Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2619121 C 2013/11/26

(11)(21) 2619 121

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(22) Date de depot/Filing Date: 2008/01/29

(41) Mise a la disp. pub./Open to Public Insp.: 2008/08/02
(45) Date de délivrance/lssue Date: 2013/11/26

(30) Priorité/Priority: 200/7/02/02 (EP EP 0/101697.6)

(51) Cl.Int./Int.Cl. HO4W 36/08 (2009.01),
HO4W 24/00(2009.01), HO4W 48/20(2009.01),
HO4W 88/08 (2009.01)

(72) Inventeurs/Inventors:
PECEN, MARC, CA;
WANDEL, MATTHIAS, CA;
ASTHANA, ATUL, CA

(73) Proprietaire/Owner:
RESEARCH IN MOTION LIMITED, CA

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : SELECTION DE CELLULE BASEE SUR LA LARGEUR DE BANDE DANS UN RESEAU CELLULAIRE
(54) Title: BANDWIDTH-BASED CELL SELECTION IN A CELLULAR NETWORK

DETERMINE BANDWIDTH
FOR DATA COMMUNICATION

THROUGH AT LEAST ONE
NEIGHBOURING CELL.

S100

SELECT ONE NEIGHBOURING

CELL BASED ON DETERMINED
BANDWIDTH

S102

(57) Abregé/Abstract:

A method of cell selection Iin a wireless cellular network having a plurality of radio system cells involves determining a bandwidth
Indication for data communication through each of a serving cell and at least one neighbouring cell to the serving cell. The
bandwidth Indication comprises an indication of the capacity for data communication through each cell. One of the cells Is then
selected for packet-based communication in accordance with the determined bandwidth indications.

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

RE Wl

I*I ] . - ] Pen, B RN o
C an ad a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C gm0

OPIC - C]

PO 191

“y I 4 e, : x - \
L RSN
4
3




10

CA 02619121 2008-01-29

235

ABSTRACT

A method of cell selection in a wireless cellular network having a plurality of radio system
cells involves determining a bandwidth indication for data communication through each of
a serving cell and at least one neighbouring cell to the serving cell. The bandwidth
indication comprises an indication of the capacity for data communication through each

cell. One of the cells is then selected for packet-based communication in accordance with

the determined bandwidth indications.
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BANDWIDTH-BASED CELL SELECTION IN A CELLULAR NETWORK

(0001]  The invention described herein relates generally to a methodology for selecting
radio system cells in a wireless cellular network. In particular, the invention relates to a
method and apparatus for re-selecting cells for packet-based wireless communications.
[0002] The Global System for Mobile Communication (GSM) cellular wireless
network was 1nitially designed to support circuit-switched services, such as voice
telephony. Enhanced Data for Global Evolution (EDGE) is a superset of the General
Packet Radio Service (GPRS), and provides the capability for packet-based user data
interchange over GSM. GPRS, EDGE and other wireless data communication protocols
are commonly used for the transmission of data through business and scientific software
applications such as electronic mail (e-mail), calendar updates, file transfers and Internet
browsing.

[0003] The GSM specification defines an algorithm for re-selecting radio system cells.
According to this method, a mobile station in a Public Land Mobile Network (PLMN)
measures the signal strength of the serving cell and the neighbouring cells in the PLMN,
and then selects the cell having the largest Received Signal Strength Indication (RSSI).
This approach to cell re-selection is sufficient for circuit-switched voice service because
GSM includes an extremely agile handover algorithm that can rapidly move a
conversation amongst available radio channels should the signal quality degrade or bit
error probability on one channel reach a point where it is difficult to continue
communication.

[0004] This approach is inefficient for packet-based GPRS/EDGE communications.
GPRS/EDGE does not possess an agile handover mechanism for switching
communications amongst available cells. As a result, should signal quality on the serving
cell degrade during packet-based transmission such that a TDMA multiframe is not
recelved, it is necessary to re-initiate transmission of the lost multiframe after cell re-
selection. Also, GPRS/EDGE data communications usually involve transmission along
multiple adjacent TDMA timeslots. However, as the probability of finding suitable
multiple adjacent cells is equal to the probability of finding a single suitable cell having
multiple adjacent timeslots, it is difficult to assign multiple timeslots on adjacent cells
when radio link conditions on the serving cell become degraded. As a result,

GPRS/EDGE data transfers are usually started and completed on a single cell, in contrast
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to a circuit-switched call 1n which 1t 1s common to change cells several times over the
course of a single minute of conversation.

[0005]  Attempts have been made to provide a more efficient cell selection mechanism
in GSM networks. For instance, since the length of system information sent by different
cells can vary significantly, a mobile station can incorrectly interpret a long break in user
data transmission time, due to lengthy system information, as poor quality of service.

Lundell (US 7,058,406) describes a method for performing cell reselection in a

GSM/GPRS network in which the mobile station uses length information received from a
cell to estimate the period of time required to receive system information over the control
channel. The mobile station then uses the time estimate as a parameter to the cell
reselection algorithm.

[0006] Yeo (US 2006/0084443) describes a method for cell selection and reselection
in a GSM network, 1n which the mobile station receives from the network a list of
available cells, and then assigns a lower priority to cells that it had previously
unsuccessfully selected. The mobile station also removes from the list cells whose access
was previously found to have been forbidden. The mobile station then selects an
appropriate cell using conventional radio-based cell selection and reselection methods,
such as signal strength measurements, on the cells remaining in the list.

[0007] Choi (US 2006/0234757) describes a method for cell selection and reselection

in a GSM/GPRS network, in which the mobile station determines its current speed and

location, in an idle state, using GPS location information, and then calculates a predicted
location from its current speed and location. The mobile station then uses the predicted

location to select a best cell from amongst adjacent cells that have similar signal strength

measurements.

GENERAL

[0008] The invention may use an assessment of network bandwidth as a parameter to
the to the cell selection or re-selection algorithm.

[0009] According to a first aspect of the invention, there may be provided a method of
cell selection in a wireless cellular network having a plurality of radio system cells. The
method involves first determining a bandwidth indication for data communication through
each of a serving cell and at least one neighbouring cell to the serving cell. Each

bandwidth indication may comprise an indication of the capacity for data communication
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through each cell. Then one of the cells may be selected for packet-based communication
in accordance with the determined bandwidth indications.

[0010] According to a second aspect of the invention, there may be provided a mobile
station configured for communication within a wireless cellular network having a plurality
of radio system cells. The mobile station may comprise bandwidth determining means,
and cell selecting means in communication with the bandwidth determining means. The
bandwidth determining means may be configured to determine a bandwidth indication for
data communication through each of a serving cell and at least one neighbouring cell to
the serving cell. Each bandwidth indication may comprise an indication of a capacity for
data communication through each cell. The cell selecting means may be configured to
select one of the cells for packet-based communication in accordance with the determined
bandwidth indications.

[0011] According to a third aspect of the invention, there may be provided a
computer-readable medium that carries processing instructions for a mobile station which
operates within a wireless cellular network having a plurality of radio system cells. The
processing instructions when, executed by computer processing means of the mobile
station, may cause the mobile station to determine a bandwidth indication for data
communication through each of a serving cell and at least one neighbouring cell to the
serving cell. Each bandwidth indication may comprise an indication of the capacity of
each cell for data communication. The processing instructions may also cause the mobile
station to select one of the cells for packet-based communication in accordance with the
determined bandwidth indications.

[0012] According to a fourth aspect of the invention, there may be provided a base
station subsystem for facilitating communication with a mobile station within a wireless
cellular network having a plurality of radio system cells. The base station subsystem may
comprise a radio transceiver configured to provide a wireless link with the mobile station,
a network interface configured to interface the base station subsystem with a core network
of the cellular network, and a network capacity analyzer coupled to the radio transceiver

and the network interface. The network capacity analyzer may be configured to determine
for each cell an indication of a capacity of a wireless link between the mobile station and
the base station subsystem.

[0013] In a preferred implementation of the invention, the bandwidth indications may

comprise signal strength measurements and the capacity indications for each cell, and the
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selecting step involves choosing the cell based on the capacity indications and the signal
strength measurements. Preferably, each bandwidth indication comprises the product of
the capacity indication and the signal strength measurement for the associated cell, and the
cell that 1s chosen has the maximum calculated product.

[0014] Preterably the capacity indication comprises, for each cell, the capacity of the
wireless link between the mobile station and the base station. The capacity indication may
also comprise the capacity of a backhaul and a core network associated with each cell.
Preferably, the capacity indication comprises, for each said cell, the product of the
wireless link capacity, the backhaul capacity and the core network capacity.

[0015] According to a fifth aspect of the invention, there may be provided a method of
directed cell selection 1n a wireless cellular network having a plurality of radio system
cells. The method involves first determining an indication of the capacity for data
communication through each of a plurality of neighbouring radio system cells. Then, the
capacity indications for each neighbouring cell may be transmitted over each of the
neighbouring radio system cells. A mobile station camped on one of the neighbouring
cells may be configured to recetve the transmitted capacity indications and to select one of
the neighbouring cells for packet-based communication in accordance with the received

capacity indications.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The invention will now be described, by way of example only, with reference
to the accompanying drawings, in which:

Fig. 1 1s a schematic diagram depicting the GSM/GPRS/EDGE network according
to the invention, including the handheld communications device, the base station
subsystem and the core network;

Fig. 2 1s a front plan view of the handheld communications device depicted in Fig.

Fig. 3 1s a schematic diagram depicting certain functional details of the data
processing means of the handheld communications device, including the bandwidth

determining procedure and the cell selecting procedure;

Fig. 4 1s a schematic diagram depicting certain additional functional details of the

handheld communications device;
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Fig. 5 is a schematic diagram depicting certain functional details of the base station
subsystem depicted in Fig. 1;

Fig. 6 1s a flow chart depicting, by way of overview, the method performed by the
handheld communications device when re-selecting radio system cells; and

Figs. 7a to 7d together comprise a flow chart depicting, in detail, the method

performed by the handheld communications device when re-selecting radio system cells.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0017] Fig. 1 is a schematic view of a mobile communications network, denoted
generally as 100, in accordance with the invention. The mobile communications network
100 1s shown in communication with a fixed network 600, and comprises at least one
wireless handheld communications device 200, a wireless cellular network 219 having a
plurality of base station subsystems (BSSs) 400, and a core network 500. Preferably, the
communications network 100 is configured as a GSM network. However, the invention is
not limited to GSM networks. For example, the BSSs 400s in the wireless cellular
network 219 may be of the same radio access technology (RAT) type such as GSM only
or Code Division Multiple Access (CDMA) only, or may be a mixture of different RATs
such as any combination of GSM, Universal Mobile Telecommunications System
(UMTS), CDMA, Time Division Multiple Access (TDMA), Wireless Local Area Network
(WLAN), and any other RATs.

[0018] The handheld communications devices 200 communicate with the BSSs 400 1n
the wireless cellular network 219. The BSSs 400 provide a bridge between the wireless
cellular network 219 and the core network 500, and communicate with the core network
500 via a wired or optical link.

[0019] The core network 500 facilitates packet-based communication between the
handheld communications devices 200 and the fixed netwofk 600. Preferably, the core

network 500 implements GPRS/EDGE communications protocols, and includes a Serving
GPRS Support Node (SGSN) 502 that interfaces with the fixed network 600. Further,
preferably the BSSs 400 connect to the SGSN 502 of the GPRS core network 500 via a Gb

Frame Relay interface.

[0020] The core network 500 communicates with the fixed network 600 via a wired or

optical link, and acts as switching node to the fixed network 600. Typically, the fixed
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network 600 comprises a Public Switched Telephone Network (PSTN) or an Integrated
Services Digital Network (ISDN).

[0021] Referring now to Fig. 2, there is shown a sample handheld communications
device 200. Preferably, the handheld communications device 200 is a two-way wireless
communications device having at least voice and data communication capabilities, and is
configured to operate within a wireless cellular network. Further, preferably the handheld
communications device 200 has the capability to communicate with other computer
systems on the Internet. Depending on the exact functionality provided, the wireless
handheld communications device 200 may be referred to as a data messaging device, a
two-way pager, a wireless e-mail device, a cellular telephone with data messaging
capabilities, a wireless Internet appliance, or a data communication device, as examples.
10022] As shown, the handheld communications device 200 includes a display 222, a
function key 246, and data processing means 202 (shown in Fig. 3) disposed within a
common housing 201. The display 222 comprises a backlit LCD display. As shown in
Fig. 3, the data processing means 202 1s in communication with the display 222 and the
function key 246. In one implementation, the backlit display 222 comprises a
transmissive LCD display, and the function key 246 operates as a power on/off switch.
Alternately, in another implementation, the backlit display 222 comprises a reflective or
trans-reflective LCD display, and the function key 246 operates as a backlight switch.
[0023] In addition to the display 222 and the function key 246, the handheld
communications device 200 includes user data input means for inputting data to the data
processing means 202. As shown, preferably the user data input means includes a
keyboard 232, a thumbwheel 248 and an escape key 260.

[0024] The data processing means 202 comprises a microprocessor 238, and a
memory 224, 226 (disposed within the housing). The memory 224, 226 includes
computer processing instructions which, when accessed from the memory 224, 226 and
executed by the microprocessor 238, implement an operating system 300 that includes a
bandwidth determining procedure 302 and a cell selecting procedure 304.

[0025] The tunction of the operating system 300, the bandwidth determining
procedure 302 and the cell selecting procedure 304 will be discussed in greater detail
below. However, it is sufficient at this point to note that the operating system 300

includes an Open Systems Interconnection (OSI) communication protocol stack that

allows the handheld communications device 200 to send and receive communication
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signals over the wireless cellular network 219. The bandwidth determining procedure 302

and the cell selecting procedure 304 occupy the physical layer of the communication
protocol stack, and together comprise a method that selects and re-selects radio system
cells 1n the wireless cellular network 219 based on at least the capacity for data
communication through each cell. It should also be understood that although the
bandwidth determining procedure 302 and the cell selecting procedure 304 are preferably
implemented as a set of computer processing instructions, these procedures may be
implemented in electronics hardware instead.

[0026] Fig. 4 depicts functional details of the handheld communications device 200.
As shown, the handheld communications device 200 incorporates a motherboard that
includes a communication subsystem 211, the microprocessor 238, and a SIM/RUIM
interface 244. The communication subsystem 211 performs communication functions,
such as data and voice communications, and includes a receiver 212, a transmitter 214,
and associated components such as one or more embedded or internal, antenna elements
216 and 218, local oscillators (LOs) 213, and a processing module such as a digital signal
processor (DSP) 220. The communication subsystem 211 allows the handheld
communications device 200 to send and receive communication signals over the wireless
cellular network 219.

[0027] Signals received by antenna 216 through the wireless network 219 are input to
the receiver 212, which performs common receiver functions such as frequency down
conversion, and analog to digital (A/D) conversion, in preparation for more complex
communication functions performed by the DSP 220. In a similar manner, signals to be
transmitted are processed by DSP 220 and input to transmitter 214 for digital to analog
conversion, frequency up conversion, and transmission over the wireless network 219 via
antenna 218. The DSP 220 also measures the signal strength of wireless signals received
(recerved signal strength) at the handheld communications device 200.

[0028] The SIM/RUIM interface 244 is similar to a card-slot into which a SIM/RUIM
card can be inserted and ejected like a diskette or PCMCIA card. The SIM/RUIM card
holds many key configuration 251, and other information 253 such as identification, and
subscriber related information.

|0029] The microprocessor 238 controls the overall operation of the device,
Interacting with device subsystems such as the display 222, flash memory 224, random

access memory (RAM) 226, auxiliary input/output (I/0) subsystems 228, serial port 230,
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keyboard 232, speaker 234, microphone 236, short-range communications subsystem 240,
and device subsystems 242. As shown, the flash memory 224 includes both computer
program storage 258 and program data storage 250, 252, 254 and 256.

[0030] Computer processing instructions are preferably also stored in the flash
memory 224 or other similar non-volatile storage. Other computer processing instructions
may also be loaded into a volatile memory such as RAM 226. The computer processing
instructions, when accessed from the flash memory 224 and the RAM 226 and executed
by the microprocessor 238 define computer programs, operating system specific
applications, and the operating system 300, including the aforementioned bandwidth
determining procedure 302 and cell selecting procedure 304. Such computer processing
instructions may be installed onto the handheld communications device 200 upon
manufacture, or may be loaded through the wireless network 219, the auxiliary I/0
subsystem 228, the serial port 230, the short-range communications subsystem 240, or
device subsystem 242.

[0031] In a data communication mode, a received text message or web page download
will be processed by the communication subsystem 211 and output to the display 222, or
alternatively to an auxiliary I/0 device 228. A user of the handheld communications
device 200 may compose data items such as email messages for example, using the
keyboard 232. Such composed items may then be transmitted over the wireless network
219 through the communication subsystem 211.

[0032] For voice communications, overall operation of the handheld communications
device 200 1s similar, except that received signals would preferably be output to the
speaker 234 and signals for transmission would be generated by a microphone 236.
Further, the display 222 may provide an indication of the identity of a calling party, the
duration of a voice call, or other voice call related information for example.

[0033] Fig. 5 depicts functional details of the Base Station Subsystem (BSS) 400. As
shown, each BSS 400 includes a Base Station Controller (BSC) 402 and a plurality of
Base Transceiver Stations (BTSs) 404. The BTSs 404 implement radio link protocols
with the handheld communications device 200. Each BTS 404 includes one or more radio
transceivers, the coverage area of which comprises a radio system cell. Further, each BTS

404 1s connected to the BSC 402 via a wired or optical link. Preferably, each BTS 404

communicates with the BSC 402 via a respective A-bis interface.
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[0034] The BSC 402 acts as a physical connection between the handheld
communications device 200 and the core network 500. As shown, the BSC 402 comprises
a network interface 406 for interfacing the BSS 400 with the core network 500, and a data
processing subsystem 408 coupled to the network interface 406 and the BTSs 404. The
BSC 402 may also include a display terminal and a keyboard (not shown), coupled to the
data processing subsystem 408, for monitoring and controlling the operation of the BSS
400.

[0035] The data processing subsystem 408 comprises a microprocessor 410, a non-
volatile memory 412 and a volatile memory (RAM) 414. The non-volatile memory 412
includes computer processing instructions which, when copied into the RAM 414 by the
microprocessor 410 and executed by the microprocessor 410, implement an operating
system 420 that includes a network capacity analyzer 422. The operating system 420
implements radio-channel setup, frequency hopping and cell handovers between the BTSs
404 that are connected to the BSC 402.

[0036]  As will be discussed in greater detail below, the network capacity analyzer 422
is configured to dynamically monitor the capacity of the segment of the wireless network
219 comprising the radio system cells that are serviced by the BTSs 404 which are
connected to the BSC 402. Preferably, the network capacity analyzer 422 is also
configured to dynamically monitor the capacity of the backhaul network (between the BSS
400 and the core network 500), and to receive data from the core network 500 indicative
of the available capacity of the core network 500. The network capacity analyzer 422 is
also configured to periodically generate from the wireless network, backhaul and core
network capacity data, an indication of the available capacity for each radio system cell. It
should also be understood that although the operating system 420 and the network
capacity analyzer 422 are preferably implemented as a set of computer processing
instructions, these components of the BSS 400 may be implemented in electronics
hardware instead.

[0037] Fig. 6 is a flow chart that depicts, by way of overview, the sequence of steps
performed by the handheld communications device 200 when re-selecting radio system
cells in the wireless network 219. Initially, at step S100, the bandwidth determining
procedure 302 of the handheld communications device 200 periodically and dynamically
determines the bandwidth for data communication through at least one neighbouring cell

to the serving cell. Then, at step S102, the cell selecting procedure 304 of the handheld
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communications device 200 selects one of the neighbouring cells for packet-based
communication based on the bandwidth associated with each cell, as determined by the
bandwidth determining procedure 302.

[0038] Fig. 7 is a flow chart that depicts, in detail, the sequence of steps performed by
the handheld communications device 200 when re-selecting radio system cells 1n the
wireless network 219. Initially, at step S200, the network capacity analyzer 422
determines the available capacity of each radio system cell that 1s serviced by a BTS 404
which is connected to the BSC 402. Each radio system cell capacity datum indicates the
capacity available for communication over the wireless network 219 between the
associated BTS 404 and the handheld communications device 200.

[0039] Typically, each BSS 400 maintains information concerning the available and
remaining capacity for each radio system cell that is serviced by an associated BTSs 404.
Accordingly, preferably the network capacity analyzer 422 computes the available
capacity of each radio system cell based on the available and remaining capacity
information received from the BSSs 400. In particular, preferably the network capacity
analyzer 422 computes each available radio system cell capacity as a ratio of used radio
system cell capacity to total radio system cell capacity.

[0040] The network capacity analyzer 422 then determines the available capacity of
the backhaul network, at step S202. Alternately, at step S202, the network capacity
analyzer 422 receives system information from the core network 500 indicating the
capacity of the backhaul network. In this latter vanation, preferably the core network 500
transmits the backhaul network capacity data over a control channel, such as a broadcast
control channel or a dedicated control channel. Preferably, the network capacity analyzer
422 computes the available backhaul capacity as a ratio of used backhaul network capacity
to total backhaul network capacity.

[0041] At step S204, the network capacity analyzer 422 receives system information
from the core network 500 indicative of the available capacity of the core network 500.
Where the core network 500 comprises a GPRS/EDGE network, preferably the network
capacity analyzer 422 receives the core network capacity data from the SGSN 502 of the

core network 500. Preferably, the core network 500 transmits the core network capacity
data over a control channel, such as a broadcast control channel or a dedicated control

channel. Further, preferably the network capacity analyzer 422 computes the available
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core network capacity as a ratio of used core network capacity to total core network
capacity.

[0042] It should be understood that the network capacity analyzer 422 need not
receive the foregoing available capacity data (radio system cell capacity data, backhaul
network capacity data, and core network capacity data) in the sequence specified above.
For instance, in situations where the radio system cell capacity is more volatile than the
backhaul network capacity and the core network capacity, the network capacity analyzer
422 could receive the backhaul network capacity data and the core network capacity data
at lower periodic rate than the radio system cell capacity data.

[0043] At step S206, the network capacity analyzer 422 generates, from the available
capacity data a metric for the available capacity for each radio system cell. Preferably, the
network capacity analyzer 422 calculates the capacity metric for each cell by multiplying
together the radio system cell capacity data for the cell, the backhaul network capacity
data, and the core network capacity data, resulting in a value between 0 and 1. However,
other calculation schemes are possible and are encompassed by the invention.

[0044] Further, although it is preferred that the network capacity analyzer 422
generates the capacity metric from the wireless network capacity data, the backhaul
network capacity data, and the core network capacity data, this step is not an essential step
of the procedure. Rather, the network capacity analyzer 422 could generate the capacity
metric from only one or two or these parameters, or additional capacity parameters.
[0045] For instance, in one variation, the network capacity analyzer 422 does not
determine available wireless network capacity, in which case the cell capacity metric will
only reveal differences in the available backhaul network capacity and core network
capacity. In other variation, the network capacity analyzer 422 generates the capacity
metric only from the wireless network capacity data. This latter variation may be
employed, for instance, where computational power of the network capacity analyzer 422
is Iimited, and the major capacity limitation is in the wireless network 219 as opposed to
the backhaul network or the core network 500.

[0046] At step S208, the network capacity analyzer 422 transmits to the BTSs 404 the
capacity metrics for all the radio system cells that are serviced by the BTSs 404 connected
to the BSC 402. As a result, each BTS 404 receives the capacity metric for the radio
system cell that the BTS 404 is serving, together with the capacity metrics for the

neighbouring radio system cells. Where the communications network 100 is a GSM
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network, preferably the network capacity analyzer 422 transmits to each BTS 404 the
capacity metric for the radio system cell that the BTS 404 is serving, together with the
capacity metrics for the six (6) neighbouring radio system cells in the PLMN.

[0047] Each BTS 404 then transmits the capacity metrics over the wireless network
219 via a control channel. Where the communications network 100 is a GSM network,
preterably each BTS 404 transmits each capacity metric as a 4-bit quantity over transmits
the core network capacity data over a broadcast control channel or a dedicated control
channel. However, the invention is not limited to the aforementioned granularity level and
communication channel.

[0048] At step S210, preferably the network capacity analyzer 422 transmits a
MINIMUM CAPACITY THRESHOLD parameter to each BTS 404 that is connected to
the BSC 402. The MINIMUM CAPACITY THRESHOLD parameter is optional, and
indicates the minimum capacity that the associated radio system cell must possess to be
considered for cell selection and re-selection. As a result, each BTS 404 receives the
MINIMUM CAPACITY THRESHOLD parameter for the radio system cell that the BTS
404 1s serving, together with the MINIMUM CAPACITY THRESHOLD parameters for
the neighbouring radio system cells. As will be explained below, this parameter prevents
the handheld communications device 200 from placing excessive importance on a cell’s
received signal strength during the cell selection and re-selection process.

[0049] Each BTS 404 transmits the MINIMUM CAPACITY THRESHOLD
parameters over the wireless network 219 via a control channel. Where the
communications network 100 is a GSM network, preferably each BTS 404 transmits the
MINIMUM CAPACITY THRESHOLD parameters as a system information message over
a broadcast control channel (such as PBCCH) or a dedicated control channel.

[0050] At step S212, preferably the BSC 402 transmits a MINIMUM SIGNAL
THRESHOLD parameter to each BTS 404 that is connected to the BSC 402. The
MINIMUM SIGNAL THRESHOLD parameter is optional, and indicates the minimum
received signal strength that the associated radio system cell must possess to be considered
for cell selection and re-selection. As a result, each BTS 404 receives the MINIMUM
SIGNAL THRESHOLD parameter for the radio system cell that the BTS 404 is serving,
together with the MINIMUM SIGNAL THRESHOLD parameters for the neighbouring
radio system cells. As will be explained below, this parameter prevents the handheld

communications device 200 from placing excessive importance on a cell’s capacity during
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the cell selection and re-selection process. As a consequence, the handheld

communications device 200 can be directed to select a cell having a more robust, but
possibly slower modulation and encoding scheme.

[0051] Each BTS 404 transmits the MINIMUM SIGNAL THRESHOLD parameters
over the wireless network 219 via a control channel. Where the communications network
100 1s a GSM network, preferably each BTS 404 transmits the MINIMUM SIGNAL
THRESHOLD parameters over a broadcast control channel (such as PBCCH) or a
dedicated control channel.

[0052] At step S214, preferably the BSC 402 transmits to the BTSs 404 that are
connected to the BSC 402 a list of cells for the handheld communications device 200 to
monitor during cell re-selection. This list will typically includes the RF carrier
frequencies of the serving cell and a number of the neighbouring cells of the serving cell.
Each BTS 404 transmits the cell re-selection list over a control channel of the wireless
network 219. Where the communications network 100 1s a GSM network, preferably each
BTS 404 broadcasts the cell re-selection list as a BA(GPRS) cell list over the PBCCH
channel of the serving cell.

[0053] It should be understood that the BSC 402 need not transmit the capacity
metrics, the MINIMUM CAPACITY THRESHOLD parameters, the MINIMUM
SIGNAL THRESHOLD parameters and the cell re-selection list to the BTSs 404 1n the
sequence specified above. Rather, the BSC 402 could transmit the foregoing data to the
BTSs 404 1n a different order, or concurrently as part of a common meta-frame.

[0054] Similarly, the BTSs 404 need not transmit the capacity metrics, the MINIMUM
CAPACITY THRESHOLD parameters, the MINIMUM SIGNAL THRESHOLD
parameters and the cell re-selection list over the wireless network 219 in the sequence
specified above. For instance, the BTSs 404 could transmit the MINIMUM CAPACITY
THRESHOLD parameters, the MINIMUM SIGNAL THRESHOLD parameters and the
cell re-selection list over the wireless network 219 whenever a handheld communications
device 200 registers with the communications network 100, and then periodically transmit

the capacity metrics at a rate dictated by the system administrator based on prior variations
in cell capacity.

[0055] At step S216, the handheld communications device 200 receives the
MINIMUM CAPACITY THRESHOLD parameters (if transmitted), the MINIMUM

SIGNAL THRESHOLD parameters (if transmitted) and the cell re-selection list over the



10

15

20

235

30

CA 02619121 2008-01-29

14

control channel of the serving cell of the wireless network 219. As discussed above,
where the communications network 100 1s a GSM network preferably the handheld
communications device 200 receives the MINIMUM CAPACITY THRESHOLD
parameters, the MINIMUM SIGNAL THRESHOLD parameters and the cell re-selection
list over the PBCCH channel of the serving cell.

[0056] At step S218, the handheld communications device 200 receives the capacity
metrics for the serving cell and each neighbouring cell, over the control channel of the
serving cell of the wireless network 219. Where the communications network 100 is a
GSM network, preferably the bandwidth determining procedure 302 receives the capacity
metrics for the serving cell and six (6) neighbouring cells over a broadcast control channel
(such as PBCCH) or a dedicated control channel.

[0057] As discussed above, the handheld communications device 200 need not receive
the MINIMUM CAPACITY THRESHOLD parameters, the MINIMUM SIGNAL
THRESHOLD parameters, the cell re-selection list and the capacity metrics in the
sequence specified above. For instance, the handheld communications device 200 could
receive the MINIMUM CAPACITY THRESHOLD parameters, the MINIMUM SIGNAL
THRESHOLD parameters and the cell re-selection list when the handheld
communications device 200 registers with the PLMN, and then thereafter periodically
receive the capacity metrics.

[0058] At step S220, the handheld communications device 200 measures the received
signal strength for the serving cell and for the neighbouring cells specified in the cell re-
selection list, and calculates an indication of the average received signal strength (RSSI)
for each cell. Where the communications network 100 is a GSM network, preferably the
handheld communications device 200 continuously monitors the received signal strength
of the BCCH carrier of the serving cell and the signal strength of all of the non-serving
BCCH carriers indicated in the BA(GPRS) list. The handheld communications device 200
then computes a running average RLA_P of the received signal strength for each cell in
the BA(GPRYS) list, in accordance with 3GPP TS 45.008, clauses 10.1.1.1 and 10.1.1.2.
[0059] At step S222, preferably the handheld communications device 200 sorts the
neighbouring cells specified in the cell re-selection list (the “sorted cell re-selection list™)
according to descending RSSI magnitude. Where the communications network 100 is a
GSM network, preferably the handheld communications device 200 uses the RLA P

values to maintain a list of the six (6) strongest non-serving BCCH carriers, sorted by
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descending average signal strength. Sorting at this stage i1s preferred since, as will be
explained below with respect to step S240, the handheld communications device 200
resorts to conventional cell re-selection if all of the neighbouring cells 1n the list of the six
(6) strongest non-serving BCCH carriers were excluded from 1nitial consideration at steps
S230 and S234.

[0060] At step S224, the handheld communications device 200 compares the RSSI for
the serving cell against the MINIMUM SIGNAL THRESHOLD for the serving cell. If
the RSSI for the serving cell 1s greater than or equal to the MINIMUM SIGNAL
THRESHOLD, the handheld communications device 200 does not initiate cell re-
selection. Instead, the handheld communications device 200 continues to camp on the
serving cell, recursively performing steps S216 to S224. However, 1f the RSSI for the
serving cell 1s less than the MINIMUM SIGNAL THRESHOLD, the bandwidth

determining procedure 302 of the handheld communications device 200 initiates cell re-

selection, at step S226.

[0061] Where the communications network 100 is a GSM network, at step S224
preferably the handheld communications device 200 determines whether the path loss
criterion C1 < 0. If C1 >= 0, the handheld communications device 200 does not initiate
cell re-selection. Instead, the handheld communications device 200 continues to camp on
the serving cell, recursively performing steps S216 to S224. However, if C1 <0, the

bandwidth determining procedure 302 of the handheld communications device 200

initiates cell re-selection, at step S226.

[0062] As described 1n 3GPP TS 45.008, clause 10.1.2:

Cl = A - MAX(B,0)
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where:

A=RLA P-GPRS RXLEV_ACCESS MIN
B = GPRS MS TXPWR MAX CCH-P

P = maximum output power of handheld communications device 200

RXLEV ACCESS MIN = minimal received signal level required at the
handheld communications device 200 for
access to network

GPRS MS TXPWR MAX CCH = maximum power handheld communications

device 200 can use when accessing network

[0063] Therefore, if maximum permitted power output is less than the maximum
output power of the handheld communications device 200, the handheld communications
device 200 initiates cell re-selection at step S226 if the average received signal level
RLA P for the serving cell is less than the minimum signal level required at the handheld
communications device 200 for access to the communications network 100.

[0064] At step S226, the bandwidth determining procedure 302 of the handheld
communications device 200 initiates cell re-selection by calculating, for each
neighbouring cell specified in the cell re-selection list, a bandwidth metric of the available
bandwidth for data communication through each neighbouring cell. Preferably, the
bandwidth determining procedure 302 calculates the bandwidth metric for each
neighbouring radio system cell by multiplying together the capacity metric and the RSSI
for the cell.

[0065] The bandwidth metrics, however, need not be determined based on the both the
capacity metrics and the RSSIs. For instance, where the RSSI does not vary appreciably
(e.g. the area occupied by the cell is small), the bandwidth determining procedure 302 may
calculate the bandwidth metric only from the capacity metric. In this variation, the
bandwidth determining procedure 302 could set the bandwidth metric associated with each
cell equal to the capacity metric for the cell. In another variation, the RSSI for some radio
system cells might vary, while the RSSI for other cells might remain substantially
constant. In this latter variation, for those cells whose RSSI varies, the bandwidth

determining procedure 302 might calculate the bandwidth metrics by multiplying together
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the capacity metric and the RSSI for each cell. However, for the other cells whose RSSI
remains substantially constant, the bandwidth determining procedure 302 might calculate
the bandwidth metrics by simply scaling the capacity metric for each cell.

[0066] At step S228, the cell selecting procedure 304 of the handheld communications
device 200 begins to search for the best suitable neighbouring cell from the sorted cell re-
selection list. To do so, optionally the cell selecting procedure 304 compares the RSSI of
the neighbouring cell having the strongest RSSI against the MINIMUM SIGNAL
THRESHOLD (if transmitted) for the cell. Where the communications network 100 is a
GSM network, the cell selecting procedure 304 scans the list of cells having the six (6)
strongest non-serving BCCH carriers, selects the cell having the largest RLA P, and then
compares the RLA P against the MINIMUM SIGNAL THRESHOLD (if transmitted) for
the cell.

[0067]  If the RSSI for the cell is less than the associated MINIMUM SIGNAL
THRESHOLD, the cell selecting procedure 304 excludes the cell from initial
consideration as a suitable cell at step S230, and considers the RSSI of the neighbouring
cell having the next strongest RSSI. The cell selecting procedure 304 repeats steps S228
to 5230 until it has considered the RSSI of all the neighbouring cells in the sorted cell re-
selection list.

[0068] At step S232, the cell selecting procedure 304 begins to search for the best
suitable cell from the cells remaining in the sorted cell re-selection list. To do so, the cell
selecting procedure 304 optionally compares the capacity metric of the neighbouring cell
having the strongest RSSI against the MINIMUM CAPACITY THRESHOLD (if
transmitted) for the cell.

[0069] If the capacity metric for the cell is less than the associated MINIMUM
CAPACITY THRESHOLD, the cell selecting procedure 304 excludes the cell from initial
consideration as a suitable cell at step S234, and considers the capacity metric of the
remaining neighbouring cell having the next strongest RSSI. The cell selecting procedure
304 repeats steps S232 to S234 until it has considered the capacity metric of all the
remaining neighbouring cells in the sorted cell re-selection list.

[0070] At step 5236, the cell selecting procedure 304 reviews the list of neighbouring
cells that were not excluded from initial consideration at steps S230 and S234. If at least
one neighbouring cell was not excluded from consideration, at step S238 the cell selecting

procedure 304 selects the neighbouring cell having the largest bandwidth metric. The
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handheld communications device 200 then camps on the neighbouring cell selected by the
cell selecting procedure 304.

[0071] However, if all of the neighbouring cells in the list of the six (6) strongest non-
serving BCCH carriers were excluded from initial consideration at steps S230 and S234,
at step 5240 the handheld communications device 200 does not consider cell capacity
when making a cell re-selection determination. Instead, from the sorted cell re-selection
list, the handheld communications device 200 selects the cell having the highest RSSI.
Where the communications network 100 is a GSM network, at step S240 preferably the
handheld communications device 200 calculates C32 for each non-serving cell specified in
the BA(GPRYS) list, and selects the cell having the highest C32 value, as described in
3GPP TS 45.008, clause 10.1.3. The handheld communications device 200 then camps on
the selected cell until cell re-selection is triggered again at step S224.

[0072] The scope of the monopoly desired for the invention 1s defined by the claims
appended hereto, with the foregoing description being merely illustrative of the preferred
embodiment of the invention. Persons of ordinary skill may envisage modifications to the
described embodiment which, although not explicitly suggested herein, do not depart from

the scope of the invention, as defined by the appended claims.
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CLAIMS:

1. A method of cell selection in a wireless mobile communication station operable in a wireless
‘cellular network having a plurality of radio system cells, the method comprising:

at the mobile communication station, receiving from the network, a capacity metric
indicative of at least one of a backhaul capacity or a core network capacity associated with each
of a serving one of the radio system cells and at least one neighboring cell to the serving cell, and
generating a bandwidth metric of available bandwidth for data communication through the at
least one neighboring cell based on the capacity metric for the at least one neighboring cell; and

selecting one of the cells for paéket-based communication based on the bandwidth

metric.

2. The method according to Claim 1, wherein the plurality of radio system cells comprises radio

system cells of one or more radio access technologies.

3. The method according to Claim 1 or Claim 2, wherein the bandwidth metric is generated from
a signal strength measurement and the respective capacity metric for the at least one neighboring
cell, and the selecting of the one of the cells comprises choosing the one of the cells based on the

capacity metric and the signal strength measurements.

4. The method according to Claim 3, wherein generating the bandwidth metric comprises
calculating for the at least one neighboring cell, a product of the capacity metric and the signal
strength measurement for the associated cell, and the choosing of the one of the cells based on
the capacity metric and the signal strength measurements comprises selecting the one of the cells

having a maximum one of the calculated products.

5. The method according to any one of Claims 1 to 4, wherein for each of the plurality of radio
system cells, the capacity metric is generated from the capacity of a wireless link between the

mobile station and a base station serving each of the radio system cells.
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6. The method according to Claim 5, wherein the capacity metric comprises a product of the

backhaul capacity and the core network capacity.

7. The method according to Claim 1, wherein the capacity metric comprises, for each of the
radio system cells, a product of the at least one of the backhaul capacity or the core network
capacity with a capacity of a wireless link between the mobile station and a base station serving

the respective radio system cell.

8. The method according to Claim 7, wherein the mobile station receives the capacity metrics

over a control channel of the wireless network.

9. A wireless mobile communication station configured for communication within a wireless

cellular network having a plurality of radio system cells, the mobile station comprising:
bandwidth determining means for receiving from the network, a capacity metric

indicative of at least one of a backhaul capacity or a core network capacity associated with each

of a serving one of the radio system cells and at least one neighboring cell to the serving cell and

for generating a bandwidth metric of available bandwidth for data communication through the at

least one neighboring cell based on the capacity metric for the at least one neighboring cell; and
cell selecting means in communication with the bandwidth determining means for

selecting one of the cells for packet-based communication based on the bandwidth metric.

10. The mobile station according to Claim 9, wherein the plurality of radio system cells

comprises radio system cells of one or more radio access technologies.

11. The mobile station according to Claim 9 or Claim 10, wherein the bandwidth metric is
generated from a signal strength measurement and the respective capacity metric for the at least
one neighboring cell, the mobile station comprises measuring means for measuring the signal
strength for each of the cells, and the cell selecting means 1s configured to choose the one of the

cells based on the capacity metrics and the signal strength measurements.
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12. The mobile station according to Claim 11, wherein the bandwidth determining means 1s
configured to calculate for each of the cells a product of the capacity metric and the signal
strength measurement for the associated cell, and the cell selecting means 1s configured to
choose the one of the cells by selecting the cell having a maximum one of the calculated

products.

13. The mobile station according to any one of Claims 9 to 12, wherein for each of the plurality
of radio system cells, the capacity metric is generated from the capacity of a wireless link

between the mobile station and a base station serving each of the radio system cells.

14. The mobile station according to Claim 9, wherein the capacity metric comprises a product of
the at least one of the backhaul capacity or the core network capacity with a capacity of a

wireless link between the mobile station and a base station serving a respective one of the cells.

15. The mobile station according to any one of Claims 9 to 14, wherein the mobile station 1s

configured to receive the capacity metrics over a control channel of the wireless network.

16. A computer-readable medium carrying processing instructions for a mobile station, the
processing instructions when executed by computer processing means of the mobile station

causing the mobile station to perform the method according to any one ot Claims 1 to 8.

17. A base station subsystem for directing cell reselection within a wireless cellular network
having a plurality of radio system cells, the base station subsystem comprising:
a radio transceiver configured to provide a wireless link with a mobile station camped on

one of a plurality of neighboring radio system cells;

a network interface configured to interface the base station subsystem with a core
network of the cellular network; and

a network capacity analyzer coupled to the radio transceiver and the network interface,
the network capacity analyzer being configured to receive capacity data indicative of a capacity
of at least one of a core network or a backhaul between the base station subsystem and the core

network, to generate from the capacity data a capacity metric indicative of a capacity for data
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communication through at least one neighboring radio system cell, and to initiate transmission of

the at least one capacity metric to the mobile station.

18. The base station subsystem according to Claim 17, wherein the plurality of radio system

cells comprises radio system cells of one or more radio access technologies.

19. The base station subsystem according to Claim 17, wherein the network capacity analyzer 1s
further configured to generate the at least one capacity metric based on a product of the capacity

data and a capacity of the wireless link.

20. The base station subsystem according to Claim 17, wherein the network capacity analyzer 1s
configured to generate the at least one capacity metric for the at least one neighboring radio
system cell from a product of an associated wireless link capacity and the at least one of the

backhaul capacity or the core network capacity.

21. A method of directed cell selection in a wireless cellular network having a plurality of radio
system cells, the cellular network comprising a base station subsystem, the base station
subsystem including a base station serving each of the radio system cells, the method
comprising:

the base station subsystem receiving capacity data indicative of a capacity of at least one
of a core network or a backhaul associated with each of the radio system cells, and from the
capacity data generating at least one capacity metric indicative of capacity for data
communication through at least one of a plurality of neighboring radio system cells; and

one of the base stations transmitting to at least one mobile station camped on one of the
radio system cells served by the one base station, the at least one capacity metric for the at least

one of the neighboring cells, the at least one mobile station being configured to receive the at
least one capacity metric and to select one of the neighboring cells for packet-based

communication in accordance with the at least one capacity metric.

22. The method of Claim 21, wherein the plurality of radio system cells comprises radio system

cells of one or more radio access technologies.
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23. The method according to Claim 21 or Claim 22, wherein the mobile station selects the at
least one of the neighboring cells based on the at least one capacity metric and signal strength

measurement for the at least one of the neighboring cells.

24. The method according to Claim 23, wherein the mobile station calculates a product of the at
least one Capacity metric and the signal strength measurement for the at least one of the
neighboring cells, and selects the at least one of the neighboring cells based on the product being

a maximum product relative to products calculated for others of the neighboring cells.

25. The method according to any one of Claims 21 to 24, wherein the capacity metric 1s
determined based on a product of the capacity data and a capacity of a wireless link between the

mobile station and the base station serving the at least one of the neighboring cells.

26. The method according to Claim 25, wherein the capacity metric further comprises a product

of the backhaul capacity and the core network capacity.

27. The method according to Claim 26, wherein the capacity metric comprises a product of the

wireless link capacity, the backhaul capacity and the core network capacity.

28. The method according to Claim 27, wherein the one of the base stations transmits the

capacity metric over a control channel of the wireless network.

29. A computer-readable medium carrying processing instructions for a base station subsystem
operating in a wireless cellular network, the processing instructions when executed by computer

processing means of the base station subsystem causing the base station subsystem to perform

the method according to any one of Claims 21 to 28.

30. A wireless cellular network comprising at least one base station having the base station
subsystem of any one of Claims 17 to 20 and at least one mobile station according to any one of

claims 9 to 13.
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