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(57) ABSTRACT

The invention relates to a method for efficiently performing a
Se NB change for a UE in dual connectivity. When reconfig-
uring a data radio bearer going via the Se NB to another target
base station, the UE may compile a PDCP status report com-
prising status information for all of the data radio bearer going
via the Se NB, accompanied respectively by a radio bearer ID
to identify the radio bearer to which the status report infor-
mation pertains. Further, the PDCP status report is directly
transmitted by the UE to the Me NB to avoid the backhaul
delay between the Se NB and the Me NB; this may be done by
using a signaling radio bearer (e.g. RRC message), or data
radio bearer to the Me NB (e.g. PDCP control PDU), or by
using a physical channel transmission to the Me NB (e.g.
MAC CE).
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EFFICIENT STATUS REPORTING FOR UES
IN DUAL CONNECTIVITY DURING
MOBILITY

FIELD OF THE INVENTION

[0001] The invention relates to methods for transmitting a
status report by a mobile station. The invention is also pro-
viding a mobile station and base station for participating and
for performing the methods described herein.

TECHNICAL BACKGROUND

Long Term Evolution (LTE)

[0002] Third-generation mobile systems (3G) based on
WCDMA radio-access technology are being deployed on a
broad scale all around the world. A first step in enhancing or
evolving this technology entails introducing High-Speed
Downlink Packet Access (HSDPA) and an enhanced uplink,
also referred to as High Speed Uplink Packet Access
(HSUPA), giving a radio access technology that is highly
competitive.

[0003] In order to be prepared for further increasing user
demands and to be competitive against new radio access
technologies, 3GPP introduced a new mobile communication
system which is called Long Term Evolution (LTE). LTE is
designed to meet the carrier needs for high speed data and
media transport as well as high capacity voice support for the
next decade. The ability to provide high bit rates is a key
measure for LTE.

[0004] The work item (WI) specification on Long-Term
Evolution (LTE) called Evolved UMTS Terrestrial Radio
Access (UTRA) and UMTS Terrestrial Radio Access Net-
work (UTRAN) is finalized as Release 8 (LTE Rel. 8). The
LTE system represents efficient packet-based radio access
and radio access networks that provide full IP-based func-
tionalities with low latency and low cost. In LTE, scalable
multiple transmission bandwidths are specified such as 1.4,
3.0,5.0,10.0,15.0, and 20.0 MHz, in order to achieve flexible
system deployment using a given spectrum. In the downlink,
Orthogonal Frequency Division Multiplexing (OFDM) based
radio access was adopted because of its inherent immunity to
multipath interference (MPI) due to a low symbol rate, the use
of'a cyclic prefix (CP) and its affinity to different transmission
bandwidth arrangements. Single-carrier frequency division
multiple access (SC-FDMA) based radio access was adopted
in the uplink, since provisioning of wide area coverage was
prioritized over improvement in the peak data rate consider-
ing the restricted transmit power of the user equipment (UE).
Many key packet radio access techniques are employed
including multiple-input multiple-output (MIMO) channel
transmission techniques and a highly efficient control signal-
ing structure is achieved in LTE Rel. 8/9.

LTE Architecture

[0005] The overall architecture is shown in FIG. 1 and a
more detailed representation of the E-UTRAN architecture is
given in FIG. 2. The E-UTRAN consists of an eNodeB,
providing the E-UTRA user plane (PDCP/RLC/MAC/PHY)
and control plane (RRC) protocol terminations towards the
user equipment (UE). The eNodeB (eNB) hosts the Physical
(PHY), Medium Access Control (MAC), Radio Link Control
(RLC) and Packet Data Control Protocol (PDCP) layers that
include the functionality of user-plane header-compression
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and encryption. It also offers Radio Resource Control (RRC)
functionality corresponding to the control plane. It performs
many functions including radio resource management,
admission control, scheduling, enforcement of negotiated
uplink Quality of Service (QoS), cell information broadcast,
ciphering/deciphering of user and control plane data, and
compression/decompression of downlink/uplink user plane
packet headers. The eNodeBs are interconnected with each
other by means of the X2 interface.

[0006] TheeNodeBs are also connected by means of the S1
interface to the EPC (Evolved Packet Core), more specifically
to the MME (Mobility Management Entity) by means of the
S1-MME and to the Serving Gateway (SGW) by means ofthe
S1-U. The S1 interface supports a many-to-many relation
between MMES/Serving Gateways and eNodeBs. The SGW
routes and forwards user data packets, while also acting as the
mobility anchor for the user plane during inter-eNodeB han-
dovers and as the anchor for mobility between LTE and other
3GPP technologies (terminating S4 interface and relaying the
traffic between 2G/3G systems and PDN GW). For idle state
user equipments, the SGW terminates the downlink data path
and triggers paging when downlink data arrives for the user
equipment. It manages and stores user equipment contexts,
e.g. parameters of the IP bearer service, network internal
routing information. It also performs replication of the user
traffic in case of lawful interception.

[0007] The MME is the key control-node for the LTE
access-network. It is responsible for idle mode user equip-
ment tracking and paging procedure including retransmis-
sions. It is involved in the bearer activation/deactivation pro-
cess and is also responsible for choosing the SGW for a user
equipment at the initial attach and at time of intra-L'TE han-
dover involving Core Network (CN) node relocation. It is
responsible for authenticating the user (by interacting with
the HSS). The Non-Access Stratum (NAS) signaling termi-
nates at the MME and it is also responsible for generation and
allocation of temporary identities to user equipments. It
checks the authorization of the user equipment to camp on the
service provider’s Public Land Mobile Network (PLMN) and
enforces user equipment roaming restrictions. The MME is
the termination point in the network for ciphering/integrity
protection for NAS signaling and handles the security key
management. Lawful interception of signaling is also sup-
ported by the MME. The MME also provides the control
plane function for mobility between LTE and 2G/3G access
networks with the S3 interface terminating at the MME from
the SGSN. The MME also terminates the S6a interface
towards the home HSS for roaming user equipments.

Component Carrier Structure in LTE

[0008] The downlink component carrier of a 3GPP LTE
system is subdivided in the time-frequency domain in so-
called subframes. In 3GPP LTE each subframe is divided into
two downlink slots as shown in FIG. 3, wherein the first
downlink slot comprises the control channel region (PDCCH
region) within the first OFDM symbols. Each subframe con-
sists of a give number of OFDM symbols in the time domain
(12 or 14 OFDM symbols in 3GPP LTE (Release 8)), wherein
each OFDM symbol spans over the entire bandwidth of the
component carrier. The OFDM symbols thus each consists of
a number of modulation symbols transmitted on respective
Nz ExN, R subcarriers as also shown in FIG. 4.

[0009] Assuming a multi-carrier communication system,
e.g. employing OFDM, as for example used in 3GPP Long
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Term Evolution (LTE), the smallest unit of resources that can
be assigned by the scheduler is one “resource block™ A
physical resource block (PRB)is definedasN_,,,, 2L consecu-
tive OFDM symbols in the time domain (e.g. 7 OFDM sym-
bols) and N, *# consecutive subcarriers in the frequency
domain as exemplified in FIG. 4 (e.g. 12 subcarriers for a
component carrier). In 3GPP LTE (Release 8), a physical
resource block thus consists of N, SPExN_ RZ resource ele-
ments, corresponding to one slot in the time domain and 180
kHz in the frequency domain (for further details on the down-
link resource grid, see for example 3GPP TS 36.211,
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 8)”, section 6.2,
available at http://www.3gpp.org and incorporated herein by
reference).

[0010] One subframe consists of two slots, so that there are
14 OFDM symbols in a subframe when a so-called “normal”
CP (cyclic prefix) is used, and 12 OFDM symbols in a sub-
frame when a so-called “extended” CP is used. For sake of
terminology, in the following the time-frequency resources
equivalent to the same N_*? consecutive subcarriers span-
ning a full subframe is called a “resource block pair”, or
equivalent “RB pair” or “PRB pair”.

[0011] The term “component carrier” refers to a combina-
tion of several resource blocks in the frequency domain. In
future releases of LTE, the term “component carrier” is no
longer used; instead, the terminology is changed to “cell”,
which refers to a combination of downlink and optionally
uplink resources. The linking between the carrier frequency
of the downlink resources and the carrier frequency of the
uplink resources is indicated in the system information trans-
mitted on the downlink resources.

[0012] Similar assumptions for the component carrier
structure apply to later releases too.

Carrier Aggregation in LTE-A for Support of Wider
Bandwidth

[0013] The frequency spectrum for IMT-Advanced was
decided at the World Radio communication Conference 2007
(WRC-07). Although the overall frequency spectrum for
IMT-Advanced was decided, the actual available frequency
bandwidth is different according to each region or country.
Following the decision on the available frequency spectrum
outline, however, standardization of a radio interface started
in the 3rd Generation Partnership Project (3GPP). At the
3GPP TSG RAN #39 meeting, the Study Item description on
“Further Advancements for E-UTRA (LTE-Advanced)” was
approved. The study item covers technology components to
be considered for the evolution of E-UTRA, e.g. to fulfill the
requirements on IMT-Advanced.

[0014] The bandwidth that the LTE-Advanced system is
able to support is 100 MHz, while an LTE system can only
support 20 MHz. Nowadays, the lack of radio spectrum has
become a bottleneck of the development of wireless net-
works, and as a result it is difficult to find a spectrum band
which is wide enough for the LTE-Advanced system. Conse-
quently, it is urgent to find a way to gain a wider radio
spectrum band, wherein a possible answer is the carrier
aggregation functionality.

[0015] In carrier aggregation, two or more component car-
riers (component carriers) are aggregated in order to support
wider transmission bandwidths up to 100 MHz. Several cells
in the LTE system are aggregated into one wider channel in
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the LTE-Advanced system which is wide enough for 100
MHz even though these cells in LTE are in different frequency
bands.

[0016] All component carriers can be configured to be LTE
Rel. 8/9 compatible, at least when the aggregated numbers of
component carriers in the uplink and the downlink are the
same. Not all component carriers aggregated by a user equip-
ment may necessarily be Rel. 8/9 compatible. Existing
mechanism (e.g. barring) may be used to avoid Rel-8/9 user
equipments to camp on a component carrier.

[0017] A user equipment may simultaneously receive or
transmit one or multiple component carriers (corresponding
to multiple serving cells) depending on its capabilities. A
LTE-A Rel. 10 user equipment with reception and/or trans-
mission capabilities for carrier aggregation can simulta-
neously receive and/or transmit on multiple serving cells,
whereas an LTE Rel. 8/9 user equipment can receive and
transmit on a single serving cell only, provided that the struc-
ture of the component carrier follows the Rel. 8/9 specifica-
tions.

[0018] Carrier aggregation is supported for both contigu-
ous and non-contiguous component carriers with each com-
ponent carrier limited to a maximum of 110 Resource Blocks
in the frequency domain using the 3GPP LTE (Release 8/9)
numerology.

[0019] It is possible to configure a 3GPP LTE-A (Release
10) compatible user equipment to aggregate a different num-
ber of component carriers originating from the same eNodeB
(base station) and of possibly different bandwidths in the
uplink and the downlink. The number of downlink compo-
nent carriers that can be configured depends on the downlink
aggregation capability of the UE. Conversely, the number of
uplink component carriers that can be configured depends on
the uplink aggregation capability of the UE. It may not be
possible to configure a mobile terminal with more uplink
component carriers than downlink component carriers.
[0020] In a typical TDD deployment, the number of com-
ponent carriers and the bandwidth of each component carrier
inuplink and downlink is the same. Component carriers origi-
nating from the same eNodeB need not to provide the same
coverage.

[0021] The spacing between centre frequencies of contigu-
ously aggregated component carriers shall be a multiple of
300 kHz. This is in order to be compatible with the 100 kHz
frequency raster of 3GPP LTE (Release 8/9) and at the same
time preserve orthogonality of the subcarriers with 15 kHz
spacing. Depending on the aggregation scenario, the nx300
kHz spacing can be facilitated by insertion of a low number of
unused subcarriers between contiguous component carriers.
[0022] The nature of the aggregation of multiple carriers is
only exposed up to the MAC layer. For both uplink and
downlink there is one HARQ entity required in MAC for each
aggregated component carrier. There is (in the absence of
SU-MIMO for uplink) at most one transport block per com-
ponent carrier. A transport block and its potential HARQ
retransmissions need to be mapped on the same component
carrier.

[0023] The Layer 2 structure with activated carrier aggre-
gation is shown in FIG. 5 and FIG. 6 for the downlink and
uplink respectively.

[0024] When carrier aggregation is configured, the mobile
terminal only has one RRC connection with the network. At
RRC connection establishment/re-establishment, one cell
provides the security input (one ECGI, one PCI and one
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ARFCN) and the non-access stratum mobility information
(e.g. TAI) similarly as in LTE Rel. 8/9. After RRC connection
establishment/re-establishment, the component carrier corre-
sponding to that cell is referred to as the downlink Primary
Cell (PCell). There is always one and only one downlink
PCell (DL PCell) and one uplink PCell (UL PCell) configured
per user equipment in connected state. Within the configured
set of component carriers, other cells are referred to as Sec-
ondary Cells (SCells); with carriers of the SCell being the
Downlink Secondary Component Carrier (DL SCC) and
Uplink Secondary Component Carrier (UL SCC). The char-
acteristics of the downlink and uplink PCell are:

[0025] For each SCell the usage of uplink resources by
the UE, in addition to the downlink ones is configurable;
the number of DL SCCs configured is therefore always
larger or equal to the number of UL SCCs, and no SCell
can be configured for usage of uplink resources only

[0026] The uplink PCell is used for transmission of
Layer 1 uplink control information

[0027] The downlink PCell cannot be de-activated,
unlike SCells

[0028] From UE perspective, each uplink resource only
belongs to one serving cell

[0029] The number of serving cells that can be config-
ured depends on the aggregation capability of the UE

[0030] Re-establishment is triggered when the downlink
PCell experiences Rayleigh fading (RLF), not when
downlink SCells experience RLF

[0031] The downlink PCell cell can change with han-
dover (i.e. with security key change and RACH proce-
dure)

[0032] Non-access stratum information is taken from the
downlink PCell

[0033] PCell can only be changed with handover proce-
dure (i.e. with security key change and RACH proce-
dure)

[0034] PCell is used for transmission of PUCCH

[0035] The configuration and reconfiguration of compo-
nent carriers can be performed by RRC. Activation and deac-
tivation is done via MAC control elements. At intra-LTE
handover, RRC can also add, remove, or reconfigure SCells
for usage in the target cell. When adding a new SCell, dedi-
cated RRC signaling is used for sending the system informa-
tion of the SCell, the information being necessary for trans-
mission/reception (similarly as in Rel-8/9 for handover).
[0036] When a user equipment is configured with carrier
aggregation there is one pair of uplink and downlink compo-
nent carriers that is always active. The downlink component
carrier of that pair might be also referred to as DL anchor
carrier'. Same applies also for the uplink.

[0037] When carrier aggregation is configured, a user
equipment may be scheduled over multiple component car-
riers simultaneously but at most one random access proce-
dure shall be ongoing at any time. Cross-carrier scheduling
allows the PDCCH of a component carrier to schedule
resources on another component carrier. For this purpose a
component carrier identification field is introduced in the
respective DCI formats, called CIF.

[0038] A linking between uplink and downlink component
carriers allows identifying the uplink component carrier for
which the grant applies when there is no-cross-carrier sched-
uling. The linkage of downlink component carriers to uplink
component carrier does not necessarily need to be one to one.
In other words, more than one downlink component carrier
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can link to the same uplink component carrier. At the same
time, a downlink component carrier can only link to one
uplink component carrier.

General Overview of the OS] Layer

[0039] FIG. 7 provides a brief overview of the OSI model
on which the further discussion of the LTE architecture is
based and based on which also the invention will be discussed
herein.

[0040] The Open Systems Interconnection Reference
Model (OSI Model or OSI Reference Model) is a layered
abstract description for communication and computer net-
work protocol design. The OSI model divides the functions of
a system into a series of layers. Each layer has the property
that it only uses the functions of the layer below, and only
exports functionality to the layer above. A system that imple-
ments protocol behavior consisting of a series of these layers
is known as a ‘protocol stack’ or ‘stack’. Its main feature is in
the junction between layers which dictates the specifications
on how one layer interacts with another. This means that a
layer written by one manufacturer can operate with a layer
from another. For the purposes of the invention, only the first
three layers will be described in more detail below.

[0041] The physical layer or layer 1°s main purpose is the
transfer of information (bits) over a specific physical medium
(e.g. coaxial cables, twisted pairs, optical fibers, air interface,
etc.). It converts or modulates data into signals (or symbols)
that are transmitted over a communication channel.

[0042] The purpose of the data link layer (or Layer 2) is to
shape the information flow in a way compatible with the
specific physical layer by breaking up the input data into data
frames (Segmentation And Re-assembly (SAR) functions).
Furthermore, it may detect and correct potential transmission
errors by requesting a retransmission of a lost frame. It typi-
cally provides an addressing mechanism and may offer flow
control algorithms in order to align the data rate with the
receiver capacity. If a shared medium is concurrently used by
multiple transmitters and receivers, the data link layer typi-
cally offers mechanisms to regulate and control access to the
physical medium.

[0043] As there are numerous functions offered by the data
link layer, the data link layer is often subdivided into sublay-
ers (e.g. RLC and MAC sublayers in UMTS). Typical
examples of Layer 2 protocols are PPP/HDLC, ATM, frame
relay for fixed line networks and RLC, LL.C or MAC for
wireless systems. More detailed information on the sublayers
PDCP, RLC and MAC of layer 2 is given later.

[0044] The network layer or Layer 3 provides the func-
tional and procedural means for transferring variable length
packets from a source to a destination via one or more net-
works while maintaining the quality of service requested by
the transport layer. Typically, the network layer’s main pur-
poses are inter alia to perform network routing, network frag-
mentation and congestion control functions. The main
examples of network layer protocols are the IP Internet Pro-
tocol or X.25.

[0045] With respect to Layers 4 to 7 it should be noted that
depending on the application and service it is sometimes
difficult to attribute an application or service to a specific
layer of the OSI model since applications and services oper-
ating above Layer 3 often implement a variety of functions
that are to be attributed to different layers of the OSI model.
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Therefore, especially in TCP(UDPYIP based networks,
Layer 4 and above is sometimes combined and forms a so-
called “application layer”.

Layer Services and Data Exchange

[0046] In the following the terms service data unit (SDU)
and protocol data unit (PDU) as used herein are defined in
connection with FIG. 8. In order to formally describe in a
generic way the exchange of packets between layers in the
OSI model, SDU and PDU entities have been introduced. An
SDU is a unit of information (data/information block) trans-
mitted from a protocol at the layer N+1 that requests a service
from a protocol located at layer N via a so-called service
access point (SAP). A PDU is a unit of information
exchanged between peer processes at the transmitter and at
the receiver of the same protocol located at the same layer N.

[0047] A PDU is generally formed by a payload part con-
sisting of the processed version of the received SDU(s) pre-
ceded by a layer N specific header and optionally terminated
by a trailer. Since there is no direct physical connection (ex-
cept for Layer 1) between these peer processes, a PDU is
forwarded to the layer N-1 for processing. Therefore, a layer
N PDU is from a layer N-1 point of view an SDU.

LTE Layer 2—User Plane and Control Plane Protocol Stack

[0048] The LTE layer 2 user-plane/control-plane protocol
stack comprises three sublayers as shown in FIG. 9, PDCP,
RLC and MAC. As explained before, at the transmitting side,
each layer receives a SDU from a higher layer for which the
layer provides a service and outputs a PDU to the layer below.
The RLC layer receives packets from the PDCP layer. These
packets are called PDCP PDUs from a PDCP point of view
and represent RL.C SDUs from an RLC point of view. The
RLC layer creates packets which are provided to the layer
below, i.e. the MAC layer. The packets provided by RLC to
the MAClayer are RL.C PDUs from an RL.C point of view and
MAC SDUs from a MAC point of view.

[0049] At the receiving side, the process is reversed, with
each layer passing SDUs up to the layer above, where they are
received as PDUs.

[0050] While the physical layer essentially provides a bit-
pipe, protected by turbo-coding and a cyclic redundancy
check (CRC), the link-layer protocols enhance the service to
upper layers by increased reliability, security and integrity. In
addition, the link layer is responsible for the multi-user
medium access and scheduling. One of the main challenges
for the LTE link-layer design is to provide the required reli-
ability levels and delays for Internet Protocol (IP) data flows
with their wide range of different services and data rates. In
particular, the protocol over-head must scale. For example, it
is widely assumed that voice over IP (VoIP) flows can tolerate
delays on the order of 100 ms and packet losses of up to 1
percent. On the other hand, it is well-known that TCP file
downloads perform better over links with low bandwidth-
delay products. Consequently, downloads at very high data
rates (e.g., 100 Mb/s) require even lower delays and, in addi-
tion, are more sensitive to IP packet losses than VoIP traffic.
[0051] Overall, this is achieved by the three sublayers of the
LTE link layer that are partly intertwined.

[0052] The Packet Data Convergence Protocol (PDCP)
sublayer is responsible mainly for IP header compression and
ciphering. In addition, it supports lossless mobility in case of
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inter-eNB handovers and provides integrity protection to
higher layer-control protocols.

[0053] The radio link control (RLC) sublayer comprises
mainly ARQ functionality and supports data segmentation
and concatenation. The latter two minimize the protocol over-
head independent of the data rate.

[0054] Finally, the medium access control (MAC) sublayer
provides HARQ and is responsible for the functionality that is
required for medium access, such as scheduling operation and
random access. FIG. 10 exemplary depicts the data flow of an
IP packet through the link-layer protocols down to the physi-
cal layer. The figure shows that each protocol sublayer adds
its own protocol header to the data units.

Packet Data Convergence Protocol (PDCP)

[0055] The PDCP layer processes Radio Resource Control
(RRC) messages in the control plane and IP packets in the
user plane. Depending on the radio bearer characteristics and
the mode of the associated RLC entity (AM, UM, TM), the
main functions performed by a PDCP entity of the PDCP
layer are:

[0056] header compression and decompression (e.g.
using Robust Header Compression (ROHC) for user
plane data (DRB)

[0057] Security functions:

[0058] Ciphering and deciphering for user plane and
control plane data (for SRB and DRB)

[0059] Integrity protection and verification for control
plane data (for SRB)

[0060] Maintenance of PDCP sequence numbers for
SRB and DRB

[0061] Handover support functions:

[0062] In-sequence delivery and reordering of PDUs
for the layer above at handover for AM DRB;

[0063] Lossless handover for user plane data mapped
on RLC Acknowledged Mode (AM); including Status
Reporting for AM DRBs and duplicate elimination of
lower layers SDUs for AM DRB

[0064] Discard for user plane data due to timeout (for
SRB and DRB).

[0065] The PDCP layer manages data streams in the user
plane, as well as in the control plane, only for the radio bearers
using either a Dedicated Control Channel (DCCH) or a Dedi-
cated Transport Channel (DTCH). The architecture of the
PDCP layer differs for user plane data and control plane data.
Two different types of PDCP PDUs are defined in LTE: PDCP
Data PDUs and PDCP Control PDUs. PDCP Data PDUs are
used for both control and user plane data. PDCP Control
PDUs are only used to transport the feedback information for
header compression, and for PDCP status reports which are
used in case of handover and hence are only used within the
user plane.

[0066] Due to the low relevance to the invention, the func-
tions of Header Compression and Security are not explained
in detail; details in said respect can be found in LTE—The
UMTS Long Term Evolution FROM THEORY TO PRAC-
TICE, Edited by: Stefania Sesia, Issam Toufik, Matther
Baker, Second Edition, ISBN 978-0-470-66025-6, Chapters
4.2.2,4.2.3 and 4.2.4 incorporated herein by reference.
[0067] On the other hand, the handover functionality will
be explained in the following in detail. Handover is per-
formed when the UE moves from the coverage of one cell to
the coverage of another cell in RCC_CONNECTED state.
Depending on the required QoS, either a seamless or a loss-
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less handover is performed as appropriate for each user plane
radio bearer, as explained in the following.

[0068] Seamless handover is applied for user plane radio
bearers mapped on RLC Unacknowledged Mode (UM).
These types of data are typically reasonably tolerant oflosses
but less tolerant of delay (e.g. voice services).

[0069] Based on the sequence number that is added to
PDCP data PDUE, it is possible to ensure in-sequence deliv-
ery during handover, and even provide a fully lossless han-
dover functionality by performing retransmission of PDCP
SDUs for which reception has not yet been acknowledged
prior to handover. This lossless handover function is used for
delay-tolerant services such as file downloads where the loss
ofone PDCP SDU can result in a drastic reduction in the data
rate due to the reaction of the Transmission Control Protocol
(TCP).

[0070] Lossless handover is applied for user plane radio
bearers (i.e. data radio bearers) that are mapped on RLC
Acknowledged Mode (AM). For simplicity reasons, inter-
eNodeB handover and intra-eNodeB handover are handled in
the same way in LTE.

[0071] Innormal transmission, while the UE is not handing
over from one cell to another, the RLC layer in the UE and the
eNodeB ensures in-sequence delivery. PDCP PDUs that are
retransmitted by the RLC protocol, or that arrive out of
sequence due to the variable delay inthe HARQ transmission,
are reordered based on the RLC SN. At handover, the RLC
layer in the UE and in the eNodeB will deliver all PDCP
PDUs that have already been received to the PDCP layer in
order to have them decompressed before the header compres-
sion protocol is reset. Because some PDCP SDUs may not be
available at this point, the PDCP SDUs that are not available
in-sequence are not delivered immediately to higher layers in
the UE or to the gateway in the network. In the PDCP layer,
the PDCP SDUs received out of order are stored in the reor-
dering buffer. PDCP SDUs that have been transmitted but not
yet been acknowledged by the RLC layer are stored in a
retransmission buffer in the PDCP layer.

[0072] In order to ensure lossless handover in the uplink,
the UE retransmits the PDCP SDUs stored in the PDCP
retransmission buffer. For example, after the handover, the
UE restarts the transmission of those PDCP SDUs for which
successful transmission has not yet been acknowledged to the
target eNodeB. In order to ensure in-sequence delivery in the
uplink, the source eNodeB, after decompression, delivers the
PDCP SDUs that are received in-sequence to the gateway, and
forwards the PDCP SDUs that are received out-of-sequence
to the target eNodeB. Thus, the target eNodeB can reorder the
decompressed PDCP SDUs received from the source eNodeB
and the retransmitted PDCP SDUs received from the UE
based on the PDCP SNs which are maintained during the
handover, and deliver them to the gateway in the correct
sequence.

[0073] Inordertoensure lossless handover in the downlink,
the source eNodeB forwards the uncompressed PDCP SDUs
for which reception has not yet been acknowledged by the UE
to the target eNodeB for retransmission in the downlink. The
source eNodeB receives an indication from the gateway that
indicates the last packet sent to the source eNodeB. The
source eNodeB also forwards this indication to the target
eNodeB so that the target eNodeB knows when it can start
transmission of packets received from the gateway.

[0074] The UE will expect the packets from the target eNo-
deB in ascending order of SNs. In the case of a packet not
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being forwarded from the source eNodeB to the target eNo-
deB (i.e. when one of the packets that the UE expects is
missing during the handover operation), the UE can immedi-
ately conclude that the packet is lost and can forward the
packets which have already been received in sequence to
higher layers. This avoids the UE having to retain already-
received packets in order to wait for a potential retransmis-
sion. Thus, the forwarding of the packets in the network can
be decided without informing the UE.

[0075] Insome cases it may happen that a PDCP SDU has
been successfully received, but a corresponding RLC
acknowledgement has not. In this case, after the handover,
there may be unnecessary retransmissions initiated by the UE
or the target eNodeB based on the incorrect status received by
the RLC layer. In order to avoid these unnecessary retrans-
missions, a PDCP status report can be sent from the eNodeB
to the UE and from the UE to the eNodeB. Additionally, a
PDCP status report can request retransmission of PDCP
SDUs which were correctly received but failed in header
decompression. Whether to send a PDPC status report after a
handover is configured independent for each radio bearer.

PDCP PDU Formats

[0076] There are two types of PDUs in PDCP: PDCP data
PDUs and PDCP control PDUs. A PDCP data PDU is used to
transport user plane data such as an IP packet or control plane
data such as a RRC/NAS message. PDCP PDUs for user
plane data comprise a “D/C” field in order to distinguish Data
and Control PDUs, the formats of which are shown in FIGS.
11 and 12 respectively. PDCP Data PDUs comprise a 7- or
12-bit sequence number (SN). PDCP Data PDUs for user
plane data contain either an uncompressed (if header com-
pression is not used) or a compressed IP packet. PDCP Data
PDUs for control plane data (e.g. RRC signalling) comprise a
MAC-I field of 32-bit length for integrity protection. PDCP
Data PDUs for control plane data contain one complete RRC
message.

[0077] PDCP control PDUs are used by PDCP entities han-
dling user plane data. There are two types of PDCP Control
PDUs defined at the moment, distinguished by the PDU Type
field in the PDCP header. PDCP Control PDUs carry either
PDCP “Status Reports™ for the case of lossless handover, or
ROHC feedback created by the ROHC header compression
protocol. PDCP Control PDUs carrying ROHC feedback are
used for user plane radio bearers mapped on either RLC UM
or RLC AM, while PDCP control PDUs carrying PDCP Sta-
tus Reports are used only for user plane radio bearers mapped
on RLC AM.

PDCP Status Report

[0078] A PDCP control PDU carrying a PDCP Status
Report (PDCP SR) for the case of lossless handover is used to
prevent the retransmission of already-correctly-received
PDCP SDUs, and also may be used to request retransmission
of PDCP SDUs which were correctly received but for which
header decompression failed. This PDCP control PDU with
the status report contains a bitmap indicating which PDCP
SDUs need to be retransmitted and a reference SN, the First
Missing SDU (FMS). In the case that all PDCP SDUs have
been received in sequence, this field indicates the next
expected SN, and no bitmap is included.

[0079] FIG. 13 shows the format of a PDCP control PDU
carrying the PDCP status report when a 12-bit SN length is
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used, and FIG. 14 shows the format of a PDCP control PDU
carrying the PDCP status report when a 15-bit SN length is
used; as defined by 3GPP TS 36.323 v11.2.0 in chapter 6.2.6.
This format is applicable for DRBs mapped on RLC AM.
[0080] As apparent from FIGS. 13 and 14, the PDCP con-
trol PDU for the PDCP status report comprises the following
parameters as defined by 3GPP TS 36.323 v11.2.0 chapters
6.3.7-6.3.10 (incorporated herein by reference):

[0081] a one bit “D/C” field, allowing to distinguish
between a control and data PDCP PDU

[0082] a 3-bit PDU type field, allowing to distinguish
between a PDCP status report and an interspersed
ROHC feedback packet; bits 010-111 are reserved

[0083] an FMS field, with a length of 12 bits when a
12-bit SN is used, and with a length of 15 bits when a
15-bit SN is used; it indicates PDCP SN of the first
missing PDCP SDU

[0084] abitmap field of variable length; the length can be
0; the MSB of the first octet of the type “Bitmap” indi-
cates whether or not the PDCP SDU with the SN (FMS+
1) modulo (Maximum_PDCP_SN+1) has been received
and, optionally decompressed correctly. The LSB of the
first octet of the type “Bitmap” indicates whether or not
the PDCP SDU with the SN (FMS+8) modulo (Maxi-
mum_PDCP_SN+1) has been received and, optionally
decompressed correctly. The UE fills the bitmap indi-
cating which SDUs are missing (unset bit—°0), i.e.
whether an SDU has not been received or optionally has
been received but has not been decompressed correctly,
and which SDUs do not need retransmission (set bit—
‘1°), i.e. whether an SDU has been received correctly
and may or may not have been decompressed correctly.

[0085] The PDCP status report is explained in more detail
in 3GPP TS 36.323 v11.2.0 Chapter 5.3.5.3.1, incorporated
by reference herein.

[0086] For the transmit operation, when upper layers
request a PDCP re-establishment, for radio bearers that are
mapped on RLC AM, the UE shall:

[0087] iftheradio bearer is configured by upper layers to
send a PDCP status report in the uplink, compile a status
report as indicated below after processing the PDCP
Data PDUs that are received from lower layers due to the
re-establishment of the lower layers, and submit it to
lower layers as the first PDCP PDU for the transmission,
by:

[0088] setting the FMS field to the PDCP SN of the
first missing PDCP SDU;

[0089] if there is at least one out-of-sequence PDCP
SDU stored, allocating a Bitmap field of length in bits
equal to the number of PDCP SNs from and not
including the first missing PDCP SDU up to and
including the last out-of-sequence PDCP SDUs,
rounded up to the next multiple of 8;

[0090] setting as ‘0’ in the corresponding position in
the bitmap field for all PDCP SDUs that have not been
received as indicated by lower layers, and optionally
PDCP SDUs for which decompression have failed;

[0091] indicating in the bitmap field as ‘1” for all other
PDCP SDUs.

[0092] For the receive operation, when a PDCP status
report is received in the downlink, for radio bearers that are
mapped on RLC AM:

[0093] for each PDCP SDU, if any, with the bit in the
bitmap set to ‘1°, or with the associated COUNT value
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less than the COUNT value of the PDCP SDU identified
by the FMS field, the successtul delivery of the corre-
sponding PDCP SDU is confirmed, and the UE shall
process the PDCP SDU.

[0094] In other words, a PDCP status report is compiled
and transmitted every time the PDCP layer is re-established.

[0095] A PDCP re-establishment for all radio bearers that
are established is performed e.g. during a handover, i.e. when
receiving by the UE an RRCConnectionReconfiguration
including the mobilityControllnfo, as defined in 3GPP TS
36.331 v11.4.0 chapter 5.3.5.4, incorporated herein by refer-
ence. A PDCP re-establishment for SRB2 and all DRBs that
are established is performed when the UE receives a RRC-
ConnectionReconfiguration not including the mobilityCon-
trollnfo if this is the first RRCConnectionReconfiguration
message after successful completion of the RRC Connection
Re-establishment procedure, as defined in 3GPP TS 36.331
v11.4.0 chapter 5.3.5.3, incorporated herein by reference.
Furthermore, a PDCP re-establishment is also performed,
although only for SRB1, when the UE receives a RRCCon-
nectionReestablishment, as defined in 3GPP TS 36.331 v11.
4.0 chapter 5.3.7.5, incorporated herein by reference.

RRC

[0096] The Radio Resource Control (RRC) layer controls
communication between a UE and an eNB at the radio inter-
face and the mobility of a UE moving across several cells. The
RRC protocol also supports the transfer of NAS information.
For UEs in RRC_IDLE, RRC supports notification from the
network of incoming calls. RRC connection control covers all
procedures related to the establishment, modification and
release of an RRC connection, including paging, Measure-
ment configuration and reporting, Radio resource configura-
tion, initial security activation, establishment of Signalling
Radio Bearer (SRBs) and of radio bearers carrying user data
(Data Radio Bearers, DRBs).

[0097] Dedicated RRC messages are transferred across
Signalling Radio Bearers, which are mapped via the PDCP
and RLC layers onto logical channels—either the Common
Control Channel (CCCH) during connection establishment
or a Dedicated Control Channel (DCCH) in RRC_CON-
NECTED. System information and paging messages are
mapped directly to logical channels, the Broadcast Control
Channel (BCCH) and Paging Control Channel (PCCH)
respectively.

[0098] Themaindifference between SRB1 and SRB2is the
priority handling in the eNB, i.e. RRC messages sent over
SRB2 have lower priority than the RRC messages sent over
SRBI.

[0099] SRBO is used for RRC messages which use the
CCCH; SRBI is for RRC messages using the DCCH; SRB2
is for the (lower-priority) RRC messages using the DCCH
which only include NAS dedicated information. Prior to
SRB2 establishment, SRB1 is also used for RRC messages
which only include NAS dedicated information or MDT
(measurement drive test) logged measurement results. In
addition, SRB1 is used for higher-priority RRC messages
which only include NAS dedicated information.

[0100] All RRC messages using DCCH are integrity-pro-
tected and ciphered by the PDCP layer (after security activa-
tion). The RRC messages using CCCH are not integrity-
protected.
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Radio Link Control (RLC)

[0101] The RLC layer is located between the PDCP layer
(the “upper” layer, from RL.C perspective) and the MAC layer
(the “lower” layer”, from RLC perspective). It communicates
with the PDCP layer through a Service Access Point (SAP)
and with the MAC layer via logical channels. The RLC layer
reformats PDCP PDUs (i.e. RLC SDUs) in order to fit them
into the size indicated by the MAC layer; i.e., the RLC trans-
mitter segments and/or concatenates the PDCP PDUs, and the
RLC receiver reassembles the RLC PDUs to reconstruct the
PDCP PDUs. In addition, the RLC reorders the RLC PDUs if
they are received out of sequence due to the HARQ operation
performed in the MAC layer.

[0102] The functions of the RLC layer are performed by
“RLC entities”. An RLC entity is configured in one of three
data transmission modes: Transparent Mode (TM), Unac-
knowledged Mode (UM) and Acknowledged Mode (AM). In
AM, special functions are defined to support retransmission.
[0103] The main functions of UM RLC can be summarized
as follows: Segmentation and concatenation of RLC SDUs
(i.e. PDCP PDUs); reordering of RLC PDUs; Duplicate
detection of RLC SDUs; Reassembly of RL.C SDUs.

[0104] The main functions of AM RLC can be summarized
as follows: Retransmission of RLC Data PDUs; Re-Segmen-
tation of retransmitted RLC Data PDUs; Polling; Status
Reporting; Status Prohibit.

[0105] More information on RL.C is given by chapter 4.3.1
of LTE—The UMTS Long Term Evolution FROM THEORY
TO PRACTICE, Edited by: Stefania Sesia, Issam Toufik,
Matther Baker, Second Edition, ISBN 978-0-470-66025-6,
incorporated herein by reference.

Handover Procedure

[0106] As explained above, a PDCP status report is com-
piled and transmitted every time a handover is performed by
the UE when UE is configured for PDCP status reporting.
[0107] A 3GPP LTE handover procedure is specified in
3GPP TS 36.300: “Evolved Universal Terrestrial Radio
Access (E-UTRA) and Evolved Universal Terrestrial Radio
Access Network (E-UTRAN); Overall description; Stage 27,
version 11.6.0, section 10.1.2 available at http//www.3gpp.
org and incorporated herein by reference. Further, details of
the handover procedure relating to RRC connection recon-
figuration are defined in TS 36.331: “Evolved Universal Ter-
restrial Radio Access (E-UTRA); Radio Resource Control
(RRC); Protocol specification)”, version 11.4.0 section 5.3.5
available at http//www.3gpp.org and incorporated herein by
reference.
[0108] The intra-E-UTRAN-Access Mobility Support for
UEs in CONNECTED Mode handles all necessary steps for
handover procedures, like processes that precede the final
handover, HO, decision on the source network side (control
and evaluation of UE and eNB measurements taking into
account certain UE specific area restrictions), preparation of
resources on the target network side, commanding the UE to
the new radio resources and finally releasing resources on the
(old) source network side.
[0109] The intra E-UTRAN handover, HO, of a UE in
RRC_CONNECTED state is a UE-assisted network-con-
trolled HO, with HO preparation signalling in E-UTRAN:
[0110] Part of the HO command comes from the target
eNB and is transparently forwarded to the UE by the
source eNB;
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[0111] To prepare the HO, the source eNB passes all
necessary information to the target eNB.

[0112] Both the source eNB and UE keep some context
(e.g. C-RNTTI) to enable the return of the UE in case of
HO failure;

[0113] UE accesses the target cell via RACH following a
contention-free procedure using a dedicated RACH pre-
amble or following a contention-based procedure if
dedicated RACH preambles are not available:

[0114] the UE uses the dedicated preamble until the han-
dover procedure is finished (successfully or unsuccess-
fully);

[0115] If the RACH procedure towards the target cell is
not successful within a certain time, the UE initiates
radio link failure recovery using the best cell;

[0116] The preparation and execution phase of the HO pro-
cedure is performed without EPC involvement, i.e. prepara-
tion messages are directly exchanged between the eNBs. The
release of the resources at the source side during the HO
completion phase is triggered by the eNB.

[0117] Below a more detailed description of the intra-
MME/Serving Gateway handover, HO, procedure illustrated
in FIG. 15 is given where preceeding numbers refer to corre-
sponding steps in the sequence diagram of FIG. 15:

[0118] O The UE context within the source eNB contains
information regarding roaming restrictions which were
provided either at connection establishment or at the last
TA update.

[0119] 1 The source eNB configures the UE measure-
ment procedures according to the area restriction infor-
mation. Measurements provided by the source eNB may
assist the function controlling the UE’s connection
mobility.

[0120] 2AMEASUREMENT REPORT is triggered and
sent to the eNB.

[0121] 3 The source eNB makes decision based on
MEASUREMENT REPORT and RRM information to
hand off the UE.

[0122] 4 The source eNB issues a HANDOVER
REQUEST message to the target eNB passing necessary
information to prepare the HO at the target side (UE X2
signalling context reference at source eNB, UE S1 EPC
signalling context reference, target cell 1D, KeNB*,
RRC context including the C-RNTT of the UE in the
source eNB, AS-configuration, E-RAB context and
physical layer ID of the source cell+short MAC-I for
possible RLF recovery). UE X2/UE S1 signalling refer-
ences enable the target eNB to address the source eNB
and the EPC. The E-RAB context includes necessary
RNL and TNL addressing information, and QoS profiles
of the E-RABs.

[0123] 5 Admission Control may be performed by the
target eNB dependent on the received E-RAB QoS infor-
mation to increase the likelihood of a successful HO, if
the resources can be granted by target eNB. The target
eNB configures the required resources according to the
received E-RAB QoS information and reserves a
C-RNTI and optionally a RACH preamble. The AS-
configuration to be used in the target cell can either be
specified independently (i.e. an “establishment™) or as a
delta compared to the AS-configuration used in the
source cell (i.e. a “reconfiguration”).

[0124] 6 The target eNB prepares HO with L.1/L.2 and
sends the HANDOVER REQUEST ACKNOWLEDGE
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to the source eNB. The HANDOVER REQUEST
ACKNOWLEDGE message includes a transparent con-
tainer to be sent to the UE as an RRC message to perform
the handover. The container includes a new C-RNTI,
target eNB security algorithm identifiers for the selected
security algorithms, may include a dedicated RACH
preamble, and possibly some other parameters i.e.
access parameters, SIBs, etc. The HANDOVER
REQUEST ACKNOWLEDGE message may also
include RNL/TNL information for the forwarding tun-
nels, if necessary.
[0125] NOTE: As soon as the source eNB receives the
HANDOVER REQUEST ACKNOWLEDGE, or as soon as
the transmission of the handover command is initiated in the
downlink, data forwarding may be initiated.
[0126] Steps 7to 16 provide means to avoid dataloss during
HO and are further detailed in 10.1.2.1.2 and 10.1.2.3 of
3GPP TS 36.300: “Evolved Universal Terrestrial Radio
Access (E-UTRA) and Evolved Universal Terrestrial Radio
Access Network (E-UTRAN); Overall description; Stage 27,
version 11.6.0, available at http//www.3gpp.org and incorpo-
rated herein by reference.

[0127] 7 The target eNB generates the RRC message to
perform the handover, i.e RRCConnectionReconfigura-
tion message including the mobilityControllnforma-
tion, to be sent by the source eNB towards the UE. The
source eNB performs the necessary integrity protection
and ciphering of the message. The UE receives the RRC-
ConnectionReconfiguration message with necessary
parameters (i.e. new C-RNTI, target eNB security algo-
rithm identifiers, and optionally dedicated RACH pre-
amble, target eNB SIBs, etc.) and is commanded by the
source eNB to perform the HO. The UE does not need to
delay the handover execution for delivering the HARQ/
ARQ responses to source eNB.

[0128] 8 The source eNB sends the SN STATUS
TRANSFER message to the target eNB to convey the
uplink PDCP SN receiver status and the downlink PDCP
SN transmitter status of E-RABs for which PDCP status
preservation applies (i.e. for RLC AM). The uplink
PDCP SN receiver status includes at least the PDCP SN
of' the first missing UL SDU and may include a bit map
of'the receive status of the out of sequence UL SDUs that
the UE needs to retransmit in the target cell, if there are
any such SDUs. The downlink PDCP SN transmitter
status indicates the next PDCP SN that the target eNB
shall assign to new SDUs, not having a PDCP SN yet.
The source eNB may omit sending this message if none
of the E-RABs of the UE shall be treated with PDCP
status preservation.

[0129] 9 After receiving the RRCConnectionReconfigu-
ration message including the mobilityControllnforma-
tion, UE performs synchronization to target eNB and
accesses the target cell via RACH, following a conten-
tion-free procedure if a dedicated RACH preamble was
indicated in the mobilityControllnformation, or follow-
ing a contention-based procedure if no dedicated pre-
amble was indicated. UE derives target eNB specific
keys and configures the selected security algorithms to
be used in the target cell.

[0130] 10 The target eNB responds with UL allocation
and timing advance.

[0131] 11 When the UE has successfully accessed the
target cell, the UE sends the RRCConnectionReconfigu-
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rationComplete message (C-RNTI) to confirm the han-
dover, along with an uplink Buffer Status Report, when-
ever possible, to the target eNB to indicate that the
handover procedure is completed for the UE. The target
eNB verifies the C-RNTT sent in the RRCConnection-
ReconfigurationComplete message. The target eNB can
now begin sending data to the UE.

[0132] 12 The target eNB sends a PATH SWITCH
REQUEST message to MME to inform that the UE has
changed cell.

[0133] 13 The MME sends a MODIFY BEARER
REQUEST message to the Serving Gateway.

[0134] 14 The Serving Gateway switches the downlink
data path to the target side. The Serving gateway sends
one or more “end marker” packets on the old path to the
source eNB and then can release any U-plane/TNL
resources towards the source eNB.

[0135] 15 The Serving Gateway sends a MODIFY
BEARER RESPONSE message to MME.

[0136] 16 The MME confirms the PATH SWITCH
REQUEST message with the PATH SWITCH
REQUEST ACKNOWLEDGE message.

[0137] 17 By sending the UE CONTEXT RELEASE
message, the target eNB informs success of HO to
source eNB and triggers the release of resources by the
source eNB. The target eNB sends this message after the
PATH SWITCH REQUEST ACKNOWLEDGE mes-
sage is received from the MME.

[0138] 18 Upon reception of the UE CONTEXT
RELEASE message, the source eNB can release radio
and C-plane related resources associated to the UE con-
text. Any ongoing data forwarding may continue.

[0139] When an X2 handover is used involving HeNBs and
when the source HeNB is connected to a HeNB GW, a UE
CONTEXT RELEASE REQUEST message including an
explicit GW Context Release Indication is sent by the source
HeNB, in order to indicate that the HeNB GW may release of
all the resources related to the UE context.

Small Cells

[0140] Explosive demands for mobile data are driving
changes in how mobile operators will need to respond to the
challenging requirements of higher capacity and improved
Quality of user Experience (QoE). Currently, fourth genera-
tion wireless access systems using Long Term Evolution
(LTE) are being deployed by many operators worldwide in
order to offer faster access with lower latency and more
efficiency than 3G/3.5G system. Nevertheless, the anticipated
future traffic growth is so tremendous that there is a vastly
increased need for further network densification to handle the
capacity requirements, particularly in high traffic areas (hot
spot areas) that generate the highest volume of traffic. Net-
work densification—increasing the number of network
nodes, thereby bringing them physically closer to the user
terminals—is a key to improving traffic capacity and extend-
ing the achievable user-data rates of a wireless communica-
tion system.

[0141] In addition to straightforward densification of a
macro deployment, network densification can be achieved by
the deployment of complementary low-power nodes respec-
tively small cells under the coverage of an existing macro-
node layer. In such a heterogeneous deployment, the low-
power nodes provide very high traffic capacity and very high
user throughput locally, for example in indoor and outdoor
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hotspot positions. Meanwhile, the macro layer ensures ser-
vice availability and QoE over the entire coverage area. In
other words, the layer containing the low-power nodes can
also be referred to as providing local-area access, in contrast
to the wide-area-covering macro layer.

[0142] The installation of low-power nodes respectively
small cells as well as heterogeneous deployments has been
possible since the first release of LTE. In this regard, a number
of'solutions have been specified inrecent releases of LTE (i.e.,
Release-10/11). More specifically, these releases introduced
additional tools to handle inter-layer interference in hetero-
geneous deployments. In order to further optimize perfor-
mance and provide cost/energy-efficient operation, small
cells require further enhancements and in many cases need to
interact with or complement existing macro cells. Such solu-
tions will be investigated during the further evolution of
LTE—Release 12 and beyond. In particular further enhance-
ments related to low-power nodes and heterogeneous deploy-
ments will be considered under the umbrella of the new
Rel-12 study item (SI) “Study on Small Cell Enhancements
for E-UTRA and E-UTRAN”. Some of these activities will
focus on achieving an even higher degree of interworking
between the macro and low-power layers, including different
forms of macro assistance to the low-power layer and dual-
layer connectivity. Dual connectivity implies that the device
has simultaneous connections to both macro and low-power
layers.

[0143] Some deployment scenarios assumed in this study
item on small cell enhancements will be discussed below. In
the following scenarios, the backhaul technologies catego-
rized as non-ideal backhaul in TR 36.932 are assumed.
[0144] Both ideal backhaul (i.e., very high throughput and
very low latency backhaul such as dedicated point-to-point
connection using optical fiber) and non-ideal backhaul (i.e.,
typical backhaul widely used in the market such as xDSL,
microwave, and other backhauls like relaying) should be
studied. The performance-cost trade-off should be taken into
account.

[0145] A categorization of non-ideal backhaul based on
operator inputs is listed in the table below:
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on different carrier frequencies (inter-frequency) are con-
nected via a non-ideal backhaul. User are distributed both for
outdoor and indoor. There are essentially two different sce-
narios #2, referred herein as 2a and 24, the difference being
that in scenario 25 an indoor small cell deployment is con-
sidered.

[0149] Scenario #3 is illustrated in FIG. 19 and refers to a
deployment scenario where only small cells on one or more
carrier frequencies are connected via a non-ideal backhaul
link.

[0150] Depending on the deployment scenario, different
challenges/problems exist which need to be further investi-
gated. During the study item phase such challenges have been
identified for the corresponding deployment scenarios and
captured in TS 36.842; more details on those challenges/
problems can be found there.

[0151] In order to resolve the identified challenges which
are described in section 5 of TS36.842, the following design
goals are taken into account for this study in addition to the
requirements specified in TR 36.932.

[0152] In terms of mobility robustness:

[0153] For UEs in RRC_CONNECTED, Mobility per-
formance achieved by small cell deployments should be
comparable with that of a macro-only network.

[0154] Interms of increased signaling load due to frequent
handover:
[0155] Any new solutions should not result in excessive

increase of signaling load towards the Core Network.
However, additional signaling and user plane traffic load
caused by small cell enhancements should also be taken
into account.

[0156] Interms of improving per-user throughput and sys-
tem capacity:

[0157] Utilising radio resources across macro and small
cells in order to achieve per-user throughput and system
capacity similar to ideal backhaul deployments while
taking into account QoS requirements should be tar-
geted.

Backhaul Technology  Latency (One way) Throughput Priority (1 is the highest)
Fiber Access 1 10-30 ms 10M-10 Gbps 1
Fiber Access 2 5-10 ms 100-1000 Mbps 2
Fiber Access 3 2-5ms 50M-10 Gbps 1
DSL Access 15-60 ms 10-100 Mbps 1
Cable 25-35 ms 10-100 Mbps 2
Wireless Backhaul 5-35 ms 10 Mbps-100 Mbps typical, 1

maybe up to Gbps range

[0146] Fiber access which can be used to deploy Remote
Radio Heads (RRHs) is not assumed in this study. HeNBs are
not precluded, but not distinguished from Pico eNBs in terms
of deployment scenarios and challenges even though the
transmission power of HeNBs is lower than that of Pico
eNBs. The following 3 scenarios are considered.

[0147] Scenario #1 is illustrated in FIG. 16 and is the
deployment scenario where macro and small cells on the
same carrier frequency (intra-frequency) are connected via a
non-ideal backhaul. User are distributed both for outdoor and
indoor.

[0148] Scenario #2 is illustrated in FIGS. 17 and 18 and
refers to a deployment scenario where macro and small cells

Dual Connectivity

[0158] One promising solution to the problems which are
currently under discussion in 3GPP RAN working groups is
the so-called “dual connectivity” concept. The term “dual
connectivity” is used to refer to an operation where a given
UE consumes radio resources provided by at least two differ-
ent network nodes connected via a non-ideal backhaul.
Essentially, the UE is connected with both a macro cell
(macro eNB) and small cell (secondary or small eNB). Fur-
thermore, each eNB involved in dual connectivity for a UE
may assume different roles. Those roles do not necessarily
depend on the eNB’s power class and can vary among UEs.
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[0159] Since the study item is currently at a very early
stage, details on dual connectivity are not decided yet. For
example the architecture has not been agreed on yet. There-
fore, many issues/details, e.g. protocol enhancements, are
still open currently. FIG. 20 shows an exemplary architecture
for dual connectivity. It should be only understood as one
potential option; the invention is not limited to this specific
network/protocol architecture but can be applied generally.
The following assumptions on the architecture are made here:

[0160] Per bearer level decision where to serve each
packet, C/U plane split
[0161] As an example UE RRC signalling and high

QoS data such as VOoLTE can be served by the Macro
cell, while best effort data is offloaded to the small
cell.

[0162] No coupling between bearers, so no common
PDCP or RLC required between the Macro cell and
small cell

[0163] Looser coordination between RAN nodes

[0164] SeNB hasno connectionto S-GW, i.e. packets are
forwarded by MeNB

[0165] Small Cell is transparent to CN.

[0166] Regarding the last two bullet points, it should be
noted that it’s also possible that SeNB is connected directly
with the S-GW, i.e. S1-U is between S-GW and SeNB. Essen-
tially, there are three different options w.r.t. the bearer map-
ping/splitting:

[0167] Option 1: S1-U also terminates in SeNB; depicted
in FIG. 21a

[0168] Option 2: S1-U terminates in MeNB, no bearer
split in RAN; depicted in FIG. 215

[0169] Option 3: S1-U terminates in MeNB, bearer split
in RAN; depicted in FIG. 21¢

[0170] FIG. 21a-c depict those three options taking the
downlink direction for the U-Plane data as an example. For
explanation purposes, option 2 is mainly assumed for this
application, and is the basis for FIG. 20 too.

User Plane Architecture for Small Cell Enhancement

[0171] In addition to the discussion on the splitting of the
U-plane data as depicted in FIG. 21a-c, different alternatives
have been discussed for the user plane architecture too.
[0172] A common understanding is that, when the S1-U
interface terminates at the MeNB (FIG. 215,¢), the protocol
stack in the SeNB must at least support RLC (re-)segmenta-
tion. This is due to the fact that RLC (re-)segmentation is an
operation that is tightly coupled to the physical interface (e.g.
MAC layer indicating size of the RL.C PDU, see above), and
when a non-ideal backhaul is used, RLC (re-)segmentation
must take place in the same node as the one transmitting the
RLC PDUs.

[0173] Based on this assumption, four families for the user

plane alternatives are distinguished in the on-going discus-

sion.

[0174] A. Independent PDCPs: this option terminates the
currently defined air-interface U-plane protocol stack com-
pletely per bearer, and is tailored to realize transmission of
one EPS bearer by one node, but could also support split-
ting of a single EPS bearer for transmission by MeNB and
SeNB with the help of an additional layer. The transmis-
sion of different bearers may still happen simultaneously
from the MeNB and a SeNB.

[0175] B. Master-Slave PDCPs: this option assumes that
S1-U terminates in MeNB with at least part of the PDCP
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layer residing in the MeNB. In case of bearer split, there is
a separate and independent RLC bearer, also at UE side,
per eNB configured to deliver PDCP PDUs of the PDCP
bearer, terminated at the MeNB.

[0176] C. Independent RLCs: this option assumes that
S1-U terminates in MeNB with the PDCP layer residing in
the MeNB. In case of bearer split, there is a separate and
independent RLC bearer, also at UE side, per eNB config-
ured to deliver PDCP PDUs of the PDCP bearer, termi-
nated at the MeNB.

[0177] D. Master-Slave RL.Cs: this option assumes that
S1-U terminates in MeNB with the PDCP layer and part of
the RLC layer residing in the MeNB. While requiring only
one RLC entity in the UE for the EPS bearer, on the net-
work side the RL.C functionality is distributed between the
nodes involved, with a “slave RL.C” operating in the SeNB.
In downlink, the slave RLC takes care of the delay-critical
RLC operation needed at the SeNB: it receives from the
master RLC at the MeNB readily built RLC PDUs (with
Sequence Number already assigned by the master) that the
master has assigned for transmission by the slave, and
transmits them to the UE. The custom-fitting of these
PDUs into the grants from the MAC scheduler is achieved
by re-using the currently defined re-segmentation mecha-
nism.

[0178] Based thereon different architectures are proposed,

which are illustrated in FIG. 22a-i; these are taken from the

Email Discussion Report on U-Plane Alternatives, 3GPP

TSG-RAN WG2 Meeting #82,R2-131621 by Nokia Siemens

Networks (Rapporteur).

[0179] An overview of the main characteristics of the vari-

ous alternatives illustrated in FIG. 224-i is given in the fol-

lowing; where bearer split shall be understood as the ability to
split a bearer over multiple eNBs. As can be seen from the
figures, only two bearers are assumed which are indicated to
come over the S1 interface.
[0180] 1A: S1-U terminates in SeNB+independent
PDCPs (no bearer split);
[0181] 2A: S1-U terminates in MeNB+no bearer split in
MeNB+independent PDCP at SeNB;
[0182] 2B: S1-U terminates in MeNB+no bearer split in
MeNB-+master-slave PDCPs;
[0183] 2C: S1-U terminates in MeNB+no bearer split in
MeNB+independent RL.C at SeNB;
[0184] 2D: S1-U terminates in MeNB+no bearer split in
MeNB+master-slave RLCs;
[0185] 3A: S1-U terminates in MeNB+bearer split in
MeNB+independent PDCPs for split bearers;
[0186] 3B: S1-U terminates in MeNB+bearer split in
MeNB+master-slave PDCPs for split bearers;
[0187] 3C: S1-U terminates in MeNB+bearer split in
MeNB+independent RL.Cs for split bearers;
[0188] 3D: S1-U terminates in MeNB+bearer split in
MeNB+master-slave RL.Cs for split bearers.

[0189] During the discussion various advantages and draw-

backs are identified for each of the above alternatives.

Shortcomings of User Plane Architecture

[0190] As explained in the previous sections, small cells
and dual connectivity are a recent development and still pose
several problems that need to be addressed in order to allow
for an efficient system.

[0191] There are problems in connection with handover
scenarios with respect to protocol architectures where the



US 2016/0212661 Al

PDCP layer for bearers mapped to the SeNB is residing in the
MeNB, such as e.g. those of FIGS. 22d and 22¢; but also those
of FIGS. 22/ and 22/, and depending on the later implemen-
tation of the distributed PDCP slave-master concept also
those architectures of FIGS. 22¢ and 22g. Correspondingly,
scenarios as depicted in FIGS. 215 and 21c¢ are assumed for
the invention. This will be explained in detail in the following.
[0192] In REL-8 lossless transmission is supported for
acknowledged mode (AM) data radio bearers, i.e data radio
bearers which are using RLC AM. Basically, the AM RLC
receiver negatively acknowledges RLC PDUs that have not
been received correctly using an RLC status report. Retrans-
mission is performed repeatedly until all RLC PDUs have
been received or the maximum of retransmission, which is
configured by eNB, is reached. At handover, in order to also
support lossless transmission, a PDCP retransmission mecha-
nism has been introduced in Rel-8. This is necessary since the
RLC status report is usually not up-to date, i.e. UE reception
status might have been changed already.

[0193] This selective PDCP retransmission mechanism
retransmits PDCP SDU(s) after the handover from the target
eNB which were not acknowledged by the RLC entity before
handover. In order to support PDCP retransmissions, the
PDCP receiver is required to process the PDCP PDUs
received as a result of RLC re-establishment before PDCP
re-establishment. The reconstructed PDCP SDUs in the
receiver side are stored in the reordering buffer if they are
out-of sequence, or are delivered to higher layer otherwise.
After handover, the PDCP SDUs not acknowledged before
handover are retransmitted by the transmitting entity and the
PDCP receiver reorders them together with the SDU’s stored
in the reordering buffer. For the reordering to work, all PDCP
state variables, including COUNT and also PDCP sequence
numbers, need to be maintained at handover.

[0194] PDCP retransmission can be further optimized by
using a PDCP status report. As mentioned above the RL.C
status report might not be up-to-date, i.e. even though the
reception of a PDCP SDU has not been acknowledged by the
RLC status report, it is possible that the PDCP SDU has been
transmitted successfully before handover. Therefore, there
might be some unnecessary retransmissions of PDCP SDUs
after handover. In order to avoid those, the PDCP receiver
sends a PDCP status report to the PDCP transmitter after
handover. The PDCP status report describes the latest reor-
dering buffer status of the PDCP receiver, so that unnecessary
retransmissions can be avoided.

[0195] In the scope of dual connectivity there are new
mobility events compared to Re18 handover or Rel-10 carrier
aggregation mobility events. In order to explain some prob-
lems underlying the present invention, we focus on the mobil-
ity event where UE is in dual connectivity, i.e. UE has estab-
lished a connection to MeNB and also to a SeNB, and changes
its SeNB. This is illustrated in FIG. 23. At SeNB change, i.e.
MeNB is not changed, radio bearers (in this example radio
bearer #1 as part of EPS bearer #1) which where transmitted
via the source SeNB (SeNB connected to before mobility
event) are mapped to target SeNB (SeNB connected to after
SeNB change).

[0196] It should be noted that the invention is also appli-
cable to other mobility scenarios, e.g. where UE being in dual
connectivity will move to single connectivity, i.e. only con-
nected to Macro cell. This is depicted in FIG. 24. Bearers
previously mapped to the source SeNB are, after the mobility
event, served by the MeNB. The invention also applies to
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cases where the UE changes the MeNB as well as the SeNB,
and may also change to single connectivity of a single new
MeNB (i.e. without a new SeNB) (not depicted).

[0197] For the following explanation, the scenario of FIG.
23 is assumed. Since the PDCP layer resides in the MeNB
(seee.g. FIG. 224), the PDCP layer will not be re-established
for the SeNB change. Correspondingly, the MeNB will, after
SeNB change, forward the PDCP PDUs to the new SeNB2. In
order to also support lossless transmission at SeNB for AM
DRBs, PDCP SDUs which are not acknowledged by RLC
layer before, are retransmitted by the new SeNB2 after SeNB
change. However, since MeNB has no up-to-date knowledge
of RLC/PDCP reception status before SeNB change, unnec-
essary PDCP SDU retransmission after SeNB change might
be the consequence. It should be noted that since no PDCP
re-establishment is performed, no PDCP status report will be
triggered.

SUMMARY OF THE INVENTION

[0198] One object of the invention is to provide an
improved method for a lossless change of connection
between the mobile station and a source secondary base sta-
tion and a target base station. The object is solved by the
subject matter of the independent claims. Advantageous
embodiments are subject to the dependent claims.

[0199] For the first aspect of the invention, it is assumed
that the mobile station is in dual connectivity and thus con-
nected to both a master base station and a secondary base
station via respective at least one radio bearer. The mobile
station is at least receiving data packets which are forwarded
from the master base station via the secondary base station to
the mobile station. A protocol stack including a higher layer
(e.g. PDCP layer), having a function of compiling and trans-
mitting a status report, is located at the master base station,
but not at the secondary base station. The secondary base
station also has a protocol stack, but rather than having said
particular higher layer of the master base station (e.g. PDCP
layer), it does have a lower layer, which is the layer below the
higher layer of the master base station (e.g. RLC layer).
Correspondingly, the data packets are forwarded from the
higher (e.g. PDCP) layer of the master base station to the
lower (e.g. RLC) layer at the secondary base station. Corre-
spondingly, the mobile station is receiving data packets from
its secondary base station, which in turn receives same from
the master base station. The data packets are acknowledged
by the mobile station in a usual manner.

[0200] It is further assumed for explanatory purposes only
that the communication system in which the mobile station is
currently located has at least one master base station and at
least two secondary base stations. The mobile station is fur-
ther assumed to be moving and to eventually perform a han-
dover from the source secondary base station to another base
station, be it the master base station, another new master base
station or a target secondary base station. In any case, at least
the radio bearers that are connecting the mobile station to the
source secondary base station need to be remapped/reconfig-
ured to this other target base station when performing the
handover.

[0201] According to this first aspect of the invention, an
efficient and lossless handover procedure shall be imple-
mented. In particular, when said radio bearers going via the
source secondary base station are (or are to be) reconfigured
from the source secondary base station to another base station
due to a mobility event, the mobile station shall prepare and
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transmit a status report as follows. The status report com-
prises information on the reception status of the data packets
received so far by the mobile station via all of the data radio
bearer going via the source secondary base station. In view of
that the status report may comprise information on more than
one data radio bearer, the information in the status report shall
be accompanied by a corresponding radio bearer identifier of
that radio bearer to which the information pertains. There-
fore, the receiving entity, i.e. eventually the master base sta-
tion as the destination of the status report, can infer which data
packets transmitted via which data radio bearers have been
already received correctly by the mobile station and which
not. Correspondingly, the master base station may thus for-
ward only those of the data packets to the target secondary
base station which have not yet been successfully received by
the mobile station.

[0202] According to one implementation of the first aspect,
the concatenation of information relating to different radio
bearers is indicated and distinguished in the status report by
use of an extension flag after each set of information, com-
prised of reception status and radio bearer identifier. Put
differently, the status report comprises for each data radio
bearer which is to be remapped away from the source sec-
ondary base station to the target: the reception status infor-
mation of data packets going via said data radio bearer, the
corresponding radio bearer identifier of said data radio bearer
and an extension flag. The extension flag indicates that the
reception status information and radio bearer identifier relat-
ing to another data radio bearer are included in the status
repotrt too.

[0203] According to one particular exemplary implemen-
tation of the first aspect, the status report is the PDCP status
report compiled by a PDCP layer entity in the mobile station,
and which comprises information on the reception status of
PDCP SDUs received by the mobile station via all of the at
least one data radio bearer going via the source secondary
base station.

[0204] According to the prior art, in the above assumed
scenario no status report would be transmitted since the
higher layer (e.g. PDCP layer) which is responsible for com-
piling and transmitting said status report is not re-established
due to being located in the master base station but not in the
(source) secondary base station. According to this first aspect
of the invention however, the status report shall be compiled
and transmitted nonetheless in order to provide the master
base station with the necessary information on missing data
packets, and thus to avoid the re-transmission of already
correctly received data packets by the target base station to the
mobile station. According to one implementation, the trigger
for the mobile station to start preparing and eventually trans-
mit the status report is the RRC Connection Reconfiguration
message which is received by the mobile station from the base
station where RRC protocol layer resides, e.g. master base
station.

[0205] However, since the status report relates to the data
radio bearers which go via the source base station, the status
report is usually to be transmitted via said data radio bearers,
and thus incurs the unwanted backhaul delay. In order to
avoid the backhaul delay between the master base station and
the target secondary base station which can be significant, the
status report may be advantageously be transmitted by the
mobile station directly to the master base station, e.g. via one
of the at least one radio bearer which is established directly
between the mobile station and the master base station, be it
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a signalling radio bearer or a data radio bearer. In other words,
the status report, basically comprising information regarding
particular data radio bearers (going via the source secondary
base station) is transmitted from the mobile station via
another radio bearer to the master base station.

[0206] For example, in case the status report is to be trans-
mitted via a signalling radio bearer to the master base station,
this may be done as part of an RRC message, e.g. the RRC
Connection Reconfiguration Complete message which is a
response message for the RRC Connection Reconfiguration
message which, according to one implementation, can be
used as trigger by the mobile station for compiling and trans-
mitting the status report as mentioned above.

[0207] Incasethe statusreport is to be transmitted via a data
radio bearer to the master base station, this may be done
according to one particular exemplary implementation as a
PDCP control PDU, in a similar manner as the usual PDCP
status report known from the prior art; albeit, as a third PDCP
control PDU type with a different format as explained above.

[0208] In a still further alternative on how to transmit the
status report directly to the master base station to avoid the
backhaul delay, the status report can be transmitted as a MAC
control element; in other words, a MAC control element
comprising the status report (with the content as explained
above) is transmitted by the mobile station directly to the
master base station as a physical channel transmission, i.e.
lower layer transmission without relating to any radio bearer.

[0209] Since the status report is transmitted to the master
base station via another radio bearer, a radio bearer which is
not being remapped (provided the master base station is not
changed too), the status report can be sent even before the
SeNB change is finished. This has the advantage that the
PDCP status information is received by the PDCP layer in the
master base station so timely, that PDCP layer can make use
of this information when determining which PDCP SDU to
forward to the target SeNB for retransmission. In other words
this allows master eNB to forward only those packets (PDCP
SDUs) which haven’t been received by the mobile station
before the mobility event, i.e. forwarding of unnecessary data
packets is hence avoided.

[0210] Intheabove the firstaspectis mainly explained from
the viewpoint of the mobile station, which receives data pack-
ets from the master base station via the secondary base sta-
tion, and, when performing a handover, compiles and trans-
mits a status report. However, the principles as explained
above are equally applicable from the viewpoint of the master
base station, which is the other end point of the higher layer
implementing the function of the status report compiling and
transmitting. In the same manner, the master base station
when it has been decided about the handover of the mobile
station from the source secondary base station to another
target base station (be it another secondary base station, the
master base station or another master base station), compiles
the status report, by comprising information on the reception
status of data packets received so far by the master base
station from the mobile station via all of the data radio bearer
going viathe source secondary base station. The format ofthe
status report may be the same as explained above in connec-
tion with the status report prepared by the mobile station; i.e.
comprising for each of these data radio bearers going via the
source secondary base station the reception status informa-
tion, the corresponding radio bearer identifier and an exten-
sion flag (see above details).
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[0211] Furthermore and also in line with the principles
already explained above, the status report prepared by the
master base station shall advantageously be transmitted
directly to the mobile station thus avoiding the detour and
corresponding backhaul delay between the master base sta-
tion and the secondary base station. As before, this may be
realized by the transmission of the status report from the
master base station via one of the radio bearers established
and available to the mobile station, be it a signalling or data
radio bearer. Again, RRC messages may be used in connec-
tion with a signalling radio bearer, or a third type of PDCP
control PDU in connection with a data radio bearer, or a MAC
CE to transmit the status report.

[0212] A first embodiment of the invention provides a
method for for transmitting a status report by amobile station,
wherein the mobile station is connected via at least one radio
bearer to a master base station and via at least one data radio
bearer to a source secondary base station. When reconfigur-
ing the at least one data radio bearer of the mobile station from
the source secondary base station to a target base station,
transmitting by the mobile station a status report. The status
report comprises information on the reception status of data
packets received by the mobile station via all of the at least
one data radio bearer connecting the mobile station to the
source secondary base station, and comprises one radio
bearer identifier for each of the at least one data radio bearer
which information is comprised in the status report.

[0213] The first embodiment further provides a mobile sta-
tion for transmitting a status report, wherein the mobile sta-
tion is connected via at least one radio bearer to a master base
station and via at least one data radio bearer to a source
secondary base station. A processor and transmitter of the
mobile station transmit a status report, when the at least one
data radio bearer of the mobile station is reconfigured from
the source secondary base station to a target base station. The
status report comprises information on the reception status of
data packets received by the mobile station via all of the at
least one data radio bearer connecting the mobile station to
the source secondary base station, and comprises one radio
bearer identifier for each of the at least one data radio bearer
which information is comprised in the status report.

[0214] The first embodiment of the invention further pro-
vides a master base station for processing a status report
transmitted from a mobile station, wherein the mobile station
is connected via at least one radio bearer to the master base
station and via at least one data radio bearer to a source
secondary base station. A receiver and processor of the master
base station receive and process a status report from the
mobile station, when reconfiguring the at least one data radio
bearer of the mobile station from the source secondary base
station to a target base station. The status report comprises
information on the reception status of data packets received
by the mobile station via all of the at least one data radio
bearer connecting the mobile station to the source secondary
base station, and comprises one radio bearer identifier for
each of the at least one data radio bearer which information is
comprised in the status report.

BRIEF DESCRIPTION OF THE FIGURES

[0215] In the following the invention is described in more
detail with reference to the attached figures and drawings.
[0216] FIG. 1 shows an exemplary architecture of a 3GPP
LTE system,
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[0217] FIG. 2 shows an exemplary overview of the overall
E-UTRAN architecture of 3GPP LTE,

[0218] FIG. 3 shows exemplary subframe boundaries on a
downlink component carrier as defined for 3GPP LTE (Re-
lease 8/9),

[0219] FIG. 4 shows an exemplary downlink resource grid
of'a downlink slot as defined for 3GPP LTE (Release 8/9),
[0220] FIGS. 5 & 6 show the 3GPP LTE-A (Release 10)
Layer 2 structure with activated carrier aggregation for the
downlink and uplink, respectively,

[0221] FIG. 7 illustrates the OSI model with the different
layers for communication,

[0222] FIG. 8 illustrates the relationship of a protocol data
unit (PDU) and a service data unit (SDU) as well as the
inter-layer exchange of same,

[0223] FIG. 9 illustrates the layer 2 user and control-plane
protocol stack composed of the three sublayers, PDCP, RLC
and MAC,

[0224] FIG. 10 gives an overview of the different functions
in the PDCP, RLC and MAC layers as well as illustrates
exemplary the processing of SDUs/PDUs by the various lay-
ers,

[0225] FIGS. 11 and 12 illustrate a Data and Control PDU
respectively,
[0226] FIGS. 13 and 14 illustrate the format of a PDCP

control PDU carrying a PDCP status report, respectively
when using a 12-bit and 15-bit sequence number,

[0227] FIG. 15 shows a sequence diagram of an Intra-
MME/Serving Gateway Handover procedure as defined in
3GPP LTE Release 8/9;

[0228] FIG. 16 illustrates a deployment scenario for small
cell enhancement, where macro and small cells are on the
same carrier frequency,

[0229] FIGS. 17 and 18 illustrate further deployment sce-
narios for small cell enhancement where macro and small
cells are on different carrier frequencies, the small cell being
respectively outdoor and indoor,

[0230] FIG. 19 illustrates a further deployment scenario for
small cell enhancement with only small cells,

[0231] FIG. 20 gives an overview of the communication
system architecture for dual connectivity with macro and
small eNBs connected to the core network, where the S1-U
interface terminates in the Macro eNB and no bearer splitting
is done in RAN,

[0232] FIG. 21a-c illustrate the different options for having
two separate EPS bearers between the SGW and the UE,
[0233] FIG. 22a-i illustrate the different user plane archi-
tecture alternatives currently discussed in connection with
dual connectivity in the MeNB and SeNB,

[0234] FIG. 23 illustrates a scenario where a UE changes its
connection from a source SeNBI1 to a target SeNB2, while
maintaining its connection to the MeNB,

[0235] FIG. 24 illustrates a scenario where a UE changes its
connection from a source SeNB1 to the MeNB, while main-
taining its connection to the MeNB,

[0236] FIG. 25 illustrates the scenario as introduced by
FIG. 23, and further shows a simplified message exchange
according to one implementation of the first embodiment,
[0237] FIG. 26 illustrates the scenario as introduced by
FIG. 23, and further shows a simplified message exchange
according to another implementation of the first embodiment,
[0238] FIG. 27 illustrates the message exchange according
to one implementation of the first embodiment in the context
of part of the handover procedure,
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[0239] FIG. 28 illustrates the message exchange according
to another implementation of the first embodiment in the
context of part of the handover procedure,

[0240] FIG. 29 illustrates the message exchange according
to still another implementation of the first embodiment in the
context of part of the handover procedure,

[0241] FIG. 30 illustrates the format of the enhanced PDCP
status report according to one implementation of the first
embodiment, and

[0242] FIG. 31 illustrates the format of the enhanced PDCP
status report according to other implementations of the first
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0243] A mobile station or mobile node is a physical entity
within acommunication network. One node may have several
functional entities. A functional entity refers to a software or
hardware module that implements and/or offers a predeter-
mined set of functions to other functional entities of a node or
the network. Nodes may have one or more interfaces that
attach the node to a communication facility or medium over
which nodes can communicate. Similarly, a network entity
may have a logical interface attaching the functional entity to
a communication facility or medium over it may communi-
cate with other functional entities or correspondent nodes.
[0244] The term “master base station” used in the claims
and throughout the description of the invention is to be con-
strued as used in the field of dual connectivity of 3GPP
LTE-A; thus, other terms are macro base station, or master/
macro eNB; or serving base station or any other terminology
to be decided later by 3GPP. Similarly, the term “secondary
base station” used in the claims and throughout the descrip-
tion is to be construed as used in the field of dual connectivity
of 3GPP LTE-A; thus, other terms are slave base station, or
secondary/slave eNB or any other terminology to be decided
later by 3GPP.

[0245] The term “radio bearer” used in the claims and
throughout the description of the invention is to be construed
in connection with 3GPP terminology, and refers to a virtual
connection between two endpoints, i.e. mobile station and
base station, which is used for transport of data between
those; a term that emphasizes the fact that the virtual connec-
tion provides a “bearer service”, i.e. a transport service with
specific QoS attributes. A data radio bearer may also be called
user plane radio bearer, and a signaling radio bearer may also
be called control plane radio bearer. A radio bearer shall be
distinguished from other terminology as defined by 3GPP,
such as S1 bearer, E-RAB, S5/S8 bearer, EPS bearer etc. (see
also FIG. 2.8 of LTE—The UMTS Long Term Evolution
FROM THEORY TO PRACTICE, Edited by: Stefania Sesia,
Issam Toufik, Matther Baker, Second Edition, ISBN 978-0-
470-66025-6, incorporated herein by reference).

[0246] The term “reception status” used in the claims and
throughout the description of the invention refers to informa-
tion from which an entity can infer which data packets have
been already received correctly, and which data packets have
not been already received correctly and thus need re-trans-
mission. In the particular embodiment referring to the PDCP
status report, the reception status refers to PDCP SDUs and in
particular e.g. to the latest reordering buffer status of the
PDCP receiver.

[0247] Theterm “radio bearer identifier” used in the claims
and throughout the description of the invention refers to infor-
mation providing an identification of a radio bearer.
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[0248] Inthe following, several embodiments of the inven-
tion will be explained in detail. For exemplary purposes only,
most of the embodiments are outlined in relation to a radio
access scheme according to 3GPP LTE (Release 8/9) and
LTE-A (Release 10/11) mobile communication systems,
partly discussed in the Technical Background section above.
It should be noted that the invention may be advantageously
used for example in a mobile communication system such as
3GPP LTE-A (Release 12) communication systems as
described in the Technical Background section above. These
embodiments are described as implementations for use in
connection with and/or for enhancement of functionality
specified in 3GPP LTE and/or LTE-A. In this respect, the
terminology of 3GPP LTE and/or LTE-A is employed
throughout the description. Further, exemplary configura-
tions are explored to detail the full breadth of the invention.
[0249] The explanations should not be understood as lim-
iting the invention, but as a mere example of the invention’s
embodiments to better understand the invention. A skilled
person should be aware that the general principles of the
invention as laid out in the claims can be applied to different
scenarios and in ways that are not explicitly described herein.
Correspondingly, the following scenarios assumed for
explanatory purposes of the various embodiments shall not
limit the invention as such.

First Embodiment

[0250] In connection with the first embodiment of the
invention, various implementations will be explained. To
simplify the illustration of the principles of the first embodi-
ment, several assumptions are made; however, it should be
noted that these assumptions should not be interpreted as
limiting the scope of the present application, as broadly
defined by the claims.

[0251] The first embodiment of the invention will be
described with reference to FIGS. 25 to 31. A dual connec-
tivity scenario in a small cell environment is assumed, where
the UE is connected to both the MeNB and the SeNB, and at
least receives data that is forwarded from the SGW to the
MeNB, and finally via the SeNB to the UE; i.e. as illustrated
exemplary in FIGS. 215 and 21¢ in connection with EPS
bearer #2. As indicated, the EPS bearer #2 (including the
radio bearer #2 between the UE and the MeNB) can either be
split in the MeNB such that the radio bearer can be transmit-
ted viaboth eNBs as needed (see FIG. 21¢) or is not split in the
MeNB but forwarded separately from EPS bearer #1 (see
FIG. 215)

[0252] According to the small cell discussion in 3GPP,
different user plane architectures have been under discussion
as explained in the background section with reference to FIG.
22. For the first embodiment of the invention, it is assumed
that mainly the user plane architectures of FIG. 224, 22¢ are
assumed, where the PDCP layer with the PDCP status report
function is located at the MeNB but not at the SeNB. Never-
theless, the principles as explained in the following for the
first embodiment can also be applied to the user architectures
of FIG. 22k, 22i even though in these architectures the cor-
responding EPS bearer #2 is split in the MeNB such that there
is a direct connection between the UE and the MeNB thus
allowing to transmit the normal PDCP status report directly to
the MeNB without the backhaul delay introduced by the
detour via the SeNB. Furthermore, the principles as explained
in the following for the first embodiment can also be applied
to the user architectures of FIG. 22¢, 22g where the PDCP
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layer is distributed between the MeNB and the SeNB; inthese
cases it is still unclear from the current standardization point
of' view which particular functionality will be actually imple-
mented in the MeNB and which in the SeNB.

[0253] The first embodiment will now be explained in con-
nection with FIG. 25, which discloses a handover scenario
where the UE moves from the coverage of one SeNB1 to
another SeNB2 and thus performs a handover between these
two eNBs, while being always under coverage of the MeNB.
FIG. 25 takes some assumptions for facilitating the illustra-
tion of the principles of the first embodiment. In particular, it
is assumed that the underlying communication system
includes a MeNB with two SeNBs, SeNB1 and SeNB2. Fur-
ther, it is assumed that there are only two EPS bearer #1 and
#2, where EPS bearer #2 goes via the MeNB directly to the
UE, and EPS bearer #1 indirectly goes via the MeNB and via
the SeNB1 to the UE. Correspondingly, when moving and
performing a handover only the part of EPS bearer #1 that
goes viathe SeNB1, in this particular case the radio bearer #1
(being part of EPS bearer #1) between the UE and SeNB1, has
to be remapped to the target SeNB2. It should be noted that
the data radio bearer are configured for RLC AM as already
mentioned before.

[0254] Of course, although the exemplary scenario of FIG.
25 (and other figures) only assumes two EPS bearers in total,
there may be many more bearers established between the UE,
MeNB and SeNB respectively, and the first embodiment of
the invention also applies to these.

[0255] Itisassumed thatthe UE will eventually perform the
handover, which will most likely be decided by the MeNB.
Correspondingly, the MeNB (as having the RRC connection
to the UE, unlike the SeNBs) will inform the UE about the
imminent handover in the usual manner (see also explanation
regarding FIG. 15) by transmitting an RRC Connection
Reconfiguration message, as depicted in FIGS. 27, 28 and 29.
In one exemplary implementation of the first embodiment,
the UE takes the RRC Connection Reconfiguration message
as trigger for first compiling and then transmitting a PDCP
status report, which contains information as follows. Accord-
ing to one exemplary implementation of the first embodiment
the indication the RRCConnectionReconfiguration message
is not including mobilityControllnformation. The procedure
and associated signaling for changing ofa SeNB (from source
SeNB to target SeNB) is according to this exemplary imple-
mentation similar to the procedure for changing (release and
add) a Scell in the scope of carrier aggregation. It should be
noted however that also another (dedicated) trigger message
(not the RRC Conn. Reconf. Message) may be used by the
MeNB to trigger the enhanced PDCP status reporting.
[0256] Correspondingly, the PDCP layer of the UE gathers
the necessary information and prepares the enhanced PDCP
status report of the first embodiment. The PDCP receiver
processes the received PDCP PDUs as a result of RCL re-
establishment and stores the reconstructed PDCP SDUs in the
reordering buffer. The PDCP status information generated by
the mobile terminal represents the latest reordering buffer
status for a bearer. The relevant information which is to be
transmitted from the UE to the MeNB is basically the same
information as in a usual PDCP status report, namely the FMS
and (optionally) one or more bitmap octects, referring to a
particular data radio bearer (in this case, data radio bearer(s)
going via the SeNB). However, the enhanced PDCP status
report of the first embodiment shall refer to all data radio
bearers which are going viathe SeNB1; and even in case there
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is only one radio bearer (as in the exemplary scenario
assumed for FIGS. 25 and 26), the format of the enhanced
PDCP status report shall already take this into account.
Therefore, in order to distinguish the status report informa-
tion (FMS, bitmap) from one data radio bearer from the status
report information (FMS, bitmap) from the enhanced PDCP
status information for another dataradio bearer, a radio bearer
ID is included for identifying the corresponding radio bearer
to which the status report information pertains, and an exten-
sion flag is included indicating whether status report infor-
mation for another data radio bearer follows or not. FIG. 30
exemplarily illustrates the format of such an enhanced PDCP
status report of the first embodiment. As can be appreciated,
in this example, the RB ID is followed by the data field FMS
for the data radio bearer identified by the preceding RB ID
field, further followed by one or more corresponding (op-
tional) bitmaps, and finally an extension flag. In case the
extension flag indicates the presence of further status report
information, the format of RB ID, FMS and optionally bitmap
(s) is repeated for as many radio bearers as shall be remapped
to aeNB. The order of the field in the enhanced PDCP SR can
be different from the ones exemplarily shown in FIGS. 30 and
31.

[0257] Please note that currently the radio bearers are iden-
tified by 5 bits, thus allowing distinguishing up to 32 different
radio bearers. Correspondingly, the RB ID field in the
enhanced PDCP status report of the first embodiment may
also be 5 bits, but it should be noted that the RB ID field may
also be any other number of bits long (e.g. 2,3,4, 6,7, 8, etc.).
[0258] As will be explained in the following, there are
different possibilities on how to transmit the enhanced PDCP
status information of the first embodiment, having influence
on the particular steps to be performed by the UE. For illus-
tration purposes this will not be distinguished at this point, but
will be explained in detail later. Suffice it that, as just
explained, the UE prepares an enhanced PDCP status report
upon reception of a corresponding trigger from the MeNB,
the enhanced PDCP status report comprising at least status
report information for all of the data radio bearers going via
SeNBI1 (in this example only radio bearer #1) which are going
to be remapped to the target eNB (in this example SeNB2)
respectively accompanied by a corresponding RB identifier.
[0259] The enhanced PDCP status report is then transmit-
ted to the MeNB, either directly to the MeNB (details will be
explained later; see e.g. FIG. 26) or via the target SeNB2 (see
FIG. 25). In any case, the Macro eNB (with the PDCP layer)
will receive the enhanced PDCP status report and can there-
from exactly infer the PDCP SDUs which already could be
transmitted successfully to the UE before handover and
which not. Based on the received PDCP status report, the
MeNB will only forward unacknowledged PDCP SDU/
PDUs to the SeNB2, to be further retransmitted to the UE.
Correspondingly, the lossless handover procedure of the UE
can be made more efficient since only those PDCP SDUs that
have indeed been not successfully received by the UE before
handover, are actually retransmitted to the UE.

[0260] According to a more advantageous implementation
of'the first embodiment, a further problem is solved as will be
explained in the following. Since a PDPC status report for a
radio bearer is a PDCP control PDU and hence, from MAC
point of view, treated as “normal data” of the radio bearer, the
UE would send (according to the prior art) the PDCP status
report to SeNB2 (after SeNB change), which in turn would
forward the PDCP status report to the MeNB as already
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explained above. In detail, the logical channel prioritization
(LCP) procedure in MAC will ensure that data of radio bear-
ers which are mapped via the SeNB are in uplink only sent to
SeNB—i.e. there is no possibility to send data of a radio
bearer which is mapped to SeNB directly to MeNB in uplink.
This however causes problems due to the possibly long delay
of the backhaul (i.e. interface between SeNB and MeNB),
lowering the gain of the PDCP status reporting significantly.
As explained in the background section, the backhaul
between MeNB and SeNB can be slow and one direction
latency could be high, e.g. 60 ms. Assuming the 60 ms delay
for the backhaul, the PDCP status report would be received
somewhere at 80 ms after the SeNB change at the MeNB
(where the scheduling delay for transmission from UE to
SeNB is considered). It would then take another 60 ms before
the PDCP PDUs which need to be transmitted are received at
the SeNB.

[0261] Therefore, according to this more advantageous
implementation of the first embodiment, the enhanced PDCP
status report (as explained above) shall be sent directly to the
MeNB rather than via the SeNB. This would also have the
advantage that the enhanced PDCP status report can be sent
before the SeNB change is even finished, since a different
radio bearer is used for transport, a radio bearer which is not
remapped to another base station and thus can be used even
during the SeNB change. This is depicted exemplary in FIG.
26.

[0262] This may achieved in several ways: via a signaling
radio bearer, via a data radio bearer or via a MAC control
element.

[0263] In case the enhanced PDCP status report shall be
transmitted from the UE via a signaling radio bearer directly
to the MeNB, the UE may piggyback same to any RRC
message, and transmit same to the MeNB. Correspondingly,
for example immediately after the enhanced PDCP status
report is finished, the UE (in particular its RRC layer) may
prepare an RRC message (preferably short) and append (or
otherwise include) the enhanced PDCP status report message
to the RRC message, before same is transmitted by the UE to
the MeNB in the usual manner via the corresponding SRB.

[0264] In another exemplary implementation, the RRC
Connection Reconfiguration Complete message can be re-
used by the UE to carry the enhanced PDCP status report of
the first embodiment. This is depicted in FIG. 29, which
discloses part of the handover procedure as exemplary
assumed for the following explanation. As can be seen, FIG.
29 is an adapted excerpt of the handover procedure as
explained and illustrated in FIG. 15. It is assumed for exem-
plary purposes only that the handover procedure as will be
decided by 3GPP for an SeNB change is similar to the han-
dover procedure as currently defined and explained in con-
nection with FIG. 15. For instance, it is assumed that the
mobility control functionality will reside in MeNB, i.e.
MeNB decides about mobility events like SeNB change, and
will thus send the RRC Connection Reconfiguration message
to the UE (which may or may not be used by the UE as trigger
for preparing and then transmitting the enhanced PDCP status
report). Itis further assumed that a Random access procedure
will be performed between the UE and the tgt SeNB, although
this is still open for discussion in 3GPP. Similarly, it is
assumed that the RRC Connection Reconfiguration Com-
plete message is transmitted by the UE to the MeNB, as the
other end point of the RRC layer. The same assumptions
apply to the scenarios and implementations of FIGS. 27 and
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28 too. It should be noted that all of these are mere assump-
tions and shall not restrict the broader concept of the first
embodiment as explained above.

[0265] Coming back to FIG. 29, as can be seen therefrom
the enhanced PDCP status report is transmitted as part of the
RRC Connection Reconfiguration Complete message (step
11) to the MeNB. FIG. 31 depicts the format of the relevant
information of the enhanced PDCP SR. This happens how-
ever after the data forwarding (step 8) is performed between
the MeNB and the target SeNB, such that also PDCP SDU/
PDUs may have been forwarded to the target SeNB which,
according to the enhanced PDCP status report received later,
would not be needed at the UE due to having been received
correctly before SeNB change. In order to still be able to
avoid that the target SeNB re-transmits these unnecessary
PDCP SDU/PDUs to the UE, the MeNB can e.g. forward the
PDCP status report to the target SeNB too, such that the target
SeNB in turn can infer which of the PDCP PDUs forwarded
by the MeNB need not be re-transmitted to the UE after SeNB
change.

[0266] In case the enhanced PDCP status report shall be
transmitted from the UE via a data radio bearer directly to the
MeNB, this may be done e.g. as a PDCP control PDU; similar
to the PDCP control PDU carrying the normal PDCP SR (see
FIG. 13, 14). To said end, a third PDCP control PDU type can
be introduced with a corresponding new PDU type ID (apart
from the two PDCP control PDU types already defined,
namely normal PDCP SR and ROHC feedback) which would
identify an enhanced PDCP status report as discussed above
in connection with the first embodiment as being different
from the normal PDCP SR. An example for the format of this
third PDCP control PDU type for enhanced PDCP SR is
depicted in FIG. 30.

[0267] The transmission of the PDCP control PDU carry-
ing the enhanced PDCP SR is illustrated in FIG. 27. As can be
seen, the PDCP control PDU with the enhanced PDCP SR can
be transmitted before the data forwarding by the MeNB is
performed in step 8, such that the MeNB may already con-
sider the information in the enhanced PDCP SR on already
correctly received PDCP SDU/PDUs and may thus avoid
forwarding these to the target SeNB. Thus, the re-transmis-
sion of unnecessary data is avoided between the MeNB and
target SeNB and on the air interface between the target SeNB
and the UE.

[0268] In case the enhanced PDCP status report shall be
transmitted from the UE as a MAC control element, the PDCP
entities in the UE for which status information should be
transmitted, need to inform the MAC layer about the status
information. This inter-layer communication may be done by
primitives. The MAC layer will then generate a correspond-
ing MAC control element with said enhanced PDCP status
information and will transmit the MAC CE directly to the
MeNB. The MeNB receives the MAC CE and forwards the
information of the enhanced PDCP SR in the MAC CE to its
PDCP layer for further processing. The content of the MAC
CE is depicted in FIG. 31 and is basically identical to the case
where the enhanced PDCP SR is piggybacked with an RRC
message.

[0269] The transmission of the MAC CE in the context of
the handover procedure is exemplary illustrated in FIG. 28.
As already explained before in connection with FIG. 27, the
MAC CE with the enhanced PDCP SR can be transmitted
immediately upon compiling it, and thus can be received by
the MeNB before it performs the data forwarding of step 8.
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Thus again, the MeNB may already consider the information
in the enhanced PDCP SR on already correctly received
PDCP SDU/PDUs and may thus avoid forwarding these to
the target SeNB. Thus, the re-transmission of unnecessary
data is avoided between the MeNB and target SeNB and on
the air interface between the target SeNB and the UE.

Second Embodiment

[0270] According to asecond embodiment ofthe invention,
the problem of the backhaul delay incurred by PDCP status
reports can also be solved differently as will be explained in
the following.

[0271] As described above, the delay problem for PDCP
status reporting at mobility event (such as SeNB change from
source SeNB to target SeNB) stems from the fact that PDCP
status reports are, according to current LTE specifications,
transmitted via the radio bearer the PDCP status information
pertains to. For the case of SeNB, it means that a PDCP status
report will be, after SeNB change has taken place, sent to the
target SeNB which then in turn forwards the received PDCP
status report to the MeNB (since PDCP layer is residing in
MeNB).

[0272] Inorder to reduce the delay for PDCP status report-
ing at mobility events such as SeNB change, radio bearers
which are configured between SeNB and UE and hence are
reconfigured during SeNB change are, according to some
exemplary implementation of this embodiment, temporarily
configured between MeNB and UE during the SeNB change
procedure. In other words, for a transient time period the radio
bearers configured between source SeNB and UE are, upon
reception of RRCConnectionReconfiguration message
(SeNB), first remapped to MeNB (i.e. configured between
MeNB and UE) for a limited time period, before then ulti-
mately being configured between target SeNB and UE. Dur-
ing this transient time period where the radio bearers are
mapped to the MeNB temporarily, the UE sends PDCP status
report information for the corresponding radio bearers
directly to the MeNB. The PDCP status reports can be sent as
PDCP control PDUs on the respective radio bearers, which
are temporarily mapped to MeNB. According to this second
embodiment, the delay incurred by PDCP status reporting
could be greatly reduced. In particular, since PDCP status
information may already be considered by MeNB, forward-
ing of unnecessary PDCP PDUs to target SeNB can be
avoided.

Third Embodiment

[0273] According to a third embodiment of the invention,
PDCP status reporting for the user plane architectures where
EPS bearers are split between MeNB and SeNB like shown in
FIG. 22k, 22i is described. Since packets of EPS bearer #2 (in
FIG. 22k, 22i) can be transmitted directly via MeNB and also
via SeNB, the UE behavior for control information reporting
in the uplink like PDCP status reporting shall be according to
this embodiment, that control information shall be reported
directly to the MeNB. According to some exemplary imple-
mentation of this embodiment logical channel prioritization
procedure in MAC shall schedule the transmission of a PDCP
status report directly to the MeNB. This achieves that PDCP
control information is received at MeNB without the back-
haul delay introduced by the detour via the SeNB. Similarly
to PDCP status information, also other radio bearer specific
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control information like RLC status report shall be transmit-
ted, i.e. this is taken care of by LCP procedure, directly to the
MeNB.

Hardware and Software Implementation of the Invention

[0274] Another embodiment of the invention relates to the
implementation of the above described various embodiments
using hardware and software. In this connection the invention
provides a user equipment (mobile terminal) and a eNodeB
(base station). The user equipment is adapted to perform the
methods described herein.

[0275] It is further recognized that the various embodi-
ments of the invention may be implemented or performed
using computing devices (processors). A computing device or
processor may for example be general purpose processors,
digital signal processors (DSP), application specific inte-
grated circuits (ASIC), field programmable gate arrays
(FPGA) or other programmable logic devices, etc. The vari-
ous embodiments of the invention may also be performed or
embodied by a combination of these devices.

[0276] Further, the various embodiments of the invention
may also be implemented by means of software modules,
which are executed by a processor or directly in hardware.
Also a combination of software modules and a hardware
implementation may be possible. The software modules may
be stored on any kind of computer readable storage media, for
example RAM, EPROM, EEPROM, flash memory, registers,
hard disks, CD-ROM, DVD, etc.

[0277] Itshould be further noted that the individual features
of the different embodiments of the invention may individu-
ally or in arbitrary combination be subject matter to another
invention.

[0278] Itwould be appreciated by a person skilled in the art
that numerous variations and/or modifications may be made
to the present invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects to be illustrative and not
restrictive.

1. A method for transmitting a status report by a mobile
station, wherein the mobile station is connected via at least
one radio bearer to a master base station and via at least one
data radio bearer to a source secondary base station, the
method comprising the steps of:

when reconfiguring the at least one data radio bearer of the

mobile station from the source secondary base station to
a target base station,

transmitting by the mobile station a status report,

comprising information on the reception status of data

packets received by the mobile station via all of the at
least one data radio bearer connecting the mobile station
to the source secondary base station, and

comprising one radio bearer identifier for each of the at

least one data radio bearer which information is com-
prised in the status report.

2. The method according to claim 1, wherein the status
report is transmitted by the mobile station to the master base
station via one of the at least one radio bearer connecting the
mobile station directly to the master base station, preferably
via a data radio bearer or signalling radio bearer.

3. The method according to claim 2, wherein the status
report is transmitted by the mobile station to the master sta-
tion as part of a Radio Resource Control, RRC, message via
one signalling radio bearer out of the at least one radio bearer
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connecting the mobile station directly to the master base
station, preferably within an RRC connection reconfiguration
complete message.

4. The method according to claim 2, wherein the status
report is transmitted by the mobile station to the master sta-
tion as a Packet Data Convergence Protocol, PDCP, control
packet data unit via one data radio bearer out of the at least one
radio bearer connecting the mobile station directly to the
master base station.

5. The method according to claim 2, wherein the status
report is transmitted in an Media Access Control, MAC, con-
trol element.

6. The method according to claim 1, wherein the target base
station is either: the master base station to which the mobile
station is connected, or another master base station, or a target
secondary base station.

7. The method according to claim 1, wherein the status
report further comprises at least one extension flag after the
information on the reception status of data packets received
via one of the at least one data radio bearer connecting the
mobile station to the source secondary base station, wherein
the extension flag indicates the presence of further informa-
tion on the reception status of data packets received via
another one of the at least one data radio bearer.

8. The method according to claim 1, wherein the status
report is a PDCP status report, comprising information on the
reception status of PDCP service data units received via all of
the atleast one data radio bearer connecting the mobile station
to the source secondary base station.

9. The method according to claim 1, wherein the status
report is transmitted in response to the reception of an RRC
connection reconfiguration message in the mobile station, the
RRC connection reconfiguration message being received as
part of the reconfiguring of the at least one data radio bearer
of the mobile station from the source secondary base station
to the target base station.

10. The method according to claim 1, wherein the status
report is a PDCP control packet data unit, PDU, comprising:

a D/C field of 1 bit length to identify the PDCP control
PDU as a control or data PDU,

a type field of 3 bit length to identify a type of the PDCP
control PDU,

aradio bearer identifier field to identify the radio bearer to
which the subsequent first missing information and bit-
map field refers,

a field of 12 or 15 bit length to identify a PDCP sequence
number of the first missing PDCP service data unit,
SDU, regarding the radio bearer identified in the preced-
ing radio bearer identifier field,

optionally, a bitmap field with a variable bit length to
identify by use of a bit map the PDCP SDUs starting
from the first missing PDCP SDU having been received
correctly or not via the radio bearer identified in the
preceding radio bearer identifier field,

an extension flag field of 1 bit length to indicate whether
further information is comprised in the PDCP control
PDU or not,

and in case the extension flag field indicates that further
information is comprised, the status report comprises

another radio bearer identifier field to identify the radio
bearer to which the subsequent first missing information
and bitmap field refers,

another field of 12 or 15 bit length to identify a PDCP
sequence number of the first missing PDCP service data
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unit, SDU, regarding the radio bearer identified in the
preceding another radio bearer identifier field,
optionally, another bitmap field with a variable bit length to
identify by use of a bit map the PDCP SDUs starting
from the first missing PDCP SDU having been received
correctly or not via the radio bearer identified in the
preceding another radio bearer identifier field,

another extension flag field of 1 bit length to indicate
whether further information is comprised in the PDCP
control PDU or not.

11. The method according to claim 1, wherein the data
packets are forwarded from the master base station via the
secondary base station to the mobile station, and wherein a
higher layer with the status report function is located at the
master base station but not at the secondary base station.

12. A mobile station for transmitting a status report,
wherein the mobile station is connected via at least one radio
bearer to a master base station and via at least one data radio
bearer to a source secondary base station, the mobile station
comprising:

a processor and transmitter adapted to transmit a status
report, when the at least one data radio bearer of the
mobile station is reconfigured from the source second-
ary base station to a target base station,

the status report comprising information on the reception
status of data packets received by the mobile station via
all of the at least one data radio bearer connecting the
mobile station to the source secondary base station, and
comprising one radio bearer identifier for each of the at
least one data radio bearer which information is com-
prised in the status report.

13. The mobile station according to claim 12, wherein the
transmitter is adapted to transmit the status report to the
master base station via one of the at least one radio bearer
connecting the mobile station directly to the master base
station, preferably via a data radio bearer or signalling radio
bearer.

14. The mobile station according to claim 13, wherein the
transmitter is adapted to transmit the status report to the
master base station:

as part ofa Radio Resource Control, RRC, message via one
signalling radio bearer out of the at least one radio bearer
connecting the mobile station directly to the master base
station, preferably within an RRC connection reconfigu-
ration complete message, or

as a Packet Data Convergence Protocol, PDCP, control
packet data unit via one data radio bearer out of the at
least one radio bearer connecting the mobile station
directly to the master base station, or

in an Media Access Control, MAC, control element.

15. The mobile station according to claim 12, wherein the
status report further comprises at least one extension flag after
the information on the reception status of data packets
received via one of the at least one data radio bearer connect-
ing the mobile station to the source secondary base station,
wherein the extension flag indicates the presence of further
information on the reception status of data packets received
via another one of the at least one data radio bearer.

16. The mobile station according to claim 12, wherein the
status report is a PDCP status report, comprising information
on the reception status of PDCP service data units, received
by a receiver of the mobile station via all of the at least one
data radio bearer connecting the mobile station to the source
secondary base station.
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17. The mobile station according to claim 12, wherein the
status report is transmitted in response to the reception of an
RRC connection reconfiguration message by a receiver in the
mobile station, the RRC connection reconfiguration message
being received as part of the reconfiguring of the at least one
data radio bearer of the mobile station from the source sec-
ondary base station to the target base station.

18. The mobile station according to claim 12, wherein the
status report is a PDCP control packet data unit, PDU, com-
prising:

a D/C field of 1 bit length to identify the PDCP control

PDU as a control or data PDU,

a type field of 3 bit length to identify a type of the PDCP
control PDU,

aradio bearer identifier field to identify the radio bearer to
which the subsequent first missing information and bit-
map field refers,

a field of 12 or 15 bit length to identify a PDCP sequence
number of the first missing PDCP service data unit,
SDU, regarding the radio bearer identified in the preced-
ing radio bearer identifier field,

optionally, a bitmap field with a variable bit length to
identify by use of a bit map the PDCP SDUs starting
from the first missing PDCP SDU having been received
correctly or not via the radio bearer identified in the
preceding radio bearer identifier field,

an extension flag field of 1 bit length to indicate whether
further information is comprised in the PDCP control
PDU or not,

and in case the extension flag field indicates that further
information is comprised, the status report comprises

another radio bearer identifier field to identify the radio
bearer to which the subsequent first missing information
and bitmap field refers,

another field of 12 or 15 bit length to identify a PDCP
sequence number of the first missing PDCP service data
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unit, SDU, regarding the radio bearer identified in the
preceding another radio bearer identifier field,
optionally, another bitmap field with a variable bit length to
identify by use of a bit map the PDCP SDUs starting
from the first missing PDCP SDU having been received
correctly or not via the radio bearer identified in the
preceding another radio bearer identifier field,

another extension flag field of 1 bit length to indicate
whether further information is comprised in the PDCP
control PDU or not.

19. The mobile station according to claim 12, further com-

prising:

areceiver adapted to receive a status report from the master
base station, the status report comprising information on
the reception status of data packets received by the mas-
ter base station via all of the at least one data radio bearer
connecting the master base station to the source second-
ary base station, and comprising one radio bearer iden-
tifier for each of the at least one data radio bearer which
information is comprised in the status report.

20. A master base station for processing a status report
transmitted from a mobile station, wherein the mobile station
is connected via at least one radio bearer to the master base
station and via at least one data radio bearer to a source
secondary base station, the base station comprising:

a receiver and processor adapted to receive and process a
status report from the mobile station, when reconfigur-
ing the at least one data radio bearer of the mobile station
from the source secondary base station to a target base
station, the status report comprising information on the
reception status of data packets received by the mobile
station via all of the at least one data radio bearer con-
necting the mobile station to the source secondary base
station, and comprising one radio bearer identifier for
each of the at least one data radio bearer which informa-
tion is comprised in the status report.
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