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Apparatus and method for communication

Field

The exemplary and non-limiting embodiments of the invention relate
generally to wireless communication networks. Embodiments of the invention
relate especially to an apparatus and a method in communication networks.

Background

The following description of background art may include insights,
discoveries, understandings or disclosures, or associations together with dis-
closures not known to the relevant art prior to the present invention but pro-
vided by the invention. Some of such contributions of the invention may be
specifically pointed out below, whereas other such contributions of the inven-
tion will be apparent from their context.

With the ever increasing demand for increasing data rates and
higher quality services in the world of mobile communications comes ever in-
creasing demand for better performance of cellular network infrastructures.
People use their mobile equipment with support for high data rate services
while they are at work, at home, and/or while traveling on a mass transporta-
tion vehicle, e.g. bus, train, and ship. Such a mass transportation vehicle may
travel at a speed of up to 100 m/s, and a huge number of communicating mo-
bile devices in the vehicle traveling at the same speed sets high demands for
network operators, because the users wish to preserve their high data rate
connections regardless of the speed of the vehicle.

Long-term evolution (LTE) of the 3rd generation mobile communica-
tion system standardized within 3GPP (3rd Generation Partnership Project)
has introduced a relayed extension to cellular network infrastructure. Relaying
links between user terminals and conventional base stations through mobile
relays or relaying base stations improves capacity, coverage, and data rates.
The mobile relays may be installed in buses, trains, cruisers and other mass
transportation vehicles.

One problem associated with the deployment of mobile relay sys-
tems in especially high speed vehicles is the frequent need for handovers of
mobile backhaul connections. The backhaul connections must support high
data rate traffic even during a handover in order to provide adequate services
to hundreds of potential mobile users abroad.
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Summary

The following presents a simplified summary of the invention in or-
der to provide a basic understanding of some aspects of the invention. This
summary is not an extensive overview of the invention. It is not intended to
identify key/critical elements of the invention or to delineate the scope of the
invention. Its sole purpose is to present some concepts of the invention in a
simplified form as a prelude to a more detailed description that is presented
later.

According to an aspect of the present invention, there is provided an
apparatus, comprising: at least one processor; and at least one memory in-
cluding computer program code, the at least one memory and the computer
program code configured to, with the at least one processor, cause the appara-
tus at least to perform: provide a radio access for at least one user equipment
within a coverage area via at least one radio access connection; transmit user
data related to the radio access via at least one cellular radio access backhaul
connection to at least one donor cellular system, select a set of user equip-
ment within the coverage area, the user equipment having an active connec-
tion; perform a handover for the set of user equipment to the at least one donor
cellular system; and request the at least one donor cellular system apply the
set of user equipment same rules as the apparatus applies to the user equip-
ment connected to the apparatus in all aspects except physical radio link pa-
rameters.

According to an aspect of the present invention, there is provided an
apparatus, comprising: means for providing a radio access for at least one
user equipment within a coverage area via at least one radio access link;
means for transmitting user data related to the radio access via at least one
cellular radio access backhaul connection to at least one donor cellular sys-
tem, means for selecting a set of user equipment within the coverage area;
means for performing a handover for the set of user equipment to the at least
one donor cellular system; and means for requesting the at least one donor
cellular system apply the set of user equipment same rules as the apparatus
applies to the user equipment connected to the apparatus in all aspects except
physical radio link parameters.

According to an aspect of the present invention, there is provided an
apparatus, comprising: at least one processor; and at least one memory in-
cluding computer program code, the at least one memory and the computer
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program code configured to, with the at least one processor, cause the appara-
tus at least to perform: provide at least one cellular radio access backhaul
connection for at least one relay node; perform handover for a set of user
equipment from the at least one relay node; and apply the set of user equip-
ment the same rules as the at least one relay node applies to the user equip-
ment connected to the at least one relay node in all aspects except physical
radio link parameters.

According to an aspect of the present invention, there is provided an
apparatus, comprising: means for providing at least one cellular radio access
backhaul connection for at least one relay node; means for performing hand-
over for a set of user equipment from the at least one relay node; and means
for applying the set of user equipment the same rules as the at least one relay
node applies to the user equipment connected to the at least one relay node in
all aspects except physical radio link parameters.

According to an aspect of the present invention, there is provided an
apparatus, comprising: at least one processor; and at least one memory in-
cluding computer program code, the at least one memory and the computer
program code configured to, with the at least one processor, cause the appara-
tus at least to perform: receive user equipment handed over from another ap-
paratus, receive information regarding identifier of the user equipment and in-
formation regarding a relay node, and the rules to be applied to the user
equipment, the rules being the same as a relay node applies to the user
equipment connected to the relay node in all aspects except physical radio link
parameters and apply the received rules to the user equipment.

According to another aspect of the present invention, there is pro-
vided a method comprising: providing a radio access for at least one user
equipment within a coverage area via at least one radio access connection;
transmitting user data related to the radio access via at least one cellular radio
access backhaul connection to at least one donor cellular system, selecting a
set of user equipment within the coverage area, the user equipment having an
active connection; performing a handover for the set of user equipment to the
at least one donor cellular system; and requesting the at least one donor cellu-
lar system apply the set of user equipment same rules as the apparatus ap-
plies to the user equipment connected to the apparatus in all aspects except
physical radio link parameters.
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According to another aspect of the present invention, there is pro-
vided a method comprising: providing at least one cellular radio access back-
haul connection for at least one relay node; performing handover for a set of
user equipment from the at least one relay node; and applying the set of user
equipment the same rules as the at least one relay node applies to the user
equipment connected to the at least one relay node in all aspects except
physical radio link parameters.

According to another aspect of the present invention, there is pro-
vided a method comprising: receiving user equipment handed over from an-
other apparatus, receiving information regarding identifier of the user equip-
ment and information regarding a relay node, and the rules to be applied to the
user equipment, the rules being the same as a relay node applies to the user
equipment connected to the relay node in all aspects except physical radio link
parameters and applying the received rules to the user equipment.

List of drawings

Embodiments of the present invention are described below, by way
of example only, with reference to the accompanying drawings, in which

Figure 1 illustrates an example of an environment where mobile re-
lays are used;

Figure 2 illustrates an example of a communication environment be-
tween a relay node and communication systems;

Figures 3A and 3B are flowcharis illustrating embodiments of the in-
vention; and

Figures 4A and 4B illustrate examples of apparatuses according to
embodiments of the invention.

Description of some embodiments

Embodiments are applicable to any base station, user equipment
(UE), server, corresponding component, and/or to any communication system
or any combination of different communication systems that support required
functionality.

The protocols used, the specifications of communication systems,
servers and user terminals, especially in wireless communication, develop rap-
idly. Such development may require extra changes to an embodiment. There-
fore, all words and expressions should be interpreted broadly and they are in-
tended to illustrate, not to restrict, embodiments.
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Many different radio protocols to be used in communications sys-
tems exist. Some examples of different communication systems are the uni-
versal mobile telecommunications system (UMTS) radio access network (UT-
RAN or E-UTRAN), long term evolution (LTE, known also as E-UTRA), long
term evolution advanced (LTE-A), Wireless Local Area Network (WLAN) based
on IEEE 802.11stardard, worldwide interoperability for microwave access (Wi-
MAX), Bluetooth®, personal communications services (PCS) and systems us-
ing ultra-wideband (UWB) technology. IEEE refers to the Institute of Electrical
and Electronics Engineers.

Figure 1 illustrates an example of an environment where mobile re-
lays are used between user equipment and a telecommunication system. In
the illustrated scenario, a mobile relay or a relay base station is installed in a
mobile vehicle and configured to relay communication links between fixed net-
work infrastructure and user equipment.

Figure 1 is a simplified system architecture only showing some ele-
ments and functional entities, all being logical units whose implementation may
differ from what is shown. The connections shown in Figure 1 are logical con-
nections; the actual physical connections may be different. It is apparent to a
person skilled in the art that the systems also comprise other functions and
structures.

The example of Figure 1 shows a relay node 100 installed in a mo-
bile vehicle 102. The relay node 100 is configured to provide network access to
user equipment 104, 106 and 108 in the moving vehicle. Thus, it serves a mov-
ing cell. The user equipment is connected 112, 114 and 116 to the relay node
100. The relay node 100 is connected 118 to a core network of a donor cellular
system by means of a mobile wireless backhaul connection.

User equipment refers to a portable computing device. Such com-
puting devices include wireless mobile communication devices operating with
or without a subscriber identification module (SIM), including, but not limited to,
the following types of devices: mobile phone, smartphone, personal digital as-
sistant (PDA), handset, laptop computer.

The relay node 100 may comprise a wireless transceiver 120 pro-
viding an out-band wireless access for the user equipment in the coverage
area of the relay node. The out-band wireless access may also be called non-
cellular radio access as the frequency band utilised by the out-band wireless
access is different compared to cellular services. A non-limiting example of a
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non-cellular or out-band access type is Wireless Local Area Network (WLAN)
or WiFi.

In an embodiment, the mobile relay 100 may comprise a cellular
transceiver 122 providing a cellular wireless access for the user equipment in
the coverage area of the mobile relay. The access technology may be LTE or
LTE-A, for example. The mobile relay 100 may have the full functionality of e.g.
LTE-A eNode B towards the user equipment 104, 106, 108, but it is attached to
the network side using a mobile wireless backhaul.

Embodiments of the invention are not limited by the number of
transceivers or wireless access types provided by the relay node. The number
of the access types may be one or more.

Figure 2 illustrates an example of a communication environment be-
tween relay nodes and communication systems. Figure 2 is a simplified system
architecture only showing some elements and functional entities, all being logi-
cal units whose implementation may differ from what is shown. The connec-
tions shown in Figure 2 are logical connections; the actual physical connec-
tions may be different. It is apparent to a person skilled in the art that the sys-
tems also comprise other functions and structures. It should be appreciated
that the functions, structures, elements, and protocols used in or for group
communication are irrelevant to the actual invention. Therefore, they need not
be discussed in more detail here.

The example of Figure 2 comprises a communication system 200,
an operator. The system comprises a core network 202. In this example, sys-
tem 200 comprises more than one radio access network of different radio ac-
cess technologies (RAT). The system comprises a 3G based network compris-
ing a Radio Network Controller RNC 204 and one or more base stations or
NodeBs 206 connected to the RNC 204. In addition, the system comprises
LTE or LTE-A based access network comprising eNodeB 208 connected to a
MME (Mobility Management Entity) 210 of the core network 202.

The core network comprises following elements: an MME (Mobility
Management Entity) 210, an SAE GW (SAE Gateway) 212, and an OAM (Op-
erations, Administration and Management system) 214. The core network fur-
ther comprises an ANDSF (Access Network Discovery and Selection Function)
216. It should be appreciated that a communication system may also comprise
other core network elements besides the illustrated such as a Gateway Mobile
Service Switching Centre, GMSC, a Serving GPRS Support Node, SGSN, for
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example. Furthermore, not all systems necessarily comprise all the above illus-
trated elements.

Base stations that may also be called eNodeBs (Enhanced node
Bs) of a communication system may host the functions for Radio Resource
Management: Radio Bearer Control, Radio Admission Control, Connection
Mobility Control, Dynamic Resource Allocation (scheduling). This applies to
LTE or LTE-A based systems. For the 3G based systems the Radio Network
Controller 204 may comprise some of the above mentioned functions. The
MME 210 is responsible for distributing paging messages to the eNodeBs. The
SAE GW 212 is an entity configured to act as a gateway between the network
and other parts of communication network such as the Internet for example.
The SAE GW may be a combination of two gateways, a serving gateway (S-
GW) and a packet data network gateway (P-GW). The ANDSF 216 is a net-
work-protocol functionality which is configured to assist user equipment of the
network to make mobility decisions between 3GPP and non-3GPP access
technologies on the basis of the network operator policy. For example, the
ANDSF enables user equipment supporting multiple access technologies to
select most suitable access network in the area where different access tech-
nologies such WLAN or WiIMAX are available.

The communication system 200 is operated as a closed system
from radio network management point of view. The networks of different opera-
tors are connected with each other using a Global Roaming Interface (GRX)
(not shown). The system 200 may be roaming partners allowing visiting user
equipment of another network to get service. Visiting user equipment is au-
thenticated from the home network of the user equipment.

Figure 2 only illustrates a simplified example. In practice, the system
may include more base stations and more cells may be formed by the base
stations. The access networks of two or more operators may overlap, the sizes
and form of the cells may vary from what is depicted, etc.

The embodiments are not restricted to the network given above as
an example, but a person skilled in the art may apply the solution to other
communication networks provided with the necessary properties. For example,
the connections between different network elements may be realized with
Internet Protocol (IP) connections.

In the example of Figure 2, a vehicle 220 comprising one or more
section or car 102, 224 is travelling on a path 226. Each car comprises a relay
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node 100, 228. In an embodiment, the relay nodes 100, 228 are configured to
operate in co-operation. The relay nodes may communicate with each other
using the crX2 interface 229 regarding the wireless access services provided
by the relay nodes and the backhaul connections of the relay nodes. A system
comprising or more co-operative relay nodes may also be called a mobile re-
lay.

The relay nodes may be a dual function relay as in Figure 1 provid-
ing both LTE/LTE-A access and non-cellular wireless access or the relays may
offer only the latter access for the passengers of the vehicle. The number of
wireless access types provided by the relay nodes is not relevant regarding the
embodiments of the invention.

In the example of Figure 2, user equipment 104, 106 are connected
112, 114 to the relay node 100 via a wireless access provided by the relay
node. Likewise, user equipment 234, 236 are connected 230, 232 to the relay
node 228 via a wireless access provided by the relay node. The relay node
100 is configured to setup and maintain a backhaul connection 238 with a ra-
dio access network of a donor cellular system supporting in-band cellular ac-
cess relays. An example of such is LTE or LTE-A network and the relay node
100 is connected to eNodeB 208. In addition, the mobile relay may have addi-
tional connections to radio access networks of donor cellular systems. The
connections may be set up with a same or different radio access network, do-
nor system or operator. In the example of Figure 2, the relay node has a con-
nection 240 with the base station 204.

The relay node 228 is configured to setup and maintain a backhaul
connection 242 with a radio access network of a donor cellular system support-
ing in-band cellular access relays. An example of such is LTE or LTE-A net-
work and the relay node 242 is connected to eNodeB 208. The relay node
could be connected to a radio access network of another operator as well, but
due to simplicity Figure 2 comprises the communication system 200 of only
one operator.

A mobile relay comprising several interconnected cooperative relay
nodes may comprise several connections. In an embodiment, the mobile relay
may transmit both user data and control data of a given relay node through
another interconnected relay node in whole or in part.

In an embodiment, the mobile relay is configured to select a set of
user equipment from the user equipment it is serving and which have an active
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connection with the communication system. The mobile relay may take the
position, capabilities subscription profile and status information of user equip-
ment into a count when making the selection. In an embodiment the mobile
relay is configured to select the user equipment of the set within the different
parts of the coverage area served by the relay. When the mobile relay com-
prises several interconnected cooperative relay nodes wherein the coverage
areas of the relay units are at least in part different from each other, the relay
may select the user equipment of the set within the coverage areas of different
relay units.

The mobile relay may be configured to perform a handover for the
set of user equipment to the donor cellular system the mobile relay is con-
nected to. If the mobile relay is connected to more than one donor system the
handovers may be performed to one of the systems. All user equipment of the
set need not perform handover to the same donor system. The donor sys-
tem(s) receiving the user equipment may be denoted as target donor sys-
tem(s). The user equipment transferred to the target donor system may be de-
noted as guiding user equipment.

The relay may communicate with the target donor system(s) prior
performing or requesting the handover. The mobile relay may request the tar-
get donor system(s) to consider the guiding user equipment to remain as vir-
tual users of the mobile relay as long as the user equipment stay within the
coverage area of the mobile relay.

Considering the example of Figure 2, the mobile relay comprising in-
terconnected relay nodes 100 and 228 may handover user equipment 106
from the first car and the user equipment 234 from the last car to a target do-
nor system, to eNodeB 208 for example.

Aiter the handover, the user equipment 106 communicates with
eNodeB 208 using connection 244 and the user equipment 234 communicates
with eNodeB 208 using connection 246. After performing the handover the
eNodeB creates a mobile context for the user equipment. The context data
may be transmitted by the relay nodes 100, 228 to the eNodeB. Usually after
user equipment has been transferred to another base station the mobile con-
text of the user equipment is deleted from the donating base station. In this
case however, as the guiding user equipment is considered to be a virtual user
of the relay node, the relay node does not delete the mobile context but retains
it.
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The eNodeB 208 and the relay nodes 100, 228 may communicate
with each other regarding the mobile context. In an embodiment, the eNodeB
208 updates the mobile contexts kept by the relay nodes. The updating may
be performed periodically or it may be event-based. The relay nodes and the
eNodeB may identify or address the guiding user equipment to another using
unique Radio Network Temporary Identifier RNTI agreed between the relay
nodes and the target donor system.

In an embodiment, the relay nodes may request the target donor
system(s) to apply the set of user equipment considered to be virtual users of
the relay nodes the same rules as the relay nodes apply to the user equipment
connected to the apparatus in all aspects except physical radio link parame-
ters. The target donor system(s) may provide the user equipment the same
services as the relay node provided and the same Policy, Charging and Rule
Functions apply to the user equipment as they still were connected to the relay
nodes. For example, if free |IP access were provided by the relay node to the
users aboard the vehicle served by the node then the same service should be
available to the guiding user equipment considered to be virtual users of the
relay nodes.

In an embodiment, the mobile relay may request the target donor
system (and vice versa) to hand back the guiding user equipment and to re-
place it with another at any time. Upon a radio link failure (RLF) at the target
donor system the guiding UE may be configured to fall back to the mobile re-
lay. The target donor system may inform the mobile relay if there is a change
in active state or Automatic Neighbour Relation (ANR) relation of the guiding
user equipment towards the mobile relay. For an example, the guiding user
equipment may terminate the current connection and service with the target
donor system and become idle while remaining aboard. In this case, the tar-
geted donor system may redirect the guiding UE to camp on the mobile relay
while being idle and aboard, as all other idle user equipment aboard.

If the guiding user equipment gets off the train while being served by
the target donor system, the eNodeB, based on UE measurement towards the
mobile relay, may detect that the guiding user equipment is no longer aboard
the vehicle served by the mobile relay and inform the mobile relay about the
situation. In such a case, the mobile relay is configured to release or delete the
mobile context of the guiding user equipment. The mobile relay and the target



WO 2012/139647 PCT/EP2011/055914

10

15

20

25

30

35

11
donor system will no longer treat the user equipment as a virtual user of the
mobile relay but a regular UE by the target donor system.

In an embodiment, a guiding user equipment is handed over from a
eNodeB (denoted as source eNodeB) to another eNodeB (denoted as target
eNodeB) within the target donor system, as the guiding user equipment is
travelling on board of the vehicle such as an intercity high-speed train carrying
a mobile relay. One option is that the source eNodeB informs the target
eNodeB during the handover of the guiding user equipment that this user
equipment is a guiding user equipment for a certain mobile relay served by the
source eNodeB. Then during the handover process of the mobile relay be-
tween the source and target eNodeBs the target eNodeB can get the mapping
information between the mobile relay and the guiding user equipment, both the
mobile relay and the guiding user equipment may still be served by the target
eNodeB. The aforementioned RNTI, originally agreed between the mobile re-
lay and the serving eNodeB, may be used as the identifier to map the mobile
relay and the guiding user equipment in the eNodeBs. The other alternative
may be that the mobile relay is informing the new eNodeB (the serving
eNodeB after the handover of the mobile relay) about the relation to certain
guiding user equipment.

The eNodeB the guiding UEs are connected to keeps mobile con-
texts of the user equipment. As stated above, the eNodeB transmits updates of
the context to the mobile relay. In an embodiment, the mobile relay and the
target donor system may establish or derive certain association in mobile con-
texts between mobile connections of the guiding UEs and corresponding mo-
bile backhaul connections of the mobile relay. The mobile relay and the target
donor system may compare parameters of the different mobile contexis and
determine relations between the parameters. Examples of relevant parameters
in question are handover timing, received carrier signal strength, uplink syn-
chronization timing or timing-advance, resource allocation scaling-up for mo-
bile relay providing that certain number of users abroad and Quality of Service
(QoS) scaling is known and updated, roaming restriction extended with multi-
operator multi-RAT supports of mobile relay, etc. Some of these relations can
be represented by simple corresponding offset parameters.

The mobile access backhaul connections of the mobile relay may be
controlled and managed on the basis of the determined relations. When serv-
ing the guiding UEs after handover, the target donor system, based on radio
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measurement, connection and mobility management of the guiding UEs and
the aforementioned established relations, may coordinate within intra-system
mobile backhaul connections of the mobile relay. In addition, if the mobile relay
has backhaul connections with several target systems, all these connections
may be managed, with inter-system control server or in co-operation with the
other serving donor systems of the mobile relay for efficient predictive control
and management.

For example, the on-the-run mobile contexts of guiding UEs moni-
tored by the target donor systems can be used for predictive and pro-active
control and update of relevant mobile backhaul contexts of the mobile relay
including optimized resource allocation, system information and configuration
update, pro-active handover control or RLF recovery (as long as the guiding
UEs remaining active and aboard).

For an example, a guiding UE 106 in the front car 102 be handed
over to a new target cell considerably earlier (up to seconds depending on e.g.
travelling speed of the train and distance from the front to the antenna position)
than that of a backhaul connection of relay node provided by backhaul-link an-
tennas placed in the back car 224.

In another example, the relay node 100 serving users in the front
car 102 due to half-duplex relay operation may be allowed to miss a handover
with possible fast RLF recovery in the new targeted cell based on proper guid-
ing UE contexts and other backhaul connections of interconnected relay nodes
in the back car 224.

Yet another example, the donor system may scale resource alloca-
tion for a mobile relay based on resource needed to serve a guiding UE. Fur-
ther examples may explore advanced relations or correlations among the guid-
ing UEs and monitored contexts thereof for predictive control. For instance,
two neighbouring guiding UEs could be handed over to the target donor sys-
tem, one to remain at the current donor eNodeB and one to a handover candi-
date eNodeB. Since they are neighbouring UEs, the measurements can be
used to derive the differences between being connected to the current eNodeB
and that to the candidate eNodeB. Such the differences can be used for hand-
over or cell reselection control of the backhaul link.

The guiding UEs may be configured to perform measurements for
possible neighbouring cells. However, it may be difficult for the guiding UE to
find new neighbours due to interference from the mobile relay transmissions. In
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an embodiment, enhanced inter-cell interference coordination (elCIC) may be
applied to ensure that the guiding UEs may perform measurements. The
eNodeN communicating with the guiding UEs may inform the UEs about sub-
frames with which have less interference both for CQl measurements (only
during those subframes the guiding UE may be able to receive the eNodeBs
with good quality) and for neighbour cell search (only in those subframes the
guiding UE may be able to find new cells).

The proposed solution has virtually no impact on the user equip-
ment side. Extra messages and measurements are not required when an UE it
is considered as a guiding UE. The proposed solution provides effective
means of enhancing efficiency and robustness of mobile backhaul connection
for challenging mobile relay operation.

In an embodiment, the guiding UE may be implemented as a built-in
devices mounted on transportation vehicle or and as an integrated part of the
mobile relay (or a system comprising mobile relay and guiding UE) as well.

Figure 3A is a flowchart illustrating an embodiment of the invention.
The embodiment starts at step 300.

In step 302, a mobile relay or relay node is configured to provide a
radio access for at least one user equipment within a coverage area via at
least one radio access connection.

In step 304, the mobile relay is configured to transmit user data re-
lated to the radio access via at least one cellular radio access backhaul con-
nection to at least one donor cellular system.

In step 306, the mobile relay is configured to select a set of user
equipment within the coverage area, the user equipment having an active con-
nection;

In step 308, the mobile relay is configured to perform a handover for
the set of user equipment to the at least one donor cellular system.

In step 310, the mobile relay is configured to request the at least
one donor cellular system apply the set of user equipment same rules as the
apparatus applies to the user equipment connected to the apparatus in all as-
pects except physical radio link parameters. Thus, the set of user equipment
are considered to be virtual users of the mobile relay.

In an embodiment, the mobile relay is configured to keep the active
mobile context of the user equipment after the handover in step 312 and re-
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ceive updates of the mobile contexts from the at least one donor cellular sys-
tem in step 314.

In an embodiment, the mobile relay is configured to control and
manage in step 316 the at least one cellular radio access backhaul connection
on the basis on the updates of the mobile contexts of the set of user equip-
ment received from the at least one donor system.

The process ends in step 318.

Figure 3B is a flowchart illustrating an embodiment of the invention.
The embodiment starts at step 320.

In step 322, a network element of a communication system is con-
figured to provide at least one cellular radio access backhaul connection for at
least one relay node or mobile relay. The network element may be an eNodeB,
for example.

In step 324, the network element of a communication system is con-
figured to perform handover for a set of user equipment from the at least one
relay node.

In step 326, the network element of a communication system is con-
figured to apply the set of user equipment the same rules as the at least one
relay node applies to the user equipment connected to the at least one relay
node in all aspects except physical radio link parameters.

In an embodiment, the network element of a communication system
is configured to maintain and update the mobile contexis of set of user equip-
ment and transmit information on the updates to the at least one relay node in
step 328.

In an embodiment, the network element of a communication system
is configured to in step 330 control and manage the at least one cellular radio
access backhaul connection on the basis on the updates of the mobile con-
texts of the set of user equipment.

The process ends in step 332.

Figure 4A illustrates a simplified example of an apparatus 216 of an
embodiment. In some embodiments, the apparatus may be an eNodeB of a
communications system. In an embodiment, it is a separate network element.

It should be understood that the apparatus is depicted herein as an
example illustrating some embodiments. It is apparent to a person skilled in the
art that the apparatus may also comprise other functions and/or structures.
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Although the apparatus has been depicted as one entity, different modules and
memory may be implemented in one or more physical or logical entities.

The apparatus of the example includes a communication control cir-
cuitry 400 configured to control at least part of the operation of the apparatus.

The apparatus may comprise a memory 402 for storing data. Fur-
thermore the memory may store software 404 executable by the control circui-
iry 400. The memory may be integrated in the control circuitry. The software
may comprise a computer program comprising program code means adapted
to perform any of features described above in relation to the eNodeB 208.

The apparatus may further comprise interface circuitry 406 confi-
gured to connect the apparatus to other devices of communication network, for
example to core network. The interface may provide a wired or wireless con-
nection to the communication network. The apparatus may be in connection
with a mobile relay, core network elements and with respective apparatuses of
communication systems of other operators.

The apparatus further comprises a transceiver 408 configured to
communicate with user equipment, mobile relays and relay nodes in the ser-
vice area of the apparatus. The transceiver may be a LTE or LTE-A transceiv-
er, for example. The transceiver is operationally connected to the control circui-
try 400. It may be connected to an antenna arrangement (not shown).

Figure 4B illustrates a simplified example of a mobile relay or a relay
node 100. It should be understood that the apparatus is depicted herein as an
example illustrating some embodiments. It is apparent to a person skilled in the
art that the mobile relay node may also comprise other functions and/or struc-
tures. Although the mobile relay has been depicted as one entity, different
modules and memory may be implemented in one or more physical or logical
entities.

The mobile relay may be implemented in part or in whole as an
electronic digital computer, which may comprise a working memory (RAM), a
central processing unit (CPU), and a system clock. The CPU may comprise a
set of registers, an arithmetic logic unit, and a control unit. The control unit is
controlled by a sequence of program instructions transferred to the CPU from
the RAM. The control unit may contain a number of microinstructions for basic
operations. The electronic digital computer may also have an operating sys-
tem, which may provide system services to a computer program written with
the program instructions.
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The mobile relay of the example includes a communication control
circuitry 410 configured to control at least part of the operation of the mobile
relay node.

The mobile relay further comprises a first transceiver 418A confi-
gured to provide a cellular wireless access service or in-band cellular access
communication as well as the access backhaul links. The transceiver may be a
LTE or LTE-A transceiver. The transceiver is operationally connected to the
control circuitry 410. It may be connected to an antenna arrangement (not
shown).

In an embodiment, the mobile relay may further comprise a second
transceiver 418B configured to provide a non-cellular or out-band wireless
access service. The transceiver may be a WLAN or WiFi transceiver, for ex-
ample. The transceiver is operationally connected to the control circuitry 410. It
may be connected t0 an antenna arrangement (not shown).

The transceivers may be separate entities in the mobile relay 100 or
they may be realized as circuitries in a common transceiver. In addition, the
number of transceivers or circuitries is not limited. There may be separate cir-
cuitries providing the backhaul links and the access services, for example. The
transceivers or circuitries may have separate antenna arrangements or they
may use the same antenna arrangement.

As one skilled in the art is aware, transceivers may be realized as
separate transmitters and receivers. In an embodiment, the apparatus 100
comprises only one transceiver.

The apparatus may further comprise a memory 412 for storing data.
Furthermore the memory may store sofiware 414 executable by the control
circuitry 410. The memory may be integrated in the control circuitry. The soft-
ware may comprise a computer program comprising program code means
adapted to perform any of features described above in relation to the mobile
relay 100.

In an embodiment, the apparatus may further comprise user inter-
face 416 with which the apparatus may be configured by hand if need arises.
The user interface may comprise a display and a keypad or keyboard, for ex-
ample.

The steps, messages and related functions described in the above
and attached figures are in no absolute chronological order, and some of the
steps may be performed simultaneously or in an order differing from the given
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one. Other functions can also be executed between the steps or within the
steps. Some of the steps can also be left out or replaced with a corresponding
step.

The apparatuses or controllers able to perform the above-described
steps may be implemented as an electronic digital computer, which may com-
prise a working memory (RAM), a central processing unit (CPU), and a system
clock. The CPU may comprise a set of registers, an arithmetic logic unit, and a
controller. The controller is controlled by a sequence of program instructions
transferred to the CPU from the RAM. The controller may contain a number of
microinstructions for basic operations. The implementation of microinstructions
may vary depending on the CPU design. The program instructions may be
coded by a programming language, which may be a high-level programming
language, such as C, Java, etc., or a low-level programming language, such as
a machine language, or an assembler. The electronic digital computer may
also have an operating system, which may provide system services to a com-
puter program written with the program instructions.

As used in this application, the term ‘circuitry’ refers to all of the fol-
lowing: (a) hardware-only circuit implementations, such as implementations in
only analog and/or digital circuitry, and (b) combinations of circuits and soft-
ware (and/or firmware), such as (as applicable): (i) a combination of proces-
sor(s) or (ii) portions of processor(s)/software including digital signal proces-
sor(s), software, and memory(ies) that work together to cause an apparatus to
perform various functions, and (c) circuits, such as a microprocessor(s) or a
portion of a microprocessor(s), that require software or firmware for operation,
even if the software or firmware is not physically present.

This definition of ‘circuitry’ applies to all uses of this term in this ap-
plication. As a further example, as used in this application, the term ‘circuitry’
would also cover an implementation of merely a processor (or multiple proces-
sors) or a portion of a processor and its (or their) accompanying software
and/or firmware. The term ‘circuitry’ would also cover, for example and if appli-
cable to the particular element, a baseband integrated circuit or applications
processor integrated circuit for a mobile phone or a similar integrated circuit in
a server, a cellular network device, or another network device.

An embodiment provides a computer program embodied on a distri-
bution medium, comprising program instructions which, when loaded into an
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electronic apparatus, are configured to control the apparatus to execute the
embodiments described above.

The computer program may be in source code form, object code
form, or in some intermediate form, and it may be stored in some sort of car-
rier, which may be any entity or device capable of carrying the program. Such
carriers include a record medium, computer memory, read-only memory, an
electrical carrier signal, a telecommunications signal, and a software distribu-
tion package, for example. Depending on the processing power needed, the
computer program may be executed in a single electronic digital computer or it
may be distributed amongst a number of computers.

The apparatus may also be implemented as one or more integrated
circuits, such as application-specific integrated circuits ASIC. Other hardware
embodiments are also feasible, such as a circuit built of separate logic compo-
nents. A hybrid of these different implementations is also feasible. When se-
lecting the method of implementation, a person skilled in the art will consider
the requirements set for the size and power consumption of the apparatus, the
necessary processing capacity, production costs, and production volumes, for
example.

It will be obvious to a person skilled in the art that, as technology
advances, the inventive concept can be implemented in various ways. The
invention and its embodiments are not limited to the examples described
above but may vary within the scope of the claims.
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Claims

1. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

the at least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus at least to perform:

provide a radio access for at least one user equipment within a cov-
erage area via at least one radio access connection;

transmit user data related to the radio access via at least one cellu-
lar radio access backhaul connection to at least one donor cellular system,

select a set of user equipment within the coverage area, the user
equipment having an active connection;

perform a handover for the set of user equipment to the at least one
donor cellular system; and

request the at least one donor cellular system apply the set of user
equipment same rules as the apparatus applies to the user equipment con-
nected to the apparatus in all aspects except physical radio link parameters.

2. The apparatus of claim 1, the apparatus being configured to store
the active mobile context of the user equipment after the handover and receive
updates of the mobile contexts from the at least one donor cellular system.

3. The apparatus of claim 1, the apparatus being configured to se-
lect the user equipment of the set within the different parts of the coverage
area of the apparatus.

4. The apparatus of claim 1, the apparatus comprising more than re-
lay nodes configured to

provide coordinated radio access for at least one user equipment
within the coverage area of each relay node, the coverage areas of the relay
nodes being at least in part different from each other,

communicate with at least one donor cellular system, the relay
nodes being configured to communicate with each other.
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5. The apparatus of claims 3 and 4, the apparatus being configured
to select the user equipment of the set within the coverage areas of different
relay nodes.

6. The apparatus of any preceding claim, the apparatus being con-
figured to request the at least one donor system to handover user equipment
of the set back to the apparatus and select another user equipment to perform
a handover to the at least one donor system.

7. The apparatus of claim 2, the apparatus being configured to con-
trol and manage the at least one radio access link on the basis on the updates
of the mobile contexis of the set of user equipment received from the at least
one donor system.

8. An apparatus, comprising:

means for providing a radio access for at least one user equipment
within a coverage area via at least one radio access link;

means for transmitting user data related to the radio access via at
least one cellular radio access backhaul connection to at least one donor cellu-
lar system,

means for selecting a set of user equipment within the coverage
area;

means for performing a handover for the set of user equipment to
the at least one donor cellular system; and

means for requesting the at least one donor cellular system apply
the set of user equipment same rules as the apparatus applies to the user
equipment connected to the apparatus in all aspects except physical radio link
parameters.

9. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

the at least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus at least to perform:

provide at least one cellular radio access backhaul connection for at
least one relay node;



WO 2012/139647 PCT/EP2011/055914

10

15

20

25

30

35

21
perform handover for a set of user equipment from the at least one
relay node; and
apply the set of user equipment the same rules as the at least one
relay node applies to the user equipment connected to the at least one relay
node in all aspects except physical radio link parameters.

10. The apparatus of claim 9, the apparatus being configured to
maintain and update the mobile contexts of set of user equipment and transmit
information on the updates to the at least one relay node.

11. The apparatus of claim 10, the apparatus being configured to
control and manage the at least one cellular radio access backhaul connection
on the basis on the updates of the mobile contexis of the set of user equip-
ment.

12. The apparatus of claim 10, the apparatus being configured to
control and manage the mobile context of at least one relay node on the basis
on the updates of the mobile contexts of the set of user equipment.

13. The apparatus of claim 11, the apparatus being configured to
control the handovers of the at least one cellular radio access backhaul con-
nection on the basis on the updates of the mobile contexis of the set of user
equipment.

14. The apparatus of claim 11, the apparatus being configured to
control the resources allocated to the at least one cellular radio access back-
haul link on the basis on the updates of the mobile contexts of the set of user
equipment.

15. The apparatus of any preceding claim 9 to 14, the apparatus be-
ing configured to maintain at least one cellular backhaul connection with each
relay node of more than one relay node serving the same vehicle or operation-
ally connected vehicles.

16. The apparatus of claim 15, the apparatus being configured to
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control and manage the at least one cellular radio access backhaul
connection of each relay node on the basis on the updates of the mobile con-
texts of the set of user equipment.

17. The apparatus of claim 10, the apparatus being configured to
communicate with network elements of other donor cellular systems a relay
node is communicating with relating to the control and management of the at
least one cellular radio access backhaul connection.

18. The apparatus of claim 9, the apparatus being configured to as-
sign the user equipment of the set an identifier agreed between the mobile re-
lay and the apparatus.

19. The apparatus of claims 9 and 18, the apparatus being config-
ured to

perform a handover of user equipment of the set to another appara-
tus and transmit the apparatus information regarding identifier of the user
equipment and the rules to be applied to the user equipment.

20. An apparatus, comprising:

means for providing at least one cellular radio access backhaul
connection for at least one relay node;

means for performing handover for a set of user equipment from the
at least one relay node; and

means for applying the set of user equipment the same rules as the
at least one relay node applies to the user equipment connected to the at least
one relay node in all aspects except physical radio link parameters.

21. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

the at least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus at least to perform:

receive user equipment handed over from another apparatus,

receive information regarding identifier of the user equipment and
information regarding a relay node, and the rules to be applied to the user
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equipment, the rules being the same as a relay node applies to the user
equipment connected to the relay node in all aspects except physical radio link
parameters and
apply the received rules to the user equipment.

22. The apparatus of claim 21, the apparatus being configured to
maintain and update the mobile contexts of the user equipment and transmit
information on the updates to the relay node.

23. A method, comprising:

providing a radio access for at least one user equipment within a
coverage area via at least one radio access connection;

transmitting user data related to the radio access via at least one
cellular radio access backhaul connection to at least one donor cellular sys-
tem,

selecting a set of user equipment within the coverage area, the user
equipment having an active connection;

performing a handover for the set of user equipment to the at least
one donor cellular system; and

requesting the at least one donor cellular system apply the set of
user equipment same rules as the apparatus applies to the user equipment
connected to the apparatus in all aspects except physical radio link parame-
ters.

24. The method of claim 23, further comprising:

the apparatus being configured to storing the active mobile context
of the user equipment after the handover and receive updates of the mobile
contexts from the at least one donor cellular system.

25. The method of claim 23, further comprising: selecting the user
equipment of the set within the different parts of the coverage area of the ap-
paratus.

26. The method of claim 23, further comprising:
providing coordinated radio access for at least one user equipment
with more than one relay nodes, the coverage area of each relay unit being at
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least in part different from each other, the relay units being configured to com-
municate with each other and communicate with at least one donor cellular
system.

27. The method of claims 25 and 26, further comprising:
selecting the user equipment of the set within the coverage areas of
different relay units.

28. The method of claim 23, further comprising:

requesting the at least one donor system to handover user equip-
ment of the set back to the apparatus and select another user equipment to
perform a handover to the at least one donor system.

29. The method of claim 23, further comprising:

controlling and managing the at least one radio access link on the
basis on the updates of the mobile contexts of the set of user equipment re-
ceived from the at least one donor system.

30. The method of any preceding claim 23 to 29, further comprising:

setting up and maintaining more than one mobile backhaul connec-
tions to more than one radio access networks of at least one donor cellular
system.

31. The method of any preceding claim 23 to 30, further comprising:
setting up and maintaining more than one mobile backhaul connec-
tions to radio access networks of more than one donor cellular systems.

32. A method, comprising:

providing at least one cellular radio access backhaul connection for
at least one relay node;

performing handover for a set of user equipment from the at least
one relay node; and

applying the set of user equipment the same rules as the at least
one relay node applies to the user equipment connected to the at least one
relay node in all aspects except physical radio link parameters.
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33. The method of claim 32, further comprising:
maintain and update the mobile contexts of set of user equipment
and transmit information on the updates to the at least one relay node.

34. The method of any preceding claim 32 to 33, further comprising:

controlling and manage the at least one cellular radio access back-
haul connection on the basis on the updates of the mobile contexts of the set
of user equipment.

35. The method of any preceding claim 32 to 34, further comprising:

controlling and managing the mobile context of at least one relay
node on the basis on the updates of the mobile contexts of the set of user
equipment.

36. The method of any preceding claim 32 to 35, further comprising:

controlling the handovers of the at least one cellular radio access
backhaul connection on the basis on the updates of the mobile contexts of the
set of user equipment.

37. The method of any preceding claim 32 to 36, further comprising:

controlling the resources allocated to the at least one cellular radio
access backhaul link on the basis on the updates of the mobile contexts of the
set of user equipment.

38. The method of any preceding claim 32 to 37, further comprising:

maintaining at least one cellular backhaul connection with each re-
lay node of more than one relay node serving the same vehicle or operationally
connected vehicles.

39. The method of any preceding claim 32 to 38, further comprising:

controlling and managing the at least one cellular radio access
backhaul connection of each relay node on the basis on the updates of the
mobile contexts of the set of user equipment.

40. The method of any preceding claim 32 to 39, further comprising:
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communicating with network elements of other donor cellular sys-
tems a radio node is communicating with relating to the and control and man-
agement of the at least one cellular radio access backhaul connection.

41. The method of any preceding claim 32 to 40, further comprising:

performing a handover of user equipment of the set to another ap-
paratus and transmitting the apparatus information regarding the rules to be
applied to the user equipment.

42. A method, comprising:

receiving user equipment handed over from another apparatus,

receiving information regarding identifier of the user equipment and
information regarding a relay node, and the rules to be applied to the user
equipment, the rules being the same as a relay node applies to the user
equipment connected to the relay node in all aspects except physical radio link
parameters and

applying the received rules to the user equipment.

43. The method of claim 42, further comprising: maintaining and up-
dating the mobile contexis of the user equipment and transmitting information
on the updates to the relay node.

44. A computer program comprising program code means adapted
to perform any of steps of claim 23 to 41 when the program is run on a com-
puter.

45. An article of manufacture comprising a computer readable me-
dium and embodying program instructions thereon executable by a computer
operably coupled to a memory which, when executed by the computer, per-
form any of steps of claim 23 to 41.
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