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CON NECTI ON RELEASE FOR DUAL CON NECTI ON

Technical field

The present disclosure relates to connection release for dual connection, and
relates to methods, apparatuses and a com puter program product for connection

release for dual connection.

Background

Due to the recent booming of the wireless internet, it is easily expected that the
requirem ent for wireless data service will keep on fast soaring in the near future.
Among those advanced technologies proposed to meet the challenging request,
reducing the cell size is one of the most prominent one. In the past 50 years, the
wireless network capacity has been increased by more than 2700 times from
smaller cells. Therefore, the local area (LA) network will inevitably become the
next research hotspot in LTE evolution.

Dual connection is a new emerged concept for LA network. The basic idea is to
let UE connect to macro eNB (MeNB) and Local Area eNB (LAeNB) sim ultaneously,
so that macro eNB can control the mobility of the UE to avoid too many handover
procedures/signalling when UE moving among different LA cells. On the other
hand, macro eNB can offload most of data transm ission to LA cell so that UE can
enjoy the high data rate in LA cell and very low transm ission power due to small
distance. This concept is also called inter-eNB carrier aggregation (CA), user-
control plane (U-C plane) split, multi-stream etc., and proposed by many
com panies during Rel-12 workshops (cf. documents [1], [2], and [3]). Dual
connection concept is a promising concept in Rel-12, and is expected to have hot
discussion in LA study of 3GPP Rel- 12 phase.

As aforementioned, dual connection is a promising way forward for LA network.

When UE connects to macro eNB and LA eNB sim ultaneously, macro eNB can
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control the UE's mobility to avoid too many handover procedures and potential
radio link failure from LA connection. At the same time, UE can enjoy the high
data rate and low transm ission power in LA cell. When the dual connection is
setup for UE, it is necessary to also consider how to release the dual connection
in the current stage and it is not clear how. For example, when a UE is connected
to macro eNB and LA cell simultaneously, dual connection release may happen
when e.g. dual connection is no longer suitable for high mobility UEs, or UE will

move out of the coverage of LA cell etc.

The assumption for dual connection is that there is hard split for radio bearers of
macro eNB and LA eNB, i.e. some radio bearer (RB) will be handled by macro
eNB while some will be handled by LA eNB. The most important part of the LA
connection release is how to handle the Radio Bearers (RBs) that are originally
processed in LA cell. After LA connection release, LA RBs need to be reconfigured
and continued via macro cell. Besides, it needs to determ ine which node controls
the release procedure, so that signaling is sent or received from which node can

be determ ined.

In current specification, there is Radio Resource Control (RRC) connection
release procedure and RRC connection reestablishm ent procedure, wherein both
procedure can do the connection release. However, such procedures have some
lim itations for the dual connection release specific problem s e.g.
 They did not define the connection release com mand can be sent to UE
from another network node;
Did not handle the coordination between LAeNBs and MeNBs;
 Did not define the procedure how LAeNB and UE are handling the
released RBs other than release them ;
 Did not define the procedure how LAeNB and UE finish the DL data
arrived in LAeNB.

So if it is followed the similar procedure in current specification, when dual
connection is released, UE's RBs in LA cell will be released and these RBs need to

be reestablished by MeNB in macro cell. This needs a lot of signaling between



10

15

20

25

30

WO 2014/179970 PCT/CN2013/075419

MeNB and UE, and during this procedure UE's service originally transm itted in LA

cell will be interrupted or even dropped.

In current specification, there is a RRC connection release procedure, as defined
in docum ent [4] . The sum marized procedure is as following and more details
could be found in the docum ent [4] .

» The eNB sends the release com mand to UE

* UE releases the RRC connection to eNB

* Apply cell reselection

Or leaving RRC connected mode

In current specification, another procedure that can release the connection is the
RRC connection reestablishment procedure, as described in docum ent [4] . The

procedure can be sum marized as shown in Fig. 1.

During the procedure, RBs will be suspended, Packet Data Convergence Protocol
(PDCP) / Radio Link Control (RLC) is reestablish and resumed. However, such
procedure still cannot handle the dual connection case, in which RBs need to be
released in LA cell and resum ed in macro cell. Besides, some procedure e.g. cell
selection in reestablishm ent procedure is not necessary for dual connection
release, and network nodes to control the procedure need to be determ ined, as
well as the data transfer between LA eNB and MeNB and com munication with

Mobility Management Entity (MME) and Service Gateway (SGW) .

In view of the above, the present disclosure has been made in order to solve the

above problem s.

References:

[1] 3GPP RWS- 120003, Views on Rel-12, Ericsson & ST-Ericsson, June 1, 201 2;

[2] 3GPP RWS- 120006, Views on Rel-12 and onwards for LTE and UMTS, Huawei
Technologies, HiSilicon, June 11, 201 2;

[8] 3GPP RWS-12001 0, Requirem ents, Candidate Solutions & Technology
Roadm ap for LTE Rel- 12 Onward, NTT DOCOMO, INC., June 11, 201 2;
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[4] 3GPP TS36.33 1, v11.3.0, Radio Resource Control (RRC) protocol specification,
March 15, 2013.

Sum mary

According to exam ple versions of the present disclosure, there are provided
methods, apparatuses and a com puter program product for connection release

for dual connection.

Various exam ple versions of the present disclosure are set out in the appended

claim s.

According to an exam ple version of the present disclosure, there is provided a
method comprising:

making, at a first network element, a local area connection release
decision, and

causing transm ission of a local area connection release command to a user
equipm ent and a second network element, wherein the user equipm ent is
connected at the same time to both the first network element and the second

network elem ent.

According to another exam ple version of the present disclosure, there is provided
a method com prising:
receiving, at a user equipm ent, which is connected to a macro base station
and a local area base station at the same time and perform s data transm ission
with the local area base station, a local area connection release com mand,
continuing data transm ission with the local area base station until
receiving an indication for end of the data transm ission from the local area base

station.

According to another exam ple version of the present disclosure, there is provided
a method com prising:
receiving, at a local area base station perform ing data transm ission with a

user equipm ent , a connection release com mand from a macro base station,
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continuing data transm ission with the user equipment after receiving the
connection release com mand from the macro base station, and
causing transm ission of an indication for end of data transm ission to the

user equipm ent.

According to another exam ple version of the present disclosure, there is provided
an apparatus for use in a first network element, the apparatus comprising:

at least one processor,

and at least one mem ory including com puter program code,
the at least one memory and the computer program code arranged to, with the
at least one processor, cause the apparatus at least to perform :

making a local area connection release decision, and

causing transm ission of a local area connection release command to a user
equipment and a second network element, wherein the wuser equipment is
connected at the same time to both the first network element and the second

network elem ent.

According to another exam ple version of the present disclosure, there is provided
an apparatus for use in a user equipm ent, comprising:

at least one processor,

and at least one mem ory including com puter program code,
the at least one memory and the computer program code arranged to, with the
at least one processor, cause the apparatus at least to perform :

receiving, at the user equipment, which is connected to a macro base
station and a local area base station at the same time and perform s data
transm ission with the local area base station, a local area connection release
com mand,

continuing data transm ission with the local area base station until
receiving an indication for end of the data transm ission from the local area base

station.

According to another exam ple version of the present disclosure, there is provided
an apparatus for use in a local area base station, com prising:

at least one processor,
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and at least one mem ory including com puter program code,

the at least one memory and the com puter program code arranged to,
with the at least one processor, cause the apparatus at least to perform :

receiving, at the local area base station perform ing data transm ission with
a user equipm ent , a connection release com mand from a macro base station,

continuing data transm ission with the user equipment after receiving the
connection release com mand from the macro base station, and

causing transm ission of an indication for end of data transm ission to the

user equipm ent.

According to another exam ple version of the present disclosure, there is provided
an apparatus for use in a first network element, com prising:

means for making, at the first network element, a local area connection
release decision, and

means for causing transmission of a local area connection release
com mand to a user equipment and a second network element, wherein the user
equipm ent is connected at the same time to both the first network element and

the second network elem ent.

According to another exam ple version of the present disclosure, there is provided
an apparatus for use in a user equipm ent, comprising:

means for receiving, at the user equipm ent, which is connected to a macro
base station and a local area base station at the same time and performs data
transm ission with the local area base station, a local area connection release
com mand,

means for continuing data transm ission with the local area base station
until receiving an indication for end of the data transm ission from the local area

base station.

According to another exam ple version of the present disclosure, there is provided
an apparatus for use in a local area base station, com prising:

means for receiving, at the local area base station perform ing data
transm ission with a user equipment, a connection release com mand from a

macro base station,
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means for continuing data transm ission with the user equipment after
receiving the connection release com mand from the macro base station, and
means for causing transm ission of an indication for end of data

transm ission to the user equipm ent.

According to another exam ple version of the present disclosure, there is provided
a com puter program product com prising computer-executable computer program
code which, when the program is run on a com puter (e.g. a computer of an
apparatus according to any one of the aforementioned apparatus-related
exam ple versions of the present disclosure) , is arranged to cause the computer
to carry out the method according to any one of the aforem entioned method-

related example versions of the present disclosure.

Such computer program product may comprise or be embodied as a (tangible)
com puter-readable  (storage) medium or the like on which the computer-
executable com puter program code is stored, and/or the program may be

directly loadable into an internal mem ory of the com puter or a processor thereof.

Advantageous further developments or modifications of the aforem entioned

exam ple versions of the present disclosure are set out in the dependent claims.

Brief Description of the Drawings

For a more com plete understanding of example versions of the present disclosure,
reference is now made to the following description taken in connection with the

accompanying drawings in which :

Fig. 1 is a signaling diagram illustrating a RRC connection reestablishm ent

procedure;

Fig. 2 is an overview illustrating a scenario to which certain versions of the

present disclosure are applicable;
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Fig. 3 is a signaling diagram illustrating an exam ple of a method according to

certain versions of the present disclosure;

Fig. 4 is a flowchart illustrating an example of a method according to certain

versions of the present disclosure;

Fig. 5 is a flowchart illustrating another exam ple of a method according to certain

versions of the present disclosure;

Fig. 6 is a flowchart illustrating still another example of a method according to

certain versions of the present disclosure;

Fig. 7 is a block diagram illustrating an example of an apparatus according to

certain versions of the present disclosure.

Description of exam ple version

Exam ple versions of the present disclosure will be described herein below. More
specifically, exam ple versions of the present disclosure are described hereinafter
with reference to particular non-lim iting examples and to what are presently
considered to be conceivable versions of the present disclosure. A person skilled
in the art will appreciate that the disclosure is by no means limited to these
exam ples, and may be more broadly applied.

It is to be noted that the following description of the present disclosure and its
versions mainly refers to specifications being used as non-lim iting exam ples for
certain exam ple network configurations and deploym ents. Namely, the present
disclosure and its versions are mainly described in relation to 3GPP specifications
being used as non-lim iting examples for certain example network configurations
and deploym ents. In particular, a LTE/LTE-Advanced com munication system and
a (W) LAN system are used as a non-lim iting exam ple for the applicability of thus
described example versions. As such, the description of exam ple versions given
herein specifically refers to term inology which is directly related thereto. Such

term inology is only used in the context of the presented non-lim iting exam ples,
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and does naturally not limit the disclosure in any way. Rather, any other network
configuration or system deploym ent, etc. may also be utlized as long as
com pliant with the features described herein. That is, the present disclosure is
applicable to any other cellular wide-area com munication systems and wireless

local-area com munication system s.

The present disclosure considers the connection release procedure and details for

dual connection for UEs and eNBs capable of Rel- 12 and/or future releases.

According to certain versions of the present disclosure, there is defined a new
procedure to release LA connection for dual connection for future LTE network,
and there are also defined UE behavior on handling radio bearers upon LA

connection release, and related network (NW) side actions.

Fig. 2 shows a scenario to which certain versions of the present disclosure are
applicable. As shown in Fig. 2, such a scenario includes at least one macro eNB
and at least one LAeNB, here one MeNB 11 and two LAeNBs 12 and 13 are
shown. It is noted that the number of MeNBs and LAeNBs shown in Fig. 2 are
merely an exam ple and that the number of MeNBs and LAeNBs is not particularly
limited. The LAeNBs 12 and 13 and the MeNB 11 are connected via a backhaul
connection, like e.g. an X2 or new backhaul interface. Further, there is shown a
user equipm ent UE 14 which has a dual connection to the MeNB and the LAeNB
13 in this specific example. It is obvious that there may be more than one UE

and that the UE may be connected to any one of the LAeNBs.

For explanation of the certain versions of the present disclosure, the following
assumptions are made:
» the traffic split is above the PDCP layer, and each cell has its own
security;
LA cell has RRC layer and functionality;
e UE has dual connection with MeNB and LA cell, i.e. one connection with
MeNB and one connection with LA cell;
» there is a backhaul connection between LAeNB and MeNB, for exam ple

via X2 or new backhaul interface.
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According to certain versions of the present disclosure, the LA connection release
procedure may be controlled by MeNB. In such a case,

* LA cells that have backhaul connection with MeNB will be controlled;
Possible measurem ent procedure that support LA connection release is
configured by MeNB, and measurem ent report from UE is sent to MeNB,;

* LA connection release decision is made in MeNB;

« MeNB sends the LA connection release com mand to both UE and LAeNB.

Further, the LAeNB/SGW may send traffic status indication to MeNB to indicate
e.g. that the traffic on LA RBs comes to end, to help MeNB decision on LA
connection release. Such indication is sent via backhaul connection between

LAeNB and MeNB, and such indication may be periodic or event triggered.

As an alternative, according to certain versions of the present disclosure, the LA
connection release procedure may also be controlled by LAeNB, In this case
» Possible measurement procedure that supports LA connection release is
configured by LAeNB, and measurement report from UE is sent to
LAeNB;
LA connection release decision is made in LAeNB;

* LAeNB sends the LA connection release com mand to both UE and MeNB.

Further, the LA connection release command could include the information e.g.
EPS bearer ID, radio bearer ID, the indication of bearer release, the indication of
bearer suspension, radio bearer/radio resource configuration etc. Such a release
command may be a new message, an IE included in RRC connection re-

establishm ent message or an IE included in handover message.

Moreover, when UE received LA connection release command (either from the

LAeNB or the MeNB, as described above), the UE behavior may be defined as
follows:

» When UE received LA connection release com mand, both UE and LAeNB

may not release the LA connection, but continue the data transm ission

on LA RBs until LAeNB send UE the indication for data ending;

10
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o This procedure could be configured to be enabled or disabled.

* LA RB handling: After LA connection is released, RBs originally in LA
cell may be automatically setup by both UE and eNB in macro cell, with
using the same configuration as in LA cell. For another exam ple
alternative, MeNB may setup backup bearers for LA RBs in macro cell
beforehand and pending these backup RBs before LA connection
release; and after LA connection is released, the UE and MeNB may

continue the transm ission on backup bearers.

When UE has performed the LA connection release, UE will send the message to
the MeNB irrespective of whether the LA connection release procedure is
controlled by MeNB or LAeNB.

The message may be either the LA connection com plete message to indicate the
LA connection release procedure is complete, or the integrated indication to
indicate that the UE is back to single connection mode from dual connection

mode.

Further, such a message may contain the information of the reason of back to
single connection mode, moved RB inform ation e.g. which RB is moved from LA

cell to Macro cell etc.

In the following, an exam ple of an implem entation of the above described certain
versions will be described from a whole LA connection release procedure point of

view with reference to Fig. 3.

In Fig. 3, a case is assumed where the MeNB controls the LA connection release
procedure, as defined above. However, in a case where the LA connection
release procedure would be controlled by the LAeNB, as described in the above
alternative, corresponding signaling will be started / ended at the LAeNB. As

shown in Fig. 3, the whole LA connection release procedure may be as follows:

11
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It is noted that in Fig. 3, the solid lines indicate layer 3 signaling except for the
step "UL allocation” within step si1, which is layer 1l/llayer 2 signaling. Further,

the broken lines in Fig. 3 indicate transm ission of user data.

As indicated by the broken lines between the UE and the LAeNB, Fig. 3 relates to
a case where packet data for DRBs in LA cell are transm itted between the UE and
the LAeNB.

In a step s1, possible measurement to support LA connection release is

configured by MeNB, and the measurement report will be sent to MeNB.

In step S2, the LA eNB may send traffic status indication to MeNB to indicate e.g.
that the traffic on LA RBs ends, to help the MeNB to make the decision on LA

connection release.

Further, in a step S2, the MeNB makes the LA connection release decision for
dual connection according to the input e.g. measurement results, traffic status

etc.

Then, in a step S3, the MeNB will send LA connection release com mand to both
the UE and the LAeNB. The LA connection release command could include the
information e.g. EPS bearer ID, radio bearer ID, the indication of bearer release,

the indication of bearer suspend, radio bearer/radio resource configuration etc.
Then, steps S5 and S6 relate to the data transfer procedure.

For exam ple, the LAeNB may send SN status and transfer data to MeNB via e.g.
X2 or new backhaul interface (choice 1 in Fig. 3). As an alternative, LAeNB may

continue to send the data to UE until the data ends (choice 2 in Fig. 3).

That is, when UE receives the LA connection release command, it may do the

following actions.

12
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According to an exam ple choice 2 in Fig. 3, the UE finishes the data transm ission
on corresponding RBs via LA cell or macro cell. Before the UE releases the LA
connection, LAeNB and UE should finish the data that already arrives in LAeNB so
that these data do not need to be forwarded to MeNB. For exam ple, when the UE
received the LA connection release com mand, both UE and LAeNB do not release
the LA connection, but continue the data transm ission on LA RBs until the LAeNB

sends the indication for data ending to the UE.

Such a procedure could be configured to be enabled or disabled.

According to an example choice 1 in Fig. 3, the UE suspends/releases the
corresponding RBs that are indicated in LA connection release com mand and
updates security param eters for corresponding RBs that are indicated in LA

connection release com mand, by using MeNB security param eters.

Then, the UE applies the radio bearer/radio resource configuration that is
indicated in LA connection release  command and resumes  packet
transm ission/reception of corresponding RBs that are indicated in LA connection

release com mand in macro cell.

This exam ple procedure mainly relates to LA RB handling: Originally in single
connection case, when connection is released, corresponding RB will be also
released. But here for dual connection, when LA connection is released, LA RBs
may be automatically setup by both UE and eNB in macro cell, with using the
same configuration as in LA cell. The non-lim iting advantage here is to avoid the
signaling procedure and delays to setup these RBs in macro cell, at meanwhile
keep the continuous transm ission for corresponding service that on LA RBs and
minim ize the interruption time for corresponding service during LA connection
release. For another example alternative, MeNB may setup backup bearers for LA
RBs in macro cell beforehand and pending these backup RBs before AL
connection release; after LA connection is released, the UE and MeNB may

continue the transm ission on backup bearers.

Then, the UE may send a LA connection release com plete message to MeNB.

13
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One message is needed for the release command to indicate to the MeNB when
the UE is done for LA connection release, so that the corresponding LA RBs and
services may be continued in the macro cell to avoid the long service
interruptions or even service drop. Further, the content of the message is defined
so as to be not restricted to only contain com plete indication, but also the RB
information that continues in macro cell, and also the message is a flag for the

UE mode transition, i.e. from dual connection mode to single connection mode.

Then, in a step S7, the MeNB and LAeNB may com municate with MME and SGW

about the connection release in LA cell.

Finally, as indicated by the broken lines between the UE and the MeNB, packet
data for DRBs in LA cell are transm itted between the UE and the MeNB.

In view of the above, the present disclosure according to certain versions as

described above achieves the following exam ple advantages.

There is created the procedure for LA connection release considering the dual

connection scenario in LA network.

The exam ple procedure according to certain example versions of the present

disclosure is sim plified and minim izes the corresponding signaling exchange.

Further, according to certain example versions of the present disclosure, the
release command may be flexibly determ ined and transm itted by MeNB. Since
MeNB may have the inform ation for all LA cells and MeNB may be the mobility
anchor for UE, letting the MeNB control the LA connection release could minim ize

the service interruption for the UEs that are carried on LA cells.
Moreover, RB reestablishm ent procedure in macro cell may be sim plified and

optim ized, so that service that is originally carried on LA cell will minimize the

interruption and avoid service drop during the dual connection release procedure.

14
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Fig. 4 shows a principle flowchart of an example for a method according to
certain versions of the present disclosure. That is, as shown in Fig. 4, this
method for use in a first network element com prises making, at a first network
element, a local area connection release decision in a step S41, and causing
transm ission of a local area connection release command to a user equipm ent
and a second network element, wherein the user equipm ent is connected at the
same tim e to both the first network element and the second network element in
a step S42.

According to certain versions of the present disclosure, the method further
com prises configuring a measurem ent procedure that supports in making the
local area connection release decision, and causing transm ission of the

configured measurem ent procedure to the user equipment.

According to certain versions of the present disclosure, the method further
com prises receiving, at the first network element, a measurem ent report from
the wuser equipment according to the configured measurem ent procedure,
wherein the measurement report is taken into consideration when making the

local area connection release decision.

According to certain versions of the present disclosure, the local area connection
release command includes at least one of information on evolved packet system
bearer identification, radio bearer identification, indication of bearer release,
indication of bearer suspension, radio bearer configuration and radio resource

configuration.

According to certain versions of the present disclosure, the local area connection
release com mand is a separate message, an inform ation element included in a
radio resource control connection re-establishment message or an inform ation

element included in a handover message.

According to certain versions of the present disclosure, the first network elem ent
is a macro base station and the second network element is a local area base

station and the user equipm ent com municates with the local are base station.
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According to certain versions of the present disclosure, the method further
com prises receiving, at the macro base station, traffic status indication from the

local area base station.

According to certain versions of the present disclosure, the traffic status

indication indicates that traffic on local area bearers comes to an end.

According to certain versions of the present disclosure, the traffic status
indication is sent via a backhaul connection between the macro base station and

the local area base station.

According to certain versions of the present disclosure, the traffic status

indication is sent in a periodic manner or triggered by a predeterm ined event.

According to certain versions of the present disclosure, the method further
com prises setting up, by the macro base station, a radio bearer, and after the
connection between the user equipment and the local area base station is

released, continuing data transm ission with the user equipm ent on the bearer.

According to certain versions of the present disclosure, the method further
com prises setting up, by the macro base station, a backup bearer, and after the
connection between the user equipment and the local area base station is
released, continuing data transm ission with the user equipment on the backup
bearer.

According to certain versions of the present disclosure, the first network elem ent
is a local area base station and the second network element is a macro base

station and the user equipm ent com municates with the local are base station.
According to certain versions of the present disclosure, the method further

com prises continuing the com munication with user equipment, and causing

transm ission of an indication for end of data transm ission to the user equipm ent.
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Fig. 5 shows a principle flowchart of an example for a method according to
certain versions of the present disclosure. That is, as shown in Fig. 5, this
method for use in a user equipm ent com prises receiving, at a user equipment,
which is connected to a macro base station and a local area base station at the
same time and perform s data transm ission with the local area base station, a
local area connection release command in a step S51, and continuing data
transm ission with the local area base station until receiving an indication for end

of the data transm ission from the local area base station in a step S52.

According to certain versions of the present disclosure, the method further
com prises perform ing a local area connection release, causing transm ission of a
message indicating com pletion of the local area connection release to the macro
base station, and continuing data transm ission with the macro base station on a

bearer setup by the macro base station.

According to certain versions of the present disclosure, the message further
indicates that the user equipm ent has switched from a dual connection mode to a

single connection mode.

According to certain versions of the present disclosure, the message further
includes inform ation indicating at least one of the reason for switching from the
dual connection mode to the single connection mode and the radio bearers

moved from local area cell to macro cell.

Fig. 6 shows a principle flowchart of another example for a method according to
certain versions of the present disclosure. That is, as shown in Fig. 6, this
method for use in a local area base station com prises receiving, at the local area
base station perform ing data transm ission with a user equipm ent, a connection
release command from a macro base station in a step S61, continuing data
transm ission with the wuser equipm ent after receiving the connection release
com mand from the macro base station in a step S62, and causing transm ission

of an indication for end of data transm ission to the user equipm ent in a step S63.
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According to certain versions of the present disclosure, the method further
com prises causing transm ission of traffic status indication to the macro base

station.

According to certain versions of the present disclosure, the traffic status

indication indicates that traffic on local area bearers comes to an end.

According to certain versions of the present disclosure, the traffic status
indication is sent via a backhaul connection between the macro base station and

the local area base station.

According to certain versions of the present disclosure, the traffic status

indication is sent in a periodic manner or triggered by a predeterm ined event.

Fig. 7 is a block diagram illustrating an example of an apparatus according to
certain versions of the present disclosure. The apparatus 70 com prises at least
one processor 71 and at least one memory 72 including com puter program code,
which are connected by a bus 74 or the like. As indicated with a dashed line in
Fig. 7, an interface 73 may optionally be connected to the bus 74 or the like,
which may enable com munication e.g. to/from another base station, user

equipm ent, other network entity, or the like.

According to certain versions of the present disclosure, the apparatus may be
part of a first network element or may be implemented in the first network
element, and the at least one memory and the computer program code are
arranged to, with the at least one processor, cause the apparatus at least to
perform making a local area connection release decision, and causing
transm ission of a local area connection release command to a user equipm ent
and a second network element, wherein the user equipm ent is connected at the

same tim e to both the first network elem ent and the second network elem ent.

According to certain versions of the present disclosure, the apparatus may be
part of a user equipment or may be implemented in the user equipment, and the

at least one memory and the computer program code are arranged to, with the
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at least one processor, cause the apparatus at least to perform receiving, at the
user equipm ent, which is connected to a macro base station and a local area
base station at the same time and perform s data transm ission with the local area
base station, a local area connection release com mand, and continuing data
transm ission with the local area base station until receiving an indication for end

of the data transm ission from the local area base station.

One option for implementing this exam ple for an apparatus according to certain
versions of the present disclosure would be a component in a handset such as
user equipment UE according to 3G or LTE/LTE-A. For example, the user
equipm ent may be a mobile phone, a personal digital assistant (PDA), a laptop

com puter, a tablet computer, or the like.

According to certain versions of the present disclosure, the apparatus may be
part of a local area base station or may be implemented in the local area base
station, and the at least one memory and the computer program code are
arranged to, with the at least one processor, cause the apparatus at least to
perform receiving, at the local area base station perform ing data transm ission
with a user equipment , a connection release command from a macro base
station, continuing data transm ission with the user equipm ent after receiving the
connection release command from the macro base station, and causing

transm ission of an indication for end of data transm ission to the user equipm ent.

For further functions of the apparatus according to further example version of
the present disclosure, reference is made to the above description of methods
according to example versions of the present disclosure, as described in

connection with Figs. 4 to 6.

In the foregoing exam ple description of the apparatus implemented in e.g. the
user equipment, network elements or base stations (or part of the user
equipm ent, network elements or base stations) , only the units that are relevant
for understanding the principles of the disclosure have been described using
functional blocks. The apparatuses may comprise further units that are necessary

for its respective operation as user equipm ent, network element or base station,
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respectively. However, a description of these units is omitted in this specification.
The arrangement of the functional blocks of the apparatuses is not construed to
limit the disclosure, and the functions may be performed by one block or further
split into sub-blocks. Further, the apparatuses, i.e. the user equipment, network
elements or base station, may be connected via a link 45. The link 45 may be a
physical and/or logical coupling, which is implementation-independent (e.0.

wired or wireless) .

According to exam ple versions of the present disclosure, a system may comprise
any conceivable com bination of the thus depicted devices/ apparatuses and other

network elements, which are arranged to cooperate as described above.

In general, it is to be noted that respective functional blocks or elem ents
according to above-described versions may be implemented by any known
means, either in hardware and/or software, respectively, if it is only adapted to
perform the described functions of the respective parts. The mentioned method
steps may be realized in individual functional blocks or by individual devices, or
one or more of the method steps may be realized in a single functional block or

by a single device.

Generally, any procedural step or functionality is suitable to be implem ented as
software or by hardware without changing the idea of the present disclosure.
Such software may be software code independent and may be specified using
any known or future developed program ming language, such as e.g. Java, C+ +,
C, and Assembler, as long as the functionality defined by the method steps is
preserved. Such hardware may be hardware type independent and may be
implem ented using any known or future developed hardware technology or any
hybrids of these, such as MOS (Metal Oxide Semiconductor) , CMOS
(Complem entary MOS), BIiMOS (Bipolar MOS), BICMOS (Bipolar CMOS), ECL
(Emitter Coupled Logic), TTL (Transistor-Transistor Logic), etc., using for
exam ple ASIC (Application Specific IC (Integrated Circuit)) com ponents, FPGA
(Field-program mable Gate Arrays) com ponents, CPLD (Com plex Program mable
Logic Device) components or DSP (Digital Signal Processor) components. A

device/ apparatus may be represented by a semiconductor chip, a chipset,
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system in package (SlIp), or a (hardware) module comprising such chip or
chipset; this, however, does not exclude the possibility that a functionality of a
device/ apparatus or module, instead of being hardware implemented, be
im plem ented as software in a (software) module such as a com puter program or
a computer program product com prising executable software code portions for
execution/being run on a processor. A device may be regarded as a
device/ apparatus or as an assembly of more than one device/ apparatus, whether
functionally in cooperation with each other or functionally independently of each

other but in a sam e device housing, for example.

Apparatuses and/or means or parts thereof may be implemented as individual
devices, but this does not exclude that they may be implemented in a distributed
fashion throughout the system, as long as the functionality of the device is
preserved. Such and similar principles are to be considered as known to a skilled

person.

Software in the sense of the present description comprises software code as such
com prising code means or portions or a computer program or a com puter
program product for perform ing the respective functions, as well as software (or
a com puter program or a com puter program product) embodied on a tangible
medium such as a com puter-readable (storage) medium having stored thereon a
respective data structure or code means/portions or embodied in a signal or in a

chip, potentially during processing thereof.

The present disclosure also covers any conceivable com bination of method steps
and operations described above, and any conceivable com bination of nodes,
apparatuses, modules or elements described above, as long as the above-

described concepts of methodology and structural arrangem ent are applicable.

Even though the present disclosure and/or exam ple versions are described above
with reference to the examples according to the accom panying drawings, it is to
be understood that they are not restricted thereto. Rather, it is apparent to those
skilled in the art that the present disclosure may be modified in many ways

without departing from the scope of the inventive idea as disclosed herein .
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Abbreviations:

CA
DL
eNB
EPS

LAeNB
LTE
LTE-A
MAC
MeNB
MME
PDCP
RB
RRC
SGW
SRB
UE

UL

Carrier Aggregation

Downlink

Enhanced Node B

Evolved Packet System

Local Area

Local Area eNB

Long Term Evolution

Long Term Evolution Advanced
Medium Access Control

Macro eNB

Mobility Managem ent Entity
Packet Data Convergence Protocol
Radio Bearer

Radio Resource Control
Service GateWay

Signaling Radio Bearer

User Equipm ent

Uplink
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WHAT IS CLAI MED IS:

1. A method, comprising:

making, at a first network element, a local area connection release
decision, and

causing transm ission of a local area connection release com mand to a user
equipment and a second network element, wherein the wuser equipment is
connected at the same time to both the first network element and the second

network elem ent.

2. The method according to claim 1, further com prising:

configuring a measurement procedure that supports in making the local
area connection release decision, and

causing transm ission of the configured measurement procedure to the

user equipm ent.

3. The method according to claim 2, further com prising:

receiving, at the first network element, a measurement report from the
user equipment according to the configured measurement procedure, wherein
the measurem ent report is taken into consideration when making the local area

connection release decision.

4. The method according to any one of claims 1 to 3, wherein

the local area connection release command includes at least one of
inform ation on evolved packet system bearer identification, radio bearer
identification, indication of bearer release, indication of bearer suspension, radio

bearer configuration and radio resource configuration .

5. The method according to any one of claims 1 to 4, wherein

the local area connection release command is a separate message, an
inform ation element included in a radio resource control connection re-
establishm ent message or an inform ation element included in a handover

message.
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6. The method according to any one of claims 1to 5, wherein
the first network element is a macro base station and the second network
element is a local area base station and the user equipment com municates with

the local are base station.

7. The method according to claim 6, further com prising
receiving, at the macro base station, traffic status indication from the local

area base station.

8. The method according to claim 7, wherein
the traffic status indication indicates that traffic on local area bearers

comes to an end.

9. The method according to claim 7 or 8, wherein
the traffic status indication is sent via a backhaul connection between the

macro base station and the local area base station.

10. The method according to any one of claims 7 to 9, wherein
the traffic status indication is sent in a periodic manner or triggered by a

predeterm ined event.

11. The method according to any one of claims 6 to 10, further comprising

setting up, by the macro base station, a radio bearer, and

after the connection between the user equipment and the local area base
station is released,

continuing data transm ission with the user equipm ent on the bearer.

12. The method according to any one of claims 6 to 10, further comprising

setting up, by the macro base station, a backup bearer, and

after the connection between the user equipment and the local area base
station is released,

continuing data transm ission with the user equipment on the backup

bearer.
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13. The method according to any one of claims 1to 5, wherein
the first network element is a local area base station and the second
network element is a macro base station and the user equipment com municates

with the local are base station.

14. The method according to claim 13, further com prising:
continuing the com munication with user equipment, and
causing transm ission of an indication for end of data transm ission to the

user equipm ent.

15. A method, comprising:
receiving, at a user equipm ent, which is connected to a macro base station
and a local area base station at the same time and perform s data transm ission
with the local area base station, a local area connection release com mand,
continuing data transm ission with the local area base station until
receiving an indication for end of the data transm ission from the local area base

station.

16. The method according to claim 15, further com prising:

perform ing a local area connection release,

causing transm ission of a message indicating com pletion of the local area
connection release to the macro base station, and

continuing data transm ission with the macro base station on a bearer

setup by the macro base station.

17. The method according to claim 16, wherein
the message further indicates that the user equipment has switched from

a dual connection mode to a single connection mode.

18. The method according to claim 16 or 17, wherein
the message further includes information indicating at least one of the
reason for switching from the dual connection mode to the single connection

mode and the radio bearers moved from local area cell to macro cell.
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19. A method, comprising:

receiving, at a local area base station perform ing data transm ission with a
user equipm ent , a connection release com mand from a macro base station,

continuing data transm ission with the user equipment after receiving the
connection release com mand from the macro base station, and

causing transm ission of an indication for end of data transm ission to the

user equipm ent.

20. The method according o claim 19, further comprising

causing transm ission of traffic status indication to the macro base station.

21. The method according to claim 20, wherein
the traffic status indication indicates that traffic on local area bearers

comes to an end.

22. The method according to claim 20 or 21, wherein
the traffic status indication is sent via a backhaul connection between the

macro base station and the local area base station.

23. The method according to any one of claims 20 to 22, wherein
the traffic status indication is sent in a periodic manner or triggered by a

predeterm ined event.

24. An apparatus for use in a first network elem ent, the apparatus com prising:

at least one processor,

and at least one mem ory including com puter program code,
the at least one memory and the computer program code arranged to, with the
at least one processor, cause the apparatus at least to perform :

making a local area connection release decision, and

causing transm ission of a local area connection release command to a user
equipment and a second network element, wherein the user equipment is
connected at the same time to both the first network element and the second

network elem ent.
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25. The apparatus according to claim 24, wherein the at least one memory and
the computer program code are further arranged to, with the at least one
processor, cause the apparatus at least to perform :

configuring a measurement procedure that supports in making the local
area connection release decision, and

causing transm ission of the configured measurement procedure to the

user equipm ent.

26. The apparatus according to claim 25, wherein the at least one memory and
the computer program code are further arranged to, with the at least one
processor, cause the apparatus at least to perform :

receiving, at the first network element, a measurement report from the
user equipment according to the configured measurement procedure, wherein
the measurem ent report is taken into consideration when making the local area

connection release decision.

27. The apparatus according to any one of claims 24 to 26, wherein

the local area connection release command includes at least one of
inform ation on evolved packet system bearer identification, radio bearer
identification, indication of bearer release, indication of bearer suspension, radio

bearer configuration and radio resource configuration .

28. The apparatus according to any one of claims 24 to 27, wherein

the local area connection release command is a separate message, an
inform ation element included in a radio resource control connection re-
establishm ent message or an inform ation element included in a handover

message.

29. The apparatus according to any one of claims 24 to 28, wherein
the first network element is a macro base station and the second network
element is a local area base station and the user equipment com municates with

the local are base station.

27



10

15

20

25

30

WO 2014/179970 PCT/CN2013/075419

30. The apparatus according to claim 29, wherein the at least one memory and
the computer program code are further arranged to, with the at least one
processor, cause the apparatus at least to perform

receiving, at the macro base station, traffic status indication from the local

area base station.

31. The apparatus according to claim 30, wherein
the traffic status indication indicates that traffic on local area bearers

comes to an end.

32. The apparatus according to claim 30 or 31, wherein
the traffic status indication is sent via a backhaul connection between the

macro base station and the local area base station.

33. The method according to any one of claims 30 to 32, wherein
the traffic status indication is sent in a periodic manner or triggered by a

predeterm ined event.

34. The apparatus according to any one of claims 29 to 33, wherein the at least
one memory and the com puter program code are further arranged to, with the at
least one processor, cause the apparatus at least to perform :

setting up, by the macro base station, a radio bearer, and

after the connection between the user equipment and the local area base
station is released,

continuing data transm ission with the user equipm ent on the bearer.

35. The apparatus according to any one of claims 29 to 33, wherein the at least
one memory and the com puter program code are further arranged to, with the at
least one processor, cause the apparatus at least to perform :

setting up, by the macro base station, a backup bearer, and

after the connection between the user equipment and the local area base
station is released,

continuing data transm ission with the user equipment on the backup

bearer.
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36. The apparatus according to any one of claims 24 to 28, wherein
the first network element is a local area base station and the second
network element is a macro base station and the user equipment com municates

with the local are base station.

37. The apparatus according to claim 36, wherein the at least one memory and
the computer program code are further arranged to, with the at least one
processor, cause the apparatus at least to perform :

continuing the com munication with user equipment, and

causing transm ission of an indication for end of data transm ission to the

user equipm ent.

38. An apparatus for use in a user equipm ent, comprising:

at least one processor,

and at least one mem ory including com puter program code,
the at least one memory and the computer program code arranged to, with the
at least one processor, cause the apparatus at least to perform :

receiving, at the user equipment, which is connected to a macro base
station and a local area base station at the same time and perform s data
transm ission with the local area base station, a local area connection release
com mand,

continuing data transm ission with the local area base station until
receiving an indication for end of the data transm ission from the local area base

station.

39. The apparatus according to claim 38, wherein the at least one memory and
the computer program code are further arranged to, with the at least one
processor, cause the apparatus at least to perform :

perform ing a local area connection release,

causing transm ission of a message indicating com pletion of the local area

connection release to the macro base station, and
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continuing data transm ission with the macro base station on a bearer

setup by the macro base station.

40. The apparatus according to claim 39, wherein
the message further indicates that the user equipment has switched from

a dual connection mode to a single connection mode.

41. The apparatus according to claim 39 or 40, wherein
the message further includes information indicating at least one of the
reason for switching from the dual connection mode to the single connection

mode and the radio bearers moved from local area cell to macro cell.

42. The apparatus according to any one of claims 38 to 4 1, wherein
the user equipm ent is a mobile phone.

43. An apparatus for use in a local area base station, com prising:

at least one processor,

and at least one mem ory including com puter program code,

the at least one memory and the com puter program code arranged to,
with the at least one processor, cause the apparatus at least to perform :

receiving, at the local area base station perform ing data transm ission with
a user equipment , a connection release com mand from a macro base station,

continuing data transm ission with the user equipment after receiving the
connection release com mand from the macro base station, and

causing transm ission of an indication for end of data transm ission to the

user equipm ent.

44. The apparatus according to claim 43, wherein the at least one memory and
the computer program code are further arranged to, with the at least one
processor, cause the apparatus at least to perform

causing transm ission of traffic status indication to the macro base station.

45. The apparatus according to claim 44, wherein
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the traffic status indication indicates that traffic on local area bearers

comes to an end.

46. The apparatus according to claim 44 or 45, wherein
the traffic status indication is sent via a backhaul connection between the

macro base station and the local area base station.

47. The apparatus according to any one of claims 44 to 46, wherein
the traffic status indication is sent in a periodic manner or triggered by a

predeterm ined event.

48. An apparatus for use in a first network element, com prising:

means for making, at the first network element, a local area connection
release decision, and

means for causing transmission of a local area connection release
com mand to a user equipment and a second network element, wherein the user
equipm ent is connected at the same time to both the first network element and

the second network elem ent.

49. An apparatus for use in a user equipm ent, comprising:

means for receiving, at the user equipm ent, which is connected to a macro
base station and a local area base station at the same time and performs data
transm ission with the local area base station, a local area connection release
com mand,

means for continuing data transm ission with the local area base station
until receiving an indication for end of the data transm ission from the local area

base station.

50. An apparatus for use in a local area base station, com prising:

means for receiving, at the local area base station performing data
transm ission with a user equipment, a connection release com mand from a
macro base station,

means for continuing data transm ission with the user equipment after

receiving the connection release com mand from the macro base station, and
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means for causing transmission of an indication for end of data

transm ission to the user equipm ent.

51. A computer program product comprising computer-executable com puter
program code which, when the program is run on a computer, is arranged to

cause the com puter to carry out the method according to any one of claims 1 to
23.

52. The com puter program product according to claim 51, embodied as a

com puter-readable storage medium .
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Fig. 2
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Fig. 4
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Fig. 5
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until receiving an indication for end of the data transmission from N
the local area base station S52
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Fig. 6

receiving, at a local area base station performing data
transmission with a user equipment, a connection release
command from a macro base station

N

continuing data transmission with the user equipment after
receiving the connection release command from the macro base
station

A

causing transmission of an indication for end of data
transmission to the user equipment
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