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(57) Abstract: For allowing a very resource and energy efficient connectivity and communication of devices to and with the radio
access network a method for providing device connectivity to a radio access network is claimed, wherein at least two devices are
connectable or connected to a radio access network and wherein said at least two devices are members of a group of devices within a
wireless local network with a possibility of a direct connection between said devices. The method is characterized in that connection
information used for a connection between a first device of said at least two devices and the radio access network is provided for a
second device of said at least two devices, so that the second device is enabled to connect to the radio access network based on said
connection information. Further, an according network structure is claimed, preferably for carrying out the above mentioned method.
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A METHOD AND A NETWORK STRUCTURE FOR PROVIDING
DEVICE CONNECTIVITY TO A RADIO ACCESS NETWORK

The present invention relates to a method for providing device connectivity to a
radio access network, wherein at least two devices are connectable to a radio
access network and wherein said at least two devices are members of a group of
devices within a wireless local network with a possibility of a direct connection
between said devices. Further, the present invention relates to a network structure
for providing connectivity of devices to a radio access network, wherein at least
two devices are connectable to a radio access network and wherein said at least
two devices are members of a group of devices within a wireless local network
with a possibility of a direct connection between said devices.

A method and an according network structure for providing connectivity of devices
to a radio access network are known from prior art. There are various use cases
wherein at least two devices are connectable to a radio access network and
wherein said at least two devices are members of a group of devices within a
wireless local network. Further, a direct connection between said devices within
the wireless local network is possible.

3GPP LTE networks aim to provide broadband connectivity to multiple users
enhancing the service quality. Among the different services offered by LTE, new
evolving services that take advantage of the LTE ubiquitous coverage involve no
human participation and hence introduce new requirements beyond the traditional
ones. Such requirements are different because of the plurality of Machine Type
Communication, MTC, devices and the need to transmit small data at infrequent
periods. 3GPP has already specified the network architectures for supporting such
MTC devices and services, while currently is exploring ways to optimize the
network usage for supporting large number of MTC devices, see 3GPPTS 23.682.

In particular, it is estimated that large numbers of MTC devices are affiliated with a
single MTC user. The MTC user owns a MTC Server which is allied with a number
of MTC devices. This server and devices are connected through a packet switched
network owned by a mobile network operator via an Access Point Name, APN,



10

15

20

25

30

WO 2014/167073 PCT/EP2014/057316

using Gi interface. Typically, if there are ‘n’ numbers of MTC users who own ‘m’
numbers of MTC devices (n x m) number of devices need to transmit small data,
and for each individual transmission the radio and S1 bearer needs to be re-
established when moving from ECM_IDLE to ECM_CONNECTED state per
device.

Such a process can cause congestion considering the associated signaling
required in combination with the high number of MTC devices, which may try to
access the network almost simultaneously: (1) to attach to the network or (2) to
activate/modify/deactivate a connection. Use cases are given in 3GPP TS 22.368.

When many or each device needs to send small amounts of data, then the Radio
Resource Control, RRC, connection setup, radio bearer setup and S1 bearer
setup generate more signaling than the size of the user data payload that has to
be transmitted.

This results in a large amount of network resources necessary for the connectivity
of the devices and for the communication of the devices with elements of the radio
access network.

Prior art:

1. K. Lee and J. Shin “A Group Based Communication Scheme Based on the
Location Information of MTC Devices in cellular Networks”

In this paper authors focused on a group based communication where this scheme
groups a number of connections that are triggered by closely located UEs if a
certain application of the UEs triggers a number of connections to request the
same user data. For an example, a number of audiences in a concert hall may try
to receive a pamphlet as they enter the hall. Or like a certain bunch of closely
located devices upgrading the firmware. In these cases, this group base
communication is used to utilize the downlink data transmission. So this scheme is
effectively providing a multicasting solution, which groups UEs based on location
information that is made available to the network via complementary MTC devices.
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2. RADIO BEARERS FOR MACHINE TYPE COMMUNICATION
WIPO Patent Application WO/2012/041363

A radio bearer sharing scheme for wireless machine type communication, MTC,
especially for a group of MTC devices with small traffic in the same cell. A group of
MTC devices served in the same cell is treated as one user equipment. An MTC
device ID is used to uniquely identify such an MTC device on the MTCu interface
with a base station in a cell. All the MTC devices in a group share the same radio
network identifier and the MTC group identifier, and can be distinguished by the
device index in the group. The base station allocates one radio bearer over the
MTCu interface for the small sessions of the devices, which have similar QoS
requirements (QCI parameter and Layer 2 parameters) and the same MTC server.
The data transmission scheduling information is signalled from the base station to
the MTC devices in the same group, which may be achieved without over the air
signalling if the timing of the UL signal is linked to a corresponding DL
transmission interval. Then the devices transmit data packets one by one
accordingly. Within the MTCu DRB, the compressed ID is added into the PDCP
PDU header to identify the packets belonging to different MTC devices. Only
updates need to be communicated between the MTC devices and the base station
in the case that the device members of an MTC group change.

3. Lin et.al, System and Method for Group Communication in 3GPP Machine-
to-Machine networks, US 2012/0296968, Nov. 2012

This invention proposes a method to group M2M devices together and associating
such groups of devices with a M2M gateway that provides connectivity towards the
network and can also identify devices within the group. The proposed scheme is
static, having a fixed M2M gateway. Our invention adopts the concept of M2M
gateway in terms of connectivity but in our proposal M2M gateway is the one that
uses the virtual bearer and can change dynamically. In addition our scheme
introduces the concept of virtual bearer that can be shared by all devices in the
group and also introduces security measures.



10

15

20

25

30

WO 2014/167073 PCT/EP2014/057316

4. S-Y. Lien, K-C. Chen, Y. Lin, “Towards Ubiquitous Massive Accesses in
3GPP Machine-to-Machine Communications”, |IEEE Communications
Magazine, Vol.49, No.4, Apr. 2011.

Prior M2M grouping methods focus on efficient radio resource management,
grouping M2M Devices according to their QoS requirements. Their purpose is to
organize M2M Devices into QoS-specific groups based on expected packet arrival
rates and maximum tolerable delays to be capable to estimate and schedule radio
resource accordingly with the objective to allocate adequate resource for M2M
services without disturbing other applications.

Thus, it is an object of the present invention to improve and further develop a
method and a network structure for providing device connectivity to a radio access
network for allowing a very resource and energy efficient connectivity and
communication of devices to and with the radio access network.

In accordance with the invention, the aforementioned object is accomplished by a
method comprising the features of claim 1 and by a network structure comprising
the features of claim 21.

According to claim 1 the method is characterized in that connection information
used for a connection between a first device of said at least two devices and the
radio access network is provided for a second device of said at least two devices,
so that the second device is enabled to connect to the radio access network based
on said connection information.

According to claim 21 the network structure is characterized by means for
providing connection information used for a connection between a first device of
said at least two devices and the radio access network for a second device of said
at least two devices, so that the second device is enabled to connect to the radio
access network based on said connection information.

According to the invention it has been recognized that for allowing a very resource
and energy efficient behavior a connection information of a first device can also be
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used for a second device, if said connection information is provided for the second
device in a suitable way. Thus, connection information which has been used for a
connection between a first device and the radio access network can at least
partially be used for a second device, so that the second device is enabled to
connect to the radio access network based on said connection information. This
has the advantage that for example a bearer needs not to be re-established for
each individual data transmission between a device and the radio access network
or an element of the radio access network. The generation of for example a RRC
connection setup, radio bearer setup and S1 bearer setup is not necessary for
each individual data transmission of sometimes only small user data payload that
has to be transmitted. The signaling process and/or bearer re-establishment
procedures can be reduced by the inventive method and network structure.

Thus, a very resource and energy efficient connectivity and communication of
devices to and with the radio access network is allowed.

Within a preferred embodiment the connection information can comprise at least
one connection parameter and/or at least one bearer parameter and/or at least
one radio bearer parameter. Thus, the connection information can comprise
various parts which can provide for connection between different elements of the
radio access network.

With regard to a very efficient method the connection information can be provided
for the second device, if a data transmission from the first device to the radio
access network or vice versa is finished or if there is a data transmission pause of
a definable length. As soon as the first device can be inactive, as all necessary
data has been transmitted to a target element, the connection information can be
provided for the second device, as the first device does no longer need the
connection. Depending on an individual situation a data transmission pause can
be defined, when the provision of the connection information to another device
seems to be necessary.

Within a concrete preferred embodiment the connection information can be moved
or transmitted from said first device to said second device and/or activated within
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said second device. A movement of the connection information from said first
device to said second device is a very simple proceeding within the inventive
method. The connection information can be activated within said second device, if
the connection information has reached the second device in any way. Within a
preferred embodiment the connection information can be stored within a virtual
device. Particularly in this case, the connection information can be retrieved or
transmitted from the virtual device to the second device directly. In this case, also
the first device could have received a connection information from the virtual
device at first.

For performing the necessary steps regarding connectivity and/or data
transmission, the virtual device can run on any hardware device without any
requirements on the hardware or on the hardware of the first device or of the
second device. Thus, no special hardware has to be provided for the virtual
device. This simplifies the method and network structure of the present invention.

Within a further preferred embodiment the virtual device can be a functionality
which can be moved between or activated within said devices that belong to said
group. Such a virtual functionality is in line with actual virtual network structures
and can be implemented easily within present network structures.

Within a further preferred embodiment the virtual device can be linked to a specific
radio bearer or bearer that can be shared by different devices. This is a simple
realisation of the inventive method with the possibility of reusing a bearer.

For providing a very reliable data transmission between devices and elements of
the radio access network only one of the first and second devices can be or is
active at one point in time. There could be provided specific measures for avoiding
that more than one device uses the connection information at the same time.

Depending on individual circumstances and situations there can be members of
the group, i.e. devices, which are not directly connectable to the radio access
network due to reduced or not present network radio coverage. Thus, one or more
of the devices of the group are not connectable or connected directly to the radio
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access network. Particularly in this case the connection of such devices can be
provided by other devices which are directly connectable to the radio access
network and which are also in connection with the device or devices which are not
directly connectable to the radio access network. Thus, within a preferred
embodiment said first or second device being directly connected to the radio
access network can have the functionality of a Master Device or Master Machine
or Master Gateway for assisting other devices of the group which are not
connectable or connected directly to the radio access network in gaining access or
a connection to the radio access network. Such an embodiment can provide
connectivity for devices that have no direct access to the radio access network
compensating for poor network planning.

Within a further preferred embodiment said first or second device being directly
connected to the radio access network can broadcast or announce a group ID via
the wireless local network to other devices. Such a group ID can identify devices
regarding an access to the radio access network for providing a very simple
access to the radio access network.

The generation or definition of the group of devices depends on individual
situations and parameters. Within a preferred embodiment the group can be
formed on the basis of geographical information, a service requirement and/or a
potential load limit. However, other parameters can be important for generating or
defining the group. A characterizing feature of the group can be the possibility of a
direct connection between all group members, i.e. devices.

Preferably, at least one of said devices can be a Machine Type Communication,
MTC, device. Further preferred, all devices are MTC devices which can
communicate with each other.

Within a concrete embodiment the wireless local network is an ad-hoc network,
WLAN network or Bluetooth network. The radio access network can be preferably
a LTE network. Generally, said at least two devices can be connectable to a radio
access network via an access point. Such an access point can be an eNodeB,
eNB.
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After a movement or switch of the connection information the first device’s prior
connection between the access point and at least one further functional element of
the radio access network can be maintained. Thus, a prior connection can be
partially or fully maintained beginning from the access point in the direction of
elements of the radio access network or further elements which are connectable to
the radio access network. Such an at least one further functional element of the
radio access network can be a Serving Gateway, SGW.

Based on the present invention it is possible to minimize the Mobility Management
Entity, MME, NAS signalling and the S1 and radio bearer re-establishment
procedures.

Important advancements and challenges that the present invention addresses are
the following:

¢ Provides efficient bearer management for small data transmission, reducing
potential congestion.

e Provides connectivity for MTC devices that have no direct macro cellular
access compensating for poor network planning.

¢ Introduces a security method at master gateway, i.e. the MTC device that
assists other devices with no macro cellular connectivity to gain access, can
authorize other MTC devices to gain macro cellular access.

Further important aspects of embodiments of the present invention are listed as
follows:

1) A method and system according to the invention can provide embodiments
where two or more devices use the same radio access network and where
the radio bearer/connection parameters from one device to the network can
be used by another device, implemented by one or more features of

a. Transferring state information from one device to another device.
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b. The state information is stored in a virtual device.

c. The virtual device runs on the hardware of the host device, e.g. could
be like an application running on the host device.

d. The virtual device is the functionality that can be moved or activated
within other host devices that belong to the same group.

e. The virtual device is linked to a specific radio bearer that can be
shared by different devices.

2) A special group bearer is shared by devices within the group that have
connectivity and the capability, in a way that only the active device can
decode the signal of the downlink shared channel.

a. Only one device can be active at one point in time.

3) Connectivity support of devices without direct macro-cellular network
connectivity using alternatively ad hoc technology via the virtual device.

Embodiments of the present invention can provide the following advantages:

1) Efficient bearer management/sharing for supporting small data infrequent
transmissions of a group of MTC devices.

2) Enabling the connectivity of the devices without macro cellular connectivity.
3) Coordination between master gateways and devices without direct macro-
cellular connectivity regarding group bearer utilization, optionally provide

smart schemes for battery consumption balancing of those devices.

4) Bearer configuration transmission/parameter via the wireless ad hoc
network between the master gateways.

Further advantages can be summarized as follows:
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Saves configuration signaling for bearer management over the cellular network,
e.g. NAS messages such as service request, radio bearer setup, S1 bearer setup,
RACH. Moving the MVM between devices with coverage enables the MME to
provide smart schemes for battery consumption balancing of those devices.
Extension of coverage via wireless ad-hoc technology is possible.

There are several ways how to design and further develop the teaching of the
present invention in an advantageous way. To this end it is to be referred to the
patent claims subordinate to patent claim 1 on the one hand and to the following
explanation of preferred examples of embodiments of the invention, illustrated by
the drawing on the other hand. In connection with the explanation of the preferred
embodiments of the invention by the aid of the figure, generally preferred
embodiments and further developments of the teaching will be explained. In the
drawings

Fig. 1 is illustrating an overview of an embodiment of a network structure of the
present invention,

Fig. 2 is illustrating an overview of a further embodiment of a network structure
according to the invention,

Fig. 3 is illustrating an overview of a further embodiment of a network structure
according to the invention,

Fig. 4 is illustrating an embodiment of a call flow of an embodiment of a method
according to the invention,

Fig. 5 is illustrating a call flow of an embodiment of a method according to the
invention and

Fig. 6 is illustrating an embodiment of a use case of energy saving of macro
cells.



10

15

20

25

30

WO 2014/167073 PCT/EP2014/057316

11 -

An embodiment of the present invention exploits the use of two diverse means of
device connectivity based on: (i) a wireless Ad-Hoc network, device-to-device, e.g.
WLAN, ZigBee, Bluetooth, LTE direct etc., which connects devices directly and (ii)
a wireless network with macro coverage, e.g. 3GPP GERAN/UTRAN/E-UTRAN or
3GPP2 or IEEE 802.xy networks that provide Internet and core network access to
devices within the access point range. Embodiments of the present invention
explore the connectivity potential of both access technologies with the aim of
improving the conventional bearer management scheme, introducing a virtual
bearer, utilizing Network Function Virtualization, NFV, technology while enhancing
coverage. Some devices within the coverage of a particular cell of an Access Point
have sufficient while other have very poor or no coverage. Hence the present
proposal optionally can provide a coverage solution under poor coverage
conditions.

It is envisioned that the devices within the coverage of a cell may be connected to
each other automatically/directly via the wireless Ad-Hoc network technology. The
devices within the vicinity of the access point that receive good coverage may
attach to the wireless network via the access point directly. Once such devices
attach to the network, the Management Entity, e.g. MME in 3GPP networks, of the
wireless network should provide a Group ID that associates each attached device
to a particular predetermined group, which may be formed combining device
location, Quality of Service, QoS, or other device service requirements. The way
that groups are formed could be based on geographical information, service
requirements, i.e. same QoS - bearer requirements, and on potential load limits,
i.e. how much load it can be scheduled from a particular device set. The devices
attached to the macro cellular network directly, then broadcast/announce the
Group ID via the wireless Ad-Hoc network to devices without or with poor
coverage that cannot attach to the wireless network directly. It should be noted,
that the present invention focuses on a single hop transmission within the Ad-Hoc
part and is not considering multi-hopping, i.e. more than two Ad-Hoc hops.

When a macro cellular directly attached device needs to transmit data or when an
Ad-Hoc network connected device needs to transmit data via the macro cellular
attached device, the device may use the Group ID as identity to obtain access.
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The Management Entity can identify the Group ID and initiates the corresponding
resource reservation, which accommodates the desired QoS from the Gateway to
the device. The device that has direct macro cellular access configures itself as a
Master GW, which can serve other devices connected via the wireless Ad-Hoc
network and announces its capability in the wireless Ad-Hoc network. It should be
noted that there may be only one device configured as a Master GW within one
group. Fig. 1 provides an overview of the system described pointing out the major
elements and their relation.

The Master GW may use a dedicated IP address for the communication and
provides address/port number translation for the devices connected via the
wireless Ad-Hoc network. The master device also is the one that uses the virtual
bearer via an enabling mechanism that can shift bearer from one device to
another, either by triggering certain pre-configured parameters or by copying the
“‘pbearer state”. Once the Master GW has no further data to transmit, it will
announce that it can give away its Master GW configuration. Other directly
attached devices to the wireless network can request this capability from the
current Master GW, which then shares/shifts the full configuration of the radio and
network parameters to the new device. With that there is no need for further
signaling to the wireless network.

The re-usage of the bearer assigned to the group minimizes the signaling for
requesting resource allocation over the air interface of the wireless network and
within the core network of the wireless network. Since the proposed scheme
targets small data the time dedicated to each transmission is relatively short,
hence the grouping phase bundles devices together in such a way to avoid
introducing major transmission delays for other devices.

It is envisioned as another embodiment of the proposed scheme the use of the
3GPP mobile network as wireless network and 802.11 Wireless LAN as Ad-Hoc
technology between the UEs or devices. Generally, it has to be noted that within
this document the term “User Equipment, UE” is used synonymously with the term
“‘device”. The following describes in more detail how an E-UTRAN/EPC variant
would be realized, but of course it is not limited to and would work also with other
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wireless network technologies, such as e.g. GERAN/UTRAN or 3GPP2 or IEEE
802.xy networks. A Radio, S1 and S5/S8 bearer is shared among a specific device
group for the communication among the attached UE group members within one
cell, where only one UE of the group — Master GW Virtual Machine, MVM - can
receive transmit at one point in time. All group members — UEs — are located in the

same cell or within the vicinity of UEs that reside in the same cell, as shown in Fig.
2.

As a basic assumption all UEs that belong to a group are belonging to the same
subscription and the group is preconfigured in the Home Subscriber Server, HSS,
or dynamically assembled based on e.g. cell ID, location, subscription information
etc.. This information is then downloaded to the MME e.g. at time of Attach with
the subscription information. The MME may also provide a list for the
sequence/pattern how the MVM is moved between and which UEs.

The MVM is acting as a virtual UE, reusing the hardware of the host UE. The MVM
is the functionality that can be moved or activated within other UEs that belong to
the same group. The MVM contains all relevant information or connection
information about the relevant protocol states like radio, RRC, PDCP state etc.,
including information like RNTI, group keys, group IMSI, group TMSI, Group IP
address etc. After moving the MVM to another UE, the UE may inform the eNB
and the eNB may change the group RNTI or other information so that only the UE
hosting the MVM is able to decode the Downlink Control Information, DCI. Timing
advance may need to be readjusted when transferring the MVM to another UE due
to the different geographic location and the resulting effects on the air interface.

Downlink data is DCI masked with RNTI, only the MVM can read the DCI and can
do mapping of downlink packets to the respective UE connected via the Ad-Hoc
network. Optionally the MVM could also instruct the respective UE to listen to the
DCI with the group RNTI to read the data directly.

UEs in the vicinity of the wireless Ad-Hoc network may connect to each other
directly by using a second interface via the Ad-hoc networking, e.g. WLAN,
ZigBee, Bluetooth, LTE direct etc., shown in Fig. 2 and Fig. 3 respectively. All UEs
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that are under LTE coverage will initially attach to the network. The MME may
select one UE and sends corresponding Group information relevant for setting up
the MVM, e.g. Group IMSI, Group Key, Group TMSI, etc., and for the group
identification from the network, e.g. MME, HSS. Optionally the MME may send the
group information to all UEs in the same group which are attaching to the network.

Only UEs with LTE coverage can configure themselves with the MVM, since they
are the only ones to provide backhaul connectivity for the UEs without LTE
coverage connected via the Ad-Hoc network. The UE that may be hosting the
MVM would be preferably one with low mobility or simply being static. For sharing
the radio bearer, not the same security context is used by the UEs instead the
same group key allocated to the UEs who are authorized to join the group. All
other devices without LTE Access are clients of the UE hosting the MVM. It is
assumed that the communication between MVM and UEs without LTE coverage is
secured by means of the wireless Ad-Hoc technology. UE A in Fig. 3 has no LTE
coverage, wherein UE B has LTE coverage.

Fig. 4 shows the call flow for providing connectivity to group members without LTE
coverage via the UE hosting the MVM:

1. UE B performs cell reselection and camps on the eNB.

2. UE B sends a message, e.g. ATTACH REQUEST or Tracking Area Update,
TAU - in case it is already attached, and moved into a new cell - to the
MME, the MME assembles the Group Information — e.g. Group IMSI, Group
ID, Group Key, Group TMSI, etc. — based on subscriber profile, location
etc.. The MME provides the Group Information to the UE B in the answer
message, e.g. ATTACH ACCEPT/TAU ACCEPT. The MME may also
provide a list for the sequence/pattern how the MVM is moved between and
which UEs.

3. UE B configures the MVM and announces/broadcasts the Group ID via
wireless Ad-Hoc technology. UEs without LTE coverage but within the
vicinity of the Ad-Hoc network could learn in this way the Group ID. UEs
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without LTE coverage can potentially belong to several groups, only UEs
with LTE coverage can preferably belong to only one group, indicated in the
ATTACH_ACCEPT by the MME. Step 3 and 4 could be also executed after
the ATTACH of the MVM with step 6.

. UE A finds and connects to UE B via wireless Ad-Hoc technology, i.e. UE A

joins the group instead of being directly attached to the eNB.

. The MVM of UE B sends an ATTACH REQUEST to the MME using the

Group IMSI as identity. The MME detects the Group IMSI and checks
whether no other host UE is currently attached using the Group IMSI, else it
rejects the request. The MME sets up a bearer for this Group IMSI. The
PGW assigns an IP address for the Group IMSI. The UE may indicate its
identity, e.g. IMSI for more granular charging at the PGW as current user.

. UE B announces that it is the UE hosting the MVM via wireless Ad-Hoc

technology, so that all members in the group know the state of the token
and the particular device that currently transmits/receives data via the group
bearers.

. UE A sends data to UE B via wireless Ad-Hoc technology; it could also

send a request for sending data first at this point. UE A may include its
identity, e.g. IMSI, IMEI, ICSI etc.

. UE B performs Address/Port Translation for UE A. UE B may collect

charging records for the UE A and provide them to the application server
before releasing the token.

. UE B sends data of UE A to the final destination via the group bearer to the

PGW. UE B may include its own identity as well as the identity received
from UE A for more granular charging or policy control at the PGW. The UE
B could also wait until it received a preconfigured amount of data or even
start the Group ATTACH until a certain amount of data is reached.
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The UE hosting the MVM may distribute the EPS bearer context — security —, SRB,
DRB, EEAO, APN, IP address information etc. to all the group members via the

Ad-Hoc network and may generate a token for the usage of the Group Bearers.
The token may be signed by the UE hosting the MVM so that the MME can
recognize that the next UE hosting the MVM received the token from the current

one. Then the UE hosting the MVM transmits its own data first before it may pass

the token to other UEs that need to transmit data.

Fig. 5 shows how the MVM configuration is transferred from one UE to another

one.

1.

UE A is attached to the eNB and authenticated to the network, UE B is
hosting the MVM.

UE B has no further data to transmit/receive. In case the MME already
provided a sequence/pattern of UEs that would receive the MVM after their
respective serving time, the UE B would send it directly to UE A as
indicated in step 6, assuming here that UE A would be the next one on the
list. In that case steps 3,4 & 5 are skipped.

UE B announces via the wireless Ad-Hoc technology that it can give away
the MVM, i.e. it can release the token to another UE.

UE A wants to transmit data.

UE A announces via wireless Ad-Hoc technology that is wants the MVM
from UE B, i.e. UE A requests the token from UE B.

UE B sends MVM to UE A, consisting of EPS bearer context — security -,
SRB, DRB, EEAOQ, APN, IP address information, PDCP state, RRC state
etc. This information may be signed by the UE B so that the MME can see
that the UE A received the token correctly from the current UE hosting the
MVM.



10

15

20

25

30

WO 2014/167073 PCT/EP2014/057316

-17 -

7. UE A configures the MVM and announces that it is UE hosting the MVM via
wireless Ad-Hoc technology, so that UEs without LTE coverage know that
UE A is the new contact point for sending/receiving data.

8. There are two options that may be executed:

a. UE A may inform the eNB about the MVM move and the eNB may
change the group RNTI or other information so that only the UE
hosting the MVM is able to decode the DCI.

b. UE A may send a TAU to the MME using the Group ID as identity
and it may include the signature of the UE B to let the MME know
that it received the token from UE B. The UE A may indicate its IMSI
for more granular charging at the PGW as current user. The MME
detects the Group ID and the change of UE that is using the group
bearer.

9. UE A sends its data to the final destination via the group bearer and the
PGW of the network.

If there is no data to transmit and no other UE is requesting the MVM, then the
eNB will release the radio and S1 bearer, e.g. after a timer expired. The current
UE hosting the MVM recognizes that the Group bearer is sent to idle mode and
announces this via the Ad-Hoc network. This means that the next UE within LTE
coverage has to perform a Service Request to activate the Group Radio Bearer
and S1 bearer again. The parameters on the radio and S1 side may change and
would have to be announced again latest when the UE does not want to transmit
any data anymore.

Fig. 6 depicts a use case of energy saving of macro cells, i.e. switching off macro
cells in times of low premium traffic, e.g. at night.

In this scenario, the cell 7 is populated by a huge number of machine to machine,
M2M, devices like sensors etc. that need to communicate to a server frequently. In
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order to provide the required coverage, the above described method is used. For
power saving reasons, the MME provides a smart pattern of moving the MVM
between the devices at the cell border that still have coverage of the same eNB.

Many modifications and other embodiments of the invention set forth herein will
come to mind the one skilled in the art to which the invention pertains having the
benefit of the teachings presented in the foregoing description and the associated
drawings. Therefore, it is to be understood that the invention is not to be limited to
the specific embodiments disclosed and that modifications and other embodiments
are intended to be included within the scope of the appended claims. Although
specific terms are employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.
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Claims

1. A method for providing device connectivity to a radio access network,
wherein at least two devices are connectable or connected to a radio access
network and wherein said at least two devices are members of a group of devices
within a wireless local network with a possibility of a direct connection between
said devices,

characterized in that connection information used for a connection
between a first device of said at least two devices and the radio access network is
provided for a second device of said at least two devices, so that the second
device is enabled to connect to the radio access network based on said
connection information.

2. A method according to claim 1, wherein the connection information
comprises at least one connection parameter and/or at least one bearer parameter
and/or at least one radio bearer parameter.

3. A method according to claim 1 or 2, wherein the connection information is
provided for the second device, if a data transmission from the first device to the
radio access network or vice versa is finished or if there is a data transmission
pause of a definable length.

4. A method according to one of claims 1 to 3, wherein the connection
information is moved or transmitted from said first device to said second device
and/or activated within said second device.

5. A method according to one of claims 1 to 3, wherein the connection
information is stored within a virtual device.

6. A method according to claim 5, wherein the virtual device runs on any
hardware device or on the hardware of the first device or of the second device.
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7. A method according to claim 5 or 6, wherein the virtual device is a
functionality which can be moved between or activated within said devices that
belong to said group.

8. A method according to one of claims 5 to 7, wherein the virtual device is
linked to a specific radio bearer or bearer that can be shared by different devices.

9. A method according to one of claims 1 to 8, wherein only one of the first
and second devices can be or is active at one point in time.

10. A method according to one of claims 1 to 9, wherein one or more of the
devices of the group are not connectable or connected directly to the radio access
network.

11. A method according to claim 10, wherein said first or second device being
directly connected to the radio access network has the functionality of a Master
Device or Master Machine or Master Gateway for assisting other devices of the
group which are not connectable or connected directly to the radio access network
in gaining access or a connection to the radio access network.

12. A method according to one of claims 1 to 11, wherein said first or second
device being directly connected to the radio access network broadcasts or
announces a group ID via the wireless local network to other devices.

13. A method according to one of claims 1 to 12, wherein the group is formed
on the basis of geographical information, a service requirement and/or a potential
load limit.

14. A method according to one of claims 1 to 13, wherein at least one of said
devices is a Machine Type Communication, MTC, device.

15. A method according to one of claims 1 to 14, wherein the wireless local
network is an ad-hoc network, WLAN network or Bluetooth network.
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16. A method according to one of claims 1 to 15, wherein the radio access
network is a LTE network.

17. A method according to one of claims 1 to 16, wherein said at least two
devices are connectable to a radio access network via an access point.

18. A method according to claim 17, wherein the access point is an eNodeB,
eNB.

19. A method according to one of claims 1 to 18, wherein the first device’s prior
connection between the access point and at least one further functional element of
the radio access network is maintained.

20. A method according to claim 19, wherein said at least one further functional
element of the radio access network is a Serving Gateway, SGW.

21. A network structure for providing device connectivity to a radio access
network, preferably for carrying out the method according to any one of claims 1 to
20, wherein at least two devices are connectable or connected to a radio access
network and wherein said at least two devices are members of a group of devices
within a wireless local network with a possibility of a direct connection between
said devices,

characterized by means for providing connection information used for a
connection between a first device of said at least two devices and the radio access
network for a second device of said at least two devices, so that the second device
is enabled to connect to the radio access network based on said connection
information.
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