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Description

BACKGROUND

[0001] Wireless mobile communication technology us-
es various standards and protocols to transmit data be-
tween a node (e.g., a transmission station) and a wireless
device (e.g., a mobile device). Some wireless devices
communicate using orthogonal frequency-division multi-
ple access (OFDMA) in a downlink (DL) transmission and
single carrier frequency division multiple access (SC-FD-
MA) in an uplink (UL) transmission. Standards and pro-
tocols that use orthogonal frequency-division multiplex-
ing (OFDM) for signal transmission include the third gen-
eration partnership project (3GPP) long term evolution
(LTE), the Institute of Electrical and Electronics Engi-
neers (IEEE) 802.16 standard (e.g., 802.16e, 802.16m),
which is commonly known to industry groups as WiMAX
(Worldwide interoperability for Microwave Access), and
the IEEE 802.11 standard, which is commonly known to
industry groups as WiFi.
[0002] In 3GPP radio access network (RAN) LTE sys-
tems, the node can be a combination of Evolved Univer-
sal Terrestrial Radio Access Network (E-UTRAN) Node
Bs (also commonly denoted as evolved Node Bs, en-
hanced Node Bs, eNodeBs, or eNBs) and Radio Network
Controllers (RNCs), which communicates with the wire-
less device, known as a user equipment (UE). The down-
link (DL) transmission can be a communication from the
node (e.g., eNodeB) to the wireless device (e.g., UE),
and the uplink (UL) transmission can be a communication
from the wireless device to the node.
[0003] In homogeneous networks, the node, also
called a macro node, can provide basic wireless cover-
age to wireless devices in a cell. The cell can be the area
in which the wireless devices are operable to communi-
cate with the macro node. Heterogeneous networks (Het-
Nets) can be used to handle the increased traffic loads
on the macro nodes due to increased usage and func-
tionality of wireless devices. HetNets can include a layer
of planned high power macro nodes (or macro-eNBs)
overlaid with layers of lower power nodes (small-eNBs,
micro-eNBs, pico-eNBs, femto-eNBs, or home eNBs
[HeNBs]) that can be deployed in a less well planned or
even entirely uncoordinated manner within the coverage
area (cell) of a macro node. The lower power nodes
(LPNs) can generally be referred to as "low power
nodes", small nodes, or small cells.
[0004] In LTE, data can be transmitted from the eNo-
deB to the UE via a physical downlink shared channel
(PDSCH). A physical uplink control channel (PUCCH)
can be used to acknowledge that data was received.
Downlink and uplink channels or transmissions can use
time-division duplexing (TDD) or frequency-division du-
plexing (FDD).
[0005] WO 2013/104416 A1 discloses a user equip-
ment operable to support dual connectivity, the UE hav-
ing computer circuitry configured to receive a radio re-

source control reconfiguration message (Fig. 3) from a
macro evolved node B, the RRC reconfiguration mes-
sage indicating that a secondary cell associated with a
secondary eNB is to be added for connection to the UE.
[0006] WO 2012/137074 A1 discloses a user equip-
ment (Fig. 3) operable to support dual connectivity, the
UE having computer circuitry configured to receive a ra-
dio resource control reconfiguration message (step
S301) from a macro evolved node B, the RRC reconfig-
uration message indicating that a secondary cell associ-
ated with a secondary eNB is to be added for connection
to the UE.
[0007] The invention is defined by the independent
claims. Preferred embodiments are set out in the depend-
ent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Features and advantages of the disclosure will
be apparent from the detailed description which follows,
taken in conjunction with the accompanying drawings,
which together illustrate, by way of example, features of
the disclosure; and, wherein:

FIG. 1 illustrates an anchor-booster network archi-
tecture in accordance with an example;
FIG. 2 illustrates control plane architecture support-
ing dual connectivity in accordance with an example;
FIG. 3 illustrates signaling for adding a secondary
cell for communication with a user equipment (UE)
in accordance with an example;
FIG. 4 illustrates additional signaling for adding a
secondary cell for communication with a user equip-
ment (UE) in accordance with an example;
FIG. 5 depicts functionality of computer circuitry of
a user equipment (UE) operable to support dual con-
nectivity in accordance with an example;
FIG. 6 depicts functionality of computer circuitry of
a user equipment (UE) operable to support dual con-
nectivity in accordance with an example;
FIG. 7 depicts a flowchart of a method for supporting
dual connectivity in accordance with an example;
and
FIG. 8 illustrates a diagram of a wireless device (e.g.,
UE) in accordance with an example.

[0009] Reference will now be made to the exemplary
embodiments illustrated, and specific language will be
used herein to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention
is thereby intended.

DETAILED DESCRIPTION

[0010] Before the present invention is disclosed and
described, it is to be understood that this invention is not
limited to the particular structures, process steps, or ma-
terials disclosed herein, but is extended to equivalents
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thereof as would be recognized by those ordinarily skilled
in the relevant arts. It should also be understood that
terminology employed herein is used for the purpose of
describing particular examples only and is not intended
to be limiting. The same reference numerals in different
drawings represent the same element. Numbers provid-
ed in flow charts and processes are provided for clarity
in illustrating steps and operations and do not necessarily
indicate a particular order or sequence.

EXAMPLE EMBODIMENTS

[0011] An initial overview of technology embodiments
is provided below and then specific technology embodi-
ments are described in further detail later. This initial sum-
mary is intended to aid readers in understanding the tech-
nology more quickly but is not intended to identify key
features or essential features of the technology nor is it
intended to limit the scope of the claimed subject matter.
[0012] Heterogeneous networks have been widely re-
garded as a key technology for combating spectrum
crunch and meeting wireless communication traffic
growth in the years to come. Spectrum crunch can refer
to user demand for data exceeding the spectrum bands
and bandwidth available on current network infrastruc-
tures.
[0013] FIG. 1 illustrates an exemplary anchor-booster
network architecture 100. The anchor-booster network
architecture 100 is a form of heterogeneous network. The
anchor-booster network architecture 100 can include at
least one anchor evolved node B (eNB) 104 and at least
one booster eNB 106. The anchor eNB 104 can be as-
sociated with an anchor cell, macro cell or primary cell.
The booster eNB 106 can be associated with a booster
cell, small cell or secondary cell. The booster eNB 106
can operate in the same or different frequency bands as
the anchor eNB 104.
[0014] The anchor eNB 104 can be a high transmission
power eNB for coverage and connectivity. The anchor
eNB 104 is responsible of mobility because the coverage
of the anchor eNB 104 is generally wider than that of the
booster eNB 106. The anchor eNB 104 can also be re-
sponsible for radio resource control (RRC) signaling. The
booster eNB 106 can be a low transmission power eNB
for traffic offloading (i.e., offloading data transmissions)
and quality of service (QoS) enhancement. The anchor
eNB 104 and the booster eNB 106 can both serve packet
data depending on the required QoS. For example, the
anchor eNB 104 can serve delay sensitive data, such as
Voice over IP (VoIP), while the booster eNB 106 services
delay tolerant data, such as file transfer protocol (FTP).
[0015] A user equipment (UE) 108 can be supported
by both the booster eNB 106 and the anchor eNB 104 in
order to ensure mobility robustness, satisfy QoS perform-
ance and balance the traffic load between the anchor
eNB 104 and the booster eNB 106. In other words, the
UE 108 can support dual connectivity because the UE is
served by both the booster eNB 106 and the anchor eNB

104. With such dual connectivity, the anchor eNB 104
can handle control plane signaling and delay-sensitive
traffic, while the booster eNB 106 can handle delay-tol-
erant user-plane traffic.
[0016] As shown in FIG. 1, the booster eNB 106 can
be deployed under the coverage of the anchor eNB 104
and connected to the core network 102 via the anchor
eNB 104. The anchor eNB 104 and the booster eNB 106
can be connected via an X2 interface. The anchor eNB
104 and the core network 102 can be connected via an
S1 interface. The backhaul link connecting the anchor
eNB 104 and the booster eNB 106 can be ideal or non-
ideal, wherein an "ideal" backhaul link has a latency (in
milliseconds) that is less than a predetermined value and
a "non-ideal" backhaul link has a latency that is greater
than the predetermined value.
[0017] Each backhaul technology can be associated
with a latency (one-way), throughput and priority level.
For example, fiber access 1 can have a latency of 10-30
ms, fiber access 2 can have a latency of 5-10 ms, fiber
access 3 can have a latency of 2-5 ms, digital subscriber
line (DSL) access can have a latency of 10-60 ms, and
wireless backhaul can have a latency of 5-35 ms. In one
configuration, the latencies associated with fiber access
1, fiber access 2, fiber access 3, DSL access and wireless
backhaul may be greater than the predetermined value,
and therefore, are considered to be non-ideal backhauls.
As another example, fiber can have a latency (one-way)
that does not exceed 2.5 microseconds (ms). In one con-
figuration, the latency associated with fiber may be less
than the predetermined value, and therefore, is consid-
ered to be an ideal backhaul.
[0018] The macro/anchor cell can function as an "um-
brella" cell and the small/booster cells can be added to
the UE as secondary cells. As described in further detail
below, the small/booster cell can be added or removed
to the UE via signaling between the UE, SeNB and MeNB.
Upon addition of the small/booster cell being coordinated
between the MeNB and the SeNB, a radio resource con-
trol (RRC) message (i.e., a control plane message) can
be communicated to the UE to add the small/booster cell.
The RRC message can be communicated to the UE from
either the MeNB or the SeNB.
[0019] FIG. 2 illustrates an example of control plane
architecture that can support dual connectivity. Dual con-
nectivity generally supports two options for the control
plane architecture. The two options differ with respect to
which entity, either the SeNB or the MeNB, generates
abstract syntax notation one (ASN. 1) encoded RRC
messages to be received at the UE upon addition or re-
moval of the SeNB.
[0020] In option 1, the MeNB can generate RRC mes-
sages to be sent to the UE after coordination of radio
resource management (RRM) functions between the
MeNB and SeNB. The UE RRC entity can receive RRC
messages coming from an RRC entity in the MeNB, and
the UE can respond to the MeNB RRC entity. In order to
configure a radio resource of the SeNB, the SeNB can
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provide radio resource related information to the MeNB.
The MeNB can generate an RRC message including the
SeNB’s radio resource information and send the RRC
message to the UE. In other words, the UE and the SeNB
communicate with one another indirectly via the MeNB.
Option 1 can support dual connectivity with minimal mod-
ification to existing control plane architecture and the
UE’s RRC operation. However, the SeNB may not ex-
actly know when the UE receives the RRC message from
the MeNB and completes the RRC procedure. In other
words, the MeNB may not inform the SeNB when the UE
completes the RRC procedure (e.g., adding the SeNB).
[0021] In option 2, either the MeNB or the SeNB can
generate RRC messages to be sent directly to the UE,
depending on L2 architecture, after coordination of RRM
functions between the MeNB and SeNB. The UE RRC
entity can receive RRC messages from the MeNB and
reply directly to the MeNB. Alternatively, the UE RRC
entity can receive RRC messages from the SeNB and
reply directly to the SeNB. Therefore, the MeNB and
SeNB can both include RRC functionality. For example,
the MeNB can include an anchor RRC entity that com-
municates with the UE RRC entity and the SeNB can
include an assisting RRC entity that communicates with
the UE RRC entity.
[0022] In option 2, the MeNB and SeNB can send RRC
messages independently to the UE. A problem may arise
when the SeNB sends an RRC configuration reconfigu-
ration message including secondary cell (SCell) removal
(i.e., an indication to remove the secondary cell). When
the UE receives the RRC connection reconfiguration
message for the corresponding secondary cell, the UE
may send an RRC connection reconfiguration complete
message to the SeNB to indicate that the UE has suc-
cessfully received the SCell removal indication and has
applied the RRC connection reconfiguration (e.g., re-
move the secondary cell). However, the UE cannot send
the RRC connection reconfiguration message indicating
the secondary cell removal because the UE cannot trans-
mit uplink signaling once the secondary cell is removed.
In other words, the UE cannot send messages to sec-
ondary cells that have since been removed. As described
in further detail below, the UE, SeNB and MeNB can com-
municate signaling among each other for addition, mod-
ification, removal, activation and deactivation of second-
ary cells that support options 1 and/or 2 as described
above.

Secondary Cell Addition

[0023] In the configuration, the UE can receive an RRC
reconfiguration message with SCell addition from the
MeNB. SCell addition can refer to addition of a secondary
cell that can communicate with the UE. The UE can com-
plete an RRC procedure and the SCell can be added.
However, The SeNB may be unaware of when the UE
completes the RRC procedure and is ready to transmit
and receive information with the SeNB. In other words,

the SeNB may not know when it’s been added and is
capable of communicating with the UE. In one example,
the UE can indicate that the RRC procedure has been
completed by sending a preamble to the SeNB.
[0024] In 3GPP Release 11, multiple timing advanced
group (TAG) is introduced to allow different uplink timing
advances (TAs) in multiple cells in carrier aggregation
(CA). A primary cell can have different uplink timing than
a secondary cell if the primary cell and the secondary
cell belong to different TAGs. When the secondary cell
is added and uses a different TA, the eNB can configure
a secondary TAG(s). In addition, the eNB can trigger ran-
dom access by using physical downlink control channel
(PDCCH) order (i.e., contention free random access). A
similar operation can be applied for secondary cells in
dual connectivity. Since random access on the second-
ary cell is only supported with PDCCH order transmitted
on the secondary cell, the SeNB cannot send PDCCH in
order to trigger random access because the UE cannot
monitor PDCCH before it is activated. The secondary cell
cannot be activated before the SeNB knows that the UE
has completed the RRC configuration including the SCell
addition.
[0025] FIG. 3 illustrates exemplary signaling for adding
a secondary cell for communication with a user equip-
ment (UE) using contention based random access. The
secondary cell can be within an anchor cell that is sup-
porting the UE. SCell addition can be used to add a small
cell as the secondary cell. A primary cell and the second-
ary cell can be connected through an ideal backhaul or
a non-ideal backhaul. In one example, whether the sec-
ondary cell is connected through a non-ideal backhaul
can be indicated. In this case, the UE can use contention
based random access and send a preamble to the SeNB.
[0026] As shown in FIG. 3, the SeNB can send SCell
radio resource information to the MeNB after the MeNB
requests the SeNB to be added. The SCell radio resource
information can indicate to the UE that the SeNB is to be
added in order to communicate with the UE. A predefined
processing delay may occur at the eNB. The MeNB can
send an RRC reconfiguration message to the UE that
includes SCell addition. After an approximately 20 milli-
second (ms) and hybrid automatic repeat request
(HARQ) delay, the secondary cell can be added. In other
words, the UE can receive the RRC reconfiguration mes-
sage from the MeNB and apply the reconfiguration pro-
cedure to add the secondary cell. The UE can be config-
ured to communicate with the SeNB after the secondary
cell is added. However, the SeNB may be unaware that
the SCell has been added. Therefore, the UE can send
an RRC complete message to the MeNB. In addition, the
UE can send a preamble to the SeNB. In one example,
the UE may send the RRC complete message and the
preamble substantially in parallel.
[0027] In response to receiving the preamble, the
SeNB can send a random access response (RAR) mes-
sage to the UE. The RAR message is generally sent by
the SeNB in response to a random access preamble.
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The RAR message can be sent on the PDSCH and ad-
dressed with a random access radio network temporary
identifier (RA-RNTI), which identifies a time-frequency
slot in which the preamble was detected. The RAR mes-
sage can include an identity of the detected preamble
and an assignment of a cell-RNTI (C-RNTI). In addition,
the RAR message may include a tracking area code
(TAC), which is a 16-bit integer that is included in a track-
ing area identity. The UE may send a Msg3 with the C-
RNTI to the SeNB. After the UE receives the RAR mes-
sage and sends the Msg3 with C-RNTI to the SeNB, the
SeNB can determine that the UE has added the SCell.
In other words, after the UE receives the RAR message
and sends the Msg3 with C-RNTI to the SeNB, the SCell
configuration can be completed in the UE and the SeNB.
The UE and the SeNB can thereafter communicate data
with each other.
[0028] FIG. 4 illustrates yet another example of sign-
aling for adding a secondary cell for communication with
a user equipment (UE) using contention free random ac-
cess. The SeNB can send SCell radio resource informa-
tion to the MeNB. The SCell radio resource information
can indicate that the SeNB is to be added in order to
communicate with the UE. A predefined processing delay
may occur at the eNB. The MeNB can send an RRC
reconfiguration message to the UE that includes SCell
addition. After an approximately 20 millisecond (ms) and
hybrid automatic repeat request (HARQ) delay, the sec-
ondary cell can be added. In other words, the UE can
receive the RRC reconfiguration message from the
MeNB and apply the reconfiguration procedure to add
the secondary cell. The UE can be configured to com-
municate with the SeNB after the secondary cell is added.
However, the SeNB may be unaware that the SCell has
been added.
[0029] The UE can send an RRC complete message
to the MeNB. In response to sending the RRC complete
message, the UE can receive a secondary cell activation
media access channel control element (MAC CE) from
the MeNB. In addition, the MeNB can send a dedicated
preamble to the UE via physical downlink control channel
(PDCCH) order or RRC signaling. In other words, the
MeNB can include resource information of the dedicated
preamble for the SCell in an RRC signaling message
sent to the UE when the SCell is added. In an alternative
configuration, the MeNB can include the dedicated pre-
amble information in the RRC reconfiguration message
with the SCell addition. The SeNB can indicate the ded-
icated preamble information with other SCell radio re-
source information sent from the SeNB to the MeNB.
[0030] The UE can send a preamble to the SeNB using
a physical random access channel (PRACH). The SeNB
can detect that the UE added the SCell upon receiving
the preamble in the PRACH from the UE. In response to
receiving the preamble, the SeNB can send a random
access response (RAR) message to the UE. The RAR
message may include a tracking area code (TAC), which
is a 16-bit integer that is included in a tracking area iden-

tity. The UE can perform an uplink transmission to at least
one of the MeNB or the SeNB upon receiving the RAR
message from the SeNB.
[0031] In contention based random access (as de-
scribed with respect to FIG. 3), as well as in contention-
free random access (as described with respect to FIG.
4), the UE can send the preamble to the SeNB before
the SCell is activated by the MAC CE. The UE can send
the preamble before SCell activation if the SCell activa-
tion is managed by the SeNB (i.e., the SCell activation
is not managed by the MeNB) and the SeNB sends the
MAC CE for the SCell’s activation. If the UE sends the
preamble before the SCell is activated by the MAC CE,
the UE can assume that the SCell is implicitly activated
with the SCell addition message. Therefore, the UE can
continue to monitor the SCell. Alternatively, the UE can
assume that the SCell is deactivated and the UE may
deactivate the SCell after a random access procedure is
successfully completed.
[0032] If the MeNB activates the SCell using the MAC
CE, the UE can send the preamble to the SeNB when
the corresponding SCell is activated. If the period of time
between the RRC reconfiguration for the SCell addition
and an SCell activated timing is above a defined period,
the SeNB can already determine that the UE has com-
pleted the RRC reconfiguration via an indication from the
MeNB. Therefore, a timer can start when the RRC recon-
figuration for the SCell addition is configured by the
MeNB. If the timer is expired before the SeNB is activat-
ed, the UE may not need to send the preamble to the
SeNB because the SeNB may have already determined
that the SCell has been added via signaling from the
MeNB.

Secondary Cell Modification

[0033] In one example, the SeNB can request the
MeNB to modify SCell radio resource information. The
MeNB can send a radio resource control (RRC) recon-
figuration message including SCell modification to the
UE. The UE can complete the RRC procedure and the
SCell radio resource information of the SeNB can be
modified. However, the SeNB may not know when the
UE completes the RRC procedure and is ready to trans-
mit and receive information with the SeNB using the mod-
ified radio resource information. Therefore, the UE can
indicate that the RRC procedure has been completed to
the SeNB.
[0034] When performing the SCell modification, timing
synchronization may not be established because the tim-
ing synchronization can already be maintained, unlike
when the SCell is added. In order to indicate that the UE
has completed the RRC reconfiguration for SCell modi-
fication, random access can be performed. However,
random access may involve performing downlink signal-
ing for a RAR (random access response), which is un-
necessary for synchronized serving cells and is an inef-
ficient consumption of bandwidth.
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[0035] In one example, the RAR can be avoided when
indicating that the UE has completed the RRC reconfig-
uration for SCell modification, thereby resulting in a more
efficient use of signaling. The UE can send a dedicated
preamble to the SeNB. The SeNB may not send the RAR
to the UE in response to receiving the dedicated pream-
ble from the UE. Thus, the UE can assume that the ded-
icated preamble is successfully transmitted to the SeNB
if the UE receives downlink or uplink scheduling with a
C-RNTI during a random access response window.
[0036] In an alternative example, a scheduling request
(SR) can be triggered. The UE can trigger the SR to the
SCell when the UE completes the RRC configuration of
the SCell. Therefore, the SeNB can be notified via the
scheduling request that the UE has completed the RRC
procedure and the SCell has been modified.

Secondary Cell Removal

[0037] When the SCell served by the SeNB is not use-
ful to the UE (e.g., due to low channel quality or a loading
issue), the SeNB can send an RRC connection reconfig-
uration message including SCell removal to the MeNB.
In other words, the SeNB can send a request to remove
itself to the MeNB. The MeNB can send a radio resource
control (RRC) reconfiguration message including SCell
removal to the UE. The UE can complete the RRC pro-
cedure and the SCell can be removed. The UE can at-
tempt to send an RRC complete message to the SeNB
indicating that the SCell has been removed. However,
once the SCell is removed, the UE may be unable to
send an uplink signal to the SeNB. In other words, the
UE may be unable to send an RRC connection reconfig-
uration complete message to the SeNB notifying to the
SeNB that the SCell has been removed.
[0038] In one configuration, the UE may not send the
RRC connection reconfiguration message to the SeNB
if the RRC connection reconfiguration message is for re-
moval of a corresponding SCell. Therefore, the SeNB
may not become unaware that the SCell has been re-
moved from the UE. However, the SeNB may be notified
that the SCell has been removed from the MeNB after a
defined time period.
[0039] In an alternative configuration, the UE can send
the RRC connection reconfiguration complete message
to the SeNB if the RRC connection reconfiguration mes-
sage is for removal of a corresponding SCell. Thereafter,
the UE can apply the SCell removal. In other words, the
UE can notify the SeNB that the UE is going to remove
the SCell (i.e., when a connection between the UE and
the SeNB is still present) and then subsequently remove
the SCell.
[0040] In yet another configuration, the UE can send
the RRC connection reconfiguration complete message
to the MeNB if the RRC connection reconfiguration mes-
sage is for removal of a corresponding SCell. The MeNB
can forward the RRC connection reconfiguration com-
plete message to the SeNB in order to notify the SeNB

that the SCell has been removed.

Secondary Cell Activation from the SeNB

[0041] In some examples, particular user plane archi-
tectures can allow the SeNB to determine whether to
activate or deactivate an SCell more effectively than the
MeNB. For example, the SeNB can activate the SCell
during an occurrence of downlink or uplink traffic. How-
ever, the UE may not monitor a PDCCH of the SCell
during SCell deactivation, so the UE may not receive a
SCell activation MAC control element (MAC CE) from
the corresponding SCell. In other words, the UE may not
be notified of the SCell activation from the SCell.
[0042] In one example, the SeNB can instruct the
MeNB to activate the SCell. The MeNB can send an SCell
activation MAC CE to the UE indicating that the SCell
has been activated. However, the SeNB may be unable
to detect whether the UE successfully receives the SCell
activation MAC CE from the MeNB. In other words, the
SeNB may be unable to detect when the SCell is activat-
ed.
[0043] In one configuration, the UE can indicate the
SCell activation to the SeNB via an uplink control chan-
nel. The UE can notify the SeNB of the SCell activation
upon receiving the SCell activation MAC CE from the
MeNB. The UE can be configured to send uplink control
information, such as channel state information (CSI) or
Sounding Reference Signal (SRS), to the SeNB. If the
UE receives an indication of the SCell activation from
MeNB, the UE can send a predefined CSI value or SRS
to the SeNB. Once the SeNB detects the CSI or SRS,
the SeNB can start scheduling in the SCell. However, if
a periodicity associated with the CSI or SRS is above a
defined value, a delay can occur in activating the SCell.
[0044] In an alternative configuration, the SCell activa-
tion can be performed according to a configured activa-
tion time. The SeNB can identify the activation time, and
therefore, determine when the SCell has been activated
based on the activation time. The activation time can be
included in a MAC CE activating the SCell or RRC sign-
aling. A processing time for SCell activation can be 24
ms or 34 ms, as defined in 3GPP TS 36.133. If the acti-
vation time is smaller than the processing time for SCell
activation, the activation time may not be configured. The
activation time can be determined based on a period of
time for the SeNB to be notified, from the MeNB, of a
successful transmission of the MAC CE indicating that
the SCell has been activated from the MeNB to the UE.
The period of time may be affected by X2 signaling la-
tency and/or MeNB processing time.
[0045] In yet another configuration, the MeNB can in-
dicate to the SeNB that the UE has successfully received
the MAC CE. The MeNB can notify the SeNB upon de-
termining that the UE has successfully received the MAC
CE via hybrid automatic repeat request (HARQ)-ac-
knowledgement (ACK) or related techniques. The MeNB
can include timing information in the message sent to the
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SeNB. The timing information can include a system frame
number and/or a subframe number for when the UE cor-
rectly received the MAC CE. Therefore, the SeNB can
know an activation time (i.e., when the SCell was acti-
vated).
[0046] In an additional configuration, the UE can send
a random access preamble to the SeNB using a physical
random access channel (PRACH). The UE can send the
random access preamble when the UE receives the MAC
CE indicating the SCell activation from the MeNB. There-
fore, the SeNB can know when the SCell is activated.

Scheduling Request during Secondary Cell Deacti-
vation

[0047] In one example, the UE may wish to send a
scheduling request (SR) on a PUCCH or via random ac-
cess, which are only configured on a primary cell (PCell).
Depending on the user plane architecture, the UE may
wish to send the scheduling request to the SeNB in order
to indicate that there is uplink data in a logical channel
associated with the SeNB. However, if the SCell corre-
sponding to SeNB is deactivated, the UE may be unable
to send the scheduling request because the UE may not
be allowed to transmit or receive information on the de-
activated SCell.
[0048] In one configuration, the UE can send the
scheduling request to the SeNB, even though the SeNB
is deactivated. In other words, the UE may be allowed to
transmit information on the deactivated SCell. The UE
can send the scheduling request on the SCell when there
is uplink data in the logical channel associated with the
SeNB while the SCell is deactivated.
[0049] In an alternative configuration, the UE can send
a buffer status report (BSR) of the SCell to the MeNB.
The UE can send the BSR to the MeNB when there is
uplink data in the logical channel associated with the
SeNB while the SCell is deactivated. In other words, if
the BSR is triggered when the SCell is deactivated, the
UE can send the BSR to the MeNB. The BSR can be
included in a media access control protocol data unit
(MAC PDU) sent from the UE to the MeNB. In addition,
the BSR can trigger a scheduling request in a PCell if
there is an available PUSCH. The MeNB can receive the
BSR of the SCell from the UE and forward the BSR to
the SeNB. Therefore, since the SeNB is unable to receive
the BSR directly from the UE because the SCell is deac-
tivated, the SeNB can receive the BSR from the UE via
the MeNB.
[0050] In yet another configuration, the UE can trigger
contention based random access on the SCell when
there is uplink data in the logical channel associated with
the SeNB while the SCell is deactivated. Therefore, the
SeNB can detect the presence of the uplink data in the
logical channel, even though the SCell is deactivated.
[0051] Another example provides functionality 500 of
computer circuitry of a user equipment (UE) operable to
support dual connectivity, as shown in the flow chart in

FIG. 5. The functionality may be implemented as a meth-
od or the functionality may be executed as instructions
on a machine, where the instructions are included on at
least one computer readable medium or one non-transi-
tory machine readable storage medium. The computer
circuitry can be configured to receive a radio resource
control (RRC) reconfiguration message from a macro
evolved node B (MeNB), the RRC reconfiguration mes-
sage indicating that a secondary cell associated with a
secondary eNB (SeNB) is to be added for connection to
the UE, as in block 510. The computer circuitry can be
configured to complete an RRC reconfiguration proce-
dure to add the secondary cell, as in block 520. The com-
puter circuitry can be further configured to send a pre-
amble to the SeNB indicating that the UE has completed
the RRC reconfiguration procedure, as in block 530. In
addition, the computer circuitry can be configured to com-
municate data with the SeNB after sending the preamble
to the SeNB, wherein the UE supports dual connectivity
to the MeNB and the SeNB, as in block 540.
[0052] In one example, the computer circuitry can be
further configured to determine whether a contention-
free preamble is configured in the RRC reconfiguration
procedure; and determine to not send the preamble to
the SeNB when the contention-free preamble is not con-
figured in the RRC reconfiguration procedure. In addition,
the computer circuitry can be further configured to send
the preamble to the SeNB using contention based ran-
dom access.
[0053] In one example, the computer circuitry can be
further configured to send an RRC complete message
to the MeNB substantially in parallel with sending the
preamble to the SeNB. In addition, the computer circuitry
can be further configured to: receive a random access
response (RAR) message from the SeNB; and send a
Msg3 message including a cell radio network temporary
identifier (C-RNTI) to the SeNB, wherein the SeNB de-
termines that the UE has added the secondary cell upon
receiving the Msg3 message with the C-RNTI. Further-
more, the computer circuitry can be configured to send
the preamble to the SeNB using contention free random
access.
[0054] In one example, the computer circuitry can be
further configured to send the preamble to the SeNB in
a physical random access channel (PRACH), wherein
the preamble is a dedicated preamble resource config-
uration received, at the UE, from the MeNB in a physical
downlink control channel (PDCCH) order message. In
one configuration, the dedicated preamble resource con-
figuration for the SeNB is received at the UE from the
MeNB in the RRC reconfiguration message, wherein the
MeNB can receive dedicated preamble information in a
secondary cell radio resource information message from
the SeNB via an X2 interface.
[0055] In one example, the computer circuitry can be
further configured to receive a dedicated preamble from
the MeNB; send the dedicated preamble to the SeNB
using a physical random access channel (PRACH); re-

11 12 



EP 3 025 555 B1

8

5

10

15

20

25

30

35

40

45

50

55

ceive a random access response (RAR) message from
the SeNB; and perform an uplink transmission to at least
one of the MeNB and the SeNB. In one configuration,
the UE sends the preamble to the SeNB before the SeNB
is activated by the MeNB using a media access control
(MAC) control element (CE). In one example, the MeNB
is associated with one of an anchor cell, macro cell or
primary cell and the SeNB is associated with one of a
booster cell, small cell or secondary cell. In yet another
example, the MeNB supports delay-sensitive traffic and
the SeNB supports delay-tolerant traffic.
[0056] Another example provides functionality 600 of
computer circuitry of a user equipment (UE) operable to
support dual connectivity, as shown in the flow chart in
FIG. 6. The functionality may be implemented as a meth-
od or the functionality may be executed as instructions
on a machine, where the instructions are included on at
least one computer readable medium or one non-transi-
tory machine readable storage medium. The computer
circuitry can be configured to receive a radio resource
control (RRC) reconfiguration message from a macro
evolved node B (MeNB), the RRC reconfiguration mes-
sage indicating to modify radio resource information of a
secondary cell associated with a secondary eNB (SeNB),
as in block 610. The computer circuitry can be configured
to send a dedicated preamble to the SeNB indicating that
the UE has completed an RRC reconfiguration procedure
and that the secondary cell has been modified, as in block
620. The computer circuitry can be further configured to
perform an uplink transmission to the SeNB having mod-
ified radio resource information, the UE supporting dual
connectivity to the MeNB and the SeNB, as in block 630.
[0057] In one example, the computer circuitry can be
further configured to determine that the dedicated pre-
amble is successfully transmitted to the SeNB when the
UE receives downlink or uplink scheduling with a cell
radio network temporary identifier (C-RNTI) during a ran-
dom access response window. In addition, the computer
circuitry can be further configured to send a scheduling
request to the SeNB when the UE completes the RRC
reconfiguration procedure of the SeNB, the scheduling
request indicating to the SeNB that the radio resource
information of the secondary cell has been modified.
[0058] In one example, the computer circuitry can be
further configured to receive the RRC reconfiguration
message from the MeNB, the RRC reconfiguration mes-
sage indicating to remove a secondary cell served by the
SeNB; and determine to not send an RRC reconfiguration
complete message to the SeNB when the RRC recon-
figuration message is for removal of the secondary cell.
In addition, the computer circuitry can be further config-
ured to send the RRC reconfiguration complete message
to the SeNB or the MeNB upon receiving the RRC recon-
figuration message indicating removal of the secondary
cell; and remove the secondary cell after sending the
RRC reconfiguration complete message in order to limit
future communications between the UE and the SeNB.
[0059] In one example, the computer circuitry can be

further configured to send a scheduling request to the
SeNB when the secondary cell associated with the SeNB
is deactivated, wherein the scheduling request indicates
that uplink data is in a logical channel associated with
the SeNB. In addition, the computer circuitry can be fur-
ther configured to send a buffer status report (BSR) of
the secondary cell that is deactivated to the MeNB when
uplink data is in a logical channel associated with the
SeNB, wherein the MeNB forwards the BSR to the SeNB.
[0060] Another example provides a method 700 for
supporting dual connectivity, as shown in the flow chart
in FIG. 7. The method may be executed as instructions
on a machine, where the instructions are included on at
least one computer readable medium or one non-transi-
tory machine readable storage medium. The method in-
cludes the operation of receiving a radio resource control
(RRC) reconfiguration message at a user equipment
(UE) from a macro evolved node B (MeNB), the RRC
reconfiguration message indicating that a secondary cell
associated with a secondary eNB (SeNB) is to be acti-
vated, wherein the MeNB receives an indication to acti-
vate the secondary cell from the SeNB, as in block 710.
The method includes the operation of sending uplink con-
trol information from the UE to the SeNB via an uplink
control channel to inform the SeNB that the secondary
cell has been activated, wherein the uplink control infor-
mation includes predefined channel state information
(CSI) values or a sounding reference signal (SRS), as in
block 710. In addition, the method includes the operation
of receiving data at the UE from the SeNB after the SeNB
detects the predefined CSI value or SRS, wherein the
UE supports dual connectivity with the MeNB and the
SeNB, as in block 730.
[0061] In one configuration, the method can include
receiving a secondary cell activation media access chan-
nel control element (MAC CE) in the RRC reconfiguration
message from the MeNB, wherein the MeNB informs the
SeNB that the MAC CE was successfully received at the
UE. In one example, the MAC CE includes an activation
time for which the secondary cell is to be activated by
the SeNB. In addition, the method can include sending
a random access preamble upon receiving the MAC CE
from the MeNB, wherein the random access preamble
indicates to the SeNB that the secondary cell has been
activated. Furthermore, at least one non-transitory ma-
chine readable storage medium comprising a plurality of
instructions can be adapted to be executed to implement
the method 700.
[0062] FIG. 8 provides an example illustration of the
wireless device, such as an user equipment (UE), a mo-
bile station (MS), a mobile wireless device, a mobile com-
munication device, a tablet, a handset, or other type of
wireless device. The wireless device can include one or
more antennas configured to communicate with a node,
macro node, low power node (LPN), or, transmission sta-
tion, such as a base station (BS), an evolved Node B
(eNB), a baseband unit (BBU), a remote radio head
(RRH), a remote radio equipment (RRE), a relay station
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(RS), a radio equipment (RE), or other type of wireless
wide area network (WWAN) access point. The wireless
device can be configured to communicate using at least
one wireless communication standard including 3GPP
LTE, WiMAX, High Speed Packet Access (HSPA), Blue-
tooth, and WiFi. The wireless device can communicate
using separate antennas for each wireless communica-
tion standard or shared antennas for multiple wireless
communication standards. The wireless device can com-
municate in a wireless local area network (WLAN), a wire-
less personal area network (WPAN), and/or a WWAN.
[0063] FIG. 8 also provides an illustration of a micro-
phone and one or more speakers that can be used for
audio input and output from the wireless device. The dis-
play screen may be a liquid crystal display (LCD) screen,
or other type of display screen such as an organic light
emitting diode (OLED) display. The display screen can
be configured as a touch screen. The touch screen may
use capacitive, resistive, or another type of touch screen
technology. An application processor and a graphics
processor can be coupled to internal memory to provide
processing and display capabilities. A non-volatile mem-
ory port can also be used to provide data input/output
options to a user. The non-volatile memory port may also
be used to expand the memory capabilities of the wireless
device. A keyboard may be integrated with the wireless
device or wirelessly connected to the wireless device to
provide additional user input. A virtual keyboard may also
be provided using the touch screen.
[0064] Various techniques, or certain aspects or por-
tions thereof, may take the form of program code (i.e.,
instructions) embodied in tangible media, such as floppy
diskettes, CD-ROMs, hard drives, non-transitory compu-
ter readable storage medium, or any other machine-read-
able storage medium wherein, when the program code
is loaded into and executed by a machine, such as a
computer, the machine becomes an apparatus for prac-
ticing the various techniques. Circuitry can include hard-
ware, firmware, program code, executable code, com-
puter instructions, and/or software. A non-transitory com-
puter readable storage medium can be a computer read-
able storage medium that does not include signal. In the
case of program code execution on programmable com-
puters, the computing device may include a processor,
a storage medium readable by the processor (including
volatile and non-volatile memory and/or storage ele-
ments), at least one input device, and at least one output
device. The volatile and non-volatile memory and/or stor-
age elements may be a RAM, EPROM, flash drive, optical
drive, magnetic hard drive, solid state drive, or other me-
dium for storing electronic data. The node and wireless
device may also include a transceiver module, a counter
module, a processing module, and/or a clock module or
timer module. One or more programs that may implement
or utilize the various techniques described herein may
use an application programming interface (API), reusa-
ble controls, and the like. Such programs may be imple-
mented in a high level procedural or object oriented pro-

gramming language to communicate with a computer
system. However, the program(s) may be implemented
in assembly or machine language, if desired. In any case,
the language may be a compiled or interpreted language,
and combined with hardware implementations.
[0065] It should be understood that many of the func-
tional units described in this specification have been la-
beled as modules, in order to more particularly empha-
size their implementation independence. For example, a
module may be implemented as a hardware circuit com-
prising custom VLSI circuits or gate arrays, off-the-shelf
semiconductors such as logic chips, transistors, or other
discrete components. A module may also be implement-
ed in programmable hardware devices such as field pro-
grammable gate arrays, programmable array logic, pro-
grammable logic devices or the like.
[0066] Modules may also be implemented in software
for execution by various types of processors. An identi-
fied module of executable code may, for instance, com-
prise one or more physical or logical blocks of computer
instructions, which may, for instance, be organized as an
object, procedure, or function. Nevertheless, the execut-
ables of an identified module need not be physically lo-
cated together, but may comprise disparate instructions
stored in different locations which, when joined logically
together, comprise the module and achieve the stated
purpose for the module.
[0067] Indeed, a module of executable code may be a
single instruction, or many instructions, and may even
be distributed over several different code segments,
among different programs, and across several memory
devices. Similarly, operational data may be identified and
illustrated herein within modules, and may be embodied
in any suitable form and organized within any suitable
type of data structure. The operational data may be col-
lected as a single data set, or may be distributed over
different locations including over different storage devic-
es, and may exist, at least partially, merely as electronic
signals on a system or network. The modules may be
passive or active, including agents operable to perform
desired functions.
[0068] Reference throughout this specification to "an
example" means that a particular feature, structure, or
characteristic described in connection with the example
is included in at least one embodiment of the present
invention. Thus, appearances of the phrases "in an ex-
ample" in various places throughout this specification are
not necessarily all referring to the same embodiment.
[0069] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may
be presented in a common list for convenience. However,
these lists should be construed as though each member
of the list is individually identified as a separate and
unique member. Thus, no individual member of such list
should be construed as a de facto equivalent of any other
member of the same list solely based on their presenta-
tion in a common group without indications to the con-
trary. In addition, various embodiments and example of
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the present invention may be referred to herein along
with alternatives for the various components thereof. It
is understood that such embodiments, examples, and
alternatives are not to be construed as defacto equiva-
lents of one another, but are to be considered as separate
and autonomous representations of the present inven-
tion.
[0070] Furthermore, the described features, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided, such
as examples of layouts, distances, network examples,
etc., to provide a thorough understanding of embodi-
ments of the invention. One skilled in the relevant art will
recognize, however, that the invention can be practiced
without one or more of the specific details, or with other
methods, components, layouts, etc. In other instances,
well-known structures, materials, or operations are not
shown or described in detail to avoid obscuring aspects
of the invention.
[0071] While the forgoing examples are illustrative of
the principles of the present invention in one or more
particular applications, it will be apparent to those of or-
dinary skill in the art that numerous modifications in form,
usage and details of implementation can be made without
the exercise of inventive faculty, and without departing
from the principles and concepts of the invention. Ac-
cordingly, it is not intended that the invention be limited,
except as by the claims set forth below.

Claims

1. A user equipment (UE) operable to support dual con-
nectivity, the UE having computer circuitry config-
ured to:

receive a radio resource control (RRC) recon-
figuration message from a macro evolved node
B (MeNB), the RRC reconfiguration message
indicating that a secondary cell associated with
a secondary eNB (SeNB) is to be added for con-
nection to the UE;
complete an RRC reconfiguration procedure to
add the secondary cell;
send a preamble to the SeNB indicating that the
UE has completed the RRC reconfiguration pro-
cedure;
receive a random access response (RAR) mes-
sage from the SeNB;
send a Msg3 message including a cell radio net-
work temporary identifier (C-RNTI) to the SeNB,
wherein the SeNB determines that the UE has
added the secondary cell upon receiving the
Msg3 message with the C-RNTI; and
communicate data with the SeNB after sending
the preamble to the SeNB, wherein the UE sup-
ports dual connectivity to the MeNB and the

SeNB.

2. The user equipment (UE) of claim 1, wherein the
computer circuitry is further configured to:

determine whether a contention-free preamble
is configured in the RRC reconfiguration proce-
dure; and
determine to not send the preamble to the SeNB
when the contention-free preamble is not con-
figured in the RRC reconfiguration procedure.

3. The user equipment (UE) of claims 1 to 2, wherein
the computer circuitry is further configured to:

send the preamble to the SeNB using contention
based random access; or
send the preamble to the SeNB using contention
free random access,
wherein an RRC complete message is sent to
the MeNB substantially in parallel with sending
the preamble to the SeNB.

4. The user equipment (UE) of claims 1 to 3, wherein
the computer circuitry is further configured to send
the preamble to the SeNB in a physical random ac-
cess channel (PRACH), wherein the preamble is a
dedicated preamble resource configuration re-
ceived, at the UE, from the MeNB in a physical down-
link control channel (PDCCH) order message,
wherein the dedicated preamble resource configu-
ration for the SeNB is received at the UE from the
MeNB in the RRC reconfiguration message, wherein
the MeNB can receive dedicated preamble informa-
tion in a secondary cell radio resource information
message from the SeNB via an X2 interface.

5. The user equipment (UE) of claims 1 to 4, wherein
the computer circuitry is further configured to:

receive a dedicated preamble from the MeNB;
send the dedicated preamble to the SeNB using
a physical random access channel (PRACH);
receive a random access response (RAR) mes-
sage from the SeNB; and
perform an uplink transmission to at least one
of the MeNB and the SeNB.

6. The user equipment (UE) of claims 1 to 5, wherein:

the UE sends the preamble to the SeNB before
the SeNB is activated by the MeNB using a me-
dia access control (MAC) control element (CE);
the MeNB is associated with one of an anchor
cell, macro cell or primary cell and the SeNB is
associated with one of a booster cell, small cell
or secondary cell; and
the MeNB supports delay-sensitive traffic and
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the SeNB supports delay-tolerant traffic.

7. A method for supporting dual connectivity to be per-
formed at a user equipment (UE), the method com-
prising:

receiving a radio resource control (RRC) recon-
figuration message from a macro evolved node
B (MeNB), the RRC reconfiguration message
indicating that a secondary cell associated with
a secondary eNB (SeNB) is to be added for con-
nection to the UE;
completing an RRC reconfiguration procedure
to add the secondary cell;
sending a preamble to the SeNB indicating that
the UE has completed the RRC reconfiguration
procedure;
receiving a random access response (RAR)
message from the SeNB;
sending a Msg3 message including a cell radio
network temporary identifier (C-RNTI) to the
SeNB, wherein the SeNB determines that the
UE has added the secondary cell upon receiving
the Msg3 message with the C-RNTI; and
communicating data with the SeNB after send-
ing the preamble to the SeNB, wherein the UE
supports dual connectivity to the MeNB and the
SeNB.

8. A computer program comprising instructions which,
when the program is executed by a computer, cause
the computer to carry out the steps of the method of
claim 7.

Patentansprüche

1. Benutzergerät (UE), das betreibbar ist, um doppelte
Konnektivität zu unterstützen, wobei das UE eine
Computerschaltung aufweist, die konfiguriert ist
zum:

Empfangen einer Radio Resource Control
(RRC)-Rekonfigurationsnachricht von einem
Macro Evolved Node B (MeNB), wobei die RRC-
Rekonfigurationsnachricht anzeigt, dass eine
sekundäre Zelle, die mit einem sekundären eNB
(SeNB) verknüpft ist, für Verbindung mit dem
UE hinzuzufügen ist;
Abschließen einer RRC-Rekonfigurationspro-
zedur zum Hinzufügen der sekundären Zelle;
Senden einer Präambel an den SeNB, die an-
zeigt, dass das UE die RRC-Rekonfigurations-
prozedur abgeschlossen hat;
Empfangen einer RAR-Nachricht (Random Ac-
cess Response) vom SeNB;
Senden einer Msg3-Nachricht, die einen Cell
Radio Network Temporary Identifier (C-RNTI)

beinhaltet, an den SeNB, wobei der SeNB beim
Empfangen der Msg3-Nachricht mit dem C-RN-
TI bestimmt, dass das UE die sekundäre Zelle
hinzugefügt hat; und
Kommunizieren von Daten mit dem SeNB nach
Senden der Präambel an den SeNB, wobei das
UE doppelte Konnektivität mit dem MeNB und
dem SeNB unterstützt.

2. Benutzergerät (UE) gemäß Anspruch 1, wobei die
Computerschaltung ferner konfiguriert ist zum:

Bestimmen, ob eine konfliktfreie Präambel in
der RRC-Rekonfigurationsprozedur konfiguriert
ist; und
Bestimmen, die Präambel nicht an den SeNB
zu senden, wenn die konfliktfreie Präambel nicht
in der RRC-Rekonfigurationsprozedur konfigu-
riert ist.

3. Benutzergerät (UE) gemäß den Ansprüchen 1 bis 2,
wobei die Computerschaltung ferner konfiguriert ist
zum:
Senden der Präambel an den SeNB unter Verwen-
dung eines konfliktbasierten wahlfreien Zugriffs;
oder Senden der Präambel an den SeNB unter Ver-
wendung eines konfliktfreien wahlfreien Zugriffs, wo-
bei eine vollständige RRC-Nachricht im Wesentli-
chen parallel zum Senden der Präambel an den
SeNB an den MeNB gesendet wird.

4. Benutzergerät (UE) gemäß den Ansprüchen 1 bis 3,
wobei die Computerschaltung ferner konfiguriert ist
zum Senden der Präambel an den SeNB in einem
Physical Random Access Channel (PRACH), wobei
die Präambel eine dedizierte Präambel-Ressour-
cenkonfiguration ist, die an dem UE von dem MeNB
in einer Physical Downlink Control Channel (PD-
CCH) Reihenfolgenachricht empfangen wird, wobei
die dedizierte Präambel-Ressourcenkonfiguration
für den SeNB an dem UE von dem MeNB in der
RRC-Rekonfigurationsnachricht empfangen wird,
wobei der MeNB dedizierte Präambelinformation in
Radio Resource-Informationsnachricht der sekun-
dären Zelle von dem SeNB über eine X2-Schnittstel-
le empfangen kann.

5. Benutzergerät (UE) gemäß den Ansprüchen 1 bis 4,
wobei die Computerschaltung ferner konfiguriert ist
zum:

Empfangen einer dedizierten Präambel vom
MeNB;
Senden der dedizierten Präambel an den SeNB
unter Verwendung eines Physical Random Ac-
cess Channel (PRACH);
Empfangen einer Random Access Response
(RAR)-Nachricht von dem SeNB; und
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Durchführen einer Uplink-Übertragung zu min-
destens einem von dem MeNB und dem SeNB.

6. Benutzergerät (UE) gemäß den Ansprüchen 1 bis 5,
wobei:

das UE die Präambel an den SeNB sendet, be-
vor der SeNB durch den MeNB unter Verwen-
dung einer Media Access Control (MAC) Steu-
ereinheit (CE) aktiviert wird;
der MeNB mit einer Ankerzelle, Makrozelle oder
Primärzelle verknüpft ist und der SeNB mit einer
Boosterzelle, kleinen Zelle oder sekundären
Zelle verknüpft ist; und
der MeNB verzögerungsempfindlichen Verkehr
und der SeNB verzögerungstoleranten Verkehr
unterstützt.

7. Verfahren zum Unterstützen doppelter Konnektivi-
tät, das an einem Benutzergerät (UE) durchzuführen
ist, das Verfahren umfassend:

Empfangen einer Radio Resource Control
(RRC) Rekonfigurationsnachricht von einem
Macro Evolved Node B (MeNB), wobei die RRC-
Rekonfigurationsnachricht anzeigt, dass eine
sekundäre Zelle, die mit einem sekundären eNB
(SeNB) verknüpft ist, zur Verbindung mit dem
UE hinzuzufügen ist;
Abschluss einer RRC-Rekonfigurationsproze-
dur zum Hinzufügen der sekundären Zelle; Sen-
den einer Präambel an den SeNB, die anzeigt,
dass das UE die RRC-Rekonfigurationsproze-
dur abgeschlossen hat;
Empfangen einer RAR-Nachricht (Random Ac-
cess Response) vom SeNB;
Senden einer Msg3-Nachricht, die einen Cell
Radio Network Temporary Identifier (C-RNTI)
beinhaltet, an den SeNB, wobei der SeNB beim
Empfangen der Msg3-Nachricht mit dem C-RN-
TI bestimmt, dass das UE die sekundäre Zelle
hinzugefügt hat; und Kommunizieren von Daten
mit dem SeNB nach Senden der Präambel an
den SeNB, wobei das UE doppelte Konnektivität
mit dem MeNB und dem SeNB unterstützt.

8. Computerprogramm, umfassend Anweisungen, die,
wenn das Programm von einem Computer ausge-
führt wird, den Computer veranlassen, die Schritte
des Verfahrens gemäß Anspruch 7 durchzuführen.

Revendications

1. Un équipement utilisateur (UE) utilisable pour pren-
dre en charge une double connectivité, l’UE ayant
une circuiterie d’ordinateur configurée pour :

recevoir un message de reconfiguration de con-
trôle de ressource radio (RRC) à partir d’un
macro nœud B évolué (MeNB), le message de
reconfiguration RRC indiquant qu’une cellule
secondaire associée à un eNB secondaire
(SeNB) doit être ajouté pour une connexion à
l’UE ;
achever une procédure de reconfiguration RRC
pour ajouter la cellule secondaire ;
envoyer un préambule au SeNB indiquant que
l’UE a achevé la procédure de reconfiguration
RRC ;
recevoir un message de réponse d’accès aléa-
toire (RAR) à partir du SeNB ;
envoyer un message Msg3 incluant un identifi-
cateur temporaire de réseau radio de cellule (C-
RNTI) au SeNB, dans lequel le SeNB détermine
que l’UE a ajouté la cellule secondaire à la ré-
ception du message Msg3 avec le C-RNTI ; et
communiquer des données avec le SeNB après
l’envoi du préambule au SeNB, dans lequel l’UE
prend en charge une double connectivité vers
le MeNB et le SeNB.

2. L’équipement utilisateur (UE) selon la revendication
1, dans lequel la circuiterie d’ordinateur est configu-
rée en outre pour :

déterminer si un préambule sans contention est
configuré dans la procédure de reconfiguration
RRC ; et
déterminer de ne pas envoyer le préambule au
SeNB quand le préambule sans contention n’est
pas configuré dans la procédure de reconfigu-
ration RRC.

3. L’équipement utilisateur (UE) selon les revendica-
tions 1 et 2, dans lequel la circuiterie d’ordinateur est
configurée en outre pour :

envoyer le préambule au SeNB en utilisant un
accès aléatoire basé sur la contention ; ou
envoyer le préambule au SeNB en utilisant un
accès aléatoire sans contention,
dans lequel un message d’achèvement RRC est
envoyé au MeNB sensiblement en parallèle
avec l’envoi du préambule au SeNB.

4. L’équipement utilisateur (UE) selon les revendica-
tions 1 à 3, dans lequel la circuiterie d’ordinateur est
configurée en outre pour envoyer le préambule au
SeNB dans un canal physique d’accès aléatoire
(PRACH), dans lequel le préambule est une confi-
guration de ressource de préambule dédié reçue, au
niveau de l’UE, à partir du MeNB dans un message
d’ordre de canal physique de contrôle de liaison des-
cendante (PDCCH), dans lequel la configuration de
ressource de préambule dédié pour le SeNB est re-
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çue au niveau de l’UE à partir du MeNB dans le mes-
sage de reconfiguration RRC, dans lequel le MeNB
peut recevoir une information de préambule dédié
dans un message d’information de ressource radio
de cellule secondaire à partir du SeNB via une inter-
face X2.

5. L’équipement utilisateur (UE) selon les revendica-
tions 1 à 4, dans lequel la circuiterie d’ordinateur est
configurée en outre pour :

recevoir un préambule dédié à partir du MeNB ;
envoyer le préambule dédié au SeNB en utili-
sant un canal physique d’accès aléatoire
(PRACH) ;
recevoir un message de réponse d’accès aléa-
toire (RAR) à partir du SeNB ; et
effectuer une transmission de liaison montante
à au moins un parmi le MeNB et le SeNB.

6. L’équipement utilisateur (UE) selon les revendica-
tions 1 à 5, dans lequel :

l’UE envoie le préambule au SeNB avant que le
SeNB ne soit activé par le MeNB en utilisant un
élément de contrôle (CE) de contrôle d’accès
au support (MAC) ;
le MeNB est associé à une parmi une cellule
ancre, une macro cellule ou une cellule primaire
et le SeNB est associé à une parmi une cellule
amplificatrice, une petite cellule ou une cellule
secondaire ; et
le MeNB prend en charge un trafic sensible au
retard et le SeNB prend en charge un trafic to-
lérant sur le retard.

7. Un procédé de prise en charge d’une double con-
nectivité destiné à être effectué au niveau d’un équi-
pement utilisateur (UE), le procédé comprenant :

la réception d’un message de reconfiguration de
contrôle de ressource radio (RRC) à partir d’un
macro nœud B évolué (MeNB), le message de
reconfiguration RRC indiquant qu’une cellule
secondaire associée à un eNB secondaire
(SeNB) doit être ajouté pour une connexion à
l’UE ;
l’achèvement d’une procédure de reconfigura-
tion RRC pour ajouter la cellule secondaire ;
l’envoi d’un préambule au SeNB indiquant que
l’UE a achevé la procédure de reconfiguration
RRC ;
la réception d’un message de réponse d’accès
aléatoire (RAR) à partir du SeNB ;
l’envoi d’un message Msg3 incluant un identifi-
cateur temporaire de réseau radio de cellule (C-
RNTI) au SeNB, dans lequel le SeNB détermine
que l’UE a ajouté la cellule secondaire à la ré-

ception du message Msg3 avec le C-RNTI ; et
la communication de données avec le SeNB
après l’envoi du préambule au SeNB, dans le-
quel l’UE prend en charge une double connec-
tivité vers le MeNB et le SeNB.

8. Un programme informatique comprenant des ins-
tructions qui, quand le programme est exécuté par
un ordinateur, amènent l’ordinateur à réaliser les éta-
pes du procédé selon la revendication 7.
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