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TITLE

CLOSED SUBSCRIBER GROUP CELL HANDOVER

TECHNICAL FIELD

[0001] The technical field relates to radio communications, and in
particular, to radio communications that involve closed subscriber group radio

base stations.

BACKGROUND

[0002] In a typical radio communications system, radio communications
terminals referred to as radio terminals or user equipment terminals UEs
communicate via a radio access network (RAN) with other networks like the
Internet. The radio access network (RAN) covers a geographical area which is
divided into cells, with each cell being served by a base station, e.g., a radio base
station (RBS), which in some networks is also called a “NodeB” or an enhanced
Node B “eNodeB.” Each base station typically serves several cells. One common
deployment is 3-cell base station installations, where a base station serves three
cells. A radio terminal is primarily served by a serving base station in a serving
cell in which the radio terminal resides. In some technologies, communication
links are not only established between a particular radio terminal and its serving
cell, but also between the radio terminal and other cells. In this case, the terminal
is served by multiple base stations using what is referred to as macro diversity or
soft handover.

[0003] A base station sends signals to and receives signals from radio
terminals. The signals may either be dedicated signals to and from specific radio
terminals, multicast signals intended for a subset of the radio terminals in a cell, or
broadcast signals from the base station to all radio terminals in a cell. A base

1
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station broadcasts information to all the radio terminals in a cell using the
broadcast channel of the serving cell.

[0004] Small scale base stations have recently been introduced that are
connected to broadband internet service and provide coverage for very small areas
sometimes called femto cells. Femto cells are similar to WiFi “hotspots” but are
part of a cellular network rather than a wireless local area network (WLAN). The
femto base stations work in many ways like a larger “macro”base station would,
but on a much smaller scale with low output power designed for small spaces such
as apartments, houses, offices, etc. Pico is another name for these small base
stations meaning “small,” and in this case ,“femto” means even smaller. Femto
base stations provide a better signal in smaller interior or closed spaces where
signal quality between regular macro base stations and mobile phones is poor due
to the proximity of macro base station towers or just due to the material of the
building or other obstructions blocking the signal. Instead of using a traditional
base station for access, the mobile terminal gains access through the femto base
station to gain access to the IP access network.

[0005] Figure 1 shows an example of a cellular communications system that
includes a small scale base station and a traditional macro base station. A first
building 1 includes a radio terminal 2 that receives radio signals from a macro
base station 3. The macro base station 3 is coupled to a core network 5 either
directly or through a radio access network 4. The core network 5 provides access
to the Internet 6 and other networks. A second building 7 includes another radio
terminal 8 that receives radio signals from a small scale base station 9. The small
scale base station 9 may be coupled, typically via some broadband access
mechanism (wired or wireless), to the core network 5 either directly or through a
radio access network 4. Again, the core network 5 provides access to the Internet

6 and other networks. Because the small scale base station is located inside the
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building 7 and is typically only intended to provide coverage within and in close
proximity to the building 7, its transmit power can be considerably lower than that
of the macro base station 3, which has a much larger and varied coverage area,
while still providing high data rate service.

[0006] Small scale base stations usually serve small cell areas that have a
restricted group of users such that only users in that group can receive service
from the small scale base station. Often, a customer may buy a small scale base
station in a retail store and install it by connecting it to a power outlet and the data
network in a home, office, school, etc. These small scale base stations are
sometimes called home base stations, femto base stations, pico base stations, etc.
A larger scale macro base station may also only allow access and provides service
to a restricted group of users, but a small scale base station is the more typical
example. For this application, any base station that only allows access and
provide service to a restricted group of users is referred to as a closed subscriber
group (CSG) base station. A CSG base station serves one or several CSG cells
which only permit access to a restricted set of radio terminals. A CSG cell may
also be used to compile networks with restricted access, e.g., to support corporate
networks. A base station that is not so closed or restricted in this way is referred
to as an “open’ base station.

[0007] Current cellular radio systems include for example Third Generation
(3G) Universal Mobile Telecommunications System (UMTS) operating using
Wideband Code Division Multiple Access (WCDMA) and Fourth generation (4G)
systems, like the Long Term Evolution (LTE) of UMTS operating using
Orthogonal Frequency Division Multiple Access (OFDMA). One important focus
area in the LTE and System Architecture Evolution (SAE) standardization work is
to ensure that the new network is simple to deploy and cost efficient to operate.

The vision is that the new system will be self-optimizing and self-configuring in as
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many aspects as possible. One such aspect is automatic incorporation and
handling of closed subscriber group cells (CSG cells) on the same frequency band
as the traditional macro cell layer with essentially no configuration.

[0008] A CSG base station installation may be motivated by various
expectations and presents various issues. For example, an end-user connected to
his/her CSG base station hopes to achieve a higher price/performance ratio as
compared to the macro network while still receiving the same services as when
connected to a macro base station. The user may also expect higher data rates and
better service quality than when camping on a macro cell. Another expectation is
easy and essentially automatic installation procedure of the CSG base station
which includes support of handovers to/from the CSG base station for authorized
users without extensive manual configuration. One issue arises from a CSG base
station possibly having lower call management capabilities than a macro base
station and therefore may be less proficient at performing admission and
authorization functions. If so, many non-authorized handover requests to the CSG
base station, and subsequent handover rejections in response thereto, will hamper
the performance of the CSG base station. Another issue is the desirability of
convenient addition of new users who are authorized to use the CSG base station.
Furthermore, it is beneficial if operators can sell a CSG base station where all
users with a particular subscription with the same operator are authorized to use
any, or a subset, of the CSG base stations.

[0009] Handovers in LTE and WCDMA are mobile-assisted, which means
that the radio terminal reports to its serving base station measurements the radio
terminal has made of the quality (e.g., signal strength) of signals received from the
serving base station and from other cell alternatives associated with handover
“candidate” base stations. The other cell alternatives are identified using cell

identifiers. Non-limiting examples of such physical identifiers are the downlink
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scrambling code number of the cell in WCDMA and the physical cell identifier in
LTE describing a reference signal waveform of the cell. This means that the radio
terminal may either report another cell also served by the same base station
(assuming the base station serves multiple cells) or another cell served by a
different base station.

[0010] A neighbor cell relation list is a list associated to a cell listing
relevant (e.g., neighboring) candidate cells for handover. For each candidate cell,
the list information includes: cell identifiers including both physical cell identities
and globally-unique cell identities, connectivity information, e.g., how a
communication link can be established between the serving base station and the
base station serving the candidate cell, and cell type information, e.g., CSG cell,
macro cell, micro cell, etc. The neighbor cell relation list may be stored in the
base station, but it may also be stored in other nodes, possibly with regular
updating/synchronization of the lists in each node.

[0011] A radio terminal’s measurement report transmission is typically
triggered, 1.e., event-triggered, event-triggered periodic, or periodic. For event-
triggered reporting, the radio terminal sends a report to its serving base station
when a configured criterion is met. One example of such a criterion is that the
quality of a new cell is measured during a predefined time within a range between
the serving cell and a predetermined offset. The predetermined time and offset are
provided by the serving base station to the radio terminal. Another example of
such a criterion is that a cell that previously was within a range between the
serving cell and a predefined offset moves outside the range for a predefined time.
Event-triggered reporting results in one measurement report upon triggering of an
event. For event-triggered periodic reporting, the radio terminal continues to send
measurement reports periodically after triggering of an event — either for a

predefined number of periods, or until a different triggering condition is met. For
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periodic reporting, the radio terminal regularly reports measurements. This was
typically the case for second generation systems such as GSM.

[0012] The radio terminal typically considers all cells when investigating
whether a triggering event is met. On the other hand, it is preferred that the radio
terminal does not consider and report alternative cells that are somehow indicated
as forbidden for access. One way to communicate the forbidden status of various
cells is for the serving base station to broadcast a black-list of cells on the serving
cell’s broadcast channel (i.e., the serving cell broadcasts a black list of cell
identifiers). Another way is for the radio terminal to only report cells included in a
“white” list broadcast by the serving base station on the serving cell’s broadcast
channel. The white list can be seen as an inverse black list. If there are many cells
on the black list, it may be more efficient to signal the white list or vice versa. A
third way is for each base station serving a prohibited cell to broadcast a message
over the broadcast channel of the prohibited cell that indicates that the prohibited
cell is forbidden for access, and that all radio terminals need to check this
indication before reporting a cell. Examples of such indicators are “Cell Barred,”
“Cell Restricted,” or “CSG Cell.”

[0013] Similarly, there is the possibility of a significant unnecessary
signaling processing load for CSG base station. If a CSG base station is deployed
as a typical “open” base station, then the CSG base station will have to handle
many handover requests for non-authorized radio terminals that are not part of the
CSG, and as a result, must also reject these requests. This generates a significant
and unnecessary processing load for the CSG base station.

[0014] An alternative is to assign a dedicated Public Land Mobile Network
(PLMN) identity to the CSG cell — PLMN identity that is different from the
PLMN identity of the macro cells. Then radio terminals with access to the CSG
cell have both CSG cell and macro cell PLMN identities listed among the set of
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allowed PLMNs, while other radio terminals only have the PLMN identity of the
macro cells listed. As a result, only radio terminals with access to the CSG cell
can roam to that cell. Because it is not feasible to assign unique PLMN identities
to each CSC cell, one approach is to assign the same PLMN identifier to all CSG
cells. This means that if a radio terminal has access to one CSG cell, then it has
access to all other CSG cells associated with the same operator as well. But this
approach does not support a CSG cell with a more restricted set of users, such as
all members of a family or all employees at a company.

[0015] In areas with many CSG cells, radio terminals may have to consider
multiple CSG cell alternatives along with the possibility that other CSG cell may
be better candidates than the radio terminal’s “own” CSG cell, i.e., the CSG
specifically implemented to serve that radio terminal and other radio terminals
included in that CSG. In that case, the radio terminal’s own CSG cell might not
even be listed in the signal quality measurements report from the radio terminal,
which defeats the main purpose of establishing the CSG including the radio

terminal.

SUMMARY

[0016] A radio terminal connection may be handed over from a serving base
station to a closed subscriber group (CSG) cell served by a CSG base station in
which only radio terminals belonging to the CSG are permitted to access and
receive service from the CSG cell. Radio terminals in the serving cell are
informed not to report to the serving base station signal quality measurements of
signals transmitted by CSG base stations in general. If a radio terminal in the
serving cell is determined to be authorized to access and receive service from the
CSG cell, the serving base station sends a message instructing the radio terminal to

also consider the CSG cell when evaluating report triggering of signal quality
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measurement reports of candidate cells to the serving base station. Upon report
triggering of the CSG cell, (the radio terminal determines that the CSG cell is a
handover candidate), a signal quality measurement report for the CSG cell is
received by the serving base station from the one radio terminal. Based on the
received and possibly subsequent reports, a decision may be made that a
connection with the one radio terminal may be handed over to the CSG base
station. Since unauthorized radio terminals do not report measurements for CSG
cells, the handover mechanism in the serving base station can apply the same
handover mechanism to all reported cells without risking initiating a handover of a
radio terminal to a cell to which the radio terminal does not have access.

[0017] In a non-limiting example, the information that instructs radio
terminals not to report to the serving base station signal quality measurements of
signals transmitted by the CSG base station may be broadcast in the serving cell
and may include a list identifying cells for which the information is not to be
reported or a list of cells identifying only those cells for which the information is
to be reported. If changes are made to the list, a modified cell list may be
broadcast in the serving cell.

[0018] In a non-limiting example, the radio terminal may be informed not to
report to the serving base station signal quality measurements of signals
transmitted by the CSG base station using a first message that indicates that the
CSG cell has restricted access to a CSG. Examples of such indicators are a barred
cell, a restricted cell, or a CSG cell.

[0019] In a non-limiting example, a radio terminal with access to a CSG
cell, where that CSG cell has an established neighbor cell relation to the serving
cell of the radio terminal, may be informed by the serving base station using a
second message that the radio terminal also should include signal quality

measurements of signals transmitted by the CSG base station in the measurement
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reports to the serving base station. For example, the second message from the
serving base station may provide the radio terminal with a dedicated list
identifying cells for which the information is not to be reported, that list excluding
all CSG cells that the radio terminal has access to, or a list of cells identifying only
those cells for which the information is to be reported including all CSG cells that
the radio terminal has access to.

[0020] As another non-limiting example, the second message from the
serving base station may provide the radio terminal with a list identifying CSG
cells that the radio terminal must consider in event-triggered measurement
reporting even though these listed CSG cells indicate that they are forbidden for
access. Alternatively, the list identifying CSG cells may be a list of cell identifiers
or a range of cell identifiers.

[0021] The sending step may include sending a second subsequent message
to the radio terminal indicating that the radio terminal should consider signal
quality measurements of signals transmitted by the CSG base station in the event-
triggered measurement reporting. The first message may be transmitted by the
serving base station or by the CSG base station.

[0022] In a non-limiting example, the determining step may include
receiving an authorization list of CSG cell(s) associated to the radio terminal from
a central node coupled to the serving base station, which means that the radio
terminal is authorized to access and obtain service from the listed CSG cell(s) and
comparing the listed CSG cell(s) to the CSG cell(s) in the neighbor cell relation
list of the serving cell.

[0023] In another non-limiting example, the determining step may include a
filtering step in the central node coupled to the serving base station. The central
node sends a filtered authorization list of CSG cells associated to the radio

terminal. The radio terminal is authorized to access and obtain service from the
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listed CSG cell(s). All the listed CSG cells are members of the serving cell’s
neighbor cell list.

[0024] In a non-limiting example, the filtering step may include sending the
neighbor cell relation list of the serving cell and the one radio terminal identity to
the central node, comparing the radio terminal identities in the authorization lists
of all CSG cells in the serving cell neighbor cell relation list with the one radio
terminal identity, and forming a list of CSG cells that the radio terminal has access
to and may obtain service from.

[0025] In another non-limiting example, the filtering step may include a
central node maintaining a copy of the neighbor cell relation lists of all cells
served by all base stations coupled to the central node and an authorization list of
radio terminals for each CSG cell. The central node receives from the serving
base station one radio terminal identity comparing the radio terminal identities in
the authorization lists of all CSG cells in the serving cell neighbor cell relation list
with the one radio terminal identity, and based on that comparison, forms a list of
CSG cells that the radio terminal have access to and obtain service from.

[0026] The CSG cell may be part of a CSG network of CSG cells to which
the radio terminal is authorized to access and request service, each of the CSG
network cells having an associated cell identifier. In such a case, the determining
includes receiving a CSG cell identifier range from a central node coupled to the
serving base station.

[0027] In a non-limiting example, the determining step may include
receiving an authorization list of CSG cell(s) associated to the radio terminal from
the previous serving base station, which means that the radio terminal is
authorized to access and obtain service from the listed CSG cell(s). The radio
terminal may then compares the listed CSG cell(s) to the CSG cell(s) in the

neighbor cell relation list of the serving cell to determine if any of the authorized
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CSG cells are potential handover candidates. If a handover of the radio terminal’s
connection from a first cell served by a first base station to a second cell served by
a second base station occurs, the first base station may send the authorization list
of CSG cell(s) to the second target base station. In a non-limiting example, the
central node may be a database with subscriber and subscription information, such
as the Home Subscriber Server (HSS), and the authorization list of CSG cells may
be received from the HSS when initiating contact with the network. Other
subscription information database examples include a home location register
(HLR), visitor location register (VLR), and gateway location register (GLR). The
term HSS will be used as a representation of a subscriber and subscription
information database. During subsequent handovers to other base stations, the
authorization list of CSG cells is forwarded to the target base station.

[0028] A radio terminal is provided for communicating with a serving base
station serving a cell, where the radio terminal belongs to a closed subscriber
group (CSG) cell served by a CSG base station. Again, only radio terminals
belonging to the CSG are permitted to access and receive service from the CSG
cell. The radio terminal includes radio transceiving circuitry and a data processing
system coupled to the radio transceiving circuitry includes electronic circuitry.
The circuitry obtains a measure of quality of signals transmitted by neighboring
base stations and reports the signal quality measurements to the macro base station
for a possible handover operation. The terminal initially receives first information
informing the radio terminal not to report to the macro base station signal quality
measurements of signals transmitted by CSG base stations, and later, second
information overriding the first information that informs the radio terminal to
report to the macro base station signal quality measurements of signals transmitted

by the CSG base station. The circuitry determines a signal quality of a signal
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transmitted by the CSG base station and reports the CSG base station signal
quality measurement to the macro base station.

[0029] In a non-limiting example, when the radio terminal receives
instructions to handover to the CSG base station, the electronic circuitry instructs
the radio transceiving circuitry to establish communications with the CSG base
station.

[0030] In a non-limiting example, the second information includes a range
of CSG cell identifiers. The electronic circuitry measures a signal quality of a
signal received by any CSG base station having a cell identifier in the range and
considers those CSG base station signal quality measurements in the measurement
report triggering.

[0031] In a non-limiting example, if radio terminal is unable to obtain or
maintain service from a serving base station, the electronic circuitry may scan
signal quality of a signal received by any nearby CSG base station and select one
of those CSG base stations to provide service. An authorized CSG base station is
preferably allocated a higher selection priority over an unauthorized CSG base
station.

[0032] The central node includes an interface for communicating with base
stations in general, including closed subscriber group (CSG) base stations and a
memory for storing a CSG authorization list identifying radio terminals that are
authorized to access and receive service from CSG cells. A controller in the node
provides a CSG authorization lists to a base station serving a radio terminal in that
base station’s serving cell when the CSG authorization list includes a CSG cell
that is a neighboring cell to the serving cell and which the radio terminal is
authorized to access. Otherwise, the controller does not provide the CSG
authorization list to the serving base station. The controller may permit

modifications to the CSG authorization list. The memory may also store a
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neighbor cell relations (NCR) list for the serving cell and the controller uses the
NCR list to determine whether the CSG cell is a neighboring cell. The controller
may receive the radio terminal identity from the serving base station. The
controller may also receive the NCR list from the serving base station.

[0033] In one non-limiting example implementation, the CSG cell is part of
a CSG network of CSG cells to which the radio terminal is authorized to access
and request service, each of the CSG network cells having an associated cell
identifier. Instead of determining a list of CSG identifiers, the controller
determines a CSG cell identifier range for the CSG network and provides the CSG
cell identifier range to the serving base station.

[0034] In another non-limiting example implementation, the controller
determines a CSG tracking area associated with one or more CSG cells that the
radio terminal is authorize to access. When the central node is notified that the
radio terminal has accessed the serving cell, the controller checks whether the
CSG tracking area corresponds to a tracking area of the serving cell, and if so,
informs the serving base station about the one or more CSG cells.

[0035] In another non-limiting example implementation, the controller
determines a CSG PLMN identity associated with one or more CSG cells that the
radio terminal is authorized to access. When the central node is notified that the
radio terminal has accessed the macro cell, the controller checks whether the CSG
PLMN identity corresponds to a compatible PLMN identity associated with the
macro cell, and if so, to inform the macro base station about the one or more CSG

cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Figure 1 illustrates a macro base station and a small scale base

station in a cellular communications system;
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[0037] Figure 2 illustrates a cellular communications system with macro

and CSG cells and base stations;

[0038] Figure 3 is a function block diagram of an example LTE mobile
radio communication system including macro and CSG base stations;

[0039] Figure 4 is a non-limiting, example function block diagram of a base
station;

[0040]

[0041] Figure 5 is a non-limiting, example function block diagram of a

radio terminal,

[0042] Figure 6 is a non-limiting, example function block diagram of a
central node storing cell lists;

[0043] Figure 7 is signaling diagram illustrating non-limiting, example
signaling procedures for CSG cell handling to support handover to CSG base

stations; and

[0044] Figure 8 illustrates the example in Figure 7 in different way.
DETAILED DESCRIPTION
[0045] In the following description, for purposes of explanation and non-

limitation, specific details are set forth, such as particular nodes, functional
entities, techniques, protocols, standards, etc. in order to provide an understanding
of the described technology. In other instances, detailed descriptions of well-
known methods, devices, techniques, etc. are omitted so as not to obscure the
description with unnecessary detail. Individual function blocks are shown in the
figures. Those skilled in the art will appreciate that the functions of those blocks
may be implemented using individual hardware circuits, using software programs
and data in conjunction with a suitably programmed microprocessor or general

purpose computer, using applications specific integrated circuitry (ASIC),
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programmable logic arrays, and/or using one or more digital signal processors
(DSPs).

[0046] Figure 2 conceptually illustrates a cellular communications system
with macro and CSG cells and base stations. Two adjacent macro cells M1 and
M2 are shown in this simplified example with corresponding macro base stations
Macro BS1 and Macro BS2. Within macro cell M1 is a CSG cell 1 with its
associated CSG base station CSG BS1. Adjacent to the macro cell M1 is a second
CSG cell 2 with its associated CSG base station CSG BS2. Broadcast radio
signals shown as R1-R4 are shown reaching a UE/radio terminal from each of
these base stations. The macro BS1 is assumed to be the base station cutrently
serving the radio terminal, and the radio terminal has the ability to send received
signal quality measurement reports to the serving base station Macro BS1 for
Macro BS2, CSG BS1, and CSG BS2. If the radio terminal moves closer to CSG
cell 1 or CSG cell 2, then there is an opportunity for handover to one of these CSG
cells depending on whether the radio terminal is a member of the CSG for that
cell.

[0047] The technology in this application is well-suited for, and therefore
described in the context of, an LTE system in order to provide an example and
non-limiting context for explanation. But this technology may be used in any
modern cellular communications system and is not limited to LTE, e.g., WCDMA,
etc. Figure 3 illustrates an example of an LTE type mobile communications
system 10. An E-UTRAN 12 includes E-UTRAN NodeBs (eNodeBs) 18 (only
one is shown) that provide E-UTRA user plane and control plane protocol
terminations towards a user equipment (UE) terminal 20 over a radio interface.
Also shown are two CSG base stations 19. The base stations 18 and 19 are
communicate via an S1 interface to an Evolved Packet Core (EPC) 14 which

includes a Mobility Management Entity (MME) and to a System Architecture
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Evolution (SAE) Gateway. The MME/SAE Gateway is shown as a single node 22
in this example and is analogous in many ways to an SGSN/GGSN gateway in
UMTS and in GSM/EDGE. But the MME and SAE may be separate nodes. The
MME/SAE gateways may communicate via an S10 interface. The MME/SAE
may include a memory 23 for storing cells lists for the base stations including for
example neighbor cell relation (NCR) lists, black and/or white cell lists, etc. The
E-UTRAN 12 and EPC 14 together form a Public Land Mobile Network (PLMN).
The MMEs / SAE Gateways 22 are connected to directly or indirectly to the
Internet 16 and to other networks. The base stations 18 and 19 may communicate
with the Home Subscriber Server (HSS) 24 possibly via the MME/SAE 22.

[0048] Radio networks often use non-unique physical identifiers of base
stations/cells to support efficient measurement procedures as well as globally
unique cell identities. For the LTE example embodiment described, it is assumed
that there is a unique identifier for each cell referred to as a Cell Global Identifier
(CGI) and a physical layer 1 identifier for the same cell called a Physical Cell
Identity (PCI) that is not long enough to be unique for each cell in the PLMN. In
LTE, a current example assumption is to have 504 unique PCI values that are
composed of 168 cell group identities and 3 identities within each group. For
received signal quality measurements, the radio terminals monitor received base
station broadcast reference symbols to measure the base station’s reference symbol
received power (RSRP). These measurements are used when performing initial
cell selection as well as handovers. It is thus important from each radio terminal’s
perspective that there is a local one-to-one mapping between the PCls the radio
terminal can detect and the CGIs. This means that when a radio terminal reports a
PCI to its serving base station, the serving base station can associate the reported

PCI to an entry in the serving cell neighbor cell relation list if a cell relation is
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established. In a WCDMA system, the PCI may correspond to a “scrambling
code” where in one example there may be 512 different scrambling codes.

[0049] In the systems shown in Figures 2 and 3 and in other similar kinds of
systems, technology is now described that reduces the resources associated with
radio terminals searching for their own CSG cell and limits unnecessary CSG cell
measurements and reporting unless the radio terminal is authorized. This
improves the performance of the overall network. Radio terminals are supported
during handover from a BS to a CSG cell while at the same time the negative
impact from having all radio terminals in the network perform measurement and
reporting on unauthorized CSG cells is substantially reduced.

[0050] In one non-limiting example embodiment, all CSG base stations
broadcast an indicator over the CSG cell’s broadcast channel that indicates that a
CSG cell has restricted access to a CSG. Examples of such indicators are a barred
cell, a restricted cell, or a CSG cell. The indicator implements a general rule that
radio terminals should not report the signal quality of broadcast signals received
from CSG cells that include such an indicator in the broadcast channel unless
specific instructions are sent to the radio terminal from the serving base station
instructing the radio terminal to consider signal quality measurements associated
with a particular CSG cell in the measurement report triggering. In another non-
limiting example embodiment, the serving base station broadcasts a “black list”
over the serving cell’s broadcast channel including the physical cell identities
(e.g., PCIs in LTE) of all CSG cells registered as neighbor cells to the serving cell.
This prevents reporting of measurements from CSG cells from unauthorized radio
terminals. Other techniques for communicating a similar type of message to the
radio terminal are possible.

[0051] The serving base station may send, when desired, a message to one

or more radio terminals informing them that they should consider measurements
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related to a specific CSG cell in the measurement report triggering even though
the CSG base station serving that CSG cell broadcasts an indicator over that CSG
cell’s broadcast channel that indicates that a CSG cell has restricted access to a
CSG or the CSG cell is identified on a “black list” broadcast by the serving base
station over the serving cell broadcast channel or otherwise identified as a
forbidden cell. Examples of such indicators are a barred cell, a restricted cell, or a
CSG cell. Furthermore, a “black list” may also be signaled in a dedicated fashion
to individual radio terminals.

[0052] This forbidden cell information used in black lists may be obtained
by the base station when a radio terminal connects to a cell served by the base
station, e.g., after a successful handover to or radio terminal registration with the
cell. At that time, the serving base station checks with a central node (e.g., the
MME in LTE or the SGSN in WCDMA or a subscriber and subscription
information database such as HSS) whether the radio terminal is authorized to
access any CSG cells that are neighbors to the macro base station. The central
node signals to the serving base station a list of these neighboring CSG cells. The
serving base station then sends an instruction to the radio terminal if it is
authorized to access one or more CSG cells on the serving base station’s neighbor
cell relation (NCR) list requesting the radio terminal to consider those listed and
authorized CSG cells in the measurement report triggering even though the CSG
base stations serving those CSG cells broadcast an indicator over those CSG cell’s
broadcast channel that indicates that those CSG cell have restricted access to a
CSG, or those CSG cells are identified on a “black list.” The serving base station
may update the black list by sending a new “black list” to the radio terminal
replacing any prior black list. In this way, only authorized radio terminals

consider CSG cells as a “candidate cell” in the measurement report triggering.
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Unauthorized radio terminals do not consider CSG cells in the measurement report
triggering.

[0053] The forbidden cell information used in black lists may also be
obtained by the base station from a central node such as the HSS during radio
terminal registration. Then this forbidden cell information may be passed on to a
next target base station during handover, e.g., using a message “container” in
which information associated to the radio terminal can be transferred from one
serving base station to the next target base station during handover.

[0054] Non-limiting example methods for compiling neighbor cell relation
lists are described in commonly-assigned PCT application no.
PCT/EP2007/001737, entitled “Self Configuring and Optimisation of Cell
Neghbours in Wireless Telecommunications Networks,” filed on February 28,
2007, and commonly-assigned U.S. application serial no. , entitled
“Neighbor Cell Relation List Initialization,” filed on May , 2008, the disclosures
of which are incorporated herein by reference. The associative information
between a CSG cell and authorized radio terminals stored in the central node may
be accessed and modified via a user interface by the operator, the owner of the
CSG cell, etc.

[0055] The serving base station preferably processes radio terminal
measurement reports and conducts handover procedures independent of whether
they pertain to a CSG cell or another macro cell. But handover procedures
tailored to the type of target cell, e.g. a CSG cell, cell may be used.

[0056] When the radio terminal performs cell selection without macro cell
coverage, the radio terminal may—contrary to the general rule when there is
macro cell coverage—consider as cell connection candidates restricted, forbidden,
or black-listed cells. The radio terminal may also keep track of its own CSG cell

identifier value (e.g., PCI) to first try to connect with its own CSG cell. Then if
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that fails, the radio terminal tries to connect to other CSG cells it can detect, since
other CSG cells may be authorized that the radio terminal is unaware of. In the
LTE context, the current Non-Access Stratum (NAS) protocol between a core
network node and the radio terminal, may be extended to inform the radio terminal
about the current PCI values of the CSG cells it is authorized to connect to.
Another example alternative is to send a short message service (SMS) or a
multimedia message service (MMS) message or similar to the radio terminal
containing this information.

[0057] Figure 4 is a non-limiting, example function block diagram of a base
station which may be either an open base station 18 or a CSG base station 19. The
base station 18, 19 includes one or more radio transceivers 32 coupled to one or
more antennas 30 for communicating over the radio interface with radio terminals.
The radio transceiver(s) 32 connect to a data processing system 34 which includes
a baseband processor 36 that performs baseband processing on the information to
be transmitted via the radio transceiver(s) 32 and on signals received from the
radio transceiver(s) 32. The data processing system 34 also includes a cell
reporting processor 38 which receives from the transceiver(s) 32 radio signal
quality measurements and possibly scanned broadcast information from served
radio terminals as well as radio terminals initiating access in a cell selection
procedure for use in handover and cell selection operations as well as in
generating neighbor cell relation lists. A neighbor cell relation list is stored in a
memory 40. The base station communicates with other network entities via one or
more interfaces 42.

[0058] Authorization of radio terminals is based on signaling via interface
42. Furthermore, the discovery of a new neighbor cell is followed by
communication over interface 42 in order to establish connectivity information to

the base station serving the new cell, as well as other information about the cell,
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e.g. cell type. When a candidate cell is reported, the cell reporting processor 38
may continue to monitor the candidate cell by receiving measurements from the
transceiver 32. The measurements associated to the candidate cell are sent to a
handover processor 43, which determines whether and when a handover is
considered beneficial. When the handover processor 43 has determined to proceed
with a handover, the handover procedure is performed via signaling with the radio
terminal using the transceiver 32, with the next serving base station via one of the
interfaces 42, and to a core network node via one of the interfaces 42.

[0059] Figure 5 is a non-limiting, example function block diagram of a
radio terminal. The radio terminal 20 includes a radio transceiver 60 coupled to
one or more antennas 58 for communicating over the radio interface with base
stations. The radio transceiver 60 connects to a data processing system 62 that
includes a baseband processor 64 that performs baseband processing on the
information to be transmitted via the radio transceiver 60 and on signals received
from the radio transceiver 60. The data processing system 62 also includes a radio
signal measurements processor 66 that controls the transceiver 60 to measure and
possibly filter radio signal quality and possibly scan broadcast signals and
information contained in those signals from neighboring base stations including
CSG base stations and perform measurement report triggering by evaluating
criterions configured by the serving base station. When a triggering condition is
met, the measurement processor sends measurement reports to a serving base
station. As explained above, in the measurement report triggering the
measurements processor 66 considers all cells except CSG cells that are restricted
and that the serving base station has not instructed the radio terminal to
specifically consider, even though they are restricted. The radio terminal 20 also
includes a user interface to permit a user to program the radio terminal and

communicate with the radio terminal.
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[0060] Figure 6 is a non-limiting, example function block diagram of a
central node 70. The central node 70 includes a controller 78 for performing
supervisory, data processing, and control functions and communicates with other
network nodes via an appropriate interface 76. A memory such as a database is
provided for storing a CSG cell—radio terminal authorization list 74 and
optionally neighbor cell relation lists 72 for various cells in the network and other
lists. The CSG cell—radio terminal authorization list 74 is updated via the
interface 76, possibly by synchronizing the list with information in another central
node. A radio terminal’s identifier (e.g., IMSI) may be added/replaced/removed
from the CSG cell—radio terminal authorization list 74 either by the network
operator or by the owner of the CSG base station. This can be done for example
via an operator web interface using phone numbers as identifiers which then are
converted to radio terminal IMSIs. The neighbor cell relation list of a one cell can
be synchronized with the base station serving the one cell.

[0061] Figure 7 is signaling diagram illustrating non-limiting, example
signaling procedures for CSG cell handling to support base station-to-CSG base
station handover assuming a non-limiting example the LTE architecture. Figure 9
helps illustrate the example in Figure 7. The central node (for LTE this can be the
MME) sends an Authorized CSGcell _list message to the serving base station to
inform the serving base station of authorized CSG cells for a particular radio
terminal being served by that base station. This signaling is denoted ‘A’ in the
example in Figure 8. The serving base station sends a measurement control signal,
e.g., Report Barred/Restricted/CSG cell including a list or a range of cell
identifiers of authorized CSG cells , to the particular radio terminal instructing the
radio terminal to consider the set of CSG cells in the measurement report
triggering even though those CSG cells are barred or restricted or are included in a

black list generally broadcast by the serving base station over the serving cell’s
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broadcast channel. This signaling is denoted ‘B’ in the example in Figure 9. The
radio terminal complies with this instruction, and while being served by the same
base station and if a measurement report triggering condition that involve any of
the listed CSG cells is met, the radio terminal sends a measurement report

Meas report CSG cell to the serving base station including the cell identity of the
triggering cell. The measurement report triggering mechanism itself is the same
for all cells, but only authorized cells are considered in the measurement report
triggering mechanism. All handover candidate cells considered in the
measurement report triggering are cells that the radio terminal is authorized to
access and obtain service from.

[0062] If the serving base station decides, possibly after the reception of
subsequent measurement reports related to the triggering cell, that the radio
terminal connection should be handed over to the reported CSG cell, the serving
base station sends a Handover request message to the CSG base station logically
via ‘C’ in Figure 8, possibly via multiple interfaces and nodes (via the central
node/MME in the LTE architecture) as is illustrated by Figure 8. The MME/CN
checks its CSG cell—radio terminal authorization list 74 and determines that the
radio terminal is an authorized member of the CSG for this cell. A handover
Authorization confirm message is sent to the CSG base station via ‘D’ in the
example in Figure 8 and the serving base station, possibly via multiple interfaces
and nodes as is illustrated by Figure 8, and the handover to the CSG cell is
performed.

[0063] Large closed subscriber group networks may present additional
issues. Consider a radio terminal authorized to access a large CSG network
consisting of many CSG cells. Each time the radio terminal performs a handover
to a new serving base station, that serving base station will receive a list from the

central node/MME/HSS including the cell identifiers (e.g., CGIs) of all CSG cells

23



WO 2009/022976 PCT/SE2008/050909

for which the radio terminal is authorized to access. That list may be quite long,
making the communication between the serving base station and the MME costly
in terms of communications resources.

[0064] To solve this problem, a CSG network may use a defined cell
identifier (e.g., CGI or PCI) range. All cells with a cell ID (e.g., CGI or PCI) in
the range are assumed to belong to the CSG network. In order for the MME to
inform the serving macro base station that a radio terminal is authorized in all
CSGs belonging to a certain network it only needs to communicate the cell ID
(e.g., CGI or PCI) range of the CSG network. The serving base station may then
simply check if a CSG neighbor cell has a cell ID (e.g., CGI or PCI) within the
range in order to determine if the corresponding radio terminal is authorized in
that CSG cell. This limits the amount of signaling required between the central
node/MME and the serving base station.

[0065] If desired, the operator may charge the CSG network owner for the
service of providing the cell ID range. Private users or small companies may use a
small cell ID range associated with a small cost, while larger companies or
organizations may use a larger cell ID range for which the operator may charge
more. The service is meritorious because the CSG owner does not need to
explicitly authorize every radio terminal in every CSG cell. Once a radio terminal
is authorized to access the CSG network it is automatically authorized in every
cell belonging to the CSG network.

[0066] Furthermore, the cell ID range may be used if desired in lieu of
individually directed measurement control signals between the serving base station
and individual radio terminals. The radio terminals may simply be requested to
consider all cells belonging to the cell ID range in the measurement report
triggering even though those cells might include one or more

restricted/barred/CSG cells, or are included in the “black list” of the serving cell.
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This approach is particularly useful when the number of CSG cells is large and
belongs to the same operator. Moreover, the cell ID range could be used to
compile a “black list” dedicated for an individual radio terminal that replaces the
black list that is broadcast by the serving base station over the serving cell’s
broadcast channel.

[0067] At a radio terminal handover, there may be information exchange
between the new serving cell and a central node/MME/HSS. This information
includes the list of CSG cells the radio terminal has access to. For most cells in
the network, the CSG cell-radio terminal authorization information is not relevant
because those cells are not neighbors to any cell in the CSG cell authorization list.
In that case, the CSG cell authorization information is not needed in the serving
base station. Consider the illustrative example situation where the radio terminal
owner has a CSG cell installed at home and that user is now visiting another city.
In that case, the cell that the radio terminal performs a handover to will not be a
neighbor to the radio terminals home CSG cell.

[0068] It is therefore desirable to filter the CSG authorization list signaled
from the central node/MME to the coupled serving base station to only include the
CSG cells that also belongs to the serving cell’s neighbor cell. One preferred but
still example way to do this is to store the NCR lists of all cells served by base
stations coupled to a particular central node/MME. Then, the central node can
compare the serving cell’s neighbor cell relation list to the CSG cell — radio
terminal authorization list for the considered radio terminal. This produces
relatively little signaling at handover events at the cost of synchronization of
neighbor cell relation lists between the central node/MME and the base stations.
Another way to do this is to only store a base station’s NCR list in the base station
and not in the central node/MME, and signal the neighbor cell relation list to the

central node/MME after every handover. The filtering again takes place in the
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central node. This approach does require significant signaling from the new
serving cell and the central node/MME.

[0069] Several other solutions are possible in order to filter the CSG
authorization list signaled between the central node/MME and the macro base
station. The CSG authorization list may be filtered based on tracking areas. The
central node/MME knows the tracking area of the CSG cells that the radio
terminal is authorized to access. When the MME is contacted about a new radio
terminal entering the cell of a base station, the MME checks if any authorized
CSG cell belongs to the same tracking area as that serving base station. Only
authorized CSG cells that also belong to the same tracking area as the serving cell
are included in the CSG authorization list that is sent to the serving base station
from the central node/MME. The CSG authorization list may also be filtered based
on PLMN Identity. The MME knows the PLMN identity for the CSG cell(s) that
a radio terminal is authorized to access. When the MME is contacted about a new
radio terminal entering the cell of a base station, the MME checks 1f any
authorized CSG cells belongs to a PLMN that is compatible with the PLMN
identity of the serving base station. The term compatible as used to include
situations where an operator has several different PLMN identities or where
several operators with different PLMN identities own a network together. Only
authorized CSG cells that also belong to a compatible PLMN to the serving base
station are included in the CSG authorization list that is sent to the serving base
station from the central node/MME.

[0070] At a radio terminal handover, there may be information exchanged
between the old serving cell and the new serving cell. This information may
include the authorization list of CSG cells the radio terminal has access to. With
such signaling support, only the base station where the radio terminal originally

registers needs to contact the central node, e.g., the HSS or the visitor location
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register (VLR), and obtain the authorization list of CSG cell(s) the radio terminal
has access to. This authorization list of CSG cell(s) the radio terminal has access
to is then passed on to the next serving base station as part of the radio terminal
handover process.

[0071] The advantages of the technology described above include the cost-
efficient support for handover from a general cell to a CSG cell, while supporting
a flexible CSG management where radio terminals can be added and removed with
ease from the authorization lists of each CSG cell. Furthermore, the use of cell
identity ranges makes the solution scalable to networks of CSG cells, and if black
lists are used, the effort to determine that a cell is forbidden for access is small.
[0072] Although various embodiments have been shown and described in
detail, the claims are not limited to any particular embodiment or example. None
of the above description should be read as implying that any particular element,
step, range, or function is essential such that it must be included in the claims
scope. The scope of patented subject matter is defined only by the claims. The
extent of legal protection is defined by the words recited in the allowed claims and
their equivalents. All structural and functional equivalents to the elements of the
above-described preferred embodiment that are known to those of ordinary skill in
the art are expressly incorporated herein by reference and are intended to be
encompassed by the present claims. Moreover, it is not necessary for a device or
method to address each and every problem sought to be solved by the present
invention, for it to be encompassed by the present claims. No claim is intended to
invoke paragraph 6 of 35 USC §112 unless the words “means for” or “step for”
are used. Furthermore, no embodiment, feature, component, or step in this
specification is intended to be dedicated to the public regardless of whether the

embodiment, feature, component, or step is recited in the claims.
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CLAIMS

L. A method relating to handover of a radio terminal connection from a
serving base station (18, 19) associated with a serving cell to a closed subscriber
group (CSG) cell served by a CSG base station, where only a radio terminal (20)
belonging to the CSG is permitted to access and receive service from the CSG
cell, and where information is provided to radio terminals in the serving cell that
identifies radio terminals that are not to report to the serving base station signal
quality measurements of signals transmitted by the CSG base station, the method
implemented in the serving base station characterized by:

determining that one of the radio terminals in the serving cell is authorized
to access and receive service from the CSG cell,

sending a message to the one radio terminal indicating that the CSG cell
may be considered as a handover candidate for the radio terminal;

based on a signal quality measurement report corresponding to the CSG
base station, determining that a connection with the one radio terminal may be
handed over to the CSG base station; and

facilitating handover of the connection to the CSG base station.

2. The method in claim 1, wherein the information not to report to the
serving base station signal quality measurements of signals transmitted by the
CSG base station is broadcast in the serving cell and includes a list identifying
cells for which the information is not to be reported or a list of cells identifying
only those cells for which the information is to be reported.

3. The method in claim 2, further comprising:

broadcasting a modified cell list in the serving cell to modify those cells for
which the information is not to be reported.

4, The method in claim 1, wherein radio terminals are informed not to

report to the serving base station signal quality measurements of signals
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transmitted by the CSG base station using a first message that indicates that the
CSG cell 1s a forbidden cell, and

wherein the sending step includes sending a second subsequent message to
the radio terminal indicating that the radio terminal should report signal quality
measurements of signals transmitted by the CSG base station.

5. The method in claim 4, wherein the first message that indicates that
the CSG cell is a forbidden cell contains the information that the cell is barred,
restricted, or a CSG cell.

6. The method in claim 4, wherein the first message is transmitted by
the serving base station or by the CSG base station.

7. The method in claim 1, wherein the determining includes receiving
an authorization list of CSG cells from a central node (70) coupled to the serving
base station indicating that the radio terminal is authorized to access and obtain
service from the CSG cell.

8. The method in claim 7, wherein the authorization list is filtered in
the central node to only include the CSG cells that are possible handover
candidates for the radio terminal considering the location of the radio terminal.

9. The method in claim 1, wherein:

the CSG cell is part of a CSG network of CSG cells to which the radio
terminal is authorized to access and request service, each of the CSG network cells
having an associated cell identifier, and

the determining includes receiving a CSG cell identifier range from a
central node coupled to the serving base station.

10.  The method in claim 9, further comprising:

signaling the radio terminal to report measurement information for one or
more handover candidate CSG cells that broadcast a cell identifier in the CSG cell

identifier range.
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11. A serving base station (18, 19) for assisting in handover of a radio
terminal connection from the serving base station associated with a serving cell to
a closed subscriber group (CSG) cell served by a CSG base station, where only a
radio terminal (20) belonging to the CSG is permitted to access and receive
service from the CSG cell, and where information is provided to radio terminals in
the serving cell that identify radio terminals that are not to report to the serving
base station signal quality measurements of signals transmitted by the CSG base
station, the serving base station comprising:

radio transceiving circuitry (32), and

a data processing system (34) including electronic circuitry characterized
by being configured to:

determine that one of the radio terminals in the serving cell is
authorized to access and receive service from the CSG cell,;

send a message to the one radio terminal indicating that the CSG cell
may be considered as a handover candidate for the radio terminal;

based on a signal quality measurement report for the CSG base
station, determine that a connection with the one radio terminal may be handed
over to the CSG base station; and

facilitate handover of the connection to the CSG base station.

12.  The serving base station in claim 11, wherein the radio transceiving
circuitry broadcasts information not to report to the serving base station signal
quality measurements of signals transmitted by the CSG base station in the serving
cell and includes a list identifying cells for which the information is not to be
reported or a list of cells identifying only those cells for which the information is

to be reported.
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13.  The serving base station in claim 12, wherein the radio transceiving
circuitry broadcasts a modified cell list in the serving cell to modify those cells for
which the information is not to be reported.

14.  The serving base station in claim 11, wherein radio terminals have
been informed not to report to the serving base station signal quality
measurements of signals transmitted by the CSG base station using a first message
that indicates that the CSG cell is forbidden for general access, and

wherein the electronic circuitry is configured to generate a second
subsequent message to be transmitted via the radio transceiving circuitry to the
radio terminal indicating that the radio terminal should report signal quality
measurements of signals transmitted by the CSG base station.

15. The serving base station in claim 14, where the message
indicating that the CSG cell is forbidden includes that the cell is a barred cell, a
restricted cell, or a CSG cell.

16.  The serving base station in claim 11, wherein the electronic circuitry
is configured to receive an authorization list of CSG cells from a central node
coupled to the serving base station indicating that the radio terminal is authorized
to access and obtain service from the CSG cell.

17.  The serving base station in claim 16, wherein the electronic circuitry
is configured to compare the authorization list of CSG cells to the neighbor cell
relation list of the serving cell and to compile a new authorization list of CSG cells
in the serving cell’s neighbor cell relation list.

18.  The serving base station in claim 17, wherein the electronic circuitry
is configured to send the serving cell’s neighbor cell relation list to the central
node prior to receiving the authorization list of CSG cells.

19.  The serving base station in claim 11, wherein:
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the CSG cell is part of a CSG network of CSG cells to which the radio
terminal is authorized to access and request service, each of the CSG network cells
having an associated cell identifier, and

the electronic circuitry is configured to receive a CSG cell identifier range
from a central node coupled to the serving base station and to check whether the
radio terminal’s cell identifier is in the received CSG cell identifier range, and if
so, to authorize the radio terminal to access and receive service from any of the
CSG cells in the CSG network.

20.  The serving base station in claim 19, wherein the radio transceiving
circuitry signals the radio terminal to report measurement information for one or
more CSG cells that broadcast a cell identifier in the CSG cell identifier range.

21.  The serving base station in claim 11, wherein the electronic circuitry
is configured to receive an authorization list of CSG cells during handover from a
previous serving base station for the radio terminal, and wherein the authorization
list of CSG cells indicates that the radio terminal is authorized to access and obtain
service from the CSG cell.

22.  The serving base station in claim 11, wherein the electronic circuitry
is configured to receive an authorization list of CSG cells from a central node (70)
when the radio terminal accesses the radio network at the serving base station, and
wherein the authorization list of CSG cells indicates that the radio terminal is
authorized to access and obtain service from the CSG cell.

23. A radio terminal (20) for communicating with a serving base station
(18, 19) associated with a serving cell, where the radio terminal belongs to a
closed subscriber group (CSG) cell served by a CSG base station, and where only
a radio terminal belonging to the CSG is permitted to access and receive service
from the CSG cell, comprising:

radio transceiving circuitry (60), and
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a data processing system (62) coupled to the radio transceiving circuitry

including electronic circuitry characterized by being configured to:

receive first information informing the radio terminal not to report to
the serving base station signal quality measurements of signals transmitted by
CSG base stations;

obtain a measure of quality of signals transmitted by neighboring
base stations other than CSG base stations and report those signal quality
measurements to the serving base station for a possible handover operation;

receive second information overriding the first information and
informing the radio terminal to report to the serving base station signal quality
measurements of signals transmitted by the CSG base station; and

measure a signal quality of a signal transmitted by the CSG base
station and report the CSG base station signal quality measurement to the serving
base station.

24.  The radio terminal in claim 23, wherein when the radio terminal
receives instructions to handover to the CSG base station, the electronic circuitry
is configured to instruct the radio transceiving circuitry to establish
communications with the CSG base station.

25.  The radio terminal in claim 23, wherein the second information
includes a range of CSG cell identifiers, the electronic circuitry is configured to
measure a signal quality of a signal received by any CSG base station having a cell
identifier in the range and report those CSG base station signal quality
measurements to the serving base station.

26.  The radio terminal in claim 23, wherein if the radio terminal is
unable to obtain or maintain service from a serving base station, the electronic
circuitry is configured to scan a signal quality of a signal received by any nearby

CSG base station and to select a nearby CSG base station to provide service,
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wherein an authorized CSG base station has a higher selection priority than an
unauthorized CSG base station.

27. A central node (70) comprising:

an interface (76) for communicating with a serving base station (18, 19)
serving a serving cell and with a closed subscriber group (CSG) base station
serving a CSG cell in which only a radio terminal (20) belonging to the CSG is
permitted to access and receive service from the CSG cell, and

a memory (74) for storing a CSG authorization list which for each of
multiple radio terminals identifies all CSG cells that the radio terminal is
authorized to access and receive service from, the central node characterized by:

a controller (78) configured to provide a CSG authorization list to the
serving base station serving a one radio terminal in the serving cell when the CSG
authorization list includes CSG cells which the radio terminal is authorized to
access, and to otherwise not provide the CSG authorization list to the serving base
station.

28.  The central node in claim 27, wherein the controller is configured to
only include CSG cells in the CSG authorization list that are neighbors to the
serving cell and that the radio terminal is authorized to access.

29.  The central node in claim 28, wherein the memory stores a neighbor
cell relations (NCR) list (72) for the serving cell and the controller uses the NCR
list to determine whether a CSG cell is a neighboring cell.

30.  The central node in claim 28, wherein the central node is configured
to receive a neighbor cell relations (NCR) list (72) for the serving cell from the
serving base station, and the controller is configured to use the NCR list to
determine whether a CSG cell is a neighboring cell to a serving cell.

31.  The central node in claim 27, wherein the controller is configured to

permit modifications to the CSG authorization list.
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32.  The central node in claim 27, wherein the CSG cell is part of a CSG
network of CSG cells to which the radio terminal is authorized to access and
request service, each of the CSG network cells having an associated cell identifier,
and wherein the controller is configured to determine a CSG cell identifier range
for the CSG network and provide the CSG cell identifier range to the serving base
station.

33.  The central node in claim 27, wherein the controller is configured to
determine a CSG tracking area associated with one or more CSG cells that the
radio terminal is authorize to access, and when the central node is notified that the
radio terminal has accessed the serving cell, to check whether the CSG tracking
area corresponds to a tracking area of the serving cell, and if so, to inform the
serving base station about the one or more CSG cells.

34.  The central node in claim 27, wherein the controller is configured to
determine a CSG PLMN identity associated with one or more CSG cells that the
radio terminal is authorize to access, and when the central node is notified that the
radio terminal has accessed the serving cell, to check whether the CSG PLMN
identity corresponds to a compatible PLMN identity associated with the serving

cell, and if so, to inform the serving base station about the one or more CSG cells.
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