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DESCRIPTION

TITLE

COMMUNICATION MECHANISM USING SPECTRUM SHARING

BACKGROUND

Field

The present invention relates to apparatuses, methods, systems, computer programs,

computer program products and computer-readable media usable for controlling a

communication in a communication network wherein spectrum sharing is employed.

Background Art

The following description of background art may include insights, discoveries,

understandings or disclosures, or associations, together with disclosures not known to the

relevant art prior, to at least some example versions of the disclosure or of some

examples of embodiments of the present invention but provided by the invention. Some

such contributions of the invention may be specifically pointed out below, whereas other

such contributions of the invention will be apparent from their context.

The following meanings for the abbreviations used in this specification apply:

AP: access point

ASA: authorized shared access

BS: base station

C-RNTI: cell radio network temporary identifier

CPU: central processing unit



CR: cognitive radio

E-UTRAN: evolved UMTS radio access network

ECGI: E-UTRAN cell global identifier

eNB: evolved node B

FSU: flexible spectrum usage

GBR: guaranteed bit rate

ID: identification, identifier

ISCR individual spectrum cooperation relationship

LAI: location area identifier

LTE: Long Term Evolution

LTE-A: LTE Advanced

O&M: operation and maintenance

OPA, OPB: operator network A, operator network B

PCI: physical cell identifier

PDCCH: physical downlink control channel

PLMN: public land mobile network

PS: packet switched

PUCCH: physical uplink control channel

QoE: quality of experience

RACH: random access channel

RAN: radio access network

RF: radio frequency

RSRP: reference symbol received power

RSRQ: reference symbol received quality

SCR: spectrum cooperation relationship

SON: self organizing network

TAI: tracking area identifier

UE: user equipment

UMTS: universal mobile telecommunication system

In the last years, an increasing extension of communication networks, e.g. of wire based

communication networks, such as the Integrated Services Digital Network (ISDN), DSL, or

wireless communication networks, such as the cdma2000 (code division multiple access)

system, cellular 3rd generation (3G) and fourth generation (4G) communication networks



like the Universal Mobile Telecommunications System (UMTS), enhanced communication

networks based e.g. on LTE or LTE-A, cellular 2nd generation (2G) communication

networks like the Global System for Mobile communications (GSM), the General Packet

Radio System (GPRS), the Enhanced Data Rates for Global Evolution (EDGE), or other

wireless communication system, such as the Wireless Local Area Network (WLAN),

Bluetooth or Worldwide Interoperability for Microwave Access (WiMAX), took place all

over the world. Various organizations, such as the 3rd Generation Partnership Project

(3GPP), Telecoms & Internet converged Services & Protocols for Advanced Networks

(TISPAN), the International Telecommunication Union (ITU), 3rd Generation Partnership

Project 2 (3GPP2), Internet Engineering Task Force (IETF), the IEEE (Institute of

Electrical and Electronics Engineers), the WiMAX Forum and the like are working on

standards for telecommunication network and access environments.

Generally, for properly establishing and handling a communication connection between

terminal devices such as a user device or user equipment (UE) and another

communication network element or user device, a database, a server, host etc., one or

more intermediate network elements such as communication network control elements,

such as base stations, control nodes, support nodes or service nodes are involved which

may belong to different communication network.

Basically, a communication network is typically divided into several cells controlled by a

communication network control element like a BS or eNB, an O&M element and the like.

Besides a classical network environment where plural cells of the same type (e.g. plural

macro cells) are arranged in a neighboring manner, new approaches are provided in order

to enhance the performance of communication networks. One of these approaches is the

implementation of a heterogeneous network structure. A heterogeneous network may

comprise e.g. a "normal" communication cell (i.e. a macro cell) controlled by a

communication network control element, such as an eNB in LTE or LTE-A networks, and

plural small cells having also an own communication network control element or access

network element (also referred to as an access point AP), which are referred to, for

example, as local area or small cells controlled by a corresponding AP or the like. The



term "small cell" is typically used to describe a low-powered radio access node or cell

having a range of tens or some hundred meters. A heterogeneous network provides, for

example, an improved coverage and the possibility for offloading from a communication in

the macro cell to a small cell. The small cells are coupled, for example, to the

communication network control element of the macro cell by a backhaul network offering

high capacity, or the like.

A further approach for enhancing the performance of communication networks, flexible

spectrum management and dynamic access schemes are under consideration. One

example is the so-called co-primary spectrum sharing. Co-primary spectrum sharing refers

to a spectrum access model where two or more primary license holders (of the same radio

service) agree on a joint usage of parts of their licensed spectrum. For example, co-

primary spectrum sharing may require a mutual agreement on exact usage conditions

(policies etc.) between the license holders, and it may also be necessary that a national

regulator has to check and permit the entire model.

Basically, co-primary spectrum sharing will provide more dynamic spectrum sharing

between operators providing the same radio services.

SUMMARY

According to an example version of the disclosure, there is provided, for example, an

apparatus comprising at least one processor, and at least one memory for storing

instructions to be executed by the processor, wherein the at least one memory and the

instructions are configured to, with the at least one processor, cause the apparatus at

least: to receive and process a request for using a part of a spectrum of a second

communication network by a first communication network on the basis of a spectrum

cooperation relationship configuration, to receive and process service coordination

information and network coordination information related to the request for using a part of

the spectrum, the service coordination information indicating measures offered by the first

communication network allowing the second communication network to reduce a



communication load by using a part of the first communication network as a

communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network, and the network

coordination information indicating identification information identifying communication

areas or cells of the first and second communication networks usable for the offered

measures and configuration information required for using the offered measures, and to

conduct a processing for service coordination and network coordination for reducing the

communication load in the second communication network by using a part of the first

communication network as a communication relay, on the basis of the processing result of

the service coordination information and the network coordination information.

Furthermore, according to an example version of the disclosure, there is provided, for

example, a method comprising receiving and processing a request for using a part of a

spectrum of a second communication network by a first communication network on the

basis of a spectrum cooperation relationship configuration, receiving and processing

service coordination information and network coordination information related to the

request for using a part of the spectrum, the service coordination information indicating

measures offered by the first communication network allowing the second communication

network to reduce a communication load by using a part of the first communication

network as a communication relay as compensation for allowing to use a part of the

spectrum of the second communication network by the first communication network, and

the network coordination information indicating identification information identifying

communication areas or cells of the first and second communication networks usable for

the offered measures and configuration information required for using the offered

measures, and conducting a processing for service coordination and network coordination

for reducing the communication load in the second communication network by using a part

of the first communication network as a communication relay, on the basis of the

processing result of the service coordination information and the network coordination

information.

According to a further example version of the disclosure, there is provided, for example,

an apparatus comprising at least one processor, and at least one memory for storing

instructions to be executed by the processor, wherein the at least one memory and the



instructions are configured to, with the at least one processor, cause the apparatus at

least: to request for using a part of a spectrum of a second communication network on the

basis of a spectrum cooperation relationship configuration between a first communication

network and the second communication network, and to provide service coordination

information and network coordination information related to the request for using a part of

the spectrum of the second communication network, the service coordination information

indicating measures offered by the first communication network allowing the second

communication network to reduce a communication load by using a part of the first

communication network as a communication relay as compensation for allowing to use a

part of the spectrum of the second communication network by the first communication

network, and the network coordination information indicating identification information

identifying communication areas or cells of the first and second communication networks

usable for the offered measures and configuration information required for using the

offered measures.

In addition, according to a further example version of the disclosure, there is provided, for

example, a method comprising requesting for using a part of a spectrum of a second

communication network on the basis of a spectrum cooperation relationship configuration

between a first communication network and the second communication network, and

providing service coordination information and network coordination information related to

the request for using a part of the spectrum of the second communication network, the

service coordination information indicating measures offered by the first communication

network allowing the second communication network to reduce a communication load by

using a part of the first communication network as a communication relay as

compensation for allowing to use a part of the spectrum of the second communication

network by the first communication network, and the network coordination information

indicating identification information identifying communication areas or cells of the first and

second communication networks usable for the offered measures and configuration

information required for using the offered measures.

Moreover, according to a further example version of the disclosure, there is provided, for

example, an apparatus comprising at least one processor, and at least one memory for

storing instructions to be executed by the processor, wherein the at least one memory and



the instructions are configured to, with the at least one processor, cause the apparatus at

least: to receive and process at least one of network coordination information and

configuration information based on network coordination information related to a request

for using a part of a spectrum of a second communication network by a first

communication network on the basis of a spectrum cooperation relationship configuration,

the network coordination information indicating identification information identifying

communication areas or cells of the first and second communication networks usable for

measures offered by the first communication network allowing the second communication

network to reduce a communication load by using a part of the first communication

network as a communication relay as compensation for allowing to use a part of the

spectrum of the second communication network by the first communication network, and

configuration information required for using the offered measures, and to conduct a

processing for establishing a radio bearer connection via a spectrum cooperation

relationship link to a part of the first communication network to be used as a

communication relay on the basis of the processing result of the network coordination

information or the configuration information related to the network coordination

information.

In addition, according to a further example version of the disclosure, there is provided, for

example, a method comprising receiving and processing at least one of network

coordination information and configuration information based on network coordination

information related to a request for using a part of a spectrum of a second communication

network by a first communication network on the basis of a spectrum cooperation

relationship configuration, the network coordination information indicating identification

information identifying communication areas or cells of the first and second

communication networks usable for measures offered by the first communication network

allowing the second communication network to reduce a communication load by using a

part of the first communication network as a communication relay as compensation for

allowing to use a part of the spectrum of the second communication network by the first

communication network, and configuration information required for using the offered

measures, and conducting a processing for establishing a radio bearer connection via a

spectrum cooperation relationship link to a part of the first communication network to be

used as a communication relay on the basis of the processing result of the network



coordination information or the configuration information related to the network

coordination information.

Furthemore, according to a further example version of the disclosure, there is provided, for

example, an apparatus comprising at least one processor, and at least one memory for

storing instructions to be executed by the processor, wherein the at least one memory and

the instructions are configured to, with the at least one processor, cause the apparatus at

least: to conduct a processing for establishing a communication connection to a

communication element of a second communication network, wherein the establishment

of the communication connection to the communication element of the second

communication network is based on communication element specific context information

assigned by the first communication network to communication elements of the second

communication network for accessing a part of a first communication network which has to

act as a communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network, to conduct a processing for establishing a radio bearer

connection via a spectrum cooperation relationship link to an anchor node of the second

communication network, to receive data from the communication element of the second

communication network via the established communication connection and to cause, as

the communication relay, forwarding of the received data from the communication element

of the second communication network over the established radio bearer connection via

the spectrum cooperation relationship link to the anchor node of the second

communication network, and to receive data directed to the communication element of the

second communication network from the anchor node of the second communication

network over the established radio bearer connection via the spectrum cooperation

relationship link and to cause forwarding, as the communication relay, the data directed to

the communication element via the established communication connection to the

communication element of the second communication network.

In addition, according to a further example version of the disclosure, there is provided, for

example, a method comprising conducting a processing for establishing a communication

connection to a communication element of a second communication network, wherein the



establishment of the communication connection to the communication element of the

second communication network is based on communication element specific context

information assigned by the first communication network to communication elements of

the second communication network for accessing a part of a first communication network

which has to act as a communication relay allowing the second communication network to

reduce a communication load by using the communication relay as compensation for

allowing to use a part of the spectrum of the second communication network by the first

communication network, conducting a processing for establishing a radio bearer

connection via a spectrum cooperation relationship link to an anchor node of the second

communication network, receiving data from the communication element of the second

communication network via the established communication connection and causing, as

the communication relay, forwarding of the received data from the communication element

of the second communication network over the established radio bearer connection via

the spectrum cooperation relationship link to the anchor node of the second

communication network, and receiving data directed to the communication element of the

second communication network from the anchor node of the second communication

network over the established radio bearer connection via the spectrum cooperation

relationship link and causing forwarding, as the communication relay, the data directed to

the communication element via the established communication connection to the

communication element of the second communication network.

In addition, according to example versions of the disclosure, there is provided, for

example, a computer program product for a computer, comprising software code portions

for performing the steps of the above defined methods, when said product is run on the

computer. The computer program product may comprise a computer-readable medium on

which said software code portions are stored. Furthermore, the computer program product

may be directly loadable into the internal memory of the computer and/or transmittable via

a network by means of at least one of upload, download and push procedures.

BRIEF DESCRIPTION OF THE DRAWINGS

Some example versions of the disclosure are described below, by way of example only,

with reference to the accompanying drawings, in which:



Fig. 1 shows a diagram illustrating a communication network configuration where some

example versions of the disclosure are implemented;

Fig. 2 shows a signaling diagram illustrating controlling of a communication using a

spectrum sharing based on a spectrum cooperation relationship with service coordination

and network coordination according to some example versions of the disclosure;

Fig. 3 shows a diagram illustrating a communication network configuration where some

example versions of the disclosure are implemented;

Fig. 4 shows a signaling diagram illustrating controlling of a communication using a

spectrum sharing based on a spectrum cooperation relationship with service coordination

and network coordination according to some example versions of the disclosure;

Fig. 5 shows a flow chart of a processing conducted in a communication network control

element acting as a spectrum request processing/granting part with regard to a control of

a communication using a spectrum sharing based on a spectrum cooperation relationship

with service coordination and network coordination according to some example versions

of the disclosure;

Fig. 6 shows a flow chart of a processing conducted in a communication network control

element acting as a spectrum requesting part with regard to a control of a communication

using a spectrum sharing based on a spectrum cooperation relationship with service

coordination and network coordination according to some example versions of the

disclosure;

Fig. 7 shows a flow chart of a processing conducted in a communication network control

element acting as a target cell controlling part with regard to a control of a communication



using a spectrum sharing based on a spectrum cooperation relationship with service

coordination and network coordination according to some example versions of the

disclosure;

Fig. 8 shows a flow chart of a processing conducted in a communication network control

element acting as a serving cell controlling part with regard to a control of a

communication using a spectrum sharing based on a spectrum cooperation relationship

with service coordination and network coordination according to some example versions

of the disclosure;

Fig. 9 shows a flow chart of a processing conducted in a communication element with

regard to a control of a communication using a spectrum sharing based on a spectrum

cooperation relationship with service coordination and network coordination according to

some example versions of the disclosure;

Fig. 10 shows a diagram of a communication network control element including

processing portions conducting functions according to some example versions of the

disclosure;

Fig. 11 shows a diagram of a communication network control element including

processing portions conducting functions according to some example versions of the

disclosure;

Fig. 12 shows a diagram of a communication network control element including

processing portions conducting functions according to some example versions of the

disclosure;



Fig. 13 shows a diagram of a communication network control element including

processing portions conducting functions according to some example versions of the

disclosure; and

Fig. 14 shows a diagram of a communication element including processing portions

conducting functions according to some example versions of the disclosure.

DESCRIPTION OF EXAMPLES

In the following, some example versions of the disclosure are described with reference to

the drawings wherein, as an example of a communication network, an LTE-Advanced

based system is used. However, it is to be noted that the present invention is not limited to

an application using such types of communication system, but is also applicable in other

types of communication systems and the like.

The following example versions of the disclosure are only examples. Although the

specification may refer to "an", "one", or "some" example versions of the disclosure in

several locations, this does not necessarily mean that each such reference is to the

example version of the disclosure, or that the feature only applies to a single example

version of the disclosure. Single features of different example versions of the disclosure

may also be combined to provide other example versions of the disclosure. Furthermore,

words "comprising" and "including" should be understood as not limiting the described

example versions of the disclosure to consist of only those features that have been

mentioned and such example versions of the disclosure may also contain also features,

structures, units, modules etc. that have not been specifically mentioned.

A basic system architecture of a communication system where example versions of the

disclosure are applicable may comprise a commonly known architecture of one or more

communication networks comprising a wired or wireless access network subsystem and a

core network. Such an architecture may comprise one or more communication network



control elements, access network elements, radio access network elements, access

service network gateways or base transceiver stations, such as a base station, an access

point or an eNB, which control a respective coverage area or cell (macro cell, small cell)

and with which one or more communication elements or terminal devices such as a UE or

another device having a similar function, such as a modem chipset, a chip, a module etc.,

which can also be part of a UE or attached as a separate element to a UE, or the like, are

capable to communicate via one or more channels for transmitting several types of data.

Furthermore, core network elements such as gateway network elements, policy and

charging control network elements, mobility management entities, operation and

maintenance elements, and the like may be comprised.

The general functions and interconnections of the described elements, which also depend

on the actual network type, are known to those skilled in the art and described in

corresponding specifications, so that a detailed description thereof is omitted herein.

However, it is to be noted that several additional network elements and signaling links

may be employed for a communication to or from an access network element like an AP

and a communication network besides those described in detail herein below.

The communication networks are also able to communicate with other networks, such as

a public switched telephone network or the Internet. The communication network may also

be able to support the usage of cloud services. It should be appreciated that APs and/or

eNBs or their functionalities may be implemented by using any node, host, server or

access node etc. entity suitable for such a usage.

Furthermore, the described network elements, such as terminal devices or user devices

like UEs, communication network control elements of a cell, like an eNB, an O&M

element, access network elements like APs and the like, as well as corresponding

functions as described herein may be implemented by software, e.g. by a computer

program product for a computer, and/or by hardware. In any case, for executing their

respective functions, correspondingly used devices, nodes or network elements may

comprise several means, modules, units, components, etc. (not shown) which are

required for control, processing and/or communication/signaling functionality. Such

means, modules, units and components may comprise, for example, one or more



processors or processor units including one or more processing portions for executing

instructions and/or programs and/or for processing data, storage or memory units or

means for storing instructions, programs and/or data, for serving as a work area of the

processor or processing portion and the like (e.g. ROM, RAM, EEPROM, and the like),

input or interface means for inputting data and instructions by software (e.g. floppy disc,

CD-ROM, EEPROM, and the like), a user interface for providing monitor and manipulation

possibilities to a user (e.g. a screen, a keyboard and the like), other interface or means for

establishing links and/or connections under the control of the processor unit or portion

(e.g. wired and wireless interface means, radio interface means comprising e.g. an

antenna unit or the like, means for forming a radio communication part etc.) and the like,

wherein respective means forming an interface, such as a radio communication part, can

be also located on a remote site (e.g. a radio head or a radio station etc.). It is to be noted

that in the present specification processing portions should not be only considered to

represent physical portions of one or more processors, but may also be considered as a

logical division of the referred processing tasks performed by one or more processors.

According to some example versions of the disclosure, a communication mechanism

related to wireless communication systems, such as 3GPP LTE-A systems, is provided

which includes intelligent spectrum management aspects, such as cognitive radio (CR)

aspects, wherein a spectrum sharing mechanism such as co-primary spectrum sharing for

providing a flexible spectrum management and dynamic access schemes is used.

Cognitive radio aspects relate, for example, to a communication control scheme where

available channels in a wireless communication spectrum (e.g. RF spectrum) are

detected, the best available wireless channels in the vicinity of a corresponding

communicating network element (such as an AP or the like) are selected and then

transmission and reception parameters are changed accordingly to use the selected

channels. This makes it possible to enhance the overall performance in the

communication network by utilizing available resources in a given spectrum at a certain

location.

When combining a co-primary sharing access mode and cognitive radio access

procedures, higher peak data rates for end users as well as higher capacity and wider



coverage are achievable. According to some example versions of the disclosure, a shared

spectrum usage is especially beneficial and appropriate for small cell deployments

(heterogeneous network scenario), for example since small cells may be more isolated

than larger macro cells. According to some example versions of the disclosure, a system

scenario is considered where a wide area with exclusive spectrum for each operator is

provided, while small cells of multiple operators being controlled by a respective macro

cell can share the common spectrum pool in co-primary way. That is, according to some

example versions of the disclosure, a system scenario may be considered where each

operator has exclusive spectrum band for wide area (in which macro cells under control of

communication network control elements like eNBs are deployed on the exclusive

spectrum band of each operator) and multiple operators can share the same spectrum

band for local area (in which small cells under control of communication network control

elements like APs are deployed). To facilitate spectrum sharing between multiple

operator's small cells, it is considered, according to some example versions of the

disclosure, to chop the spectrum band into multiple chunks and each operator may use

one or more chunks with high priority (which means the operator can use high-priority

chunks without permission from other operator). One operator, if more spectrum than the

high-priority chunks allowed is required, may request another operator to grant the

spectrum usage for the chunks that the other operator has high-priority to use. The

request may be coordinated and communicated via macro cell eNB. The spectrum usage

right may be granted by a authorized element of the granting network, e.g. by a function in

the core network or in the access network.

With regard to Fig. 1, a diagram illustrating a communication network configuration is

shown where some example versions of the disclosure invention are implemented. It is to

be noted that the configuration shown in Fig. 1 shows only those devices, network

elements, functions and/or parts which are useful for understanding principles underlying

the example versions of the disclosure. As also known by those skilled in the art there

may be several other network elements or devices involved in a communication network

which are omitted here for the sake of simplicity.

The network configuration according to Fig. 1 is for example based on the 3GPP

specifications and comprises elements of a heterogeneous network including one or more

wide area cells (macro cell) and one or more local area cells (small cells), and elements of



parallel (neighboring) macro cells and small cells. It is to be noted that the general

functions of the elements described in connection with Fig. 1 as well as of reference

points/interfaces between the elements are known to those skilled in the art so that a

detailed description thereof is omitted here for the sake of simplicity.

The term "neighboring cell" is to be understood in such a manner that the respective cells

have at least partly overlapping coverage areas for their radio connections towards a

communication element (i.e. a UE) so that it is possible that an communication element or

the access network element can communicate with the neighboring cell via a radio

connection . In other words, neighboring cells are those cells which represent candidates

for a handover or roaming procedure to and from each other, wherein of course more than

two cells can be neighboring cells to each other, depending on the current network

architecture, communication conditions, etc..

As shown in Fig. 1, in the exemplary communication network system, two neighboring

macro cells 200 and 300 are provided . Cell 200 is part of a communication network of a

first operator (OPA) and cell 300 is part of a communication network of a second operator

(OPB), respectively, wherein each operator's exclusive (RF) spectrum is used in each cell.

Each of the macro cells 200, 300 is controlled by a corresponding communication network

control element comprising, e.g. a (macro) eNB (OPA_eN B 20 of operator network OPA)

and an O&M element (OPA_0&M 20a) of the first operator network OPA, or a (macro)

eNB (OPB_eN B 30 of operator network OPB) and an O&M element (OPB &M 30a) of

the second operator network OPB.

As shown in Fig. 1, each of the OPA and OPB networks comprise one or more small cells

in a heterogeneous network structure, which are connected to a corresponding

communication network control element of the macro cell via a corresponding backhaul

link. Specifically, in the example shown in Fig. 1, the OPA network comprises a small cell

controlled by an access network element or access point denoted as OPA_AP 1 40. The

OPB network comprises two small cells controlled by access network elements or access

points denoted as OPB_AP2 60 and OPB_AP3 50, respectively. It is to be noted that the



OPA and OPB networks may comprise more small cells than those shown in Fig. 1. As

can be seen in Fig. 1, the small cells and the macro cells can have various neighboring

cell relationships: for example the small cell of OPA_AP1 40 is a neighboring cell to the

OPB macro cell and the OPB small cell of OPB_AP2 60, while the small cell of OPB_AP3

50 is a neighboring cell to the OPA macro cell, for example.

It is to be noted that according to some example versions of the disclosure, the small cell

of a respective operator network, such as OPA_AP1 40, may be under control of the

macro cell to which it is connected (i.e. controlled by the OPA_eNB 20, for example). That

is, the macro cell communication network control element is configured to execute several

control procedures for the respective small cell AP, such as control, allocation and/or

coordination of a flexible spectrum usage of the small cells (the small cell APs, such as

OPA_AP1 40).

According to example versions of the disclosure, the APs of the respective small cells and

the communication network control element of the respective operator are connected by

interfaces using a backhaul network or another connection type, such as a wired or

wireless communication line, or the like.

Furthermore, as indicated in Fig. 1, communication elements or devices such as UEs may

be located in the cell areas. In Fig. 1, only one UE 10 is shown which is assumed to be

originally connected to the OPB network (i.e. OPB network is home network of UE 10).

It should be appreciated that according to some example versions of the disclosure, a so-

called "liquid" or flexible radio concept is employed where the operations and

functionalities of a communication network control element or of another entity of the

communication network, such as of one or more of the shown eNBs or APs, may be

performed in different entities, such as a node, host or server, in a flexible manner. In

other words, a "division of labour" between involved network elements or entities may vary

case by case. One possible alternative to the example illustrated is, for example, to make

a base station or the like to deliver local content.



It is to be noted that even though Fig. 1 shows two macro cells 200 and 300, the number

of cells is not limited thereto and can be more than two, wherein at least respective two

cells are neighboring cells (as will be discussed below).

During spectrum sharing, it is assumed in the following that one operator (e.g. OPB) may

grant a usage right for its spectrum with higher usage priority to the other operator (OPA)

for its cells.

In the example shown in Fig. 1, it is now assumed that a spectrum sharing agreement

between multiple (here two) operator networks has been negotiated allowing spectrum

cooperation relationship (SCR) to be established between e.g. OPA and OPB on different

levels, e.g. between small cells and macro cells. In the example version of the disclosure

as indicated in Fig. 1, it is assumed that an SCR is established between a small cell of one

network and a macro cell of the other network. Specifically, as indicated by a dashed

arrow between OPA_AP1 40 and OPB_eNB 30 or between OPB_AP3 50 and OPA_eNB

20, SCR is assumed to be established between these elements. By means of the SCR,

the spectrum sharing between the two operator networks is facilitated. Rules being

negotiated between the operator networks concern, for example, rules defining details of

the spectrum sharing, such as which part of the shared spectrum one operator network

(such as OPB network) may use with higher priority than the other operator network (such

as OBA network). The agreement defines, for example, what and at which time spectrum

parts can be requested or granted, how long a spectrum part may be granted etc..

Corresponding parameters may be stored in the operator networks, e.g. in corresponding

communication network control elements, and used when a spectrum sharing is requested

(i.e. the corresponding elements are correspondingly configured).

During the spectrum sharing, it is assumed in the following that one operator network (e.g.

OPB network) may grant a usage right for its spectrum to the other operator network (OPA

network) for its cells.



According to some example versions of the disclosure, a fast and dynamic control on the

shared spectrum usage among the multiple operators is achieved by using cooperation

opportunities in RAN level between the networks. For example, as shown in Fig. 1, the

spectrum cooperation relationship is set up between a small cell AP of one operator and

eNB of the other operators. Upon the established spectrum cooperation relationship, for

example, a small cell AP can communicate with a cell or communication area (e.g. one of

the other operator's eNB), for example like an active UE for spectrum usage coordination.

Thus, the coordination of the spectrum usage in RAN level between the different operators

is improved.

For example, in the configuration as shown in Fig. 1, the small cell of OPA_AP1 is allowed

to use an allowed part of the spectrum for which the OPB network has a higher usage

priority and which is granted to OPA_AP1 to use. That is, the OPB communication

network control element (e.g. OPB_eNB 30) grants a usage right for a part of the high-

priority spectrum chunk to the OPA_AP1 40 to use. This is indicated in Fig. 1 by a dashed

arrow indicating a spectrum cooperation relationship (link) between the networks of OPA

and OPB with regard to the access network element OPA_AP1 40. Similarly, a spectrum

cooperation relationship (link) is established between OPB_AP3 50 and OPA_eNB 20, for

example. That is, a SCR link via e.g. an air interface is established, as indicated by the

dashed arrows.

Example versions of the disclosure for setting up the spectrum cooperation relationship

between a small cell AP of one operator (here of OPA_AP1 40) and the other operator

network (here OPB), and for configuring the involved network elements such as eNBs and

APs, may comprise, for example, the following processing.

In order to set up the sharing spectrum cooperation relationship with the OPB network, the

small cell AP (OPA_AP1 40) executes a detection of the other network, i.e. of OPB

network, preferably of the macro network or cell 300 of OPB. For this purpose, for

example, system information provided by the OPB network (in form of broadcasting

messages) are detected and processed. In order to facilitate the detection conducted by



the small cell OPA_AP1 40, the 0PA_AP1 40 may be (pre-)configured with OPB's

network related information, such as RF channels and PLMN identifiers thereof. Based on

the information, the OPA_AP1 40 then searches the OPB's network.

When the detection is finished, OPA_AP1 40 reports the detection result of OPB's network

to the OPA network (e.g. the OPA_eNB 20 or the OPA &M 20a). The report comprises,

for example, cell identifiers (e.g. EGCI), downlink measurements (e.g. RSRP and/or

RSRQ) etc. with regard to the OPB network. Furthermore, for example, in case more than

one cell (macro cells and/or small cells) from the multiple operators' network (OPB

network) are detected, the OPA_AP1 40 may relate the report to the strongest cell from

each operator's network, or to all the detected cells from all the relevant operators.

Based on the detection report from OPA_AP1 40, the OPA network (e.g. the controlling

OPA_eNB 20 of the OPA_AP1 40 or the OPA_0&M element 20a) initiates a setup or an

establishment of a spectrum sharing cooperation relationship with OPB network. For this

purpose, for example, a spectrum cooperation relationship establishment request is sent

to a selected operator (e.g. OPB) network, e.g. to a communication network control

element like OPB_eNB 30 indicated in the report. For example, the spectrum cooperation

relationship establishment request may include information on IDs of detected OPB's

cell(s) (macro/small cells), and information of the small cell AP (i.e. OPA_AP1 40) which

detects OPB's cell(s) as well as a capability information indicating the capability of the

OPA_AP1 40 to act as an UE entity. The OPA network may also conduct a selection

procedure for determining a target operator or cell for the establishment of the spectrum

cooperation relationship. This selection procedure may be based on an algorithm and can

consider e.g. current detection results, history data, pre-selection parameters etc..

The OPB network (e.g. OPB_eNB 30 or OPB_0&M 30a) may determine a macro cell of

the OPB network which shall serve to the small cell AP (OPA_AP1 40) for requesting a

spectrum usage right. Furthermore, relevant UE contexts information may be determined

enabling an access to the determined serving cell as a UE (for example, a C-RNTI,

scheduling request configuration, signaling radio bearer configuration, DRX configuration,

security configuration etc.). A corresponding spectrum cooperation relationship



establishment response is then sent back to the OPA network (e.g. OPA_eN B 20). The

spectrum cooperation relationship establishment response comprises e.g. an ID of the

determined serving cell of OPB for the small cell AP of OPA, information about the high-

priority spectrum of OPB, and the determined UE context information .

Then, the communication network control element of OPA (e.g. OPA_eN B 20 or

OPA_0&M 20a) provides the relevant information to the small cell AP (OPA_AP 1 40) as

control or configuration information for the establishment of the spectrum cooperation

relationship. Based on the control or configuration information, the OPA_AP1 40 executes

an access procedure to the OPB serving cell identified in the control information by using

the UE context information. That is (in the present example) the OPA_AP1 40 and the

serving cell of OPB (e.g. OPB_eN B 30) executes an access procedure wherein the

OPA_AP1 40 acts like a UE trying to connect to the serving cell of OPB. For example, a

RACH procedure using the indicated UE context information is executed . By means of this

access procedure, the cooperation relationship establishment is confirmed . Furthermore,

the OPA_AP 1 40 learns required timing advance information towards to the indicated

serving cell.

As a result of the access procedure, a communication connection path (also referred to as

SCR link) is established and the OPA_AP 1 40 is ready to communicate with the SCR

serving cell (OPB_eN B 30) of the OPB network, e.g. in the way as an RRC connected

state UE of OPB. On the other hand, the serving cell (OPB_eN B 30) keeps active UE

contexts for the OPA_AP1 40. That is, an air interface representing a spectrum

cooperation communication opportunity is provided (also referred to as SCR link).

It is to be noted that a spectrum cooperation communication opportunity may be provided

also in another manner. For example, a spectrum cooperation relationship may be

programmed by an operator with measurements or a detection for the other

communication network (OPB network) which is conducted by an access network element

or the like (i.e. pre-configured spectrum cooperation).



Another example version of the disclosure regarding spectrum cooperation opportunity is

discussed below.

In order to decrease a scalability challenge resulting when small cell AP sets up a

spectrum cooperation relationship with other operators' network, especially in an area with

a dense deployment of small cells, spectrum cooperation opportunities for smalls cells of

multiple operators are created and maintained by utilizing an already established

spectrum cooperation relationship between e.g. one operator's small cell AP and the other

operator's network. That is, in these example versions of the disclosure, there is already

established a spectrum cooperation relationship opportunity (SCR link) between the

networks (i.e. between OPA and OPB), e.g. between one access network element of a

small cell of OPA (for example, OPA_AP1 40) and a serving eNB of the OPB network (for

example, OPB_eNB 30). According to some example versions of the disclosure, the

established spectrum cooperation relationship between an access network element of a

small cell of one communication network (OPA network) and a serving cell of another

operator network (OPB network) is used to create and maintain spectrum cooperation

opportunities for the small cells of multiple operators. Thus, it is not required that every

small cell has to setup an individual SCR with other operator's network for coordinating a

shared spectrum usage. Instead, some of the small cells may use the established SCR to

communicate with the other operator's network for spectrum coordination.

It is to be noted that on the basis of the SCR, the network elements involved in the

communication conduct corresponding configurations, such as a setting of communication

paths, a preparation for scheduling transmission of data, etc..

However, when an SCR is established and spectrum sharing mechanisms are

implemented, the communication network from which a part of the spectrum is requested

(i.e. where usage rights of the spectrum in question are temporally transferred from one

communication network to another communication network) looses for a certain time

some of its capacity, and this capacity may be re-gained only with a certain effort (e.g.

when signaling between the networks is required etc.). That is, under certain

circumstances, spectrum sharing is not advantageous for all parties involved therein.

Hence, in order to ensure that all networks operators have benefits from the spectrum



sharing participation, a certain level of fairness between operators has to be ensured

when using shared spectrum, in particular in scenarios where a flexible spectrum usage is

implemented in a multiple operator scenario.

Hence, according to some example versions of the disclosure, mechanisms for service

coordination and network coordination are proposed which support spectrum sharing by

providing solutions for motivating a network operator to participate in sharing a part of the

spectrum, wherein measures for compensating for a spectrum usage by another network

can be communicated and processed. Thus, the available spectrum can be utilized in a

more efficient manner.

By virtue of some example versions of the disclosure, it is possible to provide an

enhanced mechanism implementable in a spectrum sharing system which allows avoiding

that the spectrum sharing is excessively used by single operators. Furthermore, it is

possible that network operators (which will be referred to hereinafter as OPA and OPB,

wherein the number of operators is not necessarily limited to two) are able to utilize

example versions of the disclosure to further optimize the performance of the own network

when participating in the spectrum sharing. For example, it is possible, in a flexible

manner, to adapt measures offered or selected for compensation for the grant of a part of

the spectrum in view of local communication situations, for example by value controlling

overhead, overload, capacity requirements, spectrum resources and charging possibilities

at the same time.

According to some examples versions of the disclosure, the service coordination and

network coordination processing allowing to implement measures for compensating for the

grant of spectrum usage rights is based on using a part of the requesting network as a

communication relay element for communications in the network granting the spectrum

usage right.

That is, by coordinating the switching of the communication connection of UEs in a

suitable manner so that a RAN of the other network is used as a relay towards the own



network while using an SCR link to an anchor node of the own network having an

established SCR link with the other network, a load caused by the communication of a UE

can be shifted to another part of the communication network which decreases e.g. a traffic

load in specified parts of the spectrum granting network. This, in turn, allows to release

resources/spectrum for the granting of spectrum usage rights under the SCR. Hence, the

available spectrum can be used in a flexible manner while a compensation for the

spectrum usage by the other network can be achieved, for example, by an overload

reduction in some cells or some areas of the spectrum granting network.

In order to enable that a suitable compensation in the form of using a part of the

requesting network (OPA network) as a communication relay for a communicating UE of

the granting network (OPB network), according to some example versions of the

disclosure, in addition to a spectrum cooperation relationship establishment, a function for

enabling a service coordination and network coordination is to be configured in the

involved network elements. Specifically, service coordination and network coordination is

described for a case where a spectrum cooperation relationship is established between

the communication networks of OPA and OPB and a spectrum usage of the OPB's high-

priority spectrum by the OPA network (e.g. by OPA_AP 1 40) is requested.

Referring to Fig. 2 , an example version of the disclosure regarding a communication using

a spectrum sharing based on a spectrum cooperation relationship with service

coordination and network coordination is explained by means of a signaling diagram

illustrating a control scheme of the communication . The signaling diagram illustrates

processings and functions executed by communication network control elements (such as

eNBs and APs) and communication elements (such as UEs) in a scenario as indicated in

Fig. 1, for example. That is, it is assumed that there is are spectrum cooperation

opportunities in RAN level between OPA and OPB, such as SCR links between OPA_eN B

20 and OPB_AP3 50 on the one side and OPA_AP1 40 and OPB_eN B 30 on the other

side. As a matter of course, example versions of the disclosure are not limited to the

described scenario, and corresponding processing is implementable also with other SCR

links.



In S10, network elements involved in a spectrum cooperation relationship are configured

in accordance with the result of a spectrum sharing cooperation negotiation between the

operators (i.e. OPA and OPB). That is, communication network control elements are

configured to establish an SCR link, when suitable (e.g. when measurement results are

thus that an SCR link can be established between e.g. a small cell AP of one network and

the macro cell eNB of the other network), resulting in a SCR opportunity or link as

indicated e.g. in Fig. 1.

In addition, a function enabling a service coordination is configured in the communication

network control elements involved in the communication procedure according to example

versions of the disclosure. That is, in S15, a configuration based on a spectrum sharing

incentive agreement (which is negotiated between the networks (e.g. OPB and OPA)) is

executed.

For example, it is agreed between OPA and OPB which balance between spectrum

request and compensation measure is to be considered (e.g. ranges of a

capacity/resource commitment (like a number of UEs switchable to the OPA and using the

OPA part as a communication relay etc.) by the requesting network versus the amount of

spectrum requested/granted). Also rules regarding a situation where an overuse of

capacity/resource commitment happens are agreed (for example, if the operator providing

the communication relay is allowed to reject a switching UE).

It is to be noted that the above discussed rules are only examples for parameters of the

spectrum sharing incentive agreement, and other rules can be agreed to in addition or

alternatively.

By means of this, according to some example versions of the disclosure, a spectrum

requesting communication network control element (such as a small cell AP) is configured

to indicate measures to be offered for compensating for a spectrum request, for example.

As another option, corresponding measures are indicated by a central control unit, such

as a macro cell eNB, controlling a requesting small cell AP.



According to example versions of the disclosure, the spectrum cooperation opportunities

(SCR links) in the RAN of the OPA and OPB networks are utilized, when a spectrum

usage right is requested e.g. by the OPA network (e.g. by an OPA small cell) from the

OPB network, for service cooperation and network coordination processing so as to

provide services to UEs of one operator by another operator's RAN as an incentive/reward

scheme for the spectrum sharing. Specifically, according to some example versions of the

disclosure, UEs of OPB are allowed to switch to the RAN of OPA and using it as a

communication relay towards the core network of OPB (i.e. the core network of OPA is not

used by the UEs), so that user data are routed to OPB's core network via the available

spectrum cooperation opportunities (SCR link) in RAN . Thus, OPBs RAN can be

unburdened .

In S20, a decision is made e.g. in the OPA_AP 1 40 to request for spectrum usage right of

a part of the OPB spectrum. Consequently, a request is sent to the OPB network via the

SCR link (i.e. to OPB_eN B 30). The request comprises service coordination information

and network coordination information . In the service coordination information, according to

rules of the spectrum sharing incentive agreement, measures decided to be taken by the

OPA network and offered to the OPB network for compensation purpose are indicated. In

the decision which measures are offered, it is considered, for example, which amount of

spectrum is requested. According to some example versions of the disclosure, it may also

considered how the load situation in the own network is (for example, when a switch of a

UE of OPB to OPA is offered, an area with low load is preferably selected). Thus, the

service coordination information may include information related to the capacity/resource

commitment (e.g. in the form of GBR and/or a number of UEs) of OPA to serve the UEs of

OPB. Furthermore, the service coordination information may comprise information

indicating an allowed service area of the OPA network for serving OPB UEs, e.g. in the

form of either a forbidden zone or a permission zone, for example by geo-location

information, LAIs/TAIs, etc.

In addition to the service coordination information, OPA provides by the spectrum

requesting node the network coordination information . The network coordination

information provides data and parameters usable for supporting serving of UEs of OPB as



compensation when the small cell of OPA requests the spectrum usage right from OPB

via spectrum cooperation opportunities in RAN .

For example, the network coordination information comprises an indication of an

identification and parameters of the part of the OPA network usable as a communication

relay, for example by means of OPA's serving cell information (e.g. RF channels, PCI ,

ECGI of the cells that can be accessed by UEs of OPB). Furthermore, the network

coordination information comprises an indication of a communication area or cell (macro

cell, small cell) of the OPB network with which a SCR is configured, i.e. an information

(such as ECGI ) of OPB's small cell that has an established SCR link with the indicated

OPA serving cell. In addition, the network coordination information comprises an indication

of UE context information to be used for UEs of the OPB network for accessing the part of

the OPA network acting as a communication relay (serving cell), such as reserved C-

RNTIs, RACH preambles for the UEs of OPB to be used to access to the indicated OPA

serving cells. Moreover, the network coordination information comprises an indication of

connection parameters required for getting access to the part of the OPA network acting

as a communication relay, such as conditions for a UE to access the indicated OPA

serving cells (e.g. in the form of the threshold for downlink measurement such as RSRP

and/or RSRQ).

In S30, the receiving side of the spectrum request, such as the OPB_eN B 30, processes

the request and the contained service coordination and network coordination information.

For example, based on the service and network coordination information indicated in the

spectrum request sent by the OPA_AP1 40, the receiving macro eNB of operator B may

decide on whether and which measures offered for compensation are acceptable and start

by using the network coordination information as a basis of compensation, to grant some

spectrum to the OPA.

In the service and network coordination processing according to the example of Fig. 2 , in

S40, the OPB_eN B 30 puts the OPA serving cells indicated in the network coordination

information as neighboring cells that UEs of OPB can access and instructs at least one

UE of the OPB (here UE 10) to conduct measurements for those cells for handover or cell



re-selection purpose. The instruction in S40 is provided, for example, by either a common

signaling (e.g. by updating system information regarding inter-frequency or intra-frequency

neighboring cells related information) or a dedicated signaling (e.g. by a measurement

configuration signaling message).

In S45, after the UE 10 has made the requested measurement of the OPA serving cell

(i.e. after a determination of communication situation towards OPA_eNB 20, for example),

a measurement report is sent from UE 10 to the OPB_eNB 30.

In S50, on the basis of the measurement report, OB_eNB 30 selects UEs (here e.g. UE

10) for making a switch (handover) to the serving cells of OPA (i.e. for using it as a

communication relay). It is to be noted that the number of UEs selected for switching is not

limited to one.

According to some example versions of the disclosure, with regard to S50, for each

selected UE, the OPB_eNB 30 determines also one of the small cells of OPB indicated in

network coordination information as a target cell in the own operator's (OPB) network for

the UE to handover. For example, the OPB_eNB 30 uses a suitable interface towards the

communication network control element of the cell determined to be the target cell (such

as a X2 or S 1 interface in LTE/LTE-A system) for informing the cell about the usage as a

target cell. That is, according to some example versions of the disclosure, the target cell is

informed by means of e.g. a handover preparation procedure about the coming handover

of the selected UE. That is, for supporting the handover preparation, a handover

preparation procedure is enhanced to inform the target cell that it is only an anchor point

for the UE to connect to the core network of OPB, but that the UE does not access the

target cell over the radio directly (i.e. a regular handover is not conducted). In other words,

the target cell (i.e. the communication network control element such as the OPB_AP3 50)

is informed that the UE accesses the target cell via an OPA radio cell and the SCR link

established between the target cell and OPA serving cell. This information is provided in

S60.



In S65, OPB_eN B 30 commands the selected UE (here UE 10) to switch the

communication connection (i.e. to handover) to the OPA serving cell (OPA_eN B 20). In

connection with the command, according to some example versions of the disclosure,

additional information of the target cell (OPB_AP3 50) that OPB_eN B 30 has determined

for the UE 10 is provided. Furthermore, a set of access information, such as RACH

preamble and C-RNTI , which is derived from the network coordination information, is

provided to the UE 10 .

Upon receiving the connection switching command from OPB_eN B 30, the UE 10

accesses in S70 the OPA serving cell indicated in the command by using the RACH

preamble and C-RNTI indicated in the handover command in order to establish an RRC

connection, for example.

In S80, a radio bearer establishment is conducted between the OPA serving cell and the

OPB target cell via the SCR link. For example, S80 is executed in reaction to S60, i.e.

when the OPB small cell is informed about being the target cell. Then, the OPB target cell

triggers the radio bearers establishment over the SCR link towards the OPA serving cell.

In this connection, also an information may be provided informing the OPA serving cell

that a UE will be handed over soon . Furthermore, UE context information may be

delivered to OPA serving cell at the same time.

On the other hand, according to some further example versions of the disclosure, S80

may be executed when the UE 10 accesses the OPA serving cell in S70, i.e. when a

connection establishment between UE 10 and OPA_eN B 20 is conducted . That is, since

in this case no UE context information including information on the target cell in OPB

network is available on the OPA serving cell side before the UE 10 accesses to the OPA

serving cell (OPA_eN B 20), in the connection establishment procedure in S80, also

information indicating the determined OPB target cell is provided to the OPA serving cell

by the UE 10 . Then, S80 is executed, triggered by the OPA serving cell .



As a result of S80, the OPA serving cell establishes the radio bearers for the UE 10 to the

OPB target cell over the SCR link allowing the user traffic to be routed to OPB's core

network from the OPB target cell.

Based on the network coordination offered by OPA, OPB may consider to release some of

its spectrum from its own small cells, for example in case there is an interference with the

requesting small cell of OPA (OPA_AP1 40). This decision is made, for example, in case

some of current active UEs (i.e. UE 10) is redirected to the other cells (i.e. OPB_AP3 50

acting as a target cell). This is indicated for example by means of a signaling from

OPB_AP3 50 indicating that the relay connection to UE 10 via the SCR link to OPA_eNB

20 is established (see S90). Based on this indication, the OPB_eNB 30 decides in S95 on

a spectrum release for the own small cells and a corresponding spectrum grant for the

OPA network.

For example, in S95, OPB_eNB 30 deactivates a part or the whole small cell of OPB_AP2

60, for example in case it is possible to redirect all current UEs of the cell to other cells

(i.e. to OPB_AP3 50 via the SCR link, for example). Alternatively, active UEs may be

redirected to the other cells of the OPB network wherein the OPB_eNB 30 may select

some of its active UEs to handover to the OPA serving cell in order to allow the macro

eNB to have sufficient capacity to accept the UEs from the small cells of which the

spectrum may be granted to the OPA small cells.

In S100, the granted spectrum is indicated to the requesting side, i.e. to OPA_AP1 40.

It is to be noted that according to some example versions of the disclosure, the spectrum

request may be provided with an urgency indication. For example, in case the urgency of

the spectrum request is high, the spectrum grant may happen also before the network

coordination procedure has been completed.



As a result of the processing shown in Fig. 2 , when OPB shares or grants some of its

spectrum (e.g. part of the co-primary spectrum that is used with higher priority by operator

B) to OPA, one or more of the active UEs (like UE 10 shown in Figure 1) of OPB are

allowed to use OPA's RAN and SCR link towards some part of OPB for services as

compensation for the shared spectrum. Therefore, when viewing e.g. Fig. 1, data traffic of

UE 10 (after switching the communication to the OPA network part acting as

communication relay) is transmitted on the radio links via OPA_eNB 20 and the SCR link

between OPA_eNB 20 and OPB_AP3 50 acting as the target cell, from which the data is

forwarded to OPB's core network (either directly or through a controlling macro eNB).

With regard to Fig. 3, a diagram illustrating a further communication network configuration

is shown where some example versions of the disclosure invention are implemented. It is

to be noted that the configuration shown in Fig. 3 shows only those devices, network

elements, functions and/or parts which are useful for understanding principles underlying

the example versions of the disclosure. As also known by those skilled in the art there

may be several other network elements or devices involved in a communication network

which are omitted here for the sake of simplicity.

The network configuration according to Fig. 3 , like that of Fig. 1, is for example based on

the 3GPP specifications and comprises elements of a heterogeneous network including

one or more wide area cells (macro cell) and one or more local area cells (small cells),

and elements of parallel (neighboring) macro cells and small cells.

Fig. 3 shows a communication network system where three neighboring macro cells 200,

300 and 700 are provided. Cell 200 is part of a communication network of a first operator

(OPA) and cells 300 and 700 are part of a communication network of a second operator

(OPB), respectively, wherein each operator's exclusive (RF) spectrum is used in the

respective cell.

Each of the macro cells 200, 300, 700 is controlled by a corresponding communication

network control element comprising, e.g. a (macro) eNB (OPA_eNB 20 of operator



network OPA) and an O&M element (OPA &M 20a) of the first operator network OPA,

or a (macro) eNB (OPB_eNB1 30 or OPB_eNB2 70 of operator network OPB) and an

O&M element (OPB_0&M 30a) of the second operator network OPB. According to some

example versions of the disclosure, the communication control network elements of the

one of the respective different networks (such as for the OPB network OPB_eNB1 30 and

OPB_eNB2 70) are configured to communicate with each other by a direct communication

connection or by means of a communication path involving, for example, the core network

of the operator network, or another communication path, such as the Internet, a dedicated

connection, etc.. Furthermore, a communication path between communication network

control element (e.g. eNBs) of different operator networks may be provided via several

elements in the networks (for example an eNB may communicate with some core network

entity of its own network and then the core network entity of two operators may exchange

information regarding information related to corresponding eNB).

As shown in Fig. 3 , each of the OPA and OPB networks comprise one or more small cells

in a heterogeneous network structure, which are connected to a corresponding

communication network control element of the macro cell via a corresponding backhaul

link. Specifically, in the example shown in Fig. 3 , the OPA network comprises a small cell

controlled by an access network element or access point denoted as OPA_AP1 40. The

OPB network comprises two small cells controlled by access network elements or access

points denoted as OPB_AP2 60 and OPB_AP3 50, respectively, wherein the small cell of

OPB_AP50 is located in the area of macro cell 700 (and may be hence controlled by the

OPB_eNB2 70). It is to be noted that the OPA and OPB networks may comprise more

small cells than those shown in Fig. 1. As can be seen in Fig. 3 , the small cells and the

macro cells can have various neighboring cell relationships: for example the small cell of

OPA_AP1 40 is a neighboring cell to the OPB macro cells and the OPB small cell of

OPB_AP2 60, while the small cell of OPB_AP3 50 is a neighboring cell to the OPA macro

cell, for example.

According to example versions of the disclosure, the APs of the respective small cells and

the communication network control element of the respective operator are connected by

interfaces using a backhaul network or another connection type, such as a wired or

wireless communication line, or the like.



Furthermore, as indicated in Fig. 3 , communication elements or devices such as UEs may

be located in the cell areas. In Fig. 3 , only one UE 10 is shown which is assumed to be

originally connected to the OPB network (i.e. OPB network is home network of UE 10).

It should be appreciated that according to some example versions of the disclosure, a so-

called "liquid" or flexible radio concept is employed where the operations and

functionalities of a communication network control element or of another entity of the

communication network, such as of one or more of the shown eNBs or APs, may be

performed in different entities, such as a node, host or server, in a flexible manner. In

other words, a "division of labour" between involved network elements or entities may vary

case by case. One possible alternative to the example illustrated is, for example, to make

a base station or the like to deliver local content.

In the example shown in Fig. 3 , it is now assumed that a spectrum sharing relationship

(spectrum cooperation relationship (SCR)) can be established among the multiple (here

two) network operators OPA and OPB. The SCR may be set up between OPA and OPB

on different levels, e.g. between the macro cells, between small cells and macro cells, or

between small cells. In the example version of the disclosure as indicated in Fig. 3 , it is

assumed that an SCR is established between a small cell of one network and a macro cell

of the other network. Specifically, as indicated by a dashed arrow between OPA_AP1 40

and OPB_eNB 30 or between OPB_AP3 50 and OPA_eNB 20, SCR is assumed to be

established between these elements.

Referring to Fig. 4 , an example version of the disclosure regarding a communication using

a spectrum sharing based on a spectrum cooperation relationship with service

coordination and network coordination is explained by means of a signaling diagram

illustrating a control scheme of the communication. The signaling diagram illustrates

processings and functions executed by communication network control elements (such as

eNBs and APs) and communication elements (such as UEs) in a scenario as indicated in

Fig. 3 , for example. That is, it is assumed that there is are spectrum cooperation

opportunities in RAN level between OPA and OPB, such as SCR links between OPA_eNB



20 and OPB_AP3 50 on the one side and OPA_AP1 40 and OPB_eN B 30 on the other

side.

In S110, as in S 10 of Fig. 2 , network elements involved in a spectrum cooperation

relationship are configured in accordance with the result of a spectrum sharing

cooperation negotiation between the operators (i .e. OPA and OPB). That is,

communication network control elements are configured to establish an SCR link, when

suitable (e.g. when measurement results are thus that an SCR link can be established

between e.g. a small cell AP of one network and the macro cell eNB of the other network),

resulting in a SCR opportunity or link as indicated e.g. in Fig. 3 .

In addition, a function enabling a service coordination is configured in the communication

network control elements involved in the communication procedure according to example

versions of the disclosure. That is, in S115 , as in S 15 of Fig. 2 , a configuration based on a

spectrum sharing incentive agreement (which is negotiated between the networks (e.g.

OPB and OPA)) is executed.

In S120, a decision is made e.g. in the OPA_AP1 40 to request for spectrum usage right

of a part of the OPB spectrum . Consequently, a request is sent to the OPB network via the

SCR link (i.e. to OPB_eN B 30). The request comprises service coordination information

and network coordination information, like in case of S20 of Fig. 2 , so that a further

detailed explanation thereof is omitted here.

In S30, the receiving side of the spectrum request, such as the OPB_eN B1 30, processes

the request and the contained service coordination and network coordination information.

For example, based on the service and network coordination information indicated in the

spectrum request sent by the OPA_AP1 40, the receiving macro eNB of operator B may

decide on whether and which measures offered for compensation are acceptable and start

by using the network coordination information as a basis of compensation, to grant some

spectrum to the OPA. According to the present example versions of the disclosure, the

receiving macro eNB (i.e. OPB_eN B1 30) determines also a neighboring cell is involved in



the network coordination, i.e. cell 700 controlled by OPB_eNB2 70. This is based, for

example, on small cells information provided in network coordination information indicating

e.g. small cell of OPB_AP3 50 which is located in cell 700 and controlled by OPB_eNB2

70.

Thus, in S125, by using suitable interface procedures (e.g. X2 interface procedure in

LTE/LTE-A system) between the receiving macro eNB (OPB_eNB1 30) and the

neighboring macro eNB (OPB_eNB2 70), network coordination information are delivered

to the other involved communication network control elements.

According to some example versions of the disclosure, the message exchanged in S125

includes a full copy of the network coordination information received in S120. Alternatively,

the message includes only a part of the network coordination information that is relevant

to the neighboring macro eNBs. For example, reserved C-RNTIs and RACH preambles

may be divided among the receiving and the neighboring macro eNBs in order to avoid

double use of them, wherein only that part of C-RNTIs and RACH preambles that is

allocated to the neighboring cell is included in the message in S125.

In the service and network coordination processing according to the example of Fig. 4 , in

S140, the OPB_eNB1 30 puts the OPA serving cells indicated in the network coordination

information as neighboring cells that UEs of OPB can access and instructs at least one

UE of the OPB (here UE 10) to conduct measurements for those cells for handover or cell

re-selection purpose. The instruction in S140 is provided, for example, by either a

common signaling (e.g. by updating system information regarding inter-frequency or intra-

frequency neighboring cells related information) or a dedicated signaling (e.g. by a

measurement configuration signaling message).

In S145, after the UE 10 has made the requested measurement of the OPA serving cell

(i.e. after a determination of communication situation towards OPA_eNB 20, for example),

a measurement report is sent from UE 10 to the OPB_eNB1 30.



In S150, on the basis of the measurement report, OB_eN B1 30 selects UEs (here e.g. UE

10) for making a switch (handover) to the serving cells of OPA (i.e. for using it as a

communication relay). It is to be noted that the number of UEs selected for switching is not

limited to one.

According to some example versions of the disclosure, with regard to S150, for each

selected UE, the OPB_eN B1 30 determines also one of the small cells of OPB indicated in

network coordination information as a target cell in the own operator's (OPB) network for

the UE to handover. For example, OPB_AP3 50 is determined . Since OPB_AP3 50 is

controlled by OPB_eN B2 70, the OPB_eN B1 30 uses a suitable interface towards the

communication network control element (OPB_AP3 50) of the cell determined to be the

target cell (such as a X2 or S1 interface as in LTE/LTE-A system) for informing the cell

about the usage as a target cell. That is, according to some example versions of the

disclosure, the target cell is informed by means of e.g. a handover preparation procedure

about the coming handover of the selected UE. That is, for supporting the handover

preparation, a handover preparation procedure is enhanced to inform the target cell that it

is only an anchor point for the UE to connect to the core network of OPB, but that the UE

does not access the target cell over the radio directly (i.e. a regular handover is not

conducted). In other words, the target cell (i.e. the communication network control element

such as the OPB_AP3 50) is informed that the UE accesses the target cell via an OPA

radio cell and the SCR link established between the target cell and OPA serving cell . This

information is provided in S160 and S163 (e.g. by means of handover request and

response messages exchanged between OPB_eN B 1 30 and OPB_eN B2 70 as well as

between OPB_eN B2 70 and OPB_AP3 50).

In S165, OPB_eN B1 30 commands the selected UE (here UE 10) to switch the

communication connection (i.e. to handover) to the OPA serving cell (OPA_eN B 20). In

connection with the command, according to some example versions of the disclosure,

additional information of the target cell (OPB_AP3 50) that OPB_eN B1 30 has determined

for the UE 10 is provided. Furthermore, a set of access information, such as RACH

preamble and C-RNTI , which is derived from the network coordination information, is

provided to the UE 10 .



Upon receiving the connection switching command from OPB_eNB1 30, the UE 10

accesses in S170 the OPA serving cell indicated in the command by using the RACH

preamble and C-RNTI indicated in the handover command in order to establish an RRC

connection, for example.

In S180, a radio bearer establishment is conducted between the OPA serving cell and the

OPB target cell via the SCR link. For example, S180 is executed in reaction to S163, i.e.

when the OPB small cell is informed about being the target cell. Then, the OPB target cell

triggers the radio bearers establishment over the SCR link towards the OPA serving cell.

In this connection, also an information may be provided informing the OPA serving cell

that a UE will be handed over soon. Furthermore, UE context information may be

delivered to OPA serving cell at the same time.

On the other hand, according to some further example versions of the disclosure, S180

may be executed when the UE 10 accesses the OPA serving cell in S170, i.e. when a

connection establishment between UE 10 and OPA_eNB 20 is conducted. That is, since

in this case no UE context information including information on the target cell in OPB

network is available on the OPA serving cell side before the UE 10 accesses to the OPA

serving cell (OPA_eNB 20), in the connection establishment procedure in S180, also

information indicating the determined OPB target cell is provided to the OPA serving cell

by the UE 10. Then, S180 is executed, triggered by the OPA serving cell.

As a result of S180, the OPA serving cell establishes the radio bearers for the UE 10 to

the OPB target cell over the SCR link allowing the user traffic to be routed to OPB's core

network from the OPB target cell.

Based on the network coordination offered by OPA, OPB may consider to release some of

its spectrum from its own small cells, for example in case there is an interference with the

requesting small cell of OPA (OPA_AP1 40). This decision is made, for example, in case

some of current active UEs (i.e. UE 10) are redirected to the other cells (i.e. OPB_AP3 50

acting as a target cell). This is indicated for example by means of a signaling from



OPB_AP3 50 via OPB_eNB2 70 indicating that the relay connection to UE 10 via the SCR

link to OPA_eNB 20 is established (see S190 and S193). Based on this indication, the

OPB_eNB1 30 decides in S195 on a spectrum release for the own small cells and a

corresponding spectrum grant for the OPA network.

For example, in S195, OPB_eNB1 30 deactivate a part or the whole small cell of

OPB_AP2 60, for example in case it is possible to redirect all current UEs of the cell to

other cells (i.e. to OPB_AP3 50 via the SCR link, for example). Alternatively, active UEs

may be redirected to the other cells of the OPB network wherein the OPB_eNB1 30 may

select some of its active UEs to handover to the OPA serving cell in order to allow the

macro eNB to have sufficient capacity to accept the UEs from the small cells of which the

spectrum may be granted to the OPA small cells.

In S200, the granted spectrum is indicated to the requesting side, i.e. to OPA_AP1 40.

In the above described example versions of the disclosure, as indicated in Figs. 1 to 4 ,

only one macro eNB of OPA is illustrated. However, according to example versions of the

disclosure, serving cells for network coordination proposed by OPA are not limited to be

that of the controlling macro eNB of a small cell AP that requests the spectrum from OPB.

Serving cells may be also any neighboring macro cell or even small cell of OPA, as long

as an SCR link towards a OPB network part is available.

Furthermore, according to example versions of the disclosure, the network coordination

process executed in the OPB network like in S130 and S150 is not limited to be executed

by the macro eNB that receives the spectrum request from OPA. Any of the macro eNBs

of neighboring cells may also perform the network coordination process and instruct its

UEs to switch to a serving cell of the OPA network as indicated, as long as the

neighboring cells have an overlapping service area with the indicated serving cell of OPA.



Furthermore, in the sequences indicated in Figs. 2 and 4 , it is indicated that the radio

bearer establishment happens after the UE accesses the OPA serving. As indicated

above, the radio bearer establishment may be also triggered by the OPB target cell before

the UE 10 accesses to the OPA serving cell .

Similarly, the spectrum grant message may be sent even if the network coordination

procedure is not completed. In this case, the granted spectrum may be determined by the

estimation on the possible network cooperation opportunities.

It is to be noted that according to some example versions of the disclosure, a procedure

for setting up an SCR (or an SCR link) as indicated to be present in Fig. 1 may be

executed, for example, during a deployment of a small cell of the respective network, a

reconfiguration thereof or in a reset case. Furthermore, it is possible that small cells are

allowed and able to use the high-priority usage spectrum of the OPB. For example, a

setup of an SCR link between a small cell AP and the other operator's eNB (e.g. between

OPA_aN B 20 and OPB_AP3 50 or between OPB_eN B 1 30 and OPA_AP 1 40) may be

based on different conditions, such as a quality of radio connection between the AP and

other operator's eNB (e.g. whether or not an AP is in the cell center rather than cell edge),

load conditions etc.. In addition, as described above, an established SCR link may be

used not only for this particular AP to request the spectrum, but it can also be used by

other APs.

Fig. 5 shows a flow chart of a processing conducted in a communication network control

element (e.g. of OPB, such as OPB_eN B 30) acting as a spectrum request

processing/granting part with regard to a control of a communication using a spectrum

sharing based on a spectrum cooperation relationship with service coordination and

network coordination according to some example versions of the disclosure.

In S300, a request for using a part of a spectrum of a second communication network by a

first communication network on the basis of a SCR configuration is received and

processed .



It is to be noted that before receiving and processing the spectrum request, a processing

related to configure the SCR related to the usage of the spectrum of the second

communication network in a sharing manner by the first communication network is

conducted, i.e. the SCR is established between the respective communication networks

and the involved network elements are configured to be able to use the SCR.

Furthermore, similarly to the SCR configuration, a processing related to configure a

function for enabling the processing for service coordination and network coordination

according to service coordination and network coordination rules agreed between the first

communication network and the second communication network according in a spectrum

sharing incentive agreement is conducted in advance to the processing of the request for

using a part of the spectrum of the second communication network. The spectrum sharing

incentive agreement defines rules for a compensation by communication load reduction

enabled by the first communication network for a spectrum grant provided by the second

communication network, wherein the service coordination information is based on the

spectrum sharing incentive agreement.

In S310, service coordination information and network coordination information related to

the request for using a part of the spectrum are received and processed. The service

coordination information indicates measures offered by the first communication network

allowing the second communication network to reduce a communication load by using a

part of the first communication network as a communication relay as compensation for

allowing to use a part of the spectrum of the second communication network by the first

communication network. The network coordination information indicates identification

information identifying communication areas or cells of the first and second

communication networks usable for the offered measures and configuration information

required for using the offered measures. For example, the network coordination

information comprises an indication of an identification and parameters of the part of the

first communication network usable as a communication relay (e.g. RF channels, PCI,

ECGI of OPA cells that are offered to be accessed by UEs of OPB). Alternatively or

additionally, the network coordination information comprises an indication (e.g. ECGI) of a

communication area or cell of the second communication network with which a spectrum



cooperation relationship is configured with the indicated part of the first communication

network usable as a communication relay. Alternatively or additionally, the network

coordination information comprises an indication of UE context information to be used for

communication elements of the second communication network for accessing the part of

the first communication network acting as a communication relay (e.g. reserved C-RNTIs,

RACH preambles for UEs to be switched, which are to be used to access the indicated

serving cell). Alternatively or additionally, the network coordination information comprises

an indication of connection parameters required for getting access to the part of the first

communication network acting as a communication relay (for example, conditions for the

UE to access the indicated serving cell, such as thresholds for downlink measurements

like RSRP and/or RSRQ thresholds).

In S320, a processing for service coordination and network coordination for reducing the

communication load in the second communication network by using a part of the first

communication network as a communication relay is conducted on the basis of the

processing result of the service coordination information and the network coordination

information .

For example, the processing for service coordination and network coordination for

reducing the communication load in the second communication network by using a part of

the first communication network as a communication relay comprises determining, on the

basis of the processing result of the network coordination information, a communication

area or cell of the second communication network involved in usage of the part of the first

communication network as a communication relay (i .e. determination of a target cell acting

as an anchor point). Furthermore, the processing comprises to provide configuration data

based on the received network coordination information to communication network control

elements of the determined communication area or cell of the second communication

network, the configuration data being related to the usage of the part of the first

communication network as a communication relay.

In addition, on the basis of the network coordination information, a neighboring cell

measurement on the basis of the identification information identifying communication



areas or cells of the first communication network usable for the offered measures is

initiated to be conducted by at least one communication element (UE) of the second

communication network. Corresponding measurement reports of the at least one UE are

received and processed .

It is to be noted that the processing for service coordination and network coordination for

reducing the communication load in the second communication network by using a part of

the first communication network as a communication relay may further comprise to inform

a communication area or cell of the second communication network to be used as an

anchor point (target cell) for the part of the first communication network acting as the

communication relay for accessing the second communication network on the basis of the

SCR about a (coming) switch of a UE to the part of the first communication network acting

as a communication relay (i.e. to inform that the UE does not connect directly to the target

cell but via the relay element).

In S330, at least one UE is selected to be switched on the basis of the measurement

report and the network coordination information, i.e. to using the indicated part of the first

communication network as a communication relay. Then, the selected UE(s) is instructed

to switch a communication connection to the part of the first communication network

acting as a communication relay. The instruction may comprise information indicating a

communication area or cell of the second communication network to be used as an

anchor point (target cell) for the part of the first communication network acting as the

communication relay for accessing the second communication network on the basis of the

SCR.

In S340, it is decided which part of the spectrum of the second communication network is

granted to the request. A corresponding response to the request for using a part of the

spectrum of the second communication network is transmitted to the requesting side.

It is to be noted that e.g. depending on an urgency of a spectrum request (which may be

indicated by a corresponding indication), S340 may be executed also before S320, i.e. the



decision which part of the spectrum of the second communication network is granted and

the transmission of the response to the request are executed before the processing for

service coordination and network coordination. Furthermore, in S340, a release of

spectrum usage by the second communication network may be executed, in

correspondence with the granted spectrum.

Fig. 6 shows a flow chart of a processing conducted in a communication network control

element (e.g. of OPA, such as OPA_AP1 40) acting as a spectrum requesting part with

regard to a control of a communication using a spectrum sharing based on a spectrum

cooperation relationship with service coordination and network coordination according to

some example versions of the disclosure.

In S400, a request for using a part of a spectrum of a second communication network on

the basis of a SCR configuration between a first communication network and the second

communication network is made.

Furthermore, in S410, service coordination information and network coordination

information related to the request for using a part of the spectrum of the second

communication network are provided.

The service coordination information indicates measures offered by the first

communication network allowing the second communication network to reduce a

communication load by using a part of the first communication network as a

communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network.

The network coordination information indicates identification information identifying

communication areas or cells of the first and second communication networks usable for

the offered measures and configuration information required for using the offered

measures. For example, the network coordination information comprises an indication of



an identification and parameters of the part of the first communication network usable as a

communication relay (e.g. RF channels, PCI, ECGI of OPA cells that are offered to be

accessed by UEs of OPB). Alternatively or additionally, the network coordination

information comprises an indication (e.g. ECGI) of a communication area or cell of the

second communication network with which a spectrum cooperation relationship is

configured with the indicated part of the first communication network usable as a

communication relay. Alternatively or additionally, the network coordination information

comprises an indication of UE context information to be used for communication elements

of the second communication network for accessing the part of the first communication

network acting as a communication relay (e.g. reserved C-RNTIs, RACH preambles for

UEs to be switched, which are to be used to access the indicated serving cell).

Alternatively or additionally, the network coordination information comprises an indication

of connection parameters required for getting access to the part of the first communication

network acting as a communication relay (for example, conditions for the UE to access the

indicated serving cell, such as thresholds for downlink measurements like RSRP and/or

RSRQ thresholds).

It is to be noted that before making a spectrum request, a processing related to configure

the SCR related to the usage of the spectrum of the second communication network in a

sharing manner by the first communication network is conducted, i.e. the SCR is

established between the respective communication networks and the involved network

elements are configured to be able to use the SCR.

Furthermore, similarly to the SCR configuration, a processing related to configure a

function for enabling the processing for service coordination and network coordination

according to service coordination and network coordination rules agreed between the first

communication network and the second communication network according in a spectrum

sharing incentive agreement is conducted in advance to the processing of the request for

using a part of the spectrum of the second communication network. The spectrum sharing

incentive agreement defines rules for a compensation by communication load reduction

enabled by the first communication network for a spectrum grant provided by the second

communication network, wherein the service coordination information is based on the

spectrum sharing incentive agreement.



In S420, a response to the request for using a part of the spectrum of the second

communication network is received and processed . The response indicates which part of

the spectrum of the second communication network is granted to the request.

Fig. 7 shows a flow chart of a processing conducted in a communication network control

element (e.g. of OPB, such as OPB_AP3 50) acting as a target cell controlling part with

regard to a control of a communication using spectrum cooperation relationship with

service coordination and network coordination according to some example versions of the

disclosure.

In S500, network coordination information and/or configuration information based on

network coordination information related to a request for using a part of a spectrum of a

second communication network by a first communication network on the basis of a SCR

configuration are received and processed .

Generally, the network coordination information indicates identification information

identifying communication areas or cells of the first and second communication networks

usable for the offered measures and configuration information required for using the

offered measures. For example, the network coordination information comprises an

indication of an identification and parameters of the part of the first communication

network usable as a communication relay (e.g. RF channels, PCI , ECGI of OPA cells that

are offered to be accessed by UEs of OPB). Alternatively or additionally, the network

coordination information comprises an indication (e.g. ECGI ) of a communication area or

cell of the second communication network with which a spectrum cooperation relationship

is configured with the indicated part of the first communication network usable as a

communication relay. Alternatively or additionally, the network coordination information

comprises an indication of UE context information to be used for communication elements

of the second communication network for accessing the part of the first communication

network acting as a communication relay (e.g. reserved C-RNTIs, RACH preambles for

UEs to be switched, which are to be used to access the indicated serving cell).

Alternatively or additionally, the network coordination information comprises an indication



of connection parameters required for getting access to the part of the first communication

network acting as a communication relay (for example, conditions for the UE to access the

indicated serving cell, such as thresholds for downlink measurements like RSRP and/or

RSRQ thresholds). The configuration information based on network coordination

information indicates a subset of this information required for conducting the further

processing.

For example, an information indicating may be received and processed which is related to

a configuration that a communication area or cell of the second communication network

(i.e. the communication area or cell where the communication network control element

(e.g. of OPB, such as OPB_AP3 50) acting as a target cell controlling part is located) is

used as an anchor point for the part of the first communication network acting as the

communication relay for accessing the second communication network on the basis of the

SCR. Furthermore, information about a (coming) switch of a communication connection

(i.e. handover) of a selected UE to the part of the first communication network acting as

the communication relay is provided for preparing to serve the selected UEs by the target

cell control element.

It is to be noted that before processing the network coordination information, a processing

related to configure the SCR related to the usage of the spectrum of the second

communication network in a sharing manner by the first communication network is

conducted, i.e. the SCR is established between the respective communication networks

and the involved network elements are configured to be able to use the SCR.

In S51 0, a radio bearer connection via a SCR link to a part of the first communication

network to be used as a communication relay is established . For example, on the basis of

the processing result of the network coordination information or the configuration

information related to the network coordination information, the bearer establishment is

initiated or triggered so as to prepare the communication path between the communication

relay and the anchor point. According to some example versions of the disclosure, in the

bearer establishment procedure, also UE context information regarding the UE to be

switched to the part of the first communication network acting as the communication relay

is provided, when available.



In S520, the communication between the selected UE being switched to the part of the

first communication network acting as the communication relay and the communication

network is established and conducted. That is, for example, data from the UE are received

via the SCR link from the part of the first communication network used as the

communication relay, and the received data from the UE of the second communication

network are forwarded to a core network of the second communication network. On the

other hand, data directed to the switched UE of the second communication network are

received from the core network of the second communication network, and the data

directed to the UE are forwarded via the SCR link to the part of the first communication

network used as the communication relay.

Fig. 8 shows a flow chart of a processing conducted in a communication network control

element (of OPA, such as OPA_eNB 20) acting as a serving cell controlling part with

regard to a control of a communication using a spectrum sharing based on a spectrum

cooperation relationship with service coordination and network coordination according to

some example versions of the disclosure.

In S600, a processing for establishing a communication connection to a communication

element (e.g. UE) of another (i.e. the second) communication network is conducted. The

establishment of the communication connection to the communication element of the

other (second) communication network is based on UE specific context information

assigned by the own (first) communication network to communication elements of the

other (second) communication network for accessing a part of a first communication

network which has to act as a communication relay allowing the second communication

network to reduce a communication load by using the communication relay as

compensation for allowing to use a part of the spectrum of the second communication

network by the first communication network. For example, the UE specific context

information comprises reserved RACH preambles or the like. The identification of the UE

specific context information assigned by the first communication network to UEs of the

second communication network (i.e. for accessing a part of a first communication network

which has to act as a communication relay allowing the second communication network to

reduce a communication load by using the communication relay as compensation for



allowing to use a part of the spectrum of the second communication network by the first

communication network) is based on predefined network coordination information being

used for a request for using a part of a spectrum of the second communication network by

the first communication network. As described above, the network coordination

information indicating identification information identifying communication areas or cells of

the first and second communication networks usable for measures to reduce the

communication load of the second communication network, and configuration information

required for using the measures. In other words, based on the identified reserved RACH

preamble and/or C-RNTI, for example, the serving cell is able to recognize that the

accessing UE is to be served as a communication relay only wherein the SCR link

towards a part of the second network (target cell of OPB) is used for communication of the

UE to and from the core network of OPB.

It is to be noted that before the processing for establishing the communication connection,

a processing related to configure the SCR related to the usage of the spectrum of the

second communication network in a sharing manner by the first communication network is

conducted, i.e. the SCR is established between the respective communication networks

and the involved network elements are configured to be able to use the SCR.

In S610, a processing for establishing a radio bearer connection via a SCR link to an

anchor node of the second communication network is conducted.

In S620, the communication between the UE being switched to the part of the first

communication network acting as the communication relay and the anchor node of the

second communication network is established and conducted. That is, for example, data

from the communication element of the second communication network are received via

the established communication connection. In the function as the communication relay,

the received data from the communication element of the second communication network

are forwarded over the established radio bearer connection via the SCR link to the anchor

node of the second communication network. Otherwise, data directed to the

communication element of the second communication network are received from the

anchor node of the second communication network over the established radio bearer



connection via the SCR link, and in the function as the communication relay, the data

directed to the communication element are forwarded via the established communication

connection to the communication element of the second communication network.

It is to be noted that the order of S600 and S610 may be different. That is, according to

one option, the processing for establishing the radio bearer connection via the SCR link to

the anchor node of the second communication network is conducted before conducting

the processing for establishing the communication connection to the communication

element of the second communication network. In this case, the establishment of the radio

bearer connection may be triggered by the anchor node of the second communication

network, wherein UE specific context information may be received during the radio bearer

establishment and correspondingly processed (as a preparation for the processing for

establishing the communication connection to the UE, wherein the identification of the UE

specific context information is simplified). On the other hand, according to another option,

the processing for establishing the communication connection to the communication

element of the second communication network is conducted before conducting the

processing for establishing the radio bearer connection via the spectrum cooperation

relationship link to the anchor node of the second communication network. In this case,

the processing for establishing the radio bearer connection via the spectrum cooperation

relationship link is triggered e.g. by the serving cell side. In addition, when the

communication connection establishment to the communication element (UE) is executed,

information identifying a communication area or cell of the second communication network

to be used as the anchor point of the second communication network may be received

and processed.

Fig. 9 shows a flow chart of a processing conducted in a communication element (UE

being selected to be switched to OPA) with regard to a control of a communication using a

spectrum sharing based on a spectrum cooperation relationship with service coordination

and network coordination according to some example versions of the disclosure.

In S700, a processing for establishing a communication connection between a

communication element (e.g. UE) and an indicated serving cell of another (i.e. the first)

communication network is conducted. The establishment of the communication



connection to the communication network control element of the other (first)

communication network is based on UE specific context information indicated in a

connection switching command received from an own communication network control

element, which serves for accessing a part of the first communication network which has

to act as a communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network. For example, the UE specific context information includes a

reserved RACH preamble or the like. According to some further example versions of the

disclosure, also information regarding a target cell to be used as an anchor point for the

part of the first communication network acting as a communication relay into the own

communication network is provided.

In S720, the communication between the UE being switched to the part of the first

communication network acting as the communication relay and the anchor node of the

second communication network is established and conducted. That is, for example, data

are sent to the own communication network (e.g. OPB core network) via the established

communication connection to the part of the first communication network acting as the

communication relay (e.g. OPA_eNB 20). Vice versa, data are received from the own

network (i.e. from the anchor node of the second communication network) via the

established communication connection to the part of the first communication network

acting as the communication relay (e.g. OPA_eNB 20).

It is to be noted that in addition to the above described processing, the communication

element may also conduct, before accessing the part of the first communication network

acting as the communication relay (e.g. OPA_eNB 20), measurements for determining a

communication quality towards the part of the first communication network acting as the

communication relay (e.g. OPA_eNB 20). This measurement is triggered, for example, by

a corresponding instruction indicating the part of the first communication network acting as

the communication relay (e.g. OPA_eNB 20) as a neighboring cell.



In Fig. 10, a diagram illustrating a configuration of a communication network control

element, such as of the OPB_eNB 30, is shown, which is configured to implement the

communication procedure as a spectrum request receiving element as described in

connection with some example versions of the disclosure. It is to be noted that the

communication network control element like the OPB_eNB 30 shown in Fig. 10 may

comprise several further elements or functions besides those described herein below.

Furthermore, even though reference is made to an eNB, the communication network

control element may be also another device having a similar function, such as a chipset, a

chip, a module etc., which can also be part of a communication network control element or

attached as a separate element to a communication network control element, or the like. It

should be understood that each block and any combination thereof may be implemented

by various means or their combinations, such as hardware, software, firmware, one or

more processors and/or circuitry.

The communication network control element shown in Fig. 10 may comprise a processing

function, control unit or processor 31, such as a CPU or the like, which are suitable for

executing instructions given by programs or the like related to the communication

procedure. The processor 3 1 may comprise one or more processing portions dedicated to

specific processing as described below, or the processing may be run in a single

processor. Portions for executing such specific processing may be also provided as

discrete elements or within one or more further processors or processing portions, such as

in one physical processor like a CPU or in several physical entities, for example.

Reference signs 32 and 33 denote transceiver or input/output (I/O) units (interfaces)

connected to the processor 3 1. The I/O units 32 may be used for communicating with one

or more communication elements, such as UE 10, or via an SCR link, for example an air

interface. The I/O units 33 may be used for communicating with one or more other

network elements of the OPB network, such as other communication network control

elements, like neighboring cells, APs of small cells, etc.. The I/O units 32 and 33 may be a

combined unit comprising communication equipment towards several network elements,

or may comprise a distributed structure with a plurality of different interfaces for different

network elements. Reference sign 34 denotes a memory usable, for example, for storing

data and programs to be executed by the processor 3 1 and/or as a working storage of the

processor 3 1 .



The processor 3 1 is configured to execute processing related to the above described

communication procedure. In particular, the processor 3 1 comprises a sub-portion 3 10 as

a processing portion which is usable as a SCR configuration portion. The portion 310 may

be configured to perform processing according to S10 and S110 of Figs. 1 and 3 .

Furthermore, the processor 3 1 comprises a sub-portion 3 11 usable as a service

coordination and network coordination function. The portion 3 11 may be configured to

perform processing according to S 15 and S 115 of Figs. 1 and 3 . Furthermore, the

processor 3 1 comprises a sub-portion 3 12 usable as a portion for processing a spectrum

request. The portion 312 may be configured to perform a processing according to S300 of

Fig. 5 . In addition, the processor 31 comprises a sub-portion 313 usable as a portion for

service and network coordination. The portion 313 may be configured to perform a

processing according to S310 , S320 and S330 of Fig. 5 . Moreover, the processor 3 1

comprises a sub-portion 314 usable as a portion for executing a spectrum granting and

spectrum releasing function. The portion 314 may be configured to perform a processing

according to S340 of Fig. 5 .

In Fig. 11, a diagram illustrating a configuration of a communication network control

element or access network element, such as of the OPA_AP 1 40, is shown, which is

configured to implement the communication procedure as a spectrum requesting element

as described in connection with some example versions of the disclosure. It is to be noted

that the communication network control element like the OPA_AP1 40 shown in Fig. 11

may comprise several further elements or functions besides those described herein below.

Furthermore, even though reference is made to a communication network control element

or access network element, the communication network control element or access

network element may be also another device having a similar function, such as a chipset,

a chip, a module etc., which can also be part of a communication network control element

or access network element or attached as a separate element to a communication

network control element or access network element, or the like. It should be understood

that each block and any combination thereof may be implemented by various means or

their combinations, such as hardware, software, firmware, one or more processors and/or

circuitry.

The communication network control element or access network element shown in Fig. 11

may comprise a processing function, control unit or processor 41, such as a CPU or the



like, which are suitable for executing instructions given by programs or the like related to

the communication procedure. The processor 41 may comprise one or more processing

portions dedicated to specific processing as described below, or the processing may be

run in a single processor. Portions for executing such specific processing may be also

provided as discrete elements or within one or more further processors or processing

portions, such as in one physical processor like a CPU or in several physical entities, for

example. Reference signs 42 and 43 denote transceiver or input/output (I/O) units

(interfaces) connected to the processor 41. The I/O units 42 may be used for

communicating with one or more communication elements, such as UE 10 , or via an SCR

link, for example an air interface. The I/O units 43 may be used for communicating with

one or more other network elements of the OPA network, such as a communication

network control elements like the OPA_eN B 20. The I/O units 42 and 43 may be a

combined unit comprising communication equipment towards several network elements,

or may comprise a distributed structure with a plurality of different interfaces for different

network elements. Reference sign 44 denotes a memory usable, for example, for storing

data and programs to be executed by the processor 41 and/or as a working storage of the

processor 4 1 .

The processor 4 1 is configured to execute processing related to the above described

communication procedure. In particular, the processor 4 1 comprises a sub-portion 4 10 as

a processing portion which is usable as a SCR configuration portion . The portion 4 10 may

be configured to perform processing according to S 10 and S110 of Figs. 1 and 3 .

Furthermore, the processor 4 1 comprises a sub-portion 411 usable as a service

coordination and network coordination function . The portion 4 11 may be configured to

perform processing according to S 15 and S 115 of Figs. 1 and 3 . Furthermore, the

processor 4 1 comprises a sub-portion 412 usable as a portion for executing a processing

related to a spectrum request. The portion 4 12 may be configured to perform a processing

according to S400 and S420 of Fig. 6 . In addition, the processor 4 1 comprises a sub-

portion 4 13 usable as a portion for service and network coordination . The portion 413 may

be configured to perform a processing according to S4 10 of Fig. 6 .

In Fig. 12 , a diagram illustrating a configuration of a communication network control

element or access network element, such as of the OPB_AP3 50, is shown, which is

configured to implement the communication procedure as a target element or node as



described in connection with some example versions of the disclosure. It is to be noted

that the communication network control element or access network element like the

OPB_AP3 50 shown in Fig. 12 may comprise several further elements or functions

besides those described herein below. Furthermore, even though reference is made to a

communication network control element or access network element, the communication

network control element or access network element may be also another device having a

similar function, such as a chipset, a chip, a module etc., which can also be part of a

communication network control element or access network element or attached as a

separate element to a communication network control element or access network

element, or the like. It should be understood that each block and any combination thereof

may be implemented by various means or their combinations, such as hardware,

software, firmware, one or more processors and/or circuitry.

The communication network control element or access network element shown in Fig. 12

may comprise a processing function, control unit or processor 51, such as a CPU or the

like, which are suitable for executing instructions given by programs or the like related to

the communication procedure. The processor 51 may comprise one or more processing

portions dedicated to specific processing as described below, or the processing may be

run in a single processor. Portions for executing such specific processing may be also

provided as discrete elements or within one or more further processors or processing

portions, such as in one physical processor like a CPU or in several physical entities, for

example. Reference signs 52 and 53 denote transceiver or input/output (I/O) units

(interfaces) connected to the processor 51. The I/O units 52 may be used for

communicating with one or more communication elements, such as UE 10 , or via an SCR

link, for example an air interface. The I/O units 53 may be used for communicating with

one or more other network elements of the OPB network, such as communication network

control elements like the OPB_eN B 30 or 70. The I/O units 52 and 53 may be a combined

unit comprising communication equipment towards several network elements, or may

comprise a distributed structure with a plurality of different interfaces for different network

elements. Reference sign 54 denotes a memory usable, for example, for storing data and

programs to be executed by the processor 5 1 and/or as a working storage of the

processor 5 1 .



The processor 5 1 is configured to execute processing related to the above described

communication procedure. In particular, the processor 5 1 comprises a sub-portion 510 as

a processing portion which is usable as a SCR configuration portion. The portion 510 may

be configured to perform processing according to S10 and S 110 of Figs. 1 and 3 .

Furthermore, the processor 5 1 comprises a sub-portion 5 11 usable as a service

coordination and network coordination function. The portion 5 11 may be configured to

perform processing according to S15 and S 115 of Figs. 1 and 3 and S500 according to

Fig. 7 . Furthermore, the processor 5 1 comprises a sub-portion 512 usable as a portion for

executing a processing related to a bearer establishment. The portion 512 may be

configured to perform a processing according to S510 of Fig. 7 . In addition, the processor

5 1 comprises a sub-portion 513 usable as a portion for service and network coordination.

The portion 513 may be configured to perform a processing according to S520 of Fig. 7 .

In Fig. 13, a diagram illustrating a configuration of a communication network control

element, such as of the OPA_eNB 20, is shown, which is configured to implement the

communication procedure as a serving cell communication network control element as

described in connection with some example versions of the disclosure. It is to be noted

that the communication network control element like the OPA_eNB 20 shown in Fig. 13

may comprise several further elements or functions besides those described herein below.

Furthermore, even though reference is made to an eNB, the communication network

control element may be also another device having a similar function, such as a chipset, a

chip, a module etc., which can also be part of a communication network control element or

attached as a separate element to a communication network control element, or the like. It

should be understood that each block and any combination thereof may be implemented

by various means or their combinations, such as hardware, software, firmware, one or

more processors and/or circuitry.

The communication network control element shown in Fig. 13 may comprise a processing

function, control unit or processor 21, such as a CPU or the like, which are suitable for

executing instructions given by programs or the like related to the communication

procedure. The processor 2 1 may comprise one or more processing portions dedicated to

specific processing as described below, or the processing may be run in a single

processor. Portions for executing such specific processing may be also provided as

discrete elements or within one or more further processors or processing portions, such as



in one physical processor like a CPU or in several physical entities, for example.

Reference signs 22 and 23 denote transceiver or input/output (I/O) units (interfaces)

connected to the processor 21. The I/O units 22 may be used for communicating with one

or more communication elements, such as UE 10, or via an SCR link, for example an air

interface. The I/O units 23 may be used for communicating with one or more other

network elements of the OPA network, such as other communication network control

elements, like neighboring cells, APs of small cells, etc. . The I/O units 22 and 23 may be a

combined unit comprising communication equipment towards several network elements,

or may comprise a distributed structure with a plurality of different interfaces for different

network elements. Reference sign 24 denotes a memory usable, for example, for storing

data and programs to be executed by the processor 21 and/or as a working storage of the

processor 2 1 .

The processor 2 1 is configured to execute processing related to the above described

communication procedure. In particular, the processor 2 1 comprises a sub-portion 2 10 as

a processing portion which is usable as a SCR configuration portion . The portion 2 10 may

be configured to perform processing according to S 10 and S110 of Figs. 1 and 3 .

Furthermore, the processor 21 comprises a sub-portion 211 usable as a network

coordination function. The portion 2 11 may be configured to perform processing according

to S 15 and S115 of Figs. 1 and 3 and S600 of Fig. 8 . Furthermore, the processor 21

comprises a sub-portion 2 12 usable as a portion for establishing a bearer connection with

a target cell. The portion 212 may be configured to perform a processing according to

S61 0 of Fig. 8 . In addition, the processor 21 comprises a sub-portion 2 13 usable as a

communication portion . The portion 2 13 may be configured to perform a processing

according to S620 of Fig. 8 .

In Fig. 14 , a diagram illustrating a configuration of a communication element, such as of

the UE 10, is shown, which is configured to implement the communication procedure as a

spectrum request receiving element as described in connection with some example

versions of the disclosure. It is to be noted that the communication element like the UE 10

shown in Fig. 14 may comprise several further elements or functions besides those

described herein below. Furthermore, even though reference is made to terminal device or

UE, the communication element may be also another device having a similar function,

such as a chipset, a chip, a module etc., which can also be part of a communication



element or attached as a separate element to a communication element, or the like. It

should be understood that each block and any combination thereof may be implemented

by various means or their combinations, such as hardware, software, firmware, one or

more processors and/or circuitry.

The communication element shown in Fig. 14 may comprise a processing function, control

unit or processor 11, such as a CPU or the like, which are suitable for executing

instructions given by programs or the like related to the communication procedure. The

processor 11 may comprise one or more processing portions dedicated to specific

processing as described below, or the processing may be run in a single processor.

Portions for executing such specific processing may be also provided as discrete

elements or within one or more further processors or processing portions, such as in one

physical processor like a CPU or in several physical entities, for example. Reference sign

12 denotes transceiver or input/output (I/O) units (interfaces) connected to the processor

11. The I/O units 12 may be used for communicating with one or more communication

networks, such as OPA or OPB, for example an air interface. The I/O units 12 may be a

combined unit comprising communication equipment towards several network elements,

or may comprise a distributed structure with a plurality of different interfaces for different

network elements. Reference sign 14 denotes a memory usable, for example, for storing

data and programs to be executed by the processor 11 and/or as a working storage of the

processor 11.

The processor 11 is configured to execute processing related to the above described

communication procedure. In particular, the processor 11 comprises a sub-portion 110 as

a processing portion which is usable as a switching instruction processing portion. The

portion 310 may be configured to perform processing according to S700 of Fig. 9 .

Furthermore, the processor 11 comprises a sub-portion 111 usable as a switching

execution portion. Furthermore, the processor 11 comprises a sub-portion 112 usable as a

communication. The portions 111 and 112 may be configured to perform a processing

according to S720 of Fig. 9 .



According to a further example version of the disclosure, there is provided an apparatus

comprising processing means for receiving and processing a request for using a part of a

spectrum of a second communication network by a first communication network on the

basis of a spectrum cooperation relationship configuration, processing means for receiving

and processing service coordination information and network coordination information

related to the request for using a part of the spectrum, the service coordination information

indicating measures offered by the first communication network allowing the second

communication network to reduce a communication load by using a part of the first

communication network as a communication relay as compensation for allowing to use a

part of the spectrum of the second communication network by the first communication

network, and the network coordination information indicating identification information

identifying communication areas or cells of the first and second communication networks

usable for the offered measures and configuration information required for using the

offered measures, and processing means for conducting a processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay, on the basis of the processing result of the service coordination

information and the network coordination information.

According to a further example version of the disclosure, there is provided an apparatus

comprising requesting means for requesting for using a part of a spectrum of a second

communication network on the basis of a spectrum cooperation relationship configuration

between a first communication network and the second communication network, and

informing means for providing service coordination information and network coordination

information related to the request for using a part of the spectrum of the second

communication network, the service coordination information indicating measures offered

by the first communication network allowing the second communication network to reduce

a communication load by using a part of the first communication network as a

communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network, and the network

coordination information indicating identification information identifying communication

areas or cells of the first and second communication networks usable for the offered

measures and configuration information required for using the offered measures.



According to a further example version of the disclosure, there is provided an apparatus

comprising processing means for receiving and processing at least one of network

coordination information and configuration information based on network coordination

information related to a request for using a part of a spectrum of a second communication

network by a first communication network on the basis of a spectrum cooperation

relationship configuration, the network coordination information indicating identification

information identifying communication areas or cells of the first and second

communication networks usable for measures offered by the first communication network

allowing the second communication network to reduce a communication load by using a

part of the first communication network as a communication relay as compensation for

allowing to use a part of the spectrum of the second communication network by the first

communication network, and configuration information required for using the offered

measures, and processing means for conducting a processing for establishing a radio

bearer connection via a spectrum cooperation relationship link to a part of the first

communication network to be used as a communication relay on the basis of the

processing result of the network coordination information or the configuration information

related to the network coordination information.

According to a further example version of the disclosure, there is provided an apparatus

comprising processing means for conducting a processing for establishing a

communication connection to a communication element of a second communication

network, wherein the establishment of the communication connection to the

communication element of the second communication network is based on

communication element specific context information assigned by the first communication

network to communication elements of the second communication network for accessing

a part of a first communication network which has to act as a communication relay

allowing the second communication network to reduce a communication load by using the

communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network, processing means for

conducting a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to an anchor node of the second communication network,

processing means for receiving receive data from the communication element of the

second communication network via the established communication connection and, as the

communication relay, for forwarding of the received data from the communication element



of the second communication network over the established radio bearer connection via

the spectrum cooperation relationship link to the anchor node of the second

communication network, and processing means for receiving data directed to the

communication element of the second communication network from the anchor node of

the second communication network over the established radio bearer connection via the

spectrum cooperation relationship link and for forwarding, as the communication relay, the

data directed to the communication element via the established communication

connection to the communication element of the second communication network.

It should be appreciated that

- an access technology via which signaling is transferred to and from a network element

may be any suitable present or future technology, such as WLAN (Wireless Local Access

Network), WiMAX (Worldwide Interoperability for Microwave Access), LTE, LTE-A,

Bluetooth, Infrared, and the like may be used; Additionally, embodiments may also apply

wired technologies, e.g. IP based access technologies like cable networks or fixed lines. -

a user device (also called UE, user equipment, user terminal, terminal device, etc.)

illustrates one type of an apparatus to which resources on the air interface may be

allocated and assigned, and thus any feature described herein with a user device may be

implemented with a corresponding apparatus, such as a relay node. An example of such a

relay node is a layer 3 relay (self-backhauling relay) towards the base station or eNB. The

user device typically refers to a portable computing device that includes wireless mobile

communication devices operating with or without a subscriber identification module (SIM),

including, but not limited to, the following types of devices: a mobile station (mobile

phone), smartphone, personal digital assistant (PDA), handset, device using a wireless

modem (alarm or measurement device, etc.), laptop and/or touch screen computer, tablet,

game console, notebook, and multimedia device. It should be appreciated that a user

device may also be a nearly exclusive uplink only device, of which an example is a

camera or video camera loading images or video clips to a network. It should be

appreciated that a device may be regarded as an apparatus or as an assembly of more

than one apparatus, whether functionally in cooperation with each other or functionally

independently of each other but in a same device housing.

- embodiments suitable to be implemented as software code or portions of it and being run

using a processor are software code independent and can be specified using any known



or future developed programming language, such as a high-level programming language,

such as objective-C, C, C++, C#, Java, etc., or a low-level programming language, such

as a machine language, or an assembler, - implementation of embodiments, is hardware

independent and may be implemented using any known or future developed hardware

technology or any hybrids of these, such as a microprocessor or CPU (Central Processing

Unit), MOS (Metal Oxide Semiconductor), CMOS (Complementary MOS), BiMOS (Bipolar

MOS), BiCMOS (Bipolar CMOS), ECL (Emitter Coupled Logic), and/or TTL (Transistor-

Transistor Logic).

- embodiments may be implemented as individual devices, apparatuses, units or means or

in a distributed fashion, for example, one or more processors may be used or shared in

the processing, or one or more processing sections or processing portions may be used

and shared in the processing, wherein one physical processor or more than one physical

processor may be used for implementing one or more processing portions dedicated to

specific processing as described,

- an apparatus may be implemented by a semiconductor chip, a chipset, or a (hardware)

module comprising such chip or chipset;

- embodiments may also be implemented as any combination of hardware and software,

such as ASIC (Application Specific IC (Integrated Circuit)) components, FPGA (Field-

programmable Gate Arrays) or CPLD (Complex Programmable Logic Device) components

or DSP (Digital Signal Processor) components.

- embodiments may also be implemented as computer program products, comprising a

computer usable medium having a computer readable program code embodied therein,

the computer readable program code adapted to execute a process as described in

embodiments, wherein the computer usable medium may be a non-transitory medium.

Computer program products, also called programs or computer programs, including

software routines, applets and macros, may be stored in any apparatus-readable data

storage medium and they comprise program instructions to perform one or more particular

tasks. A computer program product may comprise one or more computer-executable

components which, when the program is run, are configured to carry out embodiments.

The one or more computer-executable components may be at least one software code or

portions of it.



Although the present invention has been described herein before with reference to
particular embodiments thereof, the present invention is not limited thereto and various
modifications can be made thereto.



CLAIMS

1. An apparatus comprising

at least one processor,

and

at least one memory for storing instructions to be executed by the processor,

wherein

the at least one memory and the instructions are configured to, with the at least

one processor, cause the apparatus at least:

to receive and process a request for using a part of a spectrum of a second

communication network by a first communication network on the basis of a spectrum

cooperation relationship configuration,

to receive and process service coordination information and network coordination

information related to the request for using a part of the spectrum, the service coordination

information indicating measures offered by the first communication network allowing the

second communication network to reduce a communication load by using a part of the first

communication network as a communication relay as compensation for allowing to use a

part of the spectrum of the second communication network by the first communication

network, and the network coordination information indicating identification information

identifying communication areas or cells of the first and second communication networks

usable for the offered measures and configuration information required for using the

offered measures, and

to conduct a processing for service coordination and network coordination for

reducing the communication load in the second communication network by using a part of

the first communication network as a communication relay, on the basis of the processing

result of the service coordination information and the network coordination information.

2 . The apparatus according to claim 1, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:



to decide which part of the spectrum of the second communication network is

granted to the request,

to cause to transmit a response to the request for using a part of the spectrum of

the second communication network,

wherein the decision which part of the spectrum of the second communication

network is granted and the transmission of the response to the request are executed

before or after conducting the processing for service coordination and network

coordination .

3 . The apparatus according to claim 1 or 2 , wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:

to conduct a processing related to configure the spectrum cooperation relationship

related to the usage of the spectrum of the second communication network in a sharing

manner by the first communication network.

4 . The apparatus according to any of claims 1 to 3, wherein the at least one memory and

the instructions are further configured to, with the at least one processor, cause the

apparatus at least:

to conduct a processing related to configure a function for enabling the processing

for the service coordination and network coordination according to service coordination

and network coordination rules agreed between the first communication network and the

second communication network according in a spectrum sharing incentive agreement in

advance to a request for using a part of the spectrum of the second communication

network, the spectrum sharing incentive agreement defining rules for a compensation by

communication load reduction enabled by the first communication network for a spectrum

grant provided by the second communication network,

wherein the service coordination information is based on the spectrum sharing

incentive agreement.



5 . The apparatus according to any of claims 1 to 4 , wherein

the network coordination information comprises at least one of

an indication of an identification and parameters of the part of the first

communication network usable as a communication relay,

an indication of a communication area or cell of the second communication

network with which a spectrum cooperation relationship is configured,

an indication of context information to be used for communication elements of the

second communication network for accessing the part of the first communication network

acting as a communication relay, and

an indication of connection parameters required for getting access to the part of

the first communication network acting as a communication relay.

6 . The apparatus according to any of claims 1 to 5, wherein the processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay comprises

determining, on the basis of the processing result of the network coordination

information, a communication area or cell of the second communication network involved

in usage of the part of the first communication network as a communication relay,

providing configuration data based on the received network coordination

information to communication network control elements of the determined communication

area or cell of the second communication network, the configuration data being related to

the usage of the part of the first communication network as a communication relay.

7 . The apparatus according to any of claims 1 to 6, wherein the processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay comprises



initiating, on the basis of the network coordination information, a neighboring cell

measurement on the basis of the identification information identifying communication

areas or cells of the first communication network usable for the offered measures by at

least one communication element of the second communication network,

receiving an processing a measurement report of the at least one communication

element of the second communication network,

selecting at least one communication element on the basis of the measurement

report and the network coordination information as using a part of the first communication

network as a communication relay, and

instructing the at least one selected communication element to switch a

communication connection to the part of the first communication network acting as a

communication relay.

8 . The apparatus according to claim 7 , wherein the instruction to the at least one selected

communication element further comprises information indicating a communication area or

cell of the second communication network to be used as an anchor point for the part of the

first communication network acting as the communication relay for accessing the second

communication network on the basis of the spectrum cooperation relationship.

9 . The apparatus according to any ofclaims 1 to 8, wherein the processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay comprises

informing a communication area or cell of the second communication network to

be used as an anchor point for the part of the first communication network acting as the

communication relay for accessing the second communication network on the basis of the

spectrum cooperation relationship about a switch of a communication connection of at

least one selected communication element to the part of the first communication network

acting as a communication relay.



10. The apparatus according to any of claims 1 to 9, wherein the apparatus is comprised

in a communication network control element or an operation and maintenance element of

the second communication network, wherein the first communication network is controlled

by another communication network control element or operation and maintenance

element, wherein the first and the second communication networks are cellular based

wireless communication networks to which one or more communication elements

comprising a user equipment or terminal device are connectable.

11. An apparatus comprising

at least one processor,

and

at least one memory for storing instructions to be executed by the processor,

wherein

the at least one memory and the instructions are configured to, with the at least

one processor, cause the apparatus at least:

to request for using a part of a spectrum of a second communication network on

the basis of a spectrum cooperation relationship configuration between a first

communication network and the second communication network, and

to provide service coordination information and network coordination information

related to the request for using a part of the spectrum of the second communication

network, the service coordination information indicating measures offered by the first

communication network allowing the second communication network to reduce a

communication load by using a part of the first communication network as a

communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network, and the network

coordination information indicating identification information identifying communication

areas or cells of the first and second communication networks usable for the offered

measures and configuration information required for using the offered measures.



12. The apparatus according to claim 11, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:

to receive and process a response to the request for using a part of the spectrum

of the second communication network, wherein the response indicates which part of the

spectrum of the second communication network is granted to the request.

13. The apparatus according to claim 11 or 12, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:

to conduct a processing related to configure the spectrum cooperation relationship

related to the usage of the spectrum of the second communication network in a sharing

manner by the first communication network.

14. The apparatus according to any of claims 11 to 13, wherein the at least one memory

and the instructions are further configured to, with the at least one processor, cause the

apparatus at least:

to conduct a processing related to configure a function for enabling the provision of

the service coordination information and network coordination information according to

service coordination and network coordination rules agreed between the first

communication network and the second communication network according in a spectrum

sharing incentive agreement in advance to a request for using a part of the spectrum of

the second communication network, the spectrum sharing incentive agreement defining

rules for a compensation by communication load reduction enabled by the first

communication network for a spectrum grant provided by the second communication

network,

wherein the service coordination information is based on the spectrum sharing

incentive agreement.

15. The apparatus according to any of claims 11 to 14 , wherein



the network coordination information comprises at least one of

an indication of an identification and parameters of the part of the first

communication network usable as a communication relay,

an indication of a communication area or cell with of the second communication

network which a spectrum cooperation relationship is configured,

an indication of context information to be used for communication elements of the

second communication network for accessing the part of the first communication network

acting as a communication relay, and

an indication of connection parameters required for getting access to the part of

the first communication network acting as a communication relay.

16. The apparatus according to any of claims 11 to 15, wherein the apparatus is

comprised in a communication network control element or access point control element of

the first communication network, wherein the second communication network is controlled

by a communication network control element or operation and maintenance element,

wherein the first and the second communication networks are cellular based wireless

communication networks to which one or more communication elements comprising a

user equipment or terminal device are connectable.

17 . An apparatus comprising

at least one processor,

and

at least one memory for storing instructions to be executed by the processor,

wherein

the at least one memory and the instructions are configured to, with the at least

one processor, cause the apparatus at least:

to receive and process at least one of network coordination information and

configuration information based on network coordination information related to a request

for using a part of a spectrum of a second communication network by a first



communication network on the basis of a spectrum cooperation relationship configuration,

the network coordination information indicating identification information identifying

communication areas or cells of the first and second communication networks usable for

measures offered by the first communication network allowing the second communication

network to reduce a communication load by using a part of the first communication

network as a communication relay as compensation for allowing to use a part of the

spectrum of the second communication network by the first communication network, and

configuration information required for using the offered measures, and

to conduct a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to a part of the first communication network to be used as a

communication relay on the basis of the processing result of the network coordination

information or the configuration information related to the network coordination

information.

18. The apparatus according to claim 17, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:

to receive data from a communication element of the second communication

network via the spectrum cooperation relationship link from the part of the first

communication network used as the communication relay and to cause forwarding of the

received data from the communication element of the second communication network to a

core network of the second communication network, and

to receive data directed to the communication element of the second

communication network from the core network of the second communication network and

to cause forwarding the data directed to the communication element via the spectrum

cooperation relationship link to the part of the first communication network used as the

communication relay.

19. The apparatus according to claim 17 or 18, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:



to conduct a processing related to configure the spectrum cooperation relationship

between the first communication network and the second communication network related

to the usage of the spectrum of the second communication network in a sharing manner

by the first communication network.

20. The apparatus according to any of claims 17 to 19 , wherein the network coordination

information comprises at least one of

an indication of an identification and parameters of the part of the first

communication network usable as a communication relay,

an indication of a communication area or cell of the second communication

network with which a spectrum cooperation relationship is configured,

an indication of context information to be used for communication elements of the

second communication network for accessing the part of the first communication network

acting as a communication relay, and

an indication of connection parameters required for getting access to the part of

the first communication network acting as a communication relay, and

the configuration information related to the network coordination information

comprises data being related to the usage of the part of the first communication network

as a communication relay.

2 1 . The apparatus according to any of claims 17 to 20, wherein the at least one memory

and the instructions are further configured to, with the at least one processor, cause the

apparatus at least:

to receive and process an information indicating that a communication area or cell

of the second communication network is used as an anchor point for the part of the first

communication network acting as the communication relay for accessing the second

communication network on the basis of the spectrum cooperation relationship, and an

information about a switch of a communication connection of at least one selected

communication element to the part of the first communication network acting as the

communication relay.



22. The apparatus according to any of claims 17 to 21, wherein the at least one memory

and the instructions are further configured to, with the at least one processor, cause the

apparatus at least:

to trigger, in the processing for establishing the radio bearer connection via the

spectrum cooperation relationship link to the part of the first communication network to be

used as a communication relay, the establishment of the bearer connection via the

spectrum cooperation relationship link.

23. The apparatus according to claim 22, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:

to provide context information regarding at least one communication element of the

second communication network to be switched to the part of the first communication

network acting as the communication relay during the establishment of the bearer

connection .

24. The apparatus according to any of claims 17 to 23, wherein the apparatus is

comprised in a communication network control element or access point control element of

the second communication network, wherein the first communication network is controlled

by a communication network control element or operation and maintenance element,

wherein the first and the second communication networks are cellular based wireless

communication networks to which one or more communication elements comprising a

user equipment or terminal device are connectable.

25. An apparatus comprising

at least one processor,

and



at least one memory for storing instructions to be executed by the processor,

wherein

the at least one memory and the instructions are configured to, with the at least

one processor, cause the apparatus at least:

to conduct a processing for establishing a communication connection to a

communication element of a second communication network, wherein the establishment

of the communication connection to the communication element of the second

communication network is based on communication element specific context information

assigned by the first communication network to communication elements of the second

communication network for accessing a part of a first communication network which has to

act as a communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network,

to conduct a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to an anchor node of the second communication network,

to receive data from the communication element of the second communication

network via the established communication connection and to cause, as the

communication relay, forwarding of the received data from the communication element of

the second communication network over the established radio bearer connection via the

spectrum cooperation relationship link to the anchor node of the second communication

network, and

to receive data directed to the communication element of the second

communication network from the anchor node of the second communication network over

the established radio bearer connection via the spectrum cooperation relationship link and

to cause forwarding, as the communication relay, the data directed to the communication

element via the established communication connection to the communication element of

the second communication network.

26. The apparatus according to claim 25, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:



to conduct a processing related to configure the spectrum cooperation relationship

between the first communication network and the second communication network related

to the usage of the spectrum of the second communication network in a sharing manner

by the first communication network.

27. The apparatus according to claim 25 or 26, wherein the at least one memory and the

instructions are further configured to, with the at least one processor, cause the apparatus

at least:

to identify the communication element specific context information assigned by the

first communication network to communication elements of the second communication

network for accessing a part of a first communication network which has to act as a

communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network on the basis of predefined network coordination information being

included in a request for using a part of a spectrum of the second communication network

by the first communication network, the network coordination information indicating

identification information identifying communication areas or cells of the first and second

communication networks usable for measures to reduce the communication load of the

second communication network, and configuration information required for using the

measures.

28. The apparatus according to any of claims 25 to 27, wherein the at least one memory

and the instructions are further configured to, with the at least one processor, cause the

apparatus at least:

to conduct the processing for establishing the radio bearer connection via the

spectrum cooperation relationship link to the anchor node of the second communication

network before conducting the processing for establishing the communication connection

to the communication element of the second communication network, wherein the

processing for establishing the radio bearer connection is triggered by the anchor node of

the second communication network, and



to receive and process context information provided during the radio bearer

establishment, the context information being related to at least one communication

element of the second communication network establishing a communication connection

for using a part of a first communication network as a communication relay.

29. The apparatus according to any of claims 25 to 27, wherein the at least one memory

and the instructions are further configured to, with the at least one processor, cause the

apparatus at least:

to conduct the processing for establishing the communication connection to the

communication element of the second communication network before conducting the

processing for establishing the radio bearer connection via the spectrum cooperation

relationship link to the anchor node of the second communication network,

to trigger and conduct the processing for establishing the radio bearer connection

via the spectrum cooperation relationship link, and

to receive and process information identifying a communication area or cell of the

second communication network to be used as the anchor point of the second

communication network.

30. The apparatus according to any of claims 25 to 29, wherein the apparatus is

comprised in a communication network control element or access point control element of

the first communication network, wherein the second communication network is controlled

by a communication network control element or operation and maintenance element,

wherein the first and the second communication networks are cellular based wireless

communication networks to which one or more communication elements comprising a

user equipment or terminal device are connectable.

3 1 . A method comprising

receiving and processing a request for using a part of a spectrum of a second

communication network by a first communication network on the basis of a spectrum

cooperation relationship configuration,



receiving and processing service coordination information and network

coordination information related to the request for using a part of the spectrum, the service

coordination information indicating measures offered by the first communication network

allowing the second communication network to reduce a communication load by using a

part of the first communication network as a communication relay as compensation for

allowing to use a part of the spectrum of the second communication network by the first

communication network, and the network coordination information indicating identification

information identifying communication areas or cells of the first and second

communication networks usable for the offered measures and configuration information

required for using the offered measures, and

conducting a processing for service coordination and network coordination for

reducing the communication load in the second communication network by using a part of

the first communication network as a communication relay, on the basis of the processing

result of the service coordination information and the network coordination information.

32. The method according to claim 31, further comprising

deciding which part of the spectrum of the second communication network is

granted to the request,

causing to transmit a response to the request for using a part of the spectrum of

the second communication network,

wherein the decision which part of the spectrum of the second communication

network is granted and the transmission of the response to the request are executed

before or after conducting the processing for service coordination and network

coordination .

33. The method according to claim 3 1 or 32, further comprising

conducting a processing related to configure the spectrum cooperation relationship

related to the usage of the spectrum of the second communication network in a sharing

manner by the first communication network.



34. The method according to any of claims 3 1 to 33, further comprising

conducting a processing related to configure a function for enabling the processing

for the service coordination and network coordination according to service coordination

and network coordination rules agreed between the first communication network and the

second communication network according in a spectrum sharing incentive agreement in

advance to a request for using a part of the spectrum of the second communication

network, the spectrum sharing incentive agreement defining rules for a compensation by

communication load reduction enabled by the first communication network for a spectrum

grant provided by the second communication network,

wherein the service coordination information is based on the spectrum sharing

incentive agreement.

35. The method according to any of claims 3 1 to 34, wherein

the network coordination information comprises at least one of

an indication of an identification and parameters of the part of the first

communication network usable as a communication relay,

an indication of a communication area or cell of the second communication

network with which a spectrum cooperation relationship is configured,

an indication of context information to be used for communication elements of the

second communication network for accessing the part of the first communication network

acting as a communication relay, and

an indication of connection parameters required for getting access to the part of

the first communication network acting as a communication relay.

36. The method according to any of claims 3 1 to 35, wherein the processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay comprises



determining, on the basis of the processing result of the network coordination

information, a communication area or cell of the second communication network involved

in usage of the part of the first communication network as a communication relay,

providing configuration data based on the received network coordination

information to communication network control elements of the determined communication

area or cell of the second communication network, the configuration data being related to

the usage of the part of the first communication network as a communication relay.

37. The method according to any of claims 31 to 36, wherein the processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay comprises

initiating, on the basis of the network coordination information, a neighboring cell

measurement on the basis of the identification information identifying communication

areas or cells of the first communication network usable for the offered measures by at

least one communication element of the second communication network,

receiving an processing a measurement report of the at least one communication

element of the second communication network,

selecting at least one communication element on the basis of the measurement

report and the network coordination information as using a part of the first communication

network as a communication relay, and

instructing the at least one selected communication element to switch a

communication connection to the part of the first communication network acting as a

communication relay.

38. The method according to claim 37, wherein the instruction to the at least one selected

communication element further comprises information indicating a communication area or

cell of the second communication network to be used as an anchor point for the part of the

first communication network acting as the communication relay for accessing the second

communication network on the basis of the spectrum cooperation relationship.



39. The method according to any of claims 31 to 38, wherein the processing for service

coordination and network coordination for reducing the communication load in the second

communication network by using a part of the first communication network as a

communication relay comprises

informing a communication area or cell of the second communication network to

be used as an anchor point for the part of the first communication network acting as the

communication relay for accessing the second communication network on the basis of the

spectrum cooperation relationship about a switch of a communication connection of at

least one selected communication element to the part of the first communication network

acting as a communication relay.

40. The method according to any of claims 31 to 39, wherein the method is implemented

in a communication network control element or an operation and maintenance element of

the second communication network, wherein the first communication network is controlled

by another communication network control element or operation and maintenance

element, wherein the first and the second communication networks are cellular based

wireless communication networks to which one or more communication elements

comprising a user equipment or terminal device are connectable.

4 1 . A method comprising

requesting for using a part of a spectrum of a second communication network on

the basis of a spectrum cooperation relationship configuration between a first

communication network and the second communication network, and

providing service coordination information and network coordination information

related to the request for using a part of the spectrum of the second communication

network, the service coordination information indicating measures offered by the first

communication network allowing the second communication network to reduce a

communication load by using a part of the first communication network as a

communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network, and the network



coordination information indicating identification information identifying communication

areas or cells of the first and second communication networks usable for the offered

measures and configuration information required for using the offered measures.

42. The method according to claim 41, further comprising

receiving and processing a response to the request for using a part of the

spectrum of the second communication network, wherein the response indicates which

part of the spectrum of the second communication network is granted to the request.

43. The method according to claim 4 1 or 42, further comprising

conducting a processing related to configure the spectrum cooperation relationship

related to the usage of the spectrum of the second communication network in a sharing

manner by the first communication network.

44. The method according to any of claims 41 to 43, further comprising

conducting a processing related to configure a function for enabling the provision

of the service coordination information and network coordination information according to

service coordination and network coordination rules agreed between the first

communication network and the second communication network according in a spectrum

sharing incentive agreement in advance to a request for using a part of the spectrum of

the second communication network, the spectrum sharing incentive agreement defining

rules for a compensation by communication load reduction enabled by the first

communication network for a spectrum grant provided by the second communication

network,

wherein the service coordination information is based on the spectrum sharing

incentive agreement.

45. The method according to any of claims 41 to 44, wherein

the network coordination information comprises at least one of



an indication of an identification and parameters of the part of the first

communication network usable as a communication relay,

an indication of a communication area or cell with of the second communication

network which a spectrum cooperation relationship is configured,

an indication of context information to be used for communication elements of the

second communication network for accessing the part of the first communication network

acting as a communication relay, and

an indication of connection parameters required for getting access to the part of

the first communication network acting as a communication relay.

46. The method according to any of claims 4 1 to 45, wherein the method is implemented

in a communication network control element or access point control element of the first

communication network, wherein the second communication network is controlled by a

communication network control element or operation and maintenance element, wherein

the first and the second communication networks are cellular based wireless

communication networks to which one or more communication elements comprising a

user equipment or terminal device are connectable.

47. A method comprising

receiving and processing at least one of network coordination information and

configuration information based on network coordination information related to a request

for using a part of a spectrum of a second communication network by a first

communication network on the basis of a spectrum cooperation relationship configuration,

the network coordination information indicating identification information identifying

communication areas or cells of the first and second communication networks usable for

measures offered by the first communication network allowing the second communication

network to reduce a communication load by using a part of the first communication

network as a communication relay as compensation for allowing to use a part of the

spectrum of the second communication network by the first communication network, and

configuration information required for using the offered measures, and



conducting a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to a part of the first communication network to be used as a

communication relay on the basis of the processing result of the network coordination

information or the configuration information related to the network coordination

information.

48. The method according to claim 47, further comprising

receiving data from a communication element of the second communication

network via the spectrum cooperation relationship link to the part of the first

communication network used as the communication relay and causing forwarding of the

received data from the communication element of the second communication network to a

core network of the second communication network, and

receiving data directed to the communication element of the second

communication network from the core network of the second communication network and

causing forwarding the data directed to the communication element via the spectrum

cooperation relationship link to the part of the first communication network used as the

communication relay.

49. The method according to claim 47 or 48, further comprising

conducting a processing related to configure the spectrum cooperation relationship

between the first communication network and the second communication network related

to the usage of the spectrum of the second communication network in a sharing manner

by the first communication network.

50. The method according to any of claims 47 to 49, wherein the network coordination

information comprises at least one of

an indication of an identification and parameters of the part of the first

communication network usable as a communication relay,

an indication of a communication area or cell of the second communication

network with which a spectrum cooperation relationship is configured,



an indication of context information to be used for communication elements of the

second communication network for accessing the part of the first communication network

acting as a communication relay, and

an indication of connection parameters required for getting access to the part of

the first communication network acting as a communication relay, and

the configuration information related to the network coordination information

comprises data being related to the usage of the part of the first communication network

as a communication relay.

5 1 . The method according to any of claims 47 to 50, further comprising

receiving and processing an information indicating that a communication area or

cell of the second communication network is used as an anchor point for the part of the

first communication network acting as the communication relay for accessing the second

communication network on the basis of the spectrum cooperation relationship, and an

information about a switch of a communication connection of at least one selected

communication element to the part of the first communication network acting as the

communication relay.

52. The method according to any of claims 47 to 5 1, further comprising

triggering, in the processing for establishing the radio bearer connection via the

spectrum cooperation relationship link to the part of the first communication network to be

used as a communication relay, the establishment of the bearer connection via the

spectrum cooperation relationship link.

53. The method according to claim 52, further comprising

providing context information regarding at least one communication element of the

second communication network to be switched to the part of the first communication

network acting as the communication relay during the establishment of the bearer

connection.



54. The method according to any of claims 47 to 53, wherein the method is implemented

in a communication network control element or access point control element of the second

communication network, wherein the first communication network is controlled by a

communication network control element or operation and maintenance element, wherein

the first and the second communication networks are cellular based wireless

communication networks to which one or more communication elements comprising a

user equipment or terminal device are connectable.

55. A method comprising

conducting a processing for establishing a communication connection to a

communication element of a second communication network, wherein the establishment

of the communication connection to the communication element of the second

communication network is based on communication element specific context information

assigned by the first communication network to communication elements of the second

communication network for accessing a part of a first communication network which has to

act as a communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network,

conducting a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to an anchor node of the second communication network,

receiving data from the communication element of the second communication

network via the established communication connection and causing, as the

communication relay, forwarding of the received data from the communication element of

the second communication network over the established radio bearer connection via the

spectrum cooperation relationship link to the anchor node of the second communication

network, and

receiving data directed to the communication element of the second

communication network from the anchor node of the second communication network over

the established radio bearer connection via the spectrum cooperation relationship link and

causing forwarding, as the communication relay, the data directed to the communication



element via the established communication connection to the communication element of

the second communication network.

56. The method according to claim 55, further comprising

conducting a processing related to configure the spectrum cooperation relationship

between the first communication network and the second communication network related

to the usage of the spectrum of the second communication network in a sharing manner

by the first communication network.

57. The method according to claim 55 or 56, further comprising

identifying the communication element specific context information assigned by the

first communication network to communication elements of the second communication

network for accessing a part of a first communication network which has to act as a

communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network on the basis of predefined network coordination information being

used for a request for using a part of a spectrum of the second communication network by

the first communication network, the network coordination information indicating

identification information identifying communication areas or cells of the first and second

communication networks usable for measures to reduce the communication load of the

second communication network, and configuration information required for using the

measures.

58. The method according to any of claims 55 to 57, further comprising

conducting the processing for establishing the radio bearer connection via the

spectrum cooperation relationship link to the anchor node of the second communication

network before conducting the processing for establishing the communication connection

to the communication element of the second communication network, wherein the

processing for establishing the radio bearer connection is triggered by the anchor node of

the second communication network, and



receiving and processing context information provided during the radio bearer

establishment, the context information being related to at least one communication

element of the second communication network establishing a communication connection

for using a part of a first communication network as a communication relay.

59. The method according to any of claims 55 to 57, further comprising

conducting the processing for establishing the communication connection to the

communication element of the second communication network before conducting the

processing for establishing the radio bearer connection via the spectrum cooperation

relationship link to the anchor node of the second communication network,

triggering and conducting the processing for establishing the radio bearer

connection via the spectrum cooperation relationship link, and

receiving and processing information identifying a communication area or cell of

the second communication network to be used as the anchor point of the second

communication network.

60. The method according to any of claims 55 to 59, wherein the method is implemented

in a communication network control element or access point control element of the first

communication network, wherein the second communication network is controlled by a

communication network control element or operation and maintenance element, wherein

the first and the second communication networks are cellular based wireless

communication networks to which one or more communication elements comprising a

user equipment or terminal device are connectable.

6 1 . A computer program product for a computer, comprising software code portions for

performing the steps of any of claims 3 1 to 40, any of claims 4 1 to 46, any of claims 47 to

54 or any of claims 55 to 60, when said product is run on the computer.



62. A computer program product, comprising a computer usable medium having a

computer readable program code embodied therein, the computer readable program code

adapted to execute a process comprising:

to receive and process a request for using a part of a spectrum of a second

communication network by a first communication network on the basis of a spectrum

cooperation relationship configuration,

to receive and process service coordination information and network coordination

information related to the request for using a part of the spectrum, the service coordination

information indicating measures offered by the first communication network allowing the

second communication network to reduce a communication load by using a part of the first

communication network as a communication relay as compensation for allowing to use a

part of the spectrum of the second communication network by the first communication

network, and the network coordination information indicating identification information

identifying communication areas or cells of the first and second communication networks

usable for the offered measures and configuration information required for using the

offered measures, and

to conduct a processing for service coordination and network coordination for

reducing the communication load in the second communication network by using a part of

the first communication network as a communication relay, on the basis of the processing

result of the service coordination information and the network coordination information.

63. A computer program product, comprising a computer usable medium having a

computer readable program code embodied therein, the computer readable program code

adapted to execute a process comprising:

to request for using a part of a spectrum of a second communication network on

the basis of a spectrum cooperation relationship configuration between a first

communication network and the second communication network, and

to provide service coordination information and network coordination information

related to the request for using a part of the spectrum of the second communication

network, the service coordination information indicating measures offered by the first

communication network allowing the second communication network to reduce a

communication load by using a part of the first communication network as a



communication relay as compensation for allowing to use a part of the spectrum of the

second communication network by the first communication network, and the network

coordination information indicating identification information identifying communication

areas or cells of the first and second communication networks usable for the offered

measures and configuration information required for using the offered measures.

64. A computer program product, comprising a computer usable medium having a

computer readable program code embodied therein, the computer readable program code

adapted to execute a process comprising:

to receive and process at least one of network coordination information and

configuration information based on network coordination information related to a request

for using a part of a spectrum of a second communication network by a first

communication network on the basis of a spectrum cooperation relationship configuration,

the network coordination information indicating identification information identifying

communication areas or cells of the first and second communication networks usable for

measures offered by the first communication network allowing the second communication

network to reduce a communication load by using a part of the first communication

network as a communication relay as compensation for allowing to use a part of the

spectrum of the second communication network by the first communication network, and

configuration information required for using the offered measures, and

to conduct a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to a part of the first communication network to be used as a

communication relay on the basis of the processing result of the network coordination

information or the configuration information related to the network coordination

information.

65. A computer program product, comprising a computer usable medium having a

computer readable program code embodied therein, the computer readable program code

adapted to execute a process comprising:

to conduct a processing for establishing a communication connection to a

communication element of a second communication network, wherein the establishment

of the communication connection to the communication element of the second



communication network is based on communication element specific context information

assigned by the first communication network to communication elements of the second

communication network for accessing a part of a first communication network which has to

act as a communication relay allowing the second communication network to reduce a

communication load by using the communication relay as compensation for allowing to

use a part of the spectrum of the second communication network by the first

communication network,

to conduct a processing for establishing a radio bearer connection via a spectrum

cooperation relationship link to an anchor node of the second communication network,

to receive data from the communication element of the second communication

network via the established communication connection and to cause, as the

communication relay, forwarding of the received data from the communication element of

the second communication network over the established radio bearer connection via the

spectrum cooperation relationship link to the anchor node of the second communication

network, and

to receive data directed to the communication element of the second

communication network from the anchor node of the second communication network over

the established radio bearer connection via the spectrum cooperation relationship link and

to cause forwarding, as the communication relay, the data directed to the communication

element via the established communication connection to the communication element of

the second communication network.
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