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A method for allocation of frequency
resources of different operators to user
terminals, and a base station and a user

terminal therefor

Field of the invention

The invention relates to a method for allocation of frequency
resources of different operators to user terminals in a wire-
less communication network, and a base station and a user ter-

minal adapted to perform said method.
Background

Radio Access Network (RAN) sharing enables wireless network
operators to share resources between different entities, as
e.g. between wireless network operators, and thereby reduce
their deployment costs. According to the Third Generation Part-
nership Project Long Term Evolution (3GPP LTE) standard, RAN
sharing by multiple operators is supported, as e.g. described
in the 3GPP technical report TR 36.300, chapter 10.1.7. To ena-
ble RAN sharing in LTE, each cell broadcasts the so-called Pub-
lic Land Mobile Network identifier (PLMN ID) of each operator,
whereby the PLMN IDs for all cells combined in a so-called
tracking area are the same, as e.g. described in the 3GPP tech-
nical specification TS 23.251, chapter 4.2.2. RAN sharing is
based on a multi-to-multi relationship between E-UTRAN nodes
(E-UTRAN = Evolved Universal Telecommunications System Terre-
strial Radio Access Network), i1.e. so-called evolved Node Bs

(eNBs), and Evolved Packet Core (EPC) nodes, as e.g. mobility
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management entities (MMEs), which is realized by the so-called
Sl-flex concept, as e.g. described in the 3GPP technical report
TR 23.882, chapter 7.16.3. During attachment to the network,
the user terminals of different operators which are served by

the same shared eNB are assigned to different MMEs.
Summary

The sharing of resources can be broadly categorized in three
fields: Hard resource sharing, soft resource sharing and the
combination of both. The first category refers to the mobile
network infrastructure sharing, as e.g. the sharing of the base
station, and/or the backhaul network, and/or the core network
between the entities. The second category, the soft resources,
refers to the sharing of licensed and/or unlicensed, as e.g.
white space, frequency spectrum. The third category can share
both hard and soft resources and may also have a common con-
trolling/management of the resources. For example a shared ra-
dio access network will provide sharing of soft radio re-
sources, as e.g bandwidth, the radio hardware, as e.g. a base
station, and also the functional software modules like a sched-
uler. The combined sharing of both resource types is possible
with the help of advanced MAC layer procedures (MAC = Medium
Access Control) and RRM procedures (RRM = Radio Resource Man-

agement) .

A combined sharing of resources can e.g. be realized in so
called Heterogeneous Networks (HetNets). In heterogeneous net-
work (HetNet) scenarios using standards like e.g. a 3GPP LTE
standard, so-called pico base stations with their small cells
are placed under the coverage of a so-called macro base sta-
tion. A pico base station typically covers a small area e.g. in
buildings, train stations or aircrafts due to its lower power,

whereas a macro base station covers a larger area than a pico
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base station, as e.g. an outdoor area. Pico base stations ena-
ble a densification of a wireless cellular network by providing

additional capacity to certain HotSpots.

In a HetNet scenario, an operator may deploy a small cell at
a certain hotspot, e.g. a coffee shop, to offload traffic from
its macro layer. Depending on the characteristics of this HotS-
pot different operators could profit from sharing their small

cells and thereby reducing CAPEX and OPEX.

A possible scenario for resource sharing can be a third
party, e.g. a shopping mall, an airport, an underground-
parking, or a cinema, deploying its own small cell in the cov-
erage area of macro cells, and different operators can take the
services to serve their users in the coverage area of the small
cell using resources of the small cell of the third party to

build their own small cell.

In the following, 2 state of the art solutions for resource
sharing between 2 operators with 2 small cells having an over-

lapping or equal coverage area 1s described.

Assuming that an operator OPA is using a frequency carrier in
a frequency band FA. Likewise the other operator OPB is using a

frequency carrier in frequency band FB.

State of the art solution with separate schedulers:

In this scenario, there are two separate schedulers in the
small cells of the 2 operators OPA and OPB, enabling a kind of
national roaming, as both frequency bands FA and FB allow ac-
cess of user terminals with a subscription to operator OPA or
operator OPB, as within the Broadcast Control Channel (BCCH) of
both small cells, two operator IDs are included. This solution
is not sufficient with respect to the efficient radio resource
management, as no so-called resource pooling is used in the

small cells.
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State of the art solution with one scheduler and with carri-

er aggregation:
In this case, the operators OPA and OPR share the complete ra-
dio access network. With the help of so-called carrier aggrega-
tion, the two carriers, i.e. frequency bands FA and FB, can be
combined in the small cell coverage area to serve the user ter-
minals of both operators OPA and OPB using the aggregated fre-
quency resources. For this purpose, only one carrier can be as-
signed as a so-called primary component carrier (PCC) and the
other can be used as a so-called secondary component carrier
(SCC). With the help of cross carrier scheduling, a common
scheduler with a BCCH only on the PCC utilizes the complete
spectrum and allocates the resource to the user terminals of
both operators OPA and OPB. This solution is maybe sufficient
with respect to the efficient radio resource management. How-
ever, it does not guarantee the fairness between the operators
OPA and OPB. Let the carrier from the operator OPA be taken as
PCC and the carrier from the operator OPB serve as SCC. In this
case, the handover of user terminals of a macro cell of opera-
tor OPA to the small cell will be an intra-frequency handover,
as broadcast and control channels are transmitted on the car-
rier of operator OPA in the small cell. On the other hand, the
handover of user terminals of a macro cell of the operator OPB
to the small cell will be an inter-frequency handover. Thus,
the operator OPB has to bear high costs for the resource shar-
ing by configuring its user terminals for inter-frequency meas-
urements, i1.e. measurement gaps are required for measurement of

the frequency band FA of the other operator OPA.

The object of the invention is thus to propose a method for
resource sharing between operators with a good and flexible us-
age of the common frequency resources and at the same time

maintaining the fairness between both operators.



10

15

20

25

30

WO 2014/173586 PCT/EP2014/055259
5

The basic idea of embodiments of the invention is to serve
user terminals from at least two different operators based on
an enhanced carrier aggregation principle preferably by one
hardware platform, e.g. an LTE pico or macro base station. The
hardware platform transmits at least two broadcast and control
channels, as e.g. a so-called Physical Broadcast Channel (PRCH)
and a Physical Downlink Control Channel (PDCCH), on at least
two operator specific freguency bands and enables the schedul-
ing of all user terminals independently of their operator sub-

scription on the at least two frequency bands.

In a preferred embodiment, for two different operators, two
PCC are used, one for each operator in a small cell coverage
area, and a common hardware with two different cell IDs and two
PRCHs for the two operators are used. Using the carrier aggre-
gation and cross carrier scheduling, a common small cell sched-
uler will serve the user terminals of the two operators. With
this method, the small cells of the two operators utilize the
resource pooling, 1i.e. wider spectrum gain, and at the same
time maintain the fairness between both operators. Due to the
PCC on each carrier for each operator, user terminals in macro
cells from either operator will perform simply an intra-
frequency measurement and intra-frequency handover. In this way
both operators will benefit from a wider spectrum and both will
benefit from the reduced re-configurations on the Radio Re-

source Control (RRC) layer.

The object is thus achieved by a method for allocation of
frequency resources of different operators to user terminals in

a wireless communication network, wherein

e on at least one frequency resource of each operator of said
different operators, an indication of said operator allowing

user terminals registered at said operator to get access to
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a signaled cell is transmitted on a broadcast channel,

user terminals receive control information only on frequency

resources of an operator at which they are registered,

and said control information comprises an indicator allocat-
ing to the user terminals at least one frequency resource of
said fregquency resources of an operator at which the user

terminals are not registered.

The object of the invention is furthermore achieved by a base

station for allocation of frequency resources of different op-

erators to user terminals, wherein said base station is adapted

to transmit on a broadcast channel on at least one frequency
resource of each operator of said different operators an in-
dication of said operator allowing user terminals registered

at said operator to get access to a signaled cell,

and to transmit control information to user terminals only
on frequency resources of an operator at which said user
terminals are registered, said control information compris-
ing an indicator allocating to the user terminals at least
one frequency resource of said frequency resources of an op-

erator at which the user terminals are not registered.

The object of the invention is furthermore achieved by a user

terminal to which frequency resources of different operators

can be allocated, wherein said user terminal is adapted to

receive on at least one frequency resource of an operator of
said different operators at which the user terminal is reg-
istered an indication of said operator on a broadcast chan-
nel allowing the user terminal to get access to a signaled

cell,

and receive control information only on frequency resources
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of the operator at which the user terminal is registered,

said control information comprising an indicator allocating
to the user terminal at least one frequency resource of said
frequency resources of an operator at which the user termin-

al is not registered.

The invention is described in the following within the frame-
work of 3GPP LTE, however as the invention is not restricted to
3GPP LTE, but can in principle be applied in other networks
that can apply a method for allocation of frequency resources
of different operators to user terminals, like e.g. in WiMAX
networks (WiMAX = Worldwide Interoperability for Microwave Ac-
cess), in the following, instead of the term eNodeB used in

LTE, the more general term base station is used.

Further developments of the invention can be gathered from

the dependent claims and the following description.
Brief description of the figures

In the following the invention will be explained further mak-

ing reference to the attached drawings.

Fig. 1 schematically shows a communication network in which

the invention can be implemented.

Fig. 2 schematically shows the structure of a user terminal

and a base station in which the invention can be implemented.

Fig. 3 schematically shows state of the art resource sharing

for two operators with separate schedulers.

Fig. 4 schematically shows state of the art resource sharing

for two operators with one scheduler and carrier aggregation.

Fig. 5 schematically shows resource sharing for two operators
with one scheduler, carrier aggregation, and separate broadcast

and control channels according to an embodiment of the inven-
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Description of the embodiments

Fig. 1 shows as an example of a communication network in
which the invention can be implemented a communication network

CN according to the standard 3GPP LTE.

Said communication network CN comprises a macro base station
MA of a first operator A, a macro base station MB of a second
operator B, a pico base station S, a user terminal UE A MA reg-
istered with the first operator A and served by the macro base
station MA of the first operator A, a user terminal UE B MB
registered with the second operator B and served by the macro
base station MB of the second operator B, a user terminal
UE A S registered with the first operator A and served by the
pico base station S, a user terminal UE B S registered with the
second operator B and served by the pico base station S, serv-
ing gateways SGWA and SGWB of the first operator A and the sec-
ond operator B resgpectively, packet data network gateways
PDNGWA and PDNGWB of the first operator A and the second opera-
tor B respectively, and mobility management entities MMEA and
MMEB of the first operator A and the second operator B respec-

tively.

The user terminal UE A MA is connected via a radio connection
to the macro base station MA, the user terminals UE A S and
UE B S are connected via radio connections to the pico base
station S, and the user terminal UE B MB 1s connected via a ra-
dio connection to the macro base station MB. In future evolu-
tions of LTE, each of the user terminals UE A MA, UE B MB,
UE A PB and UE B PB could also be connected via radio connec-
tions to multiple macro and/or pico base stations. The macro
base station MA is in turn connected to the serving gateway

SGWA and to the mobility management entity MMEA, i.e. to the
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evolved packet core (EPC) of operator A, via a so-called S1 in-
terface. In the same way, the macro base station MB is con-
nected to the serving gateway SGWB and to the mobility manage-
ment entity MMEB, i.e. to the evolved packet core (EPC) of op-
erator B, via an S1 interface. The pico base station S is con-
nected to both the serving gateway SGWA and the mobility man-
agement entity MMEA of operator A, and the serving gateway SGWB
and the mobility management entity MMEB of operator B.

The serving gateway SGWA is connected to the packet data net-
work gateway PDNGWA, which is in turn connected to an external
IP network IPN, and the serving gateway SGWB is connected to
the packet data network gateway PDNGWB, which is in turn con-
nected to the external IP network IPN. Furthermore, the serving
gateway SGWA is connected to the mobility management entity
MMEA via a so-called S11 interface, and the serving gateway
SGWB is connected to the mobility management entity MMEB also

via a so-called S11 interface.

The macro base stations MA and MB are connected to the pico
base station S via a so-called X2 interface, which is not shown
in fig. 1 for the sake of simplicity. The macro base stations
MA and MB can be connected to the pico base station S via radio

connections or via fixed line connections.

The S1 interface is a standardized interface between a base
station, i.e. an eNodeB in this example, and the Evolved Packet
Core (EPC). The S1 interface has two flavours, S1-MME for ex-
change of signalling messages between one of the base stations
MA, MB, and S, and the respective mobility management entity
MMEA or MMEB, and S1-U for the transport of user datagrams be-
tween one of the base stations MA, MB, and S, and the respec-

tive serving gateway SGWA and SGWB.

The X2 interface is added in 3GPP LTE standard primarily in
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order to transfer the user plane signal and the control plane

signal during handover.

The serving gateways SGWA and SGWB perform routing of IP user
data between a respective base stations MA, MB, or S, and the
respective packet data network gateway PDNGWA or PDNGWB. Fur-
thermore, the serving gateways SGWA and SGWB serve as a mobile
anchor point during handover either between different base sta-

tions, or between different 3GPP access networks.

The packet data network gateways PDNGWA and PDNGWB represent
the interface to the external IP network IPN and terminate the
so-called EPS bearer (EPS = Evolved Packet System) which is es-
tablished between a user terminal UE A MA, UE B MB, UE A S or
UE B S and the respective serving macro base station MA or MB

or pico base station S.

The mobility management entities MMEA and MMEB perform tasks
of the subscriber management and the session management, and
also perform the mobility management during handover between

different access networks.

The pico base station S and the related coverage area CS of
the pico cell are placed under the coverage area CMA of the
macro base station MA and under the coverage area CMB of the

macro base station MB.

Fig. 2 schematically shows the structure of a user terminal
UE and a base station BS in which the invention can be imple-

mented.

The base station BS comprises by way of example three modem
unit boards MU1-MU3 and a control unit board CUl, which in turn

comprises a media dependent adapter MDA.

The three modem unit boards MU1l-MU3 are connected to the con-

trol unit board CUl, and to a respective remote radio head
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RRH1, RRH2, or RRH3 wvia a so-called Common Public Radio Inter-
face (CPRI).

Each of the remote radio heads RRH1, RRH2, and RRH3 is con-
nected by way of example to two remote radio head antennas
RRHA1l and RRHA2 for transmission and reception of data wvia a
radio interface. Said two remote radio head antennas RRHA1l and
RRHA? are only depicted for the remote radio head RRH1 in fig.
2 for the sake of simplicity.

The media dependent adapter MDA is connected to the mobility
management entity MME and to the serving gateway SGW and thus
to the packet data network gateway PDNGW, which is in turn con-

nected to the external IP network IPN.

The user terminal UE comprises by way of example two user
terminal antennas UEAl and UEA2, a modem unit board MU4, a con-

trol unit board CU2, and interfaces INT.

The two user terminal antennas UEAl and UEA2 are connected to
the modem unit board MU4. The modem unit board MU4 is connected
to the control unit board CU2, which is in turn connected to

interfaces INT.

The modem unit boards MU1-MU4 and the control unit boards
CUl, CU2 may comprise by way of example Field Programmable Gate
Arrays (FPGA), Digital Signal Processors (DSP), micro proces-
sors, switches and memories, like e.g. Double Data Rate Syn-
chronous Dynamic Random Access Memories (DDR-SDRAM) in order to

be enabled to perform the tasks described below.

The remote radio heads RRH1, RRH2, and RRH3 comprise the so-
called radio equipment, e.g. modulators and amplifiers, like

delta-sigma modulators (DSM) and switch mode amplifiers.

In downlink, IP data received from the external IP network

IPN are transmitted from the packet data network gateway PDNGW
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via the serving gateway SGW to the media dependent adapter MDA
of the base station BS on an EPS bearer. The media dependent
adapter MDA allows for a connectivity to different media like

e.g. fiber or electrical connection.

The control unit board CUl performs tasks on layer 3, i.e. on
the radio resource control (RRC) layer, such as measurements

and cell reselection, handover and RRC security and integrity.

Furthermore, the control unit board CUl performs tasks for
Operation and Maintenance, and controls the S1 interfaces, the

X2 interfaces, and the Common Public Radio Interface.

The control unit board CUl sends the IP data received from
the serving gateway SGW to a modem unit board MU1-MU3 for fur-

ther processing.

The three modem unit boards MU1-MU3 perform data processing
on layer 2, i.e. on the PDCP layer (PDCP = Packet Data Conver-
gence Protocol) which is e.g. responsible for header compres-
sion and ciphering, on the RLC layer (RLC = Radio Link Control)
which is e.g. responsible for segmentation and Automatic Repeat
Request (ARQ), and on the MAC layer (MAC = Media Access Con-
trol) which is responsible for MAC multiplexing and Hybrid
Automatic Repeat Request (HARQ).

Furthermore, the three modem unit boards MUl-MU3 perform data
processing on the physical layer, i.e. coding, modulation, and

antenna and resource-block mapping.

The coded and modulated data are mapped to antennas and re-
source blocks and are sent as transmission symbols from the mo-
dem unit board MU1-MU3 over the Common Public Radio Interface
to the respective remote radio head RRH1, RRH2, or RRH3, and
the respective remote radio head antenna RRHAl, RRHAZ for

transmission over an ailr interface.
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The Common Public Radio Interface (CPRI) allows the use of a
distributed architecture where base stations BS, containing the
so-called radio equipment control, are connected to remote ra-
dio heads RRH1, RRH2, and RRH3 preferably via lossless fibre
links that carry the CPRI data. This architecture reduces costs
for service providers because only the remote radio heads RRHI,
RRH2, and RRH3 containing the so-called radio equipment, like
e.g. amplifiers, need to be situated in environmentally chal-
lenging locations. The base stations BS can be centrally lo-
cated in less challenging locations where footprint, climate,

and availability of power are more easily managed.

The user terminal antennas UEAl, UEA2 receive the transmis-
sion symbols, and provide the received data to the modem unit

board MU4.

The modem unit board MU4 performs data processing on the
physical layer, i.e. antenna and resource-block demapping, de-

modulation and decoding.

Furthermore, the modem unit board MU4 performs data process-
ing on layer 2, i.e. on the MAC layer (MAC = Media Access Con-
trol) which is responsible for Hybrid Automatic Repeat Request
(HARQ) and for MAC demultiplexing, on the RLC layer (RLC = Ra-
dio Link Control) which is e.g. responsible for reassembly and
Automatic Repeat Request (ARQ), and on the PDCP layer (PDCP =
Packet Data Convergence Protocol) which is e.g. responsible for

deciphering and header compression.

The processing on the modem unit board MU4 results in IP data
which are sent to the control unit board CU2, which performs
tasks on layer 3, i.e. on the radio resource control (RRC)
layer, such as measurements and cell reselection, handover and

RRC security and integrity.

The IP data are transmitted from the control unit board CU2
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to respective interfaces INT for output and interaction with a

user.

In the uplink, data transmission is performed in an analogue
way in the reverse direction from the user terminal UE to the

external IP network IPN.

In the sequel, methods for resource sharing between operators
in a wireless communication network as depicted in fig. 1 are
described according to the state of the art in figs. 3 and 4,

and according to an embodiment of the invention in fig. 5.

Fig. 3 schematically shows state of the art resource sharing

for two operators with separate schedulers.

In the middle of fig. 3, the coverage areas of the macro
cells CMA and CMB served by the macro base station MA of a
first operator OPA and the macro base station MB of a second
operator OPB are depicted. In the region where the two coverage
areas are overlapping, also the coverage area of a small cell
CSA of the first operator OPA and the coverage area of a small

cell CSB of the second operator OPB are depicted.

On the left in fig. 3, different channels are depicted for
the macro cell CMA of the first operator OPA in the frequency
band FA, and for the macro cell CMB of the second operator OPB
in the frequency band FB. First, transmission on a Physical
Broadcast Channel PRCHA and PRCHB respectively is performed
comprising an indication of the respective operator OPA or OPR,
as e.g. the so-called Public Land Mobile Network identifier
(PLMN ID) of the regpective operator OPA or OPB. Thus, in the
macro cell CMA of the first operator OPA, on the Physical
Broadcast Channel PRCHA, an indication of the operator OPA is
transmitted, and in the macro cell CMB of the second operator
OPB, on the Physical Broadcast Channel PRCHB, an indication of

the operator OPB is transmitted. Only user terminals registered
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at the indicated operator OPA are allowed to get access to the
macro cell CMA, and only user terminals registered at the indi-
cated operator OPB are allowed to get access to the macro cell
CMB. Then, in the macro cell CMA on the frequency band FA,
transmissions on a Physical Downlink Control Channel PDCCHA and
on a Physical Downlink Shared Channel PDSCHA are performed, and
in the macro cell CMB on the frequency band FB, transmissions
on a Physical Downlink Control Channel PDCCHB and on a Physical
Downlink Shared Channel PDSCHRBR are performed.

On the right in fig. 3, different channels are depicted for
the small cell CSA of the first operator OPA in the frequency
band FA, and for the small cell CSB of the second operator OPB
in the frequency band FB. First, transmission on a Physical
Broadcast Channel PRCHA and PRCHB respectively is performed
comprising an indication of both operators OPA and OPB, as e.g.
the so-called Public Land Mobile Network identifiers (PLMN ID)
of the operators OPA and OPB, in each broadcast channel PBCHA
and PBCHB. Thus, in the small cell CSA of the first operator
OPA, on the Physical Broadcast Channel PRCHA, an indication of
both operators OPA and OPB is transmitted, and in the small
cell CSB of the second operator OPB, on the Physical Broadcast
Channel PBCHB, also an indication of both operators OPA and OPB

is transmitted.

Both, user terminals registered at the indicated operator
OPA, and user terminals registered at the indicated operator
OPB are allowed to get access to the small cells CSA and CSB.
Then, in the small cell CSA on the frequency band FA, transmis-
sions on a Physical Downlink Control Channel PDCCHA and on a
Physical Downlink Shared Channel PDSCHA are performed, and in
the small cell CSB on the frequency band FB, transmissions on a
Physical Downlink Control Channel PDCCHB and on a Physical
Downlink Shared Channel PDSCHRBR are performed.
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However, user terminals getting access to the small cell CSA
of operator OPA can only be scheduled to a Physical Downlink
Shared Channel PDSCHA in the frequency band FA, and user ter-
minals getting access to the small cell CSB of operator OPB can
only be scheduled to a Physical Downlink Shared Channel PDSCHR
in the frequency band FB, i.e. no carrier aggregation is per-

formed.

In this scenario, there are two separate schedulers in the
small cells CSA and CSB of the 2 operators OPA and OPB, ena-
bling a kind of national roaming, as both frequency bands FA
and FB allow access of user terminals with a subscription to
operator OPA or operator OPB, as within the Broadcast Control
Channel (BCCH) of both small cells CSA and CSB, two operator
IDs are included. This solution is however not sufficient with
respect to the efficient radio resource management, as no so-

called resource pooling is used in the small cells CSA and CSB.

Fig. 4 schematically shows state of the art resource sharing
for two operators OPA and OPB with one scheduler and carrier

aggregation.

The coverage areas of macro cells CMA and CMB and small cells
CSA and CSB depicted in the middle of fig. 4 are as depicted in

the middle of fig. 3 and described above.

The different channels depicted for the macro cell CMA of the
first operator OPA in the frequency band FA, and for the macro
cell CMB of the second operator OPB in the frequency band FB on
the left in fig. 4 are as depicted on the left in fig. 3 and

described above.

On the right in fig. 4, different channels are depicted for
the small cell CSA of the first operator OPA in the frequency
band FA, and for the small cell CSB of the second operator OPB

in the frequency band FB. First, transmission on a Physical
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Broadcast Channel PRCHA only in the small cell CSA of the first
operator OPA is performed comprising an indication of both op-
erators OPA and OPB, as e.g. the so-called Public Land Mobile
Network identifiers (PLMN ID) of the operators OPA and OPR.
Thus, in the small cell CSA of the first operator OPA, on the
Physical Broadcast Channel PBCHA, an indication of both opera-
tors OPA and OPB is transmitted, and in the small cell CSB of
the second operator OPB, neither a Physical Broadcast Channel
PRCHRB, nor a Physical Downlink Control Channel PDCCHB is avail-

able for transmission.

Both, user terminals registered at the indicated operator
OPA, and user terminals registered at the indicated operator
OPB are allowed to get access to the small cell CSA. Then, in
the small cell CSA on the frequency band FA, transmissions on a
Physical Downlink Control Channel PDCCHA are performed. The
Physical Downlink Control Channel PDCCHA comprises an indicator
CIFA for allocation of resources on a Physical Downlink Shared
Channel PDSCHA of the operator OPA in the frequency band FA, or
for allocation of resources on a Physical Downlink Shared Chan-
nel PDSCHB of the operator OPB in the frequency band FB. Said
indicator CIFA can e.g. be a so-called carrier indicator field.
Both, user terminals registered at the indicated operator OPA,
and user terminals registered at the indicated operator OPB can
thus be scheduled on resources on a Physical Downlink Shared
Channel PDSCHA of the operator OPA in the frequency band FA, or
on resources on a Physical Downlink Shared Channel PDSCHB of
the operator OPB in the frequency band FB, i.e. carrier aggre-

gation is performed.

In this case, the operators OPA and OPB share the complete
radio access network. With the help of so-called carrier aggre-
gation, the two carriers, i.e. frequency bands FA and FB, can

be combined in the small cell coverage area to serve the user
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terminals of both operators OPA and OPB using the aggregated
frequency resources. For this purpose, only one carrier can be
assigned as a so-called primary component carrier (PCC) and the
other can be used as a so-called secondary component carrier
(SCC). With the help of cross carrier scheduling, a common
scheduler with a BCCH only on the PCC utilizes the complete
spectrum and allocates the resource to the user terminals of
both operators OPA and OPB. This solution could be seen as suf-
ficient with respect to an efficient radio resource management,
as resource pooling is used. However, it does not guarantee the
fairness between the operators OPA and OPB. Let the carrier
from the operator OPA be taken as PCC and the carrier from the
operator OPB serve as SCC. In this case, the handover of user
terminals of the macro cell CMA of operator OPA to the small
cell CSA will be an intra-frequency handover, as broadcast and
control channels are transmitted on the carrier of operator OPA
in the small cell CSA. On the other hand, the handover of user
terminals of the macro cell CMB of the operator OPB to the
small cell CSB will be an inter-frequency handover, as broad-
cast and control channels are only transmitted on the carrier
of operator OPA, i.e. on the frequency band FA. Thus, the op-
erator OPB has to bear high costs for the resource sharing by
configuring its user terminals for inter-frequency measure-
ments, 1.e. measurement gaps are required for measurement of

the frequency band FA of the other operator OPA.

Fig. 5 schematically shows resource sharing for two operators
with one scheduler, carrier aggregation, and separate broadcast
and control channels according to an embodiment of the inven-

tion.

In fig. 5, a method for resource sharing between operators in
a wireless communication network as depicted in fig. 1 leading

to a good and flexible usage of the common frequency resources
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and at the same time maintaining the fairness between both op-

erators is depicted.

The coverage areas of macro cells CMA and CMB and small cells
CSA and CSB depicted in the middle of fig. 5 are as depicted in

the middle of fig. 3 and described above.

The different channels depicted for the macro cell CMA of the
first operator OPA in the frequency band FA, and for the macro
cell CMB of the second operator OPB in the frequency band FB on
the left in fig. 5 are as depicted on the left in fig. 3 and

described above.

On the right in fig. 5, different channels are depicted for
the small cell CSA of the first operator OPA in the frequency
band FA, and for the small cell CSB of the second operator OPB
in the frequency band FB. First, transmission on a Physical
Broadcast Channel PBCHA is performed comprising an indication
of the operator OPA, as e.g. the so-called Public Land Mobile
Network identifier (PLMN ID) of the operator OPA, in the broad-
cast channel PBCHA, and transmission on a Physical Broadcast
Channel PBCHB is performed comprising an indication of the op-
erator OPB, as e.g. the so-called Public Land Mobile Network
identifier (PLMN ID) of the operator OPB, in the broadcast
channel PRBCHRB.

Thus, user terminals registered at the indicated operator OPA
are allowed to get access to the small cell CSA, and user ter-
minals registered at the indicated operator OPB are allowed to
get access to the small cell CSB. Then, in the small cell CSA
on the frequency band FA, transmissions on a Physical Downlink
Control Channel PDCCHA are performed. The Physical Downlink
Control Channel PDCCHA comprises an indicator CIFA for alloca-
tion of resources on a Physical Downlink Shared Channel PDSCHA

of the operator OPA in the frequency band FA, or for allocation
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of resources on a Physical Downlink Shared Channel PDSCHB of
the operator OPB in the frequency band FB. Said indicator CIFA
can e.g. be a so-called carrier indicator field. User terminals
registered at the indicated operator OPA can be scheduled on
resources on a Physical Downlink Shared Channel PDSCHA of the
operator OPA in the frequency band FA, or on resources on a
Physical Downlink Shared Channel PDSCHB of the operator OPB in
the frequency band FB, i.e. carrier aggregation is performed.
In an analogue way, in the small cell CSB on the frequency band
FBR, transmissions on a Physical Downlink Control Channel PDCCHB
are performed. The Physical Downlink Control Channel PDCCHR
comprises an indicator CIFB for allocation of resources on a
Physical Downlink Shared Channel PDSCHA of the operator OPA in
the frequency band FA, or for allocation of resources on a
Physical Downlink Shared Channel PDSCHB of the operator OPB in
the frequency band FB. Said indicator CIFBR can e.g. be a so-
called carrier indicator field. User terminals registered at
the indicated operator OPB can be scheduled on resources on a
Physical Downlink Shared Channel PDSCHA of the operator OPA in
the frequency band FA, or on resources on a Physical Downlink
Shared Channel PDSCHB of the operator OPB in the frequency band

FR, i.e. carrier aggregation is performed.

In a preferred embodiment of the invention, it is proposed to
have two PCC, one for each operator OPA and OPB in the small
cell coverage area using a common hardware with two different
cell IDs and two BCCHs for the two operators OPA and OPB. Using
the carrier aggregation and cross carrier scheduling as de-
picted in fig. 5 and described above, a common small cell
scheduler will serve the user terminals of both operators OPA

and OPB.

If a user terminal of operator OPB served by the macro cell

CMB moves towards the small cell CSB, it can perform intra-
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frequency measurements on the PCC in the frequency band FB,
which is the same as the carrier of operator OPB in the macro
cell CMB. Once said user terminal of operator OPB is associated
with the small cell CSRB, all its signalling can be carried over
the PCC in the frequency band FB. However, user data can be
scheduled over the complete spectrum using the carrier aggrega-
tion feature, i.e. over the frequency bands FA and FB. An ana-
logue handover procedure is possible for a user terminal of op-
erator OPA served by the macro cell CMA moving towards the

small cell CSA.

With the above-described method according to an embodiment of
the invention, the small cells CSA and CSB utilize the resource
pooling, i.e. wider spectrum gain, and at the same time main-
tain the fairness between both operators OPA and OPB, as due to
the PCC on each carrier for each operator, user terminals
served by a macro base station CMA or CMB from the operator OPA
or OPB will perform simply an intra-frequency measurement and
handover, as broadcast and control channels are transmitted on
the carrier of the respective operator OPA and OPR in the re-
spective small cell CSA and CSB. In this way both operators
will benefit from a wider spectrum and both will benefit from

reduced re-configurations on the RRC layer.

In the embodiments described above and depicted in fig. 5,
the corresponding processing steps can be performed e.g. in the
modem unit boards MU1-MU3 and the control unit board CUl of a
pico base station of the small cells CSA and CSB, and in the
modem unit board MU4 and the control unit board CU2 of the user
terminals UE A MA, UE B MB, UE A S and UE B S as depicted in

figs. 1, 2 and 5, and described above.

A comparative tabular analysis of the embodiment of the in-

vention depicted in fig. 5 and the state of the art solutions
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3 and 4 for resource sharing in the small

is summarized in the following table.

#Cell IDs / operator #Operators in Need of Inter- Operator specific Pooling #Schedulers #Hardware
#BCCHs specific UE BCCH freq. handover settings kept gain boxes
handling e.g. measurements (measurements,
signalling in mobility)
shared cell or
measurement
configurations
Fig. 3 2 - 2 XX X 2 1
Fig. 4 1 2 X - X 1 1
Fig. 5 2 X 1 - X X 1 1

The state of the art solution in fig. 3, and the embodi-

ment of the invention in fig. 5 both have two cell IDs and
BCCHs respectively for the small cells CSA and CSB,
whereas the state of the art solution in fig. 4 has only

one cell ID and BCCH for the small cells CSA and CSB.

The state of the art solutions in figs. 3 and 4 do not of-

fer an operator specific user terminal handling, as e.g.
all user terminals must perform the same handover measure-
ments on the same frequency bands. The embodiment of the
invention in fig. 5 however offers an operator specific

user terminal handling, as e.g. user terminals of operator
OPA perform handover measurements in the frequency band
FA, whereas user terminals of operator OPB perform handov-

er measurements in the frequency band FB.

The state of the art solutions in figs. 3 and 4 signal two

operator IDs per BCCH in the small cells CSA and CSB, whe-
reas the embodiment of the invention in fig. 5 signals

only one operator ID per BCCH in the small cells CSA and

CSB.
e In the state of the art solutions in figs. 3 and 4, there
is a need for inter-frequency handover measurements, as at

least user terminals from one operator must perform mea-
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surements in a frequency band of the other operator. In
the embodiment of the invention in fig. 5 however, only
intra-frequency handover measurements must be performed,
i.e. the user terminals only perform measurements in the
frequency band of their own operator, which is of course

more resource effective.

In the state of the art solution in fig. 3, and in the em-
bodiment of the invention in fig. 5, operator specific
settings for measurements and mobility can be kept, as
e.g. handover measurements and handovers of user terminals
can be restricted to frequency bands and cells of the own
operator. In the state of the art solution in fig. 4 how-
ever, at least the user terminals of one operator must
perform handover measurements in frequency bands of an-
other operator and thus, operator specific settings for

measurements and mobility cannot be kept.

In the state of the art solution in fig. 3, no pooling
gain is achieved, as no carrier aggregation of frequency
bands FA and FB is performed for scheduling user termin-
als, whereas in the state of the art solution in fig. 4,
and in the embodiment of the invention in fig. 5, carrier
aggregation of frequency bands FA and FB is performed, and

thus, a pooling gain is achieved.

In the state of the art solution in fig. 3, a separate

scheduler for each of the small cells CSA and CSB is used,
whereas in the state of the art solution in fig. 4, and in
the embodiment of the invention in fig. 5, a common sched-

uler for both small cells CSA and CSB can be used.

In both state of the art solutions in figs. 3 and 4, and
in the embodiment of the invention in fig. 5 only 1 hard-

ware box, as e.g. only one LTE pico base station can be
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used for implementing the functionalities of both small

cells CSA and CSB.
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Claims

A method for allocation of frequency resources (FA, FB)
of different operators (OPA, OPB) to user terminals
(UE A S, UE B S) in a wireless communication network (CN),

wherein

e on at least one frequency resource (FA, FB) of each op-
erator (OPA, OPB) of said different operators, an indi-
cation of said operator allowing user terminals
(UE_ A S, UE B S) registered at said operator (OPA, OPB)
to get access to a signaled cell (CS, CSA, CSB) is
transmitted on a broadcast channel (PBCHA, PBCHB),

e user terminals (UE A S, UE B S) receive control infor-
mation only on frequency resources (FA, FB) of an oper-
ator (OPA, OPB) at which the user terminals (UE A S,

UE B S) are registered,

¢ and said control information comprises an indicator
(CIFA, CIFB) allocating to the user terminals (UE A S,
UE B S) at least one frequency resource (FA, FB) of
said frequency resources of an operator (OPA, OPB) at
which the user terminals (UE A S, UE B S) are not reg-
istered.

A method according to claim 1, wherein a common scheduler

for at least two operators (OPA, OPB) of said different

operators is used for the allocation of the frequency re-

sources (FA,FB) of said at least two operators (OPA, OPB).

A method according to claim 1 or 2, wherein said alloca-
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tion of the frequency resources (FA, FB) of the different
operators (OPA, OPB) to the user terminals (UE A S,
UE B S) is performed in a small cell (CS, CSA, CSB) that

is shared between said different operators (OPA, OPRB).

4. A method according to any of the preceding claims, where-
in each of said different operators (OPA, OPB) uses at
least one of a group of a dedicated cell identifier and a

dedicated broadcast channel (PBCHA, PBCHB).

5. A method according to any of the preceding claims, where-
in the indicator (CIFA, CIFB) allocating to the user ter-
minals (UE A S, UE B S) at least one frequency resource
(FA, FB) of said frequency resources of an operator (OPA,
OPB) at which the user terminals (UE A S, UE B S) are not
registered is comprised in a carrier indicator field of a

control channel (PDCCHA, PDCCHB).

6. A method according to any of the preceding claims, where-
in at least one frequency resource (FA, FB) of an operator
(OPA, OPB) of said different operators is used as primary
component carrier for said operator, and at least one fre-
quency resource (FA, FB) of at least one further operator
(OPA, OPR) of said different operators is used as second-

ary component carrier.

7. A method according to claim 3, wherein a user terminal
(UE_ A MA, UE B MB) performs handover measurements for per-
forming a handover to the small cell (CS, CSA, CSB) only
on frequency resources (FA, FB) of the operator (OPA, OPB)

at which it is registered.

8. A base station (S, BS) for allocation of frequency re-
sources (FA, FB) of different operators (OPA, OPB) to user
terminals (UE A S, UE B S), wherein said base station (S,

BS) is adapted
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to transmit on a broadcast channel (PBCHA, PBCHB) on at
least one frequency resource (FA, FRBR) of each operator
(OPA, OPB) of said different operators an indication of
said operator (OPA, OPB) allowing user terminals
(UE_ A S, UE B S) registered at said operator (OPA, OPB)
to get access to a signaled cell (CS, CSA, CSB),

and to transmit control information to user terminals
(UE A 5, UE B S) only on frequency resources (FA, FB)
of an operator (OPA, OPB) at which said user terminals
(UE A S, UE B S) are registered, said control informa-
tion comprising an indicator (CIFA, CIFB) allocating to
the user terminals (UE A S, UE B S) at least one fre-
quency resource (FA, FB) of said fregquency resources of
an operator (OPA, OPB) at which the user terminals

(UE A S, UE B S) are not registered.

A user terminal (UE A S, UE B S) to which frequency re-

sources (FA, FB) of different operators (OPA, OPB) can be

allocated, wherein said user terminal (UE A S, UE B S) 1is

adapted to

receive on at least one frequency resource (FA, FB) of
an operator (OPA, OPB) of said different operators at
which the user terminal (UE A S, UE B S) 1s registered
an indication of said operator (OPA, OPB) on a broad-
cast channel (PBCHA, PBCHB) allowing the user terminal
(UE A S, UE B S) to get access to a signaled cell (CS,

CSA, CSB),

and receive control information only on frequency re-
sources (FA, FB) of the operator (OPA, OPB) at which
the user terminal (UE A S, UE B S) is registered, said
control information comprising an indicator (CIFA,

CIFB) allocating to the user terminal (UE A S, UE B 9)
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at least one frequency resource (FA, FB) of said fre-

quency resources of an operator (OPA, OPB) at which the

user terminal (UE A S, UE B S) 1s not registered.

10. A communication network (CN) for mobile communication

comprising at least one base station (S, BS) according to

claim 8.
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