bearer sleep request sent by the eNB. The S1
bearer sleep request sent by the eNB 1s sent by the eNB after
the eNB determines that the radio bearer needs to be
released. The sleep state refers to that after the downlink data
reaches the S-GW, the S1 bearer exists but the downlink data
fails to be sent to the eNB, and the sleep state 1s activated by
the MME or 1s activated after uplink data sent by the eNB
1s rece1ved. The learning module 1s specifically configured to
learn that the radio bearer corresponding to the S1 bearer
does not exist, 1f 1t 1s determined that the S1 bearer 1s 1n the
sleep state after the downlink data 1s recerved.

Optionally, the second sending module 1s specifically
configured to receive an activation instruction sent by the
MME. The activation instruction 1s sent by the MME after
the MME receives a radio bearer establishing instruction
sent by the eNB, where the radio bearer establishing instruc-
tion 1s sent by the eNB after the eNB re-establishes the radio
bearer. The second sending module 1s specifically config-
ured to activate the S1 bearer between the eNB and the
S-GW according to the activation instruction; and send the
downlink data to the eNB through the activated S1 bearer,
and send the downlink data to the UE through the eNB and

the re-established radio bearer.

Optionally, the learning module 1s specifically configured
to learn that the radio bearer corresponding to the S1 bearer
does not exist, after the downlink data including indication
information and returned by the eNB 1s received, where the
indication information 1s used to indicate that the radio
bearer corresponding to the S1 bearer does not exist, and the
indication information 1s added to the returned downlink
data after the eNB receives the downlink data sent by the
S-GW and determines that the radio bearer does not exist.

Optionally, the S-GW further includes a processing mod-
ule, configured to, after receiving the indication information,
stop sending the downlink data to the eNB but continue to
receive uplink data sent by the eNB and put the returned
downlink data into a cache queue again according to a
packet header indication of the downlink data.

According to this embodiment, when the S1 bearer is
retained and the radio bearer 1s released, the UE 1s paged and
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the radio bearer between the eNB and the UE 1s re-estab-
lished, so that the downlink data can be sent to the UE,
thereby avoiding data loss.

A person of ordinary skill 1n the art may understand that,
all or a part of the steps of the foregoing method embodi-
ments may be implemented by a program instructing rel-
evant hardware. The foregoing program may be stored 1n a
computer readable storage medium. When the program runs,
the steps of the forgoing method embodiments are per-
formed. The foregoing storage medium includes various
mediums capable of storing program codes, such as a ROM,
a RAM, a magnetic disk, or an optical disk.

Finally, 1t should be noted that the foregoing embodiments
are merely mtended for describing the technical solutions of
the present invention other than limiting the present inven-
tion. Although the present invention 1s described 1n detail
with reference to the foregoing embodiments, a person of
ordinary skill 1n the art should understand that modifications
may still be made to the technical solutions described 1n the
foregoing embodiments, or equivalent replacements may
still be made to some or all the technical features thereof,
without departing from the spirit and scope of the technical
solutions of the embodiments of the present mnvention.

What 1s claimed 1s:

1. A downlink data transmission method on a long term
evolution (LTE) network, the method comprising;:

determining, by a base station, that an S1 bearer between

the base station and a serving gateway (S-GW) for a
user equipment (UE) 1s retained and, at the same time,
a radio bearer between the base station and the UE has
been released, wherein the determining 1s performed at
the base station after receiving downlink data, to be
sent to the UE, at a serving gateway (S-GW);

based on the determining, paging, by the base station, the

UE and re-establishing a radio bearer between the base

station and the UE, wherein the paging the UE com-

Prises:

searching for stored UE context information;

obtaining paging data of the UE from the UE context
information [if] wher the UE context information
comprises the paging data of the UE;

obtaining paging data of the UE from a mobility
management entity (MME) [if] wker the UE context
information does not comprise the paging data of the
UE; and

paging the UE according to the paging data; and

sending, by the base station, the downlink data, to the U.

through the re-established radio bearer.

2. The method according to claim 1, wherein the deter-
mining comprises:

after receiving, through the S1 bearer, the downlink data,

learning, by the base station, that the UE needs to be
paged, 11 the base station determines that a radio bearer
corresponding to the S1 bearer does not exist.

3. The method according to claim 2, before the determin-
ing, further comprising;

receiving, through the S1 bearer, the downlink data; and

caching the downlink data, wherein the sending, by the

base station, downlink data to the UE through the
re-¢stablished radio bearer comprises sending the
cached downlink data to the UE through the re-estab-
lished radio bearer.

4. The method according to claim 1, wherein the deter-
mining comprises:

receiving a paging instruction sent by an MME, wherein

the paging instruction 1s sent by the MME after the
MME receives a downlink data notification sent by the
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S-GW, wherein the downlink data notification 1s sent
by the S-GW when the S-GW receives the downlink
data and learns that a radio bearer corresponding to the
S1 bearer does not exist.
5. The method according to claim 4, further comprising:
sending an S1 bearer sleep request to the S-GW through
the MME when the base station determines that the
radio bearer needs to be released.
6. The method according to claim 5, wherein the sending,
by the base station, downlink data to the UE through the
re-established radio bearer comprises:
sending, by the base station, a radio bearer establishing
istruction to the MME after the radio bearer 1s estab-
lished, so that the MME activates the S1 bearer
between the base station and the S-GW after receiving
the radio bearer establishing instruction; and
recerving, by the base station through the activated S1
bearer, the downlink data, and sending the downlink
data to the UE through the re-established radio bearer.
7. A base station comprising;:
a Processor;
a non-transitory computer-readable storage medium stor-
ing a program to be executed by the processor, the
program including instructions for:
determining that an S1 bearer between the base station
and a serving gateway (S-GW) for a user equipment
(UE) 1s retained and, at the same time, a radio bearer
has been released, wherein the determining 1s per-
formed after recerving downlink data, to be sent to
the UE, at a serving gateway (S-GW), and page the
UE and re-establish a radio bearer between the base
station and the UE, wherein the instructions for
paging the UE comprises instructions for:

searching for stored UE context information;

obtaining paging data of the UE from the UE context
information if the UE context information comprises
the paging data of the UE;

obtaining paging data of the UE from a mobility
management entity (MME) 11 the UE context infor-
mation does not comprise the paging data of the UE;
and

paging the UE according to the paging data;

a recerver configured to receive the downlink data from
the serving gateway (S-GW); and

a transmitter configured to send the downlink data to the
UE through the radio bearer re-established by the
Processor.

8. The base station according to claim 7, wherein the

program lurther comprises instructions for:

after the downlink data 1s received from the S-GW
through the S1 bearer, learning that the UE needs to be
paged 11 1t 1s determined that a radio bearer correspond-
ing to the S1 bearer does not exist.

9. The base station according to claim 8, wherein the

program further comprises instructions for:

caching the downlink data received by the receiver,
wherein the transmitter 1s further configured to send the
downlink data cached to the UE through the re-estab-
lished radio bearer.

10. The base station according to claim 7, wherein the

receiver 1s configured to:

recerve a paging instruction sent by an MME, wherein the
paging instruction 1s sent by the MME after the MME
receives a downlink data notification sent by the S-GW,
and the downlink data notification 1s sent by the S-GW
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when the S-GW receives the downlink data and learns
that a radio bearer corresponding to the S1 bearer does
not exist.

11. The base station according to claim 10, further com-
prising:

the transmitter 1s further configured to send an S1 bearer

sleep request to the S-GW through the MME when 1t 1s
determined that the radio bearer needs to be released.
12. The base station according to claim 11, wherein
the transmitter 1s configured to send a radio bearer estab-
lishing nstruction to the MME after the radio bearer 1s
established for the MME to activate the S1 bearer
between the base station and the S-GW after receiving
the radio bearer establishing instruction;
the receiver 1s further configured to receive, through the
activated S1 bearer, the downlink data sent by the
S-GW: and

the program further comprises nstructions for control the
transmuitter to send the downlink data to the UE through
the re-established radio bearer.
13. The base station according to claim 10,
wherein the program further comprises instructions for:
after the downlink data sent by the S-GW 1s recerved
through the S1 bearer, adding indication information to
the downlink data and control the transmaitter to return
the downlink data to which the indication information
1s added to the S-GW, if 1t 1s determined that the radio
bearer corresponding to the S1 bearer does not exist,
wherein the indication information 1s used to indicate
that the radio bearer corresponding to the S1 bearer
does not exist, the indication information 1s used for
indicating the S-GW that the radio bearer correspond-
ing to the S1 bearer does not exist.
14. The base station according to claim 13, wherein
the transmitter 1s configured to send a radio bearer estab-
lishing nstruction to the MME after the radio bearer 1s
established, for the MME to send indication informa-
tion 1indicating that the radio bearer 1s established to the
S-GW;

the receiver 1s further configured to receive, through the
S1 bearer, the downlink data sent by the S-GW after the
S-GW learns that the radio bearer exists; and

[t] wherein the program further comprises instructions for
controlling the transmitter to send the downlink data to
the UE through the re-established radio bearer.

15. A serving gateway (S-GW) comprising a processor, a
non-transitory computer-readable storage medium storing a
program to be executed by the processor, the processor
coupled with a transmitter and a receiver, wherein

the program includes instructions for:

when downlink data 1s recerved, determining that an S1
bearer between a base station and the serving gate-
way (S-GW) for a user equipment (UE) 1s retained
but a radio bearer corresponding to the S1 bearer
does not exist,

controlling the transmitter to send a downlink data
notification to a mobility management entity
(MME), and

alter the downlink data i1s received, learning that the
radio bearer corresponding to a S1 bearer does not
exist, 1f 1t 1s determined that the S1 bearer 1s 1n the
sleep state;

the transmitter 1s configured to send the downlink data

notification to the MME for the MME to send a paging
istruction to a base station after recerving the down-
link data notification, wherein the paging instruction 1s
used to mstruct the base station to page the UE corre-
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sponding to the S1 bearer and re-establish a radio
bearer between the base station and the UE; and
the transmitter 1s further configured to send the downlink
data to the UE through the S1 bearer and the radio
bearer.
16. The S-GW according to claim 15, wherein
the receiver 1s configured to: receive an S1 bearer sleep
request from the MME;
the program further includes instructions for: setting the
S1 bearer to a sleep state, wherein the S1 bearer sleep
request 1s sent by the MME after the MME receives the
S1 bearer sleep request sent by the base station,
wherein the S1 bearer sleep request 1s sent by the base
station aiter the base station determines that the radio
bearer needs to be released; and the sleep state refers to
that after the downlink data reaches the S-GW, the S1
bearer exists but the downlink data fails to be sent to the
base station, and the sleep state i1s activated by the
MME or 1s activated after uplink data sent by the base
station 1s received.
17. The S-GW according to claim 16, wherein the recerver
1s configured to:
receive an activation instruction from the MME, wherein
the activation instruction 1s sent by the MME aftter the
MME recerves a radio bearer establishing instruction
from the base station, wherein the radio bearer estab-
lishing instruction 1s sent by the base station after the
base station re-establishes the radio bearer;
the program further includes instructions for activating
the S1 bearer between the base station and the S-GW
according to the activation instruction received by the
recelver; and
the transmuitter 1s configured to: send the downlink data to
the base station through the activated S1 bearer.
18. The S-GW according to claim 15, wherein the pro-
gram lurther includes instructions for:
learning that the radio bearer corresponding to the Sl
bearer does not exist, after the downlink data compris-
ing indication information and returned by the base
station 1s received by the receiver, wherein the indica-
tion information 1s used to indicate that the radio bearer
corresponding to the S1 bearer does not exist, and the
indication information 1s added to the returned down-
link data after the base station receives the downlink
data sent by the S-GW and determines that the radio
bearer does not exist.
19. A method comprising:
after rveceiving, from a serving gateway (S-GW), downlink
data for a user equipment (UE), determining, by a base
station, that an S1 bearer between the base station and
the S-GW for the UL is vetained and, at the same time,
a first radio bearer between the base station and the UE
has been released;
searching for stored UE context information;
obtaining, by the base station, paging data of the UE from
UL context information stored in the base station in
response to determining that the UE context informa-
tion comprises the paging data of the UE;
obtaining paging data of the UE from a mobility man-
agement entity in rvesponse to determining that the UE
context information does not comprise the paging data
of the UE; and
paging, by the base station, the UE according to the
paging data to rve-establish a second radio bearer
between the base station and the UE: and
sending, by the base station, the downlink data, to the UE
through the second radio bearer.




US RE48,571 E
15 16

20. The method according to claim 19, wherein the determining that the first radio bearver corresponding to
downlink data is veceived through the S1 bearer, the deter- the S1 bearer does not exist.
mIining comprises: 24. The apparatus according to claim 23, the program

determining, by the base station, that the first radio bearer
corresponding to the SI bearer does not exist.

21. The method according to claim 20, before the deter-

mining, further comprising:

caching the downlink data, wherein sending the downlink
data through the second radio beaver comprises send-
ing the cached downlink data to the UE through the |,
second radio bearer.

22. An apparatus comprising:

a processor,

a non-transitory computer-readable storage medium stor-
ing a program to be executed by the processor, the .
program including instructions for:
determining that an S1 bearer for a user equipment

(UL) is retained and, at the same time, a first radio
bearer between a base station and the UE has been

further including instructions for: before the determining,
> caching the downlink data, wherein the sending downlink
data to the UE through the second rvadio bearer comprises
sending the cached downlink data to the UE through the
second radio bearer.
23. A communication system comprising.
a base station; and
a serving gateway (S-GW) configured to send downlink
data for user equipment (UL) to the base station
through an SI1 bearer,
wherein the base station comprises a processov and a
non-transitory computer-readable storage medium
storing a program to be executed by the processor, the
program including instructions for:
receiving the downlink data from the S-GW through the

released after downlink data for a user equipment 51 bf-:*a.rer; _ ,
(UE) determining that a first radio bearer corresponding to
searching for stored UE context information; ﬂ“‘f’ f] bearer for a user equipment (UE) does not
exist;

obtaining paging data of the UE from stored UE

: L .. searching for stored UE context information;
context information in rvesponse to determining that L by A -
the UE context information comprises the paging 55 obtaining Paging ‘ata' of the ]jom S{O{’E .
data of the UE; and context information in vesponse to determining that

the UL context information comprises the paging
data of the UL,

obtaining paging data of the UE from a mobility
management entity in vesponse to determining that
the UE context information does not comprise the
paging data of the UE;

paging the UL according to the paging data to re-
establish a second radio bearer between the base
station and the UE; and

sending the downlink data to the UE through the
second radio bearer.

obtaining paging data of the UE from a mobility

management entity in vesponse to determining that

the UE context information does not comprise the
paging data of the UL, 10

paging the UL according to the paging data to ve-

establish a second rvadio bearer between the base

station and the UE; and

sending the downlink data to the UE through the
second radio bearer. 15

23. The apparatus accovding to claim 22, wherein the

downlink data is veceived through the S1 bearer, the deter-
mining comprises: %k k% k%
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