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DESCRIPTION

TECHNICAL FIELD

[0001] The disclosure generally relates to dual connectivity, and particularly relates to methods
and apparatus for enabling a wireless device to transmit an uplink signaling message when the
wireless device is connected to a first network element over at least two wireless links.

BACKGROUND

[0002] Evolved Packet System (EPS) is the evolved 3" Generation Partnership Project (3GPP)
Packet Switched Domain. EPS includes Evolved Packet Core (EPC), and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN). Figure 1 shows an overview of the EPC
architecture in a non-roaming context, which architecture includes a Packet Data Network
(PDN) Gateway (PGW), a Serving Gateway (SGW), a Policy and Charging Rules Function
(PCRF), a Mobilty Management Entity (MME) and a wireless device also called a User
Equipment (UE). The radio access network, E-UTRAN, consists of one or more eNodeBs
(eNB).

[0003] Figure 2 shows the overall E-UTRAN architecture and includes eNBs, providing the E-
UTRA user plane and control plane protocol terminations towards the UE. The user plane
control terminations comprise Packet Data Convergence Protocol (PDCP), Radio Link Control
(RLC), Medium Access Control (MAC), and a Physical Layer (PHY). The control plane control
terminations comprise Radio Resource Control (RRC) in addition to the listed user plane
control terminations. The eNBs are interconnected with each other by means of an X2
interface. The eNBs are also connected by means of the S1 interface to the EPC, more
specifically to the MME by means of the S1-MME interface and to the SGW by means of the
S1-U interface.

[0004] The main parts of the EPC Control Plane and User Plane architectures are shown in
Figure 3 and Figure 4, respectively.

Long Term Evolution (LTE) overview

[0005] LTE uses Orthogonal Frequency Division Multiplexing (OFDM) in the Downlink (DL) and
Direct Fourier Transform (DFT)-spread OFDM in the Uplink (UL). The basic LTE DL physical
resource can thus be seen as a time-frequency grid as illustrated in Figure 5, where each
resource element corresponds to one OFDM subcarrier during one OFDM symbol interval.
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[0006] In the time domain, LTE DL transmissions are organized into radio frames of 10 ms,
each radio frame consisting of ten equally-sized subframes of length Tfame = 1 ms (see Figure

6). Furthermore, the resource allocation in LTE is typically described in terms of resource
blocks (RB), where a RB corresponds to one slot (0.5 ms) in the time domain and 12
contiguous subcarriers in the frequency domain. A pair of two adjacent RBs in time direction
(1.0 ms) is known as a RB pair. RBs are numbered in the frequency domain, starting with 0
from one end of the system bandwidth. The notion of virtual RBs (VRB) and physical RBs
(PRB), has been introduced in LTE. The actual resource allocation to a UE is made in terms of
VRB pairs. There are two types of resource allocations, localized and distributed. In the
localized resource allocation, a VRB pair is directly mapped to a PRB pair, hence two
consecutive and localized VRB are also placed as consecutive PRBs in the frequency domain.
On the other hand, the distributed VRBs are not mapped to consecutive PRBs in the frequency
domain; thereby providing frequency diversity for data channel transmitted using these
distributed VRBs.

[0007] DL transmissions are dynamically scheduled, i.e., in each subframe the base station
transmits control information about to which terminals data is transmitted and upon which RBs
the data is transmitted in the current DL subframe. This control signaling is typically transmitted
in the first 1, 2, 3 or 4 OFDM symbols in each subframe and the number n=1, 2, 3 or 4 is
known as the Control Format Indicator (CFl). The DL subframe also contains Common
Reference Symbols (CRS) which are known to the receiver and used for coherent
demodulation of, e.g., the control information. A DL system with CFI=3 is illustrated in Figure
7.

LTE control and user plane architecture

[0008] Conventional control and user plane protocol architectures highlighting the radio
interface on the eNB-side are shown in Figures 8a and 8b. The control and user plane consist
of the following protocol layers and main functionality:

» Radio Resource Control, RRC (control plane only)
o Broadcast of system information for both Non-access stratum (NAS) and Access
stratum (AS)
o Paging
o RRC connection handling
o Allocation of temporary identifiers for the UE
o Configuration of signaling radio bearer(s) for RRC connection
o Handling of radio bearers
o QoS management functions
o Security functions including key management
o Mobility functions including:

o UE measurement reporting and control of the reporting
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o Handover
o UE cell selection and reselection and control of cell selection and reselection

o NAS direct message transfer to/from the UE
» Packet Data Convergence Protocol, PDCP
o There exists one PDCP entity for each radio bearer for the UE. PDCP is used for
both control plane (RRC) and for user plane
o Control plane main functions, including ciphering/deciphering and integrity
protection
o User Plane main functions, including ciphering/deciphering, header compression
and decompression using Robust Header Compression (ROHC), and in-sequence
delivery, duplicate detection and retransmission (mainly used during handover)
e Radio Link Control, RLC
o The RLC layer provides services for the PDCP layer and there exists one RLC
entity for each radio bearer for the UE
o Main functions for both control and user plane include segmentation or
concatenation, retransmission handling (using Automatic Repeat Request (ARQ),
duplicate detection and in-sequence delivery to higher layers.
e Medium Access Control, MAC
o The MAC provides services to the RLC layer in the form of logical channels, and
performs mapping between these logical channels and transport channels
o Main functions are: UL and DL scheduling, scheduling information reporting,
hybrid-ARQ retransmissions and multiplexing/demultiplexing data across multiple
component carriers for carrier aggregation
+ Physical Layer, PHY
o The PHY provides services to the MAC layer in the form of transport channels and
handles mapping of transport channels to physical channels.
o Main functions for DL performed by the eNB (OFDM) are:

o Sending of DL reference signals

o Detailed steps (from "top to down"): Cyclic Redundancy Check (CRC) insertion;
code block segmentation and per-code-block CRC insertion; channel coding
(Turbo coding); rate matching and physical-layer hybrid-ARQ processing; bit-level
scrambling; data modulation (Quadrature Phase Shift Keying (QPSK), 16
Quadrature Amplitude Modulation (QAM), or 64QAM); antenna mapping and
multi-antenna processing; OFDM processing, including Inverse Fast Fourier
Transform (IFFT), and Cyclic Prefix (CP) insertion resulting in time domain data
sometimes referred to as |Q data or digitalized Radio Frequency (RF) data);
digital-to-analog conversion; power amplifier; and sending to antenna.

o Main functions for UL performed by the eNB (DFT-spread OFDM) are:

o Random access support
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o Detailed steps (from "top to down"): CRC removal, code block de-segmentation,
channel decoding, rate matching and physical-layer hybrid-ARQ processing; bit-
level descrambling; data demodulation; Inverse Discrete Fourier Transform
(IDFT); antenna mapping and multi-antenna processing; OFDM processing,
including Fast Fourier Transform (FFT) and CP removal;, Analog-to-Digital
conversion; power amplifier; and receiving from antenna.

[0009] The described eNB functionality can be deployed in different ways. In one example, all
the protocol layers and related functionality are deployed in the same physical node, including
the antenna. One example of this is a pico or femto eNodeB. Another deployment example is a
so called Main-Remote split. In this case, the eNodeB is divided into a Main Unit and a Remote
Unit that are also called Digital Unit (DU) and Remote Radio Unit (RRU) respectively. The Main
Unit or DU contains all the protocol layers, except the lower parts of the PHY layer that are
instead placed in the Remote Unit or RRU. The split in the PHY-layer is at the time domain data
level (IQ data, i.e. after/before IFFT/FFT and CP insertion/removal). The 1Q data is forwarded
from the Main Unit to the Remote Unit over a so called Common Public Radio Interface (CPRI)
which is a high speed, low latency data interface. The Remote Unit then performs the needed
Digital-to-Analog conversion to create analog RF-data, power amplifies the analog RF-data
and forwards the analog RF data to the antenna. In still another deployment option, the RRU
and the antenna are co-located, creating a so called Antenna Integrated Radio (AIR).

Carrier Aggregation

[0010] The LTE Rel-10 specifications have been standardized, supporting Component Carrier
(CC) bandwidths up to 20 MHz, which is the maximal LTE Rel-8 carrier bandwidth. An LTE Rel-
10 operation wider than 20 MHz is possible and appears as a number of LTE CCs to an LTE
Rel-10 terminal. The straightforward way to obtain bandwidths wider than 20MHz is by means
of Carrier Aggregation (CA). CA implies that an LTE Rel-10 terminal can receive multiple CCs,
where the CCs have or at least have the possibility to have, the same structure as a Rel-8
carrier. CA is illustrated in Figure 9. The Rel-10 standard support up to five aggregated CCs,
where each CC is limited in the RF specifications to have one of six bandwidths, namely 6, 15,
25,50, 75 or 100 RB corresponding to 1.4, 3, 5, 10, 15, and 20 MHz respectively. The number
of aggregated CCs as well as the bandwidth of the individual CCs may be different for UL and
DL. A symmetric configuration refers to the case where the number of CCs in DL and UL is the
same whereas an asymmetric configuration refers to the case that the number of CCs is
different in DL and UL. It is important to note that the number of CCs configured in the network
may be different from the number of CCs seen by a terminal. A terminal may for example
support more DL CCs than UL CCs, even though the network offers the same number of UL
and DL CCs.

[0011] CCs are also referred to as cells or serving cells. More specifically, in an LTE network,
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the cells aggregated by a terminal are denoted primary Serving Cell (PCell), and secondary
Serving Cell (SCell). The term serving cell comprises both PCell and one or more SCells. All
UEs have one PCell. Which cell that is a UE's PCell is terminal specific. This PCell is
considered "more important”, i.e., vital control signaling and other important signaling is
typically handled via the PCell. UL control signaling is always sent on a UE's PCell. The
component carrier configured as the PCell is the primary CC whereas all other CCs are SCells.
The UE can send and receive data both on the PCell and SCells. Control signaling, such as
scheduling commands, may be configured to be transmitted and received only on the PCell.
However, the commands are also valid for SCell, and the commands may also be configured
to be transmitted and received on both PCell and SCells. Regardless of the mode of operation,
the UE will only need to read the broadcast channel in order to acquire system information
parameters on the Primary Component Carrier (PCC). System information related to the
Secondary Component Carrier(s) (SCC), may be provided to the UE in dedicated RRC
messages. During initial access, an LTE Rel-10 terminal behaves similar to a LTE Rel-8
terminal. However, upon successful connection to the network, a Rel-10 terminal may -
depending on its own capabilities and the network - be configured with additional serving cells
in the UL and DL. Configuration is based on RRC. Due to the heavy signaling and rather slow
speed of RRC signaling, it is envisioned that a terminal may be configured with multiple serving
cells even though not all of them are currently used. In summary, LTE CA supports efficient use
of multiple carriers, allowing data to be sent and received over all carriers. Cross-carrier
scheduling is supported, avoiding the need for the UE to listen to all carrier-scheduling
channels all the time. A solution relies on tight time synchronization between the carriers.

LTE Rel-12 Dual Connectivity

[0012] Dual connectivity (DC) is a solution currently being standardized by 3GPP to support
UEs connecting to multiple carriers to send and receive data on multiple carriers at the same
time. The following is an overview description of DC based on the current 3GPP standard. E-
UTRAN supports DC operation, whereby a UE with multiple receivers and transmitters, which is
in RRC_CONNECTED mode, is configured to utilize radio resources provided by two distinct
schedulers, located in two eNBs interconnected via a non-ideal backhaul over the X2. eNBs
involved in DC for a certain UE may assume two different roles. An eNB may either act as a
Master eNB (MeNB), or as a Secondary eNB (SeNB). In DC, a UE is connected to one MeNB
and one SeNB. The radio protocol architecture that a particular bearer uses depends on how
the bearer is setup. Three alternatives exist: Master Cell Group (MCG) bearer, Secondary Cell
Group (SCG) bearer, and split bearer. Those three alternatives are depicted in Figure 10.
Signal Radio Bearers (SRBs) are always associated with the MCG bearer and therefore only
use the radio resources provided by the MeNB. Note that DC can also be described as having
at least one bearer configured to use radio resources provided by the SeNB.

[0013] Inter-eNB control plane signaling for DC is performed by means of X2 interface
signaling. Control plane signaling towards the MME is performed by means of S1 interface
signaling. There is only one S1-MME connection per UE between the MeNB and the MME.
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Each eNB should be able to handle UEs independently, i.e. provide the PCell to some UEs
while providing SCell(s) for SCG to others. Each eNB involved in DC for a certain UE owns its
radio resources and is primarily responsible for allocating radio resources of its cells.
Coordination between MeNB and SeNB is performed by means of X2 interface signaling.
Figure 11 shows Control Plane (C-plane) connectivity of eNBs involved in DC for a certain UE.
The MeNB is C-plane connected to the MME via S1-MME, the MeNB and the SeNB are
interconnected via X2-C. Figure 12 shows User Plane (U-plane) connectivity of eNBs involved
in DC for a certain UE. U-plane connectivity depends on the bearer option configured. For
MCG bearers, the MeNB is U-plane connected to the S-GW via S1-U, and the SeNB is not
involved in the transport of user plane data. For split bearers, the MeNB is U-plane connected
to the S-GW via S1-U and in addition, the MeNB and the SeNB are interconnected via X2-U.
For SCG bearers, the SeNB is directly connected with the S-GW via S1-U.

Centralization of Radio Access Network (E-UTRAN) functionality

[0014] Possible future evolution of the current Radio Access Network (RAN) architecture has
been discussed. From a starting point in a macro site based topology, introduction of low
power cells, an evolution of the transport network between different radio base station sites, a
radio base station hardware evolution, and an increased need for processing power to give
some examples, have given rise to new challenges and opportunities. Several strategies are
proposed for the RAN architecture, pulling in sometimes different directions. Some strategies,
like the gains of coordination, hardware pooling gains, energy saving gains and the evolution of
the backhaul/fronthaul network, are working in favor of a more centralized deployment. At the
same time, other strategies are working towards decentralization, such as very low latency
requirements for some 5G use cases, e.g., mission critical Machine Type Communication
(MTC) applications. The terms fronthaul and backhaul are used in relation to the base station.
The traditional definition for fronthaul is the CPRI based fiber link between the baseband Main
Unit and the Remote Unit. The backhaul refers to the transport network used for S1/X2-
interfaces.

[0015] The recent evolution in backhaul/fronthaul technologies has indeed opened up the
possibility to centralize the baseband, often referred to as C-RAN. C-RAN is a term that can be
interpreted in different ways. For some it means a "baseband hotel" like solutions in which the
basebands from many sites are collocated to a central site, although there is no tight
connection and fast exchange of data between the baseband units. The most common
interpretation of C-RAN is maybe "Centralized RAN" where there is at least some kind of
coordination between the basebands. A potentially attractive solution is the smaller centralized
RAN that is based on a macro base station and the lower power nodes covered by it. In such a
configuration, a tight coordination between the macro and the low power nodes can often give
considerable gains. The term "Coordinated RAN" is an often used interpretation of C-RAN that
focuses on the coordination gains of the centralization. Other more futuristic interpretations of
C-RAN include "cloud" based and "virtualized" RAN solutions where the radio network
functionality is supported on generic hardware such as general purpose processors, and
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possibly as virtual machines.

[0016] A centralized deployment can be driven by one or several forces like, e.g., a possible
ease of maintenance, upgrade and less need for sites, as well as harvesting of coordination
gains. A common misconception is that there is a large pooling gain and a corresponding
hardware saving to be done by the centralization. The pooling gain is large over the first
number of pooled cells but then diminishes quickly. One key advantage of having the
basebands from a larger number of sites co-located and interconnected is the tight
coordination that it allows. Examples of these are UL Coordinated Multi-Point (CoMP), and a
combining of several sectors and/or carriers into one cell. The gains of these features can
sometimes be significant in relation to the gains of looser coordination schemes such as, e.g.,
enhanced inter-cell interference coordination (elCIC) that can be done over standard
interfaces (X2) without co-location of the baseband.

[0017] An attractive C-RAN deployment from a coordination gain perspective is the C-RAN
built around a larger macro site, normally with several frequency bands, and a number of lower
power radios, covered by the macro site, that are tightly integrated into the macro over high-
speed interconnect. The largest gains are expected to be seen in deployment scenarios such
as for stadiums and malls. An important consideration for any C-RAN deployment is the
transport over the fronthaul, i.e., the connection between the centralized baseband part and
the radios, sometimes referred to as "the first mile". The cost of the fronthaul, which vary rather
greatly between markets needs to be balanced against the benefits.

[0018] US 2014/369242 relates to uplink carrier aggregation. An eNodeB may be equipped
with multiple uplink carriers, and methods are provided to enable the UE to switch its uplink
carrier frequency depending on the channel or load condition for each carrier.

[0019] US 2014/092785 relates to heterogeneous networks and to dual connectivity for
example to a macro and a pico node. The document discloses that different transmission
modes can be chosen for PUSCH transmissions dependent on the number of antenna ports
that the UE is using.

SUMMARY

[0020] For a UE connected to the DC RAN architecture with a radio protocol architecture as
illustrated in Figure 10 and further described in the background section, there is no known
procedure for how to transmit uplink signaling messages to the network. If a wireless device is
connected to the network over two or more wireless links, the wireless device needs to know
for example on which link to transmit the uplink signaling message.

[0021] An object is to alleviate or at least reduce one or more of the above mentioned
problems, and to provide a procedure for transmitting uplinks signaling messages in a multi-
connectivity scenario. This object and others are achieved by a method, a wireless device, and
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a computer program according to the independent claims, and by the embodiments according
to the dependent claims.

[0022] One advantage of embodiments is that a procedure for how a wireless device transmits
uplink signaling messages in a multi-connectivity scenario is provided. Another advantage is
that a transmission mode for transmitting the uplink signaling message may be adapted to a
current situation such as e.g. a capability of the wireless device or a load situation.

[0023] Other objects, advantages and features of embodiments will be explained in the
following detailed description when considered in conjunction with the accompanying drawings
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The various aspects of embodiments disclosed herein, including particular features and
advantages thereof, will be readily understood from the following detailed description and the
accompanying drawings.

Figure 1 is a block diagram schematically illustrating a non-roaming EPC architecture for
3GPP accesses.

Figure 2 is a block diagram schematically illustrating an E-UTRAN overall architecture.
Figure 3 schematically illustrates an EPC Control Plane protocol architecture.

Figure 4 schematically illustrates an EPC User Plane protocol architecture.

Figure 5 schematically illustrates the basic LTE DL physical resource.

Figure 6 schematically illustrates an LTE time-domain structure.

Figure 7 schematically illustrates a DL subframe.

Figures 8a and 8b schematically illustrate control and user plane protocol layers for a
conventional eNB radio interface.

Figure 9 schematically illustrates CA of five CC.
Figure 10 schematically illustrates a Radio Protocol Architecture for DC.

Figure 11 is a block diagram schematically illustrating C-Plane connectivity of eNBs involved in
DC.

Figure 12 is a block diagram schematically illustrating U-Plane connectivity of eNBs involved in
DC.

Figure 13 schematically illustrates one example of a functional split between network



DK/EP 3425830 T3

elements.

Figures 14a and 14b schematically illustrate an eNB split into eNB-a and eNB-s.

Figure 15 schematically illustrates DC with functional split established for a wireless device.
Figure 16 schematically illustrates a Multi-RAT DC established for a wireless device.

Figure 17 is a signaling diagram schematically illustrating signaling between UE and network
according to embodiments.

Figures 18a-e are flow charts schematically illustrating embodiments of a method for a
wireless device according to various embodiments.

Figure 19 is a flow chart schematically illustrating embodiments of a method for a network
element according to various embodiments.

Figures 20a-c are block diagrams schematically illustrating embodiments of the wireless
device and the network element according to various embodiments.

DETAILED DESCRIPTION

[0025] In the following, different aspects will be described in more detail with references to
certain embodiments and to accompanying drawings. For purposes of explanation and not
limitation, specific details are set forth, such as particular scenarios and techniques, in order to
provide a thorough understanding of the different embodiments. However, other embodiments
that depart from these specific details may also exist.

[0026] Ongoing discussions in the wireless industry in different fora seem to move towards a
direction where the functional architecture of the 5G radio access network should be designed
flexibly enough to be deployed on different hardware platforms and possibly on different sites
of the network. A functional split as illustrated in Figure 13 has been proposed. In this
example, the RAN functions are classified in synchronous functions (SF) and asynchronous
functions (AF). Asynchronous functions are functions with loose timing constraints, and
synchronous functions are typically executing time critical functionality. The synchronous
network functions have requirements on processing timing which are strictly dependent on
timing of a radio link used for communicating with the wireless device. Strictly dependent
means that the timing of the radio link is crucial for the synchronous network functions to work
as intended. The asynchronous network functions have requirements on processing timing not
strictly dependent on the timing of the radio link, or even independent of the timing of the radio
link. The synchronous functions may be placed in a logical node called eNB-s and the
asynchronous functions may be placed in a logical node called eNB-a. The instances of
functions associated to the eNB-s, i.e. the synchronous functions, may be placed at a network
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element close to the air interface. The synchronous functions will form what is called a
synchronous function group (SFG). The instances of the asynchronous functions associated to
the eNB-a can be flexibly instantiated either at the network element close to the air interface,
i.e. at the same network element as the eNB-s functions or in other network elements such as
fixed network nodes (FNNs). If it is assumed that the functions are E-UTRAN functions, the
split of functions may lead to the functional architecture for the control plane and the user
plane illustrated in Figure 14a and 14b, where one new interface will be needed.

[0027] In order to support DC or multi-connectivity features, such as user plane aggregation
for aggregated data rates, or control/user plane diversity for e.g. reliability and fast packet
switching, instances of asynchronous functions can be made common to multiple instances of
synchronous functions. In other words, a same instance of a function associated to an eNB-a
can control multiple instances of a function associated to an eNB-s. In the case of the current
LTE functionality (see section "LTE control and user plane architecture” above), this may lead
to common instances for RRC and PDCP functions associated to N multiple instances of
RLC/MAC/PHY. N is the number of links that the UE can be connected over at the same time.
One example scenario is illustrated In Figure 15 where the UE is connected over two links via
both network element eNB-s1 and network element eNB-s2 to network element eNB-a. The
network element eNB-a comprises in general the asynchronous functions, i.e. the protocols
that are common for both control plane (RRC and PDCP) and user plane (PDCP).

[0028] It is envisioned that 5G radio accesses will be composed by multiple air interfaces, e.g.
air interface variants or air interfaces for different RATs. These multiple air interfaces may be
tightly integrated, meaning that it is possible to have common function instances for multiple air
interfaces. It is also envisioned that one of the air interfaces in a 5G scenario may be LTE-
compatible, e.g. an evolution of LTE, while another one is non-LTE compatible. Therefore, in
order to address such a multi-RAT integrated architecture, the multi-connection scenario must
support network elements or logical nodes from different access technologies. The non-LTE-
compatible network elements are likely to support different lower layer protocols than LTE-
compatible network elements support, e.g. due to the high frequencies a 5G network is
supposed to operate on and the new use cases it is required to address. Therefore
standardized CA between LTE and the new 5G radio accesses may not be possible. The
standardized DC solution contains different levels of user plane aggregation but no means for
Dual Control Plane between two different LTE-carriers or between LTE-compatible and non-
LTE-compatible carriers.

[0029] Therefore, the previously described functional split between eNB-a and eNB-s can be
extended so that the same instance of asynchronous functions are defined for multiple air
interfaces, where the UE can be connected over the multiple air interfaces at the same time or
during mobility procedures. The multiple air interfaces will then have different synchronous
functional groups per air interface, e.g. for compatible-LTE and non-compatible LTE parts of
the 5G radio access.

[0030] The split illustrated in Figure 13 may be applied to DC between different RATs, e.g. one
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LTE RAT and one 5G RAT. In this case the eNB-a can comprise common support for both
control and user plane for the asynchronous functions. An eNB-s for each RAT contains the
synchronous functions, thus enabling that the synchronous functions are RAT-specific, e.g.
different for LTE RAT and 5G RAT. Such a scenario is shown in Figure 16 where the eNB-a is
called "5G & LTE eNB-a" and the eNB-s are called "LTE eNB-s1" and "5G eNB-s2" respectively.

[0031] The functional split and RAN architecture such as the one described above with
reference to Figures 15 and 16, or any other RAN functional split where groups of functions
are instantiated in different network elements, implies a possibility to have common function
instance(s) associated to multiple network elements and/or links from the same or multiple air
interfaces.

[0032] Embodiments are described in a non-limiting general context in relation to transmission
of a measurement report - being the uplink signaling message - by a UE in the example
scenario illustrated in Figure 15. The UE is connected to the eNB-a over a first and a second
wireless link. The network functions serving the UE over the first wireless link are in this
example scenario split between eNB-a and eNB-s1, which may be referred to as the first and
the second network elements respectively. The network functions serving the UE over the
second wireless link are split between eNB-a and eNB-s2, where eNB-s2 may be referred to as
the third network element. Some or all of these network elements may be part of a same
physical network node, or they may each be separate physical network elements. The network
functions are in the example scenario split between eNB-a and eNB-s1/e-NB-s2 based on
whether they are asynchronous or synchronous. The same instance of asynchronous functions
eNB-a may be defined for multiple air interfaces, where the UE can be connected over the
multiple air interfaces corresponding to the two wireless links at the same time. The multiple air
interfaces will then be associated with different synchronous function groups per air interface.
eNB-s1 and eNB-s2 in Figure 15 may be from the same RAT, and may be owned by the same
operator or by different operators. Alternatively, eNB-s1 and eNB-s2 may be from respective
different RATs, e.g. LTE-compatible and non-LTE-compatible 5G accesses, as illustrated in
Figure 16. Also in this second case they may be owned by the same operator or by different
operators. The embodiments described herein are mainly given in the context of multiple RATSs,
for example LTE and 5G RATs. However, the described embodiments may also apply for single
RAT cases, especially in the cases when a single eNB-s is connected to multiple different
operator networks, as in these cases a single RAT may be used for both the first and second
wireless links.

[0033] Although the functions in this example scenario are differentiated based on whether
they are synchronous or not, it should be noted that embodiments of the invention may be
applied to any other network function architecture where the network functions are split into
two network elements based on some other criteria than whether the function is synchronous
or not. One example is to split functions in a multi-RAT scenario based on whether they are
common for the multiple RATs or specific to one of the RATSs.

[0034] Furthermore, the described embodiments may also apply for a pure DC scenario
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without the split of the network functions on two network elements. In that case, the wireless
device is connected directly to the first network element via the two links, without involving the
second and the third network element.

[0035] Furthermore, although embodiments are described in relation to a DC scenario, the
embodiments may also be applied to a scenario where the UE enters multi-connectivity, where
"multi” implies more than dual, i.e. more than two, by adding yet another link that can be from
the same or from a different access layer or RAT than the other links. The procedure for
transmitting uplink signaling messages in a multi-connectivity scenario is similar to the
transmission of uplink signaling messages in the above described DC scenario, and
embodiments of the invention may thus easily be applicable to the multi-connectivity scenario.

Transmission modes

[0036] The problem of non-existing procedures for transmitting measurement reports to the
network in a DC scenario, e.g. with split functionality such as in the example scenario illustrated
in Figure 16, is addressed by a solution where the UE determines on which wireless link or
links to transmit the measurement report. The UE determines a transmission mode among
alternative transmission modes for transmitting the measurement report. The alternative
transmission modes comprise:

= transmitting on the first wireless link;
« transmitting on the second wireless link;
» transmitting on both wireless links.

The determined transmission mode is then used when transmitting the measurement report.
The transmission mode to transmit on both wireless links is particularly useful for measurement
reports that are to be sent once and/or measurement reports which should not be lost, such as
event-triggered measurement reports. In addition, if unacknowledged uplink signaling
procedures are introduced, the transmission mode to transmit on both wireless links may be
suitable for an unacknowledged measurement report. The transmission mode to transmit on
one of the wireless links is on the other hand particularly useful for periodic measurement
reports. This transmission mode has the advantage of reducing the amount of measurement
report transmissions. As will be further described below, what wireless link to choose may be
determined in different ways, such as by using a predetermined rule or scheme, e.g. taking
into account aspects like channel conditions, nature of the signaling procedure, expected
latency, required transmission power and user specific or UE specific policies. In one example,
the choice of wireless link for the transmission is based on the type of uplink signaling message
or measurement report. In another example, each time a measurement report is to be
transmitted the UE autonomously chooses one link randomly or based on e.g. a round-robin
rule.

[0037] In embodiments, the UE may also determine how to perform retransmissions as part of
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determining the transmission mode. In one exemplary embodiment, the UE determines to
transmit the measurement report on both links. Furthermore, the UE determines to repeatedly
retransmit the measurement report on both links and stops retransmitting when getting an
acknowledgement (ACK) or a response confirming that the measurement report has been
received by the network on one of the links. In another exemplary embodiment, the UE
transmits the measurement report on one of the wireless links, and in absence of ACK or
response it retransmits the measurement report on the other wireless link. These
embodiments increase the robustness for measurement reporting, by introducing diversity for
the measurement reports transmitted by the UE.

[0038] Figure 17 is a signaling diagram illustrating one example of signaling between the UE
1750 and the network in the embodiment where the UE repeatedly transmits the measurement
report on both links, and stops transmitting when getting an ACK on one of the links. In S1a
and S1b, the UE 1750 transmits a measurement report on each of the links. These messages
are both lost (illustrated by dashed signal arrows), i.e. the network never receives the
measurement report. In S2a and S2b, the UE 1750 retransmits the measurement reports on
both links. The retransmission S2a of the measurement report is received by LTE eNB-s1 1720
over the first link, and is forwarded and received by 5G & LTE eNB-a1 1700 in S2c. 5G & LTE
eNB-a1 1700 in turn transmits a Measurement report ACK to the UE 1750 over the two links, in
S3a and S3b. In the example, only the Measurement report ACK transmitted over the second
link by 5G eNB-s2 1730 is received by the UE 1750 in S3d. The Measurement report ACK
transmitted over the first link in S3c is lost. The UE 1750 may already have started a second
retransmission of the measurement report (not illustrated) before it receives the Measurement
report ACK in S3d. However, when it receives the Measurement report ACK message S3d via
the 5G eNB-s2 1730 it stops retransmitting in 171. The above described transmission mode
with retransmissions require that the measurement report has a suitable downlink
acknowledgement message, such as the Measurement report ACK in this example, which is
sent by the network in response to the received Measurement report. This transmission mode
with retransmissions is particularly useful in situations where the channel conditions are poor
for both wireless links.

Determining the transmission mode

[0039] In one embodiment of the invention, the determining of the transmission mode is
performed autonomously by the UE. In an alternative embodiment, the determining is
performed by the network and the network subsequently informs the UE of the determined
transmission mode, e.g. through a configuration of the UE using a configuration message such
as an RRC Connection Reconfiguration message. However, in another embodiment,
determining of the transmission mode is a combination of the two previous embodiments,
where the network determines a set of possible transmission modes and configures or informs
the UE accordingly, whereby the UE makes the final decision on what transmission mode to
use.
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[0040] The wireless device may determine the transmission mode after the measurement
report is generated. However, it may also be performed in the opposite order, i.e. the
measurement report is generated after the transmission mode is determined. The transmission
mode may e.g. be signaled by the network to the UE in an uplink grant message or a
scheduling command. In such a case it may be possible to signal the transmission mode
before the generation of every measurement report. In another embodiment, the UE may
receive configuration rules as part of an RRC message enabling the UE to determine the
transmission mode, and the transmission mode will thus be determined by the UE before the
generation of a measurement report. In still another exemplary embodiment, the measurement
report is generated by e.g. the RRC layer and is queued by lower layers, and the lower layers
may then determine the transmission mode just before the measurement report is delivered.

[0041] In the embodiments described above, the determining of transmission mode may be
based on one or more criteria for determining the transmission mode. The criteria are listed
below. For the embodiment when the UE determines the transmission mode autonomously, it
is thus the UE that makes use of the criteria for determining the transmission mode. When it is
the network that determines the transmission mode, the network correspondingly uses the
criteria for the determination. In some embodiments, both the network and the UE make use of
the criteria, which may be the same or different criteria. The criteria used respectively by the
network and the UE may differ, because the network and the UE may not have access to the
same information. In the below list of criteria, each criterion is applicable for both the UE and
the network when not stated otherwise.

List of criteria for determining transmission mode

Channel quality

[0042] The channel quality of the wireless links over which the UE is connected to the network
may be used as criterion for determining the transmission mode. The UE and/or the network
may measure the channel quality of either a subset of or all of the wireless links. If the network
is measuring the channel quality, the UE may receive reports or indications of the channel
quality from the network. The UE or the network may use the channel quality to determine the
transmission mode, and thereby increasing the probability for a transmitted measurement
report to reach the network. In one exemplary embodiment, the UE may determine to transmit
the measurement report on the first wireless link if the channel quality of the first wireless link is
better than the channel quality of the second wireless link, and if the channel quality of the first
wireless link is above a quality threshold. In another embodiment, the UE may determine to
transmit the measurement report on both the first and the second wireless link if the channel
quality of the first wireless link is similar to the channel quality of the second wireless link, and if
the channel quality of the first and the second wireless links is equal to or lower than the quality
threshold. The channel quality may be determined to be similar e.g. when the channel quality



DK/EP 3425830 T3

difference is less than a given value. In this latter embodiment, the UE may optionally
determine that the measurement report shall be retransmitted on both links until an
acknowledgement message has been received from the network on either of the links. This
may e.g. be determined when the measurement report to transmit is categorized as
"important”, which may be done depending on the type of measurement report and the
situation (see e.g. below in the list of criteria under "Type of uplink signaling message"). An
example of such an "important” measurement report is an event triggered measurement
report, which supposedly will trigger a handover because of the poor channel quality of both
wireless links and therefore is important with regards to performance.

Load

[0043] The load on the wireless links over which the UE is connected to the network may be
used as criterion for determining the transmission mode. The UE and/or the network may use
the load of both or either of the links when selecting the transmission mode. This makes it
possible to reduce the load impact on the system for transmitting measurement reports. The
load of a given link can be obtained by e.g. measuring the received signal power on the uplink
frequency band. Alternatively, the load can be obtained by checking the throughput or the size
of the scheduling queues.

UE capability

[0044] The UE capability may be used as criterion for determining the transmission mode. The
UE may e.g. be capable of using the first wireless link but not the second wireless link, and
may thus determine to transmit the measurement report only on the first wireless link. As one
example this may be the case when the two links correspond to two different RATs respectively
such as one LTE compatible and one non-LTE compatible RAT, and the UE is LTE capable
only.

Resiliency | redundancy | robustness

[0045] Resiliency, redundancy, or robustness requirements may be used as criterion for
determining the transmission mode. The UE may e.g. determine to transmit the measurement
report on one of the links, and may then - for robustness reasons - determine to retransmit the
measurement report on the other link if no acknowledgement is received.

Service requirement | QoS

[0046] The requirements of an active service or the QoS of the bearer, which may be the only
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way the RAN is aware of the service requirements, may govern the determining of
transmission mode. For instance, transmitting the same packets on both wireless links
simultaneously may be chosen if robustness and/or low latency is required by the service and
retransmissions therefore should be avoided. Another example is to transmit different packets
on different wireless links to increase the throughput. This may apply specifically for the case
when different QoS can be signaled for the signaling bearers of different UEs.

Latency

[0047] The latency of the wireless links over which the UE is connected to the network may be
used as criterion for determining the transmission mode. In one example, the measurement
report is transmitted on the wireless link with the lowest latency. In order to obtain the latency
of a link, the UE may in one example transmit an Internet Protocol version 4 (IPv4) ping on the
two links and compare the ping responses. Another example of how to obtain a latency value
for the links is to use pre-configured (e.g. hardcoded) values of an assumed latency ranking
order for different links in case the two links use different RATs respectively.

Type of uplink signaling message

[0048] The type of the uplink signaling message that is to be transmitted/received can be used
as input for determining the transmission mode. In one example, the transmission mode for a
measurement report is determined to be to transmit on one of the wireless links, while the
transmission mode for all other uplink signaling messages is determined to be to transmit on
both wireless links. In general, the choice of transmission mode may depend on the
importance or urgency of the uplink signaling message, or it may depend on whether an
acknowledgement is expected for the uplink signaling message or not.

[0049] In case the uplink signaling message is a measurement report, the transmission mode
may be determined based on the type of measurement report. In one example, the
transmission mode for a periodic measurement report is determined to be to transmit on one
of the links, while the transmission mode for an event-triggered measurement report is
determined to be to transmit on both of the links.

Transmission mode of corresponding downlink signaling message

[0050] In case the uplink signaling message is a response to a downlink message, the
transmission mode may be determined based on the transmission mode used for the downlink.
For instance, the uplink message may be transmitted on the same wireless link or links as the
downlink message was received on. Alternatively, the UE may be configured to transmit the
uplink signaling message on a certain other link than the link the downlink message was
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received on (uplink-downlink separation). The network may determine the transmission mode
when a downlink signaling message is to be transmitted, and configure the UE with the
transmission mode implicitly by transmitting the downlink signaling message on a given
wireless link.

Acknowledgment of uplink signaling message

[0051] Another alternative embodiment is to determine the transmission mode based on
whether the uplink signaling message is acknowledged or responded to by the receiver in the
network according to the specified signaling protocol. For instance, the UE may transmit an
uplink signaling message to be acknowledged on one wireless link, while an uplink signaling
message for which no acknowledgement is expected is transmitted on both wireless links.

Carrier aggregation (CA)

[0052] The uplink usage of each of the wireless links may be a criterion to use for determining
transmission mode. The uplink usage may e.g. be that they use LTE and 5G CA or dual
connectivity. For example, if CA is applied on the LTE-side, in addition to dual connectivity
between LTE and 5G, then a message can be sent only via LTE. CA positively affects the
performance of the LTE link, and therefore the LTE link is preferred.

Backhaul quality

[0053] The backhaul quality from 5G eNB-s2 to eNB-a1 and the backhaul quality from LTE
eNB-s1 to eNB-a1 may be used as criteria for determining the transmission mode. The
principle is that the backhaul with the better quality is prioritized over the backhaul with the
lower quality. The eNB-a1 can measure the links to the different eNB-s1 and eNB-s2, and the
UE may be informed about the backhaul quality of a particular link, e.g. via broadcast or
dedicated signaling.

Mobilitylspeed of UE

[0054] The mobility or speed of the UE may be used as criteria for determining the
transmission mode. If the UE is moving fast, for example when the UE's speed is measured to
be above a specified limit, or when the UE is identified to be in a specific mobility state, a
wireless link corresponding to the widest coverage area of the different links is preferred. For
example, an LTE link may be preferred in the case when LTE is deployed on a lower frequency
band than the frequency band of the 5G link.
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QoS

[0055] Agreed or expected QoS on the different links may be used as criteria for determining
the transmission mode. The different links may be associated with different QoS through
explicit signaling. Alternatively, the QoS may be measured for the different links.

Predetemmined rule

[0056] A predetermined rule, such as a round-robin rule, may be used to determine the
transmission mode. One example of a predetermined rule is to determine that the UE transmits
every second measurement report on the first wireless link, and every other second
measurement report on the second wireless link.

Random selection

[0057] The criterion for determining the transmission mode may be to randomly select one
wireless link between the available wireless links for the transmission of the measurement
report.

Embodiments of methods described with reference to Figures 18a-e and 19

[0058] Figure 18a is a flowchart illustrating one embodiment of a method for transmitting an
uplink signaling message in a wireless communication network. A wireless device is connected
to a first network element over at least a first and a second wireless link. The wireless device
may be any kind of device such as a UE, a mobile terminal, a sensor, or a laptop. The method
is performed in the wireless device and comprises:

« 1810: Determining a transmission mode among alternative transmission modes for
transmitting the uplink signaling message. The alternative transmission modes comprise:
transmitting on the first wireless link; transmitting on the second wireless link; and
transmitting on both the first and the second wireless links. The advantages of the
different transmission modes are further described in the section “Transmission modes”
above. In embodiments, the determining of the transmission mode is based on criteria
for determining transmission mode.

e 1820: Transmitting the uplink signaling message according to the determined
transmission mode.
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[0059] In the section "Determining the transmission modes" above, different embodiments
related to how the determining may be done are described. The determining may e.g. be
performed autonomously by the wireless device, may be performed solely by the network
which then configures the wireless device to transmit accordingly, or it may be a combined
determining by both the network and the wireless device. The network may have better
knowledge than the wireless device of certain criteria for determining the transmission mode or
vice versa. The embodiments described below with reference to Figures 18b-c explain some
of these alternative embodiments.

[0060] Figure 18b is a flowchart illustrating an embodiment of the method in the wireless
device, where the network transmits information to the wireless device that enables the device
to determine the transmission mode based on some criteria. The network may e.g. send an
indication of two transmission modes to the wireless device, and the wireless device may then
determine or select one of the indicated transmission modes based on some criteria for
determining the transmission mode. The method may in this embodiment comprise:

» 1800: Receiving information from the first network element, indicating at least one of the
alternative transmission modes. Although the first network element is involved in the
transmission of the information to the wireless device, the origin of the information may
be another network node of the wireless communication network.

+« 1810: Determining the transmission mode based on the received information. In
embodiments, the determining of the transmission mode is based on criteria for
determining transmission mode. The criteria may e.g. be channel quality measured by
the wireless device.

o 1820: Transmitting the uplink signaling message according to the determined
transmission mode.

[0061] Figure 18c is a flowchart illustrating another embodiment of the method in the wireless
device, where the network transmits both the transmission mode indications and the criteria for
determining the transmission mode. This enables the wireless device to determine the
transmission mode based on the information from the network. The network may e.g. transmit
two alternative transmission modes as well as load values for the two links, and the wireless
device can then determine the best transmission mode, given the type of uplink signaling
message to transmit, based on the received information from the network. The method may
thus comprise:

» 1800: Receiving information from the first network element, indicating at least one of the
alternative transmission modes.

+ 1805: Receiving criteria for determining transmission mode from the first network
element.

+ 1810: Determining the transmission mode based on the received information and the
received criteria for determining transmission mode. The determining may also be based
on criteria for determining transmission mode known by the wireless device, such as the
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type of uplink signaling message to transmit.
« 1820: Transmitting the uplink signaling message according to the determined
transmission mode.

[0062] As described in the section "Transmission modes” above, determining the transmission
mode may also comprise determining on which link to retransmit the uplink signaling message.
Figure 18d is a flowchart illustrating one such embodiment of the method in the wireless
device which may be combined with any of the above described embodiments. In this
embodiment, the determining 1810 of the transmission mode may comprise:

« 1811: Determining to transmit the uplink signaling message on both the first and the
second wireless links.

» 1812: Determining to repeatedly retransmit the uplink signaling message on both
wireless links until an acknowledgement of the uplink signaling message is received on
at least one of the first and the second wireless links.

[0063] Furthermore, the method may comprise the transmitting 1820 of the uplink signaling
message according to the determined transmission mode, i.e. first transmitting on both links
and then retransmitting on both links if no acknowledgement is received for the first
transmission.

[0064] Figure 18e is a flowchart illustrating another such embodiment of the method in the
wireless device which may be combined with any of the embodiments described with reference
to Figures 18a-c. In this embodiment, the determining 1810 of the transmission mode may
comprise:

e 1815: Determining to transmit the uplink signaling message on the first wireless link.

+ 1816: Determining to retransmit the uplink signaling message on the second wireless
link if no acknowledgement is received for the uplink signaling message transmitted on
the first wireless link.

[0065] Furthermore, the method may comprise the transmitting 1820 of the uplink signaling
message according to the determined transmission mode, i.e. first transmitting on one link and
retransmitting on the other link if no acknowledgement is received for the first transmission.

[0066] In any of the embodiments of the method in the wireless device described with
reference to Figures 18a-e, the criteria for determining transmission mode may be related to
at least one of the following:

= a channel quality of at least one of the first and the second wireless links;
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e aload on at least one of the first and the second wireless links;

a wireless device capability of using at least one of the first and the second wireless
links;

= a quality of service of a bearer associated with the uplink signaling message;

« a latency of at least one of the first and the second wireless links;

» a type of uplink signaling message,;

« a transmission mode of a downlink signaling message to which the uplink signaling

message is a response;
» whether the uplink signaling message is acknowledged or not;
= use of carrier aggregation on at least one of the first and the second wireless links;
a speed of the wireless device;
= a quality of service associated with at least one of the first and the second wireless links;
a pre-determined rule for determining the transmission mode;
» arandom selection of at least one of the first and the second wireless links.

[0067] Furthermore, in any of the embodiments described above, the determining 1810 of the
transmission mode may comprise obtaining the channel quality of at least one of the first and
the second wireless links and determining the transmission mode based on the obtained
channel quality. The obtaining of the channel quality may comprise at least one of measuring
the channel quality and receiving the channel quality from the first network element.

[0068] In one embodiment, the channel quality of both the first and the second wireless links
are obtained. The determining 1810 of the transmission mode based on the obtained channel
quality may then comprise determining to transmit the uplink signaling message on the
wireless link with highest obtained channel quality, when the highest obtained channel quality is
equal to or above a threshold value. On the other hand, when the highest obtained channel
quality is below the threshold value, the determining 1810 of the transmission mode may
comprise determining to transmit the uplink signaling message on both the first and the second
wireless links.

[0069] Figure 19 is a flowchart illustrating one embodiment of a method for enabling a
wireless device to transmit an uplink signaling message in a wireless communication network.
The wireless device is connected to a first network element over at least a first and a second
wireless link. The method is performed in the first network element and comprises:

¢ 1910: Determining at least one transmission mode among alternative transmission
modes for transmitting the uplink signaling message. The alternative transmission
modes comprise: transmitting on the first wireless link; transmitting on the second
wireless link; and transmitting on both the first and the second wireless links. The
determining of at least one transmission mode is based on criteria for determining
transmission mode.

o 1920: Transmitting information to the wireless device enabling the wireless device to
determine transmission mode for transmitting the uplink signaling message, the
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information comprising an indication of the determined at least one transmission mode.
The transmitted information may further comprise the criteria for determining
transmission mode.

The method may in embodiments also comprise receiving the uplink signaling message from
the wireless device in accordance with one of the alternative transmission modes.

[0070] The criteria for determining transmission mode may be related to at least one of the
following:

a channel quality of at least one of the first and the second wireless links;

e aload on at least one of the first and the second wireless links;

a wireless device capability of using at least one of the first and the second wireless

links;

» a quality of service of a bearer associated with the uplink signaling message;

= a latency of at least one of the first and the second wireless links;

« a type of uplink signaling message,;

» a transmission mode of a downlink signaling message to which the uplink signaling
message is a response;

« whether the uplink signaling message is acknowledged or not;

= use of carrier aggregation on at least one of the first and the second wireless links;

a speed of the wireless device;

» a quality of service associated with at least one of the first and the second wireless links;

a pre-determined rule for determining the transmission mode;

+ arandom selection of at least one of the first and the second wireless links.

[0071] As already mentioned, the uplink signaling message may in any of the embodiments
described above be a measurement report. Furthermore, the first and the second wireless
links may be both associated with one RAT, or each associated with respective different RATs
as described with reference to Figures 15 and 16.

[0072] The functionality split described e.g. with reference to Figure 13 above may also be
applied in embodiments. In such an embodiment, network functions serving the wireless device
over the first wireless link are split between the first network element and a second network
element. Network functions serving the wireless device over the second wireless link are split
between the first network element and a third network element. In the example scenario in
Figures 15 and 16 the first network element corresponds to the eNB-a, the second network
element corresponds to eNB-s1, and the third network element corresponds to eNB-s2. As
described above, the network functions of the first network element may be asynchronous
network functions, and the network functions of the second and third network elements may be
synchronous network functions. The synchronous network functions of the second network
element may have requirements on processing timing which are strictly dependent on timing of
the first wireless link. The synchronous network functions of the third network element may
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have requirements on processing timing which are strictly dependent on timing of the second
wireless link. Furthermore, the asynchronous network functions may have requirements on
processing timing not strictly dependent on the timing of any of the first or second wireless
links.

Embodiments of apparatus described with reference to Figures 20a-c

Wireless device

[0073] An embodiment of a wireless device 2050 is schematically illustrated in the block
diagram in Figure 20a. The wireless device is configured to transmit an uplink signaling
message in a wireless communication network. The wireless device 2050 is connectable to a
first network element 2000 over at least a first and a second wireless link. The wireless device
2050 is further configured to determine a transmission mode among alternative transmission
modes for transmitting the uplink signaling message. The alternative transmission modes
comprise: transmitting on the first wireless link; transmitting on the second wireless link; and
transmitting on both the first and the second wireless links. The wireless device 2050 is also
configured to transmit the uplink signaling message according to the determined transmission
mode.

[0074] In embodiments, the wireless device 2050 may be further configured to receive
information from the first network element 2000, indicating at least one of the alternative
transmission modes, and to determine the transmission mode based on the received
information. The wireless device 2050 may be configured to determine the transmission mode
based on criteria for determining transmission mode. As another option, the wireless device
2050 may be configured to receive the criteria for determining transmission mode from the first
network element 2000.

[0075] In other embodiments, the wireless device 2050 may be configured to determine the
transmission mode by being configured to obtain the channel quality of at least one of the first
and the second wireless links, and determine the transmission mode based on the obtained
channel quality. The obtaining may comprise at least one of measuring the channel quality and
receiving the channel quality from the first network element 2000. In embodiments, the
wireless device 2050 may be further configured to obtain the channel quality of both the first
and the second wireless links, and to determine the transmission mode based on the obtained
channel quality by being configured to determine to transmit the uplink signaling message on
the wireless link with highest obtained channel quality, when the highest obtained channel
quality is equal to or above a threshold value. When the highest obtained channel quality is
below the threshold value, the wireless device 2050 may be further configured to determine
the transmission mode based on the obtained channel quality by being configured to
determine to transmit the uplink signaling message on both the first and the second wireless
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links.

[0076] In embodiments, the wireless device 2050 may be further configured to determine the
transmission mode by being configured to determine to transmit the uplink signaling message
on both the first and the second wireless links, and determine to repeatedly retransmit the
uplink signaling message on both wireless links until an acknowledgement of the uplink
signaling message is received on at least one of the first and the second wireless links.

[0077] As an alternative, the wireless device 2050 may be further configured to determine the
transmission mode by being configured to determine to transmit the uplink signaling message
on the first wireless link, and determine to retransmit the uplink signaling message on the
second wireless link if no acknowledgement is received for the uplink signaling message
transmitted on the first wireless link.

[0078] In any of the embodiments above, the uplink signaling message may be a
measurement report. Furthermore, the first and the second wireless links may be both
associated with one RAT, or each associated with respective different RATs.

[0079] The functionality split described e.g. with reference to Figure 13 above may also be
applied in embodiments. In such an embodiment, network functions serving the wireless device
over the first wireless link are split between the first network element and a second network
element. Network functions serving the wireless device over the second wireless link are split
between the first network element and a third network element. In the example scenario in
Figures 15 and 16 the first network element corresponds to the eNB-a, the second network
element corresponds to eNB-s1, and the third network element corresponds to eNB-s2. As
described above, the network functions of the first network element may be asynchronous
network functions, and the network functions of the second and third network elements may be
synchronous network functions. The synchronous network functions of the second network
element may have requirements on processing timing which are strictly dependent on timing of
the first wireless link. The synchronous network functions of the third network element may
have requirements on processing timing which are strictly dependent on timing of the second
wireless link. Furthermore, the asynchronous network functions may have requirements on
processing timing not strictly dependent on the timing of any of the first or second wireless
links.

[0080] As illustrated in Figure 20a, the wireless device 2050 may comprise a processing circuit
2051 and a memory 2052 in embodiments of the invention. The wireless device 2050 may also
comprise a communication interface circuit 2053 configured to communicate with the first
network element over the first and second wireless links. The communication interface circuit
2053 may in embodiments comprise a transceiver adapted to communicate wirelessly with the
network. The memory 2052 may contain instructions executable by said processing circuit
2051, whereby the wireless device 2050 may be operative to determine a transmission mode
among alternative transmission modes for transmitting the uplink signaling message, as
described above. The wireless device 2050 may also be operative to transmit the uplink
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signaling message according to the determined transmission mode, via the communication
interface circuit 2053.

[0081] The functionality split embodiment is illustrated in Figure 20b. In such an embodiment,
network functions serving the wireless device 2050 over the first wireless link are split between
the first network element 2000 and a second network element 2020. Network functions serving
the wireless device 2050 over the second wireless link are split between the first network
element 2000 and a third network element 2030. Furthermore, Figure 20b illustrates that the
first, second and third network elements, 2000, 2020, 2030, may be part of one physical
network node 2040. However, any other physical deployment or grouping of the network
elements is possible. They may e.g. all be separate physical nodes, or the second and the
third network element may be part of the same physical network node although separate from
the first network element.

[0082] In an alternative way to describe the embodiment in Figure 20a shown in Figure 20c,
the wireless device 2050 may comprise a determining module 2055 adapted to determine a
transmission mode among alternative transmission modes for transmitting the uplink signaling
message. The alternative transmission modes comprise: transmitting on the first wireless link;
transmitting on the second wireless link; and transmitting on both the first and the second
wireless links. The wireless device 2050 may also comprise a transmitting module 2056
adapted to transmit the uplink signaling message according to the determined transmission
mode.

[0083] In embodiments, the wireless device 2050 may also comprise a receiving module
adapted to receive information from the first network element 2000, indicating at least one of
the alternative transmission modes. The determining module 2055 may be adapted to
determine the transmission mode based on the received information. In a further embodiment,
the determining module 2055 may be adapted to determine the transmission mode based on
criteria for determining transmission mode. As another option, the receiving module may be
adapted to receive the criteria for determining transmission mode from the first network
element 2000.

[0084] In other embodiments, the determining module 2055 may be adapted to determine the
transmission mode by obtaining the channel quality of at least one of the first and the second
wireless links, and by determining the transmission mode based on the obtained channel
quality. The obtaining may comprise at least one of measuring the channel quality and
receiving the channel quality from the first network element 2000. In embodiments, the
wireless device 2050 may comprise an obtaining module adapted to obtain the channel quality
of both the first and the second wireless links, and the determining module 2055 may be
adapted to determine the transmission mode based on the obtained channel quality by
determining to transmit the uplink signaling message on the wireless link with highest obtained
channel quality, when the highest obtained channel quality is equal to or above a threshold
value. When the highest obtained channel quality is below the threshold value, the determining
module 2055 may be adapted to determine the transmission mode based on the obtained
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channel quality by determining to transmit the uplink signaling message on both the first and
the second wireless links.

[0085] In embodiments, the determining module 2055 may be adapted to determine the
transmission mode by determining to transmit the uplink signaling message on both the first
and the second wireless links, and by determining to repeatedly retransmit the uplink signaling
message on both wireless links until an acknowledgement of the uplink signaling message is
received on at least one of the first and the second wireless links.

[0086] As an alternative, the determining module 2055 may be adapted to determine the
transmission mode by determining to transmit the uplink signaling message on the first
wireless link, and by determining to retransmit the uplink signaling message on the second
wireless link if no acknowledgement is received for the uplink signaling message transmitted on
the first wireless link.

[0087] In any of the embodiments above, the uplink signaling message may be a
measurement report. Furthermore, the first and the second wireless links may be both
associated with one RAT, or each associated with respective different RATs.

[0088] The modules described above are functional units which may be implemented in
hardware, software, firmware or any combination thereof. In one embodiment, the modules are
implemented as a computer program running on a processor.

[0089] In still another alternative way to describe the embodiment in Figure 20a, the wireless
device 2050 may comprise a Central Processing Unit (CPU) which may be a single unit or a
plurality of units. Furthermore, the wireless device 2050 may comprise at least one computer
program product (CPP) with a computer readable medium in the form of a non-volatile
memory, e.g. an EEPROM (Electrically Erasable Programmable Read-Only Memory), a flash
memory or a disk drive. The CPP may comprise a computer program stored on the computer
readable medium, which comprises code means which when run on the CPU of the wireless
device 2050 causes the wireless device 2050 to perform the methods described earlier in
conjunction with Figures 18a-e. In other words, when said code means are run on the CPU,
they correspond to the processing circuit 2051 of the wireless device 2050 in Figure 20a.

Network element

[0090] An embodiment of a first network element 2000 is schematically illustrated in the block
diagram in Figure 20a. The first network element 2000 is configured to enable the wireless
device 2050 to transmit an uplink signaling message in a wireless communication network. The
first network element 2000 may in embodiments be comprised in an eNodeB of an LTE
network. The wireless device 2050 is connectable to the first network element 2000 over at
least a first and a second wireless link. The first network element 2000 is further configured to
determine at least one transmission mode among alternative transmission modes for
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transmitting the uplink signaling message. The alternative transmission modes comprise:
transmitting on the first wireless link; transmitting on the second wireless link; and transmitting
on both the first and the second wireless links. The determining is based on criteria for
determining transmission mode. The first network element 2000 is also configured to transmit
information to the wireless device 2050 enabling the wireless device 2050 to determine
transmission mode for transmitting the uplink signaling message. The information comprise an
indication of the determined at least one transmission mode.

[0091] The first network element 2000 may in embodiments be configured to transmit
information to the wireless device 2050 further comprising criteria for determining transmission
mode.

[0092] Furthermore, the first network element 2000 may in embodiments be configured to
receive the uplink signaling message from the wireless device 2050 in accordance with one of
the alternative transmission modes.

[0093] In any of the embodiments above, the uplink signaling message may be a
measurement report. Furthermore, the first and the second wireless links may be both
associated with one RAT, or each associated with respective different RATs.

[0094] The functionality split described e.g. with reference to Figure 13 above may also be
applied in embodiments. In such an embodiment, network functions serving the wireless device
over the first wireless link are split between the first network element and a second network
element. Network functions serving the wireless device over the second wireless link are split
between the first network element and a third network element. In the example scenario in
Figures 15 and 16 the first network element correspond to the eNB-a, the second network
element corresponds to eNB-s1, and the third network element corresponds to eNB-s2. As
described above, the network functions of the first network element may be asynchronous
network functions, and the network functions of the second and third network elements may be
synchronous network functions. The synchronous network functions of the second network
element may have requirements on processing timing which are strictly dependent on timing of
the first wireless link. The synchronous network functions of the third network element may
have requirements on processing timing which are strictly dependent on timing of the second
wireless link. Furthermore, the asynchronous network functions may have requirements on
processing timing not strictly dependent on the timing of any of the first or second wireless
links.

[0095] As illustrated in Figure 20a, the first network element 2000 may comprise a processing
circuit 2001 and a memory 2002 in embodiments of the invention. The first network element
2000 may also comprise a communication interface circuit 2003 configured to communicate
with the wireless device 2050 over the first and second wireless links. The communication
interface circuit 2003 may in embodiments comprise a transceiver adapted to communicate
wirelessly with the wireless device 2050. The memory 2002 may contain instructions
executable by said processing circuit 2001, whereby the first network element 2000 may be
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operative to determine at least one transmission mode among alternative transmission modes
for transmitting the uplink signaling message. The alternative transmission modes comprise:
transmitting on the first wireless link; transmitting on the second wireless link; and transmitting
on both the first and the second wireless links. The determining is based on criteria for
determining transmission mode.

[0096] The first network element 2000 may also be operative to transmit information to the
wireless device 2050 enabling the wireless device 2050 to determine transmission mode for
transmitting the uplink signaling message. The information comprises an indication of the
determined at least one transmission mode.

[0097] In an alternative way to describe the first network element, illustrated in Figure 20c¢, the
first network element 2000 may comprise a determining module 2005 adapted to determine at
least one transmission mode among alternative transmission modes for transmitting the uplink
signaling message. The alternative transmission modes comprise: transmitting on the first
wireless link; transmitting on the second wireless link; and transmitting on both the first and the
second wireless links. The determining is based on criteria for determining transmission mode.
The first network element 2000 may also comprise a transmitting module 2006 adapted to
transmit information to the wireless device 2050 enabling the wireless device 2050 to
determine transmission mode for transmitting the uplink signaling message. The information
comprise an indication of the determined at least one transmission mode.

[0098] In embodiments, the transmitting module 2006 may be adapted to transmit information
to the wireless device 2050 further comprising criteria for determining transmission mode. In
any of the embodiments, the uplink signaling message may be a measurement report.
Furthermore, the first and the second wireless links may be both associated with one RAT, or
each associated with respective different RATs.

[0099] The modules described above are functional units which may be implemented in
hardware, software, firmware or any combination thereof. In one embodiment, the modules are
implemented as a computer program running on a processor.

[0100] In still another alternative way to describe the embodiment in Figure 20a, the first
network element 2000 may comprise a Central Processing Unit (CPU) which may be a single
unit or a plurality of units. Furthermore, the first network element 2000 may comprise at least
one computer program product (CPP) with a computer readable medium in the form of a non-
volatile memory, e.g. an EEPROM (Electrically Erasable Programmable Read-Only Memory), a
flash memory or a disk drive. The CPP may comprise a computer program stored on the
computer readable medium, which comprises code means which when run on the CPU of the
first network element 2000 causes the first network element 2000 to perform the method
described earlier in conjunction with Figure 19. In other words, when said code means are run
on the CPU, they correspond to the processing circuit 2001 of the first network element 2000 in
Figure 20a.
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[0101] The above mentioned and described embodiments are only given as non-limiting
examples. Other solutions, uses, objectives, and functions within the scope of the
accompanying patent claims may be possible.
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Patentkrav

1. Fremgangsmade til transmittering af en uplink-malerapportbesked i et trad-
lest kommunikationsnetveerk med dobbeltkonnektivitet, hvilkken fremgangs-
made udferes i en tradles indretning (2050), der er forbundet med netvaerket
via mindst en ferste og en anden tradlgs forbindelse, hvilken fremgangsmade
omfatter:

- at modtage (1800) information til transmittering af uplink-malerapportbeske-
den fra netveerket, der angiver mindst en af alternative transmissionsmodi,
hvilke alternative transmissionsmodi omfatter: transmittering pa den ferste
tradlese forbindelse; transmittering pa den anden tradlese forbindelse; og
transmittering pa bade den ferste og den anden tradlese forbindelse;

- at bestemme (1810) transmissionsmodussen baseret pa den modtagne in-
formation og baseret pa en type af malerapport; og

- at transmittere (1820) uplink-malerapportbeskeden i henhold til den bestemte
transmissionsmodus.

2. Fremgangsmade ifelge krav 1, hvor informationen fra netveerket, der angi-
ver mindst en af de alternative transmissionsmodi, modtages via en radiores-
sourcestyrings, RRC, -besked.

3. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor det
at bestemme (1810) endvidere er baseret pa kriterier for at bestemme trans-
missionsmodi.

4. Fremgangsmade ifglge krav 3, endvidere omfattende:
- at modtage (1805) kriterierne for at bestemme transmissionsmodi fra netveaer-
ket.

5. Fremgangsmade ifalge et hvilket som helst af kravene 3-4, hvor kriterierne
for at bestemme transmissionsmodi er relateret til mindst en af:

- en kanalkvalitet af mindst en af den farste og den anden tradl@se forbindelse;
- en belastning pa mindst en af den ferste og den anden tradlgse forbindelse;
- en kapacitet af en tradlgs indretning til at anvende mindst en af den farste og
den anden tradl@se forbindelse;
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- en servicekvalitet af en beerer, der er forbundet med uplink-malerapportbe-
skeden;

- en latens af mindst en af den ferste og den anden tradl@se forbindelse;

- en transmissionsmodus af en downlink-signaleringsbesked, hvortil uplink-
malerapportbeskeden er et svar;

- hvorvidt uplink-malerapportbeskeden er bekreeftet eller g;j;

- anvendelse af baereraggregering pa mindst en af den farste og den anden
tradlese forbindelse;

- en hastighed af den tradl@se indretning (2050);

- en servicekvalitet, der er forbundet med mindst en af den ferste og den anden
tradlese forbindelse;

- en forudbestemt regel for bestemmelse af transmissionsmodussen;

- et tilfeeldigt udvalg af mindst en af den ferste og den anden tradlese forbin-
delse.

6. Tradles indretning (2050), der er konfigureret til at transmittere en uplink-
malerapportbesked i et tradlast kommunikationsnetvaerk med dobbeltkonnek-
tivitet, hvilken tradlgs indretning (2050) kan forbindes med netveerket via
mindst en farste og en anden tradles forbindelse, hvilken tradles indretning
(2050) endvidere er konfigureret til:

- at modtage information til transmittering af uplink-malerapportbeskeden fra
netveerket, der angiver mindst en af alternative transmissionsmodi, hvilke al-
ternative transmissionsmodi omfatter: transmittering pa den farste tradlase for-
bindelse; transmittering pa den anden tradlese forbindelse; og transmittering
pa bade den ferste og den anden tradl@se forbindelse;

- at bestemme transmissionsmodussen baseret pa den modtagne information
og baseret pa en type af malerapport; og

- at transmittere uplink-malerapportbeskeden i henhold til den bestemte trans-
missionsmodus.

7. Tradlgs indretning (2050) ifelge krav 6, hvor informationen fra netvaerket,
der angiver mindst en af de alternative transmissionsmodi, modtages via en
radioressourcestyrings, RRC, -besked.
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8. Tradles indretning (2050) ifalge et hvilket som helst af kravene 6-7, der end-
videre er konfigureret til at bestemme transmissionsmodussen baseret pa kri-
terier for at bestemme transmissionsmodi.

9. Tradles indretning (2050) ifalge krav 8, der endvidere er konfigureret til at
modtage kriterierne for at bestemme transmissionsmodi fra netveerket.

10. Tradlgs indretning (2050) ifelge et hvilket som helst af kravene 8-9, der
endvidere er konfigureret til at bestemme transmissionsmodussen ved at veere
konfigureret til:

- at opna kanalkvaliteten af mindst en af den farste og den anden tradlese
forbindelse, hvor det at opnd omfatter mindst et blandt at male kanalkvaliteten
og at modtage kanalkvaliteten fra netveerket, og

- at bestemme transmissionsmodussen baseret pa den opnaede kanalkvalitet.

11. Computerprogram omfattende en computerleesbar kode, der, nar den k-
res pa en tradlgs indretning (2050), far den tradlese indretning (2050) til at
udfere en fremgangsmade ifalge et hvilket som helst af kravene 1-5.

12. Computerprogramprodukt omfattende et computerleesbart medium og et
computerprogram ifalge krav 11, hvor computerprogrammet er lagret pa det
computerleesbare medium.
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