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cell in an instance in which a threshold is satistied. Related apparatus and
computer program product are also described.
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METHOD AND APPARATUS FOR MOBILE TERMINAL CONNECTED MODE
MOBILITY

TECHNOLOGICAL FIELD

Embodiments of the present invention relate generally to wireless communications technology
and, more particularly, relate to a method, apparatus, and computer program product for
enhancing a mobile terminal connected mode and a connected mode mobility.

BACKGROUND

Despite radio network planning and coverage verification, situations exist where a mobile
terminal may experience bad connection quality leading either to degraded data throughput
and/or connection failures. Such situations are likely at a serving cell edge (hereinafter cell edge)
where the mobile terminal is configured to measure and identify candidate cells for a possible
handover. In some cases, a bad radio condition quality may be caused by fast or slow
(shadowing) fading, excessive interference (either in uplink or downlink), and/or wrongly set
mobility parameters.

In instances of bad radio condition quality and before a connection is lost, a mobility event may
be configured to trigger measurement reporting in order to initiate a handover to a new serving
cell (target cell). The network may then be configured to send a handover (HO) command that
includes information about the new serving cell. The mobile terminal may also be configured to
send a HO complete message to an indicated target cell to confirm and complete the HO
procedure.

However, there are several phases where the HO procedure may fail. For example, the mobile
terminal drops the connection before the configured event is triggered; the mobile terminal is
unable to send the measurement report to the network due to a lost connection, an access point is
not able to receive/decode a measurement report, a HO command is not successfully received by
the mobile terminal, and/or a mobile terminal is unable to establish a connection with a target
cell.

In an instance in which the mobile terminal is unable to restore the connection with the target
cell by a call re-establishment procedure, the mobile terminal may transition into an idle state
and then may start a cell selection procedure in order to find suitable neighbor cells. The
connection re-establishment procedure may also fail not only due to radio circumstances but also
if the mobile terminal context is not available on the selected cell. This could be a typical
situation in cases where the HO procedure has encountered problems in the early stages.

In some instances, a connection may be lost not only during mobility situations but also due to
bad network coverage in certain areas of the network. Additionally, the interference caused by
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neighbor cells (intra frequency) may be the cause of the connection problems. In such cases, the
mobility measurements may not have been triggered and the mobile terminal may begin to see
problems in the layer 1 (L1) connection. If the L1 connection is not restored for a given time
period, the mobile terminal may eventually encounter radio link failure (RLF). The mobile
terminal may try first to re-establish the connection so that the radio resource control (RRC)
connection is not lost. If that fails, the mobile terminal may enter into an idle state and then, for
example, the mobile terminal may start the time consuming cell selection procedure.

Once the connection failure occurs, there may be a delay before the mobile terminal is able to
restore the connection. The cell selection may take relatively long time which may cause
degradation in the data throughput and mobility behavior, for example. In many scenarios this
would lead to bad user experience e.g. dropped voice call etc. Global System for Mobile
Communications (GSM) Enhanced Data rates for Global Evolution (EDGE) Radio Access
Network (GERAN) 45.008, Third Generation Partnership Project (3GPP) TS 25.331 and 3GPP
36.300, 36.304, 36.133, and 36.331 arc all incorporated by reference as if set forth in their
entirety herein.

In other instances and particularly in an enhanced Universal Mobile Telecommunications System
terrestrial radio access network (E-UTRAN) network, a discontinuous reception (DRX)
configuration in connected mode may not be properly set and therefore the DRX configuration
does not c.g. allow for a mobile terminal’s power consumption to be minimized. In such
situations, the mobile terminal may rely on a network capability to determine a suitable DRX
configuration and then maintain it under varying circumstances. However relying on the network
may lead to non-optimal operation and, as a result, the mobile terminal may suffer from
excessive power drain with non-ideal network implementation leading to low UE operation times
and thereby degraded user experience, for example.

BRIEF SUMMARY

A method, apparatus and computer program product are thercfore provided according to an
example embodiment to enable a mobile terminal to perform semi-autonomous mobility.
Further, the mobile terminal may have new mode in a connected state to, for example, allow for
autonomous decisions and better adaptation to an instantancous traffic situation and radio
circumstances. In some example embodiments described herein, the network may still be
configurable to conduct handovers and may provide connection state control. In an embodiment,
the method, apparatus and computer program product may apply semi-autonomous mobility and
semi-autonomous state (c.g. a semi-idle state) selection based on radio conditions and/or
predetermined transmission behaviors. A method, apparatus and computer program product may
also be provided according to an example embodiment to enable mobility while a mobile
terminal is in a semi-idle state.
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BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described embodiments of the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and wherein:
Figure 1 is a schematic representation of an example system having a mobile terminal that may
to perform autonomous mobility;

Figure 2 is a block diagram of an example apparatus that may be embodied by a mobile terminal
in accordance with one embodiment of the present invention;

Figures 3 and 4 are flow charts illustrating example autonomous handover operations performed
in accordance with one embodiment of the present invention;

Figures 5 and 6 are flow charts illustrating example semi-idle state operations performed in
accordance with an embodiment of the present invention; and

Figures 7 and 8 show example signaling flow diagrams performed in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION

Some example embodiments will now be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodiments are shown. Indeed, the
embodiments may take many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided so that this disclosure will
satisfy applicable legal requirements. Like reference numerals refer to like elements throughout.
The terms “data,” “content,” “information,” and similar terms may be used interchangeably,
according to some example embodiments, to refer to data capable of being transmitted, received,
operated on, and/or stored. Moreover, the term “exemplary”, as may be used herein, is not
provided to convey any qualitative assessment, but instead merely to convey an illustration of an
example. Thus, use of any such terms should not be taken to limit the spirit and scope of

embodiments of the present invention.

As used herein, the term ‘circuitry’ refers to all of the following: (a) hardware-only circuit
implementations (such as implementations in only analog and/or digital circuitry); (b) to
combinations of circuits and software (and/or firmware), such as (as applicable): (i) to a
combination of processor(s) or (ii) to portions of processor(s)/software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus, such as a
mobile phone or server, to perform various functions); and (c¢) to circuits, such as a
microprocessor(s) or a portion of a microprocessor(s), that require software or firmware for
operation, even if the software or firmware is not physically present.

This definition of ‘circuitry’ applies to all uses of this term in this application, including in any
claims. As a further example, as used in this application, the term “circuitry” would also cover an
implementation of merely a processor (or multiple processors) or portion of a processor and its
(or their) accompanying software and/or firmware. The term “circuitry” would also cover, for
example and if applicable to the particular claim element, a baseband integrated circuit or
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application specific integrated circuit for a mobile phone or a similar integrated circuit in a
server, a cellular network device, or other network device.

In an embodiment, mobile terminal semi-autonomous mobility allows for handover or cell
change without, for example, requiring handover signaling at a cell edge. In some example
embodiments, one or more triggers may be configured to cause a mobile terminal to perform
semi-autonomous mobility while in a connected state. These triggers may be based on current
radio conditions e.g. reference signal received power (RSRP)/ reference signal received quality
(RSRQ) type of measurements or RLF measurements and/or transmission behavior.
Alternatively or additionally, transmission behavior that may also cause semi-autonomous
mobility, includes but is not limited to time since last transmission, using and/or activating DRX
(c.g. a mobile terminal is not in active transmission), specific cell properties (¢.g. non-accessible
closed subscriber group CSG cell) and/or specific source cell properties (e.g. pico cell). Semi-
autonomous mobility may reduce interrupt time in a radio link failure situation and may enhance
handover execution as signaling overhead is reduced, for example.

In one example embodiment, the mobile terminal may alternatively or additionally enter a semi-
idle state (which may also be called as a semi-connected state) in an instance in which the mobile
terminal is performing semi-autonomous mobility as described herein. However the semi-idle
state may also be triggered in instances in which semi-autonomous mobility would not otherwise
be implemented. The semi-idle state, for example, creates a new state that operates between idle
and connected states, while still permitting mobility. This may enable a decrease in power
consumption, for example.

In an embodiment and for example, the semi-idle state may also be advantageous within a single
cell. For example, mobile terminal power consumption may be reduced especially in cases where
the network has not given an appropriate connected mode DRX configuration that is applicable
for infrequent data transfer and reception. The mobile terminal may effectively stay in a RRC
connected state, e.g. the mobile terminal can be addressed with existing Cell Radio Network
Temporary Identifier (C-RNTI). Alternatively, in an instance in which the duration of inactivity
in the semi-idle state is long, the network may use also use a paging procedure for initiating a
mobile terminal data transfer. In an example embodiment, the mobile terminal originated data
transfer can use cither normal service request (SR) assuming that the timing advance timer
(TAT) has not expired and the transmission is possible from the physical layer point of view.
Alternatively, for example, the mobile terminal may also initiate random access procedure to re-
start the active data transfer.

Although the method, apparatus and computer program product may be implemented in a varicty
of different systems, one example of such a system is shown in Figure 1, which includes a first
communication device (e.g., mobile terminal 10) that is capable of communication via an access
point 12, a base station, a CSG cell, a home Node B, a Node B, an evolved Node B (¢NB) or
other access point, with a network 14 (e.g., a core network). While the network may be
configured in accordance with Long Term Evolution (LTE) or LTE-Advanced (LTE-A), other
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networks may support the method, apparatus and computer program product of some
embodiments of the present invention including those configured in accordance with wideband
code division multiple access (W-CDMA), CDMA2000, global system for mobile
communications (GSM), general packet radio service (GPRS) and/or the like.

The network 14 may include a collection of various different nodes, devices or functions that
may be in communication with cach other via corresponding wired and/or wireless interfaces.
For example, the network may include one or more cells, including access point 12, which may
serve a respective coverage arca. The access point 12 could be, for example, part of one or more
cellular or mobile networks or PLMNS. In turn, other devices such as processing devices (e.g.,
personal computers, server computers or the like may be coupled to the mobile terminal 10
and/or other communication devices via the network.

A communication device, such as the mobile terminal 10 (also known as user equipment (UE)),
may be in communication with other communication devices or other devices via the access
point 12 and, in turn, the network 14. In some cases, the communication device may include an
antenna for transmitting signals to and for receiving signals from an access point.

When referred to herein, serving cell includes, but is not limited to a primary serving cell (PCell)
and other serving cells such as secondary serving cells (SCell) that may be operating on an
access point, such as access point 12. A candidate cell, target cell, neighbor cell and/or the like
may also be used herein, and that includes a cell that is not currently a serving cell, but may
become a serving cell in the future. A PCell, which may be embodied by an access point,
generally includes, but is not limited to, a cell that is configured to perform initial establishment
procedures, security procedures, system information (SI) acquisition and change monitoring
procedures on the broadcast channel (BCCH) or data channel (PDCCH), and paging. The SCell,
which may be embodied by a remote radio head (RRH) and is configured to provide additional
radio resources to the PCell.

In some example embodiments, the mobile terminal 10 may be a mobile communication device
such as, for example, a mobile telephone, portable digital assistant (PDA), pager, laptop
computer, or any of numerous other hand held or portable communication devices, computation
devices, content generation devices, content consumption devices, or combinations thercof. As
such, the mobile terminal 10 may include one or more processors that may define processing
circuitry either alone or in combination with one or more memories. The processing circuitry
may utilize instructions stored in the memory to cause the mobile terminal 10 to operate in a
particular way or execute specific functionality when the instructions are executed by the one or
more processors. The mobile terminal 10 may also include communication circuitry and
corresponding hardware/software to enable communication with other devices and/or the
network 14.

In one embodiment, for example, the mobile terminal 10 may be embodied as or otherwise
include an apparatus 15 as generically represented by the block diagram of Figure 2. While the
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apparatus 15 may be employed, for example, by a mobile terminal 10 or an access point 12, it
should be noted that the components, devices or clements described below may not be
mandatory and thus some may be omitted in certain embodiments. Additionally, some
embodiments may include further or different components, devices or elements beyond those
shown and described herein.

In this regard, FIG. 2 illustrates an example block diagram of an apparatus 15. While several
embodiments of a mobile terminal or access point (e.g., apparatus 15) are illustrated and will be
hereinafter described for purposes of example, other types of user terminals, such as mobile
telephones, mobile computers, portable digital assistants (PDAs), pagers, laptop computers,
desktop computers, gaming devices, televisions, and other types of electronic systems, may
employ some embodiments of the present invention.

As shown, the apparatus 15 may include an antenna 17 (or multiple antennas 17) in
communication with a transmitter 18 and a receiver 19. The apparatus 15 may also include a
processor 20 configured to provide signals to and receive signals from the transmitter and
receiver, respectively. The processor 20 may, for example, be embodied as various means
including circuitry, one or more microprocessors with accompanying digital signal processor(s),
one or more processor(s) without an accompanying digital signal processor, one or more
coprocessors, one or more multi-core processors, one or more controllers, processing circuitry,
one or more computers, various other processing elements including integrated circuits such as,
for example, an ASIC (application specific integrated circuit) or FPGA (field programmable gate
array), or some combination thereof. Accordingly, although illustrated in FIG. 2 as a single
processor, in some embodiments the processor 20 comprises a plurality of processors. These
signals sent and received by the processor 20 may include signaling information in accordance
with an air interface standard of an applicable cellular system, and/or any number of different
wireline or wireless networking techniques, comprising but not limited to Wireless-Fidelity (Wi-
Fi), wireless local access network (WLAN) techniques such as Institute of Electrical and
Electronics Engineers (IEEE) 802.11, 802.16, and/or the like. In addition, these signals may
include speech data, user generated data, user requested data, and/or the like. In this regard, the
mobile terminal may be capable of operating with one or more air interface standards,
communication protocols, modulation types, access types, and/or the like. More particularly, the
apparatus 15 may be capable of operating in accordance with various first generation (1G),
second generation (2G), 2.5G, third-generation (3G) communication protocols, fourth-generation
(4G) communication protocols, Internet Protocol Multimedia Subsystem (IMS) communication
protocols (e.g., session initiation protocol (SIP)), and/or the like. For example, the mobile
terminal may be capable of operating in accordance with 2G wireless communication protocols
IS-136 (Time Division Multiple Access (TDMA)), Global System for Mobile communications
(GSM), IS-95 (Code Division Multiple Access (CDMA)), and/or the like. Also, for example, the
mobile terminal may be capable of operating in accordance with 2.5G wireless communication
protocols General Packet Radio Service (GPRS), Enhanced Data GSM Environment (EDGE),
and/or the like. Further, for example, the mobile terminal may be capable of operating in
accordance with 3G wireless communication protocols such as Universal Mobile



10

15

20

25

30

35

40

WO 2013/038052 PCT/FI12012/050844

Telecommunications System (UMTS), Code Division Multiple Access 2000 (CDMA2000),
Wideband Code Division Multiple Access (WCDMA), Time Division-Synchronous Code
Division Multiple Access (TD-SCDMA), and/or the like. The mobile terminal may be
additionally capable of operating in accordance with 3.9G wireless communication protocols
such as Long Term Evolution (LTE) or Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) and/or the like. Additionally, for example, the mobile terminal may be capable of
operating in accordance with fourth-generation (4G) wireless communication protocols and/or
the like as well as similar wireless communication protocols that may be developed in the future.

Some Narrow-band Advanced Mobile Phone System (NAMPS), as well as Total Access
Communication System (TACS), mobile terminals may also benefit from some embodiments of
this invention, as should dual or higher mode phones (e.g., digital/analog or
TDMA/CDMA/analog phones). Additionally, the apparatus 15 may be capable of operating
according to Wireless Fidelity (Wi-Fi) or Worldwide Interoperability for Microwave Access
(WiMAX) protocols.

It is understood that the processor 20 may comprise circuitry for implementing audio/video and
logic functions of the apparatus 15. For example, the processor 20 may comprise a digital signal
processor device, a microprocessor device, an analog-to-digital converter, a digital-to-analog
converter, and/or the like. Control and signal processing functions of the apparatus 15 may be
allocated between these devices according to their respective capabilities. Further, the processor
may comprise functionality to operate one or more software programs, which may be stored in
memory. For example, the processor 20 may be capable of operating a connectivity program,
such as a web browser. The connectivity program may allow the apparatus 15 to transmit and
receive web content, such as location-based content, according to a protocol, such as Wireless
Application Protocol (WAP), hypertext transfer protocol (HTTP), and/or the like. The apparatus
15 may be capable of using a Transmission Control Protocol/Internet Protocol (TCP/IP) to
transmit and receive web content across the internet or other networks.

The apparatus 15 may also comprise a user interface including, for example, an earphone or
speaker 24, a ringer 22, a microphone 26, a display 28, a user input interface, and/or the like,
which may be operationally coupled to the processor 20. In this regard, the processor 20 may
comprise user interface circuitry configured to control at least some functions of one or more
clements of the user interface, such as, for example, the speaker 24, the ringer 22, the
microphone 26, the display 28, and/or the like. The processor 20 and/or user interface circuitry
comprising the processor 20 may be configured to control one or more functions of one or more
clements of the user interface through computer program instructions (e.g., software and/or
firmware) stored on a memory accessible to the processor 20 (e.g., volatile memory 40, non-
volatile memory 42, and/or the like). Although not shown, the mobile terminal may comprise a
battery for powering various circuits related to the mobile terminal, for example, a circuit to
provide mechanical vibration as a detectable output. The user input interface may comprise
devices allowing the mobile terminal to receive data, such as a keypad 30, a touch display (not
shown), a joystick (not shown), and/or other input device. In some embodiments including a
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keypad, the keypad may comprise numeric (0-9) and related keys (#, *), and/or other keys for
operating the mobile terminal.

The apparatus 15 may comprise memory, such as a smart cart, subscriber identity module or
subscriber identification module (SIM), a removable user identity module (R-UIM), and/or the
like, which may store information elements related to a mobile subscriber. In addition to the
SIM, the mobile terminal may comprise other removable and/or fixed memory. The apparatus 15
may include other non-transitory memory, such as at least one of a volatile memory 40 and/or at
least one of a non-volatile memory 42. For example, volatile memory 40 may include Random
Access Memory (RAM) including dynamic and/or static RAM, on-chip or off-chip cache
memory, and/or the like. Non-volatile memory 42, which may be embedded and/or removable,
may include, for example, read-only memory, flash memory, magnetic storage devices (e.g.,
hard disks, floppy disk drives, magnetic tape, etc.), optical disc drives and/or media, non-volatile
random access memory (NVRAM), and/or the like. Like volatile memory 40 non-volatile
memory 42 may include a cache area for temporary storage of data. The memories may store one
or more software programs, instructions, pieces of information, data, and/or the like which may
be used by the mobile terminal for performing functions of the mobile terminal. For example, the
memories may comprise an identifier, such as an international mobile equipment identification
(IMEI) code, capable of uniquely identifying the apparatus 15.

A semi-autonomous mobility module 44 and a semi-idle state module 46 may be embodied as
various means, such as circuitry, hardware, a computer program product comprising computer
readable program instructions stored on a computer readable medium (e.g., the memory 40) and
executed by a processing device (e.g., the processor 20), or some combination thereof and, in one
embodiment, is embodied as or otherwise controlled by the processor 20. In an embodiment,
wherein the semi-autonomous mobility module 44 and a semi-idle state module 46 are embodied
separately from the processor 20, the semi-autonomous mobility module 44 and the semi-idle
state module 46 may be in communication with the processor 20. The semi-autonomous mobility
module 44 and the semi-idle state module 46 may further be in communication with one or more
of the memory 40 and/or 42, the transmitter 18, and the receiver 19, such as via a bus.

In some embodiments, the semi-autonomous mobility module 44 may be configured to provide
instructions that enable a mobile terminal, such as the mobile terminal 10, to perform semi-
autonomous mobility without a handover command. Semi-autonomous handover or cell change
may be conducted based on predetermined rules, triggers, and/or threshold events. In an example
embodiment, the predetermined threshold events that may enable and/or trigger semi-
autonomous mobility, include a neighbor cell (e.g. candidate, target and/or or new cell) having
improved radio conditions with regard to a current serving cell. Other such examples may
include an activity level of the mobile terminal and/or a connection state of the mobile terminal.
Alternatively or additionally, RLF evaluation phases and/or accessible closed subscriber group
(CSQ) cells with sufficient quality. Semi-autonomous mobility may also be performed without a
handover command or with a preconfigured handover command such as those preconfigured
handover commands described in pending Patent Cooperation Treaty application entitled
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METHODS, APPARATUSES AND COMPUTER PROGRAM PRODUCTS FOR
PROVIDING AN OPTIMIZED HANDOVER PREPARATION AND EXECUTION
OPERATION filed on June 21, 2011 by applicant Nokia Corporation, which is hereby
incorporated by reference in its entirety herein.

In some embodiments, semi-autonomous mobility may also be enabled before a timer, such as a
T311 timer, has expired, based on a combination of RLF evaluation and radio conditions (c.g.
such as if a candidate cell absolute or relative signal quality meet a predefined criteria), based on
L1 problems and/or when a timer, such as timer T310, starts and/or expires. Other conditions that
may enable semi-autonomous mobility include, but are not limited to, an instance in which a
large amount of data is to be transmitted and/or received. In some embodiments, semi-
autonomous mobility instructions may be provided to the mobile terminal such as by the access
point 12 and may include a measurement reporting event and/or a handover indication that
includes instructions for the mobile terminal to perform a future handover without explicit
handover signaling from the access point 12.

In one example embodiment, a semi-autonomous mobility module 44 may be configured to
cause semi-autonomous signaling to be performed by causing a measurement report to be
transmitted to a serving cell prior to a cell change. In some embodiments, the semi-autonomous
module 44 may cause a cell change to be performed and may also cause an indication of the
mobile terminals presence to be transmitted to a new target cell. Alternatively or additionally, in
an instance in which a mobile terminal transmits a measurement report to a serving cell prior to
cell change, the semi-autonomous mobility module 44 may cause the report to be transmitted and
then may or may not wait for a reply prior to causing a handover to be conducted. In instances in
which the semi-autonomous mobility module 44 is configured to wait for a reply before
changing cells, a threshold for a signal level or a time period may be set, that in an instance in
which it expires, the semi-autonomous mobility module 44 may cause a handover without
waiting for a reply.

In an embodiment, the semi-idle state module 46 may be configured to cause a mobile terminal,
such as mobile terminal 10, to transition to a semi-idle statc in an instance in which certain
conditions are fulfilled, such as those conditions described herein that cause semi-autonomous
mobility. Alternatively or additionally other conditions may cause a semi-idle state such as an
instance in which a semi-idle state module 46 receives, for example via the receiver 19,
instructions to transition to a semi-idle state, and/or when there is not any current data be
transmitted and/or received, and/or instances in which a semi-idle state may provide a decrease
in power consumption.

In other embodiment, the semi-idle state module 46 may cause the semi-idle state to be enabled
in certain geographical arcas, such as a mobile terminal user’s home or business, or other
locations where there may be typical periods of inactivity or lack of movement. In some
embodiments, other triggers may be used to cause the semi-idle state module 46 to cause a
transition to a semi-idle state, these triggers include but are not limited to, lack of a DRX
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configuration without active data transmissions, lack of a sufficient DRX configuration, after a
period defined by a timer, lack of uplink and/or downlink data transmissions or receptions (or
after a time period of such), expiration of a timing advance timer and/or other triggers based on
user actions. The semi-idle state and the referenced triggers may also apply to or may be
restricted to specific cells, for example CSG cells.

The semi-idle state module 46 may also be configured to cause a mobile terminal context and/or
a scheduling identity, such as C-RNTI, to be stored in the volatile memory 40 and/or the non-
volatile memory 42. The mobile terminal context and/or a scheduling identity, such as C-RNTI,
may also be stored in one or more access points and/or the network.

The semi-idle state module 46 may be further configured to cause a downlink data transfer to be
started and/or restarted with a connected state Physical Downlink Control Channel (PDCCH)
order and/or by scheduling using PDCCH and a scheduling identity, such as C-RNTL
Alternatively or additionally, a paging channel may also be used to restart downlink data
transfer. In an instance in which downlink was restarted and/or was scheduled, the mobile
terminal may transition to a connected state.

In an embodiment, uplink data transfer may be caused to be started and/or restarted by the semi-
idle state module 46 while the mobile terminal is in a semi-idle state using an RRC re-
establishment procedure. An RRC re-establishment procedure may be used because the context
is stored both by the mobile terminal and an access point. Alternatively or additionally, uplink
can be started and/or restarted with random access procedures followed by uplink transmission
with a scheduling identity, such as C-RNTIL. In an instance in which uplink was initiated, the
mobile terminal may transition to a connected state.

In an embodiment, the semi-idle state module 46 may be configured to cause the mobile
terminal, such as mobile terminal 10, to transition to a semi-idle state. While in a semi-idle state,
the semi-idle state module 46 may cause a cell change indication to be transmitted to a new cell
and/or or an access point in an instance in which the mobile terminal moves/changes to another
cell. In some embodiments, a RRC re-establishment procedure may be used to indicate a change
of a cell. Alternatively or additionally, the semi-idle state module 46 may cause a cell update to
be performed, for example by sending data such as C-RNTI, a CELL-UPDATE and/or the like
when a cell has changed.

In an embodiment and in an instance in which a mobile terminal is connected to a specific cell
(c.g., CSG Cell), the semi-idle state module 46 may be configured to cause a semi-idle state to be
triggered. When the mobile terminal is connected to a specific cell (e.g., CSG Cell), mobility
support may not be required; however outbound reselection and/or handover may be based on a
connected and/or idle mode behavior.

In an embodiment, a semi-idle state may also be used during mobile terminal mobility. In an
instance in which the semi-idle state is used for mobility, the semi-idle state may function in a
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similar manner to connected mode mobility, an idle mode reselection combined with
measurement reporting, idle mode mobility with reselection and/or the like. In an instance in
which idle mode reselection rules were to be combined with measurement reporting in a source
cell, then the semi-idle state module 46 may be configured to evaluate cell reselection according
to predetermined rules, such as those rules described with reference to semi-autonomous
mobility or idle mode mobility rules. In these instances, and after a reselection is made, the semi-
idle state module 46 may be configured to cause measurement reporting to be initiated.

In an instance in which idle type mobility with reselection is chosen, then the semi-idle state
module 46 may causc a message to be transmitted, such as by the transmitter 18, wherein the
message may indicate a handover and/or cell change to a new cell. Alternatively or additionally,
the semi-idle state module 46 may be configured to cause a selection of a new cell without
informing the previous serving cell. In this case the semi-idle state module 46 may cause a cell
update and/or may cause a connection reestablishment procedure to be transmitted to alert the
new cell of the reselection.

In some embodiments, a cell update or connection reestablishment procedure may be configured
to include an indication of the current mobile terminal state. Alternatively or additionally the
semi-idle state module 46 may also cause the new or target cell to be provided with identification
for a source serving cell. The semi-idle state module 46 may also cause a scheduling identity,
such as C-RNTI, which is configured to provide connection information to the source cell, to be
provided to the new or target cell. In an instance in which the semi-idle state module 46 does not
cause notification of movement to a different cell to be provided, a transmission area wide page
may be received that is configured to locate the mobile terminal.

In an embodiment, in order to establish a connection, the semi-idle state module 46, while in a
semi-idle state, may be configured to cause random access channel (RACH) and RRC
connection reestablishment procedures to be utilized. Alternatively or additionally, using random
access procedures followed by uplink transmission with a scheduling identity, such as C-RNT],
may be used to establish and/or restart a connection.

Referring now to Figure 1, in an embodiment, a network, such as network 14 and/or an access
point, such as access point 12 may be configured to communicate with a mobile terminal using a
scheduling identity, such as C-RNTIL In such instances, the mobile terminal 10 may be
configured to monitor, such as by means such as the semi-idle state module 46, the receiver 19,
the processor 20 and/or the like, a scheduling identity, such as C-RNTI, so as to determine when
the network and/or the access point is attempting to reach it. By monitoring a scheduling
identity, such as C-RNTI, the mobile terminal may receive a PDCCH order that may cause the
mobile terminal to start a RACH procedure.

Alternatively or additionally, a semi-idle state may be network controlled. For example, the
mobile terminal 10 may be configured with measurement events, and in an instance in which a
measurement event is triggered, the mobile terminal 10 may be configured to send a
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measurement report to an access point, such as access point 12. In response the access point 12
may command handover. In some embodiments the measurement event may be triggered
without causing a measurement report to be sent.

In some embodiments, the measurement report may be triggered by cell reselection rules.
Alternatively or additionally, a new cell may then be configured to obtain the mobile terminal
context from a source cell, such as by a transmission request or the new cell and the source cell
may share an access point.

Alternatively or additionally, a context fetch may be used to transfer a mobile terminal context to
a new cell in instances in which a mobile terminal is accessing a new cell within the same access
point as the source serving cell. This context fetch may also be limited to a smaller or larger set
of cells. In such instances, a list of physical cell identifications (PCls) in which the procedure
may work may be provided so as to reduce those instances in which a mobile terminal would
need to signal. Such an indication may take the form of a list of cells or each cell could be
broadcast an access point ID which would indicate if a cell is in a same access point than the one
where state was changed to semi-idle.

A PDCCH, PDCCH Order (C-RNTI), and/or paging may be used by an access point 12 or the
network 14 to communicate with the mobile terminal (e.g., without using paging throughout the
paging arca). Alternatively or additionally the mobile terminal may be addressed based on
paging occasions that are based on a PDCCH order. As is described herein, a mobile terminals
context may include mobile terminal radio and security capabilities, handover restrictions, trace
activations, state, security context, transport parameters and/or the like. The context for the
mobile terminal may be stored by an access point, such as access point 12.

In an embodiment, camping by a mobile terminal 10 may be prioritized by an access point 12 or
the network 14 on a carrier cell on which the connected release was indicated, such as when the
mobile terminal transitioned from a connected state to a semi-idle state. In such embodiments,
the mobile terminal, such as mobile terminal 10, may receive an indication that indicates those
cells that enable camping so as to ensure such a cell is selected. Alternatively or additionally, the
mobile terminal 10 may select the best cell as the serving cell. Alternatively or additionally, there
may be differences between handovers (such as an X1 interface or S1 handover) but the
operation from the mobile terminal will be the same in all cases, for example the mobile terminal
10 may determine an instance in which the HO requires a particular signaling. The proposed
mobility in the semi-idle state may also be restricted to X2 interface depending on the network
implementation.

Figures 3-6 illustrate example flowcharts of the example operations performed by a method,
apparatus and computer program product in accordance with one embodiment of the present
invention. It will be understood that each block of the flowcharts, and combinations of blocks in
the flowcharts, may be implemented by various means, such as hardware, firmware, processor,
circuitry and/or other device associated with execution of software including one or more
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computer program instructions. For example, one or more of the procedures described above
may be embodied by computer program instructions. In this regard, the computer program
instructions which embody the procedures described above may be stored by a memory 40, 42 of
an apparatus employing an embodiment of the present invention and executed by a processor 20
in the apparatus. As will be appreciated, any such computer program instructions may be loaded
onto a computer or other programmable apparatus (e.g., hardware) to produce a machine, such
that the resulting computer or other programmable apparatus provides for implementation of the
functions specified in the flowcharts’ block(s). These computer program instructions may also be
stored in a non-transitory computer-readable storage memory that may direct a computer or other
programmable apparatus to function in a particular manner, such that the instructions stored in
the computer-readable storage memory produce an article of manufacture, the execution of
which implements the function specified in the flowcharts’ block(s). The computer program
instructions may also be loaded onto a computer or other programmable apparatus to cause a
series of operations to be performed on the computer or other programmable apparatus to
produce a computer-implemented process such that the instructions which execute on the
computer or other programmable apparatus provide operations for implementing the functions
specified in the flowcharts’ block(s). As such, the operations of Figures 3-6, when executed,
convert a computer or processing circuitry into a particular machine configured to perform an
example embodiment of the present invention. Accordingly, the operations of Figures 3-6 define
an algorithm for configuring a computer or processing to perform an example embodiment. In
some cases, a gencral purpose computer may be provided with an instance of the processor
which performs the algorithms of Figures 3-6 to transform the general purpose computer into a
particular machine configured to perform an example embodiment.

Accordingly, blocks of the flowcharts support combinations of means for performing the
specified functions and combinations of operations for performing the specified functions. It will
also be understood that one or more blocks of the flowcharts, and combinations of blocks in the
flowcharts, can be implemented by special purpose hardware-based computer systems which
perform the specified functions, or combinations of special purpose hardware and computer
instructions.

In some embodiments, certain ones of the operations herein may be modified or further
amplified as described below. Moreover, in some embodiments additional optional operations
may also be included. It should be appreciated that each of the modifications, optional additions
or amplifications below may be included with the operations above either alone or in
combination with any others among the features described herein.

Figure 3 is an example flowchart illustrating a mobile terminal semi-autonomous mobility
performed in accordance with an embodiment of the present invention. As shown in operation
302, the apparatus 15 embodied, for example, by a mobile terminal 10, may include means, such
as the transmitter 18, the receiver 19, the processor 20, the semi-autonomous mobility module
44, or the like, for receiving a preconfigured handover command, wherein the handover
command comprises one or more handover candidates. In some embodiments, a preconfigured
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handover command is not necessary for semi-autonomous mobility and a mobile terminal, such
as mobile terminal 10, may be configured to determine its own candidate cells.

As shown in operation 304, the apparatus 15 embodied, for example, by a mobile terminal 10,
may include means, such as the processor 20, the semi-autonomous mobility module 44, and/or
the like for determining measurement reporting trigger conditions of at least one of the
configured cells, configured frequencies and/or a configured radio access technology (RAT). For
example, the mobile terminal may be configured to perform measurements and then evaluate
whether the measurement reporting conditions are met. These conditions may be predetermined
or may be dynamically altered based on received messages from an access point and/or the
network.

The mobile terminal may be configured to measure neighbor cells which are on a different
frequency, and/or which use different RAT. For example, the criteria that may trigger the
mobility for inter-frequency or inter-RAT cells can be similar to those for intra-frequency cells.
Pre-determined thresholds may also be given to the signal levels or signal quality to the serving
cell and neighbor cell radio measurement results which may provide the criteria to initiate the
handover to the new cell. In some embodiments, the handover trigger can be for example, an
event where single threshold is exceeded, the serving cell signal level or quality is lower than
threshold, and/or there can be multiple thresholds that determine the handover criteria. For
example, the serving cell signal level or quality may be lower than a first threshold while the
neighbor cell signal level or quality is higher than a second threshold.

In an embodiment, the network, such as the network 14, may be configured to provide a
corresponding measurement reporting event for the candidate cells, such as when a predefined
threshold is met, the event is triggered and handover is performed without a new handover
command after the measurement report. Alternatively or additionally the measurement reporting
event may also be based on other factors, such as a time a mobile terminal has been inactive.

As shown in operation 306, the apparatus 15 embodied, for example, by a mobile terminal 10,
may include means, such as the processor 20, the semi-autonomous mobility module 44, and /or
the like, for determining whether a threshold is met. The threshold may include certain radio
conditions that are fulfilled, interference conditions and/or the like. As shown in operation 308,
the apparatus 15 embodied, for example, by a mobile terminal 10, may include means, such as
the processor 20, the semi-autonomous mobility module 44, and /or the like, for causing a
handover or cell change to the candidate cell. As shown in operation 310, the apparatus 15
embodied, for example, by a mobile terminal 10 that may include means, such as the transmitter
18, the processor 20, the semi-autonomous mobility module 44, and/or the like for causing a
measurement report to be transmitted in an instance in which the threshold is met for a candidate
cell. In an embodiment, the measurement report indicates that a threshold, as described with
reference to operation 304, has been met for a specific cell. The transmitted measurement report
may act as an indication to the network, such as the network 14, that the mobile terminal is going
to move (c.g. resclect) and/or perform handover/cell change to another cell. Alternatively or
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additionally, a mobile terminal, such as mobile terminal 10, may perform handover or cell
change without notification to the network using a measurement report.

As shown in operation 312, the apparatus 15 embodied, for example, by a mobile terminal 10,
may include means, such as the transmitter 18, the processor 20, the semi-autonomous mobility
module 44, and/or the like for causing a handover complete message to be transmitted in an
instance in which the handover is complete for a candidate cell. At the completion of the
handover to a candidate cell, the mobile terminal, may transmit, such as via the transmitter 18,
the processor 20 and/or the like, a handover complete message on the candidate cell notifying the
network of the handover or cell change. In some embodiments, an RRC connection re-
establishment message may be transmitted and/or a random access procedure may be followed
by an uplink transmission with C-RNTI. Both of which may act to provide notification of the
handover. RRC establishment procedures are further shown in the example signaling diagram
shown with reference to Figure 8.

Figure 4 is an example flowchart illustrating mobile terminal semi-autonomous mobility with
respect to an access point performed in accordance with an embodiment of the present invention.
As shown in operation 402, the apparatus 15 embodied, for example, by an access point 12, may
include means, such as the transmitter 18, the processor 20, the semi-autonomous mobility
module 44, and/or the like for causing a preconfigured handover command to be transmitted,
wherein the handover command comprises one or more handover candidates. As shown in
operation 404, the apparatus 15 embodied, for example, by an access point 12, may include
means, such as the receiver 19, the processor 20, the semi-autonomous mobility module 44,
and/or the like for receiving a measurement report from a mobile terminal, wherein the
measurement report indicates an instance in which the mobile terminal has determined a
threshold has been met for a candidate cell. As shown in operation 406, the apparatus 15
embodied, for example, by an access point 12, may include means, such as the receiver 19, the
processor 20, the semi-autonomous mobility module 44, and/or the like for receiving a handover
complete message in an instance in which the mobile terminal has completed handover to the
candidate cell. For example and in an instance in which the messages of operations 404 and/or
406 are not received, the mobile terminal may be configured to access a next cell, such as the
next candidate cell, as indicated by the one or more handover candidates.

Figure 5 illustrates a flow diagram that illustrates the connection, network notification and
mobility of a mobile terminal in a semi-idle state, according to an embodiment of the current
invention. As shown in operation 502, the apparatus 15 embodied, for example, by a mobile
terminal 10, may include means, such as the processor 20, the semi-idle state module 46 and/or
the like for causing a transition to a semi-idle state. The mobile terminal, such as mobile terminal
10, may be configured to transition to a defined semi-idle mode where the mobile terminal may
maintain an RRC connection, but reduces or climinates normal connection mode activity. A
signal flow diagram illustrating a transition to a semi-idle state is shown with reference to Figure
7.
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The apparatus 15 embodied, for example, by a mobile terminal 10, may include means, such as
the processor 20, the semi-idle state module 46 and/or the like for triggering a transition to a
semi-idle state. The mobile terminal, such as mobile terminal 10, may be configured to cause a
notification to be transmitted indicating a transition to a semi-idle state in order to enable an
access point and/or the network to store the mobile terminal context and also to enable efficient
scheduling. The transition to semi-idle may be conducted without indication from an access
point, such as access point 12 and may occur based on a trigger. An example trigger may include
a timer between the radio access network (RAN) and the mobile terminal.

Alternatively or additionally, the transition to semi-idle may be caused by an indication received
from an access point, such as access point 12. Other triggers may include last time of uplink
and/or downlink transmission, medium access control (MAC) control element and/or the like.

Alternatively or additionally, an instruction may also be received that indicates that the mobile
terminal should transition to a semi-idle state. In some embodiments a trigger may include a
combination of an indication and for example a timer. In an embodiment and as described with
reference to Figure 3, the mobile terminal may also transition to a semi-idle state autonomously,
based on the semi-autonomous mobility. For example, the autonomous transition may be
determined by the network through an access point after a number of non-responses for PDCCH.

As shown in operation 504, the apparatus 15 embodied, for example, by a mobile terminal 10,
may include means, such as the transmitter 18, the receiver 19, the processor 20, the semi-idle
state module 46 and/or the like for causing a message to be transmitted wherein the message
indicates a handover to a new cell. As shown in operation 506, the apparatus 15 embodied, for
example, by a mobile terminal 10, may include means, such as the transmitter 18, the receiver
19, the processor 20, the semi-idle state module 46 and/or the like for causing a cell update to be
transmitted, wherein the cell update includes an indication of semi-idle state. For example, a cell
update or similar message may indicate to a serving cell that a mobile terminal is in the semi-idle
state as is described herein.

Figure 6 is an example flow diagram that illustrates example behavior of an example access
point according to an embodiment of the current invention. As shown in operation 602, the
apparatus 15 embodied, for example, by an access point 12, may include means, such as the
transmitter 18, the processor 20, the semi-autonomous mobility module 44, and/or the like for
causing a state transition message to be transmitted, wherein the state transition message causes a
mobile terminal to transition to a semi idle state. As shown in operation 604, the apparatus 15
embodied, for example, by an access point 12, may include means, such as the receiver 19, the
processor 20, the semi-autonomous mobility module 44, and/or the like for receiving a message,
wherein the message indicates a handover or cell change to a new cell. As shown in operation
606, the apparatus 15 embodied, for example, by an access point 12, may include means, such as
the receiver 19, the processor 20, the semi-autonomous mobility module 44, and/or the like for
receiving a cell update, wherein the cell update includes an indication that the mobile terminal is
in a semi idle state.
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Figure 7 is an example signal flow diagram illustrating an example transition by a mobile
terminal to a semi-idle state. As is shown with reference to block 702, the mobile terminal may
be in a connected mode and may optionally indicate a connection release to a semi idle state as is
shown with reference to signal 704. As shown in block 706 and in an instance in which specified
conditions are met and/or an explicit command is received from an access point, the mobile
terminal may transition to a semi-idle state. In block 708 and in an instance in which a mobile
terminal needs to setup a connection, such as because of the arrival of uplink data, the mobile
terminal may cause an RRC reestablishment procedure to be triggered in order to connect to
access point 1, as is shown in block 710. In block 712, the network may attempt to reach a
mobile terminal, and in response a channel, such as a PDCCH, may be used to communicate
with and/or identify the mobile terminal as is shown in signal 714.

Figure § is an example signal flow diagram illustrating example RRC establishment procedures.
As is shown with reference to block 802, a mobile terminal may be in a semi-idle state (or mode)
and then as shown in block 804, the mobile terminal may attempt reselection of a new cell. The
mobile terminal may also be configured to transmit an RRC connection reestablishment request
to a target access point as shown in signal 806. In response, in signal 808, the target access point
may request a mobile terminal context from the source access point. The source access point may
then transmit the mobile terminal context in signal 810, in response to the request. After the
mobile terminal context is transferred to the target access point, the target access point may
indicate RRC connection reestablishment to the mobile terminal in signal 812. The mobile
terminal may then signal the target access point that an RRC connection reestablishment is
complete in signal 8§14, and the target access point may then indicate to the source access point in
signal 816 to release the mobile terminal context. Finally, at block 818, in an instance in where
there is no active data transfer the mobile terminal may remain in a semi idle mode.

For example, the semi-idle state as described herein may provide for reduced power consumption
and faster connection setup times. Additionally such a state may be beneficial in instances in
which a mobile terminal is active, but not moving and/or in an instance in which a mobile
terminal has irregular transmissions and/or the mobile terminal is a machine to machine (M2M)),
machine type communication a (MTC) device and/or the like). A semi-idle state may also be
advantageous in a heterogeneous network. Finally, generally a signaling load may be decreased
when in a semi-idle state.

In an embodiment, a method includes determining measurement reporting trigger conditions of
at least one of configured cells, configured frequencies or configured RAT. A method also
includes determining whether a threshold is met for a candidate cell. The method also includes
causing a handover to the candidate cell.

In another embodiment, an apparatus comprising a processor and a memory including software,
the memory and the software configured to, with the processor, cause the apparatus at least to
determine measurement reporting trigger conditions of at least one of configured cells or any
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cell, configured frequencies or configured RAT. The apparatus is further caused to determine
whether a threshold is met for a candidate cell. The apparatus is further caused to cause a
handover to the candidate cell in an instance in which the threshold is met.

In a further embodiment, a computer program product comprising at least one computer readable
non-transitory memory having program code stored thereon, the program code which when
executed by an apparatus cause the apparatus at least to determine measurement reporting trigger
conditions of at least one cell, such as a configured cell, configured frequencies or configured
RAT. A computer program product also includes program code that is further configured to
determine whether a threshold is met for a candidate cell. A computer program product also
includes program code that is further configured to cause a handover to the candidate cell in an
instance in which the threshold is met.

In yet another embodiment, an apparatus is provided that includes means for determining
measurement reporting trigger conditions of at least one of configured cells, configured
frequencies or configured RAT. An apparatus also includes means for determining whether a
threshold is met for a candidate cell. An apparatus also includes means for causing a handover to
the candidate cell in an instance in which the threshold is met.

In an embodiment, a method includes causing a state transition to a semi-idle state in an instance
in which a predetermined threshold is met. A method also includes causing a message to be
transmitted, wherein the message indicates a handover to a new cell. A method also includes
causing a cell update message to be transmitted, wherein the cell update includes an indication of
the semi-idle state.

In another embodiment, an apparatus comprising a processor and a memory including software,
the memory and the software configured to, with the processor, cause the apparatus at least to
cause the apparatus at least to cause a state transition to a semi-idle state in an instance in which
a predetermined threshold is met. The apparatus is further caused to cause a message to be
transmitted, wherein the message indicates a handover or cell change to a new cell. The
apparatus is further caused to cause a cell update message to be transmitted, wherein the cell
update includes an indication of the semi-idle state.

In a further embodiment, a computer program product comprising at least one computer readable
non-transitory memory having program code stored thereon, the program code which when
executed by an apparatus cause the apparatus at least to cause a state transition to a semi-idle
state in an instance in which a predetermined threshold is met. A computer program product also
includes program code that is further configured to cause a message to be transmitted, wherein
the message indicates a handover to a new cell. A computer program product also includes
program code that is further configured to cause a cell update message to be transmitted, wherein
the cell update includes an indication of the semi-idle state.
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In yet another embodiment, an apparatus is provided that includes means for causing a state
transition to a semi-idle state in an instance in which a predetermined threshold is met. An
apparatus further includes means for causing a message to be transmitted, wherein the message
indicates a handover to a new cell. An apparatus further includes means for causing a cell update
message to be transmitted, wherein the cell update includes an indication of the semi-idle state.

Many modifications and other embodiments of the inventions set forth herein will come to mind
to one skilled in the art to which these inventions pertain having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the inventions are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within the scope of the
appended claims. Moreover, although the foregoing descriptions and the associated drawings
describe example embodiments in the context of certain example combinations of elements
and/or functions, it should be appreciated that different combinations of clements and/or
functions may be provided by alternative embodiments without departing from the scope of the
appended claims. In this regard, for example, different combinations of elements and/or
functions than those explicitly described above are also contemplated as may be set forth in some
of the appended claims. Although specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.
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THAT WHICH IS CLAIMED:

1. A method comprising:
determining measurement reporting trigger conditions of at least one of a configured
cell, a configured frequency or a configured radio access technology;
determining whether a threshold has been met based on the measurement reporting
trigger conditions with respect to the at least one of the configured cell, the
configured frequency or the configured radio access technology; and
causing a handover to a candidate cell in an instance in which a threshold is satisfied.

2. A method according to Claim 1, further comprising:
causing a measurement report to be transmitted in an instance in which the threshold
is met for the candidate cell, wherein the measurement report indicates the
handover to the candidate cell.

3. A method according to any one of Claims 1 or 2, further comprising:
causing a handover complete message to be transmitted in an instance in which the
handover is complete with the candidate cell.

4. A method according to Claim 3, wherein the handover complete message comprises at
least one of radio resource control connection re-establishment message or an uplink
transmission via a cell radio network temporary identifier.

5. A method according to any one of Claims 1 to 4, wherein the threshold is configured to
comprise at least one of a radio condition being fulfilled, a radio condition quality or an
interference condition.

6. A method according to any one of Claims 1 to 5, wherein the handover is accomplished
without a handover command in an instance in which the threshold is met.

7. A method according to any one of Claims 1 to 6, further comprising:
receiving a preconfigured handover command, wherein the preconfigured handover
command comprises one or more candidate cells.

8. A method according to any one of Claims 1 to 7, further comprising:
causing a state transition to a semi-idle state in an instance in which one or more
predetermined conditions are fulfilled.

9. A method according to Claim &, further comprising:
causing a state transition to a connected state in an instance in which a threshold is
satisfied for the candidate cell.
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10. A method according to any one of Claims 8 or 9, wherein uplink is configured to be
restarted in the semi-idle state based on at least one of a radio resource control connection re-
establishment message or an uplink transmission via a cell radio network temporary identifier.

11. A method according to any one of Claims 8 to 10, wherein downlink is configured to be
restarted in the semi-idle state based on at least one of a physical downlink control channel order
or via a paging channel.

12. A method according to any one of Claims § to 11, further comprising:
causing a message to be transmitted while in the semi-idle state, wherein the message
indicates handover to the candidate cell.

13. An apparatus comprising:
at least one processor; and
at least one memory including computer program code, the at least one memory and
the computer program code configured to, with the at least one processor, cause
the apparatus to at lcast:
determine measurement reporting trigger conditions of at least one of a
configured cell, a configured frequency or a configured radio access
technology;
determine whether a threshold has been met based on the measurement
reporting trigger conditions with respect to the at least one of the
configured cell, the configured frequency or the configured radio access
technology; and
cause a handover to a candidate cell in an instance in which a threshold is
satisfied.

14. An apparatus according to Claim 13, wherein the at least one memory including the
computer program code is further configured to, with the at least one processor, cause the
apparatus to:

cause a measurement report to be transmitted in an instance in which the threshold is
met for the candidate cell, wherein the measurement report indicates the handover
to the candidate cell.

15. An apparatus according to any one of Claims 13 or 14, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
causc the apparatus to:

cause a handover complete message to be transmitted in an instance in which the
handover is complete with the candidate cell.

16. An apparatus according to Claim 15, wherein the handover complete message comprises
at least one of radio resource control connection re-cstablishment message or an uplink
transmission via a cell radio network temporary identifier.
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17. An apparatus according to any one of Claims 13 to 16, wherein the threshold is
configured to comprise at least one of a radio condition being fulfilled, a radio condition quality
or an interference condition.

18. An apparatus according to any one of Claims 13 to 17, wherein the handover is
accomplished without a handover command in an instance in which the threshold is met.

19. An apparatus according to any one of Claims 13 to 18, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
cause the apparatus to:

receive a preconfigured handover command, wherein the preconfigured handover
command comprises one or more candidate cells.

20. An apparatus according to any one of Claims 13 to 19, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
cause the apparatus to:

causc a state transition to a semi-idle state in an instance in which one or more
predetermined conditions are fulfilled.

21. An apparatus according to Claim 20, wherein the at least one memory including the
computer program code is further configured to, with the at least one processor, cause the
apparatus to:

causc a state transition to a connected state in an instance in which a threshold is
satisfied for the candidate cell.

22. An apparatus according to any one of Claims 20 or 21, wherein uplink is configured to be
restarted in the semi-idle state based on at least one of a radio resource control connection re-
establishment message or an uplink transmission via a cell radio network temporary identifier.

23. An apparatus according to any one of Claims 20 to 22, wherein downlink is configured to
be restarted in the semi-idle state based on at least one of a physical downlink control channel
order or via a paging channel.

24. An apparatus according to any one of Claims 20 to 23, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
causc the apparatus to:

cause a message to be transmitted while in the semi-idle state, wherein the message
indicates handover to the candidate cell.

25. A computer program product comprising:
at least one computer readable non-transitory memory medium having program code
instructions stored thereon, the program code instructions which when executed
by an apparatus cause the apparatus at least to:
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determine measurement reporting trigger conditions of at least one of a
configured cell, a configured frequency or a configured radio access
technology;

determine whether a threshold has been met based on the measurement
reporting trigger conditions with respect to the at least one of the
configured cell, the configured frequency or the configured radio access
technology; and

cause a handover to a candidate cell in an instance in which a threshold is
satisfied.

26. An apparatus comprising:

means for determining measurement reporting trigger conditions of at least one of a
configured cell, a configured frequency or a configured radio access technology;

means for determining whether a threshold has been met based on the measurement
reporting trigger conditions with respect to the at least one of the configured cell,
the configured frequency or the configured radio access technology; and

means for causing a handover to a candidate cell in an instance in which a threshold is
satisfied.

27. An apparatus comprising:
at least one processor; and
at least one memory including computer program code, the at least one memory and
the computer program code configured to, with the at least one processor, cause
the apparatus to at lcast:
receive a measurement report from a mobile terminal, wherein the
measurement report indicates an instance in which the mobile terminal has
determined a threshold has been met based on measurement reporting
trigger conditions for a candidate cell; and
receive a handover complete message in an instance in which the mobile
terminal has completed handover to the candidate cell.

28. An apparatus according to Claim 27, wherein the at least one memory including the
computer program code is further configured to, with the at least one processor, cause the
apparatus to:

causc a preconfigured handover command to be transmitted, wherein the
preconfigured handover command comprises one or more candidate cells.

29. An apparatus according to Claim 28, wherein the handover complete message comprises
at least one of radio resource control connection re-cstablishment message or an uplink
transmission via a cell radio network temporary identifier.
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30. An apparatus according to any onc of Claims 27 to 29, wherein the threshold is
configured to comprise at least one of a radio condition being fulfilled, a radio condition quality
or an interference condition.

31. An apparatus according to any one of Claims 27 to 30, wherein a handover is
accomplished by the mobile terminal without a handover command in an instance in which the
threshold is met.

32. An apparatus according to any one of Claims 27 to 31, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
cause the apparatus to:

cause a state transmission message to be transmitted, wherein the state transmission
message causes the mobile terminal to transition to a semi idle state.

33. An apparatus according to any one of Claims 27 to 32, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
cause the apparatus to:

receive a message from the mobile terminal while in a semi idle state, wherein the
message indicates a handover to the candidate cell.

34. An apparatus according to any one of Claims 27 to 33, wherein the at least one memory
including the computer program code is further configured to, with the at least one processor,
cause the apparatus to:

receive a cell update, wherein the cell update includes an indication that the mobile
terminal is in a semi idle state.

35. A computer program product comprising:

at least onc computer readable non-transitory memory medium having program code
instructions stored thereon, the program code instructions which when executed by an
apparatus cause the apparatus at least to:

receive a measurement report from a mobile terminal, wherein the measurement report
indicates an instance in which the mobile terminal has determined a threshold has been
met based on measurement reporting trigger conditions for a candidate cell; and

receive a handover complete message in an instance in which the mobile terminal has
completed handover to the candidate cell.

36. An apparatus comprising:
means for receiving a measurement report from a mobile terminal, wherein the
measurement report indicates an instance in which the mobile terminal has
determined a threshold has been met based on measurement reporting trigger
conditions for a candidate cell; and
means for receiving a handover complete message in an instance in which the mobile
terminal has completed handover to the candidate cell.
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37. An apparatus according to Claim 36, further comprising:
means for causing a preconfigured handover command to be transmitted, wherein the
preconfigured handover command comprises one or more candidate cells.

38. An apparatus according to Claim 37, wherein the handover complete message comprises
at least one of radio resource control connection re-establishment message or an uplink
transmission via a cell radio network temporary identifier.

39. An apparatus according to any onc of Claims 36 to 38, wherein the threshold is
configured to comprise at least one of a radio condition being fulfilled, a radio condition quality
or an interference condition.

40. An apparatus according to any one of Claims 36 to 39, wherein a handover is
accomplished by the mobile terminal without a handover command in an instance in which the
threshold is met.
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