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BASESTATION FOR CELLULAR
COMMUNICATIONS SYSTEM

[0001] This invention relates to a basestation for use in a
cellular telecommunications system, and in particular to a
basestation for use as a femtocell basestation. A traditional
cellular telecommunications system includes a number of
basestations, each serving a part of the total coverage area of
the system, these areas being termed cells. Each basestation is
connected to the core network of the system, typically over a
wired connection. A user of a wireless communications
device, located in one of these cells, is able to establish
wireless communications with the relevant basestation, and
the traffic is passed over the wired connection to the core
network, where it can be routed as required.

[0002] It has been suggested that, in order to increase the
capacity of cellular telecommunications systems, femtocell
basestations can additionally be provided. It has been sug-
gested that a femtocell basestation could be obtained by a
customer of the mobile network operator, and located within
that customer’s premises, which may for example be a home
or a relatively small office. The femtocell basestation could
then be connected to the core network of the cellular telecom-
munications system over the customer’s existing broadband
internet connection. In this case, a user of a suitably registered
wireless communications device (which may for example be
the customer’s own conventional cellular wireless communi-
cations device), when it is located within the relatively small
coverage area of the basestation (this area being termed a
femtocell), is then able to establish wireless communications
with the relevant femtocell basestation, and the traffic is
passed over the broadband internet connection to the core
network, where it can be routed as required.

[0003] It is known that, in some cases, certain operations
require relatively large numbers of messages to be transferred
between the basestation and the core network, even in a
conventional cellular communications system. In addition, in
use of the femtocell basestation as described above, traffic
that is intended to be uploaded from the registered wireless
communications device to a device that is connected to the
internet, or is intended to be downloaded to the registered
wireless communications device from a device that is con-
nected to the internet, is passed through the core network of
the cellular communications system, placing an additional
burden on the core network.

[0004] According to a first aspect of the present invention,
there is provided a basestation, having software that allows
the basestation to terminate and/or interrogate messages sent
from a mobile device that are intended for the network, and/or
allows the basestation to terminate and/or interrogate mes-
sages sent from the network that are intended for the mobile
device.

[0005] This has the advantage that, in some situations, the
number of messages transferred between the basestation and
the network can be reduced. Further, the basestation operator
can provide additional services to the user.

[0006] For abetter understanding of the present invention,
and to show how it may be put into effect, reference will now
be made, by way of example, to the accompanying drawings,
in which:

[0007] FIG. 1 is a block schematic diagram of a part of a
cellular wireless communications network.
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[0008] FIG. 2 shows the functional architecture of a part of
the network illustrated in FIG. 1.

[0009] FIG. 3 is a protocol stack diagram, illustrating soft-
ware operating on nodes in the part of the network shown in
FIG. 2 in an embodiment of the invention.

[0010] FIG. 4 is a further protocol stack diagram, illustrat-
ing software operating on nodes in the part of the network
shown in FIG. 2 in an embodiment of the invention.

[0011] FIG. 5 shows the functional architecture of a part of
the network illustrated in FIG. 1, in an alternative embodi-
ment.

[0012] FIG. 6 is a protocol stack diagram, illustrating soft-
ware operating on nodes in the part of the network shown in
FIG. 5 in an embodiment of the invention.

[0013] FIG. 7 is a further protocol stack diagram, illustrat-
ing software operating on nodes in the part of the network
shown in FIG. 5 in an embodiment of the invention.

[0014] FIG. 8 is a further protocol stack diagram, illustrat-
ing software operating on nodes in the part of the network
shown in FIG. 5 in an embodiment of the invention.

[0015] FIG. 9 is a further protocol stack diagram, illustrat-
ing software operating on nodes in the part of the network
shown in FIG. 5 in an embodiment of the invention.

[0016] FIG. 10 is a further protocol stack diagram, illus-
trating software operating on nodes in the part of the network
shown in FIG. 5 in an embodiment of the invention.

[0017] FIG. 11 is a further protocol stack diagram, illus-
trating software operating on nodes in the part of the network
shown in FIG. 5 in an embodiment of the invention.

[0018] FIG. 12 illustrates a method in accordance with an
aspect of the invention.

[0019] FIG. 1 illustrates a part of a cellular wireless com-
munications network in accordance with an aspect of the
present invention. Specifically, FIG. 1 shows a core network
(CN) 10 and a radio network (RN) 12 of a cellular wireless
communications network. These are generally conventional,
and are illustrated and described herein only to the limited
extent necessary for an understanding of the present inven-
tion.

[0020] Thus, the core network 10 has connections into the
Public Switched Telephone Network (PSTN) (not shown)
and into a packet data network, for example the internet 14.
The radio network 12 may include, for example, a GSM radio
network and/or a UMTS radio network, which are then gen-
erally conventional. As shown in FIG. 1, the radio network 12
has a basestation (BS) 16 connected thereto. As will be rec-
ognized by the person skilled in the art, a typical radio net-
work 12 will have many such basestations connected thereto.
These basestations provide coverage over respective geo-
graphic areas, or cells, such that a service is available to
subscribers. Often, there is a group of basestations that
together provide coverage to the whole of the intended ser-
vice area, while other basestations provide additional cover-
age to smaller areas within that intended service area, in
particular to smaller areas where there is expected to be more
demand forthe service. The cells served by the basestations of
the first group are then referred to as macrocells, while the
smaller areas served by the additional basestations are
referred to as microcells.

[0021] FIG. 1 also shows an additional basestation 18 that
can be used to provide coverage over a very small area, for
example within a single home or office building. This is
referred to as a femtocell basestation (FBS). The femtocell
basestation 18 is connected into the mobile network opera-
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tor’s core network 10 over the internet 14, by means of the
customer’s existing broadband internet connection 20. Thus,
a user of a conventional mobile phone 22 can establish a
connection through the femtocell basestation 18 with another
device, in the same way that any other mobile phone can
establish a connection through one of the other basestations
of the mobile network operator’s network, such as the bases-
tation 16.

[0022] As mentioned above, the macrocell basestations
provide coverage to the whole of the intended service area
including the location of the femtocell basestation 18 and the
location of the mobile phone 22 while it is in the coverage area
of the femtocell basestation 18. However, the network is
configured such that, when a mobile device that is allowed to
be registered with the femtocell basestation 18 is within the
coverage area of the femtocell basestation 18, then it will
preferentially establish a connection with the femtocell bas-
estation 18 rather than with the macrolayer basestation 16.
[0023] FIG. 2 shows the functional architecture of a part of
the network illustrated in FIG. 1. Specifically, the mobile
phone, or user equipment (UE), 22 is shown, having a con-
nection into the femtocell basestation (FBS) 18 over a Uu
radio interface. Other devices can also be used to connect to
the FBS 18, such as a POTS or SIP phone 26, which can
connect over a POTS or SIP interface, as appropriate, or a PC
28, which can for example connect over IP, or over USB, or
over WiFi, or over an Ethernet connection.

[0024] The FBS 18 includes a USIM 30, which can take the
form of a SIM card as is conventional, or can contain the
required data in any removable or non-removable module.
The USIM 30 allows the FBS 18 to identify itself to the
mobile network operator’s core network as if it were itself a
mobile device, and provides suitable authorization and
encryption functionality.

[0025] The FBS 18 has a connection over the generic IP
access network 14 to the internet 31. In this case, the FBS 18
uses the UMA (Unlicensed Mobile Access) protocol for
backhaul, and has a Up' interface over the generic IP access
network 14 to a 3G L-GANC (Generic Access Network Con-
troller) 32.

[0026] The FBS 18 is also able to establish a Zz interface
over the generic IP access network 14, through a security
gateway 34 in the Generic Access Network Controller 32 to a
management system (MS) 36. The management system 36 is
operated by the mobile network operator, and supports the
operation of the femtocell basestations, such as the FBS 18,
within the network.

[0027] The 3G L-GANC (Generic Access Network Con-
troller) 32 is then connected to the core network 10 of the
mobile network operator. The network may be the Home
Public Land Mobile Network (HPLMN) or the Visited Public
Land Mobile Network (VPLMN) defined in the 3G specifi-
cations. In this illustrated case, the network includes both a
Mobile Switching Center (MSC) 38 for circuit switched data,
to which the GANC 32 may establish a [u-CS interface, and
a Serving GPRS Support Node (SGSN) 40 for packet
switched data, to which the GANC 32 may establish a Tu-PS
interface.

[0028] FIG. 3 illustrates the circuit switched domain con-
trol plane protocol stacks that are provided in the various
network nodes, namely the UE 22, the FBS 18, nodes of the IP
access network 14, the 3G L-GANC 32 and the MSC 38.
[0029] Asis well known, the WCDMA protocol structure is
divided vertically into an Access Stratum (AS) and a Non-
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Access Stratum (NAS). The Access Stratum (AS) includes
the Layer 1 (I.1) protocol, the Media Access Control (MAC)
protocol, the Radio Link Control (RLC) protocol, and the
Radio Resource Control (RRC) protocol. It can be seen that
these are terminated in the FBS 18, and interworked into the
relevant UMA protocol layers for transmission over the IP
access network 14 to the GANC 32, where they are termi-
nated again, and interworked into the relevant protocols for
transmission to the MSC 38.

[0030] By contrast, the UE 22 and the MSC 38 would be
able to communicate directly with each other using the Non-
Access Stratum (NAS) protocols, which may include the Call
Control (CC) protocol, the Supplementary Services (SS) pro-
tocol, the Short Message Service (SMS) protocol, the Mobil-
ity Management (MM) protocol, and the Connection Man-
agement (CM) protocol, for example.

[0031] However, in accordance with an aspect of the
present invention, the FBS 18 includes software 42 for termi-
nating messages from the UE 22 in the protocols of the
Non-Access Stratum that are intended for the MSC 38, and
also includes software 44 for terminating messages from the
MSC 38 in the protocols of the Non-Access Stratum that are
intended for the UE 22. The FBS 18 also includes intelligence
function (IF) software 46 for providing an interworking or
relay function between the software 42 and the software 44.
[0032] Thus, in this embodiment of the invention, and oth-
ers, the software in the FBS 18 includes software for inter-
working between the wireless communications over the Uu
interface on the one hand and the communications using the
UMA protocol with the 3G L-GANC on the other hand.
[0033] However, the software in the FBS 18 also includes
back-to-back NAS software stacks. These stacks allow mes-
sages in the NAS protocol layers, that have been sent from the
UE and would conventionally be expected to be received in
the MSC, to be terminated in the FBS 18. Messages can then
be recreated for onward transmission to the MSC, either inthe
same form or with modification of one or more parameter
value, or the messages can instead be handled in a different
way, for example by transmitting a message over the internet
without passing through the MSC. Similarly, the software in
the FBS 18 also allows messages in the NAS protocol layers,
that have been sent from the MSC and would conventionally
be expected to be received in the UE, to be terminated in the
FBS 18. Messages can then be recreated for onward trans-
mission to the UE, either in the same form or with modifica-
tion of one or more parameter value, or the messages can
instead be handled in a different way.

[0034] The operation of the software 42, 44, 46 in the FBS
18 will be described in more detail below.

[0035] FIG. 4 illustrates the packet switched domain con-
trol plane protocol stacks that are provided in the various
network nodes, namely the UE 22, the FBS 18, nodes of the IP
access network 14, the 3G L-GANC 32 and the SGSN 40.
[0036] As before, the protocol structure is divided verti-
cally into an Access Stratum (AS) and a Non-Access Stratum
(NAS), and the Access Stratum (AS) includes the Layer 1
(L1) protocol, the Media Access Control (MAC) protocol, the
Radio Link Control (RLC) protocol, and the Radio Resource
Control (RRC) protocol. It can be seen that these are termi-
nated in the FBS 18, and interworked into the relevant UMA
protocol layers for transmission over the IP access network 14
to the GANC 32, where they are terminated again, and inter-
worked into the relevant protocols for transmission to the
SGSN 40.
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[0037] By contrast, the UE 22 and the SGSN 40 would be
able to communicate directly with each other using the Non-
Access Stratum (NAS) protocols, which may include the
GPRS Mobility Management (GMM) protocol, the Session
Management (SM) protocol, and the Short Message Service
(SMS) protocol, for example.

[0038] However, in accordance with an aspect of the
present invention, the FBS 18 includes software 48 for termi-
nating messages from the UE 22 in the protocols of the
Non-Access Stratum that are intended for the SGSN 40, and
also includes software 50 for terminating messages from the
SGSN 40 in the protocols of the Non-Access Stratum that are
intended for the UE 22. The FBS 18 also includes intelligence
function (IF) software 52 for providing an interworking or
relay function between the software 48 and the software 50.
[0039] Thus, in these embodiments, the FBS 18 supports
the relevant protocols to make the UE 22 believe that it is
working into a 3G UMTS network. Towards the network, the
FBS 18 supports the UMA protocols to make the GANC 32
believe that it is communicating with a UMA client and to
make the MSC 38 (or SGSN 40) believe that it is communi-
cating with a 3G UE. The intelligence function 46, 52 can be
programmed to pass information between the 3G and UMA
stacks transparently e.g. relaying so that the relevant 3G UE
protocols (NAS) communicate transparently through the FBS
with the 3G MSC. Alternatively the intelligence function 46,
52 can be programmed to terminate all or of some of the
protocols as appropriate. The terminated protocols are then
interworked. It is also possible to program the intelligence
function 46, 52 to interrogate the protocols then relaying
some parts and interworking other of the same protocol.
[0040] FIG. 5 shows the functional architecture of a part of
the network illustrated in FIG. 1, in an alternative embodi-
ment. Specifically, a mobile phone, or user equipment (UE),
122 is shown, having a connection into the femtocell bases-
tation (FBS) 118 over a Uu radio interface. Other devices can
also be used to connect to the FBS 118, such as a POTS or SIP
phone 126, which can connect over a POTS or SIP interface,
as appropriate, or a PC 128, which can connect over IP, or over
USB, or over an Ethernet connection.

[0041] The FBS 118 includes a USIM 130, which can take
the form of a SIM card as is conventional, or can contain the
required data in any removable or non-removable module.
The USIM 130 allows the FBS 118 to identify itself to the
mobile network operator’s core network as if it were itself a
mobile device, and provides suitable authorization and
encryption functionality.

[0042] The FBS 118 has a connection over the generic IP
access network 114 to the internet 131.

[0043] Inthis case, the FBS 118 has a slightly modified lub
interface, referred to as an lub' interface, a 3G RNC (Radio
Network Controller) 132.

[0044] The FBS 118 is also able to establish a Zz interface
over the generic IP access network 114, through a security
gateway 134 in the Radio Network Controller 132 to a man-
agement system (MS) 136. The management system 136 is
operated by the mobile network operator, and supports the
operation of the femtocell basestations, such as the FBS 118,
within the network.

[0045] The Radio Network Controller 132 is then con-
nected to the core network 110 of the mobile network opera-
tor. The network may be the Home Public Land Mobile Net-
work (HPLMN) or the Visited Public Land Mobile Network
(VPLMN) defined in the 3G specifications. In this illustrated
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case, the network includes both a Mobile Switching Center
(MSC) 138 for circuit switched data, to which the RNC 132
may establish a [u-CS interface, and a Serving GPRS Support
Node (SGSN) 140 for packet switched data, to which the
RNC 32 may establish a [u-PS interface.

[0046] FIG. 6 illustrates the lub control plane protocol
architecture, showing the protocol stacks that are provided in
the FBS 118, nodes of the IP access network 114, and the
RNC132. Specifically, the FBS 118 includes software 142 for
terminating Radio Resource Control (RRC) messages from
the UE 122 that are intended for the RNC 132, and also
includes software 144 for terminating RRC messages from
the RNC 132 that are intended for the UE 122. The FBS 118
also includes intelligence function (IF) software 146 for pro-
viding an interworking or relay function between the soft-
ware 142 and the software 144.

[0047] FIG. 7 illustrates the Tu-CS control plane protocol
architecture, showing the protocol stacks that are provided in
the various network nodes, namely the UE 122, the FBS 118,
nodes of the IP access network 114, the RNC 132 and the
MSC 138.

[0048] As discussed above, the WCDMA protocol struc-
ture is divided vertically into an Access Stratum (AS) and a
Non-Access Stratum (NAS). The Access Stratum (AS)
includes the Layer 1 (1) protocol, the Media Access Control
(MAC) protocol, the Radio Link Control (RL.C) protocol, and
the Radio Resource Control (RRC) protocol. It can be seen
that these are terminated in the FBS 118, and transmitted over
the IP access network 114 to the RNC 132, where they are
terminated again, and interworked into the relevant protocols
for transmission to the MSC 138.

[0049] By contrast, the UE 122 and the MSC 138 would be
able to communicate directly with each other using the Non-
Access Stratum (NAS) protocols, which may include the Call
Control (CC) protocol, the Supplementary Services (SS) pro-
tocol, the Short Message Service (SMS) protocol, the Mobil-
ity Management (MM) protocol, and the Connection Man-
agement (CM) protocol, for example.

[0050] However, in accordance with an aspect of the
present invention, the FBS 118 includes software 152 for
terminating messages from the UE 122 in the protocols of the
Non-Access Stratum that are intended for the MSC 138, and
also includes software 154 for terminating messages from the
MSC 138 in the protocols of the Non-Access Stratum that are
intended for the UE 122. The FBS 118 also includes intelli-
gence function (IF) software 156 for providing an interwork-
ing or relay function between the software 152 and the soft-
ware 154.

[0051] The operation of the software 152, 154, 156 in the
FBS 118 will be described in more detail below.

[0052] FIG. 8 illustrates the Tu-CS control plane protocol
architecture, showing the protocol stacks that are provided in
the various network nodes, namely the UE 122, the FBS 118,
nodes of the IP access network 114, the RNC 132 and the
MSC 138.

[0053] The UE 122 and the RNC 132 would be able to
communicate directly with each other using the Media
Access Control (MAC) protocol and the Radio Link Control
(RLC) protocol. However, inaccordance with an aspect of the
present invention, the FBS 118 includes software 162 for
terminating messages from the UE 122 in the MAC and RL.C
protocols that are intended for the RNC 132, and also includes
software 164 for terminating messages from the RNC 132 in
the MAC and RLC protocols that are intended for the UE 122.
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The FBS 118 also includes intelligence function (IF) software
166 for providing an interworking or relay function between
the software 162 and the software 164.

[0054] FIG. 9 illustrates the packet switched domain con-
trol plane protocol stacks that are provided in the various
network nodes, namely the UE 122, the FBS 118, nodes of the
IP access network 114, the RNC 132 and the SGSN 140.

[0055] As before, the protocol structure is divided verti-
cally into an Access Stratum (AS) and a Non-Access Stratum
(NAS), and the Access Stratum (AS) includes the Layer 1
(L1) protocol, the Media Access Control (MAC) protocol, the
Radio Link Control (RLC) protocol, and the Radio Resource
Control (RRC) protocol. It can be seen that these are termi-
nated in the FBS 118, and transmitted over the IP access
network 114 to the RNC 132, where they are terminated
again, and interworked into the relevant protocols for trans-
mission to the SGSN 140.

[0056] By contrast, the UE 122 and the SGSN 140 would be
able to communicate directly with each other using the Non-
Access Stratum (NAS) protocols, which may include the
GPRS Mobility Management (GMM) protocol, the Session
Management (SM) protocol, and the Short Message Service
(SMS) protocol, for example.

[0057] However, in accordance with an aspect of the
present invention, the FBS 118 includes software 172 for
terminating messages from the UE 122 in the protocols of the
Non-Access Stratum that are intended for the SGSN 140, and
also includes software 174 for terminating messages from the
SGSN 140 in the protocols of the Non-Access Stratum that
are intended for the UE 122. The FBS 118 also includes
intelligence function (IF) software 176 for providing an inter-
working or relay function between the software 172 and the
software 174.

[0058] FIG. 10 illustrates the Tu-PS control plane protocol
architecture, showing the protocol stacks that are provided in
the various network nodes, namely the UE 122, the FBS 118,
nodes of the IP access network 114, the RNC 132, the SGSN
140, and the GGSN (not shown in FIG. 5), to which the SGSN
140 is connected.

[0059] The UE 122 and the RNC 132 would be able to
communicate directly with each other using the Media
Access Control (MAC) protocol, the Radio Link Control
(RLC) protocol, and the Packet Data Convergence Protocol
(PDCP). However, in accordance with an aspect of the
present invention, the FBS 118 includes software 182 for
terminating messages from the UE 122 in the MAC, RL.C and
PDCP protocols that are intended for the RNC 132, and also
includes software 184 for terminating messages from the
RNC 132 in the MAC, RLC and PDCP protocols that are
intended for the UE 122. The FBS 118 also includes intelli-
gence function (IF) software 186 for providing an interwork-
ing or relay function between the software 182 and the soft-
ware 184.

[0060] There are thus described various embodiments of
the invention, in which the topmost protocol layers are termi-
nated in the femtocell basestation. However, in other embodi-
ments of the invention, less of the protocols are terminated in
the femtocell basestation, while still allowing the basestation
to perform useful functions.

[0061] For an example of this, FIG. 11 is similar to FIG. 7,
but illustrates an alternative form of the Iu-CS control plane
protocol architecture, showing the protocol stacks that are

Page 17 of 19

Aug. 28, 2008

provided in the various network nodes, namely the UE 122,
the FBS 118, nodes of the IP access network 114, the RNC
132 and the MSC 138.

[0062] As discussed above, the WCDMA protocol struc-
ture is divided vertically into an Access Stratum (AS) and a
Non-Access Stratum (NAS). The Access Stratum (AS)
includes the Layer 1 (1) protocol, the Media Access Control
(MAC) protocol, the Radio Link Control (RL.C) protocol, and
the Radio Resource Control (RRC) protocol. It can be seen
that these are terminated in the FBS 118, and transmitted over
the IP access network 114 to the RNC 132, where they are
terminated again, and interworked into the relevant protocols
for transmission to the MSC 138.

[0063] In addition, the UE 122 and the MSC 138 commu-
nicate directly with each other using some of the Non-Access
Stratum (NAS) protocols, including the Call Control (CC)
protocol, the Supplementary Services (SS) protocol, the
Short Message Service (SMS) protocol, and parts of the
Mobility Management (MM) protocol.

[0064] However, in accordance with an aspect of the
present invention, the FBS 118 includes software 192 for
terminating messages from the UE 122 in a part of the Mobil-
ity Management (MM) protocol that are intended for the
MSC 138, and also includes software 194 for terminating
messages from the MSC 138 in that part of the Mobility
Management (MM) protocol that are intended for the UE 122.
The FBS 118 also includes intelligence function (IF) software
196 for providing an interworking or relay function between
the software 192 and the software 194.

[0065] Terminatingthese messages inthe part of the Mobil-
ity Management (MM) protocol allows the FBS 118 to obtain
the IMSI of the UE 122. For example, this allows the FBS to
determine which UE is attempting to register with the FBS
118, so that registration requests by non-allowed UEs can be
terminated without core network involvement. Also, this
allows for data from the UE 122 to be transferred over the
internet 131 rather than over the core network, if this is more
convenient.

[0066] Thus, in these embodiments, the FBS 118 supports
the relevant protocols to make the UE 122 believe that it is
working into a 3G UMTS network. Towards the network, the
FBS 118 supports the relevant protocols to make the RNC 132
and the MSC 138 (or SGSN 140) believe that they are com-
municating with a 3G UE. The intelligence function 146, 156,
166, 176, 186, 196 can be programmed to pass information
between the stacks transparently e.g. relaying so that the
relevant 3G UE protocols (NAS) communicate transparently
through the FBS with the 3G MSC. Alternatively the intelli-
gence function can be programmed to terminate all or of some
of'the protocols as appropriate. The terminated protocols are
then interworked. It is also possible to program the intelli-
gence function to interrogate the protocols, then relaying
some parts and interworking other of the same protocol.
[0067] It will be apparent that the same principle can be
applied in other situations. For example, the femtocell bases-
tation can be connected into a 2G core network (for example
based on GPRS), rather than a 3G core network, as described
here. In this case, the software in the femtocell basestation
also provides interworking between a 2G core network and a
3G air-interface.

[0068] The operation of the intelligence function (IF) soft-
ware and the illustrated protocol stacks in the FBS 18 will be
described in more detail below. In the following description,
reference will be made to the embodiment of FIG. 3 above,
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and thus reference will be made to the UE 22, the FBS 18, and
its software 42, 44, 46. However, these references are simply
for illustration, and it should be appreciated that the same
description applies to the other illustrated embodiments, and
to other embodiments within the scope of the invention.
[0069] As described above, software 42 is provided in the
FBS 18 for terminating messages from the UE 22 in the
protocols of the Non-Access Stratum that are intended for the
relevant node of the core network 10. A signalling connection
is therefore established between the UE 22 and the FBS 18.
This allows the UE 22 to communicate through the FBS 18
without needing to adapt its transmissions in any way, com-
pared to the situation in which it communicates through any
other basestation.

[0070] Similarly, software 44 is provided in the FBS 18 for
terminating messages from the relevant node of the core
network 10 in the protocols of the Non-Access Stratum that
are intended for the UE 22. A signalling connection is there-
fore established between the node of the core network 10 and
the FBS 18. This allows the core network node to communi-
cate through the FBS 18 without needing to adapt its trans-
missions in any way, compared to the situation in which it
communicates with a UE through any other basestation.
[0071] As described above, the FBS 18 also includes soft-
ware 46 for providing an interworking or relay function
between the software 42 and the software 44. This software
can determine how to handle the received messages, termi-
nated by the software 42 or the software 44, based on the
message type and/or the message content.

[0072] For example, the software 46 can be such that some
messages are effectively simply retransmitted in the same
form.

[0073] In other cases, the software 46 can be such that
certain messages need not be retransmitted. For example,
wireless communication protocols typically allow the UE to
request retransmission of messages that it was not able to
receive correctly. In a conventional network, such messages
are transmitted from the UE to the core network node and
cause the message to be retransmitted from the core network
node, and therefore use core network resources. In this case,
such messages can be terminated by the software 42 and read
by the software 46, and the retransmission can take place from
the FBS 18, without requiring any traffic to be sent to the core
network and without any use of core network resources.

[0074] As another example, use of the software 46 enables
Layer 3 (and above) control in the FBS 18 of all CS and PS
calls.

[0075] As another example, use of the software 46 enables
local registration and call attempts to be accepted or rejected
locally without having to go over to the core network. That is,
local registration and call attempt messages can be terminated
by the software 42, and read by the software 46, which can
also make a decision without requiring core network involve-
ment.

[0076] As another example, use of the software 46 enables
local services without core network involvement.

[0077] As another example, use of the software 46 enables
local internet offload. That is, a message sent from the UE 22,
and intended for a recipient accessible over the internet, can
be terminated by the software 42 and read by the software 46.
The software 46 can then decide to route this message over the
internet 30 directly, as illustrated in FIG. 2, without requiring
core network involvement.
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[0078] More generally, the software 46 may allow the FBS
18 to operate in a termination mode, in which it may terminate
any layer of the protocol on either side of the double stack
interface, that is, in the software 42 or the software 44, as
appropriate.

[0079] To explain this, it needs to be understood that each
layer of the protocol stack has messages associated with it.
These messages are only understood within the layer. Usu-
ally, the messages are point to point, which requires the pro-
tocol to be terminated in the receiving node. Termination
means for instance that the node has call states, e.g. a null state
waiting for an incoming SETUP message. Once received, the
node moves to a call present state. This state can notice that
the traffic channel requested in the setup message is not
available. If this is the case, it sends a RELEASE COM-
PLETE message and enters the null state. Otherwise it sends
a CALL PROCEEDING message to the network indicating
the call has been accepted. Thus, when a protocol is termi-
nated it can interact with its peer layer. Also, when the pro-
tocol is terminated, it can then interwork with other protocols.
For example, a node may be provided with 3G UE CS sig-
nalling on one interface towards one network entity, with SIP
on another interface towards a different network entity. The
CS protocol uses information elements IE whilst the other is
text based.

[0080] Inembodiments of the invention, the basestation 18
is provided with software that allows it to terminate various
protocol layers, as illustrated above, even where the sending
node intends the messages to be sent transparently through
the basestation (for example from the mobile device to the
network, or from the network to the mobile device). Termi-
nating the protocol provides more scope to add features and
services.

[0081] The basestation may then:

support relevant call states;

relay the protocol messages;

map messages to the same protocol messages;

map (interwork) protocol messages to other protocols (e.g
CS-SIP);

subsume/discard protocol messages (location updates);
convert information (e.g. converting between the cell-id and
the geographical coordinates of the cell);

provide local services (without passing on the messages, for
example, to the core network);

make decisions based on the protocol message;

initiate messages without instruction from the core network;
map between different codecs (eg AMR—G.711 PCM).

[0082] Additionally, the FBS 18 may only interrogate pro-
tocol messages, without supporting call states (for example
by receiving a release message that would take the state from
answered to clear). In the case of protocol interrogation, a
decision can be made by the intelligence function software to
change parts of the protocol message on the fly as it passes
between the interfaces. No call states would be involved.
Protocol interrogation is thus essentially an intelligent relay-
ing function, which differs from a conventional relaying func-
tion in that, although the basestation merely passes the mes-
sage on, it could potentially recognise the message, so that, if
it was a release message, it could substitute another clearing
cause within it.

[0083] In the interrogation mode the FBS can, depending
on the protocol message, on either side of the dual stack
interface:
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relay the protocol messages;

map messages to the same protocol messages;
subsume/discard protocol messages (such as location
updates);

alter information in a message (e.g. between cell-id and geo-
graphical coordinates).

[0084] FIG. 12 illustrates a situation where the mapping
functionality is used. This situation arises from the fact that
the core network may for example allocate 10 Location Area
Code (LAC) values (i.e. 1,2, ..., 10) and 6000 Cell-IDs (i.e.
the values 1-6000) to the femtocell network (that is, a total of
60,000 unique combinations of LAC value and Cell-ID).
However, to provide additional flexibility in its resource allo-
cation, the femtocell management system may for example
prefer to maintain these 60,000, by using just 6 Cell-IDs (i.e.
1,2,...,6),but 10,000 LAC values (i.e. the values 1-10,000).
[0085] This can be achieved by mapping the LAC values
and Cell-IDs in the core network domain to virtual LAC
values and Cell-IDs in the femtocell network domain. As
shown in FIG. 12, the LAC values 1, 2, . . ., 10 in the core
network domain are mapped to virtual LAC values 1-1000,
1001-2000, . . ., 9001-10,000 in the femtocell network
domain, while Cell-IDs 1-1000, 1001-2000, . . . , 5001-6000
in the core network domain are mapped to virtual Cell-IDs 1,
2, ..., 6 in the femtocell network domain

[0086] For this scheme to work, it is necessary that LAC
values and Cell-IDs in messages sent from the core network
to the mobile devices should be mapped to the appropriate
virtual LAC values and Cell-1Ds, and that, conversely, virtual
LAC values and Cell-IDs in messages sent to the core net-
work from the mobile devices should be mapped to the appro-
priate LAC values and Cell-IDs.

[0087] This is achieved in the intelligence function soft-
ware by termination of the relevant messages, removal of the
values from the sending domain, and insertion of the values
from the receiving domain, followed by retransmitting the
messages in the appropriate protocol.

[0088] This therefore allows the messages to be sent, and
correctly received, without the sending entity needing to
know that the message has been terminated in the basestation.

1. A basestation, for use in a cellular mobile communica-
tions system, the basestation having a wireless interface for
connection with a mobile communications device, and hav-
ing an interface for connection with a network of said cellular
mobile communications system, wherein, in said cellular
mobile communications system, the mobile communications
device sends messages intended for the network and the net-
work sends messages intended for the mobile communica-
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tions device according to a standardized communications
protocol, wherein the basestation comprises:

software for terminating said messages sent from the

mobile communications device intended for the net-
work, and for sending messages according to the stan-
dardized communications protocol to the network in
response to at least some of said terminated messages;
and

software for terminating said messages sent from the net-

work intended for the mobile communications device,
and for sending messages according to the standardized
communications protocol to the network in response to
at least some of said terminated messages.

2. A basestation as claimed in claim 1, comprising:

software for terminating said messages sent from the

mobile communications device intended for the network
in accordance with a non-access stratum of the standard-
ized communications protocol; and

software for terminating said messages sent from the net-

work intended for the mobile communications device in
accordance with a non-access stratum of the standard-
ized communications protocol.

3. A basestation, for use in a mobile communications sys-
tem, the basestation comprising back-to-back software
stacks, for terminating protocol messages from a UE and
recreating messages for onward transmission to the mobile
network, and for terminating protocol messages from the
mobile network and recreating messages for onward trans-
mission to the UE.

4. A basestation as claimed in claim 3, wherein the software
is adapted to recreate messages either in the same form or
with modification of one or more parameter value.

5. A basestation as claimed in claim 3 or 4, wherein the
back-to-back software stacks comprises NAS software lay-
ers.

6. A basestation, for use in a mobile communications sys-
tem, the basestation comprising back-to-back software
stacks, for interrogating protocol messages sent from a UE
and intended for onward transmission to the mobile network,
and for interrogating protocol messages sent from the mobile
network and intended for onward transmission to the UE.

7. A basestation as claimed in claim 6, wherein the software
is adapted to modify said protocol messages before said
onward transmission.

8. A basestation as claimed in claim 6 or 7, wherein the
back-to-back software stacks comprises NAS software
layers.





