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(57) Abstract: A method of conveying data unit traffic from a
radio terminal in a mobile communication system that comprises
an access network (E-UTRAN) and a core network (Evolved
Packet Core) is described. It comprises: - receiving (S31) a ser-
vice request message for data unit communication from said ra-
dio terminal, and - performing (S32) a conveying decision pro-
cedure, and on the basis of an outcome of said conveying deci-
sion procedure, associating a radio channel between an access
network entity and a radio terminal with one of -- a channel to a
dedicated data unit processing entity (P- GW) in said core net-
work for conveying data units from said radio terminal to said
dedicated data unit processing entity for processing (S33), and --
an access network channel for conveying data units from said ra-
dio terminal within said access network (S34).
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[Title]
Method and entity for conveying data units
[Technical field]

The present invention relates to network entities and methods

for conveying data units in a mobile communication system,
[Background]

In the field of mobile communicatiocns it is known to provide
a basic architecture in which the mobile communication system
comprises an access network arranged for giving radio
terminals access to the communication system, and a core
network that comprises entities for providing higher level
communication control, such as call switching or data unit
reouting for data units of a given network layer protocol,

such as the Internet Protcocol (IP).

Fig. 1 shows an example, in which a mobile communication
network comprises entities such as base statiocns 100 and 101,
which may exchange control signalling with a control entity
102 that can provide functions such as resource allocation
(e.g. channel or bearer allocaticn}. The base stations 100,
101 belong to an access network, and can e.g. be parts of a
UMTS terrestrial radio access network (UTRAN) or an Evolved
UTRAN (E-UTRAN), which is also referred to as Long Term
FEvolution (LTE). In this case, the entities 100 and 101 can
be so-called eNcdeBs, and control entity 102 can in this case
be a so-called Mobility Management Entity (MME).

Fig. 1 furthermecre shows entities 106 and 107 that belong to
the core network, and which can e.g. be appropriate gateways,
such as a serving gateway {(S-GW) 106 and a packet data
netwerk gateway {(PDN~gateway or P-GW) 107. The elements can
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thus e.g. belong to an Evolved Packet Core (EPC). The control
entity 102 typically alsoc belongs to the core network.

Furthermore, Fig. 1 shows user equipment {(UE) or radio
terminals 103, 104 and 105 that receive access via the base
stations 100 and 101.

The individual entities are connected with one another over
appropriate interfaces that are selected in accordance with
the underlying definitions and protocols used in the given
system. For example, 1f the core network is an EPC and the
radic access network an LTE access network, then channels
108, 109 between radio terminals and the base station 140
{eNodeB) could be LTE radio bearers, 7just like channel 115,
whereas the base station 100 can be connected to the core
network entity 106 (e.g. a service gateway) via an IP-based
81 interface that provides a channel 112. The logical
interface between base stations 100 and 101 can e.g. be an
IP-based X2 interface providing a channel 110. The interface
between core network elements 106 and 107 {(e.g. PDN-gateway)
for providing channel 113 can be provided according to the 385
interface or in rcaming cases the S8 interface, as e.qg.
described in 3GPT TS 23.401. The interfaces between control
entity 102 and base stations 100 and 101 for providing
channels 111 and 114 can e.g. alsc be an IP-based 51

interface,.

Fig. 7 shows an example of a protocol hierarchy used for
communication between the radio terminal/user equipment 103,
the base station (e.g. eNodeB) 100, the core network entity
106 (e.g. serving gateway} and the core network entity 107
(e.g. PDN-gateway). In this example, an LTE radioc bearer
between the user equipment 103 and the eNodeB 100 is
established in accordance with the packet data convergence
proteocol (PDCP) and mapped onto a tunnel established
acceording to the GPRS tunnelling protocol (GTP), such that
the LTE bearer bhetween the user equipment 103 and the eNodsB
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100 is concatenated with the GTP tunnel established between
eNodeB 100 and PDN-gateway 107. In this way, IP data units
from user equipment 103 are conveyed to PDN~gateway 107, i.e.
the IP peer corresponding to user eguipment 103. As a
conseguence, the PDN-gateway (more generally a dedicated data
unit processing entity of the ceore network) can perform
appropriate data unit processing, such as e.g. routing o¢f the

IP data units towards the Internet.

[Summary]

It is the object of the present invenition to provide
improvements for conveying data units in mobile communication

systems that comprise an access network and core network.

This cobilect is solved by the subject-matter of the
independent claims. Advantageous embodiments are described in
the dependent claims. In accordance with a basic concept of
the invention, an access network entity for a mobile
communication system that comprises an access network and a
core network is arranged in such a way that it can be
controlled to associate a radio channel (such as e.g. an LTE
radio bearer) between the access network entity and a radio
terminal with one of a channel to a dedicated data unit
processing entity in the core network {e.g. a PDN-GW) for
conveying data units from the radio terminal to the dedicated
data processing entity for processing, and an access network
channel for conveying dats units from the radio terminal

within the access network.

As a conseguence, in accordance with the invention an access
network entity 100 such as a base station is capable of
associating a radic channel between a radio terminal (such as
radio terminal 103) and the base station 100 either with a
channel towards a dedicated data unit processing entity of
the core network, such as for example gateway 107 via

channels 112/113, c¢r of associating the radio channel 108
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with an access network channel, such as e.g. a radio channel
109 te a further radio terminal 104, without having to
establish an association towards the core network element
107. In other words, the access network entity 100 obtains
the capability of pessibly asscciating channels within the
access netwerk in such a way that data units from a radio
terminal can be conveyed within the access network and thus
without having to first convey the data units to the
dedicated data unii processing entity in the core network. On
the other hand, the capability of conveying data units to the
dedicated data processing entity is retained, such that under
certain conditions data units may be conveyed within the
access network, and under other conditions data units may be
conveyed in the conventional way to the dedicated data unit

processing entity in the core network for processing.

The benefit of this concept lies in the fact that it is no
longer necessary to convey all data units (e.g. IP packets or
packets of another network protoccl) to the dedicated data
unit processing entity, which can greatly reduce the load on
the connection between the access network and the core
network. In other words, in the event that the intended
destination cof a data unit communication is within the same
access network as the originating radio terminal {e.g. radio
terminal 103 would like to send data units to radio terminal
104 or radio terminal 105), then an efficient "local
conveying™ mechanism within the access network can be used,
without having to use further network resources and thus
conveying data units to the core network (more specifically
to entity 107}, only to then have to convey the same data
units back again to the same access neatwork. Thus, the
transport network between the access network and core network
can be relieved, which provides advantages in terms of
transportation efficiency, which in turn leads to advantages
in the dimensioning the transpoert network {lower capital
expenditure or CAPEX), and during the operation the power

consumpticn, which depends on the load, can be reduced (lower
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operating expenditure or CPEX). As a further advantage, a
possibility of locally conveyving data units within the access
network but without having to convey the data units to the
core network leads tc a reduction of data unit delay, which
is an important aspect for guality of service. For example,
gaming applications and some other applications require very

low delays.

[Brief description of Figures]

In the following reference will be made to a number of
detailed examples which will be described in connection with

the attached Figures, in which

Fig. 1 is a schematic block diagram of a mobile
communication system to which the concepts of the

present invention can he applied;

Fig. 2 is a schematic block diagram showing an example of
an access network entity according to an embodiment

of the invention:

Fig. 3 is a flowchart showing a method embodiment of the

present invention;

Fig. 4 is a flowchart showing a further method embodiment

of the present invention;

Fig. 5 is a schematic block diagram of a control entity
arranged in accordance with an embodiment of the

present invention;

Fig. & is a flowchart of a further method embodiment of

the present invention:

Fig. 7 is a schematic representation of a protocol

hierarchy in a conventional communication between



10

15

20

25

30

35

WO 2010/069400 PCT/EP2008/068055

user eguipment and a dedicated data unit processing

entity in a core network;

Fig. 8 is a schematic representation of two radio
terminals engaged in a local data unit conveying
session via an access network entity arranged

according To the present invention:

Fig. 9 is a schematic representation of local data unit
conveyling via an access network channel involving

two base stations;

FPig. 10 is a schematic example of a further embodiment of
the invention, in which a relay node of an access
network associates two radioc channels for local
conveying of data units from cne radio terminal to

another;

Fig. 11 shows a schematic example of a contrel plane
communication between a user eguipment and a

control entity and;

Fig. 12 shows an example of signalling messages in an

embodiment of the present invention.

[Detailed Description]

In the following, reference will often be made to a
communication system comprising and LTE access network and an
evolved packet core (EPC) as a core network. Such systems are
a preferred field of application of the present invention,
but it is noted that the inventiocon is by no means limited
thereto and can be applied in the context of any mobile
communication system comprising an access network and a core

network, and designed for conveying data units.
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Fig. 2 shows a schematic example of an access network entity
arranged iIn accordance with the present invention. It is
noted that the term entity is used generically for a device
or a group of devices that provide a given functionality. As
such, an entity can be a physical unit or can be spread over
several units. The schematic representation of Fig. 2 only
shows elements that are significant for describing the
invention, and further known elements of an access network
entity (e.g. of an access network node such as a base
station) will not be described, as they are well known. In
Fig. Z, the access network entity 20 comprises a controller
21, e.g. a programmable processor of known kind, and
reference numeral 22 relates to a communication section for
performing communications over connections 23, 24, 25 and 26
to other entities, such as radioc terminals 200 and 201, other
access network entities (not shown) or core network entities
{(not shown)}. Access network entity 20 is arranged such that
controller 21 may associate a radio channel, such as channel
23 or 24 between the access network entity 20 and a radic
terminal {such as terminal 200 or 201} with one ¢f a channel
25 to a dedicated data unit processing entity in the core
network, for cenveying data units from the radic terminal to
the dedicated data unit processing entity for processing, and
an access network channel (such as radio channel 24 or
channel 26 towards a further access network entity) for
conveying data units from the radio terminal within the
access network. This local conveyving of data units within the
access netwoerk may also be referred to as a "local re-
routing”, as data units are not routed by the dedicated data

unit processing entity in the core network.

The associating of radic channels can be done in any suitable
or desirable way. For example, this can be achieved by
mapping channel identifiers appropriately onto one another.
Examples of channel identifiers are radio bearer IDs, tunnel
end-poeint IDs (TEIDs), stc. The channels will be established

and maintained in accordance with the applicable rules and
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standards of the mobile communication network to which the
concept of the present invention is applied, and can thus

€.g. be bearers in accordance with 3GPP standards.

Fig. 3 shows a basic method embodiment of the present
invention. As can be seen, in a first step 831 a service
reguest message for data unit communication is received from
a radio terminal. Thus, e.g. access network entity 20 of Fig.
2 receives such a service request message from radio terminal
200, or access network entity 100 of Fig. 1 receives such a
service request message from radio terminal 103. Then, in
step 532 a conveying decision procedure is performed. This
conveying decision procedure may be performed within the
access network entity, such as network entity 20 of Fig. 2,
it may be performed both within the access network entity and
a further separate entity, or it may be performed completely
outside of the access network entity 20 in a separate entity
such as e.g. the control entity 102 shown in Fig. 1.
Depending on the outcome of the conveying decision procedure,
the radio channel between the access network entity and the
radio terminal (such as channel 23 in Fig. 2 or channel 108
in Fig. 1) is associated either with a channel (such as
channel in Fig. 2 or channel 112/113 in Fig. 1) to a
dedicated data unit processing entity (such as a P-GW) 107 in
the core network for conveying data units from the radioc
terminal (103; 200) to the dedicated data unit processing
entity for processing, or an access network channel for
conveying data units from the radio terminal within the

access network.

The access network entity 100 of Fig. 1 or 20 of Fig. 2 to
which the concept of the present invention can be applied,
can be a base station of the access network (such as an
eNodeB), or socme other node involved in radio communication
with radio stations, such as a relay node of the access

network. Preferably it is a node that terminates the highest
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radio specific protocel, such as the Radio Link Control (RLC)

protocol or the Packet Data Convergence Protocol (PDCP).

The access network channel that can be assocciated with the
radio channel can be selected from a number of different
channels within the access network. For example, the radio
channel in guestion, such a&s radio channel 108 in Fig. 1, can
be a first radio channel and consequently the radio terminal
in question, such as radioc terminal 103 in Fig. 1, can be a
first radio terminal, and the access network channel to be
associated with the first radio channel 108 can be a second
radio channel between the access entity 100 and a second
radio terminal, such as radio channel 109 to radic terminal
104 in Fig. 1. In this way, the access network entity 100 has
the capability of directly associating the first radio
channel 108 with the second radio channel 109, to thereby
convey data units (such as IP packets) directly from the
first terminal 103 to the second terminal 104 without any
intervention of further network entities, especially without
intervention of core network entities like the gateways 106
and 107,

According to a another embodiment, where the access network
comprises a plurality of access network entities, e.g. a base
station 101 as shown in Fig. 1 in addition to access network
entity 100, the access network channel to be associated with
the radio channel (e.g. radic channel 108) can be a channel
between the access network entity and the further base
station, such as channel 110 between access network entity
100 and base station 101, in order to be able to convey data
units from the coriginating radic terminal 103 to a radio
terminal connected to base station 101, such as radio
terminal 105. Again, the same advantages as before can be
achieved, namely that it 1s not necessary to convey data
units to an entity in the core network, thereby providing an

efficient conveying of data units with low delay.
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As already mentioned previously, the conveying decision
procedure (83Z) in Fig. 3 can be performed within the access
network entity or ia a separate entity. Fig. 4 shows a flow
chart of a method embodiment, in which the conveying decision
procedure is performed in a separate control entity, such as
the control entity 102 shown in Fig. 1 (for example a
Mobility Management Entity (MME) known from LTE and EPC). In
this method of Fig. 4, the access network entity 20 first
receives a service reqguest message in step $41, and then
contacts the control entity 102 in step S42, and waits for
appropriate control signals indicating the result of the
conveying decision procedure. Then, after having received the
control signals, an associating is performed in accordance
with the control signals, see step 343. In other words, in
this case the control entity makes the decision and then
sends instructions to the access network entity (e.g. the
base station), which in turn performs the associating of
cperation, 1.e. appropriately concatenates the radio channel
from the reguesting radio terminal with an access network
channel of the access network, or with the channel to the
dedicated data unit processing entity, depending on the

decision made by the control entity 102.

The conveying decision procedure performed by the access
network entity or by the control entity can be arranged in
any suitable or desirable way. For example, it can be such
that it comprises determining whether the service request
received from the radio terminal comprises a request for
establishing a local connection within the access network for
conveying data units. In other words, in this case, the
service of using an access network channel to thereby provide
local conveying of data units within the access network is a
service known to the radioc terminals, which can explicitly
request this speclal service. Thus, the conveying decision
procedure can alsc be such that if the explicit request for
this service 1is not comprised within the service reguest

message, then a conventicnal associating is performed, i.e.
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the radio channel is associated with the channel to the
dedicated data unit processing entity in the core network as

this is conventionally done today for all radioc channels.

However, the conveying decision procedure and hence the
possibkbility of conveying data units locally in the access
network can also be transparent to the radio stations, such
that these do not explicitly reguest such a service. In this
case the conveying decilsion procedure may depend on other
criteria, such as eligibility of the inveolved radio

terminals, network efficiency criteria, etc.

Preferably, the conveying decision procedure furthermore
comprises examining eligibility for local data unit
conveyance of one or both of the radioc terminal sending the
service request message and the destination radio terminal
identified in the service reguest messages. In other words,
the conveying decision procedure is capable of analysing
whether the originating radio terminal has proper
authorization to request such a local data unit conveying
within the access network {e.g. on account of a corresponding
subscription), and/or the conveying decision procedure can
determine whether the destination radio terminal is suitable
for such a local data unit conveying e.g. on account of its
authorization, and/or on account of its locaticn. More
specifically, 1t is understandable that a local conveying of
data units of a given destination radio terminal is only
reasconable if that destination radio terminal is within reach
of the access network. If the conveying decision procedure
determines that one or both of the requesting radio terminal
and the destination radio terminal are not eligible for local
data unit conveying within the access network, then the
decision is to associate the radio channel of the requesting
radio terminal with the channel to the dedicated data unit
processing entity in the core network, for conveying the data
units there, as this is conventionally done today for all

radio channels.
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The conveying decisicon procedure may generally comprise one
or mere of an authorization determination (e.g. 1is a
particular radio terminal or user equipment allowed to
regquest that service?), an admission control operation {(e.g.
are there enough resources availlable at the access network
entity to offer that service?), and a resocurce controcl
operation {(e.g. should a service guality other than best-
effort be used? How many resources of a particular access
network entity should be allccated to be used by said

service?}.

It is ncted that in present day communicaticn networks the
dedicated data unit processing entity in the core nstwork,
such as a P-GW, can be used for charging operations and for
enabling lawful interception. With respect to charging, the
localized service for conveying data units within an access
network as enabled by the present invention can be handled in
a plurality of ways. In a simplest case, the service using
local conveying of data units can be free of charge, i.e.
there is no charging operation implemented. However, it is
equally possible to arrange the conveying decision procedure
in such & way that it comprises a charging trigger operation,
i.e. the entity handling the conveving decision procedure has
a direct logical connection to a network charging system
(such as an Online Charging System {(0QOCS)), or a logical
signalling connection can be established to one of the core
network gateways 106 or 107 (but without any data unit
transmission on the user plane), to thersby establish an
indirect connection to a charging system of the communication
network. Furthermore, it is envisioconable to arrange the
access network entity to perform a traffic load measurement
for the amount of data being conveyed through the access
network with the lccalized service, where corresponding
reports could be sent to the network charging system directly

or via the control entity 102 or the gateways 106, 107.
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In order to provide for the possibility of lawful
interception, the conveying decilsion procedure may be
arranged to comprise an examination of a lawful interception
condition. For example, such a condition can be the
examination of the identifiers of an originating radio
terminal and/or a destination radio terminal, which
identifications may be provided in a lawful interception
list, and if the identity is present on the lawful
interception list, then the result of the conveying decision
procedure i1s that the radio channel may not be associated
with the access network channel for local conveying of data
units, and that rather the access network entity is forced to
associate the radic channel with the conventicnal channel to
the dedicated data unit processing entity, such as the P-GW,
such that a lawful interception procedure can be conducted at
the dedicated data processing entity in the core network in a
known way. As an alternative, 1t 1s however also possible to
provide one or both of the access network entity 100 and the
control entity 102 with known lawful interception
capabilities as these are presently implemented in the
dedicated data unit processing entity 107 of the core

network.

It 1s noted that the access network entity of the present
invention and the corresponding control method are preferably
also capable of performing a hand-over procedure for handing
over the access network channel initially associated with the
radio channel between the access network entity and the radio
terminal, to another channel, depending on one or more
predetermined conditions. For example, i1f it 1s assumed in
Fig. 1 that initially the radio channel 108 between network
entity 100 and radioc terminal 103 is associated with the
radio channel 109 between access network entity 100 and radio
terminal 104, and then radio terminal 104 moves out of range
ocf access network entity 100 and e.g. into rangs of base
station 101, then is 1t preferakle that a procedure is in

place for handing over the association of channel 108 and 109
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in such a way that channel 108 can be asscciated with a
channel towards base station 101, i.e. channel 110 shown in
Fig. 1, in order to continue the local conveying of data

units between radio terminals 103 and 104.

Equally, it is preferable that a hand-over is possible from
radio channel 108 to the channel 112/113 towards the
dedicated data unit processing entity 107, e.g. in the event
that radio terminal 104 moves cut of range of the access

network comprising entities 10C and 101.

As an alternative to providing for a hand-over procedure
under predetermined conditions, it is also possible to
arrange the conveying decision procedure in such a way that
it comprises examining whether the source and/or destination
radio terminal fulfils an immobility condition, and enabling
the association of the radio channel of the access network
entity and the radic terminal with the access network channel
only if the immobility ceondition is fulfilled. The immobility
condition can be chesen in any suitable cr desirable way,
e.g. the control entity 102, which is preferably arranged for
mebility management, can maintain a record of movement for
radic terminals in communication with the access network, and
can thus decide whether a radioc terminal is to be considered
as immobile or not. It is noted that the term "immobile®
indicates that the radio terminal is not moving. This can be
due to a momentary situation, i.e. the radio station is
capable of movement but presently nct moving, or can pe due
to a permanent arrangement, 1.e. the radic terminal is fixed

to a given location.

Fig. 5 shown a further embodiment of the invention, namely a
control entity 50 (which is e.g. identical to the control
entity 102 shown in Fig. 1) for a mobile communication system
that comprises an access network and a core network, where
the control entity 50 has a controller 51 and a communication

section 52, and the controller 51 is arranged for performing
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a conveying decision procedure for generating control signals
53 to an access network entity {such as network entity 100 in
Fig. 1) for letting the access network entity perform an
assocliating of a radio channel between the access network
entity and a radio terminal with one of a channel to a
dedicated data unit processing entity in the core network for
conveying data units from the radio terminal tc the dedicated
data unit processing entity for processing, and an access
network for conveying data units from the radic terminal

within the access network.

A corresponding method for controlling the contrcl entity 50
of Fig. 5 is shown in Fig. 6, which comprises a step 361 for
recelving a service request information from the access
network entity, a step Sé2 for performing the conveying
decision procedure, and a step $63 for generating and sending
control signals to the access network entity such that the
access network entity can perform the assoclating of the
radio channel between the access network entity and a radio
terminal with the channel to the dedicated data unit

rocessing entity or the access network channel.
% g Y

It is noted that the previously described embodiments can be
implemented as hardware, software or any suitable combination
of hardware and software. The present invention can therefore
also be embodied in the form of a computer program or
computer program product comprising a ccmputer program that
has code parts for performing cone of the previously described
metheds when loaded into and executed on a programmable
entity of the communication network, such as the access
network entity or the control entity that is usually part of

the core network.

In the following, specific embodiments in the context of an

access network according to long term evolution (LTE) and an

evolved packet core (EPC) will be described. These are to be
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seen as a preferred application of concepts of the invention,

but are not intended to be in any way limiting.

Fig. 8 shows an example of a user plane protocel stack of two
UEs 81 and 8Z and an eNodeB 83 capable of conveying local
peer-to-peer user data. The eNodeB 83 processes the user data
up toe the PDCP protocol, which is the last, i.e., highest up
in the protocel stack, radio specific protocol in LTE. Local
peer-to-peer user data is then re-routed downwards and re-
processed by the PDCP layer, using the new local re-routing

functicnality 84 implemented above the PDCP layer.

The proposed concept allows disassembling the EPS bearer
composed of the radic bearer and access bearver. Instead, two
radioc bearers may be associated, i.e. connected to each
other. This connection is done during radio bearer
establishment, which is controlled by the MME. This results
in different establishment/control/tear down procedures for
regular EPS bearer and local peer-to-peer bearer, as will

e.g. be explained in connection with the example of Fig. 12.

A GTP tunnel towards the core network i1s noif needed and not
established. Due to the connecticon of beth radioc bearers,
packets from one radio bearer are automatically forwarded to
the cerresponding radio bearer and vice versa. A radio bearer
may e.¢g. be identified by the radio besrer ID. In practice
the radio bearer can be identified by the logical channel

identity (MAC), the RLC or the corresponding PDCP instance.

In general, LTE radioc bearers are bi-directional. So the
establishment of two radio bearers for local peer-to-peer
communication may generally result in a bi-directiocnal
connection. Of course only one of two directions might be
used, e.g., for uni-directional data transmission. Then, the
unused direction of the radic bearers could be configured not

to consume/reserve any rescurces f[(best effort).
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The destination address of a local peer-to-peer data transfer
could be a multicast (or even broadcast) address. Then, IP

packels can e.g. be sent to many {(all) UEs in a cell.

Local conveying can take place with UEs of the same cell or
with UEs of different cells of the same eNodeB (via the
server backplane). Another embodiment of the concept allows
re~routing packets of UEs located in cells of neighboring
base stations. There re-routing may take place via the inter-
eNodeB interface X2 (GTP-u tunnel between eNodeBs), see Fig.
9. More specifically, Fig. 9 shows a first UE 91, a first
eNodeB 92, a second eNodeB 93 and a second UE 84, wherse
reference 95 indicates the X2 interface betweesn the two
eNodeBs. In this example, eNocdeB 92 is capable of associating
radioc channel 96 with access network channel 87 for
performing local data unit conveving within the access
network, i1.e. for conveying data units from UE 91 to UE 94

without the intervention of the core network.

The same principle of re-rcuting local peer-to-peer data at
the eNcdeB can alsoc be adapted to multihop networks, where
local peer-to-peer data could be re-routed at the first relay
node. A corresponding user plane protocol stack involving two
UEs 1000 and 1001 as well as a relay node 1002 and an eNodeB
1603 is shown Iin Fig. 10. Note that, in order to perform re~
routing by associating radio channels 1004 and 1005, radio
protocols (MAC, RLC, PDCP) should terminate in the relay node
1002. The establishment, maintenance and tear down of the re-
routing function at the relay node 1002 could be configured
by the MME or by the eNodeB 1003, depending which node is
actually controlling the relay node 1C02.

Fig. 11 shows an example of a control plane protocol stack,
which spans from the UE 1100 across the eNodeB (i.e. an
implementation of the Radio Resource Control (RRC} protocol}
and to the MME (i.e. an implementation of the Non-BAccess
tratum (NA3) protocol) is not affected by the local re-
routing of user data. The MME 1102 may still handle core
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network control functions, such as attach/detach handling,
mobility functions, bearer management, and security. And it
still terminates the NAS signalling protocols, like in known

systems.

Although the form of the stack does not change compared to
present systems, the preotecol implementation is different
when applying the concept of the invention. Instead of
establishing an EPS bearer, which is compesed of a radio
bearer and the corresponding GTP tunnel to the core network,
the “connecticn establishment” function of the MME (part of
S1-AP) would establish two radic bearers which are mapped to

each other.

If a handover functionality is implemented, the involved
eNodeBs (or generally access network entities) may negotiate
and execute the handover. MME or S5-GW are not involved. Once
the radio bearer at the target eNodeB has been established,
the target eNodeB request from the MME {(by means of S1-AP
signalling} to switch the GTP-tunnel from the source to the

new target eNodeB.

If the source eNodeR has maintained a lccal peer-to-peer
connectiocn, the MME tears down the local peer-to-peer radio
bearer of the UE that has left the cell. Then the MME
establishes z new GTP tunnel and connects that GTP-tunnel to
the newly established radio bearer at the target eNodeB.
Simultaneously, the MME establishes another GTP tunnel and
connects that GTP-tunnel to the radio bearer of the UE that

is left at the scurce elNodeB.

If local re-routing i1s possible at the target eNodeB (after
the handoverj, the MME does not create a new GTP-tunnel for
the target elNocdeB but it maps the two radio bearers to

establish a local peer—-to-peer connection. The GTP-tunnel of

the other UE can be released as well.
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Beside the modified path switch commands, the mobility

procedures from LTE can be reused.

As already mentiocned before, an alternative embodiment of the
invention could be tc restrict the service to immobkile UEs.
If the signal strength of a2 UE perfcrming local pear-to-peer
communication goes down, the MME switches back to the regular
(conventional) communication where user data is routed wvia
the 5-CGW. In that case a handover functionality can be

omitted.

An example procedure to request a leocal peer-to-peer service
is shown in Fig. 1Z. The procedure may be composed of the

following steps:

1. The UE 1200 sends an NAS message with the service reguest
encapsulated in an RRC message to the eNodeR 1201. The
service request could be an explicit service reqgquest for a
local peer-to-peer service or a request for a regular service
which is later on re-configured as a local peer-to-peern

service transparently to the user, as indicated previously.

2. The eNodeB 1201 forwards NAS message to MME 1202. The NAS

message is encapsulated in an S1-APF.

3. Authentication procedures can be performed. Here the MME
1202 could check if both peer UEs 1200 and 1203 are
registered by the same HSS (Home Subscriber Server) 1204 and
if both peers are allowed to use the local peer-to-peer
service. The HSS typically holds subscription and location

information on the UEs.

4, If the destination UE 1203 is registered in the MME 1202,
the MME sends a NAS paging message to each eNodeB belonging
to the tracking area(s) in which the UE 1203 is registered.
Steps 3~4 are omitted 1f the MME 1202 already has a

signalling connection over S1-MME towards the UE 1203.
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5. The UE 1203 is paged by the eNodeBs, e.g. encdeB 1201 in

the example.

6./7. Upon reception of paging indication, the UE 1203
initiates the UE triggered service reguest procedure already

described in connection with steps 1 and 2.

The MME 1202 supervises the paging procedure. If the MME 1202
receives no response from the UE 1203, it may repeat the
paging. If the MME 1202 recelves no response from the
destination UE 1203 after the paging repetition procedure, it
can reject the service request received in step 2 (instead of

setting up the radio bearer in step 8).

8. The MME 1202 sends the bearer setup request [(S1-AP
signalling) message to the eNodeB 1201.

9. The eNodeB 1201 performs the radio bearer establishment
procedure (RRC signalling) with both UEs 1200 and 1203
involved. In the eNodeB 1201 both radio bearers are mapped

onto each other (no 81 access bearer is invelved).

10./11. The uplink data from the UE 1200 can now be forwarded
by eNodeB 1201 to the local peer UE 1203. The eNodeR 1201
sends the uplink data to the DL radio bearer with the

corresponding radio bearer ID.

12, The eNodeB 1201 sends a setup complete (S1-AP) message to
the MME 1202. This message might be transmitted as setup

response message before the reception of UL data in step 10.

The modification of an existing local service (MME or UE
initiated), the re-configuration of a regular bearer to a
local peer-to-peer bearer (MME initiated), and deactivation
of local peer-to-peer bearer (MME or UE initiated) are
performed accordingly. That means that the regular LTE

procedures are used without involvement of the S/P-GW.
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As already mentioned, re-routing of local peer-to-peer data
could be done transparent to the user. In this case the UE
requests a regular connection, 1.e. assumes that a bearer
towards the P-GW in the core network is established. However,
according to the invention, the MME is in charge to either
establish a regular EPS bearer in case of regular traffic or
to establish a leocal peer-to-peer bearer in cass of local
peer-to-peer data exchange. Location information about UEs is
already available at the MME. By means of local re-routing
the MME minimizes the network load (especizally transport
network and S/P-GW load) and packet delays in a way that

would be transparent to the end user.

Alternatively, the UE may also explicitly request a local
peer-to-peer radio bearer. Then, the MME will perform an
eligibility examination and e.g. first check whether the
addressed UE 1s in the vicinity of the regquesting UE so that
local re-routing is possible. If that is the case, the MME
establishes the local peer-to-peer bearer. If local re-
routing is not possible the MME rejects the connection

reguest or it establishes a regular EPS bhearer.

The entity controlling the connection establishment could be

the MME or a separate node.

Local peer-to-peer communication can be seen as a feature
transparent to the UE which minimizes transport network and
S/P-GW load and which minimizes packet delay. The guality of
such local peer-to-peer connections should be equal to the
gquality of regular connections. Thus, the same admission
control and resource reservation schemes should be applied to
lecal as to regular traffic. For instance guaranteed bit rate
radio bearers should be used for voice communication,
variable bit rate radic bearers for premium data exchange and
best effort radio bearers should be allocated to best effort

services.
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Alternatively, local peer-to-peer communication can be seen
as a feature (or service) which can be explicitly requested
by UEs to allow local communication (e.g. at lower cost). In
that case, the resource usage of local peer~to-peer radio
bearers shculd preferably be controlled. The controlliing
entity could be the MME or a separate node. That node would
do authorization (Is a particular UE allowed to request that
service?), admission control {(Are there enough resources
avallable at the eNodeB to offer that service?) and resource
control (Should a service quality othexr than best-effort be
used for peer-to-peer traffic? How many rescurces of a
particular eNcdeB should be allocated to be used by that
service in general?). The amount of resources used at an

eNodeBR for local peer-~to-peer traffic can be configurable.

If resources for peer-to-peer traffic are not or no longer
available, e.g. due to overlocad, handover, or eNodeR re-
configuration, but resources for regular operation (i.e.
conveying data units to the core network P-GW) are still
available the peer~to-peer radio bearers could be re-
configured to regular EPS bearers. This could be done with or

without notifying the UE.

The presented general concepts allow for transparent network
optimization. The constraints of the transport network

between the access network and core network can be relaxed.

A non-transparent application of local peer-to-pesr services
is a form of local sharing of data. Nowadays short range
communication technigques such as WLAN, Bluetooth, or Infrared
are used to share data (photos, ringtones, machine-to-machine
data, etc.) between nearby peers. Also low-latency gaming is
often performed with local partners. By dedicating a certain
amocunt of resources to that service, operators could offer
such services without risking transport network overload or
increasing CAPEX or OPEX. For the core network these local
services are not very stressful. Besides peer-to-peer

services, also local servers connected to an access network
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entity (e.g. eNodeB} could offer the same cost benefits for
local content services inside areas of dense user aggregation
like inside sports arenas, malls, etc. Local peser-to-peer
communication services could in this mode alsc be offered at
a lower price, gettling users more interested in access

network based communications, like LTE based communications.

Another non-transparent application is local voice
communication. Nowadays in-house phone systems or walky-
talkies are used to communicate over short distances. Again,
such services can be cffered without risking too much stress

on the transport or core network.

The described concepts allow for local data unit conveving,
i.e. peer-to-peer communication that minimizes transport and
core network resource usage. This is particularly important
since in many cases the transport network between access
network and core network will be the bottleneck of future

cellular svstems.

Due to the limited utilization of resources the described
method allows a cost-efficient cffering of local peesr-to-peer
data exchange such as local sharing of user data or local

volce calls.

Local re-routing reduces packet delay, which is beneficial

for applications, such as {(local) gaming or security alerts.
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Claims

1. An access network entity (eNodeB; Relay) for a mobile
communication system that comprises an access network (E-
UTRAN) and a core network (Evolved Packet Core), saild access
network entity having a controller for associating a radio
channel between the access network entity and a radio
terminal with one of

- a channel to a dedicated data unit processing entity (P-GW)
in sald core network for conveying data units from said radioc
terminal to said dedicated data unit processing entity for
processing, and

- an access network channel for conveying data units from

said radio terminal within said access network.

2. An access network entity according to claim 1, wherein
said access network entity 1s ccomprised in one c¢f a base

station and a relay node of said access network.

3. An access network entity according to claim 1 or 2,
wherein said radio channel is a first radio channel and said
radio terminal is a first radioc terminzal, and said access
network channel 1s selectable as a second radio channel
between said access network entity and a seccond radio

terminal.

4. An access network entity according to cne of the
preceding claims, wherein said access network entity is
comprised in a first base station of said access network, and
said access network channel 1s selectable as a channel

towards a second base station of salid access network.

5. An access network entity according to one of the
preceding claims, wherein said mobile communicatilon system
comprises a control entity arranged for controlling channel

establishment and maintenance, and where said access network
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entity 1s arranged for responding to control signals from

said centrol entity for performing saild associating.

6. An access network entity according to one of the
preceding claims, wherein said access network entity is
arranged for performing a hand-over procedure for said access

network channel.

7. An access natwork entity according te one of claims 1 to
5, wherein saild access network entity is arranged such that
sald associating of sald radio channel betwsen the access
network entity and the radio terminal with the access network

channel is only performed for immobile radio terminals.

8. A method of controlling an access network entity
(eNodeB; Relay) for a mobile communication system that
comprises an access network (E-UTRAN} and a core network
(Evolved Packet Core), comprising: associating a radic
channel between the access network entity and a radic
terminal with one of

~ a channel to a dedicated data unit processing entity (P-GW)
in said core network for conveying data units from said
ferminal to sald dedicated data unit processing entity for
processing, and

- an access network channel for conveying data units from

said radio terminal within said access network.

9. A computer program product comprising a computer program
with code parts for performing the method of claim 8 when
salid computer program is loaded into and executed on a

programmable access network entity.

16. A method of conveying data unit traffic from a radio
terminal in a mobile communication system that comprises an
access network (E~UTRAN) and a core network (Evolved Packet

Core), comprising:
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- receiving a service regquest message for data unit
communication from said radio terminal, and

- performing a conveying decision procedure, and on the basis
of an outcome of said conveying decision procedure,
associating & radio channel between an access network entity
and a radio terminal with one of

—-- a channel to a dedicated data unit processing entity (P-
GW) in said core network for conveying data units from said
radic terminal to said dedicated data unit processing entity
for processing, and

-- an access network channel for conveying data units from

sald radio terminal within said access network.

11. The method of claim 10, wherein said conveying decision
procedure comprises determining whether said service reguest
message comprises a request for establishing a local
connection within said access network for conveying data

units.

12. The method of claim 10 or 11, wherein said conveying
decision procedure comprises examining an eligibility for
local data unit conveyance of one or both of said radic
terminal sending said service reqguest message and a
destination radio terminal identified in said service reqguest

message.

13. The method of one of g¢laims 10 to 12, wherein said
conveying decision procedure comprises one or more of
authorization determination, admission contrel and resource

control.

14. The method of one of claims 10 to 13, wherein said
conveying decision procedure comprises a charging trigger

operation.
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15. The method of one of claims 10 to 14, wherein said
conveying decision procedure comprises examination of a

lawful interception condition.

16. The method of one of claims 10 to 15, wherein said radio
channel i1s a first radio channel and said radio terminal is a
first radic terminal, and said access network channel is
selectable as a second radio channel between said access

network entity and a second radio terminal.

17. The method of one of claims 10 to 16, wherein said
access network entity is comprised in a first base station of
said access network, and said access network channel is
selectable as a channel tcwards a second base station of said

access network.

18. The method of one of claims 10 to 17, wherein said
mobile communication system comprises a control entity
arranged for contrelling channel establishment and
maintenance, and where saild conveying decision procedure
comprises said contrel entity making a decision of
asscciating and sending control signals to said access

network entity for performing said associating.

19. The method of one cof claims 10 to 18, further comprising
a hand-over procedure for performing a hand-over of said
access network channel under one or more predefermined

conditions.

20. The method of one of claims 10 to 19, wherein said
conveying decision procedure comprises examining whether the
radio terminal fulfills an immobility condition, and enabling
sald associating of said radio channel between the access
network entity and the radio terminal with the access network

channel only if said immobility condition is fulfilled.



10

20

25

30

WO 2010/069400 PCT/EP2008/068055

28

21. A centrol entity for a mobile communication system that
comprises an access network (E-UTRAN) and a core network
(Evelved Packet Core), sald control entity having a
controller arranged for performing a conveying decision
procedure for generating control signals to an access network
entity for letting said access network entity perform an
associating of a radio channel between the access network
entity and a radio terminal with one of

- a channel to a dedicated data unit processing entity (P-GW)
in saild core network for conveying data units from said radio
terminal to said dedicated data unit processing entity for
processing, and

- an access network channel for conveying data units from

said radio terminal within said access network.

22. A method for controlling a contreol entity for a mobile
communication system that comprises an access network (E-
UTRAN) and a core network (Evolved Packet Core}, comprising
performing a conveying decision procedure for generating
contrel signals to an access network entity for letting said
access network entity perform an associating of a radio
channel between the access network entity and a radio
terminal with one of

- a channel to a dedicated data unit processing entity (P-GW)
in said core network for conveying data units from said radio
terminal to said dedicated data unit processing entity for
processing, and

- an access network channel for conveying data units from

said radio terminal within said access network.

23. A computer program product comprising a computer program
with code parts for performing the method of claim 22 when
said computer program is lcaded into and executed on a

programmable control entity.
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