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DESCRIPTION

Technical Field

[0001] The present disclosure relates to a cellular communications network and, in particular,
to storage of User Equipment device (UE) contexts in a Radio Access Network (RAN) for
iInactive UEs.

Background

[0002] PCT Patent Application Serial No. PCT/SE2015/050497, filed May 6, 2015 and
published as WO 2016/178605 A1 introduced the concept of storing the User Equipment (UE)
Radio Access Network (RAN) context in the UE and in the RAN when the UE is in a not
connected state and then re-using the context when the UE returns to connected state.

[0003] In a typical wireless, cellular, or radio communications network, wireless devices, also
known as mobile stations, terminals, and/or UEs, communicate via a RAN with one or more
Core Networks (CNs). The RAN covers a geographical area which is divided into cells, with
each cell being served by a base station, e.g. a Radio Base Station (RBS), or network node,
which In some networks may also be called, for example, a "Node B" or an "enhanced or
evolved Node B (eNB)." A cell iIs a geographical area where radio coverage Is provided by the
RBS at a base station site or an antenna site In case the antenna and the RBS are not
collocated. One RBS may serve one or more cells.

[0004] A Universal Mobile Telecommunications System (UMTS) is a third generation mobile
communication system, which evolved from Second Generation (2G) Global System for Mobile
Communications (GSM). The UMTS Universal Terrestrial RAN (UTRAN) Is essentially a RAN
using Wideband Code Division Multiple Access (WCDMA) and/or High-Speed Packet Access
(HSPA) to communicate with a UE. In a forum known as the Third Generation Partnership
Project (3GPP), telecommunications suppliers propose and agree upon standards for third
generation networks and UTRAN specifically, and investigate enhanced data rate and radio
capacity. In some versions of the RAN, as e.g. in UMTS, several base stations may be
connected, e.g. by landlines or microwave, to a controller node, such as a Radio Network
Controller (RNC) or a Base Station Controller (BSC), which supervises and coordinates various
activities of the plural base stations connected thereto. The RNCs are typically connected to
one or more CNs.

[0005] Specifications for the Evolved Packet System (EPS) have been completed within 3GPP
and this work continues in the coming 3GPP releases. The EPS comprises the Evolved UTRAN

(E-UTRAN), also known as the Long Term Evolution (LTE) radio access, and the Evolved
Packet Core (EPC), also known as the System Architecture Evolution (SAE) CN. E-UTRAN/LTE
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IS a variant of a 3GPP radio access technology wherein the RBS nodes are directly connected
to the EPC CN rather than to RNCs. In general, iIn E-UTRAN/LTE the functions of an RNC are

distributed between the RBS nodes, e.g. eNBs Iin LTE, and the CN. As such, the RAN of an
EPS has an essentially flat architecture comprising RBS nodes without reporting to RNCs

[0006] WO 2013/110543 A1 discloses a method of operation of a small cell access point in a
cellular communications network comprising configuring a UE with a timer value T for a
periodic updating timer.

[0007] EP 2 876 948 A1 teaches that a location update timer is transmitted by a home Node B,
HNB, to a UE In a location update accept message.

[0008] WO 2009/139675 A1 concerns a femto cell CPE broadcasting in a system information
message a periodic location updating timer value to mobile stations.

[0009] Figure 1 illustrates the current standard EPC architecture of a wireless communications
network. The EPC architecture, including all of its components and Interfaces, Is further
described and defined in 3GPP Technical Specification (TS) 23.401 V12.0.0. The current
standard E-UTRAN architecture is further described and defined in, e.g., 3GPP TS 36.300
VV12.0.0.

[0010] Figure 2 illustrates the radio interface user and control plane protocol for E-UTRAN.
The E-UTRAN radio interface user and control plane protocol consists of the following protocol
layers and main functionalities. Radio Resource Control (RRC) (Control Plane Only)

[0011] The main function for control plane: broadcast of system Iinformation for both Non-
Access Stratum (NAS) and Access Stratum (AS); paging; RRC connection handling; allocation
of temporary identifiers for the UE; configuration of signaling radio bearer(s) for RRC
connection; handling of radio bearers; Quality of Service (QoS) management functions;
security functions including key management; mobility functions (including UE measurement
reporting and control of the reporting, handover, UE cell selection and reselection, and control
of cell selection and reselection); and NAS direct message transfer to/from the UE.

Packet Data Convergence Protocol (PDCP)

[0012] There exists one PDCP entity for each radio bearer for the UE. PDCP Is used for both
control plane, 1.e. RRC, and for user plane, I.e. user data received via General Packet Radio
System (GPRS) Tunneling Protocol User Plane (GTP-U) signaling. The main function for the
control plane is ciphering/deciphering and integrity protection. Main functions for the user plane
are. ciphering/deciphering; header compression and decompression using Robust Header
Compression (ROHC); and in-sequence delivery, duplicate detection, and retransmission.

Radio Link Control (RLC)
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[0013] The RLC layer provides services for the PDCP layer and there exists one RLC entity for
each radio bearer for the UE. Main functions for both the control and user plane are:
segmentation/concatenation; retransmission handling; duplicate detection; and In-sequence
delivery to higher layers.

Medium Access Control (MAC)

[0014] The MAC provides services to the RLC layer in the form of logical channels and
performs mapping between these logical channels and transport channels. Main functions are:
uplink and downlink scheduling, scheduling information reporting, Hybrid Automatic Repeat
Request (HARQ) retransmissions, and multiplexing/de-multiplexing data across multiple
component carriers for carrier aggregation.

Physical Layer (PHY)

[0015] The PHY provides services to the MAC layer Iin the form of transport channels and
handles mapping of transport channels to physical channels.

[0016] Information relating to one or more of these protocol layers and their functionality Is
hereinafter referred to as RAN context information. In other words, the configuration of these
protocol layers for a particular wireless device would be the RAN context information of this
particular wireless device In the wireless communications network. The configuration of these
protocol layers are typically done by the RRC layer via RRC configuration messages. One
example of configuration specific information is different identifiers on the different protocol
layers for the wireless device. However, it should also be noted that the RAN context
Information may further include additional information, such as, for example, radio access
capabilities of the wireless device, previous mobility or traffic history of the wireless device, etc.

[0017] For instance, the RAN context information of a wireless device may comprise RRC
protocol information of the wireless device. In some embodiments, the RAN context information
may comprise one or more Identiflers used for the wireless device In the wireless
communications network. Examples of such identifiers may comprise a Cell Radio Network
Temporary Identifler (C-RNTIl), a SAE Temporary Mobile Subscriber Identity (S-TMSI), a
Globally Unique Temporary ldentity (GUTI), etc. In some embodiments, the RAN context
Information may comprise configuration parameters of the wireless device for a
communications protocol on a lower layer than the RRC protocol layer. Examples of such
configuration parameters may comprise RLC configuration parameters, e.g. RLC
Acknowledged Mode (RLC-AM) or RLC Unacknowledged Mode (RLC-UM), or mapping
parameters between Resource Blocks (RBs) and logical channels. In some embodiments, the
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RAN context information may comprise radio access capability information of the wireless
device. Examples of such radio access capabilities may comprise some or all of the capabilities
defined in the standard 3GPP 36.331, "UE-EUTRA-Capabillity,” such as, e.g., which release the
wireless device supports, which wireless device category the wireless device belongs to, and
which frequency bands and Radio Access Technologies (RATs) the wireless device supports. In
some embodiments, the RAN context information may comprise information related to one or
more ongoing radio bearers of the wireless device. In some embodiments, the RAN context
Information may comprise one or more security keys and/or sequence numbers associated
with the wireless device. Examples of such security keys may be an eNB Key (KeNB), a
KRRCint (1.e., the Security Key used for integrity protection of RRC messages), a KRRCenc
(1.e., the Security Key used for encryption of RRC messages), a KUPenc (I.e., the Security Key
used for encryption of user plane data), etc. Examples of such sequence numbers may be a
PDCP sequence number, a COUNT number, etc.

[0018] The above described functionality of the network node (eNB) may be deployed In
different ways. In one example, all the protocol layers and related functionality i1s deployed In
the same physical node including the antenna. One example of this i1s a so-called pico or femto
eNB. Another example Is a so-called Main-Remote split. In this case, the eNB Is divided into a
main unit and a remote unit. The main unit may also be referred to as a Digital Unit (DU) and
the remote unit may also be referred to as a Remote Radio Unit (RRU). In this case, the main
unit comprises all the protocol layers except the lower parts of the PHY that are instead placed
In the remote unit. In a further example, the remote unit and the antenna are co-located. This
may be referred to as an Antenna Integrated Radio (AIR) system.

Handling of Inactive UEs in the RAN

[0019] In the contribution R3-161290 to the 3GPP RAN 3 WG meeting iIn May 2016 there Is a
proposal to Iintroduce a RAN controlled inactive state where the CN/RAN connection is
maintained as described below. The RAN-controlled inactive state (which is also referred to
herein as a RAN-based Inactive state) is to be distinguished from the conventional IDLE state
In which the UE Is only known at the CN level and does not have a context in the RAN. The
RAN controlled inactive state Is also referred to herein as a RAN based inactive state.

[0020] It has been proposed that UEs In the RAN controlled Inactive state should incur
minimum signaling and resource costs In the RAN/CN making it possible to maximize the
number of UEs utilizing, and benefiting from, this state. It has also been proposed that UEs In
the RAN controlled inactive state perform mobility within an area without notifying the network.
It has also been proposed that the RAN can trigger paging of UEs which are in the RAN
controlled inactive state.

[0021] If a RAN controlled inactive mode Is supported, this means that the transition from
Inactive to active state in the RAN will be transparent to the CN.
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e |n the downlink this means, for the default solution, that downlink packets will be sent to
the last node where the UE was connected (anchor RAN node). That node will then be
responsible for initiated UE paging within the paging area that the UE Is allowed to move
In without notifying the network.

 |n the uplink it means that the UE needs to perform a RAN level procedure to transition
to active state to transmit data. In case the UE has moved to a different RAN node this
RAN node will most likely need to fetch the UE context from another RAN node, and If
needed notify the CN that the UE has moved to a new node.

o |f the UE moves outside the paging area it would need to notify the network about the
mobility so that the paging area can be updated. This procedure could trigger a RAN
node relocation or the RAN node can be kept.

[0022] The following RAN functions are envisioned:

e Paging for downlink data
o Context fetch to handle moving UEs (may be similar to an existing LTE procedure)
« Mobility updating (it is possible this could use a similar mechanism as context fetch)

[0023] In order for these mechanisms to be enabled, the UE needs to be allocated a RAN
iIdentifier uniquely identifying the UE context in the RAN.

[0024] In case there Is any fallure where It Is not possible to retrieve the UE RAN context, it Is
assumed that the RAN context can be rebuilt as it would happen In the case of a new
connection setup.

[0025] Figures 3 and 4 illustrate the basic principles.

summary

[0026] The invention Is defined in the appended claims.

[0027] Those skilled in the art will appreciate the scope of the present disclosure and realize
additional aspects thereof after reading the following detailed description of the embodiments
In association with the accompanying drawing figures.

Brief Description of the Drawings

[0028] The accompanying drawing figures incorporated in and forming a part of this
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specification illustrate several aspects of the disclosure, and together with the description serve
to explain the principles of the disclosure The subject-matters named "example” and
"embodiments” in the description of figures 1-6 and 8-13 are not according to the invention as
defined in the claims and are present for illustration purposes only.

Figure 1 illustrates the current standard Evolved Packet Core (EPC) architecture of a wireless
communications network;

Figure 2 illlustrates the radio interface user and control plane protocol for Evolved Universal
Terrestrial Radio Access Network (E-UTRAN);

Figures 3 and 4 Iillustrate the basic principles of handling of inactive User Equipment devices
(UEs) In the Radio Access Network (RAN);

Figure S illustrates one example of a cellular communications network in which embodiments
of the present disclosure may be implemented,

Figure 6 illustrates UE RAN context storing according to some embodiments of the present
disclosure;

Figure 7 Illustrates RAN configuration of a periodic update timer according to some
embodiments of the present disclosure;

Figure 8 Illustrates a RAN node making a decision as to whether to retain UE RAN context of a
UE according to some embodiments of the present disclosure;

Figures 9 to 11 illustrate example embodiments of a network node; and

Figures 12 and 13 illustrate example embodiments of a UE.

Detailed Description

[0029] The embodiments set forth below represent information to enable those skilled in the
art to practice the embodiments and Iillustrate the best mode of practicing the embodiments.
Upon reading the following description In light of the accompanying drawing figures, those
skilled In the art will understand the concepts of the disclosure and will recognize applications
of these concepts not particularly addressed herein. It should be understood that these
concepts and applications fall within the scope of the disclosure and the accompanying claims.

[0030] Radio Node: As used herein, a "radio node" Is either a radio access node or a wireless
device.

[0031] Radio Access Node: As used herein, a "radio access node"” Is any node In a Radio
Access Network (RAN) of a cellular communications network that operates to wirelessly
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transmit and/or receive signals. The terms "radio access node” and "RAN node" are used
Interchangeably herein. Some examples of a radio access node include, but are not limited to,
a base station (e.g., an enhanced or evolved Node B (eNB) in a Third Generation Partnership
Project (3GPP) Long Term Evolution (LTE) network), a high-power or macro base station, a
low-power base station (e.g., a micro base station, a pico base station, a home eNB, or the
like), and a relay node.

[0032] Macro Node: As used herein, a "macro node" Is one type of radio access node. A
macro node may also be referred to as a high power node. One example of a macro node Is a
LTE eNB.

[0033] Low Power Node (LPN): As used herein, a "low power node (LPN)" is one type of
radio access node and iIs to be distinguished from a macro node. In general, a LPN has a
lower transmit power than a macro node and, as such, has a smaller coverage area than a
macro node. Some examples of a LPN include a micro base station, a pico base station, a
home eNB, or the like.

[0034] Core Network (CN) Node: As used herein, a "core network (CN) node" Is any type of
node In a CN. Some examples of a CN node include, e.g., a Mobility Management Entity
(MME), a Packet Data Network (PDN) Gateway (P-GW), a Service Capability Exposure
Function (SCEF), or the like.

[0035] Wireless Device: As used herein, a "wireless device" Is any type of device that has
access to (l.e., Is served by) a cellular communications network by wirelessly transmitting
and/or recelving signals to a radio access node(s). The terms "wireless device” and "User
Equipment (UE)" are used interchangeably herein in that the term "UE" I1s used In a broad
sense to mean any type of wireless device unless otherwise specified (e.g., unless specified as
an LTE UE). Some examples of a wireless device include, but are not limited to, an UE in a
3GPP network and a Machine Type Communication (MTC) device.

[0036] Network Node: As used herein, a "network node” is any node that is either part of the
RAN or the CN of a cellular communications network/system.

[0037] Note that the description given herein focuses on a 3GPP cellular communications
system and, as such, 3GPP LTE terminology or terminology similar to 3GPP LTE terminology is
oftentimes used. However, the concepts disclosed herein are not limited to LTE or a 3GPP
system.

[0038] Note that, in the description herein, reference may be made to the term "cell;" however,
particularly with respect to Fifth Generation (5G) concepts, beams may be used instead of cells
and, as such, it is important to note that the concepts described herein are equally applicable
to both cells and beams.

[0039] Storing the UE RAN context in the RAN for UEs that are not connected or inactive
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Introduces a potential risk that the UE RAN context is lost, e.g., due to restart of the RAN node.
A similar problem can also occur If the UE context is stored in the CN, but most likely the risk of
losing the UE context is deemed lower In those cases since typically CN nodes are deployed In
a secure central environment and use additional redundancy methods. Some RAN nodes on
the other hand such as pico or femto base stations may be deployed everywhere in a non-
controlled environment including coffee shops, enterprises, shopping malls, etc. These nodes
may In some cases also need to be low-cost, meaning additional costly redundancy methods
may not be used.

[0040] Losing the UE RAN context may lead to the UE not being reachable for incoming data,
paging, or services during a time period. The time period depends on the UE's own activity and
on any periodic location updating signaling from the UE. It Is assumed that once the UE
contacts the network the UE RAN context will be re-built iIn some way or another.

[0041] In a legacy system, the periodic location updating timers, which are used by the core
network, are set to longer than one hour in order to have a good tradeoff between the risk of
not being able to reach the UE If the context is lost and the amount of the signaling In the
network. However, the current solution i1s not good enough given that UE RAN context may be
lost more frequently If it Is stored in more unreliable nodes.

[0042] One way to minimize the risk of UEs ending up in an unreachable state could be as In
the 3GPP Release 13 Radio Resource Control (RRC) suspend/resume solution where CN
based paging and registration updating is also supported. In such a solution, If the RAN context
IS lost, the CN can still page and reach the UE. The drawback with this solution though is that If
it 1Is desirable to support RAN paging in order to optimize the paging performance in RAN, the
UE would then still need to also monitor CN based paging in case the RAN context is lost. This
extra complexity in the UE and network is a fairly high price to pay for something that happens
quite rarely.

[0043] The present disclosure introduces methods for handling UE context in the RAN In such
a way that the risk of the UE ending up In an unreachable state is minimized. The following
high level embodiments are envisioned:

» The usage of a configurable periodic updating timer in the UE, used Iin such a way that
RAN nodes which are considered more unreliable (e.g., pico or femto nodes) assign the
UE a short periodic updating timer in the inactive state, where RAN nodes which are
considered highly reliable use a long timer. In this way the total amount of periodic
updating is not affected so much, but the risk of UEs ending up in an unreachable state
IS minimized.

» [he possibility to move the UE context from an unreliable RAN node (e.g., pico or femto
nodes) to a more reliable RAN node when the UE Is sent to the inactive state by such an
unreliable RAN node. This can be done when the RAN decides to order the UE to
Inactive state. It first transfers the UE RAN context to a more reliable RAN node towards
which 1t has an Interface and then provides the UE with a context identifier which is



DK/EP 3637886 13

associated with that more reliable RAN node.

» For solutions where the RAN based inactive state (including RAN paging) is only used
for UEs which have a context stored in a reliable RAN node, UEs In non-reliable RAN
nodes are only supported in a CN based sleep state with CN paging. In this solution the
UE would only need to monitor one type of paging.

[0044] By using embodiments disclosed herein, it is possible to reduce the risk of UEs ending
up In an unreachable state which is beneficial for both the operator and the end user. It also
avolids the need for CN paging in addition to RAN paging which introduces a lot of extra
complexity.

[0045] In this regard, Figure 5 illustrates one example of a cellular communications network 10
In which embodiments of the present disclosure may be implemented. As Iillustrated, the
cellular communications network 10 includes a RAN. The RAN Includes, In this example, a
macro node 12 that serves a macro cell 14 and a LPN 16 that serves a small cell 18. UEs 20
transmit and receive wireless signals to and from the macro node 12 and/or the LPN 16. In this
context of the embodiments described herein, the macro node 12 is one example of a radio
access node or base station that is reliable in the sense that a RAN context of a UE 20 may be
stored reliably at the macro node 12. Conversely, In this example, the LPN 16 I1s one example
of a radio access node or base station that is unreliable in the sense that a RAN context of a
UE 20 may not be reliably stored at the LPN 16. However, this is only an example.

[0046] The macro node 12 and the LPN 16 are connected to a core network 22 via
corresponding CN Interfaces (e.g., S1 interfaces), which may be wired or wireless interfaces.
While not illustrated, the macro node 12 and the LPN 16 may be connected to one another via
base-station-to-base-station interfaces (e.g., X2 interfaces), which may be wired or wireless
Interfaces. The core network 22 I1s connected to a data network 24 via an appropriate
Interface(s).

[0047] Figure 6 Illustrates UE RAN context storing according to some embodiments of the
present disclosure. In particular, Figure 6 shows how a UE RAN context of a UE (e.g., one of
the UEs 20 of Figure 5) is stored in a reliable macro RAN node (e.g., the macro node 12 of
Figure 5) designated as RAN _Macro by an unreliable pico RAN node (e.g., the LPN 16 of
Figure 5) designated as RAN_Pico according to some embodiments of the present disclosure.
Note that while a pico RAN node is used In this example, the process is equally applicable to a
more general LPN or even more generally to any other type of radio access node (i.e., any
other type of RAN node) that is unable to reliably store UE RAN context information. For
example, a RAN node may be unable to reliably store UE RAN context information due to
various issues such as, for example, memory shortage.

[0048] As Illustrated, the process of Figure 6 iIs as follows:

o Step 100: A data connection Is established between the UE and the Data Network (e.g.,
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the data network 24 of Figure 5) whereby the UE has an active connection with the
RAN_Pico.

o Step 102: Due to, e.g., inactivity, the RAN_Pico node decides to release the connection
with the UE, e.g. to move it to an inactive state (e.g., a RAN controlled inactive state).

» Step 104: The RAN_Pico node sends, over an interface that supports a UE RAN context
storing procedure, a request to the RAN _Macro node for storing of the UE RAN context.
The request includes the UE RAN context of the UE.

o Step 106: The RAN_Macro node stores the UE RAN context of the UE and replies with a
response message containing a UE RAN context identity allocated to the UE RAN
context of the UE on that RAN Macro node.

o Step 108: The RAN Pico node releases the connection with the UE, e.g. by moving the
UE Into an Inactive state (e.g., a RAN controlled inactive state). It provides the UE with
the UE RAN context identity provided by the RAN Macro node In step 106.

[0049] Figure 7 illustrates RAN configuration of a periodic update timer according to some
embodiments of the present disclosure. In particular, Figure 7 shows how the RAN node (in
this example RAN _Pico but can also be some other RAN node) configures a timer value T for a
periodic updating timer of the UE. Again, here the RAN Pico may be, e.g., the LPN 16 of
Figure 5) and the UE may be one of the UEs 20 of Figure 5. The process is as follows:

o Step 200: A data connection is established between the UE and the Data Network (e.g.,
the data network 24 of Figure 5) whereby the UE has an active connection with the
RAN Pico node.

o Step 202: In some embodiments (i.e., In a first alternative), not covered by the claimed
iInvention, the RAN_Pico node configures the periodic updating timer to a timer value T
before connection release. Since In this example the RAN Pico node Is considered
unreliable with respect to storing UE RAN context, the timer value T Is smaller than a
respective timer value T for a reliable RAN node (e.g., the macro node 12). For
example, the timer value T configured by the RAN_Pico node may be on the order of
seconds or minutes, rather than on the order of hours.

o Step 204: Due to, e.g., inactivity, the RAN_Pico node decides to release the connection
with the UE, e.g. to move it to an inactive state (e.g., move it to a RAN controlled inactive
state). Note that while the term "release” is used herein, other terms may be used such
as, e.g., 'suspend,” "putting the UE in the RAN controlled inactive state,” or the like.

o Step 206: The RAN Pico node releases the connection with the UE, e.g. by moving the
UE Into an inactive state (e.g., a RAN controlled inactive state). In a second alternative,
the RAN _ Pico node configures the timer value T when releasing the connection ( the
timer value T Is Included In the release message). Thus, iIn some embodiments, not
covered by the claimed invention, the timer value T Is set in step 202, whereas In other
embodiments the timer value T Is set In step 206 when releasing the connection.

o Step 208: Once the connection Is released (and the UE has therefore entered the RAN-
based inactive state), the UE starts the periodic updating timer set to the timer value T.
The timer continues to run until it expires. The UE stores the RAN context of the UE
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while In the RAN-based Inactive state. The stored RAN context is used by the UE when
transitioning back to the RAN-based active state. In other words, the UE stores the RAN
context of the UE when no longer in a (RAN based) connected state in the cell. This
means that instead of discarding this information, the UE may save or cache this
Information in case of returning to the cell.

o Step 210: Upon expiry of the timer (assuming the UE has not performed any other action
during the time that requires signaling towards the network), the UE sends a periodic
update message.

o Step 212: Optionally, the network (e.g., the RAN _Pico node) may return an acknowledge
message.

o Step 214: If the UE has no data to send or receive, the UE resets the timer to the timer
value T and re-enters the Inactive state until the timer expires again. Once reset, the
timer continues to run until it expires.

o Step 216: Upon expiry of the timer (assuming the UE has not performed any other action
during the time), the UE sends a periodic update message.

o Step 218: Optionally, the network (e.g., the RAN_Pico node) may return an acknowledge
message.

[0050] The process continues in this manner.

[0051] The following embodiments are not according to the invention as defined in the claims
and are present for illustration purposes only.

[0052] Note that, In some embodiments, the timer value T is a function of where the RAN node
can reliably store RAN context of the UE (e.g., as determined based on one or more
characteristics of the RAN node such as, e.g., a type or class of the RAN node, memory usage
at the RAN node, or the like or otherwise determined). In some other embodiments, the timer
value T Is a function of one or more characteristics of the RAN node (e.g., type or class of the
RAN node, amount of memory, memory usage, or the like). In some embodiments, the timer
value T 1s determined or set by the RAN node itself. However, in other embodiments, the timer
value T Is determined or set by, e.g., some other node In the network (e.g., an Operations and
Management (OAM) system) and sent to the RAN node.

[0053] Figure 8 lllustrates a RAN node making a decision as to whether to retain UE RAN
context of a UE according to some embodiments of the present disclosure. In particular, Figure
8 shows how the RAN node (e.g., the macro node 12 or the LPN 16 of Figure 5) takes a
decision to release a UE to an inactive state. The decision could either be to release the UE to
a CN IDLE state with no RAN context stored in the RAN or to a RAN Inactive state where the
RAN context of the UE Is stored and UE kept in a CN CONNECTED state. The decision iIs
based on, among other things, the reliability of the context storage in the RAN node (which
could be the reliability of the whole node). The process Is as follows:

e Step 300: A data connection Is established between the UE and the Data Network (e.g.,
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the data network 24 of Figure 5) whereby the UE has an active connection with the
RAN_Node.

o Step 302: Due to, e.g., inactivity, the RAN_Node decides to release the connection with
the UE, e.g. to move it to an inactive state. The RAN_Node decides whether to release
the UE to a CN IDLE state with no RAN context stored in the RAN or to a RAN Inactive
state where the RAN context of the UE Is stored and kept in a CN CONNECTED state.

o Steps 304 and 306: If the RAN_Node decides to release the UE to the CN IDLE state, it
signals both the UE (step 304) and the Core Network (step 306) to release the UE to
the CN IDLE state. As noted above, the RAN context of the UE Is not stored in the RAN
In this case.

o Step 308: If the RAN Node decides to release the UE to RAN Inactive state, the
RAN Node signals the UE to release the UE to the RAN Inactive state. In this case, the
RAN context of the UE Is stored in the RAN. The RAN context may be stored at the

RAN Node In the conventional manner or stored at another RAN node (e.g., a more
reliable RAN node as described above).

[0054] Figure 9 Is a schematic block diagram of a network node 26 according to some
embodiments of the present disclosure. The network node 26 may be, for example, a RAN
node such as the macro node 12 or the LPN 16 of Figure 5. As illustrated, the network node 26
Includes a control system 28 that includes processing circuitry that includes one or more
processors 30 (e.g., Central Processing Units (CPUs), Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), and/or the like). The control system 28
further includes memory 32, and a network interface 34. In addition, If the network node 26 is a
RAN node, then the network node 26 also includes one or more radio units 36 that each
Includes one or more transmitters 38 and one or more receivers 40 coupled to one or more
antennas 42. In some embodiments, the radio unit(s) 36 I1s external to the control system 28
and connected to the control system 28 via, e.g., a wired connection. However, in some other
embodiments, the radio unit(s) 36 and potentially the antenna(s) 42 are integrated together
with the control system 28. The one or more processors 30 operate to provide one or more
functions of a network node as described herein. In some embodiments, the function(s) are

Implemented In software that i1s stored, e.g., in the memory 32 and executed by the one or
more processors 30.

[0055] Figure 10 1s a schematic block diagram that illustrates a virtualized embodiment of the
network node 26 according to some embodiments of the present disclosure. This discussion Is
equally applicable to other types of radio access nodes. Further, other types of network nodes
may have similar virtualized architectures.

[0056] As used herein, a "virtualized” network node (e.g., a virtualized base station or a
virtualized radio access node) I1s an implementation of the network node in which at least a
portion of the functionality of the network is implemented as a virtual component (e.g., via a
virtual machine(s) executing on a physical processing node(s) in a network(s)). As illustrated,
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In this example, the network node 26 includes the control system 28 that includes the one or
more processors 30 (e.g., CPUs, ASICs, FPGAs, and/or the like), the memory 32, and the
network interface 34 and, depending on the type of network node, the one or more radio units
36 that each Includes the one or more transmitters 38 and the one or more receivers 40
coupled to the one or more antennas 42, as described above. The control system 28 is
connected to the radio unit(s) 36 via, for example, an optical cable or the like. The control
system 28 Is connected to one or more processing nodes 44 coupled to or included as part of
a network(s) 46 via the network interface 34. Each processing node 44 includes processing
circuitry that includes one or more processors 48 (e.g., CPUs, ASICs, FPGAs, and/or the like),
memory 50, and a network interface 52.

[0057] In this example, functions 54 of the network node (e.g., functions of the macro node 12
(RAN_Macro node) or the LPN 16 (e.g., the RAN _Pico node) or the functions of the
RAN _Node) described herein are implemented at the one or more processing nodes 44 or
distributed across the control system 28 and the one or more processing nodes 44 in any
desired manner. The functions 54 may include, e.g., one or more functions 54 performed by
the RAN_ Pico node described with respect to Figure 6, one or more functions 54 performed by
the RAN_Pico node of Figure 7, and/or one or more functions 54 performed by the RAN Node
of Figure 8. In some particular embodiments, some or all of the functions 54 of the network
node 26 described herein are implemented as virtual components executed by one or more
virtual machines implemented in a virtual environment(s) hosted by the processing node(s) 44.
As will be appreciated by one of ordinary skill in the art, additional signaling or communication
between the processing node(s) 44 and the control system 28 is used In order to carry out at
least some of the desired functions 54. Notably, iIn some embodiments, the control system 28
may not be Included, In which case the radio unit(s) 36 communicate directly with the
processing node(s) 44 via an appropriate network interface(s).

[0058] In some embodiments, a computer program including instructions which, when
executed by at least one processor, causes the at least one processor to carry out the
functionality of a network node or a node (e.g., a processing node 44) mplementing one or
more of the functions 54 of the network node in a virtual environment according to any of the
embodiments described herein iIs provided. In some embodiments, a carrier comprising the
aforementioned computer program product is provided. The carrier i1s one of an electronic
signal, an optical signal, a radio signal, or a computer readable storage medium (e.g., a non-
transitory computer readable medium such as memory).

[0059] Figure 11 1s a schematic block diagram of the network node 26 according to some other
embodiments of the present disclosure. The network node 26 includes one or more modules
56, each of which 1s implemented In software. The module(s) 56 provide the functionality of the
network node 26 described herein. For example, the module(s) 56 may include one or
modules that perform the operations of the RAN _Pico node described with respect to Figure 6,
one or more modules that perform the operations of the RAN_Pico node of Figure 7, and/or
one or more modules that operate to perform the operations of the RAN_Node of Figure 8.
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[0060] Figure 12 1s a schematic block diagram of the UE 20 according to some embodiments
of the present disclosure. As Illustrated, the UE 20 includes processing circuitry that includes
one or more processors 58 (e.g., CPUs, ASICs, FPGAs, and/or the like). The UE 20 further
Includes memory 60, and one or more transceivers 62 each including one or more transmitters
64 and one or more receivers 66 coupled to one or more antennas 68. In some embodiments,
the functionality of the UE 20 described above (e.g., the functionality of the UE 20 described
with respect to Figures 6, 7, and/or 8) may be fully or partially implemented in software that is,
e.g., stored in the memory 60 and executed by the processor(s) 58.

[0061] In some embodiments, a computer program Including Instructions which, when
executed by at least one processor, causes the at least one processor to carry out the
functionality of the UE 20 according to any of the embodiments described herein is provided. In
some embodiments, a carrier comprising the aforementioned computer program product Is
provided. The carrier Is one of an electronic signal, an optical signal, a radio signal, or a
computer readable storage medium (e.g., a non-transitory computer readable medium such as
memory).

[0062] Figure 13 I1s a schematic block diagram of the UE 20 according to some other
embodiments of the present disclosure. The UE 20 includes one or more modules 70, each of
which 1s implemented in software. The module(s) 70 provide the functionality of the UE 20
described herein. For example, the module(s) 70 may include one or modules that perform the
operations of the UE described with respect to Figure 6, one or more modules that perform the
operations of the UE of Figure 7, and/or one or more modules that operate to perform the
operations of the UE of Figure 8.

[0063] VWhile not being limited thereto, some example embodiments of the present disclosure
are provided below. In some embodiments, a method of operation of a first RAN node In a
cellular communications network comprises storing a RAN context of a UE at a second RAN
node, obtaining a RAN context identity of the RAN context of the UE stored at the second RAN
node, and providing the RAN context identity to the UE. In some embodiments, providing the
RAN context identity to the UE comprises providing the RAN context identity to the UE when
releasing a connection of the UE. In some embodiments, the method further comprises making
a decision to release the connection of the UE, wherein storing the RAN context of the UE at
the second RAN node comprises storing the RAN context of the UE at the second RAN node
upon making the decision to release the connection of the UE. In some embodiments, storing
the RAN context of the UE at a second RAN node comprises sending a request to store the
RAN context of the UE to the second RAN node, wherein the request comprises the RAN
context of the UE, and obtaining the RAN context identity comprises receiving a response from
the second RAN node In response to the request, wherein the response comprises the RAN
context identity of the RAN context of the UE stored at the second RAN node. In some
embodiments, the first RAN node 1s a LPN, and the second RAN node I1s a macro node.

[0064] In some embodiments, a first RAN node for a cellular communications network Is
adapted to store a RAN context of a UE at a second RAN node, obtain RAN context identity of
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the RAN context of the UE stored at the second RAN node, and provide the RAN context
iIdentity to the UE. Further, in some embodiments, the RAN node is further adapted to perform
the method of operation of the first RAN node described above.

[0065] In some embodiments, a first RAN node for a cellular communications network
comprises a communication interface, one or more transmitters, one or more processors, and
memory storing instructions executable by the one or more processors whereby the first RAN
node Is operable to store, via the communication interface, a RAN context of a UE at a second
RAN node, obtain RAN context identity of the RAN context of the UE stored at the second RAN
node, and provide, via the one or more transmitters, the RAN context identity to the UE.

[0066] In some embodiments, a first RAN node for a cellular communications network
comprises a storing module operable to store a RAN context of a UE at a second RAN node,
an obtaining module operable to obtain RAN context identity of the RAN context of the UE
stored at the second RAN node, and a providing module operable to provide the RAN context
identity to the UE.

[0067] In some embodiments, a method of operation of a UE In a cellular communications
network comprises receiving, from a first RAN node, a RAN context identity of a RAN context of
the UE stored at a second RAN node. Further, in some embodiments, receiving the RAN
context identity comprises receiving a connection release from the first RAN node, wherein the
connection release comprises the RAN context identity. Further, In some embodiments, the
first RAN node is a LPN and the second RAN node is a macro node.

[0068] In some embodiments, a UE for a cellular communications network Is adapted to
receive, from a first RAN node, a RAN context identity of a RAN context of the UE stored at a
second RAN node. Further, in some embodiments, the UE Is further adapted to operate
according to any one of the embodiments of the UE described above.

[0069] In some embodiments, a UE for a cellular communications network comprises one or
more receivers, one or more processors, and memory storing instructions executable by the
one or more processors whereby the UE Is operable to receive, from a first RAN node, a RAN
context identity of a RAN context of the UE stored at a second RAN node.

[0070] In some embodiments, a UE for a cellular communications network comprises a
recelving module operable to receive, from a first RAN node, a RAN context identity of a RAN
context of the UE stored at a second RAN node.

[0071] In some embodiments, a method of operation of a RAN node In a cellular
communications network comprises configuring a UE with a timer value T for a periodic
updating timer. Further, In some embodiments, the timer value T I1s a function of whether the
RAN node can reliably store a RAN context of the UE. In some embodiments, the timer value T
IS a function of one or more characteristics of the RAN node. In some embodiments, the timer
value T Is received from another network node. In some embodiments, the periodic update
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timer Is a timer utilized by the UE for periodic updates when the UE is In a RAN Inactive state.
In some embodiments, the timer value 1s a first value If the RAN node 1s a macro node and a
second value If the RAN node i1s a LPN, the second value being less than the first value. In
some embodiments, configuring the UE with the timer value T comprises configuring the UE
with the timer value T prior to releasing the UE. In some embodiments, configuring the UE with
the timer value T comprises configuring the UE with the timer value T upon releasing the UE.
In some embodiments, configuring the UE with the timer value T comprises sending a release
message to the UE, wherein the release message comprises the timer value T.

[0072] In some embodiments, a RAN node for a cellular communications network is adapted to
configure a UE with a timer value T for a periodic updating timer. Further, iIn some
embodiments, the RAN node i1s further adapted to perform the method of any one of the
embodiments of the method of operation of the RAN node describe above.

[0073] In some embodiments, a RAN node for a cellular communications network comprises
one or more transmitters, one or more processors, and memory storing instructions executable
by the one or more processors whereby the RAN node is operable to configure a UE with a
timer value T for a periodic updating timer.

[0074] In some embodiments, a RAN node for a cellular communications network comprises a
timer configuration module operable to configure a UE with a timer value T for a periodic
updating timer.

[0075] In some embodiments, a method of operation of a RAN node In a cellular
communications network comprises making a connection release decision for a UE, wherein
the connection release decision Is either a decision to release the UE to a CN IDLE state or a
RAN Inactive state, releasing the UE to the CN IDLE state if the connection release decision Is
a decision to release the UE to the CN IDLE state, wherein a RAN context of the UE is not
stored in the RAN when the UE is In the CN |IDLE state, and releasing the UE to the RAN
Inactive state If the connection release decision Is a decision to release the UE to the RAN
Inactive state, wherein the RAN context of the UE iIs stored in the RAN when the UE iIs In the
RAN Inactive, and thus CN CONNECTED, state. In some embodiments, making the connection
release decision comprises making the connection release decision based on an ability of the
RAN node to reliably store the RAN context of the UE. In some embodiments, the connection
release decision is a decision to release the UE to the CN IDLE state if the RAN node is a LPN.

[0076] In some embodiments, a RAN node for a cellular communications network i1s adapted to
make a connection release decision for a UE, wherein the connection release decision iIs either
a decision to release the UE to a CN IDLE state or a RAN Inactive state, release the UE to the
CN IDLE state if the connection release decision is a decision to release the UE to the CN IDLE
state, wherein a RAN context of the UE Is not stored in the RAN node when the UE is in the CN
IDLE state, and release the UE to the RAN Inactive state If the connection release decision Is a

decision to release the UE to the RAN Inactive state, wherein the RAN context of the UE iIs
stored in the RAN node when the UE 1s In the RAN Inactive, and thus CN CONNECTED, state.



DK/EP 3637886 13

In some embodiments, the RAN node Is further adapted to perform the method of operation of
the RAN node in accordance with any one of the embodiments described above.

[0077] In some embodiments, a RAN node for a cellular communications network comprises
one or more transmitters, one or more processors, and memory storing instructions executable
by the one or more processors whereby the first RAN node Is operable to make a connection
release decision for a UE, wherein the connection release decision iIs either a decision to
release the UE to a CN IDLE state or a RAN Inactive state, release the UE to the CN IDLE state
If the connection release decision I1s a decision to release the UE to the CN IDLE state, wherein
a RAN context of the UE i1s not stored in the RAN node when the UE Is In the CN IDLE state,
and release the UE to the RAN Inactive state If the connection release decision Is a decision to
release the UE to the RAN Inactive state, wherein the RAN context of the UE is stored In the

RAN node when the UE is In the RAN Inactive, and thus CN CONNECTED, state.

[0078] In some embodiments, a RAN node for a cellular communications network comprises a
decision module operable to make a connection release decision for a UE, wherein the
connection release decision is either a decision to release the UE to a CN |IDLE state or a RAN
Inactive state, and a connection release module operable to release the UE to the CN IDLE
state If the connection release decision Is a decision to release the UE to the CN IDLE state,
wherein a RAN context of the UE Is not stored in the RAN node when the UE is in the CN |IDLE
state, and release the UE to the RAN Inactive state If the connection release decision IS a
decision to release the UE to the RAN Inactive state, wherein the RAN context of the UE iIs
stored in the RAN node when the UE i1s In the RAN Inactive, and thus CN CONNECTED, state.

[0079] The following acronyms are used throughout this disclosure.
« 2G Second Generation

o 3GPP Third Generation Partnership Project
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Patentkrav

1. Fremgangsmade til drift af en radioadgangsnetveerks, RAN, -basisstation
(12, 16) 1 et celluleert kommunikationsnetveerk (10), kendetegnet ved:

at sende (2006) til en brugerindretning, UE (20), en frigivelsesbesked for at be-
veege UE'en til en RAN-styret inaktiv tilstand, hvor frigivelsesbeskeden omfat-
ter en konfiguration af en timerveerdi T for en periodisk opdateringstimer.

2. Fremgangsmade ifalge krav 1, hvor den periodiske opdateringstimer er en
timer, der anvendes af UE'en (20) til periodiske opdateringer, nar UE'en (20)
er 1 en RAN-Inaktiv tilstand.

3. Fremgangsmade ifslge et hvilket som helst af kravene 1 til 2, hvor timer-
veerdien T er en ferste veerdi, hvis RAN-basisstationen (12, 16) er en makro-
kKnude, og en anden veerdi, hvis RAN-basisstationen (12, 16) er en laveffekt-
knude, LPN, som har lavere sendeeffekt end en makroknude, hvor den anden
veerdi er mindre end den farste veerdi.

4. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 3, endvidere om-
fattende:

at frigive (206) en forbindelse med UE'en (20); og

efter frigivelse af forbindelsen med UE'en (20) at modtage (210) en opdate-
ringsbesked fra UE'en (20) ved udlab af den periodiske opdateringstimer.

5. Radioadgangsnetveerks, RAN, -basisstation (12, 16) til et celluleert kommu-
nikationsnetveerk (10), hvilken RAN-basisstation (12, 16) er kendetegnet ved,
at den er tilpasset til:

at sende til en brugerindretning, UE (20), en frigivelsesbesked for at beveege
UE'en til en RAN-styret inaktiv tilstand, hvor frigivelsesbeskeden omfatter en
konfiguration af en timerveerdi T for en periodisk opdateringstimer.

6. RAN-basisstation (12, 16, 20) ifalge krav 5, hvor timerveerdien T er en farste
veerdi, hvis RAN-basisstationen (12, 16) er en makro-knude, og en anden
veerdi, hvis RAN-basisstationen (12, 16) er en laveffektknude, LPN, som har
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lavere sendeeffekt end en makroknude, hvor den anden veaerdil er mindre end
den farste veerdi.

/. RAN-basisstation (12, 16, 20) ifelge et hvilket som helst af kravene 5 til 6,
hvor RAN-basisstationen (12, 16, 26) endvidere kan anvendes til:

at frigive en forbindelse med UE'en (20); og

efter frigivelse af forbindelsen med UE'en (20) at modtage en opdateringsbe-
sked fra UE'en (20) ved udlab af den periodiske opdateringstimer.

8. Computerprogram, omfattende instruktioner, der, nar de eksekveres pa
mindst en processor, far den mindst ene processor til at udfere fremgangsma-
den Ifalge et hvilket som helst af kravene 1 til 4.

9. Beerer, der indeholder computerprogrammet ifalge krav 8, hvor beaereren er
et af et elektronisk signal, et optisk signal, et radiosignal eller et computerlaes-
bart lagringsmedium.

10. Fremgangsmade til drift af en brugerindretning, UE, (20) i et celluleert kom-
munikationsnetveerk (10), kendetegnet ved.

at modtage (200), fra en radioadgangsnetvaerks, RAN, -basisstation (12, 16)
en frigivelsesbesked for at beveege UE'en til en RAN-styret inaktiv tilstand, |
hvilken tilstand en brugerindretnings, UE, -radioadgangsnetvaerks, RAN, -kon-
tekst lagres 1 UE'en,

hvor frigivelsesbeskeden omfatter en konfiguration af en timerveerdi T for en
periodisk opdateringstimer;

at starte (208) den periodiske opdateringstimer ved indtreeden af den RAN-
styrede inaktive tilstand; og

ved udlab af den periodiske opdateringstimer at sende (210) en periodisk op-
dateringsbesked.

11. Fremgangsmade ifelge krav 10, endvidere omfattende, ved skift fra den
RAN-styrede inaktive tilstand til en aktiv tilstand, at genopbygge RAN-kontek-
sten af UE'en (20) hvis nadvendigt.
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12. Brugerindretning, UE, (20) til et celluleert kommunikationsnetvaerk (10),
hvilken UE (20) er kendetegnet ved, at den er tilpasset til:

at modtage fra en radioadgangsnetveerks, RAN, -basisstation (12, 16) en frigi-
velsesbesked for at bevaege UE'en til en RAN-styret inaktiv tilstand, 1 hvilken
tilstand en brugerindretnings, UE, -radioadgangsnetveerks, RAN, -kontekst
lagres | UE'en, hvor frigivelsesbeskeden omfatter en konfiguration af en timer-
veerdl T for en periodisk opdateringstimer;

at starte den periodiske opdateringstimer ved indtraeden af den RAN-styrede
Inaktive tilstand; og

ved udlgb af den periodiske opdateringstimer at sende en periodisk opdate-
ringsbesked.

13. UE (20) ifelge krav 12, endvidere omfattende, ved skift fra den RAN-sty-
rede Inaktive tilstand til en aktiv tilstand, at genopbygge RAN-konteksten af
UE'en (20) hvis nadvendigt.

14. Computerprogram, omfattende instruktioner, der, nar de eksekveres pa
mindst en processor, far den mindst ene processor til at udfare fremgangsma-
den Ifalge et hvilket som helst af kravene 10 til 11.

15. Beerer, der indeholder computerprogrammet ifelge krav 14, hvor beereren
er et af et elektronisk signal, et optisk signal, et radiosignal eller et computer-
laesbart lagringsmedium.
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