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FIG. 1

(57) Abstract: A method, in a radio communication
system, for initiating data transmission on a user
plane between user equipment (UE) in dual con-
nectivity with a primary node and a secondary node
of the system after bearer modification, comprising
transmitting a request for traffic offloading from the
secondary node to the primary node, the request ori-
ginating from either of the primary or secondary
nodes, ceasing transmission to the UE from the sec-
ondary node in response to a first predefined para-
meter or action; and initiating data transmission to
the UE from the primary node over a radio interface
of the system in response to a second predefined
parameter or action.
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METHOD AND SYSTEM FOR INITIATING DATA TRANSMISSION, A PRIMARY
NODE, SECONDARY NODE, UE AND COMPUTER PROGRAM PRODUCT

TECHNICAL FIELD

The present invention relates to a method, in a radio communication system comprising a user

equipment in dual connection with a primary node and a secondary node, a telecommunications

system, a primary node, a secondary node and to a user equipment.

BACKGROUND

Small Cells are low power, low-cost base stations that are able to provide cellular service in
residential or enterprise environments, with a typical coverage range of tens of metres. They
have auto-configuration and self-optimization capabilities that enable a simple plug and play
deployment, and are designed to automatically integrate themselves into an existing
macrocellular network. Small cells, often referred to as pico cells, or metro cells, typically use a
customer’s broadband internet connection, for example DSL, cable or the like, as backhaul
towards the macrocellular network. Support of non-ideal backhaul (with one way latency of
few milliseconds to few tens of milliséconds) between small cells and between small cell and

macro cells is considered as the typical deployment scenario.

Small cell deployment for handling capacity needs in high traffic areas, such as hot spot areas,
is an area of investigation. A proposal for handling capacity needs in high traffic areas is to
provide dual connectivity suppdrt for user equipment. Dual connectivity support allows a User
Equipment (UE) to be concurrently connected to a macro cell and a small cell, or to two small
cells for example. A UE can thus be connected to and served by more than one cell at a time.

Dual connectivity support is considered as a way to enable offloading of traffic when required.

SUMMARY
According to an example, there is provide a method, in a radio communication system, for

initiating data transmission on a user plane between user equipment (UE) in dual connectivity
with a primary node and a secondary node of the system after bearer modification, comprising
transmitting a request for traffic offloading from the secondary node to the primary node, the
request originating from either of the primary or secondary nodes, ceasing transmission to the
UE from the secondary node in response to a first predefined parameter or action and initiating
data transmission to the UE from the primary node over a radio interface of the system in

response to a second predefined parameter or action. The first predefined parameter is a period
: :
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of time, N, from the request for traffic offloading after which transmission from the secondary
node to the UE ceases. Transmission to the UE from the secondary node ceases in response to
the first parameter or action relating to a time period following receipt of an acknowledgement
message from the UE acknowledging receipt of the request for traffic offloading, or on receipt
of a radio resource control (RRC) reconfiguration complete message, or upon receipt of an
indication from the primary node that the UE has been reconfigured. Data transmission can be
initiated from the primary node in response to the second parameter or action relating to receipt
of an uplink data packet from the UE to the primary node, or receipt of an indication of receipt
of the RRC reconfiguration complete message sent by the UE. In the event that the UE
continues to receive data from the secondary node after bearer modification, the UE discards

such data received from the secondary node.

According to an example, there is provide a radio telecommunication system comprising

a primary node, a secondary node, a UE in dual connectivity with the primary node and a
secondary node of the system and an MME for the system, the system operable to transmit a
request for traffic offloading from the secondary node to the primary node, the request
originating from either of the primary or secondary nodes, cease transmission to the UE from
the secondary node in response to a first predefined parameter or action and initiate data
transmission to the UE from the primary node over a radio interface of the system in response to
a second predefined parameter or action. The first predefined parameter is a period of time, N,
from the request for traffic offloading after which transmission from the secondary node to the
UE ceases. Transmission to the UE from the secondary node ceases in response to the first
parameter or action relating to a time period following receipt of an acknowledgement message
from the UE acknowledging receipt of the request for traffic offloading, or on receipt of a radio
resource control (RRC) reconfiguration complete message, or upon receipt of an indication from
the primary node that the UE has been reconfigured. Data transmission can be initiated from
the primary node in response to the second parameter or action relating to receipt of an uplink
data packet from the UE to the primary node, or on receipt of or indication of receipt of the
RRC reconfiguration complete message sent by the UE. In the event that the UE continues to
receive data from the secondary node after bearer modification, the UE discards such data

received from the secondary node.

According to an example, there is provide a primary node of a radio telecommunication system
as provided above, operable in a dual connectivity link with a UE. According to an example,
there is provide a secondary node of a radio telecommunication system as provided above,

operable in a dual connectivity link with a UE.
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According to an example, there is provide a UE in dual connectivity with a primary node (26)
and a secondary node of a system as provided above. According to an example, there is provide
a UE in dual connectivity with a primary node and a secondary node of a system, the UE
operable in accordance with the method provided above.

According to an example, there is provide a computer program product, comprising a computer
usable medium having computer readable program code embodied therein, said computer
readable program code adapted to be executed to implement a method, in a radio

communication system, for initiating data transmission between UE in dual connectivity with a

primary node and a secondary node of the system after bearer modification as provided above.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments will now be described, by way of example only, with reference to the

accompanying drawings, in which:

Figure 1 is a schematic representation of a heterogeneous telecommunications system according

to an example;

Figure 2 is a schematic representation of a legacy handover procedure;

Figure 3 is a schematic representation of a process according to an example;

Figure 4 is a schematic representation of a proces.s for data forwarding according to an example;
Figure 5 is a schematic representation of a process according to an example;

Figure 6 is a schematic representation of a further process according to an example;

Figure 7 is a schematic representation of a further process according to an example;

Figure 8 is a schematic representation of CN based bearer split according to an example; and

Figure 9 is a schematic representation of RAN level bearer split according to an example.

DETAILED DESCRIPTION



20

25

30

35

WO 2015/018494 ‘ PCT/EP2014/001996

Example embodiments are described below in sufficient detail to enabie those of ordinary skill
in the art to embody and implement the systems and processes herein described. It is important
to understand that embodiments can be provided in many alternate forms and should not be

construed as limited to the examples set forth herein.

Accordingly, while embodiments can be modified in various ways and take on various
alternative forms, specific embodiments thereof are shown in the drawings and described in
detail below as examples. There is no intent to limit to the particular forms disclosed. On the
contrary, all modifications, equivalents, and alternatives falling within the scope of the
appended claims should be included. Elements of the example embodiments are consistently
denoted by the same reference numerals throughout the drawings and detailed description where

appropriate.

The terminology used herein to describe embodiments is not intended to limit the scope. The

19

articles “a,” “an,” and “the” are singular in that they have a single referent, however the use of
the singular form in the present document should not preclude the presence of more than one
referent. In other words, elements referred to in the singular can number one or more, unless
the context clearly indicates otherwise. It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including,” when used herein, specify the presence of stated
features, items, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, items, steps, operations, elements,

components, and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used herein are to
be interpreted as is customary in the art. It will be further understood that terms in common
usage should also be interpreted as is customary in the relevant art and not in an idealized or

overly formal sense unless expressly so defined herein.

Figure 1 is a schematic representation of a heterogeneous telecommunications system 10
comprising a macro cell 12 and a cluster of small cells 14 and an mobility management entity
(MME) 50. The cell 12 and respective ones of the cells in the cluster of small cells 14 are
served by E-UTRAN Node Bs, also known as Evolved Node Bs (herein “eNB”, also
interchangeably referred to as “nodes”) which form the hardware that is connected to the radio
communication network that communicates directly with mobile handsets, known as user

equipment (UE).
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The cluster of small cells 14 comprises a first small cell 16, a second small cell 18, a third small
cell 20, a fourth small cell 22 and a fifth small cell 24. The small cells are distributed
geographically to provide an area of coverage within the macro cell 12. UE 21 may roam
through the network 10. When the user equipment is located within the macro cell 12,
communications may be established between the user equipment and the macro cell base station
26 over an associated radio link. If the user equipment is located geographically within one of
the small cells 16, 18, 20, 22 and 24, communications may be established between the user
equipment and the base station of the associated small cell over an associated radio link. It will
be appreciated that Figure 1 shows only an example heterogeneous network and that a plurality
of macro cells may be provided, more or less than five small cells may be provided and a

plurality of small cell clusters may be provided.

As described above, within the macro cell 12, there is provided multiple small cell base stations
which provide a plurality of smali celis 16, 18, 20, 22, and 24. The small cells provide local
communications coverage for a user in their vicinity. As a user equipment comes within range
of a small cell, such as the first small cell 16, a handover may occur between the base station 26
of the macro cell and the base station 28 of the small cell, such as when the base station of the
small cell detects that user equipment has come within range. Likewise, as a user equipment
comes within range of a different small cell, a handover may occur between the base station of
the current small cell and the base station of the new small cell when the base station of the new

small cell detects that user equipment has come within range.

In order to handle the capacity needs of a high traffic area, a user equipment in the
telecommunications network 10 of Figure 1 may be provided with dual connectivity support.
That is, a user equipment may be connected to both the macro cell 12 and the small cell 16.
Also, it should be appreciated that a user equipment may be dual connected to small cell 16 and

any of the other small cells 18 to 24.

Dual connectivity as described with reference to figure 1 can be used to enable offloading of
traffic via small cell when required. For example, a data flow associated with a specific service
in use by the user equipment can be offloaded to a small cell in high traffic areas that may

otherwise cause the macro cell 12 to become overloaded for example.

For efficient scheduling support the traffic offloading decision can be made at the radio access
network (RAN) and take into account parameters such as channel quality and RAN load

information. Thus improved load balancing could be achieved with dual connectivity. More
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over the offloading trigger may be initiated by the macro eNB or small cell eNB (eg: based on
the cell load).

Due a number of reasons, a legacy handover (HO) procedure could not be used for traffic
offloading bearer management. These reasons are that, for example, in dual connectivity only
the macro eNB has a connection to the MME and the offloading decision may be taken by one
eNB while the data is been served by the other eNB. For example, a macro eNB may make the
decision to modify the offloaded bearer while the bearers are served by the small cell. These
issues impact how to establish a user data transmission for offloaded bearers and how to
minimize the data interruption during the bearer modification or offloaded decision change. In
an example, there is provided a method and system for initiating data transmission after bearer

modification. The procedure is designed to minimize the data plane interruptions.

Figure 2 is a schematic representation of a legacy handover procedure. A problem area which is
relevant to the user plane transfer with regards to the bearer modification is circled and marked
1. When the macro eNB makes the decision to offload traffic via a small cell, ie: the
corresponding RB for the EPS bearer is established between the small cell and the UE, the
legacy data forwarding and PDCP Sequence Number status transfer mechanism can be re-used.
The same legacy mechanism cannot be used when the offloaded traffic over the small cell is

modified such as to be served via the macro cell.

Figure 3 is a schematic representation of a method according to an example, which illustrates
one embodiment of how data forwarding and Sequence Number status transfer is enabled for
the Down Link traffic when the traffic is mdved from a small cell to a macro cell. Figure 3
assumes that the UE only has one RRC protocol communicating to the macro eNB RRC.

Therefore all RRC messages are transmitted/terminated at the macro eNB.

A: data transmission to the UE v

Upon transmission of the offloading response by the small cell eNB, the cell continues
transmitting the data to the UE over small cell for a period of time, N. The period, N, in an
example is provided to the small cell from the macro eNB together with a traffic offloading
request message. In another embodiment, N can be negotiated between the small cell and
macro cell during the small cell configuration. The time period is to account for the
transmission delay of information of bearer modification to the UE. Therefore, it may include
backhaul delay, over air transmission delay, estimated time to receive a RLC ACK and the UE
processing delay for the L3 message and so on. Allowing the data transmission over the old path
for a period N reduces the possibility of data interruption.

é
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In another embodiment, the small cell; may stop transmission of data transmission to the UE
after receiving an L2 acknowledgement from the UE of receipt of the Reconfiguration message
+ UE processing delay for cases where the source cell is transmitting the reconfiguration
message to the UE. Alternatively, the small cell may stop transmission on receipt of RRC
Reconfiguration complete message if this message is sent to the small cell. In another option,
the small cell may stop transmission upon an indication from the macro cell that UE has

successfully reconfigured.

The UE may continue to receive data over the small cell even after reconfiguration of bearer to

the macro cell. In this case, the UE shall discard any data that is received from the small cell.

B: SN status transfer and data forwarding

Upon transmission of the offloading response by the small cell eNB, in one embodiment, the
cell transmits the SN status report based on the current PDCP status at the small cell. Data
forwarding starts immediately upon the transmission of the offloading response by the small cell

starting from the data indicated by the SN status report.

In another embodiment, SN status report is computed accommodating the amount of data which
can be transmitted during predefined N time period. The period, N, in an example is provided to
the small cell from the macro eNB together with a traffic offloading request message. In
another embodiment, N can be negotiated between the small cell and macro cell during the
small cell configuration. The time period is to account for the transmission delay of information
of bearer modification to the UE. Therefore, it may include backhaul delay, over air
transmission delay, estimated time to receive a RLC ACK and the UE processing delay for the
L3 message and so on. Allowing the data transmission over the old path for a period N reduces
the possibility of data interruption. Remaining data is forwarded after account for estimated data

transmission for the N period.

The data transmission from the target cell to the UE can start once it knows the UE has
performed the reconfiguration and is ready to receive data from the target cell. This can be
triggered by the reception of any UL packet from the UE in the target cell confirming the
reconfiguration. Specific examples for these could be synchronisation request preamble,
completion of UL synchronisation procedure or reception of PDCP status PDU from the UE or
any other UL data (in case of moving a bearer to an already configured small cell). Another
possibility is reception of RRC connection reconfiguration complete message at the small cell

over X2 from the macro cell.
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Another embodiment of method for data forwarding and SN transfer for DL data transmission is
illustrated in Figure 4. Similarly to the embodiment of Figure 3, it is assumed that single RRC
entity at the network and offloaded EPS bearer is terminates at the small cell eNB.

As the data forwarding starts early, the data interruption can be minimized. Upon the reception
of RRC connection reconfiguration complete message, the macro eNB may inform the small
cell of the complete of bearer modification, thus the small cell eNB stops the data transmission

to the UE.

PDCP SN transfer is also modified. Three different methods of providing the PDCP status of
the modified bearers to the macro eNB is shown in figure 5, where the source cell is the small
cell and the target cell is the macro cell. The PDCP status PDU informs the small cell which
PDCP PDUs were received over the macro cell. The small cell and UE discards data that is
duplicated (received over both cells). Figure 5 illustrates the three different methods for SN
status transfer illustration in Figure 5 uses UL transmission as an example. In a first method,
PDCP status is provided to the macro eNB by the UE together with RRC connection
reconfiguration complete message. In the second method, upon the reception of RRC
connection reconfiguration complete message, the macro eNB request the SN transfer from the
small cell eNB for the modified bearers. In a third method, the small cell provides the SN
transfer after a period of time, N, upon transmission of the offloading request response message.
N is account for information transfer delay and may be provided to the small cell by the macro

eNB.

Figure 6 is a schematic representation of a process according to an example, illustrating the DL
offload bearer modification considering two RRCs located respectively at the macro and small
cell eNBs. The UE communicates RRC messages to both macro and small cell eNBs. Note that
the data forwarding and SN transfer is similar to the legacy procedure considering that the
traffic is served by the decision making eNB prior to the bearer modification, i.e. small cell eNB

makes the decision for bearer modification of the bearers served by the small cell eNB.

Figure 7 is a schematic representation of UL offloaded bearer modification considering two
RRCs located respectively at the macro and small cell eNBs. The UE communicates RRC
messages to both macro and small cell eNBs. Note that the data forwarding and SN transfer is
similar to the legacy procedure considering that the traffic is served by the decision making eNB
prior to the bearer modification, i.e. small cell eNB makes the decision for bearer modification

of the bearers served by the small cell eNB.
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Note that the embodiments are explained based on CN based bearer split. CN based bearer split
is illustrated in figure 8. SI-MME interface is between the MME and the macro eNB while S1-
U interface for offloaded bearers are between the S-GW and the small cell. S1-U interface for
bearers servéd by the macro cell is between the S-GW and the macro cell. The illustration
shows a single S-GW however in practice small cell and macro cell may also be served by
different S-GW.

However, the methods for data forwarding and SN transfer to minimize data interruption is
equally applicable to other user plane architectures where RAN level bearer split is used for

example. RAN level bearer split is illustrated in figure 9.

The present inventions can be embodied in other speciﬁc apparatus and/or methods. The
described embodiments are to be considered in all respects as illustrative and not restrictive. In
particular, the scope of the invention is indicated by the appended claims rather than by the
description and figures herein. All changes that come within the meaning and range of

equivalency of the claims are to be embraced within their scope.
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CLAIMS

1. A method, in a radio communication system, for initiating data transmission on a user
plane between user equipment (UE) in dual connectivity with a primary node and a secondary
node of the system after bearer modification, comprising:

transmitting a request for traffic offloading from the secondary node to the primary node, the
request originating from either of the primary or secondary nodes;

ceasing transmission to the UE from the secondary node in response to a first predefined
parameter or action; and

initiating data transmission to the UE from the primary node over a radio interface of the system

in response to a second predefined parameter or action.

2. A method as claimed in claim 1, wherein the first predefined parameter is a period of
time, N, from the request for traffic offloading after which transmission from the secondary

node to the UE ceases.

3. A method as claimed in claim 1, wherein transmission to the UE from the secondary
node ceases in response to the first parameter or action relating to a time period following
receipt of an acknowledgement message from the UE acknowledging receipt of the request for
traffic offloading, or on receipt of a radio resource contrdl (RRC) reconfiguration complete
message, or upon receipt of an indication from the primary node that the UE has been

reconfigured.

4. A method as claimed in any preceding claim, wherein data transmission can be initiated
from the primary node in response to the second parameter or action relating to receipt of an
uplink data packet from the UE to the primary node, or receipt of an indication of receipt of the

RRC reconfiguration complete message sent by the UE.

5. A method as claimed in any of claims 2 to 4, wherein, in the event that the UE
continues to receive data from the secondary node after bearer modification, the UE discards

such data received from the secondary node.

6. A radio telecommunication system (10) comprising:

a primary node (26);

a secondary node (16, 18, 20, 22, 24), ‘

a UE (21) in dual connectivity with the primary node (26) and a secondary node (16, 18, 20, 22,
24) of the system (10); and

10
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an MME (50) for the system;

the system operable to transmit a request for traffic offloading from the secondary node to the
primary node, the request originating from either of the primary or secondary nodes;

cease transmission to the UE from the secondary node in response to a first predefined
parameter or action; and '

initiate data transmission to the UE from the primary node over a radio interface of the system

in response to a second predefined parameter or action.

7. A system as claimed in claim 6, wherein the first predefined parameter is a period of
time, N, from the request for traffic offloading after which transmission from the secondary

node to the UE ceases.

8. A system as claimed in claim 6, wherein transmission to the UE from the secondary
node ceases in response to the first parameter or action relating to a time period following
receipt of an acknowledgement message from the UE acknowledging receipt of the request for
traffic offloading, or on receipt of a radio resource control (RRC) reconfiguration complete
message, or upon receipt of an indication from the primary node that the UE has been

reconfigured.

9. A system as claimed in any of claims 6 to 8, wherein data transmission can be initiated
from the primary node in response to the second parameter or action relating to receipt of an

uplink data packet from the UE to the primary node, or on receipt of or indication of receipt of

the RRC reconfiguration complete message sent by the UE.

10. A system as claimed in any of claims 6 to 9, wherein, in the event that the UE continues
to receive data from the secondary node after bearer modification, the UE discards such data

received from the secondary node.

11. A primary node (26) of a radio telecommunication system (10) as claimed in any of

claims 6 to 10, operable in a dual connectivity link with a UE 20).

12. A secondary node (16, 18, 20, 22, 24) of a radio telecommunication system (10) as

claimed in any of claims 6 to 10, operable in a dual connectivity link with a UE (21).

13. A UE (21) in dual connectivity with a primary node (26) and a secondary node (16, 18,
20, 22, 24) of a system (10) as claimed in any of claims 6 to 10.
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14. A UE (21) in dual connectivity with a primary node (26) and a secondary node (16, 18,
20, 22, 24) of a system (10), the UE (21) operable in accordance with the method as claimed in

any of claims 1 to 5.

15. A computer program product, comprising a computer usable medium having computer
readable program code embodied therein, said computer readable program code adapted to be
executed to implement a method, in a radio communication system, for initiating data
transmission between UE in dual connectivity with a primary node and a secondary node of the

system after bearer modification as claimed in any of claims 1 to 5.

12
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