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SIMPLIFIED UE + ENB MESSAGING

CLAIM OF PRIORITY

[0001] This application claims priority under 35 USC §119
(e) to U.S. Patent Application Ser. No. 61/523,021, filed on
Aug. 12,2011, the entire contents of which are hereby incor-
porated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a wireless commu-
nication system and in particular the handling of connections
between nodes in a wireless communication system.

BACKGROUND

[0003] Wireless communications systems are known that
enable wireless data transfer between one or more user equip-
ment (UE) and one or more Base Stations (BS) arranged to
provide nodes of a cellular RAN. An increase in the preva-
lence of UEs operating on wireless cellular communications
systems requires that such networks carry and support a wide
variety of data traffic types and services. UEs can be viewed
as generic computing platforms with wireless connectivity,
capable of running a wide-ranging variety of applications and
services that are either pre-installed by the device manufac-
turer or are installed/downloaded by the user according to the
user’s specific usage requirements. The applications them-
selves may originate from a correspondingly wide-ranging
group of software houses, manufacturers and 3’ party devel-
opers. Such UE platforms may include mobile devices such
as mobile telephones, ‘smartphones’, personal digital assis-
tants, handheld or laptop computers, tablet computers and
similar mobile devices having wireless communications con-
nectivity, or similarly the UE referred to herein could include
fixed devices that are relatively immovable in normal use,
such fixed devices having wireless connectivity to enable
them to communicate using the wireless communications
system. The UE platforms may also include other device
types comprising embedded communications connectivity,
such as household appliances, utility meters and security and
surveillance equipment, or consumer electronics devices
such as still or video cameras, audio/visual entertainment
equipment and gaming platforms.

[0004] Wireless communication networks often distin-
guish between user-plane traffic (which may be considered as
carrying application-level user data) and control-plane traffic
(which may be considered as signalling used to enable or
support transter of the user plane data via the wireless com-
munication network, including for example mobility control
and Radio Resource Control (RRC) functionality). Examples
of'user plane traffic and services carried by wireless commu-
nication networks include voice, video, internet/web brows-
ing sessions, upload/download file transfer, instant messag-
ing, e-mail, navigation services, RSS feeds and streaming
media. Examples of control plane traffic include core-net-
work mobility and attachment control (so-called Non-Access
Stratum (NAS) signalling), radio access network control
(such as Radio Resource Control (RRC)), and session control
signalling.

[0005] Outside of (or “above”) the radio and core network
communication layers, applications may utilise or combine a
multitude of internet-based (or other proprietary) protocols to
achieve a desired result when provisioning for a specific
service. For example, a navigation application may utilise

Feb. 14,2013

TCP for file transfer of mapping data from a server to a device
but may also employ protocols to support periodic or aperi-
odic keep-alive signalling towards the navigation server to
maintain the application-level connection in the presence of
intermediary network nodes such as stateful firewalls. Simi-
larly, an e-mail application may employ particular synchro-
nisation protocols to align the mailbox contents on the UE
with those in an e-mail server, but may also employ periodic
or aperiodic server polling mechanisms to check for new
e-mail. The present disclosure concerns operating wireless
communication systems to provide UEs with connectivity to
support such applications.

[0006] For a more complete understanding of this disclo-
sure, reference is now made to the following detailed descrip-
tion that sets out certain embodiments, taken in connection
with the drawings, which can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a wireless communication system
including an LTE Radio Access Network coupled to an
Evolved Packet Core Network, further coupled to an external
packet data network such as the public internet.

[0008] FIG. 2 shows a block diagram of selected compo-
nents of an example UE for use in a wireless communication
system in accordance with the present disclosure.

[0009] FIG. 3 shows an illustration of a control manager in
a RAM of' the UE shown in FIG. 2 for facilitating communi-
cations with a wireless communication system in accordance
with the present disclosure.

[0010] FIG. 4 illustrates the RRC connection states, DRX
sub-states and the transitions therebetween in LTE.

[0011] FIG. 5 is a message sequence chart illustrating a
normal RRC connection procedure in a wireless communi-
cation system in which no RRC connection suspension func-
tionality is provided.

[0012] FIG. 6 is a flow diagram illustrating a simplification
of'the RRC connection process in a wireless communication
system in which no RRC connection suspension functionality
is provided.

[0013] FIG. 7 is a flow diagram illustrating a simplification
of the RRC connection reactivation process in a wireless
communication system in which RRC connection suspension
functionality is provided in accordance with the present dis-
closure.

[0014] FIG. 8 is a message sequence chart illustrating an
exemplary RRC connection suspension process in a wireless
communication system in accordance with the present dis-
closure.

[0015] FIG. 9 is an illustration of an exemplary mobility
scenario for handling by the mobility handling process sig-
nalling variants during RRC connection suspension in accor-
dance with the present disclosure.

[0016] FIG. 10 is a message sequence chart illustrating an
example of signalling variant 1 in mobility processing alter-
native B in a wireless communication system in which a UE
has a suspended RRC connection.

[0017] FIG. 11 is a message sequence chart illustrating an
example of signalling variant 2 in mobility processing alter-
native B in a wireless communication system in which a UE
has a suspended RRC connection.

[0018] FIG. 12 is a message sequence chart illustrating an
example of signalling variant 3 in mobility processing alter-
native B in a wireless communication system in which a UE
has a suspended RRC connection.
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[0019] FIG.13 is an illustration of another exemplary simi-
lar to FIG. 9, in which the UE moves back into, and again out
of, acell of the RAN in which the suspended RRC connection
is valid.

[0020] FIGS. 14, 15 and 16 are message sequence charts
illustrating example methods for handling downlink (DL)
data in the network in different scenarios when the RRC
Connection between a UE and a RAN is suspended.

[0021] FIGS. 17,18 and 19 show message sequence charts
illustrating example RRC reactivation methods for handling
the resumption of user plane data transfer for a UE having a
suspended RRC Connection with a RAN.

[0022] FIG. 20 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 1.

[0023] FIG. 21 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 2.

[0024] FIG. 22 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 3.

[0025] FIG. 23 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 4.

[0026] FIG.24 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 5.

[0027] FIG. 25 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 6.

[0028] FIG. 26 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 7.

[0029] FIG.27 shows a message sequence chart illustrating
an example of a representative scenario for mobility proce-
dures.

[0030] FIG. 28 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 10.

[0031] FIG.29 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 11.

[0032] FIG. 30 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 13.

[0033] FIG. 31 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 14.

[0034] FIG. 32 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 15.

[0035] FIG. 33 shows a message sequence chart illustrating
the method of handling an RRC connection suspension in
Example Scenario 16.

DETAILED DESCRIPTION

[0036] Many UE applications require or benefit from so-
called always-on connectivity, such that a seamless and con-
tinuous connection experience is delivered to the user when
using the UE and the applications running thereon. Whist the
appearance of seamlessness is presented to the user at the
service level, this may in fact be accomplished without per-
manent or continuous connectivity at all protocol levels
beneath the application layer. Instead, it may be the case that
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connections are established and released on a regular or as-
needed basis in order to deliver the user data when required
but to allow for certain power efficiency or system efficiency
savings in the UE during the intervening periods of time.
However, a frequent establishment and release of these con-
nections may also entail significant use of system resources or
result in additional signalling loads within the network, and
the associated system resource and control overheads may
become large. For some application traffic, this may counter-
act the power or system efficiency benefits of employing such
an “as-needed” connection establishment strategy. Systems
and methods which are able to reduce these system resource
and control overheads are therefore desirable such that over-
all system and power efficiencies are improved when attempt-
ing to deliver a seamless user or service experience at the
application level via the communications network.
[0037] The prevalence of a plethora of application types,
services, and means of service delivery in wireless commu-
nications systems results in a corresponding plethora of data
traffic distributions and statistics that are presented to the
wireless communication networks for delivery. Wireless
communication networks are therefore less able to predict
traffic profiles and distributions, and must be designed to
adapt the connections and the assigned transmission
resources to the dynamically varying (potentially “bursty”)
traffic loads.
[0038] Inordertodo so, wireless radio access networks can
include dynamic scheduling such that a quantity of assigned
shared radio resources may be varied in rapid response to data
demand (e.g. data buffer status). Such dynamic scheduling
typically operates on a time scale of one to a few milliseconds.
At a time-scale above this (operating in the region of 100 ms
to a few seconds), wireless communication networks often
also employ a state-machine-oriented process to adapt aradio
connection state or sub-state to the degree of observed traffic
activity. Radio connection states or sub-states may differ in
numerous ways, including; the degree of connectivity
offered, the quantity of system resources that are reserved or
used for the connection, and the amount of UE battery power
consumed.
[0039] The connectivity level can be characterised as a
combination of various connectivity attributes such as:
[0040] Location granularity: The accuracy to which the
wireless communication network tracks the current
location of the UE (e.g. to the cell level for more active
UEs, or to only a group of cells for less active UEs)
[0041] Mobility control: The decision to change the cell
to which the UE is associated may be taken by the
network (network controlled mobility) or by the UE (UE
controlled mobility). In the case of network controlled
mobility a UE may be instructed to perform measure-
ments and report measurement results to the network in
order to assist the network in making the decision to
perform a handover. Once a handover decision is made
the network will typically prepare any necessary
resources in the target cell before instructing the UE to
change cell by sending a handover command. In the case
of UE controlled mobility, the UE will perform measure-
ments on neighbouring cells and use these measure-
ments in making a decision to perform a cell reselection.
The network can control the decision process by sending
various cell reselection parameters (e.g. threshold, off-
sets, etc) in broadcast system information. Network con-
trolled mobility (handover) requires more over the air
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signalling, network internal signalling, and network pro-
cessing resource than UE controlled mobility.

[0042] Assigned resources: The presence, absence, type
or amount of radio transmission resources available to
the UE for performing communication, as a function of
expected activity level

[0043] Tx/Rx Readiness: The power consumed by UEs
is often a function of their “readiness” to transmit or
receive. For example, a UE must permanently activate
its receiver in order to receive downlink communication
from a basestation if the data may arrive at any given
instant, resulting in high power consumption and battery
drain. To save power, discontinuous reception (DRX) is
often employed, allowing the UE to “sleep” and turn off
its receiver at certain times. The basestation (BS) must
take the UE’s DRX pattern into account when determin-
ing the times at which it will be able to successfully
deliver data to the UE. The activity cycle of a DRX
pattern often varies as a function of the assigned radio
connection state or sub-state.

[0044] Interfaces or bearers established: End-to-end
communications (for example from a UE to a core net-
work gateway or egress node towards external networks
such as the internet) may require that user-specific con-
nections (or bearers) are established between all partici-
pating network nodes or entities. The establishment of
some of these interfaces may be associated with the
radio connection state or sub-state as a function of the
current activity level.

[0045] Disclosed herein are methods, apparatuses and soft-
ware for use in a wireless communications system to suspend
and handle the reactivation of a Radio Resource Control
(RRC) connection for carrying user-plane and control plane
data between a UE and a RAN. Also disclosed herein are
methods, apparatuses and software for handling mobility
control and downlink data for a UE for which an RRC con-
nection is suspended.

[0046] Inthe context ofthis disclosure the terms “suspend-
ing”, “suspend” or “suspension” in relation to an RRC con-
nection mean storing a context relating to the RRC connec-
tion (or storing RRC connection data) and one or more of:

[0047] inhibiting the transmission of user plane data
between a mobile device and a RAN node but the mobile
device still able to receive paging from the RAN node
and/or to receive notifications of downlink data from the
RAN node;

[0048] a RAN node instructing a mobile device to per-
form functions (for example, paging and mobility pro-
cedures that may differ from those used in a normal or
non-suspended RRC connected mode) that are the same
as or similar to idle mode functions; and

[0049] releasing the air interface or radio link(s) or radio
resources associated with the RRC connection between
the RAN node and the mobile device but the mobile
device still being able to receive paging from the RAN
node and/or to receive notifications of downlink data
from the RAN node.

[0050] The RRC connection data or information (which
can alternatively be referred to as RRC context data) may
include parameters or other information related to an RRC
connection or more general parameters related to the RRC
layer or other layers. For example, it may include parameters
relating to the current configuration of radio bearers, radio
resources, temporary cell identifiers, security parameters or
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keys, MAC configuration, physical layer configuration and
measurement and reporting configuration. It may also include
data related to the RRC layer or other layers such as the
physical layer, MAC layer, RL.C layer, and PDCP layer. The
security parameters or keys may, for example, include the
K iomer Kanps Krrcener Krrcime Krrcvpenes integrity algo-
rithm, encryption algorithm, and radio bearer COUNT val-
ues.

[0051] Inaccordance with a first aspect there is provided a
method, implemented in a mobile device for use with a Radio
Access Network (RAN), comprising:

[0052] the mobile device sending an indicator to the
RAN in respect of a radio resource control (RRC) con-
nection with the RAN;

wherein the indicator indicates the preference of the mobile
device to have the RRC connection either suspended or
released.

[0053] Inaccordance witha second aspect there is provided
amobile device for use with a Radio Access Network (RAN),
the mobile device being configured to:

[0054] send an indicator to the RAN in respect of a radio
resource control (RRC) connection with the RAN;

[0055] wherein the indicator indicates the preference of
the mobile device to have the RRC connection either
suspended or released.

[0056] Typically, the indicator is a preference to have the
RRC connection either suspended or released.

[0057] The indicator may be included in a request message
sent by the mobile device to a RAN node in the RAN. Alter-
natively, or in addition, the indicator could be included in a
capabilities message sent by the mobile device to a RAN node
in the RAN.

[0058] Preferably, the mobile device receives a command
message from the RAN; and the mobile device in response to
the command message does at least one of:

[0059] releasing the RRC connection; and
[0060] suspending the RRC connection.
[0061] The command message may bereceived in response

to the sending of the indicator.
[0062] Preferably, the suspending of the RRC connection
includes the mobile device storing RRC connection data for
the RRC connection. The stored RRC connection data is
usable by the mobile device to re-establish the suspended
RRC connection.
[0063] The stored RRC connection data may comprise data
representing one or more of:
[0064] the configuration of radio bearers in the RRC
connection;
[0065] security parameters relating to the RRC connec-
tion and/or to the RRC layer generally and not necessar-
ily specific to the RRC connection that is suspended;

[0066] temporary cell identifiers;

[0067] MAC configuration;

[0068] Physical Layer configuration; and

[0069] Measurement and reporting configuration.
[0070] In one example, the indicator may be sent in

response to a RRC connection suspension criterion being met
at the mobile device.
[0071] Typically, the RRC connection suspension criterion
comprises at least one of:
[0072] the expiry of a timer at the mobile device;
[0073] no user plane data having been received from or
sent to the RAN for a time period;
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[0074] no user plane data being expected to be received
from or sent to the RAN for a period of time;

[0075] astatus of an input function or output function of
the mobile device;

[0076] astatus of one or more applications of the mobile
device; and

[0077] a higher layer indication to an RRC layer at the
mobile device.

[0078] The higher layer indication may be from an appli-
cation layer or from a non-access stratum (NAS) layer.
[0079] Preferably, the mobile device initiates re-establish-
ment of the suspended RRC connection in response to:

[0080] the mobile device generating uplink data via the
user plane of an RRC connection; or

[0081] reception at the mobile device of paging; or

[0082] reception at the mobile device of a notification
that the RAN or a core network (CN) has downlink data
buffered to send to the mobile device.

[0083] The mobile device may be configured to communi-
cate with the RAN in accordance with an LTE or LTE
Advanced protocol.

[0084] The RAN may be configured to communicate with
the mobile device in accordance with the LTE or LTE
Advanced protocol.

[0085] The RAN node or nodes may be eNode B(s).
[0086] Inaccordance with a third aspect there is provided a
method, implemented in a node of a Radio Access Network
(RAN) for use with a mobile device, the method comprising:

[0087] receiving at the RAN node a request from the
mobile device for re-establishment of a radio resource
control (RRC) connection suspended by another RAN
node;

[0088] the RAN node attempting to retrieve RRC con-
nection data relating to the suspended RRC connection;
and

[0089] the RAN node doing one of:

[0090] ifthe RRC connection is valid, sending a con-
nection re-establishment command message to the
mobile device; and

[0091] if the RRC connection is invalid, sending a
connection re-establishment reject message to the
mobile device.

[0092] Inaccordance with a fourth aspect there is provided
a node of a Radio Access Network (RAN) for use with a
mobile device, the RAN node being configured to:

[0093] receive a request for re-establishment of a radio
resource control (RRC) connection suspended by
another RAN node;

[0094] attempt to retrieve RRC connection data relating
to the suspended RRC connection;

[0095] ifthe RRC connection is valid, sending a connec-
tion re-establishment command message to the mobile
device; and

[0096] if the RRC connection is invalid, sending a con-
nection re-establishment reject message to the mobile
device.

[0097] Insome examples, the connection re-establishment
command message may be one of a RRC Connection Rees-
tablishment Command message or a RRC Connection
Reconfiguration message. Other new or existing 3GPP mes-
sages are also possible. Similarly, the connection re-estab-
lishment reject message may be a RRC Connection Reestab-
lishment Reject message. Other new or existing 3GPP
messages are also possible.
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[0098] Typically, the RAN node determines whether or not
the suspended RRC connection is valid by reference to the
RRC connection data.

[0099] The RAN node may determine whether or not the
suspended RRC connection is valid by at least one of:

[0100] determining that a timer has not expired; and
[0101] whether the RRC connection data is retrieved.
[0102] In one example, the RRC connection data is

retrieved from another network component. The other net-
work component is a RAN network component, such as a
RAN node, or a core network (CN) network component, such
as a mobility management entity (MME). However, other CN
network components could possibly used, such as a serving
Gateway (S-GW).

[0103] Inanother example, the RRC connection data could
have been stored, by the other RAN node, in amemory device
in the RAN node and the RAN node retrieves it from the
memory device.

[0104] The RAN node may retrieve the stored RRC con-
nection data and re-establish the suspended RRC connection
in response to the mobile device responding to a paging
request or a notification of downlink data.

[0105] The RAN node may retrieve the stored RRC con-
nection data and re-establish the suspended RRC connection
in response to receiving a re-establishment request message
from the mobile device for re-establishment of the suspended
RRC connection.

[0106] The RAN node or nodes may be configured to com-
municate with the mobile device in accordance with a LTE or
LTE Advanced protocol.

[0107] The RAN node or nodes may be eNode B(s).
[0108] Inaccordance with a fifth aspect there is provided a
method implemented in a node of a Radio Access Network
(RAN) for use with a mobile device, the method comprising:

[0109] a RAN node transmitting radio resource control
(RRC) connection data, relating to a RRC connection
with a mobile device, to at least one other network com-
ponent; and

[0110] the RAN node suspending the RRC connection
with the mobile device.

[0111] Inaccordance with a sixth aspect there is provided a
node of'a Radio Access Network (RAN) for use with a mobile
device, the RAN node being configured to:

[0112] transmit radio resource control (RRC) connec-
tion data, relating to a RRC connection with a mobile
device, to at least one other network component; and

[0113] suspend the RRC connection with the mobile
device.

[0114] The at least one other network component may be a
RAN network component, such as a RAN node, or CN net-
work component such as MME. However, it is possible that
the other network component could be another CN network
component, such as a S-GW.

[0115] The RRC connection data may also be stored at the
RAN node.
[0116] Preferably, the RRC connection data transmitted to

the other network component is usable by the RAN node or
another RAN node to re-establish the suspended RRC con-
nection.
[0117] The RRC connection data may comprise data rep-
resenting one or more of:
[0118] the configuration of radio bearers in the RRC
connection;
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[0119] security parameters, either relating to the RRC
connection or not specific to the RRC connection;

[0120] temporary cell identifiers;

[0121] MAC configuration;

[0122] Physical Layer configuration; and

[0123] Measurement and reporting configuration.
[0124] The RRC connection data may be marked to indi-

cate the suspension of the RRC connection.

[0125] Preferably, the RAN node transmits the RRC con-
nection data to the other network component and suspends the
RRC connection, in response to a suspension criterion being
met.

0126] The suspension criterion comprises at least one of:
P p
[0127] the expiry of a timer at the RAN Node;
[0128] transmission of a message by the RAN node to

the mobile device to instruct release of the established
RRC connection;

[0129] receiving at the RAN node a suspension request
message from the mobile device;

[0130] no user plane data having been received from or
sent to the mobile device for a time period;

[0131] no user plane data being expected to be received
from or sent to the mobile device for a period of time;
and

[0132] a higher layer indication to a RRC layer

[0133] The higher layer indication may be from an appli-
cation layer or a non-access stratum (NAS) layer.

[0134] Typically, the RRC connection data comprises an
identification of the mobile device.

[0135] The RRC connection data may comprise an identi-
fication of a cell serving the mobile device when the RRC
connection is suspended.

[0136] Typically, the RAN node may send a message to
inform any other RAN node or a Core

[0137] Network (CN) node that the RRC connection has
been suspended and the RRC connection data stored in the
other network component.

[0138] Preferably, the RRC connection data is transmitted
to the other network component for storage at the other net-
work component.

[0139] The RAN may be configured to communicate with
the mobile device in accordance with a LTE or LTE Advanced
protocol.

[0140] The RAN node or nodes may be eNode B(s).
[0141] In accordance with a seventh aspect there is pro-
vided a method in a network component, the method com-
prising:

[0142] receiving radio resource control (RRC) connec-
tion data from a first radio access network (RAN) node,
the RRC connection data relating to a RRC connection
between the first RAN node and a mobile device, the
RRC connection being suspended or to be suspended by
the first RAN node; and

[0143] storing the RRC connection data.

[0144] In accordance with an eighth aspect there is pro-
vided a network component configured to:

[0145] receive radio resource control (RRC) connection
data from a first radio access network (RAN) node, the
RRC connection data relating to a RRC connection
between the first RAN node and a mobile device, the
RRC connection being suspended or to be suspended by
the first RAN node; and

[0146] store the RRC connection data.
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[0147] Preferably, the network component may be a RAN
network component or a CN network component. For
example, where the network component is a RAN network
component, it may be a RAN node and where the network
component is a CN network component, it may be a MME.
However it is possible that the CN network component may
be a S-GW.
[0148] The first RAN node may be in a validity area of the
MME where the other network component is an MME.
[0149] Typically, the stored RRC connection data can be
retrieved by a RAN node to re-establish the suspended RRC
connection with the mobile device.
[0150] The RRC connection data can be retrieved by the
first RAN node, the second RAN node or another RAN node
(or third RAN node) to re-establish the suspended RRC con-
nection with the mobile device.
[0151] Preferably, the RRC connection data comprises data
representing at least one of:

[0152] the configuration of radio bearers in the RRC

connection;
[0153] security parameters relating to either the RRC
connection or non-specific to the RRC connection;

[0154] temporary cell identifiers;

[0155] MAC configuration;

[0156] Physical Layer configuration; and

[0157] Measurement and reporting configuration.
[0158] Typically, the RRC connection data comprises an

identification of the mobile device.
[0159] The RRC connection data may comprise an identi-
fication of a cell serving the mobile device when the RRC
connection is suspended.
[0160] Inaccordance with a ninth aspect, there is provided
a method, implemented in a node of a Radio Access Network
(RAN) for use with a mobile device, the method comprising:
[0161] the RAN node sending a connection suspend
command message to a mobile device to suspend a RRC
connection with the mobile device.
[0162] Inaccordance with a tenth aspect, there is provided
a Radio Access Network (RAN) node for use with a mobile
device, the RAN node being configured to:
[0163] send a connection suspend command message to
a UE to suspend a RRC connection with the UE.
[0164] In one example, the connection suspend command
message may be sent in response to a suspension criterion
being met at the RAN node.

€ suspension criterion may be at least one or:
0165] Th pensi iteri y be at 1

[0166] the expiry of a timer at the RAN Node;

[0167] receiving at the RAN node a suspension request

message from the mobile device;
[0168] no user plane data having been received from or
sent to the mobile device for a time period;

[0169] no user plane data being expected to be received
from or sent to the mobile device for a period of time;
and

[0170] a higher layer indication to a RRC layer. The

higher layer may be an application layer or non-access

stratum (NAS) layer.
[0171] The RAN node may receive from the mobile device,
in response to the connection suspend command message, an
acknowledgement message. The acknowledgement message
may include an acknowledgement from at least one ofa RRC
layer or a medium access control (MAC) layer of the mobile
device.
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[0172] The RAN node may release mobility control of the
mobile device to the mobile device, while the RRC connec-
tion is suspended.

[0173] The RAN node may also store RRC connection data
for the RRC connection.

[0174] The RAN node may be an eNodeB.

[0175] According to an eleventh aspect, there is provided a
method, implemented in a mobile device for use with a Radio
Access Network (RAN), the method comprising:

[0176] the mobile device receiving a connection suspend
command message from the RAN instructing the mobile
device to suspend a RRC connection with the RAN; and

[0177] the mobile device, in response to the connection
suspend command message, suspending the RRC con-
nection.

[0178] According to a twelfth aspect, there is provided a
mobile device for use with a Radio Access Network (RAN),
the mobile device being configured to:

[0179] receive a connection suspend command message
from the RAN instructing the mobile device to suspend
a RRC connection with the RAN; and

[0180] suspend the RRC connection in response to the
connection suspend command message.

[0181] The mobile device may send a connection suspend
request message to the RAN requesting suspension of the
RRC connection; and receive the connection suspend com-
mand message from the RAN in response to the connection
suspend request message.

[0182] The connection suspend request message may be
sent in response to a suspension criterion being met at the
mobile device.

0183] The suspension criterion may be at least one of:
P y
[0184] the expiry of a timer at the mobile device;
[0185] no user plane data having been received from or

sent to the RAN for a time period;
[0186] no user plane data being expected to be received
from or sent to the RAN for a period of time;

[0187] astatus of an input function of the mobile device;

[0188] a status of an output function of the mobile
device;

[0189] astatus of one or more applications of the mobile

device; and
[0190] a higher layer indication to an RRC layer at the
mobile device.
[0191] The higher layer may be an application layer or
non-access stratum (NAS) layer of the mobile device.
[0192] The mobile device may, in response to the connec-
tion suspend command message, send to the RAN node an
acknowledgement message.
[0193] The acknowledgement message may include an
acknowledgement from at least one of a RRC layer or a
medium access control (MAC) layer of the mobile device.
[0194] The mobile device may control mobility while the
RRC connection is suspended.
[0195] The mobile device may be configured to communi-
cate with the RAN in accordance with a LTE or LTE
Advanced protocol.
[0196] According to a thirteenth aspect, there is provided a
method, implemented in a node of a Radio Access Network
(RAN) for use with a mobile device, the method comprising:
[0197] the RAN node receiving from a mobile device a
connection re-establishment request message to have a
suspended RRC connection re-established;
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[0198] in response to the connection re-establishment
request message the RAN node sending a connection
re-establishment command message to the mobile
device; and

[0199] the RAN node receiving in response to the con-
nection re-establishment command message a connec-
tion re-establishment complete message from the
mobile device.

[0200] According to a fourteenth aspect, there is provided a
Radio Access Network (RAN) node for use with a mobile
device, the RAN node being configured to:

[0201] receive from a UE a connection re-establishment
request message to have a suspended RRC connection
re-established;

[0202] send a connection re-establishment command
message to the UE, in response to the connection re-
establishment request message; and

[0203] receive, in response to the connection re-estab-
lishment command message, a connection re-establish-
ment complete message from the UE.

[0204] The connection re-establishment command mes-
sage may be one of a RRC Connection Reestablishment com-
mand message and a RRC Connection Reconfiguration mes-
sage.

[0205] The connection re-establishment complete message
may be one of a RRC Connection Reestablishment Complete
message and a RRC Connection Reconfiguration Complete
message.

[0206] The RAN node may be an eNodeB.

[0207] According to a fifteenth aspect, there is provided a
method, implemented in a mobile device for use with a Radio
Access Network (RAN), the method comprising:

[0208] the mobile device sending a connection re-estab-
lishment request message to a RAN to have a suspended
RRC connection re-established;

[0209] the mobile device receiving, in response to the
connection re-establishment request message, a connec-
tion re-establishment command message from the RAN;
and

[0210] the mobile device, in response to the connection
re-establishment command message, re-establishing the
RRC connection with the RAN and sending a connec-
tion re-establishment complete message to the RAN.

[0211] According to a sixteenth aspect, there is provided a
mobile device for use with a Radio Access Network (RAN),
the mobile device being configured to:

[0212] send a connection re-establishment request mes-
sage to a RAN to request re-establishment of a sus-
pended RRC connection;

[0213] receive, in response to the re-establishment
request message, a connection re-establishment com-
mand message from the RAN; and

[0214] re-establish the RRC connection with the RAN
and send a re-establishment complete message to the
RAN, in response to the connection re-establishment
command message.

[0215] The connection re-establishment request message
may be sent in response to a re-establishment criterion being
met at the mobile device.

[0216] The re-establishment criterion may include at least
one of:
[0217] the mobile device generating uplink data via the

user plane of an RRC connection;
[0218] reception at the mobile device of a page;
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[0219] reception at the mobile device of a notification
that the RAN or a core network (CN) has downlink data
buffered to send to the mobile device; and

[0220] the mobile device reselecting to another cell.

[0221] The connection re-establishment command mes-
sage may be one of a RRC Connection Reestablishment com-
mand message and a RRC Connection Reconfiguration mes-
sage.

[0222] The connection re-establishment complete message
may be one of a RRC Connection Reestablishment Complete
message and a RRC Connection Reconfiguration Complete
message.

[0223] The mobile device may be configured to communi-
cate with the RAN in accordance with an LTE or LTE
Advanced protocol.

[0224] Preferably, one or more of the above aspects can be
combined as desired. In addition, features of any aspect may
be combined with another aspect where appropriate.

[0225] Long Term Evolution (LTE) is a Third Generation
Partnership Project (3GPP) standard for wireless communi-
cation network technology. An illustrative example of a wire-
less communication system 100 supporting communications
in accordance with LTE is shown in FIG. 1.

[0226] The following detailed description is set out in the
context of a wireless communication system supporting LTE,
but it should be understood that the applicability of the
present disclosure is in no way limited to LTE. Indeed the
broad concepts of UE-RAN RRC connection suspension and
handling thereof disclosed herein are equally applicable in
other wireless communication systems supporting other tech-
nologies and protocols, whether currently known or not yet
envisaged. In this respect, the disclosure should in no way be
limited to the following illustrative implementations, draw-
ings and techniques, but may be modified and used in other
wireless communication systems without departing from the
scope of the appended claims, due regard being given to all
equivalents.

[0227] LTE describes a plurality of requirements for wire-
less communications systems in evolved or advanced cellular
broadband technologies. Such requirements include provid-
ing an Evolved Universal Mobile Telecommunications Sys-
tem (UMTS) Terrestrial Radio Access Network (E-UT-
RAN)—i.e. RAN 102. As shown in FIG. 1, RAN 102
provides a high-speed radio access technique to support wire-
less communications between UE 101 and one or more BS
acting as nodes of the RAN 102 to meet the increased network
demands, including improving user throughputs and network
capacity, reducing latency, and increasing mobility. The LTE
RAN 102 shown in FIG. 1 comprises one node type acting as
the node base stations (BS)—i.e. evolved Node Bs (eNB)
102a, b, . . . n, advanced LTE equipment that supports an
E-UTRAN air interface, and which can provide at least some
of the functionalities of the BS, wireless access points, and
other systems and devices some of which may be more
evolved than the equivalent equipment in a traditional wire-
less telecommunications system. The term eNB or access
device may be used herein to refer to any device, existing or
advanced, that may be used to gain access to a network. Such
advanced or next generation equipment may be referred to
herein as long-term evolution (LTE) equipment.

[0228] An eNB may support communications with UEs via
one or more cells. A communication between an eNB and a
UE may comprise communication via a single cell of the eNB
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or may comprise simultaneous or non-simultaneous commu-
nication via more than one cell.

[0229] In some implementations, the functionality of an
eNB may be self-contained within one physical node or
entity, whilst in other implementations, said functionality
may be distributed between more than one physical node or
entity with interconnections therebetween.

[0230] As can be seen in FIG. 1, the LTE wireless commu-
nication network 100 provides a Uu radio interface between
the UE 101 and the eNB 1024 of the RAN 102 to facilitate
radio communications therebetween.

[0231] LTE uses an Evolved Packet Core (EPC) network
architecture for the Core Network (CN) 103 to support the
RAN102 (inthe LTE case, the E-UTRAN). Thus, as shown in
FIG. 1, the eNB RAN nodes 102a, 4. . . n form connections
with one or more nodes in the EPC CN 103 (described below).
The EPC network architecture transports protocols such as
Transmission Control Protocol (TCP)/internet Protocol (IP)
for supporting IP based services, such as voice, video, other
media, and messaging, with end-to-end Quality of Service
(QoS). The EPC network architecture also enables improved
connections and hand-over to other fixed-line and wireless
access technologies with improved mobility.

[0232] The LTE Radio Access Network 102 (E-UTRAN)
coupled to an EPC CN 103 may be further coupled to an
external packet data network such as the public internet 104.
[0233] The EPC CN 103 shown in FIG. 1 comprises three
node types—the Serving Gateway (SGW) 103a routes user-
plane data within the core network, the Mobility Management
Endpoint (MME) 1035 handles mobility and connection con-
trol between the UE and the core network, and the Packet
Gateway (PGW) 103c¢ ingress/egress node routes data
between the core network and external networks. During a
communications session between the UE 101, eNB 102a and
CN 103 an ‘S1’ network interface between the RAN 102 and
CN 103 is formed, including a control plane bearer connec-
tion ‘S1-MME’ (sometimes referred to as ‘Slc’) ‘SI-MME’
between the eNB 102a and MME 10354, and a user plane
bearer connection ‘Slu’ between the eNB 1024 and SGW
1034. An S5/S8’ interface between the SGW 103a and PGW
103¢ provides user plane communications therebetween.
MME 1035 may be connected to SGW 103a, for example via
an ‘S11” interface.

[0234] FIG. 2 shows a block diagram illustrating some
example components comprised in an example UE 200 that
can be used in the LTE-enabled wireless communications
system as shown in FIG. 1. The UE 200 may be a wireless
device and its associated Universal Integrated Circuit Card
(UICC) that includes a Subscriber Identity Module (SIM)
application, a Universal Subscriber Identity Module (USIM)
application, or a Removable User Identity Module (R-UIM)
application or the UE 200 might be the device itself without
such a card.

[0235] UE 200 includes multiple components linked by a
communications bus 201. A processor 202 controls the over-
all operation of the UE 200. Communication functions,
including data and voice communications, are performed
through a communication subsystem 204. The communica-
tion subsystem 204 may take the form of modems, modem
banks, Ethernet devices, universal serial bus (USB) interface
devices, serial interfaces, token ring devices, fiber distributed
data interface (FDDI) devices, wireless local area network
(WLAN) devices, radio transceiver devices such as code divi-
sion multiple access (CDMA) devices, global system for
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mobile communications (GSM) radio transceiver devices,
worldwide interoperability for microwave access (WiMAX)
devices, and/or other well-known devices for connecting to
networks. The communication subsystem 204 may enable the
processor 202 to communicate with the Internet or one or
more telecommunications networks or other networks from
which the processor 202 might receive information or to
which the processor 202 might output information. In the
context of FIG. 1, the communication subsystem 204 receives
messages from and sends messages to wireless network 206
which may be the RAN 102 shown in FIG. 1 for voice com-
munications or data communications or both. A power source
208, such as one or more rechargeable batteries or a port to an
external power supply, powers the UE 200.

[0236] The processor 202 interacts with other components
of the electronic device including Random Access Memory
(RAM) 210, mass storage 212 (including but not limited to
magnetic and optical disks, magnetic tape, solid state drives
orRAID arrays), Read Only Memory (ROM) 214 and display
screen 216, which may be, for example, a Liquid Crystal
Display (LCD). An i/o controller 218 sends and receives
signals relative to one or more user control devices, such as a
touch sensitive overlay on the display screen 216 to enable
user interaction with the UE 200.

[0237] The processor 202 executes instructions, code, soft-
ware or computer programs it may access from communica-
tions subsystem 204, RAM 210, mass storage 212 or ROM
214. The processor 202 may comprise one or more data
processing units or CPU chips. The processor 202 may
execute the instructions solely by itself, or in concert with
other locally or remotely provided data processing compo-
nents or other components not shown in FIG. 2. In particular,
the processor 202 is capable of carrying out instructions such
that the UE 200 is operable to perform wireless communica-
tions in an LTE network in accordance with the disclosure set
out below.

[0238] For example, referring to FIG. 3, the processor 202
may carry out instructions to instantiate and maintain a com-
munications manager 301 in RAM 210 that in use operates
the communications subsystem 204 to perform signalling to
interact with RAN 102.

[0239] The communications manager 301 may instantiate,
for example in the RAM 110 of UE 201, an LTE protocol
stack to provide, at the Access Stratum layers of LTE, one or
more of a Radio Resource Control (RRC) signalling layer 302
that is typically responsible for the control of radio related
functions, a Radio Link Control (RLC) signalling layer 303
that is typically responsible for the retransmission of lost data,
a Medium Access Control (MAC) signalling layer 304 that is
typically responsible for controlling access to the Physical
Layer (PHY) 305. Of course, layers of the protocol stack may
be implemented elsewhere, for example the MAC and PHY
signalling may be provided in the UE by firmware or hard-
ware and so not maintained in RAM 110. Indeed, the imple-
mentation of the protocol stack in the UE shown in FIG. 3 is
only one example of many possibilities within the scope of
the present disclosure, and is provided for explanatory pur-
poses only.

[0240] The LTE Physical Layer (PHY) uses advanced tech-
nologies, including Orthogonal Frequency Division Multiple
Access (OFDMA), multiple-input and multiple-output
(MIMO) data transmissions, and smart antennas to meet the
network demands above. The LTE PHY uses OFDMA for
downlink transmissions, for instance from a BS to a UE,
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which can communicate by transmitting signals throughout a
geographical region known as a cell. Additionally, Within one
carrier, the LTE PHY uses Single Carrier Frequency Division
Multiple Access (SC-FDMA) for uplink transmissions, for
instance from the UE to the BS. The OFDMA and SC-FDMA
technologies facilitate an increase in the system capacity and
throughput when performing communications via an associ-
ated spectrum or bandwidth.

[0241] As mentioned above, the LTE system includes pro-
tocols such as a Radio Resource Control (RRC) protocol,
which is responsible for the assignment, configuration and
release of connections and radio resources between the UE
101 and the eNBs 102q, b, . . . n of RAN 102 or other access
or LTE equipment. The RRC protocol is described in detail in
the 3GPP TS 36.331 specifications. According to the RRC
protocol, the two basic RRC connection modes for the UE in
LTE are defined as “idle mode” and “connected mode.”
[0242] During the connected mode or state, the UE 101
may exchange signals with the network and perform other
related operations, including the ability to perform user-plane
communications with the network, while during the idle
mode or state, the UE 101 may shut down at least some of its
abilities and operations, and is no-longer able to perform
user-plane communications with the network. Idle and con-
nected mode behaviours are described in detail in the Third
Generation Partnership Project (3GPP) specifications TS
36.304 and TS 36.331.

[0243] FIG. 4 illustrates the RRC state transitions for LTE.
Transitions between idle mode 401 and connected mode 402
in LTE are effected via explicit RRC connection establish-
ment 403 (or setup) and release 404 procedures and involve
associated signalling overheads. During normal idle mode
procedures, should a need for user plane communications
arise, an RRC connection is established via the currently-
camped cell. The sequence of messages exchanged during a
normal RRC connection establishment to transition between
idle mode and connected mode in LTE is shown in FIG. 5. If
the connection is UE-originated, an RRC connection request
message is sent (initiated using the PRACH random access
channel) by UE 101. Conversely, if the connection is net-
work-originated, the MME 103aq first requests for all eNBs
102a, b. . . n within the known tracking area to send a paging
message to the UE 101 in order to stimulate the UEs sending
of an RRC connection request message. Within the Con-
nected Mode 402, UE 101 may implement DRX procedures,
these being controlled within the Medium Access Control
(MAC) layer. The DRX pattern is defined via the use of
multiple timers and processes that may be triggered by data
activity or other events. However, the overall degree of DRX
may be conceptualised to exist in one of three predominant
modes, wherein one of these modes may be in use at any one
time. It is therefore possible to consider these DRX modes as
MAC sub-states of the RRC connected mode 402, each asso-
ciated with a DRX level:

[0244] Continuous Reception 402a: No DRX—the
receiver of UE 101 is always on and ready to receive user
plane data over the RRC connection.

[0245] Short DRX 40254: The UE is allowed to turn off its
receiver (sleep, or DRX) for all but M out of N sub-
frames (where a sub-frame is a 1 ms unit of transmission
time in the LTE system), where M is a small value, such
alor2,and N is a relatively small value, such as 8.

[0246] Long DRX 402¢: The UE is allowed to turn off its
receiver (sleep, or DRX) for all but M out of N sub-
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frames, where M is a small value, such a 1 or 2, and N is
a relatively large value, such as 256.

[0247] For correct system operation it is important that both
the eNB 102¢ and the UE 101 are synchronised as to which
sub-frames are categorised as DRX (the UE 101 may sleep)
and which are not (the UE 101 may not sleep). To enable such
co-ordination, inactivity timers may be configured (in both
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by the network, the UE 101 is instructed to move to
another cell or frequency. Thus, in connected mode 402,
measurement reports may be sent relatively frequently
and the network is aware of the UE’s location with finer
granularity (to the cell level).

[0252] The RRC and MAC/DRX sub-states for LTE are
summarised in Table 1 below.

TABLE 1
LTE Radio Access Core Network
RRC/MAC  Bearers Bearers Radio
State/sub-  Established Established Resources  Location Mobility
state (Uu, S1) (S5/88) Available  Accuracy Control DRX
Connected, Yes Yes Yes Cell Network No
Cont. Rx
Connected, Yes Yes Yes Cell Network Short sleep
Short DRX (return to
continuous)
Connected, Yes Yes Yes Cell Network Long sleep
Long DRX (return to
continuous)
Idle No Yes No Tracking UE  Longsleep
Area
the UE 101 and the eNB 102a) in order to implicitly control [0253] As will be evident from the description below, the

(i.e. without signalling commands or orders) transitions
towards Connected-Mode DRX sub-states with increased
DRX. In addition, MAC commands may also be used by the
network (sent from eNB 102a to the UE 101) in order to
explicitly direct a transition to an increased DRX sub-state.
[0248] When in the connected mode 402, any communica-
tion of new user plane data typically results in a transition to
the continuous reception sub-state 402q for a period of time
determined by the ongoing packet data activity and an inac-
tivity timer known as the DRX-InactivityTimer. Each new
data packet resets the DRX-InactivityTimer to a preconfig-
ured value and when the timer expires, a transition from
continuous reception 402a to one of the DRX sub-states
4025, 402¢ is made.

[0249] Inthe LTE system, the mechanisms used to control
UE mobility between cells of the network differs between the
idle 401 and connected 402 modes:

[0250] In idle mode 401, mobility is UE-controlled (i.e.
the UE 101 performs cell selection and reselection pro-
cedures as per 3GPP Technical Specification 36.304 and
in accordance with related configuration parameters set
by the network). Following selection or reselection of a
new cell by the UE 101, the UE 101 will inform the
network of its new location only if the new cell belongs
to a tracking area that is different from the tracking area
of'the previous camped cell. A tracking area is a group of
cells—which cells belong to which tracking area is
dependent upon network configuration. Thus, in idle
mode 401, mobility reports are only seldom sent by the
UE 101, and the network is aware of the UE’s location
with relatively coarse granularity (tracking area level as
opposed to cell level).

[0251] In connected mode 402, the UE 101 performs
measurements of other cells (on the same or other fre-
quencies) according to the configuration sent to the UE
101 by the network in measurement control messages.
The measurements are reported by the UE 101 to the
network wherein they are used by the network to make
handover decisions. Subsequent to a handover decision

present disclosure sets out a method, usable in, for example,
an LTE wireless communication network, of suspending an
RRC connection such that at least user plane communications
between the UE and eNB are disabled (i.e. not able to be
transmitted or received by the UE and the eNB), but in which
the suspended RRC connection can be efficiently reactivated
such that communications between the UE and eNB are
resumed across the same ‘established’ RRC connection, with-
out a new RRC connection having to be created. This provides
significant advantages for wireless communications systems
for the following reasons.

[0254] Some applications running on UEs may generate
traffic that requires the provision of transmission resources
only infrequently or for short periods of time. Traffic of this
nature may be characterised as ‘bursty’ or ‘sporadic’ and may
involve extended periods of time with little or no data activity.
When handling such traffic within the system, frequent RRC
state transitions from idle mode 401 to connected mode 402
for the UE 101 would each involve significant signalling
exchanges between the UE 101 and the RAN 102, and/or
between the RAN 102 and the CN 103. The signalling may for
example be needed to:

[0255] 1. establish or reconfigure Radio Bearers (e.g.
over the Uu interface between the UE 101 and the RAN
102),

[0256] 2. establish or reconfigure other bearers, bearer
segments, or communication paths (e.g. the S1 bearer(s)
between an LTE eNB 1024, 4. . . » and the SGW 1034,
or the S5/8 bearer(s) between the SGW 103a¢ and PGW
1030),

[0257] 3. carry out security procedures to establish
secure communications,

[0258] 4. establish or reconfigure physical radio
resources to be used for or during the connection and/or,

[0259] 5. configure other parameters related to operation
within the RRC connected mode.

[0260] If, for reasons of network efficiency, the UE 101
were kept always in RRC connected mode 402 while han-
dling such traffic, such that repeated state transitions and the
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related network messaging overhead described above were
avoided, this could lead to high power usage and shorter
battery life for the UE 101 due to the relatively high power
requirements of being always on in RRC connected mode
402. This is partly because in RRC connected mode 402
mobility is always network controlled at the cell level (which
involves measurement reporting from the UE). In addition,
although DRX cycles (controlled by the MAC layer) may be
employed to reduce UE power consumption during times of
data inactivity, mobility still remains network controlled and
also, the connected-mode DRX configuration is set by the
network and may not provide the UE with power consump-
tion comparable to that of idle mode 401. Furthermore, some
radio transmission resources may be assigned, reserved or
used by the UE for control signalling purposes when in con-
nected mode even though there may be no immediate user-
plane data for transmission. The connected mode DRX sub-
state may thus exhibit excessive power consumption for the
UE 101 or inefficient use of system resources for the RAN
102, whilst a transition to idle mode 401 (and subsequently
back to connected mode 402 on resumption of data activity)
may incur significant signalling overheads to execute.

[0261] As will be evident from the following description,
suspending the RRC connection, as set out in the present
disclosure, provides advantages over these two techniques of
controlling wireless communication systems particularly
during so-called ‘bursty’ or sporadic data transter to UEs (i.e.
repeated state transitions or of holding the UE in a DRX
sub-state of connected mode 402), such that, in the present
disclosure, network traffic and power consumption can be
relatively low, and battery life can be relatively high.

[0262] Inthepresentdisclosure, rather than a UE 101 thatis
in a connected mode 402 but which is temporarily inactive
(i.e. due to no immediate data transfer being needed during an
inactive time period of bursty or sporadic communications)
transitioning to an idle mode 401 or to a connected mode
DRX sub-state 402a, 4025, the UE 101 instead is configured
to perform UE controlled mobility (UE autonomous cell
selection/reselection) and DRX procedures as if it were in
idle mode (the idle mode configuration is reused thereby
obviating the need for a new RRC state definition or configu-
ration). However, whilst behaving as if in idle mode, the RRC
connection for the UE may be considered to be “suspended”
(as opposed to released). The difference between an RRC
suspension and an RRC release is that some or all of the RRC
connection information or RRC contextis not discarded butis
instead stored at a network component in either the radio
access network (RAN) or the core network (CN), such as at
one or more eNBs 102 and/or mobility management entity
(MME) 1035 and/or stored at the UE 101.

[0263] The stored (suspended) RRC connection informa-
tion may comprise, for example, one or more of: parameters
relating to the current configuration of radio bearers, radio
resources, temporary cell identifiers, security parameters or
keys, MAC configuration, physical layer configuration and
measurement and reporting configuration. The RRC connec-
tion information or RRC context information) may also con-
sist of data related to the RRC layer or other layers such as the
physical layer, MAC layer, RL.C layer, and PDCP layer. The
security parameters or keys may, for example, include the
K, smes Kenb, KRRCenc, KRRCint, KRRCUPenc, integrity
algorithm, encryption algorithm, and radio bearer COUNT
values. Thus one or more components of a radio connection
“context” still exist in memory within a network component
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and UE 101, but these may be labelled as ‘inactive’, ‘dor-
mant’ or ‘suspended’. This may mean that one or more of the
stored RRC connection parameters may not be used for
immediate user plane communications between the UE 101
and the eNB 102q without first executing one or more of: a
step of determining their current validity, a step of reactivat-
ing or re-establishing the connection via a cell of the radio
access network in order to return to the normal connected
mode from the suspended state.

[0264] When a RRC connection is suspended, components
of the RRC context data may be stored or maintained in the
UE and/or network. The criteria for triggering or initiating a
connection suspension, may be linked to the activity or profile
of the data resulting from one or more applications running,
open or in use on the device. This may include estimations,
predictions or measurements of the data volume or data rates
required by the radio connection or by one or more applica-
tions, It may further comprise estimations, predictions or
measurements of packet arrival or inter-arrival times.

[0265] The criteria for triggering may also be linked to a
status of the UE or of a mobile device connecting to the RAN
via the UE. Aspects of the UE status may include one or more
of:

[0266] A degree of user interaction with the device, for
example whether a keyboard of the device has been
recently touched, the status of a screen or screen back-
light, whether a touchscreen has been recently touched,
the status of other user input devices or devices respond-
ing to user input gestures

[0267] The execution status of running applications,
including whether or not the applications are open, run-
ning in the foreground or background, stored in a sus-
pended or hibernated state in memory

[0268] The protocol status of running applications,
including whether or not acknowledgements or replies
from a peer entity are pending and whether further data
exchange is expected for example within a time period

[0269] In yet further alternatives, the criteria for triggering
may be linked to an application activity, application type,
application label, or application identifier, The criteria for
triggering may further be linked to an application status or
characterisation, such as whether or not the application is
running in a background mode of communication. A back-
ground mode of communication may comprise a state
wherein the current Quality of Service (QoS) requirements
may be relaxed from a normal QoS level for example due to
an absence of recent user interaction with the device, or due to
a latency tolerance of the application data.

[0270] The criteria for triggering may also be linked to a
mobility condition of the UE, for example, to a speed of
motion or to a recent, current or expected number of cell
changes per unit of time. At higher speeds it may be desirable
to trigger (or to more readily trigger) a transition to the RRC
suspended state in order to avoid the need for network-con-
trolled handover procedures and the signalling overheads
associated therewith, Received or reported radio conditions
such as signal to noise or signal to interference ratios, signal
power or quality estimates, or the pathloss between a node
within the RAN and the UE may also form part of the criteria
used to initiate a suspension of an RRC connection.

[0271] The decision to initiate the suspension of the con-
nection can be made either at a higher layer such as an appli-
cation manager, operating system controller or manager func-
tion, the NAS (non-access stratum) level or at an AS (access
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stratum) level such as the RRC, MAC or physical layer level
with inputs from user plane entities, or from device input/
output functions, from radio receiver or signal processing
functions or from applications.

[0272] The eNB is typically in control of connection sus-
pension although the suspension may be initiated by either
the UE or the eNB. In the UE initiated case, the eNB may take
a decision to suspend a connection following a request for
suspension received from the UE. However, the eNB could
also decide not to suspend the RRC connection following a
request for suspension from the UE or decided to release the
RRC connection. This could occur, for example, because the
eNB is aware of something that the UE is not aware of, such
as downlink user plane data for the UE. In the eNB initiated
case, the eNB may decide to suspend the UE’s connection
without receiving a suspension request from the UE.

[0273] RRC connection suspension can happen in one of
two ways,

[0274] a. Implicitly by associating a suspension with
another event or trigger, this usually (but not necessar-
ily) being commonly known to both the UE and the eNB.
The suspension may occur at the same time as the other
event, or may occur at a time linked to the other event, for
example by means of a a timer or timer expiry. The
implicit suspension may occur in either the UE and/or
the eNB or

[0275] b. By using explicit signalling exchanged
between the UE and the eNB (or vice versa)

[0276] Insome embodiments, should a need for user plane
communications arise for a UE with a suspended RRC con-
text, the RRC connection may only be used (by the network or
UE as appropriate) following a precursory check as to
whether the suspended RRC connection or associated sus-
pended RRC context is currently valid. A valid suspended
RRC context is one which may potentially be freed from
suspension (i.e. ‘reactivated’ or re-established) without the
need to release the RRC connection and establish a new one.
Thus, if the RRC context is deemed ‘valid’, the UE 101 or
eNB 102¢ may initiate reactivation or re-establishment pro-
cedures instead of procedures that establish a new RRC con-
nection (and which would not utilise the stored RRC context
data). A valid RRC context that has been freed from suspen-
sion is again ready for use such that user plane communica-
tions between the UE 101 and eNB 102a may be resumed
without the need for extensive RRC release, establishment or
setup procedures. The set of cells on which the RRC context
is deemed ‘valid’ is termed a validity area. Within the validity
area, the UE or network may initiate or attempt reactivation or
re-establishment procedures for a previously-suspended
RRC connection.

[0277] The set of cells in which the UE deems the RRC
context is valid may be the same as or different from the set of
cells in which the network deems the RRC context to be valid.
Thus the UE’s validity area may be the same as or different
from the networks validity area. If either the UE or the eNB
attempts to reactivate or re-establish the suspended RRC con-
text in a cell where the peer entity (eNB or UE) does not deem
the RRC context to be valid, then the reactivation or re-
establishment may not be successful and the a new RRC
connection may be established.

[0278] An “RRC-reactivation” or “re-establishment” mes-
sage or procedure is required to reactivate a previously-sus-
pended RRC connection and to allow user plane data to be
transferred (using part or all of the previously-stored RRC
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connection configuration). This procedure may be carried out
either within the cell in which the RRC connection was pre-
viously suspended (the ‘suspension cell’), or within a new
cell. Similarly, the procedure may be carried out in commu-
nication with an eNB to which the UE was connected when
the RRC connection was previously suspended (the ‘suspen-
sion eNB’), or in communication with a new eNB.

[0279] Insome cases, a suspended RRC connection may be
reactivated (or re-established) without modification to the
RRC context, its configuration or its parameters. In this case,
the RRC connection may be reused in order to continue to
handle the user plane communications. This scenario may be
more likely if the reactivation or re-establishment procedure
is carried out within the suspension cell, or within a cell
controlled by the suspension eNB. This is particularly useful
when handling bursty-type data traffic, and can conserve
power and keep control plane traffic associated with RRC
connection handling low. In other cases, one or more compo-
nents of the stored RRC context may need to be updated
during the reactivation or re-establishment procedure. This
scenario may be more likely if the reactivation or re-estab-
lishment procedure is carried out within a cell other than the
suspension cell, or within a cell that is not controlled by the
suspension eNB.

[0280] In yet further cases, it may not be possible or
allowed to reactivate or re-establish a suspended RRC con-
text. The criteria that govern whether a suspended RRC con-
text may be reactivated or re-established may be pre-estab-
lished within a standard or may be provided via a
configuration step to the UE, an eNB or to another network
entity. A decision may also be taken not to reactivate or
re-establish a suspended RRC context if it is determined that
many components of the stored RRC connection would
require updating. In this case, normal RRC connection estab-
lishment procedures may be followed as in the case of a
normal idle mode UE (i.e. RRC connection setup following
either a random access or paging procedure).

[0281] A simplified view of this RRC reactivation process
is shown in the flow chart of FIG. 7.

[0282] This may be contrasted to the normal RRC connec-
tion setup procedures from idle mode shown in FIG. 6, where
no RRC suspension functionality is provided in the wireless
communication network. By comparing the flow chart of
FIG. 7 with FIG. 6 it can be seen that, in accordance with the
present disclosure, subsequent to the suspension of an RRC
connection, when a need for user plane data communication
arises and it is determined that a suspended RRC connection
or associated suspended RRC context is ‘valid’, the RRC
connection can be successfully reactivated by an RRC con-
nection reactivation or re-establishment process before the
user plane data may be transferred. Optionally, various RRC
connection/context validity criteria may first be checked in
the UE 101 or the eNB 102g or in both before the RRC
connection reactivation or re-establishment process is trig-
gered. Also due to the fact that a valid S1 interface must also
exist prior to communication of user plane data, nodes of the
CN 103 (such as the MME 1035) may also be involved in
checking the validity status of the suspended RRC connection
when reactivation is required. Examples of validity criteria
that may be employed as inputs to the decision process are
listed below:
[0283] Whether the UE 101 is currently camped on the
same cell as the cell to which it was connected when the
RRC context was suspended. Typically, an RRC con-
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figuration applies on a per cell basis and it may be the
network policy that the context only remains valid if the
cell hasn’t changed. Note that this does not exclude the
possibility for the UE 101 to have moved out of the cell
in which the RRC context was suspended, and back in
again to the same cell. In these cases the RRC context
may still be reactivated and is considered a valid sus-
pended RRC context.

[0284] Whether the UE 101 is currently camped on the
same group of cells as the group of cells to which it was
connected when the RRC context was suspended. An
eNB 1024, b. .. n would typically support multiple cells,
allowing for significant co-ordination between those
cells at the radio resource management and RRC level
without the need for standardised interfaces. Thus a
UE’s RRC context information may be visible to a group
of cells (such as in the same eNB 102a, 4. .. #) and an
operator or network vendor may choose to coordinate
some aspects of the RRC configuration between them.
This could enable an RRC connection that was sus-
pended within one cell under an eNB 102a to be reacti-
vated or re-established under another cell of the same
eNB 102a. In scenarios such as this, knowledge of
whether a UE 101 is still attached to the same eNB 1024,
b . .. n (or other defined group of cells) may be useful
when checking whether such a reactivation is possible or
allowable. The group of cells may alternatively com-
prise a tracking area. In a further alternative, each of the
group of cells in which the RRC context is deemed valid
may not be controlled by the same eNB 1024, 5. . . n. In
this case, there may be a need for the RRC context
information to be transferred from an ‘old eNB’ (the
eNB responsible for the previous suspension) to a ‘new
eNB’ (the eNB controlling the cell in which the UE is
located at the time of the attempted reactivation or re-
establishment). This transfer of RRC context informa-
tion would be needed in order to complete the reactiva-
tion or re-establishment process with the new eNB.

[0285] Whether an elapsed period of time since the RRC
connection was suspended is lower than a predeter-
mined timer expiry threshold. The system may wish to
restrict the length of time for which an RRC connection
may be retained in the suspended state. Suspended con-
nections with an age beyond a preconfigured value are
no longer considered valid.

[0286] As described above, in accordance with the present
disclosure a UE 101 in a temporarily-inactive connected
mode (i.e. having a ‘suspended’ RRC connection) performs
UE-controlled mobility (UE autonomous cell selection/rese-
lection) and DRX procedures as if it were in idle mode, and
during this time the RRC connection for this UE may be
considered to be “suspended” (as opposed to released). How-
ever, the condition or state of the UE during this time may of
course be viewed in different ways, for example:

[0287] 1. The UE 101 may be viewed as being in idle
mode (as it performs UE-controlled mobility and idle
mode DRX procedures) but with some or all of the
configuration associated with its most recent RRC con-
nection remaining stored to allow quick and efficient
reactivation or re-establishment of the old RRC connec-
tion under certain circumstances.

[0288] 2. The UE 101 may be viewed as remaining in the
RRC connected mode but being configured to perform
UE-controlled mobility and DRX procedures similar to
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idle mode. All or most of the RRC connection informa-
tion remains stored in the UE 101 while some parts of the
RRC configuration may be released.

[0289] 3. The UE 101 may be viewed as remaining in the
RRC connected mode but being placed in a new state or
sub state or mode in which it performs UE-controlled
mobility and DRX procedures similar to idle mode. All
or most of the RRC connection information remains
stored in the UE 101 while some parts of the RRC
configuration may be released.

[0290] Indeed, it is not intended that the present disclosure
is limited to the UE being considered in the connected mode
but with the RRC connection ‘suspended’. Rather the present
disclosure sets out a methodology of handling RRC connec-
tions between a UE and a RAN, and the UE-related connec-
tions between the RAN and the CN such that transfer of user
plane data between the UE and RAN is disabled and the data
representing the RRC connection is stored such that user
plane data transfer can later be resumed (on the same cell/
eNB or on a different cell/eNB) using the same ‘established’
RRC connection without that RRC connection being
‘released’ (i.e. abandoned) and without a new RRC connec-
tion needing to be created. This methodology can be utilised
not just in wireless communication systems supporting LTE,
but also in other wireless communications protocols.

[0291] The methods associated with implementing and
supporting the RRC Connection suspension and reactivation
procedures of the present disclosure will now be described in
more detail, including some alternatives and variants that are
possible. The procedures associated with RRC Connection
suspension and reactivation can be divided into four aspects
which are described in the following sections:

[0292] RRC Connection Process

[0293] Processes handling mobility (i.e. procedures as
the UE moves) during RRC Connection Suspension

[0294] Processes handling receipt of downlink (DL) data
during RRC connection suspension

[0295] Processes handling a suspended RRC Connec-
tion to resume Uu data transfer

[0296] The methods and other modes of operation
described herein of the UE 101, eNB 102a, 5. . . n, SGW
103a, MME 1035 and other CN nodes within the scope of the
present disclosure may be provided at least in part by one or
more processors within the UE 101, eNB 1024, 5. . . n, SGW
103a, MME 1035 and other CN nodes executing machine
readable instructions to configure them to function accord-
ingly to carry out said methods. The instructions may be
provided as computer software products. Each computer soft-
ware product may be provided in, on or supported by a com-
puter readable medium which could be provided as all pos-
sible permanent and non-permanent forms of computer
readable medium either transitory in nature, such as in a data
transmission signal for example sent over the internet, or
non-transitory in nature such as in a RAM or other, non-
volatile storage. On the other hand the computer readable
medium may be a non-transitory computer readable medium
comprising all computer-readable media, with the sole excep-
tion being a transitory, propagating signal.

RRC Connection Suspension Process

[0297] Inthe UE 101, when the RRC Connection suspen-
sion occurs the UE 101 may be configured to perform idle
mode mobility and paging reception procedures while keep-
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ing stored for possible re-use some or all of its RRC context
information. The stored RRC context information may
include the following:

[0298] The configuration of Established Data Radio
Bearers (DRBs) and Signalling Radio Bearers (SRBs)
including, for eachradio bearer, the PDCP configuration
and current state (e.g. counter values, etc) and the RLC
configuration and status (e.g. counter values, etc).

[0299] Security configuration and state (e.g. cipher and
integrity algorithm, counter values, etc)

[0300] Measurement reporting configuration.

[0301] Lastused cell identity and cell specific user iden-
tity (C-RNTI—*“Cell Radio Network Temporary Identi-
fier”)

[0302] In addition, the stored RRC context may also
include other information such as (but not limited to) con-
figuration information or parameters relating to any alloca-
tion of radio resources, MAC configuration, physical channel
configuration or physical layer configuration data.

[0303] In the network, when the RRC Connection Suspen-
sion occurs, one or more eNB’s such as eNB’s 102a and 1025
and/or an MME 1035 store for possible re-use some or all of
the UE’s RRC context information. The RRC context infor-
mation stored in the network should correspond to that stored
in the UE 101. In addition, there are two main alternatives to
the network side suspension procedure depending on whether
the eNB informs the CN about the suspension at the time it
occurs:

[0304] RRC Connection Suspension Alternative A-CN not
Informed of Suspension

[0305] If the CN 103 is not informed of the suspension
(by either the UE 101 or the eNB 102a), the S1 user
plane between the S-GW 1034 and the eNB 1024 will
remain active and any inbound network-originated data
will be forwarded by the S-GW 103a over the S1 to the
corresponding eNB 102¢ where it would need to be
buffered pending delivery to the UE 101. It is then the
responsibility of the eNB 102a to contact and deliver the
data to the suspended UE 101. If the suspended UE RRC
context is found to be invalid at this time (e.g. because
the UE has moved or reselected to another cell without
informing the network), the eNB 102a would need to
initiate additional procedures (involving other eNBs
such as eNB 10256 and/or the CN 103) to locate the UE
101 and to route the data to the correct eNB 1026 .. . n
and onward to the UE 101 (procedures for contacting the
UE 101 in this situation are discussed below). Alterna-
tively, rather than routing data on towards the correct
eNB 1025 ... nonce the UE 101 is located, the data may
be discarded and higher layer protocols (for example,
TCP/IP) may instead be relied upon to ensure eventual
delivery.

[0306] RRC Connection Suspension Alternative B-CN
Informed of Suspension

[0307] Ifthe CN 103 is informed of the suspension (e.g.
by either the UE 101 or the eNB 102a), it may optionally
take action to also suspend the S1 user plane between the
S-GW 103a and the eNB 102a. The S1 user plane sus-
pension may only affect the way that the S-GW 1034
treats DL user data arriving in the S-GW 103a. Hence, in
this case it may be considered as just a DL S1 user plane
suspension such that any inbound network-originated
data is buffered at the S-GW 1034 pending delivery to
the UE 101. It is then the responsibility of the CN 103
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(i.e. MME 1035 and/or S-GW 1034) to identify the
location of the UE and to subsequently contact and
deliver the data to the suspended UE 101. It is also
possible that the CN 103 does not suspend the S1 user
plane for a UE 101 upon having been informed of a
suspension of the UE’s RRC Connection.
[0308] The CN 103 would typically be notified of a suspen-
sion through receipt of a notification message from the eNB
102a. It is also possible that the UE 101 could inform the CN
103 of a connection suspension (e.g. following its receipt of a
suspend message from the eNB 102a), although this may be
less preferable due to the fact that this would involve addi-
tional signalling over the air interface.
[0309] A CN node (e.g. MME 1035 and/or S-GW 103a)
may maintain a validity indicator for each UE (effectively this
may relate either to whether an active S1 user plane exists for
the UE, or to the current validity status of a suspended S1 user
plane for the UE). This indicator may be set based upon one
or more separate sub-criteria such as location-based criteria
or timer-based criteria. The location-based validity criteria
may involve for example recording a cell or eNB 1024, 5. . .
n from which the RRC suspend notification was initially
received and setting the location validity indicator to TRUE if
the currently-known location of the UE 101 matches the
validity criteria, and setting the location validity indicator to
FALSE otherwise. The timer-based validity criteria may
involve setting a timer-based validity indicator to TRUE if an
elapsed time since the RRC connection suspension (or S1
connection suspension) is lower than a threshold value and to
FALSE otherwise. By means of example, the overall validity
criteria may comprise setting an overall validity indicator to
TRUE if both the location validity indicator and the timer-
based validity indicator are TRUE, and setting the overall
validity indicator to FALSE otherwise.
[0310] An example message sequence chart of events
related to an RRC Connection suspension is shown in FIG. 8.
Steps E-G of the process described below (but not all shown
in FIG. 8) are only carried out if the CN 103 is informed of the
suspension (otherwise these steps are omitted). The steps of
the RRC connection suspension process shown in FIG. 8 can
be described as follows:

[0311] A.A UE 101 is in connected mode.

[0312] B. Criteria triggering a suspension of the UE’s
RRC Connection are determined to have been met. The
determination may be made either by the UE 101 or by
the eNB 102a, or by both the UE and the eNB. If the
determination is made by the UE 101, the UE may send
an RRC connection suspend request message to eNB
102aq.

[0313] C.The UE’s RRC Connection is suspended. This
may be achieved via implicit mechanisms such as the
expiry of an inactivity timer in both the eNB 1024 and
the UE 101, or via explicit mechanisms such as the
sending of a message or command from the eNB 1024 to
the UE 101 to instruct the suspension of the RRC Con-
nection. In the implicit case, the eNB 1024 and UE 101
enter the suspend state at approximately the same time
but no suspend message need be sent.

[0314] D. The UE 101 and eNB 102a suspend the RRC
connection. The Uu connection is effectively ‘deacti-
vated’ such that no user plane data is transferred between
the eNB 1024 and UE 101 but RRC connection infor-
mation is stored by both the UE 101 and the eNB 102a.
In some cases (not shown), the RRC connection infor-
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mation may also be forwarded by eNB 1024 to another
eNB within RAN 102, or to a node within the core
network 103, such as MME 1035. The UE 101, however,
continues to monitor for paging or notification of down-
link data (see below).

[0315] E. The eNB 102a¢ may optionally send an S1
user-plane suspend message to the MME 1035 and/or
SGW 103a (possibly via the MME) to inform the CN
103 of the RRC suspension. The message may include
fields to identify the one or more UEs and possibly
bearer identifiers that have been suspended.

[0316] F. The MME 1035 may deactivate (but store in
memory) the existing SI-MME (S1c) bearer context
associated with the UE 101. ‘Deactivating’ is understood
here to mean that data ceases to be transferred over the
bearer.

[0317] G. The SGW 103a deactivates (but stores in
memory) existing S1-u user plane bearer contexts asso-
ciated with the UE. Again, ‘deactivating’ is understood
here to mean that data ceases to be transferred over the
bearer.

[0318] Specific actions taken by the CN 103 in response to
receipt of an S1 suspend may therefore include:

[0319] Deactivating (but storing, pending reactivation)
one or more S1 user plane and/or S1-MME bearer con-
texts in the SGW 1034 and MME 1035 respectively, or
in eNB 102a

[0320] Buffering of any network-originated user data at
the SGW 103a pending resumption of the S1 user plane

[0321] Monitoring for inbound tracking area or other
location/cell updates at the MME 1035 from the UE
who’s RRC connection has been suspended (in order to
assist with determining validity status in the event of a
need for reactivation)

[0322] In order for the RRC Connection suspend process
above to be used, both the UE 101 and the network of the
wireless communication system need to be configured to
support this functionality. An RRC Connection suspension
support indicator may be included in a UE capabilities mes-
sage that is transferred from the UE 101 to the network.
Alternatively, support for RRC connection suspension in the
UE may be implicitly inferred by the eNB as the result of the
UE indicating support for another (but associated) feature or
UE capability within the UE capability message. As a further
alternative the support for RRC connection suspension in the
UE may be implicitly inferred by the eNB as the result of the
reception of an RRC Connection Suspend Request message.
Ifthe eNB determines that the UE supports the RRC Connec-
tion suspend functionality then the eNB 1024 can choose to
configure the UE 101 with appropriate parameters to trigger
implicit suspension (e.g. via configuration of a suspension
timer value) or the eNB 102a can choose to send the explicit
RRC Connection suspend message. eNB 102¢ may also
choose to configure the UE 101 such that RRC suspension
procedures or components of the RRC suspension behaviours
are either allowed or disallowed.

Processes Handling Mobility During RRC Connection
Suspension

[0323] On suspension of a UE’s RRC connection, the UE
101 performs cell selection and reselection in a similar man-
ner to that of a normal idle mode UE 101 (i.e. the UE 101
follows the general mobility procedures of 3GPP TS 36.304).
However, if location-based validity criteria are used, then the
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UE 101 can be aware when the UE 101 selects/reselects a cell
in which its suspended RRC Connection is not valid (e.g. a
cell where the suspended RRC context may not be reactivated
or re-established).
[0324] Anexample is shown in FIG. 9 where the UE 101 is
initially on Cell A under eNB1 102a (point 1). The RRC
Connection is suspended. The UE 101 reselects from Cell A,
under eNB1 102a, to Cell B, also under eNB1 1024 (point 2).
It is possible that cells A and B lie within the validity area, and
cell C lies outside the validity area. As the UE moves from cell
A to cell B, from the location based validity criteria, the UE
101 knows that its suspended RRC Connection is still valid
and hence need take no action. The UE 101 then reselects
from Cell B to Cell C which is under a different eNB, i.e.
eNB2 1025 (point 3). From the location based validity crite-
ria, the UE 101 knows that its suspended RRC Connection is
no longer valid at point 3. At this point (crossing a validity
area boundary), there are two main alternative mobility han-
dling processes for how the UE 101 acts during RRC connec-
tion suspension. The UE 101 may be configured to only
perform one of the following methods, or selectively perform
either method.
[0325] Mobility Alternative A—Do not Inform the Net-
work that the UE is Outside of the Area where its Suspended
RRC Connection is Valid
[0326] Although at point 3 the UE 101 is aware that it is
outside the area where it knows its suspended RRC
Connection is valid, the UE 101 does not initiate any
signalling towards the network. Instead, the UE 101
continues to perform UE-based mobility and paging
reception procedures and continues to keep its stored
RRC Context Information. In mobility alternative A, as
long as the UE 101 remains within a registered tracking
area (TA) of cells then cell reselections do not trigger any
signalling towards the network (i.e. the network is not
made aware of the reselections). However, the UE 101
would still need to perform a Tracking Area Update
(TAU) if it moved outside of its registered TA(s), just as
it would have to do if it were in idle mode. A TA would
typically cover many cells and many eNBs 1024, b, . . .
n. The RRC Context Information remains stored in the
UE 101 and one or more RAN or CN nodes such as eNB
102, eNB 10256, or MME 1035, so that parts or all of it
can potentially be used if; at the time that data activity is
resumed, the UE 101 has returned to a cell where the
suspended RRC Connection is valid. Depending on the
validity area, the cell or eNB on which the suspended
RRC connection is reactivated may be the same or dif-
ferent to the cell or eNB on which the RRC connection
was last suspended.
[0327] Mobility Alternative B—Inform the Network that
the UE is Outside the Area Where its Suspended RRC Con-
nection is Valid
[0328] When, at point 3, the UE 101 is aware that it is
outside the area where it knows its suspended RRC Connec-
tion is valid, the UE 101 in this alternative initiates some
signalling to inform the network. Under mobility alternative
B, the signalling procedures adopted by the UE 101 can, for
example, be one of the following three variants:
[0329] Signalling Variant 1—Discard Suspended RRC
Connection, Perform NAS Procedure and Return to Idle.
[0330] On the new cell under eNB2 1025, in this variant
the UE 101 discards its suspended RRC connection and
performs signalling by initiating a Non Access Stratum
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(NAS) procedure (e.g. an LTE ‘TAU’ procedure). This
may be an unmodified TAU procedure or may be a TAU
procedure modified to include a cause value indicating
the reason for sending the TAU (i.e. the UE has identified
that the suspended RRC connection is no longer valid).
This TAU procedure causes the MME 1035 to release
the S1 connection to eNB1 1024 and the eNB1 102a to
release the suspended RRC Connection. At completion
of the TAU procedure the UE 101 is placed into idle
mode and hence has no RRC Connection with any eNB
1024, 5. .. n

[0331] Signalling Variant 2—Discard Suspended RRC

Connection, Perform NAS Procedure and Remain RRC Con-

nected.

[0332] On the new cell under eNB2 1025, in this variant
the UE 101 discards its suspended RRC connection and
performs signalling by initiating a NAS procedure (e.g.
TAU or Service Request). This may be an unmodified
TAU or Service Request or may be a modified TAU or
service request modified to include a cause value indi-
cating the reason for initiating the procedure (i.e. the UE
has identified that the suspended RRC connection is no
longer valid). This TAU/Service Request causes the
MME 1035 to release the S1 connection to eNB1 1024
and causes eNB1 1024 to release the suspended RRC
Connection. The MME 1035 initiates new access stra-
tum security and establishment of data radio bearers
(DRBs) and establishment of an S1 user plane connec-
tion to eNB2 10256. At completion of the TAU/Service
Request, the UE 101 remains in RRC Connected with
eNB2 1025. The eNB2 1025 may choose to suspend the
RRC Connection as described above, such that the new
RRC connection between the UE 101 and eNB2 10254 is
suspended. If so, the state of the UE 101 at point 3 in
FIG. 9 would then be the same as it was at point 1 but
with an RRC Connection with eNB2 1025 instead of
eNB1 102a.

[0333] Signalling Variant 3—Maintain Suspended RRC
Connection, Perform Signalling to Inform CN of Mobility

[0334] On the new cell under eNB2 1025, in this variant
the UE 101 maintains its suspended RRC context and
performs signalling by initiating a procedure in order to
inform the CN 103 that the UE 101 has a currently-
invalid suspended RRC Connection. This procedure
could be a NAS procedure—for example, it could be an
unmodified TAU or a TAU containing a new indication
that the UE 101 has an invalid suspended RRC Connec-
tion, or it could be a new NAS message such as “NAS
Mobility Update” message. Alternatively, this could be
anaccess stratum (AS) procedure that in turn triggers the
eNB2 1025 to inform the CN 103 that the UE 101 has a
suspended-but-currently-invalid RRC connection—for
example it could be an new “RRC Mobility Update”
message sent from UE to eNB2 1024, or it could be an
existing RRC message containing a new “Mobility
Update Indicator”, then followed by an “S1 Mobility
Update” message from eNB2 1026 to MME 1035.
Whatever form the signalling takes the purpose of the
procedure is that it will cause the S-GW 103a to suspend
the S1 user plane. At completion of the procedure the UE
101 remains with its suspended RRC connection but is
camped on eNB1 102a. Note that in order to perform the
TAU procedure the UE may or may not have had to
create an RRC Connection with eNB2 1025 and an S1
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connection with the MME 1035. If such connections do
need to be created, this may be considered as a tempo-
rary RRC Connection that gets discarded at the comple-
tion of the TAU or other update message. If the MME
1035 were to establish access stratum security and estab-
lish DRBs then this temporary RRC Connection would
become the ‘permanent” RRC Connection and the sus-
pended RRC Connection would be discarded.

Mobility within the Validity Area

[0335] Mobility alternatives A and B describe example pro-
cedures associated with UE mobility events that cross the
validity area boundary (i.e. as the UE transitions in or out of
the validity area). Other procedures are possible. There are
also a set of possible mobility alternatives associated with the
UE’s mobility between cells within a validity area. These
‘intra-area mobility procedures’ may optionally be employed
in addition to the procedures concerned with mobility across
validity area boundaries.

[0336] In a first intra-area alternative, the UE performs
signalling to inform the RAN and/or CN of the UE’s mobility
within the validity area. This can be used to allow a previ-
ously-suspended RRC connection to be migrated between an
old and a new cell in accordance with the UE’s mobility from
the old cell to the new cell. The old and new cells may be
controlled by the same eNB and MME, or they may be con-
trolled by different respective old and new eNBs, or different
respective old and new MMEs. With further reference to FI1G.
9, it is possible that cells A, B and C all lie within the validity
area. In this case, and when operating according to the first
intra-area mobility alternative, when the UE reselects to Cell
C (under eNB2 1025) the UE 101 communicates with eNB2
1024, informing it of the UE’s presence within the cell. This
may take the form of an RRC re-establishment procedure or
may comprise a new mobility update procedure, or amodified
version of an existing mobility procedure, for example pro-
cedures based on or comprising handover-related signalling.
Although eNB2 1025 lies within the validity area, it may or
may not yet be in possession of RRC context data related to
the suspended RRC context for UE 101. This will depend on
whether eNB1 1024 has forwarded the RRC context data to
eNB2 1025 prior to the UE’s reselection to Cell C. This
forwarding of the RRC context data from eNB1 102a to eNB2
1025 may be achieved through the use of handover prepara-
tion signalling such as Handover Request (from eNB1 to
eNB2) and Handover Request Acknowledge (from eNB2 to
eNB1) messages (and this is shown in FIG. 23 step (10) and
FIG. 26 step (8) as the optional preparation of other eNBs
over X2). If eNB2 1025 is not in possession of the RRC
context data for UE 101, it may attempt to retrieve the RRC
context data from another node within the RAN 102 (such as
eNB1 1024) or from a node within CN 103 (such as MME
1035). Signalling procedures between eNB2 1025 and the
other node(s) such as eNB1 1024 or MME 1034 are used to
retrieve the RRC context data for UE 101 via network inter-
faces between those RAN and CN nodes. The retrieval of the
RRC context from eNB1 1024 by eNB2 1025 may be
achieved through the use of context retrieval signalling such
as the RLF Indication message (from eNB1 to eNB2), the
Handover Request message (from eNB1 to eNB2) and Han-
dover Request Acknowledge message (from eNB2 to eNB1).
An example of context retrieval signalling between eNBs is
shown in FIG. 28 steps (4b) and (6) and an example of context
retrieval signalling between an eNB and an MME is shown in
FIG. 28 step (5). as eNB2 1025 may also communicate with
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CN nodes such as MME 1035 and/or S-GW 103a in order to
switch the path of an active or suspended S1 connection
associated with UE 101 such that it now terminates at eNB2
1024 instead of at eNB 102a. If eNB2 1025 wishes to accept
the connection with the UE, eNB 1025 communicates with
UE 101 either to command or confirm reactivation or re-
establishment of the RRC connection within Cell C (in this
case the RRC connection resumes from suspension), or to
simply confirm or acknowledge the mobility event to UE 101
(in which case the RRC connection may thereafter return to a
suspended state following the successful transfer of the UE
context to Cell C under eNB2 1025).
[0337] In the first intra-area mobility alternative, the RAN
is informed each time the UE reselects another cell within the
validity area. This carries the advantage that the network may
switch the S1 connection (from the core network to the RAN)
to the correct RAN node (eNB) in order to track the UE’s
mobility. Thus, inbound downlink data destined for the UE
may always be routed (via S1) to the correct eNB and deliv-
ered to the UE, thereby avoiding the need to first page the UE
across a wider area to determine its current cell or location. In
a second intra-area mobility alternative the UE may not
inform the RAN or CN at the time of a cell reselection within
the validity area. Instead, the UE may wait until there is a need
for user plane data before communicating with the eNB con-
trolling the cell on which the UE is currently camped. In such
cases, the UE may attempt to reactivate or re-establish a
suspended RRC connection on the currently-camped cell if it
lies within the validity area. If the eNB in control of the
currently-camped cell is not in possession of the stored RRC
context data for UE 101, it would again need to invoke pro-
cedures for RRC context retrieval from another node, in a
similar manner to those described for the first intra-area
mobility alternative. Whilst this second intra-area mobility
alternative carries some advantage in that mobility signalling
(to move the suspended RRC connection to a new cell) may
be avoided at each cell reselection event, it also carries the
disadvantage that in the event of inbound downlink data des-
tined for the UE, the network may not have up-to-date infor-
mation regarding the current cell or location of the UE. Thus,
the UE may need to be paged in other cells before the data can
be delivered.
[0338] Example message sequence charts for the three sig-
nalling variants (1, 2, 3) for mobility across a validity area
boundary are shown in FIG. 10, FIG. 11, and FIG. 12 respec-
tively. The initial steps of these charts are the same with the
differences between the three variants occurring within the
areas identified by rectangles having rounded ends.
[0339] Signalling variant 1, shown in FIG. 10, can be
described as follows.
[0340] 1. The UE 101 initially has a suspended RRC
Connection with eNB1 1024.
[0341] 2.UE101 performs cell reselection to a cell under
the control of eNB2 1025
[0342] 3. Following cell reselection the UE 101 deter-
mines that it is now in a cell where its suspended RRC
Connection may not be valid.
[0343] 4. The UE 101 releases its suspended RRC Con-
nection for eNB1 102a. UE 101 enters idle mode.
[0344] 5. The UE 101 initiates a TAU. To perform the
TAU the UE 101 first establishes an RRC Connection
with eNB2 1025 and then sends the Tracking Area
Update Request. The MME 1035 responds with a Track-
ing Area Update Accept.
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[0345] 6. Following the completion of the TAU proce-
dure, the UE 101 returns back to idle mode.

[0346] 7. The MME 1035 also sends an S1 release com-
mand to eNB1 1024 to inform it that it can release its
suspended RRC Connection for the UE 101 and/or
release any active or suspended S1 connections for the
UE 101.

[0347] Signalling variant 2, shown in FIG. 11, can be
described as follows.

[0348] 1. The UE 101 initially has a suspended RRC
Connection with eNB1 102a.

[0349] 2. UE101 performs cell reselection to a cell under
the control of eNB2 1025.

[0350] 3. Following the cell reselection, the UE 101
determines that it is now in a cell where its suspended
RRC Connection may not be valid.

[0351] 4. The UE 101 releases its suspended RRC Con-
nection for eNB1 1024. UE 101 enters idle mode.

[0352] 5. The UE 101 initiates a TAU or Service Request
procedure. To perform the TAU or Service Request pro-
cedure the UE 101 first establishes an RRC Connection
with eNB2 1025 and then sends the Tracking Area
Update Request or Service Request. The MME 1036
responds by triggering the establishment of access stra-
tum security and the establishment of the DRBs and the
S1 user plane with eNB2 1025. The figure shows the
Service Request procedure although the TAU procedure
would be quite similar. Note the figure does not label the
individual messages that make up the overall procedure.

[0353] 6. Following the completion of the TAU or Ser-
vice Request procedure, the UE remains in RRC Con-
nected with eNB2 1025.

[0354] 7. The MME 1035 also sends an S1 release com-
mand to eNB1 1024 to inform it that it can release its
suspended RRC Connection for the UE 101 and/or
release any active or suspended S1 connections for the
UE 101.

[0355] Signalling variant 3, shown in FIG. 12, can be
described as follows.

[0356] 1. The UE 101 initially has a suspended RRC
Connection with eNB1 102a.

[0357] 2.UE101 performs cell reselection to a cell under
the control of eNB2 1025.

[0358] 3. Following the cell reselection, the UE 101
determines that it is now in a cell where its suspended
RRC Connection may not be valid.

[0359] 4. The UE 101 maintains its suspended RRC Con-
nection for eNB1 102a.

[0360] 5. The UE 101 initiates signalling to inform the
CN 103 that the UE 101 has a suspended RRC Connec-
tion but has moved outside the area where its suspended
RRC Connection is known to be valid. The example in
FIG. 12 shows the UE 101 establishing a ‘temporary’
RRC Connection and in the RRC Connection Setup
Complete message the UE 101 includes a ‘Mobility
Update Indicator’ although other alternatives are pos-
sible including the use of a TAU procedure (in which
case signalling variant 3 is similar to signalling variant 1
with the exception that the suspended RRC connection
is maintained following the UEs reselection to a cell
under control of eNB2 1025 and is not released—i.e. the
procedure is as per signalling variant 1 but without
execution of steps 4, 6 and 7).
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[0361] 6. From reception of the Mobility Update Indica-
tor the eNB2 1025 is aware of the purpose of this RRC
Connection Establishment and sends an S1 Mobility
Update message to the MME 1035. In response to this
the MME 1035 sends an S1 user plane suspend message
to the S-GW 103a.

[0362] 7. On receipt of the S1 user plane suspend mes-
sage the S-GW 103a knows that DL data for this UE 101
should be buffered, and the UE 101 located before the
data can be delivered (i.e. the S-GW 103a should not
simply forward the DL data over the S1 to eNB1 102a as
there is a possibility that the UE 101 will not be located
under eNB1 102a).

[0363] 8.eNB2 1025 instructs the UE 101 to release the
‘temporary’ RRC Connection. The UE 101 still main-
tains its suspended RRC connection for eNB1 1024 but
is camped on a cell under eNB2 1025.

[0364] For mobility across a validity area boundary, a con-
sequence of both signalling variants 1 and 2 is that the UE 101
releases the suspended RRC Connection and initiates a sig-
nalling procedure as soon as it moves out of the area where the
suspended RRC Connection is known to be valid. Whenever
data activity resumes, it will be necessary for a new RRC
Connection (and Security and DRBs) to be established before
data transfer can begin. Therefore signalling variants 1 and 2
may not be very effective atreducing signalling load if the UE
is moving.

[0365] A benefit of signalling variant 3 compared to vari-
ants 1 and 2 is further explained by reference to FIG. 13,
which shows a mobility scenario similar to that shown in FIG.
9, in which a UE 101 with a suspended RRC connection
moves out of its cell to a point 3 in another cell in which the
RRC connection is invalid, but the FIG. 13 scenario addition-
ally shows the UE 101 moving to points 4 and 5. As explained
above, with signalling variant 3 at point 3 the UE 101 has a
suspended RRC Connection associated with eNB1 1024 and
has signalled to the network that it has moved to out of the
area where it knows its suspended RRC Connection is valid.
The S-GW 1034 has suspended the S1 user plane to eNB1
102a.

[0366] In the FIG. 13 mobility scenario, after moving to
point 4 the UE 101 reselects back to cell B which is under the
control of eNB1 102a. No signalling needs to be initiated
towards the network. If data activity were to resume at this
point, then the suspended RRC Connection with eNB1 102«
could be reactivated. Similarly, the S1 connection between
SGW 1034 and eNB1 1024 could also be reactivated if it had
been previously suspended.

[0367] In the FIG. 13 mobility scenario, after moving to
point 5 whilst the RRC connection with eNB1 1024 remains
suspended, the UE 101 reselects back to cell C which is under
the control of eNB2 1025. Although the UE 101 is again
moving outside the area where it knows its suspended RRC
Connection is valid, there is no need to initiate any signalling.
This is because the S1 user plane connection between SGW
103a and eNB1 102a has already been suspended at the
S-GW 103a (this having occurred on the transition from point
2 to point 3). If data activity were to resume at this point, then
the suspended RRC Connection with eNB1102a would be
released and a new RRC Connection would need to be estab-
lished with eNB2 1025.

[0368] It can be seen that with signalling variant 3, signal-
ling towards the network is only required the first time that the
UE 101 moves out of the area where it knows that its sus-
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pended RRC Connection is valid, and whilst the RRC con-
nection remains suspended, subsequent moves in and out of
the area can be performed without any signalling. Hence, this
approach is effective at reducing signalling that may other-
wise be associated with a UE 101 that is located close to a
boundary of 2 cells where ‘ping-pong’ reselections between
the cells could occur.

[0369] As an extension to signalling variant 3, the UE could
be configured to additionally perform signalling towards a
RAN or CN node whenever it moves back in to a cell or group
of cells for which the suspended RRC connection is again
valid (e.g. a cell under the control of eNB1 1024). This could
enable a suspended S1 connection between SGW 103a and
eNB1 1024 to be reactivated.

[0370] The above procedures may be supplemented with
timer based expiry of a suspended RRC connection. For
example, a timer may be started at the time of suspension, or
at the time of leaving a suspension cell (or group of cells).
When the timer expires, the UE 101 (and eNB 1024, 5. .. »
and CN 103 nodes) discard any UE 101 context information
and the UE 101 returns to normal idle mode operation. If
common timers are used within both the UE 101 and the eNB
102a, 4. . . » or CN 103 nodes) this may take place without
any signalling between the UE 101 and the any of the RAN or
CN nodes. If the timers are implemented only at the eNB
1024, b. . . nor CN 103 node side, signalling may be required
for the RAN or CN nodes to inform the UE that the suspended
RRC connection is being released and to instruct a return to
idle.

[0371] Some possibilities within the signalling variants
rely on the use of existing procedures (NAS Service Request
and TAU) and hence the UE 101 can assume that these are
supported by the network. However, other possibilities within
the signalling variants rely on new signalling functionality. In
such cases, it may be necessary for the UE 101 to know that
the eNB2 1025 supports the new signalling before it initiates
that signalling towards the eNB2 10254. To address this, eNB2
1025 may broadcast a support indicator in system informa-
tion. This could be a general indicator to indicate support for
all the RRC Connection suspension functionality or it could
just indicate support for the new signalling functionality
(such as the Mobility Update signalling option described in
FIG. 12 for signalling variant 3). If the UE 101 sees that the
eNB2 1025 does not support the functionality then the UE
101 can fall back to behaving in line with signalling variants
that do not require new signalling functionality (e.g. the UE
could release its suspended RRC connection and then initiate
a TAU or Service Request procedure).

[0372] In the present disclosure, ‘releasing an RRC con-
nection’ may mean simply ignoring the stored RRC context
data, or indicating or marking that data as being released or
invalid, or scrubbing that data, or deleting the data from
memory. Other methods that achieve the same functional
effect of releasing an RRC connection are also intended to be
within the scope of the present disclosure.

Handling Receipt of Downlink (DL) Data During RRC
Connection Suspension

[0373] On suspension of a UE’s RRC connection, the UE
101 may perform cell selection and reselection in a similar
manner to that of a normal idle mode UE 101 (i.e. the UE 101
follows the general mobility procedures of 3GPP TS 36.304).
In addition, the UE 101 may monitor the paging channel in
exactly the same way as it does in idle mode; i.e. the UE 101
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will power on its receiver at the appropriate paging occasions
to attempt to receive a paging message and then check that
paging message for the UE’s identity (e.g. S-TMSI). On
reception of a paging message containing the UE’s identity,
the UE 101 will attempt to resume its suspended RRC Con-
nection as described below.

[0374] When DL data arrives in the network for a UE 101
that has a suspended RRC Connection, it is necessary that the
network can contact or page the UE 101 irrespective of which
cell the UE 101 may now be located in. Depending on
whether RRC Connection Suspension alternative A or B (de-
scribed above) is used, and whether Mobility alternative A or
B (also described above) is used, then different scenarios for
paging the UE 101 when DL data arrives at the S-GW 103a
are possible. Three scenarios for handling DL data in the
network will thus now be described with reference to FIGS.
14 to 16. F1G. 14 shows a message sequence chart represent-
ing a method ofhandling DL data in the network when the UE
101 has a suspended RRC Connection with eNB1 102a. The
UE 101 is currently located on a cell under eNB1 1024 and the
S1 user plane between SGW 1034 and eNB1 1024 is not
suspended (1). When DL data arrives at the S-GW 103a (2),
the S-GW 103a forwards the user plane data directly to eNB1
102a (3). This is normal S-GW 1034 behaviour for a UE 101
in RRC Connected state. eNB1 1024 buffers the DL data (4)
and then sends a paging message or notification of data arrival
message to the UE 101 (5). When the UE 101 responds to the
paging/notification, (e.g. via the sending of an RRC re-acti-
vation request) the suspended RRC Connection may be reac-
tivated and then the eNB1 1024 will be able to deliver the DL
data. FIG. 15 shows a message sequence chart representing a
method of handling DL data in the network when the UE 101
has a suspended RRC Connection with eNB1 102a. The UE
is currently located on a cell under a different eNB (i.e. eNB2
1024) and the S1 user plane between SGW 103a and eNB1
102a is not suspended (1). When DL data arrives at the S-GW
103a (2), the S-GW 103a forwards the user plane data
directly to eNB1 1024 (3). This is normal S-GW 1034 behav-
iour for a UE 101 in RRC Connected. The S-GW 103a is not
aware that the UE 101 has moved or may have moved away
from eNB1 1024 and hence the S-GW 1034 is not able to take
any alternative action. eNB1 1024 buffers the DL data (4) and
then sends a paging message or notification of data arrival
message to the UE 101 (5). As the UE 101 is no longer located
in a cell under eNB1 then no response (in the form of an
attempt by the UE to reactivate the suspended RRC Connec-
tion) is received (6). eNB1 1024 sends a “paging escalation”
message to the MME 1035 (7) in order to request the MME
1034 to page the UE 101 over a wider group of cells (8) (for
example the MME 1035 could page the UE 101 in all the cells
of the tracking area(s) (TA(s)) in which the UE 101 is regis-
tered).

[0375] FIG. 16 shows a message sequence chart represent-
ing a method ofhandling DL data in the network when the UE
101 has a suspended RRC Connection with eNB1 102a and
the S1 user plane connection between SGW 1034 and eNB1
102a is suspended (1). Note that the S1 user plane suspension
may have occurred as a result of RRC Connection suspension
alternative B or as a result of Mobility alternative B with
signalling variant 3. The UE 101 may be located in a cell
under eNB1 102a (i.e. the eNB where the RRC Connection
was suspended) or it may be located under a cell of a different
eNB 1025, ... n. When DL data arrives at the S-GW 1034 (2),
the S-GW 1034 bufters this user plane data (3). The S-GW
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103a then initiates a paging procedure towards the MME
10354 to request the MME 1035 to page the UE 101 (4). MME
1035 then pages the UE 101 over a wider group of cells, for
example it could page the UE 101 in all the cells of the TA(s)
in which the UE 101 is registered.

Handling a Suspended RRC Connection to Resume Uu Data
Transfer

[0376] RRC Connection Reactivation can be triggered by
UL data being generated in the UE101, or by the reception of
a paging or DL data notification message indicating that the
network has DL data waiting to be delivered. When this
occurs the UE 101 first determines whether its suspended
RRC Connection is valid for the cell in which it is currently
located. Depending on whether the suspended RRC Connec-
tion is determined to be valid, a number of different options
are possible.

[0377] FIG. 17 shows a message sequence chart represent-
ing the RRC reactivation method for a UE 101 with a sus-
pended RRC Connection with eNB1 102a (1). The need for
an active RRC Connection is triggered by UL data being
generated in the UE 101, or by the reception of a paging or DL,
data notification message (2). The UE 101 determines that its
suspended RRC Connection is valid for the cell on which it is
located (3). The UE 101 initiates an RRC Connection Reac-
tivation procedure by sending an RRC Connection Reactiva-
tion Request (4). On receipt of this message the eNB1 102a
checks that it has a valid suspended RRC Connection for this
UE 101. Optionally (and not shown) it may also invoke pro-
cedures to retrieve RRC context data for the UE from another
node ofthe RAN 102 or CN 103, and may communicate with
other nodes of the RAN or CN to initiate a path switch of the
S1. IfeNB1 1024 has a valid suspended RRC Connection (or
has been able to retrieve one from another node) then it sends
an RRC Connection Reactivation message to the UE 101 (5)
and the UE 101 responds with an RRC Connection Reactiva-
tion Complete message (6). The RRC Connection Reactiva-
tion message may or may not include configuration updates to
one or more of the previously-stored RRC connection param-
eters for the UE to use following the reactivation. The UE 101
can now start to send any user plane data that it may have
buffered (8). If the S1 user plane had been suspended the
eNB1 102a may send an S1 user plane resume message to the
S-GW 103a (7) (possibly via the MME 1035 as shown as
optional by the dotted lines in FIG. 17) and on receipt of this
the S-GW 1034a can resume the S1 user plane and start to
forward to the eNB1 102a any DL user plane data that may be
buffered inthe S-GW 103a (8). As an alternative, and if the S1
connection was suspended only in the DL direction, the
reception of UL user plane data from the UE 101 may be used
by the S-GW 1034 as an implicit S1 user plane resume mes-
sage.

[0378] FIG. 18 shows a message sequence chart represent-
ing another RRC reactivation method for a UE 101 with a
suspended RRC Connection with eNB1 1024 (1) but which is
no longer valid. The need for an active RRC Connection is
triggered by UL data being generated in the UE 101, or by the
reception of a paging or DL data notification message (2). In
this case, the UE 101 determines that its suspended RRC
Connection is not valid for the cell on which it is located (3)
(for example, this may be the case if the UE 101 is on a cell
that does not lie within a specified validity area, or in the event
that a validity timer has expired). The UE 101 releases its
suspended RRC Connection and enters the RRC idle state (4).
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The UE 101 then initiates a normal procedure for establishing
an RRC Connection towards eNB2 1025 and establishing
user plane radio bearers (i.e. the UE initiates NAS Service
Request procedure) (5) and on completion of this procedure
user plane data transfer is possible (6).

[0379] FIG. 19 shows a message sequence chart represent-
ing another RRC reactivation method for a UE 101 with a
suspended RRC Connection (1), which the eNB1 1024 deter-
mines is invalid. The need for an active RRC Connection is
triggered by UL data being generated in the UE 101, or by the
reception ofa paging or DL data notification message (2). The
UE 101 determines that its suspended RRC Connection is
valid for the cell on which it is located (3). The UE 101
initiates an RRC Connection Reactivation procedure by send-
ing an RRC Connection Reactivation Request (4). On receipt
of'this message the eNB1 102a checks that it has a suspended
RRC Connection for this UE 101 and may also check whether
all required parameters of the stored RRC connection remain
valid. Optionally (and not shown) eNB1 102a may also
invoke procedures to retrieve RRC context data for the UE
from another node of the RAN 102 or CN 103. In FIG. 19, the
eNB1 102a determines that it does not have a suspended RRC
Connection for the UE 101 or that some of the stored RRC
connection parameters are invalid (5). This may be due, for
example, to expiry of a validity timer in the eNB1 102a.
Alternatively, it may be due to eNB1 102q having assigned
some of the resources associated with the suspended RRC
connection to another UE, or due to eNB1 102a otherwise
determining that for any valid reason, parts or all of the
suspended RRC connection are no longer valid. In a further
alternative, it may due to the UE 101 accessing an eNB that is
different from the one which has the UE’s suspended RRC
Connection and a failure of eNB1 1024 to retrieve the RRC
context data from the other eNB. The eNB1 1024 responds
with an RRC Connection Reactivation Reject message (6).
The UE 101 releases its suspended RRC Connection and
enters RRC idle mode (7). The UE 101 then initiates a normal
procedure for establishing an RRC Connection and establish-
ing user plane radio bearers (i.e. the UE 101 initiates a NAS
Service Request procedure) (8) and on completion of this
procedure user plane data transfer is possible (9).

[0380] It may be necessary for the UE 101 to know that the
eNB 1024, 4. . . r supports the new signalling RRC Connec-
tion Reactivation Request/Setup/Reject signalling before it
initiates that signalling towards the eNB 1024, 6. . . n. To
address this, an eNB 1024, 4. . . » may broadcast a support
indicator in system information. This could be a general indi-
cator to indicate support for all the RRC Connection suspen-
sion functionality or it could just indicate support for the
Request/Setup/Reject signalling. If the UE 101 sees that the
eNB 1024, 5. . . » does not support the functionality then the
UE 101 would release its suspended RRC connection and
then initiate a Service Request procedure.

[0381] Analternative to the eNB 1024, b. . . n broadcasting
a support indicator would be for the eNB 1024, b . . . » that
initially suspends the UE’s RRC Connection to set the area
based validity criteria in a way to ensure that the UE 101 only
attempts to reactivate a suspended RRC Connection on a
cell/eNB 1024, b. . . n that is known to support the function-
ality. In the simplest case the eNB 1024, 4. . . n that suspends
the UE’s RRC Connection would only include in the validity
criteria cells that are located under the same eNB 1024, 5. . .
n. However, the validity area may in general span cells con-
trolled by different eNBs.
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[0382] There are many ways to combine the various RRC
Connection Suspension and Mobility scenarios described
above. Table 2 below provides four possible combinations but
it is to be noted that other combinations or sub-combinations
are possible. In the examples of Table 2, combinations of
RRC Connection Suspension Alternatives A or B with Mobil-
ity Alternatives A or B are discussed. For each combination,
Table 2 describes in what status the RRC Connection and the
S1 user plane connection would reside at various points in
time. The status of the RRC Connection and S1 user plane
may be:
[0383] idle—no RRC Connection exits, no S1 user plane
is established
[0384] eNB1/2—an RRC Connection exists with eNB1
or eNB2, an S1 user plane is established between S-GW
and eNB1 or eNB2
[0385] Suspended (eNB1)—a suspended RRC Connec-
tion exists with eNB1, the S1 user plane between S-GW
and eNB1 is suspended
[0386] The columns of the table TO-T2 relate to different
times/instances and are defined with reference to FIG. 9.
[0387] TO—UE 101 inlocation 1 of FIG. 9, before RRC
Connection is suspended
[0388] T1—UE101inlocation1 (orlocation 2, ifthe UE
101 has performed cell reselection) of FIG. 9, after RRC
Connection is suspended

[0389] T2—UE 101 in location 3 of FIG. 9.
TABLE 2
T2
(move to

cell under eNB2

Combination Connection  TO T1 while suspended)

1/ S1 eNB1 eNB1 eNB1

RRC Sus AltA, RRC eNB1 Suspended Suspended (eNB1)

Mobility Alt A (eNB1)

2/ S1 eNB1 Suspended Suspended (eNB1)

RRC Sus Alt B, (eNB1)

Mobility Alt A RRC eNB1 Suspended Suspended (eNB1)
(eNB1)

3/ S1 eNB1 eNB1 idle/eNB2/

RRC Sus Alt A, Suspended (eNB1)

Mobility Alt B RRC eNB1 Suspended idle/eNB2/
(eNB1) Suspended (eNB1)

4/ S1 eNB1 Suspended idle/eNB2/

RRC Sus Alt B, (eNB1) Suspended (eNB1)

Mobility Alt B RRC eNB1 Suspended idle/eNB2/
(eNB1) Suspended (eNB1)

[0390] In this example, it should be noted that, for combi-
nations 3 and 4 shown in Table 2, three possible cases are
shown for the condition of the RRC and S1 connections
corresponding to the signalling variants 1/2/3 respectively
which may be adopted within Mobility Alternative B.
[0391] In addition, it should be noted that combination 4,
which corresponds to RRC Connection Suspend alternative B
and Mobility alternative B, is shown in the table for complete-
ness. However, with this alternative the S1 user plane is
suspended as soon as the RRC Connection is suspended,
meaning that any DL data will be buffered at the S-GW 103«
until the UE 101 has been paged/notified and has reactivated
its RRC Connection. Thus there may be little benefit to per-
forming any signalling when the UE 101 moves to a cell under
a different eNB 102q, b, . . . 2.

[0392] Given that the various possible processes for han-
dling an RRC connection suspension in accordance with the
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present disclosure have been described above, a number of
example scenarios will now be described showing how these
various suspended RRC connection handling procedures can
operate together.

Example Scenario 1

[0393] FIG. 20 shows a message sequence chart represent-
ing a possible handling of the suspension and later attempted
reactivation of an RRC connection between UE 101 and a
RAN 102 in which (at the time of the reactivation attempt) the
UE 101 has moved out of the cell(s) where the suspended
RRC connection is valid in accordance with suspension alter-
native A (CN not informed of the RRC suspension) and
mobility alternative A (network not informed of mobility)
described above. Due to this processing, the CN 103 is not
aware that the RRC connection is suspended and hence the S1
connection is not suspended. When DL data arrives at the
network, the network does not know for certain the cell in
which the UE 101 is currently located, nor does it know
whether any suspended RRC context is valid. The S1 connec-
tion is not suspended and remains active, hence DL data
incident at SGW 1034 is forwarded via S1 to eNB1 102a.
eNBI1 102a attempts to contact the UE 101 via transmission
of'apaging message and in the absence of aresponse, a paging
escalation approach is used in order to contact the UE 101.
The suspended RRC Connection is not valid in the cell in
which the UE 101 is found and so it is released and a fresh
RRC Connection is established for the data to be delivered.
[0394] With reference to FIG. 20, the steps of the sequence
in this scenario are:

[0395] 1. UE 101 is initially in RRC connected with user
plane bearers established such that it is possible for user
data to be transferred between UE 101 and S-GW 1034
and then on to the P-GW 103¢ (not shown in FIG. 20)
and beyond.

[0396] 2. Criteria to trigger suspension are met and
eNB-1 102a decides change the UE 101 to UE-con-
trolled mobility and to suspend the RRC connection.

[0397] 3. eNB-11024a send a message to the UE 101 to
instruct it to enter UE-controlled mobility and to sus-
pend the RRC connection. For example this message
may be called RRC Connection Suspend as shown in the
Figure, or may be called RRC UE controlled mobility
command, or some other suitable name.

[0398] 4. eNB-1 102¢ and UE 101 suspend the RRC
connection. The UE 101 performs UE-controlled mobil-
ity similar to that of idle mode.

[0399] 5. When the UE 101 has suspended the RRC
connection and enters UE-controlled mobility, cell rese-
lections may occur. As long as the UE 101 remains
within a registered TA then these reselections do not
trigger any signalling towards the network (i.e. the net-
work is not made aware of the reselections in mobility
alternative A). Steps 1-5 (excepting the cell reselections)
are indicated in FIG. 20 in the upper rectangle having
rounded ends.

[0400] 6. After a period, when an RRC connection with
UE 101 is once again needed, in the network-originated
case, user plane data arrives in the S-GW 103a. S-GW
103a immediately forwards the data onthe S1 user plane
interface to the eNB1 1024. On arrival of the user plane
data in the eNB1 1024 the eNB1 1024a sends a paging
message to the UE 101 in order to trigger the RRC
Connection Reactivation. However, in this case eNB-1
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102a does not receive any response to this paging mes-
sage, and thus eNB-1 1024 can conclude that the UE 101
is no longer located in a cell under its control. In order to
contact the UE 101 that may be located in a cell under a
different eNB 1025, . . . nthe eNB-1 1024 must escalate
the paging, meaning that it must trigger the MME 1035
to send paging requests to other eNBs 1025, . .. » to page
the UE 101 within the TA(s) in which the UE 101 is
currently registered. In this example scenario in FIG. 20
the escalation causes eNB-2 1025 to send a page and this
is successfully received by the UE 101.

[0401] 7. The UE 101 sends the RRC Connection Reac-
tivation Request to the eNB-2 1025. As an alternative
step 7, the UE 101 may be able to determine prior to
sending the RRC Connection Reactivation Request to
the eNB-2 1025 that the reactivation attempt will not be
successful on this cell. For example the UE 101 may be
able to determine this from the Cell ID of the cell, or eNB
ID of the cell or some additional indicator that may be
sent in the paging message. If the UE 101 does deter-
mine that the reactivation will not be successful then the
UE 101 does not transmit RRC Connection Reactivation
Request but jumps directly to step 9.

[0402] 8. Due to the fact that in this case the eNB-2 1024
does not have the UE’s suspended RRC Connection (or
is not able to successfully retrieve it from another node),
the eNB-2 1026 responds with a RRC Connection
Reject.

[0403] 9. The UE 101 releases its (suspended) RRC con-
nection and enters RRC idle mode. The UE 101 then
performs a normal RRC Connection Establishment pro-
cedure in order to setup up a new RRC connection and
continue user plane activity.

Example Scenario 2

[0404] FIG. 21 shows a message sequence chart represent-
ing a possible handling of the suspension and later reactiva-
tion of an RRC connection between UE 101 and a RAN 102
in which the UE 101 has initially moved out of the cell(s)
where the suspended RRC connection is valid (and may have
reselected a number of times) but when the data activity is to
be resumed the UE 101 is once again camped on a cell where
the suspended RRC Connection is valid and hence it can be
successfully reactivated in accordance with suspension alter-
native B and mobility alternative A described above.

[0405] Inaccordance with suspension alternative B (CN is
informed of the RRC suspension) and mobility alternative A
(network is not informed of mobility), if the UE 101 reselects
away from the cell (or cells) on which the suspended RRC
connection is valid, the UE 101 does not perform any signal-
ling to inform the network (unless the reselection results in
the UE crossing a TA boundary such that a ‘normal’ TAU is
needed). Thus when DL data arrives the network does not
know for certain the cell in which the UE is currently located,
hence nor does it know whether any suspended RRC context
is valid.

[0406] The steps of the sequence are:

[0407] 1.UE 101 is initially in RRC connected with user
plane bearers established such that it is possible for user
databe transferred between UE 101 and S-GW 103a and
then on to the P-GW 103¢ (not shown in FIG. 21) and
beyond.
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[0408] 2. Criteria triggering a suspension are met and
eNB-1 102qa decides to change the UE 101 to UE-con-
trolled mobility and to suspend the RRC connection.

[0409] 3. eNB-1102a sends a message to the UE 101 to
instruct it to enter UE-controlled mobility and to sus-
pend the RRC connection. For example this message
may be called RRC Connection Suspend as shown in
FIG. 21, or may be called RRC UE-controlled mobility
command, or some other suitable name.

[0410] 4. eNB-1 102¢ and UE 101 suspend the RRC
connection. The UE 101 performs UE-controlled mobil-
ity similar to that of idle mode.

[0411] 5. eNB-1 102a informs the CN 103 (MME 1035
or S-GW 103a or both) about the RRC suspension. The
message to inform the CN 103 may be called S1 user
plane suspend. On reception of this by the CN 103, the
S1 user plane bearers remain established but are sus-
pended (user plane transmission ceases) and the S-GW
103a, on reception of downlink user plane data, will not
immediately forward that data over the S1 user plane
towards the eNB-1 1024 and will instead buffer the data
pending its delivery. The S1 user plane suspension may
only affect the way that the S-GW 1034 treats DL user
data arriving in the S-GW 103a. Hence, in this case it
may be considered as just a DL S1 user plane suspen-
sion.

[0412] 6. When the UE 101 has suspended the RRC
connection and enters UE-controlled mobility, cell rese-
lections may occur. As long as the UE 101 remains
within a registered TA then these reselection do not
trigger any signalling towards the network (i.e. the net-
work is not made aware of the reselections). Steps 1-6
(excepting the cell reselections) are shown in FIG. 21 in
the upper rectangle having rounded ends.

[0413] 7. In the network-originating case for data trans-
fer activation with the UE 101, user plane data arrives in
the S-GW 1034. Due to the S1 user plane suspension,
this user plane data is buffered at the S-GW 1034 instead
of being immediately forwarded on the S1 user plane
interface to the eNB-1 102a. The S-GW 1034 then ini-
tiates a paging procedure to contact the UE 101 in
whichever cell it may be located. This is quite similar (or
identical) to the paging procedure used when the UE 101
is idle. The paging indication is sent from the S-GW
1034 to the MME 1035 and to one or more eNBs 1024,
b ... nlocated within the TA(s) in which the UE 101 is
registered. The reception of a paging message in the UE
101 triggers the UE 101 to attempt the RRC Connection
Reactivation. This is shown within the lower rectangle
having rounded ends. In the UE-originating case the
elements in the lower rectangle do not occur and the
arrival of user data in at the UE 101 directly triggers the
UE 101 to attempts the RRC Connection Reactivation.

[0414] 8. The remainder of the steps in FIG. 21 represent
the sequence of events when the UE 101 attempts the
RRC Connection Reactivation on a cell where the asso-
ciated eNB-1 102a does have the UE’s suspended RRC
Connection (i.e. the eNB does have the stored UE con-
text information). This cell may be the cell the UE 101
was on when the RRC connection was suspended or it
may be another cell controlled by the same eNB-1 1024
or it may be a cell controlled by another eNB but which
is in possession of (or able to retrieve) the necessary
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RRC context data for the UE. The UE 101 sends the
RRC Connection Reactivation Request to the eNB-1
102a.

[0415] 9. Due to the fact that in this case the eNB-1 102a
does have the UE’s suspended RRC Connection, the
eNB-1 102a responds with an RRC Connection Reacti-
vation. This message may contain some new or updated
parameter values if the eNB-1 102a wishes to change
any part of the configuration that was previously sus-
pended, or it may be a very simple ‘continue’ message
(e.g. without any parameter or configuration updates).

[0416] 10. The UE 101 responds with an RRC Connec-
tion Reactivation Complete. This is an optional step,
only needed if the eNB-1 1024 requires extra assurance
that the RRC Connection Reactivation has been success-
ful. In the UE-originated case, uplink user data from the
UE may start to be transmitted as soon as the RRC
Connection Reactivation has been received.

[0417] 11.The eNB-1 102q informs the CN 103 (MME
10356 or SGW 103a or both) that the S1 user plane can
continue. This may be an explicit message as shown in
FIG. 21. Alternatively, in the UE-originated case, and in
the case that only the DL of the S1 was originally sus-
pended, uplink user data from the UE 101 sent from
eNB-1 1024 to S-GW 103a may be considered as an
implicit ‘continue’ command by SGW 103a.

[0418] 12. On reception of the indication to continue the
S1 user plane, the S-GW 103a will stop buffering the
downlink user plane data and will forward it over the
reactivated S1 user plane to the eNB-1 102a for trans-
mission to the UE 101.

Example Scenario 3

[0419] FIG. 22 shows a message sequence chart represent-
ing a possible handling of the suspension and later reactiva-
tion of an RRC connection between UE 101 and a RAN 102.
The CN 103 is not informed of the RRC suspension, but the
UE 101 does inform the CN 103 when it moves out of the
cell(s) where the RRC connection is valid, in accordance with
suspension alternative A and mobility alternative B described
above.

[0420] Insummary this shows the method carried out when
the UE 101 has moved out of the cell(s) where the suspended
RRC connection is valid, and has informed the CN 103 about
moving out of the suspension cells via a mobility update
message so that the S1 is then suspended. When DL data
arrives at the network the UE 101 is paged, the suspended
RRC Connection is not valid in the cell and so it is released
and a fresh RRC Connection is established for the data to be
delivered.

[0421] In this case the CN 103 does not initially know that
the UE’s RRC connection has been suspended. A validity
indicator may however still be maintained in the CN 103 for
each connected mode UE 101. This indicator may be set
based upon location update information known to the CN 103
(e.g. the MME 1035). Whilst in the connected mode, the CN
103 expects that UE 101 mobility events (for example to
another cell or eNB 1025, . . . ) result in a corresponding
handover of the S1-U and S1-MME bearers to that eNB.
Tracking area updates are expected only from idle mode UEs.
Whilst the validity criteria are met, the CN 103 continues to
behave as normal for a connected mode UE 101.

[0422] The use of mobility alternative B means that a UE
101 with a suspended RRC connection (and of which the CN
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103 may or may not yet be aware) may perform autonomous
mobility procedures and may be configured to send a tracking
area update (or other location update) message to the CN 103
(e.g. the MME 1035b) in the event that it leaves or re-enters the
cell (or group of cells) for which the suspended RRC connec-
tion is valid.

[0423] Ifthe CN 103 has not been informed at the time of a
suspension, the MME 1035 initially believes the UE 101 to be
still RRC-connected (i.e. not suspended) unless it learns oth-
erwise. If the UE 101 is configured to send the additional/
augmented mobility messages of mobility alternative B (e.g.
TAU) when suspended, the MME 1035 may subsequently
infer from receipt of a TAU that the UE’s RRC connection has
in fact been suspended and that the UE 101 is currently
camped on a cell (or group of cells) for which the suspended
RRC connection is not valid. Thus, the MME 1035 is simul-
taneously and indirectly informed both that the UE’s RRC
connection has been suspended and that it is not currently
valid. It will therefore be appreciated that the signalling of
additional/augmented mobility messages by the UE 101 may
also serve as messages informing CN nodes (such as MME
1035 and SGW 1034) of a previous RRC suspension.

[0424] The CN 103 (e.g. MME 1035) may choose to sub-
sequently suspend the S1 connection in such a case. The
MME 1035 may optionally reactivate the S1 in the event that
it receives a further TAU or mobility message from the UE
101 indicating that it has re-entered a cell (or group of cells)
for which the suspended RRC connection is once again valid.

[0425] Within this example scenario 3 a number of differ-
ent sub-scenarios are possible depending on whether the data
activity causing a need for an RRC connection is network- or
UE-originating, and whether the suspended RRC connection
is still valid at the time a reactivation is required. These
different sub-scenarios affect how the wireless communica-
tion system handles the processing to resume Uu user plane
communications. With reference to FIG. 22, the following
describes the processing that occurs when the data activity is
network-originated and the suspended RRC connection is
invalid at the time of required reactivation. Processing for
other sub-scenarios may be derived using logical combina-
tions of previously described processing steps and is within
the scope of the present disclosure.

[0426] 1. During RRC connection suspension (shown in
the upper rounded rectangle) the eNB-1 102a does not
inform the CN 103 of the RRC suspension and the S1
connection is maintained.

[0427] 2. The UE 101 reselects to a cell assigned to
eNB-2 1025 in which the RRC connection is not valid.

[0428] 3. The UE 101 sends an ‘augmented’ mobility
message to MME 1034, possibly via a temporary RRC
connection with eNB-2 10254, or via other means not
requiring establishment of a temporary RRC connection
with eNB2 1024 (middle rectangle).

[0429] 4. On receipt of the mobility message, MME
1035 sends a message to S-GW 103a to suspend the
existing S1 connection between SGW 1034 and eNB1
102a. Thus, the MME 1035 and S-GW 103a have been
implicitly informed that the RRC connection for UE 101
has been previously suspended and that the suspended
RRC connection is currently invalid.

[0430] 5. Data addressed to the UE 101 arrives from an
external network 104 into the PGW 103¢ (not shown in
FIG. 22).
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[0431] 6. The data is forwarded to the UE’s SGW 103a
via the established S5/8 bearer

[0432] 7. The SGW 103a¢ and MME 1035 are aware that
the RRC connection for this UE 101 is suspended and
data is not able to be forwarded over the (suspended)
S1-U connection. Hence the data is temporarily buffered
by the SGW 103a.

[0433] 8. The CN 103 (e.g. the MME 1035) checks its
locally-stored validity status for the suspended RRC
connection. For example, this may involve checking a
location validity indicator or a timer-based validity indi-
cator as previously described

[0434] 9. The CN 103 (e.g. MME 1035) determines that
the suspended RRC connection is not valid.

[0435] 10. The MME 1035 invokes normal idle-mode
RRC connection establishment procedures:

[0436] a. The MME 1035 sends a paging request to
eNBs 102aq, 5. . . n within the currently-known track-
ing area location of the UE 101.

[0437] b.eNBs 1024, b, . .. r in receipt of the paging
request send a paging message within cells under their
control. The paging message identifies the UE 101
they are attempting to contact.

[0438] c. The UE 101 responds to the page in the cell
in which it is currently camped. The UE 101 responds
to the page in the normal way by initiating a normal
RRC connection establishment procedure.

[0439] d. The eNB-2 1025 (in conjunction with the
MME 1035) establishes a new RRC connection with
the UE 101 and S1-U and S1-MME bearers are set up
between eNB2 1025 and the SGW 103z and the MME
1034 respectively

[0440] 11. The data is transferred over the newly-estab-
lished S1-U from the SGW 103a to the eNB-2 1025
(note that the previously-stored and suspended S1-U
may be released)

[0441] 12. The user data is communicated from the
eNB-2 1025 to the UE via the Uu

Example Scenario 4

[0442] FIG. 23 shows a message sequence chart represent-
ing a possible handling of the suspension of an RRC connec-
tion between UE 101 and a RAN 102. In this example sus-
pension is requested by the UE 101 and accepted by the
network. In this example the possibility of the eNB 102«
sending the connection information to other eNBs (not
shown) is also envisaged in step 10.

[0443] With reference to FIG. 23, the following describes
the processing that occurs when the suspension request is
made by the UE 101:

[0444] 1. Initially the UE is assumed to be in RRC_
CONNECTED state with security activated.

[0445] 2. The UE detects that the RRC connection sus-
pension criteria were met (e.g. either at higher layers,
NAS or AS (e.g. RRC) based on the inputs from user
plane entities or application entities, or based on inac-
tivity timer expiry)

[0446] 3. The UE RRC sends a newly proposed message
RRC Connection Suspend Request (other message
names may be used but the intent of the message is the
same) to the eNB. In an alternative embodiment the UE
sends the request message using MAC CE (control ele-
ment) signalling.
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[0447] 4.1Itis acceptable to the eNB to suspend the RRC
connection, this is determined either by,

[0448] a.eNB is independently maintaining a suspen-
sion criteria which is met. This criteria may be based
on aspects such as but not restricted to the following;
[0449] The traffic activity and trends related to each

UE and/or based on the traffic characteristics per
Radio bearer or application as supported by the UE.

[0450] Also alternatively or additionally use of
local knowledge pertaining to the device, the appli-
cation the application’s operation or traffic type
therein at the UE, eNB, S-GW MME or any other
associated entity within the system.)

and/or

[0451] b. eNB requests (and receives) either one-offor
periodic feedback from the MME/S-GW regarding
the following:

[0452] i. While the S1-U connection is being setup
between S-GW and eNB for a UE, eNB can request
for a periodic or threshold-based traffic activity
report from S-GW for the UE. S-GW can subse-
quently provide the report to the eNB either peri-
odically or based on the thresholds. Each report can
be for a particular UE or for a group of UEs for
which the report is solicited. The traffic activity
report can contain details like data volumes and
trends, active/inactive period statistics and traffic
forecast related to each UE or other related entity
such as per Radio Bearer or application as sup-
ported by the UE.

[0453] ii. Alternatively S-GW can autonomously
send periodic or threshold based reports to the eNB
for every UE with a S1-U connection at a specified
rate.

[0454] iii. Alternatively when the criteria being
maintained by eNB is met fora UE, it canrequest a
one-off traffic activity report from the S-GW and
make a suspension decision after evaluating the
report from S-GW.

[0455] 5. eNB prepares the source RAN to target RAN
containers as it would do for an Intra-RAT handover, in
order to establish the RRC parameters to store for the UE
RRC connection suspension

[0456] 6. eNB optionally stores these containers with
appropriate UE identities attached so that it can be
retrieved when required

[0457] 7. eNB optionally sends the prepared containers
to MME in a similar way as would be performed during
an existing handover-via-S1 preparation stage with this
additional UE identity (and or indication of use for RRC
Connection suspension)[2]. These can be sent in a newly
proposed explicit message ‘UE Context Suspend
Request’ along with the eNB and MME UE identities to
uniquely identify the UE.

[0458] a.eNB canalternatively use one of the existing
S1 messages for handover preparation with a special
Information Element (IE) to indicate that the purpose
of'the message is for UE RRC connection suspension

[0459] 8. MME stores the containers along with attached
UE identities. MME either deletes the user plane session
at S-GW or suspends it. S-GW acknowledges MME
accordingly

[0460] 9. MME acknowledges the UE context suspen-
sion to eNB
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[0461] 10.eNB optionally prepares the other eNBs inthe
vicinity or all eNBs in the tracking area over the X2-in-
terface with the UEs context information. This is similar
to the existing procedures defined in [3] for X2 handover
preparation. Alternatively a new X2 message can be
defined or an existing message used for handover can be
modified for suspension purposes e.g. by the additional
inclusion of UE identity or an indicator to show that the
container is used for UE suspension.

[0462] This step enables the neighbouring eNBs to be
prepared for fast re-establishment of the UE RRC
context should the UE move in to their coverage areas.
During this preparation stage, it is proposed that eNBs
shall also be provided with the suspension validity
max timer (proposed in section 6.1.6) so that they can
delete the stored UE context at the timer expiry.

[0463] 11. eNB sends a newly proposed ‘RRC connec-
tion suspend’ message to the UE and releases the UE
RRC radio resources after receiving a lower layer 1.2
uLC acknowledgement from the UE.

[0464] 12. UE receives the connection suspend message
and backs up and stores the same AS configuration as the
eNB including the security configuration and releases
the RRC connected state resources and entities. UE con-
siders itself to be in an RRC_SUSPENDED state and
configures its RRC protocol as if in RRC_IDLE (but
with the stored RRC context) and follows RRC_IDLE
procedures including monitoring paging occasions and
using UE based mobility procedures. In an amended
embodiment of this proposal the paging cycle used by
the UE in RRC_SUSPENDED may be different to that
of RRC_IDLE. This may, for example, be to ensure the
UE detects a page indicating user plane data sooner, by
using a shorter paging occasion, this is in order to satisty
the application QoS for the delivery latency of these
packets.

[0465] 13.Inone alternative embodiment, the UE would
transmit a flag in the UE capabilities message (this mes-
sage is described in 3GPP TS 36.331) to indicate that the
UE prefers an RRC Connection to be released in case the
eNB chooses not to suspend the RRC connection. If
acceptable to the eNB, it can then follow the RRC Con-
nection Release procedure (refer section 5.3.8 of TS
36.331) instead of suspending the RRC Connection by
way of the RRC Connection Suspension procedure or
leaving the UE with some or all of its RRC Context
whilst behaving as if in RRC_IDLE or alternatively as if
not in RRC Connected.

Example Scenario 5

[0466] FIG. 24 shows a message sequence chart represent-
ing a possible handling of a suspension request made by the
UE 101 of an RRC connection between UE 101 and a RAN
102. In this example suspension is not accepted by the net-
work and the network decides to keep the UE in connected
mode.
[0467] With reference to FIG. 24, the following describes
the processing that occurs when the suspension request is
made by the UE 101.
[0468] 1. Initially the UE is assumed to be in RRC_
CONNECTED state with security activated.
[0469] 2. The UE detects that the RRC connection sus-
pension criteria were met (e.g. either at higher layers,
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NAS or AS (e.g.RRC) based on the inputs from user
plane entities and application entities or based on inac-
tivity timer expiry)

[0470] 3. The UE RRC sends a newly proposed message
RRC Connection Suspend Request (other message
names may be used but the intent of the message is the
same) to the eNB. In an alternative embodiment the UE
sends the request message using MAC CE (control ele-
ment) signalling.

[0471] 4.Itisnotacceptable for eNB to suspend the RRC
connection. This could result because of one or more of
the following reasons:

[0472] a.eNB is independently maintaining a suspen-
sion criteria (as described in section 6.1.1 for step 4a)
which is not met; and

[0473] b. eNB requests (and receives) either one-off or
periodic traffic report feedback from MME/S-GW.

[0474] 5. The eNB sends an RRC Connection suspend
reject message
[0475] a. Optionally the eNB can indicate a back-off

or prohibit timer to the UE so that the UE should not
retry the suspension request whilst the timer is run-
ning

[0476] b. In an alternative embodiment the eNB sends
no response message to the UE, in which case the UE
may have a hard coded back off or prohibit timer
which, whilst running, prevents a further transmission
of'an RRC Connection Suspend Request

[0477] 6. The UE continues to remain in RRC_CON-
NECTED state

Example Scenario 6

[0478] FIG. 25 shows a message sequence chart represent-
ing a possible handling of a suspension request made by the
UE 101 of an RRC connection between UE 101 and a RAN
102. In this example suspension is not accepted by the net-
work and the network decides to transition the UE to idle
mode.

[0479] With reference to FIG. 25, the following describes
the processing that occurs when the suspension request is
made by the UE 101.

[0480] 1. Initially the UE is assumed to be in RRC_
CONNECTED state with security activated.

[0481] 2. The UE detects that the RRC connection sus-
pension criteria were met (e.g. either at higher layers,
NAS or AS (e.g. RRC) based on the inputs from user
plane entities and application entities or based on inac-
tivity timer expiry)

[0482] 3.The UE RRC sends a newly proposed message
RRC Connection Suspend Request to the eNB. In an
alternative embodiment the UE sends the request mes-
sage using MAC CE (control element) signalling.

[0483] 4.Itisnotacceptable for eNB to suspend the RRC
connection and instead the eNB chooses to release the
RRC connection, this could result because of one or
more of the following reasons:

[0484] a. The eNB is independently maintaining
release criteria which are met;

[0485] b. The eNB requests and gets either one-off or
periodic traffic report feedback from MME/S-GW;
[0486] c. The eNB determines that it does not want the

UE to go to RRC_SUSPENDED for example due to
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impending DL user plane data transmission or by way
of internal Radio Resource Management (RRM)
policy; and
[0487] d. The eNB does not support the functionality
and has a policy to release the RRC connection when
incomprehensible messages are received from the
UE.
[0488] 5. The eNB sends an RRC Connection Release
message
[0489] 6. The UE receives the message and leaves RRC_
CONNECTED state moving to RRC_IDLE state.

Example Scenario 7

[0490] FIG. 26 shows a message sequence chart represent-
ing a possible handling of a suspension request made by the
eNB 1024 of an RRC connection between UE 101 and a RAN
102. In this example the UE 101 agrees to have the connection
suspended.

[0491] With reference to FIG. 26, the following describes
the processing that occurs when the suspension request is
made by the UE 101.

[0492] 1. Initially the UE is assumed to be in RRC_
CONNECTED state with security activated.

[0493] 2. The eNB detects that the RRC connection sus-
pension criteria were met, this could result for example
because:

[0494] a. The eNB is independently maintaining sus-
pension criteria which are met and/or

[0495] b. The eNB requests (and receives) either one-
off or periodic feedback from MME/S-GW

[0496] 3. The eNB prepares the source RAN to target
RAN containers as it would do for an Intra-RAT han-
dover

[0497] 4. The eNB would optionally store these contain-
ers with appropriate UE identities attached so that it can
be retrieved when required

[0498] 5. The eNB optionally sends the prepared con-
tainers to the MME in a similar way as would be per-
formed during an existing handover-via-S1 preparation
stage. These can be sent in a newly proposed explicit
message ‘UE Context Suspend Request” along with the
eNB and MME UE identities to uniquely identify the
UE.

[0499] a. The eNB can alternatively use one of the
existing S1 messages for handover preparation with a
special IE to indicate that the purpose is for UE RRC
connection suspension

[0500] 6. The MME stores the containers along with
attached UE identities. The MME either deletes the user
plane session at the S-GW or suspends it. The S-GW
sends an acknowledgement to the MME accordingly

[0501] 7. The MME acknowledges the UE context sus-
pension to the eNB

[0502] 8. The eNB 102a optionally prepares the other
eNBs in the vicinity or all eNBs in the tracking area with
the UEs context information over the X2-interface. This
is similar to the existing procedures for X2 handover
preparation. Alternatively a new X2 message can be
defined or an existing message for handover sequence
can be modified for suspension purposes. During this
preparation stage, it is proposed that eNBs shall also be
provided with the suspension validity max timer (pro-
posed in section 6.1.6) so that they can delete the stored
UE context at the timer expiry.
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[0503] 9. The eNB sends a newly proposed ‘RRC Con-
nection Suspend’ message to the UE and releases the UE
context from the connected state after receiving a lower
layer L2 RL.C acknowledgement from the UE.

[0504] 10. The UE receives the RRC Connection Sus-
pend message and based on its internal criteria check is
happy to suspend the RRC connection. UE backs up and
stores the same AS configuration as the eNB including
the security configuration and releases the RRC con-
nected state resources and entities. The UE considers
itselfto be in an RRC_SUSPENED state and configures
its RRC protocol as ifin RRC_IDLE (but with the stored
RRC context) and follows RRC_IDLE procedures
including monitoring paging occasions and using UE
based mobility procedures.

[0505] In an amended embodiment of this proposal
the paging cycle used by the UE in RRC_SUS-
PENDED may be different to that of RRC_IDLE.
This may, for example, be to ensure the UE detects a
page indicating user plane data sooner, by using a
shorter paging occasion, in order to satisfy the appli-
cation QoS for the delivery latency of these packets.

[0506] 11.Inanalternative embodiment of this proposal,
a scenario is envisaged wherein UE prefers RRC Con-
nection Release in case of eNB initiated RRC connec-
tion suspension. It is proposed that the UE would trans-
mit a flag in the UE capabilities that indicates whether
UE prefers a RRC connection to be suspended or
released if the suspension criteria are met on the network
side. The eNB would then suspend/release the RRC
connection accordingly.

Example Scenario 8

[0507] One possible alternative scenario to scenario 7
would be where upon receiving an RRC connection suspend
message from the eNB, the UE does not want to comply with
the eNB signal and instead decides to release the existing
RRC connection and go to RRC_IDLE. This needs additional
signalling between the UE and the eNB in the form of a
subsequent ‘RRC Connection Release Request’ or “RRC
Connection Release Indication”. Alternatively the UE may
send an RRC Connection Suspend Confirmation message
with an additional indicator to indicate transition to RRC_
IDLE and release of the RRC connection. An alternative
embodiment would be for the UE to transmit a flag in the UE
capabilities message to indicate that the UE prefers either an
RRC connection to be suspended or released if the suspension
criteria are met on the network side. The eNB would then
suspend/release the connection accordingly (as shown in
FIG. 26).

[0508] A further alternative upon receiving an RRC con-
nection suspend message from the eNB is where the UE
determines that it wants to stay in RRC connected. This UE
based response to the network initiated RRC connection sus-
pend is considered possible although does not adhere to the
commonly-applied system principle of network-oriented
control (i.e. alternative procedures instead allow the UE itself
to determine the final outcome of the RRC state decision).

[0509] Although the UE 101 indicates its preference for
suspension or release of the RRC connection in an indicator in
a RRC Connection Release Request message or as a flag or
some other form of'indicator in a UE capabilities message, the
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eNB 102a does not have to follow this request. The eNB 1024
can choose to ignore the request and choose another action
instead.

Example Scenario 9

[0510] Inoneembodimentitisproposed thatthe MME acts
as the anchor for RRC connection suspension and that a
registered tracking area (TA) or groups of tracking areas
(TAs) act as the boundary for suspension validity. Within the
validity area, the UE would treat its suspended RRC connec-
tion context to be valid and the UE or network may initiate a
reactivation. However other validity areas may be possible.
These other validity areas may be explicitly configured by
eNB or other network entities, either prior to or at the time of
RRC connection suspension, additional signalling may also
be required to inform the UEs of the parameters concerning a
validity area (for example, a group of Cell global identities).
[0511] The reason for choosing registered TA (or TAs) as
the suspension validity area may be multi-fold:

[0512] a. Any signalling related to RRC connection sus-
pension continuation /resumption/release can be com-
bined with the Tracking area update signalling which
will anyway take place at a TA boundary. The additional
signalling can be carried either by modifying the exist-
ing messages involved in the TAU procedure or addi-
tional new or existing RRC messages can be piggy-
backed over the same RRC connection established for
TAU purposes.

[0513] b. The concept of a TA is already defined in the
existing specifications and therefore adoption of TA
requires no additional specification in terms of validity
area definition at this time. Other validity boundaries
may result in some increase in over the air signalling at
the validity area boundaries. This is in addition to the
mandatory TAU signalling that will anyway happen at
TA boundaries.

[0514] c. ATAU procedure involves the UE, the eNB and
the MME and hence will help the refresh of security
configuration and other UE configuration (eg. Measure-
ment configuration, dedicated configuration) at all the
relevant entities, thus making it easy to continue with
suspension based on the new configuration at the end of
the TAU

[0515] 1. The base security used for deriving the
Access stratum integrity protection and ciphering are
based on Kenb which is derived at the UE and the
MME and differs from eNB to eNB. Every time there
is a connected state cell change (due to handover or
reestablishment or now as proposed for suspension
resumption) keys need to be derived for the new-eNB.
The new keys will not be dependent on the new-eNB
but also on the Kenb used on the source eNB and a
network chaining counter. So a UE simply cannot
resume a connection on any eNB by reusing the secu-
rity context at the time of suspension. Instead the
security context has to be refreshed in both the UE and
the network entities. Thus refreshing of the security
context (either with a new AS security context if new
connection establishment is needed or with a modi-
fied AS security context if connection reestablishment
was used) will allow the further connection resump-
tion to be accomplished with lower signalling over-
head.



US 2013/0039287 Al

[0516] To avoid UEs with suspended connections request-
ing for reactivation too quickly, it is also proposed to have an
optional inhibit timer such as a ‘Minimum Suspension Timer’
which should be obeyed once the UE suspends an RRC con-
nection. Whilst the timer is running, the UE is prevented from
initiating a reactivation of the suspended connection. This
parameter can be specified by eNB in UE dedicated signalling
on a per UE basis or for all UEs simultaneously by sending
common signalling in a system broadcast message. Alterna-
tively this timer shall be configurable by the eNB semi-stati-
cally (from time to time) via a new RRC Information Element
(IE) within an existing message or new RRC message, the
value of which may be dependant on the QoS delay require-
ments of the sessions that were active at the time of suspen-
sion. However the UE need not respect this timer for all
instances, for example the timer may be overridden when
initiating an emergency call.

[0517] Inasimilar way, an optional maximum timer can be
specified after which a suspended connection ceases to be
active. Upon expiry of such a timer, the UE and/or eNB could
delete the stored UE context information and consider the
suspended connection to be released, and the UE to be in
normal RRC IDLE mode.

[0518] The UE may indicate its support for connection
suspension in a UE capabilities message transferred from the
UE to the network where as the network will indicate its
support for connection suspension in the broadcast system
information.

S1-U Behaviour

[0519] In the case of both UE-initiated and eNB initiated
RRC suspension procedures, the MME may request the
S-GW to either suspend or delete the S1-U for the UE
between S-GW and the serving eNB. In either of these cases,
the downlink traffic destined for the UE will be buffered at the
S-GW which will then have to request the MME to page the
UE. In response to the paging, once the UE contacts the
MME, it will then have to create or resume the S1-U session
for the UE between the S-GW and the now-serving eNB.
[0520] Ifthe MME is responsible for paging the UE then it
would potentially need to page the UE in all the cells belong-
ing to the registered tracking area of the UE. This can increase
the paging load of the system as a whole. To manage the
paging load there are several schemes as known to those
expert in the field such as:

[0521] the shortest-distance-first scheme (MME first
pages in the lastknown eNB location of the UE and other
locations will be paged if it elicits no response from the
UE),

[0522] sequential paging (Paging for the UE sequentially
in a different sub-set of eNBs each time).

[0523] Two solutions are proposed here to manage the pag-
ing load of the system.

[0524] Inafirst solution, the MME stores the identity of the
eNB which informed the UE context suspension. As proposed
previously, the S1-U session would subsequently be sus-
pended or deleted. If a need to page the UE arises, the MME
can resort to the shortest-distance-first paging scheme, by
using the stored eNB identity as the last known location of the
UE. If this elicits a response from the UE that would save the
MME from performing a blanket paging for the UE, in all
cells of the TA.

[0525] Inasecond solution, itis proposed that at the time of
RRC Connection Suspension, the MME shall keep the S1-U
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session of the UE active between the S-GW and the eNB. In
this scenario the downlink user data reaches the eNB on
which the RRC Connection was originally suspended. on
arrival of the downlink data, this eNB then pages the UE thus
reducing the system paging load. If the eNB does not receive
any response for the paging, it may then escalate the paging
requirement to the MME which will then page the UE across
all the other eNBs.

Mobility Procedures

[0526] Upon suspension of the UE’s RRC connection, the
UE may perform mobility procedures as if it is an idle mode
UE. For cell reselections within the validity area, the UE may
not be required to perform any additional signalling until the
UE, eNB or MME wishes to resume (or reactivate or re-
establish) the RRC connection.

[0527] The terminology of new-MME and new-eNB is
used herein to indicate an MME and an eNB respectively on
which a UE with a suspended RRC context initiates signalling
either for mobility purposes or for RRC connection reactiva-
tion purposes. These new-MME and new-eNB may be the
same as the MME or eNB serving the UE when the RRC
connection was suspended or may be a different eNB and/or
MME.

[0528] If a UE 101 finds itself outside of the suspension
validity area boundary (e.g. one or more TAs), the UE shall
perform a tracking area update as per the existing specifica-
tions. One representative scenario is depicted in FIG. 27. The
details of possible actions in the above sequence are as fol-
lows:

[0529] 1. The UE 101 has a valid suspended RRC con-
nection (e.g. the UE is located in the TA(s) where the
RRC connection suspension took place) and is follow-
ing idle state mobility procedures.

[0530] 2. Due to its mobility, the UE detects that it is on
a cell which requires a TAU procedure to be performed.
The UE also detects that the suspended RRC connection
is no longer valid and hence locally invalidates the stored
RRC context.

[0531] 3.The UE 101 sends an RRC connection request
with cause Mobile-Originated (MO) signalling

[0532] 4.The eNB 1025 sends an RRC connection setup
in order to establish the Signalling Radio Bearer (SRB1)

[0533] 5. The UE 101 sends an RRC connection setup
complete message within which an initial NAS message
is contained. The initial NAS message in this case will be
a TAU request.

[0534] a. Optionally a flag may also be included such
as ‘RRC connection suspension status’ indicating that
the UE previously had a suspended connection. This
flag may either be added as a part of RRC signalling
(e.g. RRC Connection Setup Complete) or as part of
NAS signalling (e.g. TAU).

[0535] b. Optionally, along with or instead of the IE
‘RRC connection suspension status’, the UE may
include another flag such as ‘RRC suspension con-
tinue’ to indicate the desire to remain suspended after
the TAU. The eNB can initiate the suspension proce-
dure accordingly.

[0536] 6. The eNB 1025 forwards the TAU request to a
new MME 1034 and optionally the ‘RRC connection
suspension status’.

[0537] a. The new eNB 1025 will include the suspen-
sion status, if it wishes to retrieve the suspended RRC
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configuration from the old MME 103a. This sus-
pended RRC configuration may help the new-eNB to
minimize the Over-The-Air (OTA) signalling by
transmitting only a differential configuration to the
UE.

[0538] b. The new eNB 1025 will not include the sus-
pension status if it wishes to provide a completely new
RRC configuration to the UE, independent of the
previous suspended configuration.

[0539] 7. Asis the case for anormal TAU, the new MME

103d retrieves the UE context from the old MME 10354

using a UE Context Request message.

[0540] a. If received from the UE the new eNB 1024
may send a corresponding ‘RRC connection suspen-
sion status’ flag which will optionally be added to this
UE Context Request as sent to the old MME 10354
from the new-MME 103d

[0541] 8. The old MME retrieves the UE context as
requested by the new MME. If the ‘RRC connection
suspension status’ flag indicates a previously suspended

RRC connection, it will also retrieve the stored container

available for this UE. Either after a guard timer expiry or

upon confirmation from HSS that the UE location has
changed, the old MME 1035 will indicate to the old

S-GW (not shown) to delete the S1-U session of the UE

101. Upon the deletion confirmation from the old S-GW,

the UE context will be deleted at the old MME 10354.

[0542] 9.The old MME 1035 provides the suspended UE
context and optionally the containers to the new MME
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figuration and the dedicated radio resource configura-

tion. The TAU accept can be piggybacked onto this

message

[0552] a. Optionally the eNB may locally refresh the
RRC configuration and perform the remaining TAU
procedure on SRB1 itself.

[0553] b. Optionally the eNB may include a newly
proposed flag in the RRC reconfiguration message to
indicate whether the configuration being provided is
“full-config’ or ‘differential config’. Accordingly the
UE is able to understand whether it should delete the
suspended configuration or reuse it (along with the
differential updates) to derive the new configuration.

[0554] c. Optionally a mandatory default behaviour
can be specified in the standard as to whether the
received configuration from the eNB should be
treated as a full-config or differential-config.

[0555] 17. The UE applies the received configuration
and sends an RRC connection reconfiguration complete
message to the eNB.

[0556] 18.The UE sends a TAU complete message to the
eNB which gets forwarded to the new-MME.

[0557] 19. From this point onwards the RRC connection
can again be suspended based on the suspension proce-
dures described above. For example, the eNB may ini-
tiate a suspension based on the ‘RRC suspension con-
tinue’ flag provided in step 5 above.

Example Scenario 10

103d as a part of ‘UE context response’ [0558]
[0543] a. The existing ‘UE context response’ message
(as used during TAU) has to be extended to accom-
modate the newly proposed optional containers
related to the previously suspended RRC connection.
[0544] 10. The new MME optionally performs NAS
level authentication and security procedures.

[0545] 11. The new eNB 1025 creates a UE session with
anew S-GW 103¢ using a ‘Create session request’ mes-
sage. If there is no change of S-GW, it will instead be
modifying an existing session.

[0546] 12. The new S-GW 103¢ acknowledges the ses-
sion creation

[0547] 13. The new MME 103d provides the new eNB
1025 with the TAU accept as well as the newly proposed
optional containers received from the old MME. The
MME also provides the security configuration required
to derive the keys for the AS security procedure. A
Bearer setup request may also optionally be issued by
the new MME to the new eNB requiring it to setup a user
plane data bearer for the UE.

[0548] 14. The new eNB performs an AS security acti-

UE initiated RRC Connection reactivation within a
validity area (either autonomously or in response to receipt of
apaging signal for downlink data) may be achieved by means
of RRC Connection Reestablishment signalling. RRC Rees-
tablishment signalling procedures are currently defined for
E-UTRAN for quickly resuming the RRC connection and
restarting the AS security in the case of handover failures or
radio link failures (RLF). The reestablishment procedures
allow cells with prepared UE RRC connection data or RRC
contexts (the UE context is provided by the previous serving
eNB over the X2 interface) to resume signalling and dedi-
cated radio bearers (SRBs and DRBs) in the UE based on its
previously configured UE context. Modification to the SRBs,
DRBs, measurement configuration and security configura-
tion by the new-eNB, before resumption, is also possible by
means of the reestablishment procedure.
[0559] Because the RRC Connection Reestablishment pro-
cedure does not involve NAS level signalling and optionally
security activation signalling over the air, it is much lighter in
terms of required signalling than a regular idle to connected
mode transition. The other advantage is that a eNB on which
the connection is being resumed can make use of the option-
. . ality of various fields and hence minimize the size of the over
vation procedure with the UE the air signalling for the measurement and radio resource
[0549] 15. The eNB optionally decodes the containers conﬁgurations during the reestablishment procedure,
containing the suspended configuration and will deduce [0560] With reference to FIG. 28, to extend this procedure
the new differential reconfiguration that needs to be  for RRC connection resumption the following enhancements

issued to the UE need to be made.

[0550] a. Optionally the eNB may ignore the sus- [0561] 1. Atthe time of RRC connection suspension, the
pended configuration and may independently derive a serving eNB either,
full new configuration that needs to be issued to the [0562] a. Stores a full back-up of the containers it has
UE. sent to the MME along with the corresponding eNB

and MME identities associated to the UE at the time
the suspension took place, or

[0551] 16. The eNB sends an RRC reconfiguration mes-
sage to the UE which contains the measurement con-
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[0563] b. stores the eNB and MME identities of the
UE, associate a suspension status with them and for-
ward the actual containers along with the eNB and
MME identities of the UE to the MME.

[0564] 2. The serving eNB can optionally prepare either
some eNBs in the vicinity (as it does for the case of
X2-handover) or possibly all the eNBs under the MME
(or within the validity area such as the Tracking Area
(TA)) with the UE context and any other information
required for a connection reestablishment on any one of
those eNBs. The preparation is tagged with a ‘suspen-
sion indicator’ flag to indicate to the target eNB that the
preparation is actually for a suspended RRC connection.

[0565] 3. Optionally the X2 interface protocol may be
enhanced such that based on the old eNB credentials
provided in the ‘RRC connection reestablishment
request’, the new-eNB will be able to identity and query
the old eNB for the UE context. If available the Old eNB
may provide the UE context to the new-eNB in a similar
manner as used during a X2 handover preparation. Alter-
natively the Old eNB may be able to query the MME for
the UE context as it does during a TAU using the UE
identities and the suspension indicator. The new-eNB
may indicate to the old eNB that this is for a suspended
RRC connection.

[0566] The details of possible actions in the reestab-
lishment procedure sequence for the purposes of con-
nection reactivation are as follows:

[0567] 1. Initially the UE considers its suspended RRC
connection to be valid

[0568] 2. The UE detects the need to resume the RRC
connection either due to the arrival of data pending
uplink transmission or due to reception of paging from
the network.

[0569] 3. On its current camped cell within the validity
area, UE sends an RRC connection reestablishment
request with anew cause indicating reactivate’ or new [E
to indicate the reactivation of a suspended RRC Connec-
tion or context. It may include some or all the details as
per the regular reestablishment request message struc-
ture (3GPP TS 36.331). The details of C-RNTI and
Source PhysicalCellldentity shall be those that relate to
the cell/eNB on which the RRC connection was origi-
nally suspended. Short MAC-I derivation is as per the
usual procedure (refer to section 5.3.7.4 of 3GPP TS
36.331) however using the parameters relating to the
cell/eNB on which the RRC connection was originally
suspended.
[0570] 4. The new-eNB detects the reestablishment
cause as ‘reactivate’ (or the RRC Connection Reestab-
lishment request message includes a new IE to request
the reactivation of a suspended RRC connection)
[0571] a. Either it has a stored UE context available
(the new-eNB 1025 may be the same as the old eNB
on which the connection was originally suspended or
may be one of the eNBs that have been prepared by the
old eNB 102a) or

[0572] b. Based on the source cell details provided by
the UE, the new-eNB 10254 is able to retrieve the
suspended UE context from the old eNB 1024 over an
X2 interface using a new or modified message.

[0573] 5. The old eNB 102a has either the stored UE
context available or it is able to retrieve this context from
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the MME 1035 using the stored UE identities (in the
same way as it retrieves UE context for S1 handovers).
[0574] 6. The old eNB 102a provides to the new eNB
1024 the UE context (containers with AS-Config con-
taining the suspended RRC context and AS-Context
containing the information to re-establish the RRC con-
nection on the new-eNB).
[0575] 7. The new-eNB 10254 uses the received informa-
tion to validate the security context of the UE 101 and
sends an RRC Connection Reestablishment message to
the UE for SRB1 resumption and new security key deri-
vation.
[0576] 8. The UE resumes SRB1, derives new security
keys and sends an RRC Connection Reestablishment
Complete message to the new-eNB.
[0577] 9. Thenew-eNB 1025 sets up the UE session with
the MME 1035 following the S1 path switch as it would
do in case of a regular RRC connection reestablishment.
[0578] a. The MME 10354 in turn creates a user plane
session for the UE with the S-GW 103q¢ if the S1-U
was deleted earlier or

[0579] b. The MME facilitates a regular S1 path
switch if the S1-U was kept active between the S-GW
and the old-eNB on which the connection was origi-
nally suspended

[0580] c.The MME may facilitate a S1 path switch but
with an additional reactivate indicator to the S-GW if
the S1-U was suspended at the time of suspension

[0581] 10. The new-eNB sets up SRB2 and DRB con-
figurations and measurement configuration and sends an
RRC Connection Reconfiguration message to the UE.

[0582] 11. The UE applies the received configuration,
reactivates SRB2 and DRB, and transmits an RRC Con-
nection Reconfiguration Complete to the eNB. Thereaf-
ter the UE may proceed with any user plane date transfer
as usual.

[0583] As an alternative to reuse of the reestablishment
procedure for reactivation of a suspended connection, an
equivalent procedure may be employed but which uses dif-
ferent messages or message definitions For example, a new
RACH message3 and message 4 (see 3GPP TS 36.331) may
be defined for the purposes of RRC connection reactivation
request and RRC connection reactivation respectively and
which could follow the same principles as those of reestab-
lishment.

[0584] A further alternative option could be to resort to the
regular RRC Connection Establishment procedure within the
validity area too, thereby following the reactivation proce-
dure described below (Example Scenario 12) in the validity
area change case.

Example Scenario 11

[0585] FIG. 29 shows a message sequence chart describing
the details of possible actions if the reestablishment proce-
dure fails during the connection reactivation. The steps of
FIG. 29 include:

[0586] 1. Initially the UE 101 has a suspended RRC
connection associated with a cell under the control of old
eNB 102aq.

[0587] 2. The UE detects the need to reactivate the RRC
connection either due to the arrival of data pending
uplink transmission or due to reception of paging from
the network.
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[0588] 3. The UE 101 is camped on a cell under the
control of new eNB 1024 and which lies within the
validity area. The UE sends an RRC connection reestab-
lishment request with a new cause indicating ‘reactivate’
or a new IE to indicate the reactivation of a suspended
RRC Connection or context towards a new eNB 1025. It
may include some or all of the details that would be
included within a regular reestablishment request mes-
sage structure. The details of C-RNTI and Source Physi-
calCellldentity shall be those that relate to the cell/eNB
102a on which the RRC connection originally was sus-
pended. Short MAC-I derivation is as per the usual pro-
cedure. However using the parameters relating to the
cell/eNB 1024 on which the RRC connection originally
was suspended.

[0589] 4. The new-eNB 1025 either fails to resolve the
UE identity to retrieve the prepared context or fails to
uniquely identity the source eNB from which the UE
context has to be retrieved.

[0590] 5. Thenew-eNB 1025 rejects the reestablishment
request.
[0591] 6. The UE 101 applies the default configuration

for SRBO whilst retaining the rest of the suspended UE
context and starts a RRC connection establishment pro-
cedure.

[0592] 7. The UE 101 transmits a RRC connection
request message optionally identifying the setup cause
as resume.

[0593] 8. The new-eNB 1025 sets up SRB1 for the UE
and transmits RRC connection setup message to the UE.

[0594] 9. The UE configures SRB1 and transmits a RRC
connection setup complete message including an initial
NAS message, for example: Service Request. UE also
includes the UE identifiers and MME identifiers related
allocated when the RRC connection got suspended.

[0595] 10. The new-eNB 1025 requests the designated
MME 1035 to setup a S1 context for the UE.

[0596] 11.From the context request, MME 1035 knows
that it has stored containers pertaining to the suspended
RRC context for this UE and retrieves the same.

[0597] 12. MME 1035 switches the S1 path from the old
eNB 102a on which the connection was originally sus-
pended to the new-eNB 1024.

[0598] 13. If the S1 path switch is not possible, the S1
connection is released with old eNB 102a and is setup
with the new-eNB 10254.

[0599] 14.The MME 1035 forwards the security context
for the UE and the stored containers related to the sus-
pended RRC connection.

[0600] 15. The New-eNB 1026 can now derive a delta
configuration that needs to be signalled to the UE by
comparing the known current configuration at the UE
with the configuration desired by the new eNB 10254.
Alternatively, new eNB 1025 may also instruct the UE to
throw away the suspended configuration and adopt a
new configuration by setting the ‘full config’ IE.

[0601] 16.The New eNB 1025 transmits a security mode
command to the UE and RRC connection reconfigura-
tion message to the UE which will lead to the reactiva-
tion of SRB2 and other DRBs at the UE.

Example Scenario 12

[0602] Reactivation at a change in validity area boundary is
based on the TAU procedure outlined above in the mobility
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procedures. The RRC connection required for performing the
TAU procedure may be established following a normal RRC
connection establishment approach.
[0603] The advantages of a regular RRC connection estab-
lishment procedure are that this allows:
[0604] a. NAS and AS security to anyway be activated
based on the base key of the new MME
[0605] b.Bearer mappings and channel configurations to
be modified as suited for the new MME/new-eNB
[0606] c. Measurement contexts to be refreshed with the
neighbour cell configurations suited for the new MME/
new-eNB.
[0607] Thus this approach of reactivating the connection
during a TAU procedure comprises:

[0608] a. Invalidating the suspended RRC connection
and
[0609] b. Setting up a new RRC connection (with full

new-config or differential new config) via the TAU
[0610] c. Retaining/suspending/releasing the new con-

nection as desired once ongoing data transfer and sig-

nalling is considered complete
[0611] The details of this approach are described above as
part of the mobility procedures.
[0612] However, if establishment of a new RRC connection
is deemed to be inefficient at TA boundaries (for example
when UEs move between the TAs), the RRC connection
reestablishment procedure may need to be modified to incor-
porate NAS signalling between SRB1 reactivation and SRB2/
DRB reactivation. This procedure is similar to the reestab-
lishment procedure described in scenario 11 above except
that in this case the new-eNB is connected to an MME dif-
ferent to that to which the old-eNB is connected. Therefore
during the initial reestablishment, the new-eNB will retrieve
the UE RRC context from the old eNB via the X2 interface if
available or from the old-MME via the new MME. New
signalling messages to retrieve this context will be required
between the MMEs and between the eNB and MME. Once
the security activation and SRB1 reactivation phase of the
reestablishment procedure is successful, regular TAU signal-
ling can take place over the resumed SRB1. The TAU signal-
ling can be used to reactivate/release/suspend the RRC con-
nection at the end of the TAU in the same way as described
above.

Example Scenario 13

[0613] There are numerous possible embodiments of the
RRC suspend concept. In this scenario, an embodiment is
described in which the objective is to maximise compatibility
with existing system procedures and signalling messages, and
thereby to minimise the specification work necessary to inte-
grate the scheme within 3GPP LTE specifications.

[0614] The embodiment is based upon the following guid-
ing principles:

[0615] Procedures for reactivation of a suspended RRC
context are largely based on existing procedures for
RRC re-establishment (and which are currently used for
recovery from Radio Link Failure

[0616] The S1 connection is not suspended during a Uu
suspension. This avoids the need for signalling between
the Radio Access Network and the Core Network each
time a Uu connection is suspended or resumed (i.e. from
the CN point of view, the UE remains in connected
mode).
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[0617] The UE always informs the RAN in the event that
it reselects another cell whilst suspended. This avoids
the need for paging escalation (via other eNBs, or via a
wide area spanning multiple cells/eNBs) in the event
that downlink data arrives at the eNB of the suspension
cell, but the UE has since moved to another cell without
notifying the network. There are two potential variants
concerning this cell location notification:

[0618] 1) The first alternative is for the UE to move to
idle and to send a TAU via the new cell following a
reselection. On receipt of the TAU, the MME is made
aware that the UE is now idle and can initiate the
release of the S1 to the old cell. If new data arrives for
the UE beyond this point, a new RRC connection (and
S1 connection) will be established (following net-
work paging of the UE in the case of DL data arrival)

[0619] 1ii) The second alternative is for the UE to send
a re-establishment request in the new cell following a
reselection. The eNB of the new cell may then decide
to perform operations similar to those used during
handover in order to prevent the UE from moving
back to full idle mode. If the eNB of the new cell is the
same as that of the old cell, the UE context informa-
tion is readily available within the eNB, hence the
eNB can complete the re-establishment procedure
with the UE without contacting other network nodes.
If'the eNB of the new cell is different to that of the old
cell, the new eNB may attempt to fetch the UE context
from the old eNB using existing X2 ‘forward han-
dover’ procedures (“RLF indication message” of
3GPP TS 36.423) introduced in 3GPP Release 9 for
RLF recovery and the new eNB can complete the
re-establishment procedure with the UE and can ini-
tiate an S1 path switch request to the MME per the
normal handover procedure.

[0620] If re-establishment procedures fail (either when
accessing the suspension cell or a new cell), or if they are
rejected by the network, the UE resorts to NAS-based
RLF recovery as per existing procedures, and hence
returns to idle and sends a TAU via the currently camped
cell. This will result in the establishment of a new RRC
connection.

[0621] In order to implement the above embodiment, the
following changes are required to the specifications:

[0622] 1) A new “Suspend Request” message may be
defined for uplink communications, thereby allowing
the UE to request or initiate a suspension of the RRC
connection. If suspension is purely network-triggered
(without UE input to the decision), definition of this
message is not required. The message may be a new
RRC message, or may comprise a modification to an
existing RRC message. The message may alternatively
be conveyed at a MAC layer for example within a MAC
control element (CE).

[0623] 2) A “Suspend Command” message may be
defined for downlink communications in order to allow
the network to command a suspension of the UEs
present RRC connection. In order to provide this func-
tionality, an existing message (such as RRC release, or
RRC reconfiguration) may be modified, or a new mes-
sage may be defined. Alternatively the message may be
conveyedata MAC layer for example withina MAC CE.
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[0624] 3) New triggers for initiating RRC re-establish-
ment are defined. When the UE’s RRC connection is
currently suspended, these include one or more of:
[0625] a. Reception of a paging message from the

network (for network-originated—DI.—data)
[0626] b. The arrival of new mobile-originated (UL)

data at the UE
[0627] c. Following the UE’s reselection to any other
cell

[0628] FIG. 30 is a message sequence chart showing an
over view of the above steps for RRC Connection Suspension
followed by RRC Connection Re-establishment between a
UE 101 and a EUTRAN 102.

[0629] 1. Initially the UE 101 has an active (non-sus-
pended) RRC connection with EUTRAN 102.

[0630] 2. A trigger is generated at either the UE 101 or
the EUTRAN 102 indicating that it would be preferable
to suspend the RRC connection. This trigger may be
generated by a suspension criterion or criteria being met
at the UE or the EUTRAN, as discussed in the above
examples.

[0631] 3a. If the trigger is generated at the UE, the UE
sends a connection suspend request message. In this
example, the UE uses a new message (e.g. an RRC
Connection Suspend Request message) to the
EUTRAN. Other new or existing 3GPP messages could
also be used for this purpose. If the trigger is generated
at the EUTRAN the connection suspend request mes-
sage is not sent by the EU and this step is omitted.

[0632] 3b. On receipt of the RRC Connection Suspend
Request message by the EUTRAN or the if the trigger is
generated at the EUTRAN, the EUTRAN sends a con-
nection suspend command message to the UE. In this
example, the EUTRAN uses a new message (e.g.a RRC
Connection Suspend command message) to the UE. In
another example, the EUTRAN could use a a modified
form of an RRC Connection Reconfiguration message
or a modified form of an RRC Release message as a
connection suspend command message. In these cases
the modified RRC Connection Reconfiguration message
or modified RRC Release message would be modified so
that the effect at the UE would be for the RRC connec-
tion to be suspended rather than reconfigured or
released. This modification could for example include a
new information element (IE) to indicate that the pur-
pose is to suspend the RRC connection. For example,
this new IE may be labelled ‘Suspend RRC Connection’,
‘Suspend Command’, ‘Suspension Command’, ‘Sus-
pend Indicator’, ‘Suspension Indicator’ or something
different. The new IE may be optionally present in the
message and the presence of the IE in the message may
cause the UE to suspend the RRC connection. Alterna-
tively the new IE may be a Boolean value and the setting
ofthe IE to TRUE may cause the UE to suspend the RRC
connection. Other new or existing 3GPP messages could
also be used for this purpose.

[0633] 3c. Optionally, the UE may then send a RRC(L.3)
acknowledgement or a MAC(L.2) acknowledgement to
the EUTRAN

[0634] 4. The RRC connection is then suspended with at
least the security context being stored at the UE and/or
the EUTRAN.

[0635] 5. After the RRC connection has been suspended,
paging reception and mobility procedures at the UE are
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similar to the procedures adopted by the UE when the
UE is in idle mode (the UE monitors downlink signals
for paging messages and performs UE-based mobility
procedures (e.g cell reselection)).

[0636] 6. To re-establish a suspended RRC connection a
trigger to resume from suspend is generated at the UE or
the EUTRAN. Typically, the trigger is generated at the
UE and may be one of (i) reception of a paging message
from the EUTRAN for network-originating downlink
data for the UE; (i) the generation at the UE of new
mobile-originated uplink data; or (iii) following the
UE’s reselection to another cell. Other triggers as
described above are possible as well.

[0637] 7. On generation of the trigger, the UE sends a
connection re-establishment request message. In this
example, the UE sends a RRC Connection Reestablish-
ment Request message with a RRC Suspended Indica-
tion to the EUTRAN. The RRC Suspended Indication
may be contained within a reestablishment cause field of
the RRC Connection Reestablishment Request mes-
sage.

[0638] 8. The EUTRAN then responds with a connection
re-establishment command message. In this example,
the EUTRAN sends a RRC Connection Reestablish-
ment command message to the UE.

[0639] 9. When the RRC connection has been re-estab-
lished, the UE sends a connection re-establishment com-
plete message to confirm the RRC connection has been
re-established. If a RRC Connection Reestablishment
command message is used as the connection re-estab-
lishment command message, the UE sends a RRC Con-
nection Reestablishment Complete message to the
EUTRAN.

[0640] Optionally (and possibly as an alternative to
using a RRC Connection Reestablishment command
message shown in step 8 above), the EUTRAN may also
respond with a RRC Connection Reconfiguration mes-
sage. In a scenario where, the EUTRAN would use the
RRC Connection Reconfiguration message instead of a
RRC Connection Reestablishment command message
as the connection reestablishment command message.
In that example, the EUTRAN could use a modified
form ofthe RRC Connection Reconfiguration so that the
effect at the UE would be for the RRC connection to be
re-established. This modification could for example
include a new information element (IE) to indicate that
the purpose is to re-establish the RRC connection. For
example, this new IE may be labelled ‘Suspended RRC
Connection’, ‘Suspend Indicator’, ‘Suspension Indica-
tor’ or something different. The new IE may be option-
ally present in the message and the presence of the IE in
the message may cause the UE to re-establish the RRC
connection. Alternatively the new IE may be a Boolean
value and the setting of the IE to TRUE may cause the
UE to suspend the RRC connection. Other new or exist-
ing 3GPP messages could also be used for this purpose.

[0641] 11. If a RRC Connection Reconfiguration mes-
sage is received at the UE, the UE then responds to that
message with a RRC Connection Reconfiguration Com-
plete message. The UE would use the RRC Connection
Reconfiguration Complete message as a connection
reestablishment complete message. Other new or exist-
ing 3GGPP messages could also be used for this pur-
pose.
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[0642] 12. At this point, the RRC connection is fully
re-established and user plane data communication with
the UE may be initiated or resumed.

[0643] The example scenarios 14 to 16 below and the
respective FIGS. 31 to 33 give more detailed examples of
specific scenarios within the general scenario discussed
above in scenario 13 and shown in FIG. 30.

Example Scenario 14

[0644] FIG. 31 shows a message sequence chart for re-
establishment of a UE 101 from suspend on an eNB 102¢ that
has the RRC connection information or context for the UE
101. The eNB 1024 may be the eNB that suspended the RRC
connection or it could be a different eNB.

[0645] 1. When a trigger is generated at the UE 101 for
re-establishment of a suspended RRC connection, the
UE sends a RRC Connection Reestablishment Request
message to the eNB 102a. The Reestablishment Request
message may contain a reestablishment cause field
allowing the UE 101 to indicate to eNB 102a that the
reason for the reestablishment is to reactivate a previ-
ously-suspended RRC connection.

[0646] 2. When the eNB 102a receives the request mes-
sage, the eNB 1024 retrieves the stored RRC connection
information for UE 101 and sends a RRC Connection
Reestablishment command message to the UE 101.

[0647] 3. The UE performs re-establishment of the sus-
pended RRC connection and sends a RRC Connection
Reestablishment Complete message to the eNB.

[0648] 4.TheeNB then sends a RRC Connection Recon-
figuration message to the UE.

[0649] 5. The UE completes the RRC connection recon-
figuration and sends an RRC Connection Reconfigura-
tion Complete message to the eNB to complete the re-
establishment of the RRC connection.

Example Scenario 15

[0650] FIG. 32 shows a message sequence chart for re-
establishment of a suspended RRC connection for a UE 101
that is camped on an eNB 1025 that does not have the RRC
connection information or context.

[0651] 1. When a trigger is generated at the UE 101 for
re-establishment of a suspended RRC connection, the
UE sends a RRC Connection Reestablishment Request
message to the eNB 1025. The Reestablishment Request
message may contain a reestablishment cause field
allowing the UE 101 to indicate to eNB 1024 that the
reason for the reestablishment is to reactivate a previ-
ously-suspended RRC connection. The Reestablish-
ment Request message may also contain information
enabling eNB 1026 to identify the eNB (eNB1 1024a)
that originally suspended the UE’s RRC connection.

[0652] 2. eNB 1025 does not have the RRC connection
information for UE 101 and so sends a RLF Indication
message (context fetch) to the old eNB 1024 that sus-
pended the RRC connection.

[0653] 3. The old eNB responds by sending a handover
request to the new eNB 1025 including the RRC con-
nection connection information for the UE 101.

[0654] 4. The new eNB 1025 responds with a handover
request acknowledgement to the old eNB.

[0655] 5. Thenew eNB 1024 then sends a RRC Connec-
tion Reestablishment message to the UE 101.
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[0656] 6. The UE 101 performs re-establishment of the
suspended RRC connection and responds with an RRC
Connection Reestablishment Complete message to the
new eNB 10254.

[0657] 7. The new eNB then sends an RRC Connection
Reconfiguration message to the UE.

[0658] 8. The UE completes the RRC connection recon-
figuration and sends an RRC Connection Reconfigura-
tion Complete message to the new eNB to complete the
re-establishment of the RRC connection.

[0659] 9. The new eNB 1025 then completes an S1 path
switch with MME 1035.

[0660] 10. The MME 1035 sends the new eNB a han-
dover request acknowledgement.

[0661] 11. The new eNB 1025 then sends a message to
the old eNB 1024 to cause the old eNB 102a to release
the RRC connection configuration or context for the UE
102.

Example Scenario 16

[0662] FIG. 33 shows a message sequence chart for failure
of re-establishment from suspend for a UE 101 followed by a
NAS recovery procedure using Tracking Area Update (TAU).

[0663] 1. When a trigger is generated at the UE 101 for
re-establishment of a suspended RRC connection, the
UE sends an RRC Connection Reestablishment Request
message to the eNB 102a.

[0664] 2. When the eNB 1024 receives the request mes-
sage, the eNB 102a determines that it does not have the
RRC connection information for UE 101 and decides to
reject the request for re-establishment. The eNB 1024
then sends a RRC Connection Reject command message
to the UE 101.

[0665] 3. The UE then sends a RRC Connection Request
message to the eNB for a new RRC connection with the
eNB.

[0666] 4. The eNB 102a then sends an RRC Connection
Setup message to the UE 101.

[0667] 5. The UE completes the RRC connection setup
and sends a RRC Connection Setup Complete message
to the eNB 102a.

[0668] 6.eNB 102a then sends a DL Information Trans-
fer message to the UE.

[0669] 7. This is followed by the eNB 1024 sending a
RRC connection release message to the UE 101.

[0670] Additional aspects of the present disclosure relating
to the operation of a UE to suspend an RRC connection will
now be set out in the following numbered clauses.
1. A method, implemented in a user equipment (UE) for use
with a Radio Access Network (RAN), comprising:

[0671] the UE suspending an established RRC connec-
tion with the RAN;

[0672] the UE monitoring, whilst the RRC connection is
suspended, for at least one of: paging and notifications of
downlink data for the UE; and

[0673] the UE storing RRC connection data related to the
suspended RRC connection, said RRC connection data
being usable by the UE to reactivate the suspended RRC
connection.

2. A method as set out in clause 1, wherein RRC connection
data comprises data representing one or more of:

[0674] the configuration of radio bearers in the estab-
lished RRC connection;
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[0675] security parameters relating to the established
RRC connection;

[0676] temporary cell identifiers;
[0677] MAC configuration;
[0678] Physical Layer configuration.

3. A method as set out in clause 1 or 2, further comprising
marking the stored RRC connection data to indicate the sus-
pension of the RRC connection.

4. A method as set out in clause 1, 2 or 3, wherein the UE
suspends the established RRC connection in response to an
RRC connection suspension criterion being met.

5. A method as set out in clause 4, the RRC connection
suspension criteria comprising one or more of:

[0679] the expiry of a timer at the UE;

[0680] reception of a message at the UE.

6. A method as set out in any preceding clause, wherein the
RAN has an established user plane connection with a Core
Network (CN) for the UE, the method further comprising
maintaining the established user plane connection between
the RAN and the CN while the RRC Connection is sus-
pended.

7. A method as set out in clause 6, wherein when the RAN
node for which the suspended RRC connection is valid
receives from the CN downlink data for the UE, the RAN
node buffers the downlink data and pages the UE a transmits
a notification of downlink data for the UE.

8. A method as set out in clause 7, wherein, in response to the
RAN node receiving no response from the UE to the paging or
to the notification of downlink data, the RAN node sends to
the CN a paging escalation message.

9. A method as set out in any of clauses 1-5, further compris-
ing the UE or a RAN node sending a message to inform any
node in the Core Network (CN) that the RRC connection is
suspended.

10. A method as set out in clause 9, wherein the RAN has an
established user plane connection with the CN for the UE, the
method further comprising suspending the established user
plane connection between the CN and the RAN.

11. A method as set out in clause 10, wherein the message sent
to the CN includes an identification of the UE, the method of
suspending the established user plane connection between the
CN and the RAN comprising the RAN or one or more nodes
in the CN or both:

[0681] discontinuing transmission and reception of user
plane data for the UE over the established user plane
connection between the RAN and the CN; and

[0682] storing CN-RAN connection data representing
the established user plane connection, said CN-RAN
connection data being usable to later resume transmis-
sion and reception of user plane data to the UE by reac-
tivating said user plane connection between the RAN
and the CN as the result of an RRC connection reactiva-
tion process.

12. A method as set out in clauses 10 or 11, wherein when
downlink data for the UE is received at the CN, a node of the
CN butfers the downlink data and the CN initiates the paging
of'the UE by one or more cells of the RAN.

13. A method as set out in clauses 10, 11 or 12, further
comprising a node of the CN maintaining a validity indicator
for the UE, said validity indicator being usable in checking
the validity of the said RRC connection as part of the RRC
connection reactivation process.
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14. A method as set out in clause 13, wherein the value of the
validity indicator is dependent on one or more of: the location
of the UE; a timer.

15. A method as set out in any preceding clauses, further
comprising:

[0683] the UE performing autonomous mobility control
by cell selection or reselection processes during the time
that the RRC connection is suspended and the UE relin-
quishing mobility control to the RAN as a result of the
reactivation of the suspended RRC connection or a nor-
mal RRC connection process to establish a new RRC
connection with the UE.

16. A method as set out in clause 15, wherein when the UE
selects a cell of the RAN in which the suspended RRC Con-
nection represented by the stored RRC connection data is
invalid, the UE continues to store the RRC connection data
and omits to perform any communication with the CN to
inform the CN of the mobility of the UE.

17. A method as set out in clause 15, wherein when the UE
selects a cell of the RAN in which the suspended RRC Con-
nection represented by the stored RRC connection data is
invalid, the UE transmits a message informing the RAN or the
CN of this event.

18. A method as set out in clause 17, wherein the UE also
releases the RRC connection and enters idle mode as the
result of selecting a cell of the RAN in which the suspended
RRC Connection represented by the stored RRC connection
data is invalid.

19. A method as set out in clause 17 or 18, wherein receipt by
the RAN or the CN of the message sent by the UE causes the
RAN or CN to perform one or more of: release the invalid
RRC Connection; initiate a normal RRC connection process
to establish a new RRC connection with the UE; release an
established user plane connection for the UE between the CN
and RAN.

20. A method as set out in clause 15, wherein when the UE
selects a cell of the RAN in which the suspended RRC Con-
nection represented by the stored RRC connection data is
invalid, the UE continues to store the RRC connection data
and transmits a message informing the RAN or the CN of this
event.

21. A method as set out in any preceding clause, further
comprising:

[0684] the UE determining whether or not the suspended
RRC connection is still valid by reference to the stored
RRC connection data; and

[0685] in response to the UE determining that the sus-
pended RRC connection is still valid, the UE sending an
RRC connection reactivation request message to the
RAN.

22. A method as set out in clause 21, further comprising:

[0686] inresponse to receiving an RRC connection reac-
tivation complete message from the RAN, the UE
resuming user plane data transfer with the RAN over the
reactivated RRC connection.

23. A method as set out in clause 22, further comprising:

[0687] inresponse to receiving an RRC connection reac-
tivation reject message from the RAN;, the UE releasing
the suspended RRC connection and entering idle mode;
and

[0688] the UE thereafter initiating a normal RRC con-
nection establishment process to establish a new RRC
connection with the RAN.

Feb. 14,2013

24. A method of clause 23, wherein a RAN node transmits the
RRC connection reactivation reject message to the UE in
response to the RAN node determining that it does not have a
valid suspended RRC connection for the UE.

25. A method as set out in any preceding clause, further
comprising:

[0689] the UE determining whether or not the suspended
RRC connection is still valid by reference to the stored
RRC connection data;

[0690] in response to the UE determining that the sus-
pended RRC connection is invalid, the UE releasing the
suspended RRC connection and entering idle mode; and

[0691] the UE thereafter initiating a normal RRC con-
nection establishment process to establish a new RRC
connection with the RAN.

26. A method of any of clauses 21 to 25, wherein the UE
determining whether or not the suspended RRC connection is
still valid comprises at least one of:

[0692] determining whether the UE is currently in a cell
of the RAN in which the suspended RRC Connection
represented by the stored RRC connection data is still
valid; and

[0693] determining whether a timer has not expired.

27. A method of clauses 21-26, further comprising the UE
relinquishing mobility control of the UE to the RAN as a
result of the reactivation of the suspended RRC connection or
the establishment of a new RRC connection.

28. A method of any preceding clause, further comprising
initiating the reactivation of the suspended RRC connection
in response to:

[0694] the UE generating uplink data via the user plane
of an RRC connection; or

[0695] reception at the UE paging; or

[0696] reception at the UE of a notification that the RAN
or the CN has downlink data buffered to send to the UE.

29. A method as set out in any preceding clause, wherein the
UE is configured to communicate with the RAN in accor-
dance with the LTE or LTE Advanced protocols.

30. A method as set out in any preceding clause, wherein the
RAN is configured to communicate with the UE in accor-
dance with the LTE or LTE Advanced protocols.

31. A method as set out in any preceding clause, wherein the
RAN node or nodes is/are eNode B(s).

32. A User Equipment (UE) for use with a Radio Access
Network (RAN), the UE being configured to:

[0697] suspend an established RRC connection with the
RAN;
[0698] monitor, whilst the RRC connection is sus-

pended, for at least one of: pagingand notifications of
downlink data for the UE; and
[0699] store RRC connection data representing the sus-
pended RRC connection, said RRC connection data
being usable by the UE to reactivate the suspended RRC
connection.
33. A UE as set out in clause 32, wherein RRC connection
data comprises data representing one or more of:
[0700] the configuration of radio bearers in the estab-
lished RRC connection;
[0701] security parameters relating to the established
RRC connection;

[0702] temporary cell identifiers;
[0703] MAC configuration;
[0704] Physical Layer configuration.
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34. A UE as set out in clause 32 or 33, further comprising the
UE being configured to mark the stored RRC connection data
to indicate the suspension of the RRC connection.

35. A UE as set out in clause 32, 33 or 34, further comprising
the UE being configured to suspend the established RRC
connection in response to an RRC connection suspension
criterion being met.

36. A UE as set out in clause 35, wherein the RRC connection
suspension criteria comprise one or more of:

[0705] the expiry of a timer at the UE;

[0706] reception of a message at the UE.

37. A UE as set out in any of clauses 32-36, further compris-
ing:

[0707] the UE being configured to perform autonomous
mobility control by cell selection or reselection pro-
cesses during the time that the RRC connection is sus-
pended and the UE relinquishing mobility control to the
RAN as a result of an the reactivation of the suspended
RRC connection or a normal RRC connection process to
establish a new RRC connection with the UE.

38. AUE as set out in clause 37, the UE being configured such
that, when the UE selects a cell of the RAN in which the
suspended RRC Connection represented by the stored RRC
connection data is invalid, the UE continues to store the RRC
connection data and omits to perform any communication
with the CN to inform the CN of the mobility of the UE.
39. AUE as set out in clause 37, the UE being configured such
that, when the UE selects a cell of the RAN in which the
suspended RRC Connection represented by the stored RRC
connection data is invalid, the UE transmits a message
informing the RAN or the CN of this event.

40. A UE as set out in clause 39, the UE being configured such
that the UE also releases the RRC connection and enters idle
mode as the result of selecting a cell of the RAN in which the
suspended RRC Connection represented by the stored RRC
connection data is invalid.

41. A UE as set out in clause 39 or 40, wherein receipt by the
RAN or the CN of the message sent by the UE causes the
RAN or CN to perform one or more of: releasing the invalid
RRC Connection; initiating a normal RRC connection pro-
cess to establish a new RRC connection with the UE; releas-
ing an established user plane connection for the UE between
the CN and RAN.

42. A UE as set outin clause 37, the UE being configure such
that, when the UE selects a cell of the RAN in which the
suspended RRC Connection represented by the stored RRC
connection data is invalid, the UE continues to store the RRC
connection data and transmits a message informing the RAN
or the CN of this event.

43. A UE as setout in any of clauses 32-42, further comprising
the UE being configured such that, as part of the RRC con-
nection reactivation process:

[0708] the UE determines whether or not the suspended
RRC connection is still valid by reference to the stored
RRC connection data; and

[0709] in response to the UE determining that the sus-
pended RRC connection is still valid, the UE sends an
RRC connection reactivation request message to the
RAN.

44. A UE as set out in clause 43, further comprising:

[0710] the UE being configured such that, in response to
receiving an RRC connection reactivation complete
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message from the RAN, the UE resumes user plane data
transfer with the RAN over the reactivated RRC connec-
tion.

45. A UE as set out in clause 43, further comprising:

[0711] the UE being configured such that, in response to
receiving an RRC connection reactivation reject mes-
sage from the RAN; the UE releases the suspended RRC
connection and entering idle mode; and

[0712] the UE configured to thereafter initiate a normal
RRC connection establishment process to establish a
new RRC connection with the RAN.

46. A UE as set out in clause 43, wherein a RAN node
transmits the RRC connection reactivation reject message to
the UE in response to the RAN node determining that it does
not have a valid suspended RRC connection for the UE.

47. A UE as setout in any of clauses 32-46, further comprising
the UE being configured to:

[0713] determine whether or not the suspended RRC
connection is still valid by reference to the stored RRC
connection data;

[0714] in response to the UE determining that the sus-
pended RRC connection is invalid, release the sus-
pended RRC connection and enters idle mode; and

[0715] thereafter initiate a normal RRC connection
establishment process to establish a new RRC connec-
tion with the RAN.

48. AUE as setout in any of clauses 43-47, further comprising
the UE being configured to, as part of determining whether or
not the suspended RRC connection is still valid, determine at
least one of:

[0716] whether the UE is currently in a cell of the RAN
in which the suspended RRC Connection represented by
the stored RRC connection data is still valid; and

[0717] whether a timer has not expired.

49. AUE as setout in any of clauses 43-48, further comprising
the UE being configured to relinquish mobility control of the
UE to the RAN as a result of the reactivation of the suspended
RRC connection or the establishment of a new RRC connec-
tion.

50.A UE as set outin any of clauses 32-49, further comprising
the UE being configured to initiate the reactivation of the
suspended RRC connection reactivation process in response
to at least one of:

[0718] the UE generating uplink data via the user plane
of an RRC connection;

[0719] reception at the UE of paging; and

[0720] reception at the UE of a message indicating that
the RAN or the CN has downlink data buffered to send to
the UE over the user plane of an RRC connection.

51. A UE as set out in any of clauses 32-50, wherein the UE
is configured to communicate with the RAN in accordance
with the LTE or LTE Advanced protocols.

52. A wireless communications system comprising a UE as
set out in any of clauses 32-51, and a RAN having an estab-
lished user plane connection with a Core Network (CN) for
the UE, the system being configured to maintain the estab-
lished user plane connection between the RAN and the CN
while the RRC Connection is suspended.

53. A wireless communications system as set out in clause 52,
further comprising the RAN node for which the suspended
RRC connection is valid being configured such that when the
RAN node receives from the CN downlink data for the UE,
the RAN node buffers the downlink data and pages the UE or
transmits a notification of downlink data for the UE.



US 2013/0039287 Al

54. A wireless communications system as set out in clause 53,
further comprising the RAN node being configured such that,
in response to the RAN node receiving no response from the
UE to the paging or to the notification of downlink data, the
RAN node sends to the CN a paging escalation message.
55. A wireless communications system comprising a UE as
set out in any of clauses 32-51, and a RAN, the wireless
communications system being configured such that the UE or
a RAN node sends a message to inform any node in the Core
Network (CN) that the RRC connection is suspended.
56. A wireless communications system as set out in clause 55,
wherein the RAN has an established user plane connection
with the CN for the UE, the wireless communications system
being configured such that the wireless communications sys-
tem suspends the established user plane connection between
the CN and the RAN.
57. A wireless communications system as set out in clause 56,
further comprising the wireless communications system
being configured such that the message sent to the CN
includes an identification of the UE, and such that, to suspend
the established user plane connection between the CN and the
RAN, the RAN or one or more nodes in the CN or both:
[0721] discontinue transmission and reception of user
plane data for the UE over the user plane connection
between the RAN and the CN; and
[0722] store CN-RAN connection data representing the
established user plane connection, said CN-RAN con-
nection data being usable to later resume transmission
and reception of user plane data to the UE by resuming
said user plane connection between the RAN and the CN
as the result of an RRC connection reactivation process.
58. A wireless communications system as set out in clauses 56
or 57, further comprising the wireless communications sys-
tem being configured such that, when downlink data for the
UE is received at the CN, a node of the CN buffers the
downlink data and the CN initiates the paging of the UE by
one or more cells of the RAN.
59. A wireless communications system as set out in clauses
56,57 or 58, further comprising the wireless communications
system being configured such that a node of the CN maintains
a validity indicator for the UE, said validity indicator being
usable in checking the validity of the said RRC connection as
part of the RRC connection reactivation process.
60. A wireless communications system as set out in clause 59,
wherein the value of the validity indicator is dependent on one
or more of: the location of the UE; a timer.
61. A wireless communications system as set out in any of
clauses 52-60, wherein the RAN is configured to communi-
cate with the UE in accordance with the LTE or LTE
Advanced protocols.
62. A wireless communications system as set out in any of
clauses 52-60, wherein the RAN node or nodes is/are eNode
B(s).
63. A computer program product having instructions which
when carried out by a processor of User Equipment (UE) for
use with a Radio Access Network (RAN) cause the UE to be
configured to operate in accordance with a method as set out
in any of clauses 1-31.
64. A computer program product having instructions which
when carried out by a processor of a node of a Radio Access
Network (RAN) for use with a user equipment (UE) cause the
RAN node to be configured to operate in accordance with a
method as set out in any of clauses 1-31.

35
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[0723] Additional aspects of the present disclosure relating
to the operation of a RAN node to suspend an RRC connec-
tion will now be set out in the following numbered clauses.
[0724] 1. A method, implemented in a node of a Radio
Access Network (RAN) for use with a user equipment (UE),
comprising:
[0725] the RAN node suspending an established RRC con-
nection with the UE;
[0726] the RAN node thereafter being operable, whilst the
RRC connection is suspended, to page the UE paging or
transmit notification of downlink data for the UE or both; and
[0727] the RAN node storing RRC connection data related
to the suspended RRC connection, said RRC connection data
being usable by the RAN node to reactivate the suspended
RRC connection.
[0728] 2. A method as set out in clause 1, wherein RRC
connection data comprises data representing one or more of:
[0729] the configuration of radio bearers in the estab-
lished RRC connection;
[0730] security parameters relating to the established
RRC connection;

[0731] temporary cell identifiers;
[0732] MAC configuration;
[0733] Physical Layer configuration.
[0734] 3. A method as set out in clause 1 or 2, further

comprising marking the stored RRC connection data to indi-
cate the suspension of the RRC connection.

[0735] 4. A methodassetoutinclause 1,2 or3, wherein the
RAN node suspends the established RRC connection in
response to an RRC connection suspension criterion being
met.

[0736] 5. A method as set out in clause 4, the RRC connec-
tion suspension criteria comprising one or more of:

[0737] the expiry of a timer at the RAN Node;

[0738] transmission of a message by the RAN node to
the UE to instruct suspension of the established RRC
connection.

[0739] 6. A method as set out in any of clauses 1-5, wherein
the RAN node has an established user plane connection with
a Core Network (CN) for the UE, the method further com-
prising maintaining the established user plane connection
between the RAN node and the CN while the RRC Connec-
tion is suspended.

[0740] 7. A method as set out in clause 6, wherein when the
RAN node receives from the CN downlink data for the UE,
the RAN node buffers the downlink data and pages the UE a
or transmits a notification of downlink data for the UE.
[0741] 8. A method as set out in clause 7, wherein, in
response to the RAN node receiving no response from the UE
to the paging or to the notification of downlink data, the RAN
node sends to the CN a paging escalation message.

[0742] 9. A method as set out in any of clauses 1-5, further
comprising the UE or the RAN node sending a message to
inform any node in the Core Network (CN) that the RRC
connection is suspended.

[0743] 10. A method as set out in clause 9, wherein the
RAN node has an established user plane connection with a
CN for the UE, the method further comprising suspending the
established user plane connection between the CN and the
RAN for the UE.

[0744] 11. A method as set out in clause 10, wherein the
message sent to the CN includes an identification of the UE,
the method further comprising the RAN node or one or more
CN nodes or both:
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[0745] discontinuing transmission and reception of user
plane data for the UE over the established user plane connec-
tion between the CN and the RAN node; and
[0746] storing CN-RAN connection data representing the
established user plane connection with the CN, said CN-RAN
connection data being usableto later resume transmission and
reception of user plane data to the UE by reactivating said user
plane connection between the CN and the RAN node as the
result of an RRC connection reactivation process.
[0747] 12. A method as set out in clauses 10 or 11, wherein
when downlink data for the UE is received at the CN, a node
of the CN buffers the downlink data and the CN initiates the
paging of the UE by one or more cells of the RAN.
[0748] 13. A method as set out in clauses 10, 11 or 12,
further comprising a node of the CN maintaining a validity
indicator for the UE, said validity indicator being usable in
checking the validity of the said RRC connection as part of
the RRC connection reactivation process.
[0749] 14. A method as set out in clause 13, wherein the
value of the validity indicator is dependent on one or more of:
the location of the user; a timer.
[0750] 15. A method as set out in any preceding clause,
further comprising:
[0751] the RAN relinquishing to the UE, mobility control
of'the UE until the RAN resumes mobility control of the UE
as the result of the reactivation of the suspended RRC con-
nection or a normal RRC connection process to establish a
new RRC connection with the UE.
[0752] 16. A method as set out in clause 15, wherein when
the UE selects a cell of the RAN in which the suspended RRC
Connection represented by the stored RRC connection data is
invalid, the RAN receiving a message informing the RAN of
this event.
[0753] 17.A method as set outin clause 16, wherein receipt
by the RAN of the message sent by the UE causes the RAN to
perform one or more of: release the invalid suspended RRC
Connection; initiate a new RRC connection with the UE;
release an established user plane connection for the UE
between the CN and RAN.
[0754] 18.A method as setoutinclause 15, 16 or 17, further
comprising the RAN resuming mobility control of the UE as
a result of reactivation of the suspended RRC connection or a
normal RRC connection process to establish a new RRC
connection with the UE.
[0755] 19. A method as set out in any preceding clause,
wherein the RAN node, in response to receiving an RRC
connection reactivation request message from the UE:
[0756] determining whether or not the suspended RRC
connection is still valid by reference to the stored RRC con-
nection data; and
[0757] in response to the RAN node determining that the
suspended RRC connection is still valid, sending a reactiva-
tion request complete message to the UE and thereafter
resuming user plane data transfer with the UE over the reac-
tivated RRC connection; or
[0758] in response to the RAN node determining that the
suspended RRC connection is invalid, sending a reactivation
request reject message to the UE.
[0759] 20. A method as set out in clause 19, wherein the
RAN node determining whether or not the suspended RRC
connection is still valid comprises at least one of:

[0760] determining that a timer has not expired; and

[0761] determining that the RRC connection has not

been released.
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[0762] 21. A method as set out in any preceding clause,
wherein the UE is configured to communicate with the RAN
in accordance with the LTE or LTE Advanced protocols.
[0763] 22. A method as set out in any preceding clause,
wherein the RAN is configured to communicate with the UE
in accordance with the LTE or LTE Advanced protocols.
[0764] 23. A method as set out in any preceding clause,
wherein the RAN node or nodes is/are eNode B(s).

[0765] 24. A node of a Radio Access Network (RAN) for
use with a user equipment (UE), the RAN node being con-
figured to:

[0766] suspend an established RRC connection with the
UE;
[0767] thereafter be operable, whilst the RRC connection is

suspended, to page the UE or transmit notification of down-
link data for the UE or both; and
[0768] store RRC connection data related to the suspended
RRC connection, said RRC connection data being usable by
the RAN node reactivate the suspended RRC connection.
[0769] 25. A RAN node as set out in clause 24, wherein
RRC connection data comprises data representing one or
more of:
[0770] the configuration of radio bearers in the estab-
lished RRC connection;
[0771] security parameters relating to the established
RRC connection;

[0772] temporary cell identifiers;
[0773] MAC configuration;
[0774] Physical Layer configuration.
[0775] 26.A RAN node as set out in clause 24 or 25, further

comprising marking the stored RRC connection data to indi-
cate the suspension of the RRC connection.

[0776] 27. A RAN node as set out in clause 24, 25 or 26,
further comprising the RAN node being configured to sus-
pend the established RRC connection in response to an RRC
connection suspension criterion being met

[0777] 28.A RAN node as set out in clause 27, wherein the
RRC connection suspension criteria comprises one or more
of:

[0778] the expiry of a timer at the RAN Node;

[0779] transmission of a message by the RAN node to
the UE to instruct suspension of the established RRC
connection.

[0780] 29. A RAN node as set out in any of clauses 24-28,
further comprising the RAN node being configure to, in
response to receiving an RRC connection reactivation request
message from the UE:

[0781] determine whether or not the suspended RRC con-
nection is still valid by reference to the stored RRC connec-
tion data;

[0782] in response to the RAN node determining that the
suspended RRC connection is still valid, send a reactivation
request complete message to the UE and thereafter resuming
user plane data transfer with the UE over the reactivated RRC
connection; and

[0783] in response to the RAN node determining that the
suspended RRC connection is invalid, send a reactivation
request reject message to the UE.

[0784] 30. A RAN node as set out in clause 29, the RAN
node being configured such that the RAN node determining
whether or not the suspended RRC connection is still valid
comprises at least one of:
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[0785] determining that a timer has not expired; and
[0786] determining that the RRC connection has not
been released.

[0787] 31.A RAN node as set out in clause 29 or 30, further
comprising the RAN resuming mobility control of the UE as
a result of reactivation of the suspended RRC connection or a
normal RRC connection process to establish a new RRC
connection with the UE.
[0788] 32.A RAN node as set out in any of clauses 24-31,
wherein the RAN node is configured to communicate with the
UE in accordance with the LTE or LTE Advanced protocols.
[0789] 33.A RAN node as set out in any preceding clause,
wherein the RAN node is an eNode B.
[0790] 34.A RAN node as set out in any of clauses 24-33,
wherein the RAN node has an established user plane connec-
tion with a Core Network (CN) for the UE, further comprising
maintaining the established user plane connection between
the RAN node and the CN while the RRC Connection is
suspended.
[0791] 35. A RAN node as set out in clause 34, the RAN
node being configured such that, when the RAN node
receives from the CN downlink data for the UE, the RAN
node buffers the downlink data and pages the UE or transmits
a notification of downlink data for the UE.
[0792] 36. A RAN node as set out in clause 35, the RAN
node being configured such that, in response to the RAN node
receiving no response from the UE to the paging or to the
notification of downlink data, the RAN node sends to the CN
a paging escalation message.
[0793] 37.A RAN node as set out in any of clauses 24-33,
further comprising the UE or the RAN node sending a mes-
sage to inform any node in the Core Network (CN) that the
RRC connection is suspended.
[0794] 38.A RAN node as set out in clause 37, wherein the
RAN node has an established user plane connection with a
CN for the UE, further comprising suspending the established
user plane connection between the CN and the RAN for the
UE.
[0795] 39.A RAN node as set out in clause 38, wherein the
message sent to the CN includes an identification of the UE,
the RAN node or one or more CN nodes or both being con-
figured to:
[0796] discontinue transmission and reception of user
plane data for the UE over the established user plane connec-
tion between the CN and the RAN node; and
[0797] store CN-RAN connection data representing the
established user plane connection with the CN, said CN-RAN
connection data being usableto later resume transmission and
reception of user plane data to the UE by resuming said user
plane connection between the CN and the RAN node as the
result of an RRC connection reactivation process.
[0798] 40. A wireless communication system comprising a
RAN node as set out in clauses 38 or 39 and a CN, wherein the
CN is configured such that when downlink data for the UE is
received at the CN, anode ofthe CN buffers the downlink data
and the CN initiates the paging of the UE by one or more cells
of the RAN.
[0799] 41.A wireless communication system comprising a
RAN node as set outin clauses 38 or 39 and a CN or a wireless
communication system as set out in clause 40, further com-
prising the wireless communication system being configured
such that a node of the CN maintains a validity indicator for
the UE, said validity indicator being usable in checking the
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validity of the said RRC connection as part of the RRC
connection reactivation process.

[0800] 42. A wireless communication system as set out in
clause 41, wherein the value of the validity indicator is depen-
dent on one or more of: the location of the user; a timer.
[0801] 43. A RAN including a RAN node as set out in any
of clauses 24-39, further comprising:

[0802] the RAN being configured to relinquish to the UE,
mobility control of the UE until the RAN resumes mobility
control of the UE as the result of an RRC connection reacti-
vation process or a normal RRC connection process to estab-
lish a new RRC connection with the UE.

[0803] 44.A RAN as set out in clause 43, wherein when the
UE selects a cell of the RAN in which the suspended RRC
Connection represented by the stored RRC connection data is
invalid, the RAN receives a message informing the RAN of
this event.

[0804] 45. A RAN as set out in clause 44, wherein the RAN
is configured such that receipt by the RAN of the message
sent by the UE causes the RAN to perform one or more of:
release the invalid suspended RRC Connection; initiate a new
RRC connection with the UE; release an established user
plane connection for the UE between the CN and RAN.
[0805] 46. A computer program product having instruc-
tions which when carried out by a processor of a node of a
Radio Access Network (RAN) for use with a user equipment
(UE) cause the RAN node to be configured to operate in
accordance with a method as set out in any of clauses 1-23.
[0806] Additional aspects of the present disclosure relating
to the operation of a CN node to suspend an RRC connection
will now be set out in the following numbered clauses.
[0807] 1. A method, implemented in a node of a Core Net-
work (CN) for use with a node of a Radio Access Network
(RAN), comprising, in response to the CN receiving a mes-
sage indicating that an RRC connection between the RAN
and a user equipment (UE) is suspended:

[0808] the CN node discontinuing transmission and recep-
tion of user plane data for the UE over an established user
plane CN-RAN connection between the CN and the RAN
node; and

[0809] storing CN-RAN connection data representing the
established user plane connection with the CN, said CN-RAN
connection data being usable to later resume transmission and
reception of user plane data to the UE by resuming said user
plane connection between the CN and the RAN node as the
result of the RRC connection being reactivated.

[0810] 2. A method as set out in clause 1, wherein when
downlink data for the UE is received at the CN, the method
further comprising buffering the downlink data in a node of
the CN and initiating the paging of the UE by one or more
cells of the RAN.

[0811] 3. A method as set out in clause 1 or 2, further
comprising, in response to receiving a CN-RAN connection
reactivation message at a node of the CN, resuming user plane
data transfer between the CN and the RAN.

[0812] 4. A method as set out in any preceding clause,
wherein the CN node is part of an Evolved Packet Core (EPC)
configured to communicate in accordance with the LTE or
LTE Advanced protocols.

[0813] 5. A node of a Core Network (CN) for use with a
Radio Access Network (RAN), the node of the CN being
configured to, in response to the CN receiving a message
indicating that an RRC connection between the RAN and a
user equipment (UE) is suspended:
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[0814] discontinue transmission and reception of user
plane data for the UE over an established user plane CN-RAN
connection between the CN and the RAN node; and
[0815] store CN-RAN connection data representing the
established user plane connection with the CN, said CN-RAN
connection data being usableto later resume transmission and
reception of user plane data to the UE by resuming said user
plane connection between the CN and the RAN node as the
result of the RRC connection being reactivated.
[0816] 6. A CN node as set out in clause 5, the CN node
being configured such that, when downlink data for the UE is
received at the CN, the CN node buffers the downlink data
and initiates the paging of the UE by one or more cells of the
RAN.
[0817] 7. A CN node as set out in clause 5 or 6, further
comprising the CN node, in response to receiving a CN-RAN
connection reactivation message at a node of the CN, resum-
ing user plane data transfer with the RAN.
[0818] 8. A CN node as set out in clause 5, 6 or 7, wherein
the CN node is part of an Evolved Packet Core (EPC) con-
figured to communicate in accordance with the LTE or LTE
Advanced protocols.
[0819] 9. A computer program product having instructions
which when carried out by a processor of a node of a Core
Network (CN) for use with a Radio Access Network (RAN)
cause the node of the CN to be configured to operate in
accordance with a method as set out in any of clauses 1-4.
[0820] Additional aspects of the present disclosure relating
to the operation of a UE or a RAN node for assessing the
validity of a suspended RRC connection and reactivating a
suspended RRC connection will now be set out in the follow-
ing numbered clauses.
[0821] 1. A method, implemented in a node of a Radio
Access Network (RAN) for use with a user equipment (UE),
an established RRC connection between the RAN node and a
UE having been suspended and RRC connection data related
to the suspended RRC connection having been stored by the
RAN node, the method comprising:
[0822] receiving at the RAN node an RRC connection reac-
tivation request message from the UE;
[0823] determining whether or not the suspended RRC
connection is still valid by reference to the stored RRC con-
nection data; and
[0824] in response to the RAN node determining that the
suspended RRC connection is still valid, the RAN node send-
ing a reactivation request complete message to the UE and
thereafter resuming user plane data transfer with the UE over
the reactivated RRC connection; or
[0825] in response to the RAN node determining that the
suspended RRC connection is invalid, the RAN node sending
a reactivation request reject message to the RAN.
[0826] 2.A method as set outin clause 1, wherein the RAN
node determining whether or not the suspended RRC connec-
tion is still valid comprises at least one of:

[0827]

[0828] determining that the RRC connection has not
been released.
[0829] 3. A method as set out in clause 1 or 2, further
comprising the RAN resuming mobility control of the UE
from the UE as a result of reactivation of the suspended RRC
connection or a normal RRC connection process to establish
a new RRC connection with the UE.

determining that a timer has not expired; and
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[0830] 4. A method as set out in any preceding clause,
wherein the RAN node or nodes is/are configured to commu-
nicate with the UE in accordance with the LTE or LTE
Advanced protocols.
[0831] 5. A method as set out in any preceding clause,
wherein the RAN node or nodes is/are eNode B(s).
[0832] 6. A node of aRadio Access Network (RAN) for use
with a user equipment (UE), the RAN node being configured
such that when an established RRC connection between the
RAN node and a UE has been suspended and RRC connection
datarelated to the suspended RRC connection has been stored
by the RAN node, in response to receiving at the RAN node
an RRC connection reactivation request message from the
UE:
[0833] the RAN node determines whether or not the sus-
pended RRC connection is still valid by reference to the
stored RRC connection data;
[0834] in response to the RAN node determining that the
suspended RRC connection is still valid, the RAN node sends
a reactivation request complete message to the UE and there-
after resuming user plane data transfer with the UE over the
reactivated RRC connection; and
[0835] in response to the RAN node determining that the
suspended RRC connection is invalid, the RAN node sends a
reactivation request reject message to the RAN.
[0836] 7. A RAN node as set out in clause 6, further com-
prising the RAN node being configured to determine whether
or not the suspended RRC connection is still valid by at least
one of the RAN node:

[0837] determining that a timer has not expired; and

[0838] determining that the RRC connection has not

been released.

[0839] 8. A RAN comprising a RAN node as set out in
clause 5 or 6, the RAN being configured to resume mobility
control of the UE from the UE as a result of reactivation of the
suspended RRC connection or a normal RRC connection
process to establish a new RRC connection with the UE.
[0840] 9. A RAN node as set out in any of clauses 5-8, the
RAN node or nodes being configured to communicate with
the UE in accordance with the LTE or LTE Advanced proto-
cols.
[0841] 10. A RAN node as set out in any of clauses 5-9,
wherein the RAN node or nodes is/are eNode B(s).
[0842] 11. A computer program product having instruc-
tions which when carried out by a processor of a node of a
Radio Access Network (RAN) for use with a user equipment
(UE) cause the RAN node to be configured to operate in
accordance with a method as set out in any of clauses 1-5.
[0843] 12. A method, implemented in a user equipment
(UE) for use with a Radio Access Network (RAN), an estab-
lished RRC connection between a node of the RAN and the
UE having been suspended and RRC connection data related
to the suspended RRC connection having been stored by the
UE, the method comprising:
[0844] the UE determining whether or not the suspended
RRC connection is still valid by reference to the stored RRC
connection data; and
[0845] in response to the UE determining that the sus-
pended RRC connection is still valid,
[0846] the UE: transmitting to the RAN node an RRC con-
nection reactivation request message; and, in response to
receiving from the RAN node an RRC connection reactiva-
tion accept message, the UE thereafter resuming user plane
data transfer with the RAN node over the reactivated RRC
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connection, or in response to receiving from the RAN node an
RRC connection reactivation reject message, the UE releas-
ing the RRC connection; or

[0847] in response to the UE determining that the sus-
pended RRC connection is invalid, the UE releasing the RRC
connection.

[0848] 13.A method as set out in clause 12, wherein the UE
determining whether or not the suspended RRC connection is
still valid comprises at least one of:

[0849] determining whether the UE is currently in a cell
of the RAN in which the suspended RRC Connection
represented by the stored RRC connection data is still
valid; and

[0850] determining whether a timer has not expired.

[0851] 14. A method as set out in clause 12 or 13, further
comprising, in response to receiving RRC connection reacti-
vation reject message or the UE determining that the sus-
pended RRC connection is invalid, the UE also entering idle
mode and thereafter initiating a normal RRC connection
establishment process to establish a new RRC connection
with the RAN.

[0852] 15.A methodas setoutinclause 12, 13 or 14, further
comprising the UE relinquishing mobility control of the UE
to the RAN as a result of reactivation of the suspended RRC
connection or a normal RRC connection process to establish
a new RRC connection with the RAN.

[0853] 16. A method as set out in any of clauses 12-15,
wherein the UE is configured to communicate with the RAN
in accordance with the LTE or LTE Advanced protocols.
[0854] 17. A User Equipment (UE) for use with a Radio
Access Network (RAN), the UE being configured such that
when an established RRC connection between a node of the
RAN and the UE has been suspended and RRC connection
data representing configuration information and state infor-
mation related to the suspended RRC connection has been
stored by the UE:

[0855] the UE determines whether or not the suspended
RRC connection is still valid by reference to the stored RRC
connection data;

[0856] in response to the UE determining that the sus-
pended RRC connection is still valid, the UE transmits to the
RAN node an RRC connection reactivation request message;
and, in response to receiving from the RAN node an RRC
connection reactivation accept message, the UE thereafter
resumes user plane data transfer with the RAN node over the
reactivated RRC connection, or in response to receiving from
the RAN node an RRC connection reactivation reject mes-
sage, the UE releases the RRC connection; and

[0857] in response to the UE determining that the sus-
pended RRC connection is invalid, the UE releases the RRC
connection.

[0858] 18.A UE setoutinclause 17, further comprising the
UE being configured to determine whether or not the sus-
pended RRC connection is still valid by at least one of the UE:

[0859] determining whether the UE is currently in a cell
of the RAN in which the suspended RRC Connection
represented by the stored RRC connection data is still
valid; and

[0860] determining whether a timer has not expired.

[0861] 19. A UE as set out in clause 17 or 18, further
comprising the UE being configured such that, in response to
receiving RRC connection reactivation reject message or the
UE determining that the suspended RRC connection is
invalid, the UE also enters idle mode and thereafter initiates a
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normal RRC connection establishment process to establish a
new RRC connection with the RAN.

[0862] 20. A UE as set out in clause 17, 18 or 19, further
comprising the UE being configured to relinquish mobility
control of the UE to the RAN as a result of the reactivation of
the suspended RRC connection or a normal RRC connection
process to establish a new RRC connection with the RAN.
[0863] 21.A UE as set out in any of clauses 17-20, wherein
the UE is configured to communicate with the RAN in accor-
dance with the LTE or LTE Advanced protocols.

[0864] 22. A computer program product having instruc-
tions which when carried out by a processor of User Equip-
ment (UE) for use with a Radio Access Network (RAN)
connection cause the UE to be configured to operate in accor-
dance with a method as set out in any of clauses 12-16.
[0865] Additional aspects of the present disclosure relating
to the operation of a CN node or a RAN node for handling
downlink data while an RRC connection is suspended will
now be set out in the following numbered clauses.

[0866] 1. A method, implemented in a node of a Radio
Access Network (RAN) for use with a user equipment (UE),
an established RRC connection between a RAN node and a
UE having been suspended and RRC connection data related
to the suspended RRC connection having been stored by the
RAN node, the method comprising:

[0867] the RAN node receiving downlink data for the
UE;

[0868] the RAN node buffering the downlink data; and

[0869] the RAN node paging the UE or transmitting

notification of downlink data for the UE.
[0870] 2. A method as set out in clause 1, wherein, in
response to the RAN node receiving no response from the UE
to the paging or to the notification of downlink data, the RAN
node sends to the CN a paging escalation message.

[0871] 3. A method as set out in clause 2, further compris-
ing:
[0872] receiving at the RAN node an RRC connection

reactivation request message from the UE;

[0873] determining whether or not the suspended RRC
connection is still valid by reference to the stored RRC
connection data; and

[0874] inresponse tothe RAN node determining that the
suspended RRC connection is still valid, the RAN node
sending a reactivation request complete message to the
UE and thereafter resuming user plane data transfer with
the UE over the reactivated RRC connection; or

[0875] inresponse tothe RAN node determining that the
suspended RRC connection is invalid, the RAN node
sending a reactivation request reject message to the
RAN.

[0876] 4. A method as set out in any preceding clause,
wherein the RAN node is configured to communicate with the
UE in accordance with the LTE or LTE Advanced protocols.
[0877] 5. A method as set out in any preceding clause,
wherein the RAN node is an eNode B.

[0878] 6. A node of aRadio Access Network (RAN) for use
with a user equipment (UE), the RAN node being configured
such that when an established RRC connection between the
RAN node and a UE has been suspended and RRC connection
datarelated to the suspended RRC connection has been stored
by the RAN node, in response to the RAN node receiving
downlink data for the UE:
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[0879] the RAN node buffers the downlink data; and

[0880] the RAN node pages the UE or transmits a mes-
sage giving notification of downlink data.

[0881] 7.A RAN node as set out in clause 6, the RAN node
being configured such that, in response to the RAN node
receiving no response from the UE to the paging message or
to the message giving notification of downlink data, the RAN
node sends to the CN a paging escalation message.

[0882] 8. A RAN node as set out in clause 6, further com-
prising the RAN node being configured such that, in response
to the RAN node receiving an RRC connection reactivation
request message from the UE:

[0883] the RAN node determines whether or not the
suspended RRC connection is still valid by reference to
the stored RRC connection data;

[0884] inresponse to the RAN node determining that the
suspended RRC connection is still valid, the RAN node
sends a reactivation request complete message to the UE
and thereafter resuming user plane data transfer with the
UE over the reactivated RRC connection; and

[0885] inresponse to the RAN node determining that the
suspended RRC connection is invalid, the RAN node
sends a reactivation request reject message to the RAN.

[0886] 9. A RAN node as set out in any of clauses 6-8,
wherein the RAN node is configured to communicate with the
UE in accordance with the LTE or LTE Advanced protocols.
[0887] 10. A method as set out in any of clauses 6-9,
wherein the RAN node is an eNode B.

[0888] 11. A computer program product having instruc-
tions which when carried out by a processor of a node of a
Radio Access Network (RAN) for use with a user equipment
(UE) cause the RAN node to be configured to operate in
accordance with a method as set out in any of clauses 1-5.
[0889] 12. A method, implemented in a node of a Core
Network (CN) for use with a node of a Radio Access Network
(RAN), the transmission and reception of user plane data for
a user equipment (UE) over an established user plane CN-
RAN connection for the UE between the CN and the RAN
node having been discontinued in response to the CN receiv-
ing a message indicating that an RRC connection between the
RAN and the UE is suspended and CN-RAN connection data
representing the extant user plane connection between the CN
and the RAN having been stored, the method comprising:

[0890] receiving downlink data for the UE;
[0891] the CN node buffering the downlink data;
[0892] the CN node initiating the paging of the UE by

one or more cells of the RAN.

[0893] 13. A method as set out in clause 12, further com-
prising a node of the CN maintaining a validity indicator for
the UE, said validity indicator being usable in checking the
validity of the said RRC connection as part of a RRC connec-
tion reactivation process.

[0894] 14. A method as set out in clause 13, wherein the
value of the validity indicator is dependent on one or more of:
the location of the user; a timer.

[0895] 15. A method as set out in any of clauses 12-14,
wherein the CN node is part of an Evolved Packet Core (EPC)
configured to communicate in accordance with the LTE or
LTE Advanced protocols.

[0896] 16. A node of a Core Network (CN) for use with a
node of a Radio Access Network (RAN), the CN node being
configured such that when the transmission and reception of
user plane data for a user equipment (UE) over an established
user plane CN-RAN connection for the UE between the CN
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and the RAN node has been discontinued in response to the
CN receiving a message indicating that an RRC connection
between the RAN and the UE is suspended and CN-RAN
connection data representing the extant user plane connection
between the CN and the RAN has been stored, in response to
receiving downlink data for the UE:

[0897] the CN node buffers the downlink data;

[0898] the CN node initiates the paging of the UE by one

or more cells of the RAN.

[0899] 17.A CN node as set out in clause 16, further com-
prising a node of the CN maintaining a validity indicator for
the UE, said validity indicator being usable in checking the
validity of the said RRC connection as part of a RRC connec-
tion reactivation process.
[0900] 18. A CN node as set out in clause 17, wherein the
value of the validity indicator is dependent on one or more of:
the location of the user; a timer.
[0901] 19. A CN node as set out in any of clauses 16-18,
wherein the CN node is part of an Evolved Packet Core (EPC)
configured to communicate in accordance with the LTE or
LTE Advanced protocols.
[0902] 20. A computer program product having instruc-
tions which when carried out by a processor of a node of a
Core Network (CN) for communicating with a Radio Access
Network (RAN) viaa CN-RAN connection cause the node of
the CN to be configured to operate in accordance with a
method as set out in any of clauses 12-15.
[0903] Additional aspects of the present disclosure relating
to the operation of a UE for handling mobility ofthe UE while
an RRC connection is suspended will now be set out in the
following numbered clauses.
[0904] 1.A method, implemented in a user equipment (UE)
for use with a Radio Access Network (RAN), an established
RRC connection between a node of the RAN and the UE
having been suspended and RRC connection data related to
the suspended RRC connection having been stored by the UE,
the method comprising:
[0905] the UE performing autonomous mobility control by
cell selection or reselection processes during the time that the
RRC connection is suspended and the UE relinquishing
mobility control of the UE to the RAN as a result of reacti-
vation of the suspended RRC connection or a normal RRC
connection process to establish a new RRC connection with
the UE.
[0906] 2.A method as set outin clause 1, wherein when the
UE selects a cell of the RAN in which the suspended RRC
connection represented by the RRC connection data is
invalid, the UE continues to store the RRC connection data
and omits to perform any communication with the CN to
inform the CN of the mobility of the UE.
[0907] 3.A methodas setoutin clause 1, wherein when the
UE selects a cell of the RAN in which the suspended RRC
connection represented by the stored RRC connection data is
invalid, the UE transmits a message informing the RAN or a
core network (CN) of this event.
[0908] 4. A method as set out in clause 3, wherein the UE
also releases the suspended RRC connection and enters idle
mode as the result of selecting a cell of the RAN in which the
RRC connection represented by the stored RRC connection
data is invalid.
[0909] 5. A method as set out in any preceding clause,
wherein the UE is configured to communicate with the RAN
in accordance with the LTE or LTE Advanced protocols.
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[0910] 6. A User Equipment (UE) for communicating with
a Radio Access Network (RAN), the UE being configured
such that when an established RRC connection between a
node of the RAN and the UE has been suspended and RRC
connection data related to the suspended RRC connection has
been stored by the UE:

[0911] the UE performs autonomous mobility control by
cell selection or reselection processes during the time that the
RRC connection is suspended; and

[0912] the UE relinquishes mobility control of the UE to
the RAN as a result of the reactivation of the suspended RRC
connection or a normal RRC connection process to establish
a new RRC connection with the UE.

[0913] 7.AUE assetoutin clause 6, further comprising the
UE being configured such that, when the UE selects a cell of
the RAN in which the suspended RRC connection repre-
sented by the RRC connection data is invalid, the UE contin-
ues to store the RRC connection data and omits to perform
any communication with the CN to inform the CN of the
mobility of the UE.

[0914] 8.AUE assetoutin clause 6, further comprising the
UE being configured such that, when the UE selects a cell of
the RAN in which the suspended RRC connection repre-
sented by the stored RRC connection data is invalid, the UE
transmits a message informing the RAN or a core network
(CN) of this event.

[0915] 9. AUE assetoutin clause 8, further comprising the
UE being configured such that the UE also releases the sus-
pended RRC connection and enters idle mode as the result of
selecting a cell of the RAN in which the RRC connection
represented by the stored RRC connection data is invalid.
[0916] 10.A UE as setoutinany of clauses 6-9, wherein the
UE is configured to communicate with the RAN in accor-
dance with the LTE or LTE Advanced protocols.

[0917] 11. A computer program product having instruc-
tions which when carried out by a processor of User Equip-
ment (UE) for use with a Radio Access Network (RAN)
connection cause the UE to be configured to operate in accor-
dance with a method as set out in any of clauses 1-5.

What is claimed is:

1. A method, implemented in a node of a Radio Access
Network (RAN) for use with a mobile device, the method
comprising:

sending, by the RAN node, a connection suspend com-

mand message to a mobile device to suspend a RRC
connection with the mobile device.

2. A method according to claim 1, wherein the connection
suspend command message is sent in response to a suspen-
sion criterion being met at the RAN node.

3. A method according to claim 2, wherein the suspension
criterion is at least one of an expiry of a timer at the RAN
Node, receiving at the RAN node a suspension request mes-
sage from the mobile device, no user plane data having been
received from or sent to the mobile device for a time period,
no user plane data being expected to be received from or sent
to the mobile device for a period of time, or a higher layer
indication to a RRC layer.

4. A method according to claim 3, wherein the higher layer
is an application layer or non-access stratum (NAS) layer.

5. A method according to claim 1, wherein the RAN node
receives from the mobile device, in response to the connec-
tion suspend command message, an acknowledgement mes-
sage.
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6. A method according to claim 5, wherein the acknowl-
edgement message comprises an acknowledgement from at
least one of'a RRC layer or a medium access control (MAC)
layer of the mobile device.

7. A method according to claim 1, wherein the RAN node
releases mobility control of the mobile device to the mobile
device, while the RRC connection is suspended.

8. A method according to claim 1, further comprising stor-
ing RRC connection data for the RRC connection.

9. A Radio Access Network (RAN) node for use with a
mobile device, the RAN node being configured to:

send a connection suspend command message to a UE to

suspend a RRC connection with the UE.

10. A RAN node according to claim 9, wherein the con-
nection suspend command message is sent in response to a
suspension criterion being met at the RAN node.

11. A RAN node according to claim 10, wherein the sus-
pension criterion is at least one of an expiry of a timer at the
RAN Node, receiving at the RAN node a suspension request
message from the mobile device, no user plane data having
been received from or sent to the mobile device for a time
period, no user plane data being expected to be received from
or sent to the mobile device for a period of time, or a higher
layer indication to a RRC layer.

12. ARAN node according to claim 11, wherein the higher
layer is an application layer or non-access stratum (NAS)
layer.

13. A RAN node according to claim 9, being further con-
figured to receive from the mobile device, in response to the
connection suspend command message, an acknowledge-
ment message.

14. A RAN node according to claim 13, wherein the
acknowledgement message comprises an acknowledgement
from at least one of a RRC layer or a medium access (MAC)
layer of the mobile device.

15. A RAN node according to claim 9, being further con-
figured to release mobility control of the mobile device to the
mobile device while the RRC connection is suspended.

16. A RAN node according to claim 9, wherein the RAN
node is an eNodeB.

17. A RAN node according to claim 9, being further con-
figured to store RRC connection data for the RRC connection.

18. A method, implemented in a mobile device for use with
a Radio Access Network (RAN), the method comprising:

the mobile device receiving a connection suspend com-

mand message from the RAN instructing the mobile

device to suspend a RRC connection with the RAN;
the mobile device, in response to the connection suspend

command message, suspending the RRC connection.

19. A method according to claim 18, further comprising the
mobile device sending a connection suspend request message
to the RAN requesting suspension of the RRC connection;
and receiving the connection suspend command message
from the RAN in response to the connection suspend request
message.

20. A method according to claim 19, wherein the connec-
tion suspend request message is sent in response to a suspen-
sion criterion being met at the mobile device.

21. A method according to claim 20, wherein the suspen-
sion criterion is at least one of an expiry of a timer at the
mobile device, no user plane data having been received from
or sent to the RAN for a time period, no user plane data being
expected to be received from or sent to the RAN for a period
of time, a status of an input function of the mobile device, a
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status of an output function of the mobile device, a status of
one or more applications of the mobile device, or a higher
layer indication to an RRC layer at the mobile device.

22. A method according to claim 21, wherein the higher
layer is an application layer or non-access stratum (NAS)
layer of the mobile device.

23. A method according to claim 18, wherein the mobile
device, in response to the connection suspend command mes-
sage, sends to the RAN node an acknowledgement message.

24. A method according to claim 23, wherein the acknowl-
edgement message comprises an acknowledgement from at
least one of'a RRC layer or a medium access control (MAC)
layer of the mobile device.

25. A method according to claim 18, wherein the mobile
device controls mobility while the RRC connection is sus-
pended.

26. A mobile device for use with a Radio Access Network
(RAN), the mobile device being configured to:

receive a connection suspend command message from the

RAN instructing the mobile device to suspend a RRC
connection with the RAN; and

suspend the RRC connection in response to the connection

suspend command message.

27. A mobile device according to claim 26, being further
configured to send a connection suspend request message to
the RAN requesting suspension of the RRC connection; and
to receive the connection suspend command message from
the RAN in response to the connection suspend request mes-
sage.

Feb. 14,2013

28. A mobile device according to claim 27, wherein the
connection suspend request message is sent in response to a
suspension criterion being met at the mobile device.

29. A mobile device according to claim 28, wherein the
suspension criterion is at least one of an expiry of a timer at
the mobile device, no user plane data having been received
from or sent to the RAN for a time period, no user plane data
being expected to be received from or sent to the RAN for a
period of time, a status of an input function of the mobile
device, a status of an output function of the mobile device, a
status of one or more applications of the mobile device, and a
higher layer indication to an RRC layer at the mobile device.

30. A mobile device according to claim 29, wherein the
higher layer is an application layer or non-access stratum
(NAS) layer of the mobile device.

31. A mobile device according to claim 26, being further
configured to send to the RAN an acknowledgement mes-
sage.

32. A mobile device according to claim 31, wherein the
acknowledgement message comprises an acknowledgement
from at least one of a RRC layer or a medium access (MAC)
layer of the mobile device.

33. A mobile device according to claim 26, being further
configured to control mobility while the RRC connection is
suspended.

34. A mobile device according to claim 26, being further
configured to communicate with the RAN in accordance with
the LTE or LTE Advanced protocol.
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