US 20190028959A1

a9y United States

a2y Patent Application Publication

(10) Pub. No.: US 2019/0028959 A1

Svedevall et al. 43) Pub. Date: Jan. 24, 2019
(54) TRAFFIC CHARACTERISTIC INDICATION HO4W 76/38 (2006.01)
FOR CONNECTION ESTABLISHMENT HO4W 28/16 (2006.01)
CONTROL HO4W 24/08 (2006.01)
HO4W 28/02 (2006.01)
(71) Applicant: Telefonaktiebolaget LM Ericsson (52) U.S. CL
(publ), Stockhom (SE) CPC ... HO4W 48/06 (2013.01); HO4W 76/27
. . (2018.02); HO4W 76/38 (2018.02); HO4W
(72) Inventors: Sofia ,Svedevall, BI'OklIld (SE), Henrik 28/0289 (201301), HO4W 24/08 (201301),
André-Jénsson, Linksping (SE); HO4W 28/0268 (2013.01); HO4W 28/16
Rasmus Axén, Linkdping (SE); Lars (2013.01)
Olofsson, Skanninge (SE)
(21) Appl. No.: 16/064,521 (57) ABSTRACT
(22) PCT Filed: Dec. 23, 2015
A radio device (10) is configured with multiple applications.
(86) PCT No.: PCT/EP2015/081190 For each of the multiple applications, the radio device (10)
§ 371 (c)(1), determines at least one characteristic of traffic generated by
(2) Date: Jun. 21, 2018 the application. In response to one of the applications
A . . requiring establishment of a connection of the radio device
Publication Classification (10) to the cellular radio network, the radio device (10)
(51) Int. CL sends a request (202) for establishing the connection to the
HO4W 18/06 (2006.01) cellular radio network, the request (202) indicates the at least
HO04W 76/27 (2006.01) one characteristic corresponding to the application.

DETERMINE CHARACTERISTIC
OF TRAFFIC GENERATED
BY APPLICATION

/410

y

INDICATE CHARACTERISTIC
IN REQUEST FOR
ESTABLISHING CONNECTION

UPDATE
CHARACTERISTIC



Patent Application Publication  Jan. 24,2019 Sheet 1 of 9 US 2019/0028959 A1

FL3
FL2
FL1

10

\
150

\\
MME

112

)
110
i
St

A
\

101
FIG. 1

(
\

10

111

102

()

W N




US 2019/0028959 A1

Jan. 24,2019 Sheet 2 of 9

Patent Application Publication

¢ 9Old
A A 3
~ 3131dWOD 3SVITIY LXIINOD 3N -LiZ -
3SvVa13d NOILOINNOD O¥d 0Lz |
ALIAILOVNI
"\ 60z
JOVSSIW 3N TVILINI 802
NOILLOZT3S
EN ./mom
“HL31dWNOD dNLIS NOILOANNOD Dud 1902
dNL3S NOILOINNOD Dud 160z
HIWIL ALIALLOVNI L3S
7130/ ¥3HVYD LOT13S| oz
I
TOULNOD
NOISSINGY \_coz
1S3NOFY NOILOINNOD Odd 202
SS300V WOANVY
N\ Loz
| _
e ane an
0L 001 oL



US 2019/0028959 A1

Jan. 24,2019 Sheet 3 of 9

Patent Application Publication

60+d1

000000001

00000001k

0000004

€ Old
(s8)Ag) awnjoA Bleq
00000} 0000}

0001k

00l

ol

ol

0ol

0001

00001

00000k

0000001

SJ8INq JO JUN0D



US 2019/0028959 A1

Jan. 24,2019 Sheet 4 of 9

Patent Application Publication

OI1LSIH3LOVHVHO
31vddn

NOILOANNOD ONIHSITav.LS3
d0O4 1S3NO3Y NI
OI1SIH31OVHVHD 31LVvOIANI

4

NOILVYOITddV A9
A3LVE3INTO D144Vvdl 40
OI1SI431OVHVHO ININYG313d




v
A L]
= S 'Ol
N
o
o
=
=
=
v
5 30IA3a Olavy
N
o .

|

! OILSI¥TLOVEVHD 40 ONILYAdN |
o 0gg ! ‘¥ IINAOW m
rm e e e e e e e e e, ———————————
w FT T T T TS T T TT TS oo T s 1
3 | Ol44vHL 40 ONIMOLINOW |
7 oG — ! ‘¥ IINAOW |
[ L oo oo o o o o o e e e e e e e e mm e em em e e e e Em Em e e e e e = !
v
m PTTTTTTTTTTTTTTTTTTTomooommoooooes y
< ! NOILOINNOD 40 ONIHSIavLST |
g 0gg ! € 3NAOW |
g b e e e — — — — —— — —— —— —————————— - ———
J

NOILOINNOD ONIHSI1gv.LS3 04 1SaNd3y
s NI DILSINILOVEVYHD 40 ONILYDIANI
0cs :Z TNAOW

NOILYOITddY A9 A3LVHINTD DId4vHl 40
s DILSIYILOVHVHD 40 NOILVYNINYIL3d
0Ls 'l TNAOW

00§

Patent Application Publication



US 2019/0028959 A1

Jan. 24,2019 Sheet 6 of 9

Patent Application Publication

0€9 \

029 \

9 'Old

NOILDO3ANNOD 40
INIWHSITIVLST TOHLNOD

NOILVYOITddV
A8 d31LVHINTO D144Vvdl 40
OI1SI431OVHVHO ININYG313d

A

orw\

NOILOANNOD ONIHSTav.LS3
dO4 1S3N03Y IAIFO3H




US 2019/0028959 A1

Jan. 24,2019 Sheet 7 of 9

Patent Application Publication

L '©Old

JddON SS300V

NOILOANNOD 40 ONIHSITaV.LS3 TOH41LNOD
‘€ 37NACN

NOILVYOITddV A9 A3 LVHINTIO Old44vdl
40 OI1SIH31OVdVYHD 40 ONINING3L3A
:¢ 37NAON

NOILOANNOD ONIHSITav.LS3
dO4 1S3NO3Y 40 ONIAIFOFY
‘L 37NAON




US 2019/0028959 A1

Jan. 24,2019 Sheet 8 of 9

Patent Application Publication

8 "Old

g0IA3d OIavd

dTNAon

068 —] TOYLNOD NOILOINNOD

- FTNAOW NOILVYNINY313Q

0gg - OILSIHILOVHVHO Old4vaL

ITNAON
NOLLVOIddV

AHJOWIN

(8)H0SS3ID0Hd

/ 0S8

018
\

JOV4HILNI
ol1avd

T

/oow



US 2019/0028959 A1

Jan. 24,2019 Sheet 9 of 9

Patent Application Publication

6 'Old

JdON SS300V

Ty

| 3INAOW NOILYNINYILIA
086 ] DILSIHILOVEVHD Dl44veL
| 31NAOW
026 -] 1OYLINOD NOILDIANNOD
AHOWIN
omm\
ww/w_mm._m.n_ (S)40SS300Yd
\ozs A

Em/ JOVAYALNI
olavy

!

/ooa



US 2019/0028959 Al

TRAFFIC CHARACTERISTIC INDICATION
FOR CONNECTION ESTABLISHMENT
CONTROL

TECHNICAL FIELD

[0001] The present invention relates to methods for con-
trolling connectivity to a cellular radio network and to
corresponding devices.

BACKGROUND

[0002] In current cellular radio networks, e.g., based on
the LTE (Long Term Evolution) technology specified by
3GPP (3" Generation Partnership Project), a radio device,
typically referred to as a user equipment (UE), may establish
a connection to the cellular radio network via one or more
access nodes. Examples of such access nodes are base
stations, in the LTE technology referred to as eNB (“evolved
Node B”). Such connections may be controlled and man-
aged by nodes of a core network part of the cellular radio
network, e.g., an MME (Mobility Management Entity) or
S-GW (Serving Gateway) of the LTE technology. The
connection may use one carrier or multiple carriers, e.g.,
through carrier aggregation. In some case, the carriers may
be selected from multiple available frequency layers.
[0003] When a UE wants to initiate a data transfer to or
from the cellular radio network, typically first a signaling
connection needs to be established. For example, in the LTE
technology an RRC (Radio Resource Control) connection is
established by the UE and the eNB. Once the RRC connec-
tion is established, the UE can send and receive traffic. The
RRC connection may be kept active over multiple individual
transfers of data, which means that it is not necessary to
establish a new RRC connection for each transfer of data.
Typically, the RRC connection is released after a certain
period of inactivity, controlled by an inactivity timer. The
setting of the inactivity timer is decided by the eNB and is
typically is a trade-off between signaling load for setting up
the RRC connection and resource availability for maintain-
ing the RRC connection.

[0004] Whenever a UE requests a connection the network
needs to decide whether and how to establish the connection.
The decision whether to establish the connection is also
referred to as “admission control”. The decision how to
establish the connection may involve selecting a cell through
which the connection is established, selecting a carrier for
establishing the connection, or the like. These processes are
typically implemented by connection management function-
alities of one or more nodes of the cellular radio network,
such as eNBs or MMEs.

[0005] However, it is a complex task to ensure that the
connection management functionalities take the decisions
which are most appropriate from the perspective of user
experience and impact on performance of the cellular radio
network. In many cases the decisions involve first deciding
whether to admit establishment of the connection and, once
the connection is established, later evaluating if the connec-
tion should be modified, e.g., by moving it to another access
node or cell, switching the connection another carrier,
releasing the connection, or the like. This may for example
have the effect that some connections are not admitted even
though their admission would have required only insignifi-
cant resources of the cellular radio network, or that connec-
tions are admitted which then turn out to require significant
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resources for handling the associated traffic or managing the
connection. Further, the connection management function-
alities may in some cases also set the inactivity timer to a
value which is too high or to a value which is too low. A too
high value of the inactivity timer may have the effect that the
connection is maintained excessively long and resources are
blocked. A too low value of the inactivity timer may in turn
result in additional connection requests by the UE, the
handling of which consumes resources both on the UE side
and the cellular radio network side.

[0006] In3GPP TS 36.331 V12.6.0 (2015-06), it is speci-
fied that the request for establishing the RRC connection,
referred to as “RRCConnectionRequest message” may also
include a field indicating an establishment cause. This
information element may be used for prioritizing emergency
calls or certain subscribers, or for distinguishing between
different UE configurations. However, this information ele-
ment provides only limited input to be used for taking
appropriate connection management decisions when a regu-
lar application triggers establishment of a connection.
[0007] Accordingly, there is a need for techniques which
allow for efficiently controlling connectivity of a radio
device to a cellular radio network.

SUMMARY

[0008] According to an embodiment of the invention, a
method of controlling connectivity to a cellular radio net-
work is provided. According to the method, multiple appli-
cations are configured at a radio device. For each of the
multiple applications, the radio device determines at least
one characteristic of traffic generated by the application. In
response to one of the applications requiring establishment
of a connection of the radio device to the cellular radio
network, the radio device sends a request for establishing the
connection to the cellular radio network, the request indi-
cates the at least one characteristic corresponding to the
application.

[0009] According to a further embodiment of the inven-
tion, a method of controlling connectivity to a cellular radio
network is provided. According to the method, an access
node of the cellular radio network receives, from a radio
device with multiple configured applications, a request for
establishing a connection of the radio device to the cellular
radio network. The request indicates at least one character-
istic of traffic generated by that one of the applications which
requires establishment of the connection. Depending on the
indicated at least one characteristic, the access node controls
establishment of the connection.

[0010] According to a further embodiment of the inven-
tion, a radio device is provided. The radio device is config-
ured with multiple applications. Further, the radio device is
configured to determine, for each of the multiple applica-
tions, at least one characteristic of traffic generated by the
application. Further, the radio device is configured to, in
response to one of the applications requiring establishment
of a connection of the radio device to the cellular radio
network, send a request for establishing the connection to
the cellular radio network. The request indicates the at least
one characteristic corresponding to the application.

[0011] According to a further embodiment of the inven-
tion, an access node is provided. The access node is con-
figured to receive, from a radio device with multiple con-
figured applications, a request for establishing a connection
of the radio device to the cellular radio network. The request
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indicates at least one characteristic of traffic generated by
that one of the applications which requires establishment of
the connection. Further, the access node is configured to
control establishment of the connection depending on the
indicated at least one characteristic.

[0012] According to a further embodiment of the inven-
tion, a computer program or computer program product is
provided, e.g., in the form of a non-transitory storage
medium, which comprises program code to be executed by
at least one processor of a radio device configured with
multiple applications. Execution of the program code causes
the radio device to determine, for each of the multiple
applications, at least one characteristic of traffic generated
by the application. Further, execution of the program code
causes the radio device to, in response to one of the
applications requiring establishment of a connection of the
radio device to the cellular radio network, send a request for
establishing the connection to the cellular radio network.
The request indicates the at least one characteristic corre-
sponding to the application.

[0013] According to a further embodiment of the inven-
tion, a computer program or computer program product is
provided, e.g., in the form of a non-transitory storage
medium, which comprises program code to be executed by
at least one processor of an access node of a cellular radio
network. Execution of the program code causes the access
node to receive, from a radio device with multiple config-
ured applications, a request for establishing a connection of
the radio device to the cellular radio network. The request
indicates at least one characteristic of traffic generated by
that one of the applications which requires establishment of
the connection. Further, execution of the program code
causes the access node to control establishment of the
connection depending on the indicated at least one charac-
teristic.

[0014] Details of such embodiments and further embodi-
ments will be apparent from the following detailed descrip-
tion of embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 schematically illustrates a cellular radio
network environment in which connectivity is controlled
according to an embodiment of the invention.

[0016] FIG. 2 shows a message flow for illustrating an
example of processes according to an embodiment of the
invention.

[0017] FIG. 3 shows a distribution of data volume of
connections as an example of a traffic characteristic which
may be utilized in an embodiment of the invention.

[0018] FIG. 4 shows a flowchart for schematically illus-
trating a method according to an embodiment of the inven-
tion, which may be implemented by a radio device.

[0019] FIG. 5 shows a block diagram for illustrating
functionalities of a radio device according to an embodiment
of the invention.

[0020] FIG. 6 shows a flowchart for schematically illus-
trating a further method according to an embodiment of the
invention, which may be implemented by an access node.

[0021] FIG. 7 shows a block diagram for illustrating
functionalities of an access node according to an embodi-
ment of the invention.

[0022] FIG. 8 schematically illustrates exemplary struc-
tures of a radio device according to an embodiment of the
invention.
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[0023] FIG. 9 schematically illustrates exemplary struc-
tures of an access node according to an embodiment of the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] In the following, concepts in accordance with
exemplary embodiments of the invention will be explained
in more detail and with reference to the accompanying
drawings. The illustrated embodiments relate to controlling
connectivity of a radio device, e.g., a UE, to a cellular radio
network. In the illustrated examples, the cellular radio
network is assumed to be based on the LTE technology.
However, it is to be understood that other cellular radio
technologies could be utilized as well, e.g., the UMTS
(Universal Mobile Telecommunications System) technol-
ogy. In the following explanations, it is assumed that the

[0025] In the illustrated concepts, the radio device is
assumed to be configured with multiple applications which
each may require data transfers to or from the cellular radio
network, for which purpose a connection to the cellular radio
network may need to be established. As used herein, an
application is considered to be a computer program designed
to provide one or more functionalities of the radio device.
Examples of such applications are messaging applications,
multimedia applications, online gaming applications, social
media applications, or the like. The applications may be
installed by a user and/or be preconfigured, e.g., as part of
an operating system of the radio device. The illustrated
concepts utilize that characteristics of traffic generated these
applications typically vary from application to application.
For example, certain multimedia applications may generate
large volumes of traffic with a long duration. Other appli-
cations, e.g., certain social media applications, may generate
single bursts of low volume traffic, e.g., associated with
status updates or the like. The illustrated concepts aim at
enabling the cellular radio network to distinguish between
such different applications and to take into account the
individual characteristics of the traffic generated by a certain
application. For this purpose, the radio device determines
one or more characteristics of the traffic generated by a given
application and, when this application requires establish-
ment of a connection to the cellular radio network, indicates
the characteristic(s) in a request for establishment of the
connection sent to the cellular radio network. The charac-
teristic(s) for each application may be preconfigured and
stored in the radio device. Alternatively or in addition, the
radio device may learn such characteristic(s) by monitoring
the traffic generated by the applications. The characteristic
(s) may for example include an indication whether the traffic
generated by the application is expected to form a single
burst or rather multiple separate bursts, an expected volume
of the traffic, e.g., in terms of a classification in for example
low volume, medium volume, large volume, and optionally
unknown volume, an expected duration of the traffic, e.g.,
duration of lower than <100 ms, higher than 10s, or in
between, and/or a latency requirement of the traffic, e.g., in
terms of a classification as latency sensitive traffic or latency
insensitive traffic. As mentioned above, these characteristics
are determined individually for each application, so that
connection management may be optimized depending on the
application which requires establishment of the connection.
[0026] Various kinds of connection management pro-
cesses may be performed depending on the characteristic
indicated in the request for establishing the connection. For
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example, an access node receiving the request may decide
depending on the characteristic whether to admit the con-
nection or not. For example, if a cell served by the excess
node is close to a configured load limit and the characteristic
indicated in the request indicates that a large volume is to be
expected for the connection, the access node may decide not
to admit the connection. Further, the access node could
decide to admit the connection and then move the connec-
tion to a less loaded cell. On the other hand, if the charac-
teristic indicates only a single burst of low volume, the
access node could decide to admit the connection even
though this might result in temporarily exceeding the con-
figured load limit. The latter decision may be more resource
efficient than not admitting the connection, because the
decision not to admit the connection may trigger resource
consuming processes on the network side and also on the
side of the radio device, such as signaling the decision not
to admit the connection to the radio device or handling
subsequent connection requests. Further, if the characteristic
indicates an expected duration of the traffic, the access node
may set an inactivity timer for controlling releasing of the
connection depending on the expected duration of the traffic.
In this way, it can for example be achieved that the connec-
tion is not released before expiry of the expected duration of
the traffic. Further, it can be achieved that the connection is
maintained for an excessively long time period after expiry
of the expected duration of the traffic. For example, the
inactivity timer may be set to a certain default value (which
may of course depend on one or more other parameters), and
if the characteristic indicated in the request indicates an
expected duration below this default value, the inactivity
timer may be set to a lower value than the default value, e.g.,
to a value corresponding to the expected duration of the
traffic. Further, if the characteristic indicates that the traffic
is latency sensitive, the access node may decide to refrain
from performing load balancing by moving the established
connection to another cell or to another access node.

[0027] FIG. 1 schematically illustrates a cellular radio
network environment in which the concepts as outlined
above may be applied. Specifically, FIG. 1 illustrates infra-
structure of the cellular radio network in the form of access
nodes 100, 110, in accordance with the assumed utilization
of the LTE technology in the following also referred to as
eNB 100, 110, and a control node 150, in accordance with
the assumed utilization of the LTE technology in the fol-
lowing also referred to as MME 150. In the scenario of FIG.
1, the eNB 100 is assumed to serve a first cell 101 on a first
frequency layer FL.1 and a second cell 102 on a second
frequency layer FL2. The eNB 110 is assumed to serve a
third cell 111 and a fourth cell 112 on a third frequency layer
FL3. Each frequency layer may allow utilization of one or
more corresponding carriers. For example, a connection may
be established on the basis of one carrier from one of the
frequency layers FL1, FL2, FL.3, on the basis of multiple
carriers from one of the frequency layers FLL1, FL.2, FL.3, or
on the basis of multiple carriers from different frequency
layers FL1, FL2, FL3. Such connection using multiple
carriers may be based on carrier aggregation, e.g., by using
multiple carriers for a connection to one of the eNB 100,
110, and/or on dual connectivity, e.g., by using multiple
carriers for a connection to both eNBs 100, 110.

[0028] Further, FIG. 1 illustrates radio devices, in the
following referred to as UE, which may connect to the
cellular radio network by establishing a connection to the
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eNB 100 and/or to the eNB 110. The establishment and
further control of such connections is assumed to be man-
aged by the eNBs 100, 110 and the MME 150. For this
purpose, the eNBs 100, 110 may communicate with each
other through inter-access node interfaces, e.g., X2 inter-
faces as specified for the LTE technology. Further, the eNBs
100, 110 may communicate with the MME 150 through
corresponding control interfaces, e.g., S1 interfaces as speci-
fied for the LTE technology. Signaling on these interfaces
may be used to control connection establishment, e.g., with
respect to admission control, cell selection, or carrier selec-
tion, moving of connections, and/or releasing of connec-
tions. As mentioned above, these control processes may be
optimized in an application specific manner by considering
the characteristic(s) indicated in the request for establishing
the connection.

[0029] FIG. 2, illustrates exemplary processes for estab-
lishing a connection of a UE 10 to the cellular radio network.
The UE 10 may correspond to one of the UEs 10 as
illustrated in FIG. 1. The processes of FIG. 2 involve the UE
10, the eNB 100, and the MME 150 and are based on
procedures for establishing an RRC connection as specified
in 3GPP TS 36.331 V12.6.0. The processes of FIG. 2 are
assumed to be triggered by one of multiple applications
configured at the UE 10 requiring establishment of a con-
nection to the cellular radio network. When detecting this
requirement, the UE 10 first determines the characteristic(s)
of traffic generated by this application. This may involve
obtaining information stored in the UE 10.

[0030] An estimate of the characteristic(s) of the traffic
generated by a specific application can be obtained initially
from parameters included in the application software itself.
If no such parameters are included in the application soft-
ware a default characteristic may be assumed. Such default
characteristic may however be updated once the application
is used, e.g., by monitoring the traffic generated by the
application.

[0031] The UE 10 then proceeds by performing a random
access procedure 201 with the eNB 100. As a result, the UE
10 synchronize to one of the cells 101, 102 served by the
eNB 100. In the example of FIG. 2, it is assumed that the UE
10 synchronizes to the cell 101. However, it is to be
understood that processes similar to those described in the
following could also be performed when the UE 10 initially
synchronizes to the cell 102. The eNB 100 then grants initial
uplink radio resources of the cell 101 to the UE 10. The UE
10 utilizes these uplink radio resources for sending an
RRCConnectionRequest message 202 to the eNB 100. The
RRCConnectionRequest message 202 also indicates the
previously determined characteristic(s) of the traffic gener-
ated by the application. Here, it may be beneficial to indicate
the characteristic(s) by small sized parameters, thereby
avoiding excessively increasing the data volume of the
RRCConnectionRequest message 202.

[0032] In response to receiving the RRCConnectionRe-
quest message 202, the eNB 100 performs admission control
processes, as illustrated by block 203. This may for example
involve deciding whether to admit the connection requested
by the RRCConnectionRequest message 202. This admis-
sion decision may be based on the characteristic(s) indicated
in the RRCConnectionRequest message 202. Further, this
admission decision may also be based on various other
criteria, such as load of the cell 101 in which establishment
of the connection is requested, and/or on other information
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indicated in the RRCConnectionRequest message 202, e.g.,
information in the EstablishmentCause field. By way of
example, the cell 101 could be close to a maximum load
limit and the eNB 100 could thus decide only to admit the
requested connection is in the indicated characteristic(s)
indicate that the traffic generated by the application is
expected to form a single burst of low volume and short
duration. In this case, admitting the connection can be even
more resource efficient than rejecting the request, because
the latter decision may for example result in signaling of the
request being rejected toward the UE 10 and the UE 10
retrying the request. In the example of FIG. 2 it is assumed
that the eNB 100 admits the connection and then proceeds
to perform further control processes related to the establish-
ment of the connection, as illustrated by block 204.

[0033] As illustrated, the control processes of block 204
may for example include selecting one or more carriers for
the connection, selecting an alternative cell for establishing
the connection, setting queuing parameters for the connec-
tion, and/or setting an inactivity timer for controlling release
of the connection.

[0034] By way of example, if the cell 101 in which
establishment of the connection is requested is highly loaded
and the indicated characteristic(s) of the traffic generated by
the application indicate that the traffic is latency insensitive,
the eNB 100 may decide to perform load balancing by first
establishing the connection in the cell 101 and then moving
the connection to another cell, such as the cell 102. The eNB
100 may also decide to move the connection to a cell control
by another eNB, such as one of the cells 111, 112 controlled
by the eNB 110. If the traffic generated by the application is
indicated to be latency insensitive, the eNB 100 may also
decide to delay establishment of the connection until
resources for establishing the connection become available,
e.g., by using a queueing algorithm for handling concurrent
requests for establishment of a connection. On the other
hand, if the traffic generated by the application is indicated
to be latency sensitive, the eNB 100 may set the queueing
parameter(s) to establish the connection as soon as possible.
One or more parameters of such queueing algorithm may be
set depending on the characteristic(s) of the traffic generated
by the application. Further, the characteristic(s) may for
example indicate that the traffic generated by the application
is expected to have a short duration, e.g., shorter than a
default value of the inactivity timer applied by the eNB 100,
e.g., a default value of a few seconds. The eNB 100 may then
set the inactivity timer to a lower value than the default
value, e.g., to a value corresponding to the expected duration
of the traffic. In this way, it can be avoided that the
connection is maintained significantly longer than the
expected duration of the traffic, and resources may thus be
used in a more efficient manner. In some cases, the eNB 100
may also set the inactivity timer to zero or even completely
deactivate usage of the inactivity timer. This may for
example be the case if the characteristic(s) indicate that the
traffic will consist of only a single data transfer, i.e., a very
short single burst. In such cases, the connection may be
released immediately after such single data transfer is com-
pleted.

[0035] The eNB 100 then sends a RRCConnectionSetup
message 205 to the UE 10, which initiates setup of the RRC
connection between the UE 10 and the eNB 100. Having
completed configurations for the setup of the RRC connec-
tion, the UE 10 responds with an RRCCconnectionSet-
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upComplete message 206 to the eNB 100. The eNB 100 then
proceeds with selection of an MME for controlling the
connection, as illustrated by block 207. In the illustrated
example, it is assumed that the eNB 100 selects the MME
150. Having selected the MME 150, the eNB 100 sends an
initial UE message 208, included with the RRCConnection-
SetupComplete message 206, to the MME 150. At this stage,
establishment of the connection is completed, and the UE 10
may send or receive traffic generated by the application via
the connection.

[0036] As further illustrated in FIG. 2, at some point a
period of inactivity 209 may follow. For example, this
period of connectivity may be due to the UE 10 having
completed all pending data transfers required by the appli-
cation. In response to detecting the inactivity, the eNB 100
start the inactivity timer. If the application becomes active
again before the inactivity timer has expired, then the
inactivity timer is stopped and reset. After expiry of the
inactivity timer without any further data transfer on the
connection, the eNB 100 initiates releasing of the connec-
tion. As illustrated, this involves sending a RRCConnec-
tionRelease message 210 to the UE 10 and sending a
UEContextReleaseComplete message 211 to the MME 150.
By setting the value of the inactivity timer at block 204, the
timing when the releasing of the connection is initiated may
be controlled depending on the characteristic(s) indicated in
the RRCRonnectionRequest message 202. In this way, some
connections may be released earlier, e.g., connections for
which it was indicated that the traffic is expected to form a
single burst, while other connections may be released later,
e.g., connection for which it was indicated that the traffic is
expected to form multiple bursts over a longer duration.

[0037] As mentioned above, the UE 10 and/or the eNB
100 may also monitor the traffic on the connection and use
statistic information obtained by this monitoring for dynami-
cally updating the characteristic(s) stored by the UE 10. In
this way, for example expected data volumes, expected
durations of traffic, and/or the burst characteristic of the
traffic may be determined in a refined manner and individu-
ally for each UE 10. For example, when the connection is
released, the UE 10 may statistically evaluate the informa-
tion obtained by monitoring the traffic, e.g., a measured data
volume or duration of the traffic, compare the statistically
evaluated characteristic(s) to the stored characteristic(s) and
adapt the stored characteristic(s) based on this comparison.
In this way, the stored characteristic(s) may be refined by
statistical data. In some scenarios, also the eNB 100 may
contribute to search updating of the characteristic(s). For
example, also the eNB 100 could monitor the traffic, and the
stored characteristics could be updated based on the moni-
toring results obtained by the eNB 100. In some cases where
no initial information on the characteristic(s) is available,
e.g., from the application software, the characteristic(s) may
also be determined exclusively based on such monitoring
processes.

[0038] The utilization of the characteristic(s) of applica-
tion traffic when controlling establishment of the connection
is particularly valuable in situations where a cell is highly
loaded, which may require rejecting requests for establish-
ing a connection. In such situations, connections for which
the characteristics indicate a low impact on the load may
nonetheless be admitted. This may allow for on the one hand
improving user experience and on the other hand improving
resource efficiency, e.g., because signaling, evaluations, or
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measurements which may follow from rejection of admis-
sion of a connection can be avoided. That such situations are
actually relevant in practice can be seen from FIG. 3, which
shows a distribution of data volume transferred over a
connection versus number of connections for a typical North
American cellular radio network, sampled over one hour. As
can be seen, there is a significant number of connections
with very small data volume, and by utilizing the indication
of characteristics of application traffic as described above,
such small volume connections could be admitted in high
load situations without severely impacting performance of
the cellular radio network.

[0039] FIG. 4 shows a flowchart for illustrating a method
of controlling connectivity to a cellular radio network. The
method may be utilized for implementing the illustrated
concepts in a radio device, e.g., the above-mentioned UE 10.
If a processor-based implementation of the radio device is
used, the steps of the method may be performed by one or
more processors of the radio device. In such a case the radio
device may further comprise a memory in which program
code or other information for implementing the below
described functionalities is stored.

[0040] At step 410, the radio device determines at least
one characteristic of traffic generated by an application. This
is accomplished for each of multiple applications configured
at the radio device.

[0041] The at least one characteristic may indicate
whether the traffic is expected to form a single burst or if the
traffic is rather expected to form a sequence of multiple data
transfers which may be separated in time. In addition or as
an alternative, the at least one characteristic may indicate an
expected volume of the traffic, an expected volume of the
traffic, an expected duration of the traffic, and/or a latency
requirement of the traffic. For example, this may be accom-
plished in terms of a classification, e.g., a classification as
low volume traffic or high volume traffic, a classification of
low duration traffic or high duration traffic, or a classification
as latency sensitive traffic or latency insensitive traffic.

[0042] At step 420, the radio device sends a request for
establishing a connection to the cellular radio network. This
is accomplished in response to one of the applications
requiring establishment of the connection. The request indi-
cates the at least one characteristic corresponding to the
application. The request may be an RRC Connection
Request, e.g., an RRCConnectionRequest message as speci-
fied in 3GPP TS 36.331 V12.6.0, and the characteristic(s)
may be indicated in an additional field of such message.

[0043] At optional step 430, the radio device may estab-
lish a connection for one of the applications to the cellular
radio network. This may for example be the connection for
which establishment was requested by the request sent at
step 420. For example, the connection may be established in
response to the cellular radio network admitting the con-
nection. The decision whether to admit the connection may
be based on the at least one characteristic indicated in the
request sent at step 420.

[0044] At optional step 440, the radio device may monitor
the traffic generated by the application. In particular, the
radio device may monitor tour the traffic on the connection
established at step 430. The radio device may statistically
evaluate information obtained by this monitoring, e.g., a
measured volume of the traffic, a measured duration of the
traffic, or a burst characteristic of the traffic. The determi-
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nation of the at least one characteristic at step 410 may be
based on the information obtained by this monitoring of the
traffic.

[0045] At optional step 450, the radio device may update
the at least one characteristic based on the information
obtained at step 440.

[0046] FIG. 5 shows a block diagram for illustrating
functionalities of a radio device 500 which operates accord-
ing to the method of FIG. 4. As illustrated, the radio device
500 may be provided with a module 510 configured to
determine at least one characteristic of traffic generated by
each of multiple applications configured at the radio device,
such as explained in connection with step 410. Further, the
radio device 500 may be provided with a module 520
configured to indicate the at least one characteristic in a
request for establishing a connection, such as explained in
connection with step 520. Further, the radio device 500 may
optionally be provided with a module 530 configured to
establish a connection, such as explained in connection with
step 430. Further, the radio device 500 may optionally be
provided with a module 540 configured to monitor traffic
generated by an application, such as explained in connection
with step 440. Further, the radio device 500 may optionally
be provided with a module 550 configured to update the at
least one characteristic, such as explained in connection with
step 450.

[0047] It should be understood that the radio device 500
may also include further modules for implementing other
functionalities, such as functionalities for hosting the appli-
cations or for performing and managing data transfers
associated with the applications, and that the modules of the
radio device 500 do not necessarily represent a hardware
structure of the radio device 500, but may also correspond
to functional elements, e.g., implemented by hardware,
software, or a combination thereof.

[0048] FIG. 6 shows a flowchart for illustrating a method
of controlling connectivity to a cellular radio network. The
method may be utilized for implementing the illustrated
concepts in an access node of the cellular radio network,
e.g., the eNB 100. If a processor-based implementation of
the access node is used, the steps of the method may be
performed by one or more processors of the access node. In
such a case the access node may further comprise a memory
in which program code or other information for implement-
ing the below described functionalities is stored.

[0049] At step 610, the access node of the cellular radio
network receives, from a radio device with multiple config-
ured applications, a request for establishing a connection of
the radio device to the cellular radio network. The request
indicates at least one characteristic of traffic generated by
that one of the applications which requires establishment of
the connection.

[0050] The at least one characteristic may indicate
whether the traffic is expected to form a single burst or if the
traffic is rather expected to form a sequence of multiple data
transfers which may be separated in time. In addition or as
an alternative, the at least one characteristic may indicate an
expected volume of the traffic, an expected volume of the
traffic, an expected duration of the traffic, and/or a latency
requirement of the traffic. For example, this may be accom-
plished in terms of a classification, e.g., a classification as
low volume traffic or high volume traffic, a classification of
low duration traffic or high duration traffic, or a classification
as latency sensitive traffic or latency insensitive traffic.
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[0051] At step 620, the access node determines the at least
one characteristic from the request received at step 610. This
may for example be accomplished by extracting the at least
one characteristic from a corresponding information field of
the request.

[0052] At step 630, the access node controls establishment
of'the connection depending on the at least one characteristic
as indicated in the request received at step 610 and deter-
mined at step 620. The controlling of establishment of the
connection may involve deciding whether to admit estab-
lishment of the connection. Further, the controlling of estab-
lishment of the connection may involve deciding whether
delaying establishment of the connection is tolerable. Fur-
ther, the controlling of establishment of the connection may
involve selecting one or more carriers for the connection. If
multiple carriers are selected, these may for example be used
in a carrier aggregation configuration and/or a dual connec-
tivity configuration. Further, the controlling of establishment
of the connection may involve deciding whether to transfer
the connection to another access node or other cell, e.g., for
purposes of load-balancing. Further, the controlling of estab-
lishment of the connection may involve configuring a timer
for controlling inactivity-triggered release of the connection.
[0053] FIG. 7 shows a block diagram for illustrating
functionalities of an access node 700 which operates accord-
ing to the method of FIG. 6. As illustrated, the access node
700 may be provided with a module 710 configured to
receive a request for establishing a connection, the request
indicating at least one characteristic of traffic generated by
an applications which requires establishment of the connec-
tion, such as explained in connection with step 610. Further,
the access node 700 may be provided with a module 720
configured to determine the at least one characteristic from
the request, such as explained in connection with step 620.
Further, the access node 700 may optionally be provided
with a module 730 configured to control establishment of the
connection depending on the indicated at least one charac-
teristic, such as explained in connection with step 730.
[0054] It should be understood that the access node 700
may also include further modules for implementing other
functionalities, such as functionalities for performing or
managing data transfers associated with the applications,
and that the modules of the access node 700 do not neces-
sarily represent a hardware structure of the access node 700,
but may also correspond to functional elements, e.g., imple-
mented by hardware, software, or a combination thereof.
[0055] FIG. 8 illustrates exemplary structures which may
be used for implementing the above concepts in a radio
device 800, such as the UE 10. The radio device 800 may for
example correspond to a mobile phone or to some other type
of UE.

[0056] As illustrated, the radio device 800 may include a
radio interface 810 for enabling access of the radio device
800 to a cellular radio network, e.g., a cellular radio network
based on the LTE technology. The radio interface 810 may
for example implement the Uu radio interface of the LTE
radio technology.

[0057] Further, the radio device 800 may include one or
more processors 850 coupled to the radio interface 810, and
a memory 860 coupled to the processor(s) 850. The memory
860 may include a Read Only Memory (ROM), e.g., a flash
ROM, a Random Access Memory (RAM), e.g., a Dynamic
RAM (DRAM) or Static RAM (SRAM), a mass storage,
e.g., a hard disk or solid state disk, or the like. The memory
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860 includes suitably configured program code to be
executed by the processor(s) 850 so as to implement the
above-described functionalities of a radio device. In particu-
lar, the memory 860 may include various program code
modules for causing the radio device 800 to perform pro-
cesses as described above, e.g., corresponding to the method
steps of FIG. 4.

[0058] As illustrated, the memory 860 may include an
application module 870 for enabling configuration of a
plurality of applications, such as explained in connection
with step 410 of FIG. 4. Further, the memory 860 may
include a traffic characteristic determination module 880 for
implementing the above-described functionalities of deter-
mining characteristics of traffic generated by the applica-
tions, such as explained in connection with step 420 of FIG.
4. Further, the memory 860 may also include a connection
control module 890 for implementing the above-described
functionalities related to establishment of a connection,
specifically generating and sending the request for estab-
lishing the connection, such as described in connection with
step 420 of FIG. 4.

[0059] It is to be understood that the structures as illus-
trated in FIG. 8 are merely schematic and that the radio
device 800 may actually include further components which,
for the sake of clarity, have not been illustrated, e.g., further
interfaces or processors. Also, it is to be understood that the
memory 860 may include further types of program code
modules, which have not been illustrated, e.g., program code
modules for implementing known functionalities of a UE or
similar radio device. According to some embodiments, also
a computer program may be provided for implementing
functionalities of the radio device 800, e.g., in the form of a
physical medium storing the program code and/or other data
to be stored in the memory 860 or by making the program
code available for download or by streaming.

[0060] FIG. 9 illustrates exemplary structures which may
be used for implementing the above concepts in an access
node 900 of a cellular radio network, e.g., a cellular radio
network based on the LTE technology. The access node 900
may for example correspond to an eNB, such as the eNB
100, or to some other type of base station.

[0061] As illustrated, the access node 900 may include a
radio interface 910 for enabling access of one or more radio
devices, such as the above-mentioned UEs 10, the radio
device 500, or the radio device 800, to the cellular radio
network. The radio interface 910 may for example imple-
ment the Uu radio interface of the LTE radio technology. As
further illustrated, the access node 900 may include a
network interface 920 for connecting the access node to
other nodes of the cellular radio network, e.g., to other
access nodes or to nodes of a core network part of the
cellular radio network. The network interface 920 may for
example implement the X2 and/or S1 interface of the LTE
technology.

[0062] Further, the access node 900 may include one or
more processors 950 coupled to the radio interface 910 and
network interface 920, and a memory 960 coupled to the
processor(s) 950. The memory 960 may include a ROM,
e.g., a flash ROM, a RAM, e.g., a DRAM or SRAM, a mass
storage, e.g., a hard disk or solid state disk, or the like. The
memory 960 includes suitably configured program code to
be executed by the processor(s) 950 so as to implement the
above-described functionalities of an access node. In par-
ticular, the memory 960 may include various program code
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modules for causing the access node 900 to perform pro-
cesses as described above, e.g., corresponding to the method
steps of FIG. 6.

[0063] As illustrated, the memory 960 may include an
connection control module 970 for implementing the above-
described functionalities related to establishment of a con-
nection, specifically receiving and processing the request for
establishing the connection, such as described in connection
with step 610 of FIG. 6, and performing processes for
controlling establishment of the connection, such as
described in connection with step 630 of FIG. 6. Further, the
memory 960 may include a traffic characteristic determina-
tion module 980 for implementing the above-described
functionalities of determining the characteristics of traffic
generated by applications from the request for establishing
the connection, such as explained in connection with step
620 of FIG. 6.

[0064] It is to be understood that the structures as illus-
trated in FIG. 9 are merely schematic and that the access
node 900 may actually include further components which,
for the sake of clarity, have not been illustrated, e.g., further
interfaces or processors. Also, it is to be understood that the
memory 960 may include further types of program code
modules, which have not been illustrated, e.g., program code
modules for implementing known functionalities of an eNB
or similar access node. According to some embodiments,
also a computer program may be provided for implementing
functionalities of the access node 900, e.g., in the form of a
physical medium storing the program code and/or other data
to be stored in the memory 960 or by making the program
code available for download or by streaming.

[0065] As can be seen, the concepts as described above
may be used for efficiently controlling connectivity of radio
devices to a cellular radio network. The concepts allow for
achieving a more stable behavior of connections in the
cellular radio network, because a connection can be setup
right from the start in such a way that it best suits the
characteristics of the expected traffic so that subsequent
adjustments can be avoided. This in turn may allow for a
higher efficiency in terms of signaling load, computational
resources or required measurements. Further, the concepts
allow for reducing a risk that a connection for latency
sensitive traffic is rejected by admission control or is moved
to another cell or access node for load balancing, thereby
generating undesired delays. Further, the concepts allow for
avoiding too early and too late releasing of a connection by
setting the inactivity timer depending on the characteristic(s)
of the expected traffic, which in turn allows for achieving a
higher resource efficiency. These benefits are particularly
significant in scenarios involving a high number of appli-
cations generating traffic of typically low volume and with
low latency sensitivity.

[0066] It is to be understood that the examples and
embodiments as explained above are merely illustrative and
susceptible to various modifications. For example, the illus-
trated concepts may be applied in connection with various
cellular radio network technologies. Further, other charac-
teristics of traffic generated by an application could be
considered in addition or as an alternative. Moreover, it is to
be understood that the above concepts may be implemented
by using correspondingly designed software to be executed
by one or more processors of an existing device, or by using
dedicated device hardware. Further, it should be noted that
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the illustrated radio device may be implemented as a single
device or as a system of multiple interacting devices.

1-41. (canceled)
42. A method of controlling connectivity to a cellular
radio network, the method comprising:
for each of multiple applications configured at a radio
device, the radio device determining at least one char-
acteristic of traffic generated by the application; and

in response to one of the applications requiring establish-
ment of a connection of the radio device to the cellular
radio network, the radio device sending a request for
establishing the connection to the cellular radio net-
work, the request indicating the at least one character-
istic corresponding to the application;

wherein the at least one characteristic indicates whether

the traffic is expected to form a single burst, and not a
sequence of multiple data transfers separated in time.

43. The method according to claim 42, wherein the
request is a Radio Resource Control Connection Request.

44. The method according to claim 42, wherein the at least
one characteristic indicates an expected volume of the
traffic.

45. The method according to claim 42, wherein the at least
one characteristic indicates an expected duration of the
traffic.

46. The method according to claim 42, wherein the at least
one characteristic indicates a latency requirement of the
traffic.

47. The method according to claim 42, further compris-
ing:

for one of the applications, the radio device establishing

a connection to the cellular radio network;
the radio device monitoring the traffic generated by the
application based on the established connection; and
the radio device determining the at least one characteristic
for this application based on the monitoring of the
traffic.

48. A method of controlling connectivity to a cellular
radio network, the method comprising:
an access node of the cellular radio network receiving,
from a radio device with multiple configured applica-
tions, a request for establishing a connection of the
radio device to the cellular radio network, the request
indicating at least one characteristic of traffic generated
by that one of the applications which requires estab-
lishment of the connection; and
depending on the indicated at least one characteristic, the
access node controlling establishment of the connec-
tion;
wherein the at least one characteristic indicates whether
the traffic is expected to form a single burst, and not a
sequence of multiple data transfers separated in time.
49. The method according to claim 48, wherein said
controlling establishment of the connection comprises
deciding whether to admit establishment of the connection.
50. The method according to claim 48, wherein said
controlling establishment of the connection comprises
deciding whether delaying establishment of the connection
is tolerable.
51. The method according to claim 48, wherein said
controlling establishment of the connection comprises
selecting one or more carriers for the connection.
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52. The method according to claim 48, wherein said
controlling establishment of the connection comprises
deciding whether to transfer the connection to another
access node.

53. The method according to claim 48, wherein said
controlling establishment of the connection comprises con-
figuring a timer for controlling inactivity-triggered release of
the connection.

54. The method according to claim 48, wherein the
request is a Radio Resource Control Connection Request.

55. The method according to claim 48, wherein the at least
one characteristic indicates an expected volume of the
traffic.

56. The method according to claim 48, wherein the at least
one characteristic indicates an expected duration of the
traffic.

57. The method according to claim 48, wherein the at least
one characteristic indicates a latency requirement of the
traffic.

58. A radio device, the radio device being configured to:

for each of multiple applications configured at the radio

device, determine at least one characteristic of traffic
generated by the application; and
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in response to one of the applications requiring establish-
ment of a connection of the radio device to the cellular
radio network, send a request for establishing the
connection to the cellular radio network, the request
indicating the at least one characteristic corresponding
to the application;

wherein the at least one characteristic indicates whether
the traffic is expected to form a single burst, and not a
sequence of multiple data transfers separated in time.

59. An access node for a cellular network, the access node

being configured to:

receive, from a radio device with multiple configured
applications, a request for establishing a connection of
the radio device to the cellular radio network, the
request indicating at least one characteristic of traffic
generated by that one of the applications which requires
establishment of the connection; and

depending on the indicated at least one characteristic,
control establishment of the connection;

wherein the at least one characteristic indicates whether
the traffic is expected to form a single burst, and not a
sequence of multiple data transfers separated in time.
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