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(54) Title: USER PLANE HANDOVER FOR HETEROGENEOUS NETWORKS FIELD OF THE INVENTION

(57) Abstract: A method to handover a user
equipment (2) from a first base station (1) to a
second base station (5), said first base station (1)
being connected to a mobility management entity
for the control plane and to a serving gateway for
the user plane and providing a user plane radio
protocol stack (3) per radio access bearer and a
control plane radio protocol stack (4) to the user
equipment (2), said second base station (5) con-
trolling a cell overlaid by a cell under control of
the first base station (1) and connected to the
mobility management entity for the control plane
and to the serving gateway for the user plane,
said method comprising the following steps - re-
locating the user plane (3) radio protocol stack to
the said second base station (5) for at least a ra-
dio access bearer so that the corresponding user
plane traffic is delivered to the user equipment
(2) through the user plane radio protocol stack
(3) of'the said second base station; - reconfigura-
tion of the user equipment (2) via a radio re-
source control connection according to the relo-
cation so that the UE sends the user plane uplink
data of'the radio access bearer to the second base
station only and the control plane uplink data to
the first base station only; - performing a user

plane switch of the at least radio access bearer towards the serving gateway through the mobility management entity to update the
user plane (3) from the second base station and keep unchanged the control plane (4) from the first base station towards the mobility
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1
USER PLANE HANDOVER FOR HETEROGENEOUS NETWORKS

FIELD OF THE INVENTION

The present invention relates to protocol stack architecture within Long

Term Evolution (LTE) systems.

BACKGROUND OF THE INVENTION

It is known that deploying small cells within a cellular network has the
effect of enhancing the network capacity. Accordingly, to promote
broadband services and meet the traffic growth, there have been
different wireless network deployments including different cell sizes

ranging from kilometers down to meters.

Concretely, a cellular network includes a plurality of sets of small cells,
respectively, overlaid by a big umbrella cell called macro cell. Small
cells - including micro cells, pico cells and femto cells - are
conventionally deployed in dense traffic environments such as

urban/suburban areas and city centers.

It follows that to support dense traffic in a given area a large number of
small cells on different frequencies could be deployed, resulting in inter-
frequency heterogeneous networks. For example, the use of a higher
frequency for the small cell layer compared to the macro cell overlay

network layer enables high data rates for the small cell traffic.

However, one of the most challenging issues of small cell networking is
handover management, or more generally mobility management between
the macro cells and the small cells. In fact, the denser the small cell
deployment is, the more frequent mobile stations move across cells,
causing more handover demands. Therefore, to benefit of the high data
rates served by the small cells, the mobile station is constrained to
experience very frequent heavy handover mechanisms between the
macro cell and the small cells, leading to lower quality of service (i.e.
degradation of communication quality, temporary interruption, data loss,
potential risk of service drop), and faster mobile station power

consumption. In particular, this service quality degradation is more
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severe as the small cells deployment is dense.

An object of the present invention is to enhance the network quality of
service in dense small cell networks where the small cells are overlaid

by a macro cell network.

Another object of the present invention is to enhance handover
mechanisms within inter-frequency heterogeneous networks, and
particularly within a large cell (a macro cell) overlaying a plurality of

small cells and make handovers more seamless in this environment.

Another object of the present invention is to alleviate handover signaling

load for small cells of a given macro cell.

Another object of the present invention is to provide a method to deliver
the user plane traffic via the small cells to benefit from higher data rates
while keeping the user equipment served by the control plane of the

macro cell.

SUMMARY OF THE INVENTION

Various embodiments are directed to addressing the effects of one or
more of the problems set forth above. The following presents a
simplified summary of embodiments in order to provide a basic
understanding of some aspects of the various embodiments. This
summary is not an exhaustive overview of these various embodiments. It
is not intended to identify key of critical elements or to delineate the
scope of these various embodiments. Its sole purpose is to present
some concepts in a simplified form as a prelude to the more detailed

description that is discussed later.

Various embodiments relate to methods to handover a user equipment
from a first base station to a second base station, said first base station
being connected to a mobility management entity for the control plane
and to a serving gateway for the user plane and providing a user plane
radio protocol stack per radio access bearer and a control plane radio
protocol stack to the user equipment, said second base station

controlling a cell overlaid by a cell under control of the first base station
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and connected to the mobility management entity for the control plane
and to the serving gateway for the user plane, said method comprising

the following steps

- relocating the user plane radio protocol stack to the said second
base station for at least a radio access bearer so that the
corresponding user plane traffic is delivered to the user
equipment through the user plane radio protocol stack of the said
second base station;

- reconfiguration of the user equipment via a radio resource control
connection according to the relocation so that the UE sends the
user plane uplink data of the radio access bearer to the second
base station only and the control plane uplink data to the first
base station only;

- performing a user plane switch of the at least radio access bearer
towards the serving gateway through the mobility management
entity to update the user plane from the second base station and
keep unchanged the control plane from the first base station

towards the mobility management entity.

In accordance with a broad aspect, the mobile management entity keeps

the first base station as radio access network anchor.

Various embodiments further relate to communication systems to
handover a user equipment from a first base station to a second base
station, said first base station being connected to a mobility
management entity for the control plane and to a serving gateway for
the user plane and providing a user plane radio protocol stack per radio
access bearer and a control plane radio protocol stack to the user
equipment, said second base station controlling a cell overlaid by a cell
under control of the first base station and connected to the mobility
management entity for the control plane and to the serving gateway for

the user plane, the said first base station being configured to

- relocate the user plane radio protocol stack to the said second
base station for at least a radio access bearer so that the

corresponding user plane traffic is delivered to the user
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equipment through the user plane radio protocol stack of the said
second base station;

- reconfigure the user equipment via a radio resource control
connection according to the relocation so that the UE sends the
user plane uplink data of the radio access bearer to the second
base station only and the control plane uplink data to the first
base station only;

- perform a user plane switch of the at least radio access bearer
towards the serving gateway through the mobility management
entity to update the user plane from the second base station and
keep unchanged the control plane from the first base station

towards the mobility management entity.

While the various embodiments are susceptible to various modification
and alternative forms, specific embodiments thereof have been shown
by way of example in the drawings. It should be understood, however,
that the description herein of specific embodiments is not intended to

limit the various embodiments to the particular forms disclosed.

It may of course be appreciated that in the development of any such
actual embodiments, implementation-specific decisions should be made
to achieve the developer’'s specific goal, such as compliance with
system-related and business-related constraints. It will be appreciated
that such a development effort might be time consuming but may
nevertheless be a routine understanding for those or ordinary skill in the

art having the benefit of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages and other features of the present invention will
become more apparent from the following disclosure and claims. The
following non-restrictive description of preferred embodiments is given
for the purpose of exemplification only with reference to the

accompanying drawing in which

- FIG.1 is a schematic diagram illustrating a radio protocol

architecture for a user plane and a control plane according to the
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prior art;

- FIG.2 is a schematic diagram illustrating a radio protocol
architecture for a user plane and a control plane according to one
embodiment;

- FiG.3 is a schematic diagram illustrating a handover procedure
according to one embodiment;

- FIG.4 is a schematic diagram illustrating interactions between two

network base stations according to one embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

By the term user equipment (UE) it is intended to mean any user device
(also known as mobile station, subscriber station, mobile terminal, user

terminal, or wireless device) supporting LTE or LTE-A, or both.

An eNodeB (or eNB for evolved node B, also known as base transceiver
system, base station, or access point) controlling a macro cell is
designated hereafter as a macro eNodeB (or a macro base station).
Similarly, an eNodeB controlling a small cell (such as, a micro cell, a
pico cell or a femto cell) is designated as a small eNodeB or a small
base station (respectively, a micro eNodeB, a pico eNodeB, a femto
eNodeB).

With reference to figure 1, there is shown a macro eNodeB 1 connected
to the core network through the 3GPP-defined S1 interface which is
divided to S1-Control plane ($1-C) and S1-User plane (81-U). The
eNodeB 1 connects to the Mobility Management Entity (MME) by means
of the S1-C interface also called S1-MME interface and to the Serving
Gateway (S-GW) (MME and S-GW are shown in figure 3) by means of
the S1-U interface. Moreover, the macro eNodeB 1 provides, via an LTE

radio interface Uu, a user plane 3 and a control plane 4 to a UE 2.

Within LTE networks, eNodeBs are interconnected by means of the
3GPP defined X2 interface.

The layers of the radio interface protocol between the UE 2 and the

macro eNodeB 1 are based on the open system interconnection (OSI)
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In fact, the user plane 3 which is responsible for carrying the data traffic
of the UE 2 (i.e. for user data transmission) relies on a radio protocol
stack per E-RAB (EUTRAN Radio access bearer) located in the macro
eNodeB 1. This radio protocol stack includes a Packet Data
Convergence Protocol (PDCP) layer, a Radio Link Control (RLC) layer, a
Medium Access Control (MAC) layer, and a Physical (PHY) layer.

The control plane 4 which is responsible for control mechanisms by
carrying control information (also known as signaling) is based on a
radio protocol stack located in the macro eNodeB 1. This radio protocol
stack includes a Packet Data Convergence Protocol (PDCP) layer, a
Radio Link Control (RLC) layer, a Medium Access Control (MAC) layer,
and a Physical (PHY) layer.

A radio access bearer is a logical channel or connection corresponding
to a single data stream or flow (such as a packet data connection, a
speech connection or a video connection) between the user equipment 2

and the macro eNodeB 1.

In particular, according to the prior art as depicted in figure 1, the radio
protocol stack for the user plane 3 and the radio protocol stack for the

control plane 4 reside both in the macro eNodeB 1.

With reference now to figure 2, the radio protocol stack for the control
plane 4 and that of the user plane 3 are split between two eNodeBs: the
serving macro eNodeB 1 and a serving user plane small eNodeB 5. The
control plane 4 stack is maintained located in the serving macro eNodeB
1. In fact, the user plane 3 stack for some or all of the EUTRAN Radio
access bearer(s) (E-RAB(s)) is relocated (i.e. transferred) to the small
eNodeB 5, which results in the final location of the user plane 3 for
some or all of the E-RABs in the small eNodeB 5 (the user plane stack

of the other E-RABSs, if any, remaining in the macro eNB1).

By user plane stack relocating from the macro eNodeB 1 to the small

eNodeB 5, it is intended to mean the fact of delegating, or transferring
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the functions of this plane to its corresponding one in the small eNodeB
5.

In other words, all the PDCP, RLC, MAC and PHY user plane entities of
the involved E-RABs are relocated to be into the small eNodeB 5 while
the PDCP, RLC, MAC entities of the control plane 4 (and of the user

plane stacks of E-RABs not selected) remain in the macro eNodeB 1.

The protocol architecture of figure 2 is based on the fact that, when the
UE 2 served by the macro cell is under (or moves towards) the coverage
(or the coverage edge) of a small cell (i.e. a potential handover target
small cell) overlaid by the macro cell, some or all of the E-RAB(s) of this
UE are relocated to the small eNodeB 5 while the control plane 4 is kept

on the macro eNodeB 1.

To that end, a handover procedure based on the 3GPP defined X2
interface (designated hereafter as “X2 data handover”) is adopted, as
depicted in figure 3. This X2 data handover enables to move from the
configuration of figure 1 (prior art) to the configuration of figure 2 (split
of the control plane 4 and of the user plane 3 for some or all E-RABs

between two cells).

The “X2 data handover” transfers only the data bearers (i.e. user plane
traffic) for some or all E-RABs to the small eNodeB 5§ while keeping the

signaling radio bearer (i.e. control plane traffic) in the macro cell.

In fact, the “X2 data handover” comprises the following steps

- relocating the user plane 3 (i.e. data bearer information) of some
or all E-RABs from the serving macro eNodeB 1 to the small
eNodeB 5 through the X2 data handover request/response
messages (steps 32-33 in figure 3) so that the corresponding user
plane traffic is delivered to the user equipment 2 through the user
plane 3 of the small eNodeB 5. For this purpose, X2 configuration
messages and/or information elements are introduced in order to
enable the macro eNodeB 1 ordering changes and updates to the

user plane configuration and operation as presented in figure 4. In
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8
particular, an X2 message is designed (such as, the X2-U
configuration and update message in figure 4) in order to control,
from the macro eNodeB 1, the configuration and operational
updates of the user plane entities located in small eNodeB 5 and
perform the relocation;

- reconfiguration via the RRC (Radio Resource Control) connection
of the UE 2 (steps 33-34 in figure 3) according to the relocation so
that the UE 2 sends the user plane uplink data of the selected E-
RABs to the small eNodeB 5 only and the control plane uplink
data to the macro eNodeB 1 only;

- performing a “S1-U switch” (S1-U Switch Request/response
messages) via the MME (steps 35-36 in figure 3) which only
updates the S1-U and keeps unchanged the S1 control plane (i.e.
S1-MME) which remains between the eNodeB1 and the MME ;

- performing a “path switch” between the MME and the SGW (steps
37-38 in figure 3) to realize the user plane switch of involved E-
RABs towards the SGW from the small eNodeB 5.

This means that the MME keeps the macro eNodeB 1 as Radio Access
Network anchor for the S1-MME termination, while initiating a data path
switch request (steps 37-38 in figure 3) towards the SGW (with
appropriate data) in order to switch the user plane directly between the
small eNodeB 5 and the SGW for the involved E-RABs.

The X2 data handover does not only relocate, to the small eNodeB 5,
the involved PDCP, RLC, MAC entities of the user plane 3 but also part

or all of the UE context (such as security information).

Assuming that the relocation is done early, the UE 2 may avoid the
interruption time associated with the synchronization to the new small
cell. Moreover, because the control plane stack remains in the macro
eNB1, the delivery of the necessary reconfiguration (handover) message
over RRC to the UE is quick and reliable which greatly contributes to

make the handover almost seamless.

Similarly, when the UE moves out to the small cell back to the macro

cell back, the same “X2 data handover’” method can be used almost
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seamless with almost no interruption and keeping control plane anchor

unchanged at the macro eNodeB 1.

In one embodiment, not all but some of the user plane bearers are
transferred over the small cell only. This means that some of them
remain on the macro eNodeB 1. This flexibility should enable the macro
eNodeB 1 to control the selection of the user plane bearers which are

transferred over to the small eNodeB 5.

Advantageously, the above described protocol architecture allow to
switch all or part of the user plane back and forth between the macro
cell and the small cell without needing to relocate the control plane of
the UE between the macro eNodeB 1 and the small eNodeB 5, therefore
ensuring almost seamless handover procedure (reduced interruption
time). This is of particular importance with regards to the performance
enhancement targets considering the widespread scenario of a UE
moving across an heterogeneous network with dense deployment of
small cells but without continuous coverage of the small cell layer.
Therefore with this invention the UE can benefit from the high data rates
for user data in the small cells while not degrading the control plane

mobility performance.

Another advantage of the above described method is that it favors the
densification of small cells in inter-frequency heterogeneous networks
while ensuring seamless and smooth handover executions therein, which

results in better network quality of services.

The implementation of the above described protocol architecture and its
implementation present the advantage to use new procedures by
modifying the control/user plane split for small cell enhancement in

inter-frequency heterogeneous networks.

According to the above described method, the UE may receive
controlled signaling from the macro eNodeB 1 and services from the
small eNodeB 5 offering the higher quality of service. Thereby,
anywhere within the macro cell coverage, the users enjoy stable and

high quality (broadband) services.
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It is to be noted that the above described embodiments may be similarly
applied to any other cell (for example a micro cell) overlaying more than

one cell of smaller sizes (for example, pico cells or femto cells).

It is to be noted also that the above described protocol architecture is

suitable for current 3GPP releases.
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CLAIMS

1. A method to handover a user equipment (2) from a first base
station (1) to a second base station (5), said first base station (1) being
connected to a mobility management entity for the control plane and to a
serving gateway for the user plane and providing a user plane radio
protocol stack (3) per radio access bearer and a control plane radio
protocol stack (4) to the user equipment (2), said second base station
(5) controlling a cell overlaid by a cell under control of the first base
station (1) and connected to the mobility management entity for the
control plane and to the serving gateway for the user plane, said method

comprising the following steps

- relocating the user plane (3) radio protocol stack to the said
second base station (5) for at least a radio access bearer so that
the corresponding user plane traffic is delivered to the user
equipment (2) through the user plane radio protocol stack (3) of
the said second base station;

- reconfiguration of the user equipment (2) via a radio resource
control connection according to the relocation so that the UE
sends the user plane uplink data of the radio access bearer to the
second base station only and the control plane uplink data to the
first base station only;

- performing a user plane switch of the at least radio access bearer
towards the serving gateway through the mobility management
entity to update the user plane (3) from the second base station
and keep unchanged the control plane (4) from the first base

station towards the mobility management entity.

2. The method of claim 1, wherein the mobile management entity
keeps the first base station (1) as radio access network anchor.

3. The method of claim 1 or 2, wherein the user plane (3) radio
protocol stack is relocated over the 3GPP defined X2 interface.

4. The method of any of the preceding claims, wherein the user
plane switch towards the serving gateway from the second base station

is performed over the 3GPP defined S1 interface.
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5. A communication system to handover a user equipment (2)
from a first base station (1) to a second base station (5), said first base
station (1) being connected to a mobility management entity for the
control plane and to a serving gateway for the user plane and providing
a user plane radio protocol stack (3) per radio access bearer and a
control plane radio protocol stack (4) to the user equipment (2), said
second base station (5) controlling a cell overlaid by a cell under control
of the first base station (1) and connected to the mobility management
entity for the control plane and to the serving gateway for the user

plane, the said first base station (1) being configured to

- relocate the user plane (3) radio protocol stack to the said second
base station (5) for at least a radio access bearer so that the
corresponding user plane traffic is delivered to the user
equipment (2) through the user plane radio protocol stack (3) of
the said second base station;

- reconfigure the user equipment (2) via a radio resource control
connection according to the relocation so that the UE sends the
user plane uplink data of the radio access bearer to the second
base station only and the control plane uplink data to the first
base station only;

- perform a user plane switch of the at least radio access bearer
towards the serving gateway through the mobility management
entity to update the user plane (3) from the second base station
and keep unchanged the control plane (4) from the first base

station towards the mobility management entity.

6. The communication system of claim 5, wherein the mobile
management entity keeps the first base station (1) as radio access

network anchor.



WO 2014/048676 PCT/EP2013/067993

1/2
S1-C S1-U
. [Pocp] [PDcP]
1 : :
- : RLC RLC :
\ 44 »3
=i | MAC | | MAC | i
| PHY PHY | !
Uu
FIG.1 2
51-C S1-U
' [PoCP PDCP | |
1 i RLC RLC | | .
N 14"3 MAC MAC | i 4
.| PHY PHY | :
Control plane Uu User plane Uu
2
FIG.?Z




WO 2014/048676

UE

PCT/EP2013/067993

212

SmalleNodeB MacroeNodeB MME SGW

RRC connection reconfiguration s 33

{UE under small cell |

‘ R
P X2 Data Handover Reg «»\\31

B

X2 Data Handover Resp =
.. 32

Fa

e

RRC connection reconfiguration complate <

Ly S1-Uswitch Reg

-/ >

29 L+ Path switch Req

_5'_7_/

-» Path switch Resp

8 |¢

36
"L 51.U switch Resp

A

]iaJ

FIG.3
5 1
irelocation decision, update of user plane
iconfiguration and parameters '
X2 -U Configuration and update
S

FIG.4



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/067993

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W36/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figures 1,2,5

18 March 2004 (2004-03-18)
the whole document

X WO 20117137775 Al (HUAWEI TECH CO LTD 1-6
[CN]; WU JIANJUN [CN]; LU LEI [CN])
10 November 2011 (2011-11-10)

page 10, line 26 - page 17, line 15

X US 2004/053627 Al (FITER BRUNO [FR] ET AL) 1-6

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 November 2013

Date of mailing of the international search report

19/11/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Zembery, Peter

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/067993
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011137775 Al 10-11-2011 CN 102348244 A 08-02-2012
EP 2603038 Al 12-06-2013
US 2013165130 Al 27-06-2013
WO 2011137775 Al 10-11-2011
US 2004053627 Al 18-03-2004 CN 1475088 A 11-02-2004
DE 10046342 Al 04-04-2002
EP 1319316 A2 18-06-2003
JP 2004511145 A 08-04-2004
US 2004053627 Al 18-03-2004
WO 0228130 A2 04-04-2002

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report

