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nected state; detecting a radio link failure; determining whether a resume identity
has been received; and if the resume identity has been received, entering an inactive
state or staying the connected state; otherwise, entering an idle state.
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APPARATUS AND METHOD FOR HANDLING RADIO CONNECTION FAILURE AND
RESUME IN NEW RADIO SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is related to and claims the benefit and priority of U.S. Provisional Patent
Application No. 62/476,269, filed March 24, 2017, the entirety of which is hereby incorporated herein by

reference.

BACKGROUND

[0002] This section is intended to provide a background or context to the invention that is recited
in the claims. The description herein may include concepts that could be pursued, but are not necessarily
ones that have been previously conceived, implemented or described. Therefore, unless otherwise indicated
herein, what is described in this section is not prior art to the description and claims in this application.

[0003] Third generation partnership project (3GPP) long term evolution (LTE) and its next
generation LTE advanced (LTE-A) provide services of existing mobile telecommunications system by
means of higher data rates and lower latency with reduced cost. Wireless radio access technologies continue
to be improved to handle increased data volumes and larger numbers of subscribers. The 3GPP organization
is developing 5 Generation (5G) wireless networks, also known as New Radio (NR), to handle peak data
rates of the order of ~10Gbps (gigabits per second) while still satisfying ultra-low latency requirements in
existence for certain LTE/LTE-A applications. 5G intends to utilize radio spectrum on the order of GHz
or more in the millimeter-wave (mmWave) band; and also to support massive MIMO (m-MIMO). M-
MIMO systems are characterized by a much larger number of antennas as compared to 4G systems, as well

as finer beamforming and a higher antenna gain.

SUMMARY
[0004] According to a first embodiment, a method can include entering a connected state;
detecting a connection failure; determining whether a resume identity has been received; and if the
resume identity has been received, entering an inactive state or staying in the connected state;
otherwise, entering an idle state.
[0005] According to a second embodiment, an apparatus can include means for entering a

connected state; means for detecting a connection failure; means for determining whether a resume
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identity has been received; and means for if the resume identity has been received, entering an
inactive state or staying in the connected state; otherwise, entering an idle state.

[0006] According to a third embodiment, an apparatus can include at least one processor and at
least one memory including computer program code. The at least one memory and the computer
program code can be configured to, with the at least one processor, cause the apparatus at least to
enter a connected state; detect a connection failure; determine whether a resume identity has been
received; and if the resume identity has been received, enter an inactive state or stay in the
connected state; otherwise, enter an idle state.

[0007] According to a fourth embodiment, a computer readable medium comprising program
instructions for causing an apparatus to perform at least the following: entering a connected state;
detecting a connection failure; determining whether a resume identity has been received; and if the
resume identity has been received, entering an inactive state or staying in the connected state;

otherwise, entering an idle state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of example embodiments of the present invention,
reference is now made to the following descriptions taken in connection with the accompanying

drawings in which:

[0009] Figure 1 illustrates a user equipment state machine and state transitions in NR.

[0010] Figure 2 illustrates a flowchart in accordance with an example embodiment of the
application.

[0011] Figure 3 illustrates a simplified block diagram of example apparatuses that are suitable

for use in practicing various example embodiments of this application.

DETAILED DESCRIPTON

[0012] The description below generally refers to 5G NR terms, however this is not intended to
be limiting. The description is equally applicable to other wireless networks and technologies.

[0013] The NR study item was recently declared complete. Figure 1 shows, as part of the control
plane of the study, the agreed state diagram and state transitions. NR radio resource control (RRC)
consists of three states — RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE where the states
are described as follows:

- RRC_IDLE:

- Cell re-selection mobility;
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[For further study (FFS): The UE AS context is not stored in any 5G base station (commonly
referred to as a ‘gNB’) or in the user equipment (UE);]

Paging is initiated by core network (CN);

Paging area is managed by CN.

RRC_INACTIVE:

Cell re-selection mobility;

CN — NR radio access network (RAN) connection (both C/U-planes) has been established for
UE;

The UE AS context is stored in at least one gNB and the UE;

Paging is initiated by NR RAN;

RAN-based notification area is managed by NR RAN;

NR RAN knows the RAN-based notification area which the UE belongs to;

RRC_CONNECTED:

The UE has an NR RRC connection;

The UE has an AS context in NR;

NR RAN knows the cell which the UE belongs to;
Transfer of unicast data to/from the UE;

Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.

[0014] In NR, radio link failure (RLF) is going to happen, maybe even more often than in legacy

radio technologies due to usage of very high frequencies. A mechanism to locate UE context and

(re-)establish RRC connection in case of RLF is needed.

[0015] In an example embodiment, a UE is given a resume identity when the UE moves to

RRC_CONNECTED state, which can be used later in a RRC resume procedure to resume from
RRC_CONNECTED or RRC_INACTIVE state and/or to fetch UE context within the network.
The resume identity may identify the UE within a network area and/or may identify network node
or a cell which configures the resume identity. The resume identity can generally better identify a
network (NW) node and/or a UE than physical cell identifier (PCI) or cell radio network temporary
identifier (C-RNTTI) since the latter may have limitations due to, e.g., PCI confusion. After receiving
the resume identity, if RLF occurs, in an example embodiment, the UE may stay in
RRC_CONNECTED state; in another example embodiment, the UE moves to RRC_INACTIVE

state. In both cases, the UE may be mandated (for example, by standard specification) to trigger
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resume procedure at once upon the failure declaration. When UE selects a cell, the UE will resume
connection with the given resume identity.

[0016] The resume identity can be carried in any suitable signaling protocol message, such as
for example, RRC message. For example, it may be provided in a RRC connection setup message
during the RRC_IDLE to RRC_CONNECTED state transition, and can be used after the security
has been activated. It should be noted that if the security context has not been enabled, the UE may
not be allowed to request for RRC connection resume upon RLF or alternatively the network may
reject the request immediately. An alternative is to use a RRC connection reconfiguration message
to provide the resume identity after the security activation. During RRC_INACTIVE to
RRC_CONNECTED state transition, if gNB has changed, a new resume identity may be provided
in a RRC connection resume or reconfiguration message, usually after the context fetch has been
done. In this case, the new gNB will be the new anchor gNB upon resume. In an example
embodiment, the new anchor gNB shall send the context release message to the old anchor gNB
only after ensuring the UE has received the new resume identity, based on a feedback sent by the
UE, such as for example, a RRC connection resume/reconfiguration complete message. If the UE
resumes to the same gNB, the resume identity may or may not be changed by the gNB for the UE.
In an example embodiment, it may be changed to prevent users from figuring out network
deployment architecture.

[0017] In an example embodiment, the resume identity may be refreshed at each handover in
order to update the location of UE context, for example, in case gNB changes. In an example
embodiment, the resume identity may be updated in the handover command message, such as for
example RRC connection reconfiguration message.

[0018] In an example embodiment, if a UE experiences RLF before receiving resume ID, it may
enter IDLE state upon RLF event directly. In another example embodiment, the UE can be
configured along with the resume identity, a RAN area in which the UE is allowed to resume after
RLF via resume procedure. The RAN area may be equal to RAN notification area which is
configured for RRC_INACTIVE state. The RAN area may comprise of a set of cells and/or a RAN
notification area code associated to set of cells within the RAN. If the UE cannot select a cell within
the configured RAN area, i.e., the UE selects a cell out of the configured RAN area, it may directly
enter the RRC_IDLE state and seek to establish RRC connection via RRC connection establishment
procedure.

[0019] Note that the various embodiments described herein may also apply upon handover
failure or RRC reconfiguration failure besides RLF. In an example embodiment, a UE may apply

different access control for resuming from RLF, RRC reconfiguration failure, or handover failure,
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than for conventional resume/connection (re-)establishment in order to differentiate various events
of RRC connection using the re-establishment via resume procedure. Different establishment
causes may be set by the UE when re-establishment via resume procedure is performed. For
example, the establishment cause may indicate radio link failure, RRC reconfiguration failure or
handover failure event. When the cell access is limited by the network, a UE may not even start
accessing the cell. For the re-establishment via resume procedure purpose, the network may give
different access barring information than for conventional resume/connection (re-)establishment.
For example, the network may configure the UE, via system information, such as System
Information Block (SIB), common signalling or dedicatedly to each UE, whether to monitor the
general access barring information or the dedicated barring information for re-establishment via
resume procedure purpose.

[0020] Figure 2 illustrates a flowchart in accordance with an example embodiment of the
application. In the example of Figure 2, a UE enters a connected state at step 201, such as for
example, a RRC_CONNECTED state. Upon detecting a connection failure (such as for example
RLF or RRC reconfiguration failure/handover failure) at step 202, the UE determines whether a
resume identity has been received at step 203. If the resume identity has not been received, the UE
enters an idle state at step 204, such as for example, a RRC_IDLE state, where the UE may perform
a RRC connection establishment procedure. If the resume identity has been received, the UE enters
an inactive state or stays in connected state at step 205, such as for example, a RRC_INACTIVE
state or the RRC_CONNECTED state, respectively, where the UE may apply a connection resume
procedure to resume/re-establish the connection.

[0021] Reference is made to Figure 3 for illustrating a simplified block diagram of various
example apparatuses that are suitable for use in practicing various example embodiments of this
application. In Figure 3, a network element (NE) 301, such as for example, a gNB, is adapted for
communication with a UE 311. The UE 311 includes at least one processor circuitry 315, at least
one memory (MEM) 314 coupled to the at least one processor circuitry 315, and a suitable
transceiver (TRANS) 313 (having a transmitter (TX) and a receiver (RX)) coupled to the at least
one processor circuitry 315. The at least one MEM 314 stores a program (PROG) 312. The
TRANS 313 is for bidirectional wireless communications with the NE 301.

[0022] The NE 301 includes at least one processor circuitry 305, at least one memory (MEM)
304 coupled to the at least one processor circuitry 303, and a suitable transceiver (TRANS) 303
(having a transmitter (TX) and a receiver (RX)) coupled to the at least one processor circuitry 305.

The at least one MEM 304 stores a program (PROG) 302. The TRANS 303 is for bidirectional
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wireless communications with the UE 311. The NE 301 may be coupled to one or more other NE,
which is not shown in this figure.

[0023] As shown in Figure 3, the NE 301 may further include a connection failure and resume
control unit 306. The unit 306, together with the at least one processor circuitry 305 and the PROG
302, may be utilized by the NE 301 in conjunction with various example embodiments of the
application, as described herein.

[0024] As shown in Figure 3, the UE 311 may further include a connection failure and resume
process unit 316. The unit 316, together with the at least one processor circuitry 315 and the PROG
312, may be utilized by the UE 311 in conjunction with various example embodiments of the
application, as described herein.

[0025] At least one of the PROGs 302 and 312 is assumed to include program instructions that,
when executed by the associated processor, enable the electronic apparatus to operate in accordance
with the example embodiments of this disclosure, as discussed herein.

[0026] In general, the various example embodiments of the apparatus 311 can include, but are
not limited to, cellular phones, personal digital assistants (PDAs) having wireless communication
capabilities, portable computers having wireless communication capabilities, image capture
devices such as digital cameras having wireless communication capabilities, gaming devices
having wireless communication capabilities, music storage and playback appliances having
wireless communication capabilities, Internet appliances permitting wireless Internet access and
browsing, as well as portable units or terminals that incorporate combinations of such functions.

[0027] The example embodiments of this disclosure may be implemented by computer software
or computer program code executable by one or more of the processor circuitries 305, 315 of the
NE 301 and the UE 311, or by hardware, or by a combination of software and hardware.

[0028] The MEMs 304 and 314 may be of any type suitable to the local technical environment
and may be implemented using any suitable data storage technology, such as semiconductor-based
memory devices, flash memory, magnetic memory devices and systems, optical memory devices
and systems, fixed memory and removable memory, as non-limiting examples. The processor
circuitries 305 and 315 may be of any type suitable to the local technical environment, and may
include one or more of general purpose computers, special purpose computers, miCroprocessors,
digital signal processors (DSPs) and processors based on multi-core processor architecture, as
non-limiting examples.

[0029] Without in any way limiting the scope, interpretation, or application of the claims
appearing below, a technical effect of one or more of the example embodiments disclosed herein

may be simplifying UE and NW operation with a mechanism for connection failure and resume
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handling. A better coverage for the re-establishment of the RRC connectioncan be achieved as the
resume identity can better identify a network node and UE. Another technical effect is that the UE
can enter to idle state faster if no cell can be selected that could accept the re-establishment via
resume procedure request.

[0030] Embodiments of the present invention may be implemented in software, hardware,
application logic or a combination of software, hardware and application logic. The software,
application logic and/or hardware may reside on an apparatus such as a user equipment, a gNB or
other mobile communication devices. If desired, part of the software, application logic and/or
hardware may reside on a network element 301, part of the software, application logic and/or
hardware may reside on a UE 311, and part of the software, application logic and/or hardware may
reside on other chipset or integrated circuit. In an example embodiment, the application logic,
software or an instruction set is maintained on any one of various conventional computer-readable
media. In the context of this document, a “computer-readable medium” may be any media or means
that can contain, store, communicate, propagate or transport the instructions for use by or in
connection with an instruction execution system, apparatus, or device. A computer-readable
medium may comprise a non-transitory computer-readable storage medium that may be any media
or means that can contain or store the instructions for use by or in connection with an instruction
execution system, apparatus, or device.

[0031] It is also noted herein that while the above describes example embodiments of the
invention, these descriptions should not be viewed in a limiting sense. Rather, there are several
variations and modifications which may be made without departing from the scope of the present
invention.

[0032] Further, the various names, such as for example, the names of timers used for the
described parameters are not intended to be limiting in any respect, as these parameters may be
identified by any suitable names.

[0033] If desired, the different functions discussed herein may be performed in a different order
and/or concurrently with each other. Furthermore, if desired, one or more of the above-described
functions may be optional or may be combined. As such, the foregoing description should be
considered as merely illustrative of the principles, teachings and example embodiments of this

invention, and not in limitation thereof.
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WE CLAIM:

1. A method comprising:

entering a connected state;

detecting a connection failure;

determining whether a resume identity has been received; and

if the resume identity has been received, entering an inactive state or staying in the connected state;
otherwise, entering an idle state.

2. The method according to claim 1, further comprising:
triggering a resume procedure upon the connection failure, if the resume identity has been received.

3. The method according to claim 2, further comprising:
selecting a cell and resuming connection via the resume procedure with the received resume identity.

4. The method according to claim 2 or 3, further comprising:
receiving a configuration of access area in which a user equipment is allowed to resume connection via
the resume procedure after the connection failure.

5. The method according to claim 4, further comprising:
if the user equipment fails to select a cell within the configured access area, entering the idle state and
establishing connection via a connection establishment procedure.

6. The method according to any of claims 2 to 5, further comprising:
setting an establishment cause during the resume procedure.

7. The method according to any of claims 1 to 6, wherein the resume identity is received in a
connection setup message or a connection reconfiguration message.

8. The method according to any of claims 1 to 7, further comprising:
receiving a new resume identity in a connection resume message or a connection reconfiguration

message.
9. The method according to any of claims 1 to 8, wherein the resume identity identifies at
least one of a user equipment within a network area, a network node or a cell which configures the resume
identity.

10. An apparatus, comprising:

at least one processor; and at least one memory including computer program code, wherein the at least one
memory and the computer program code are configured to, with the at least one processor, cause the
apparatus at least to

enter a connected state;

detect a connection failure;

determine whether a resume identity has been received; and
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if the resume identity has been received, enter an inactive state or stay in the connected state; otherwise,
enter an idle state.

11. The apparatus according to claim 10, wherein the at least one memory and the computer
program code are configured to, with the at least one processor, cause the apparatus to trigger a resume
procedure upon the connection failure, if the resume identity has been received.

12. The apparatus according to the claim 11, wherein the at least one memory and the computer
program code are configured to, with the at least one processor, cause the apparatus to select a cell and
resume connection via the resume procedure with the received resume identity.

13. The apparatus according to claim 11 to 12, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause the apparatus to:

receive a configuration of access area in which a user equipment is allowed to resume connection via the
resume procedure after the connection failure.

14. The apparatus according to claim 13, wherein the at least one memory and the computer
program code are configured to, with the at least one processor, cause the apparatus to:

if the user equipment fails to select a cell within the configured access area, enter the idle state and
establish connection via a connection establishment procedure.

15. The apparatus according to any of claims 11 to 14, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause the apparatus to set an
establishment cause during the resume procedure.

16. The apparatus according to any of claims 10 to 15, wherein the resume identity is received
in a connection setup message or a connection reconfiguration message.

17. The apparatus according to any of claims 10 to 16, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause the apparatus to receive a
new resume identity in a connection resume message or a connection reconfiguration message.

18. The apparatus according to any of claims 10 to 17, wherein the resume identity identifies at
least one of a user equipment within a network area, a network node or a cell which configures the resume
identity.

19. An apparatus, comprising:

means for entering a connected state;

means for detecting a connection failure;

means for determining whether a resume identity has been received; and

means for if the resume identity has been received, entering an inactive state or staying in the connected
state; otherwise, entering an idle state.

20. The apparatus according to claim 19, further comprising:
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means for triggering a resume procedure upon the connection failure, if the resume identity has been

received.

21. The apparatus according to claim 20, further comprising:

means for selecting a cell and resuming connection via the resume procedure with the received resume
identity.

22. The apparatus according to claim 20 or 21, further comprising:

means for receiving a configuration of access area in which a user equipment is allowed to resume
connection via the resume procedure after the connection failure.

23. The apparatus according to claim 22, further comprising:
means for if the user equipment fails to select a cell within the configured access area, entering the idle
state and establishing connection via a connection establishment procedure.

24. The apparatus according to any of claims 20 to 23, further comprising:
means for setting an establishment cause during the resume procedure.

25. The apparatus according to any of claims 19 to 24, wherein the resume identity is received
in a connection setup message or a connection reconfiguration message.

26. The apparatus according to any of claims 19 to 25, further comprising:
means for receiving a new resume identity in a connection resume message or a connection
reconfiguration message.

27. The apparatus according to any of claims 19 to 26, wherein the resume identity identifies at
least one of a user equipment within a network area, a network node or a cell which configures the resume
identity.

28. A computer readable medium comprising program instructions for causing an apparatus to

perform at least the following:

entering a connected state;

detecting a connection failure;

determining whether a resume identity has been received; and

if the resume identity has been received, entering an inactive state or staying in the connected state;
otherwise, entering an idle state.

29. The computer readable medium according to claim 28, further comprising program
instructions for causing the apparatus to perform:
triggering a resume procedure upon the connection failure, if the resume identity has been received.

30. The computer readable medium according to claim 29, further comprising program

instructions for causing the apparatus to perform:
selecting a cell and resuming connection via the resume procedure with the received resume identity.

10
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31. The computer readable medium according to claim 29 or 30, further comprising program
instructions for causing the apparatus to perform:

receiving a configuration of access area in which a user equipment is allowed to resume connection via
the resume procedure after the connection failure.

32. The computer readable medium according to claim 31, further comprising program
instructions for causing the apparatus to perform:

if the user equipment fails to select a cell within the configured access area, entering the idle state and
establishing connection via a connection establishment procedure.

33. The computer readable medium according to any of claims 29 to 32, further comprising
program instructions for causing the apparatus to perform:
setting an establishment cause during the resume procedure.

34. The computer readable medium according to any of claims 28 to 33, wherein the resume
identity is received in a connection setup message or a connection reconfiguration message.

35. The computer readable medium according to any of claims 28 to 34, further comprising
program instructions for causing the apparatus to perform:

receiving a new resume identity in a connection resume message or a connection reconfiguration
message.

36. The computer readable medium according to any of claims 28 to 35, wherein the resume
identity identifies at least one of a user equipment within a network area, a network node or a cell which
configures the resume identity.

11
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