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(57) Abstract: A system and method for minimizing signalling loads due to mutual exchanges of information between neighboring
cells in which the same session is transmitted, and for reducing the time required to transmit MBMS neighbor cell information

messages in a serving cell when a higher level of signalling occurs, wherein all broadcast control channel (BCCH) carriers indicated
& in a BCCH allocation are monitored by a mobile station (MS). A list of the cells having the strongest non-serving carriers is updated
& as often as the duration of the running average for measurements of the BCCH allocation. Base transceiver station identity codes
(g (BSICs) and neighboring cell indexes of BCCH carriers are added to an uplink radio link control/medium access control (RLC/MAC)
message that is transmitted to a network. As a result, the network is provided with the identity of which cell the mobile station is
most likely to reselect to upon reception of the uplink RLC/MAC control message carrying the BSICs and neighboring cell indexes
of the neighboring non-serving BCCH carriers of the mobile station.
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Enhanced Assisted Cell Change

RELATED APPLICATIONS

This application claims priority from U.S. Provisional Application Serial

Number 60/609,787 filed September 14, 2004.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention is directed to a system and methods for
transmitting/receiving data during Broadcast mode and Multicast mode and, more
particularly, to a method for minimizing signalling loads due to mutual exchanges
of information between neighboring cells in which a session is transmiited, and for
reducing a time required to transmit MBMS neighbor cell information messages in

a serving cell when a higher level of signalling occurs.

2. Description of the Related Art

MBMS (Multimedia Broadcast/Multicast Service) is a unidirectional Point-
to-Multipoint (p-t-m) multicast/broadcast service in which data is transmitted from
a single source entity to a group of users located in a specific area. MBMS may
comprise a selection of unidirectional p-t-m bi—dire;ctional point-to-point (p-t-p)
transmissions of multimedia data, such as text, audio, picture, or video, from a
single source entity to a multiplicity of users in a service area. As stated in the 3rd
Generation Partnership Project (3GPP) Technical Specification (TS) 22.146,
“Multimedia Broadcast/Multicast Service; Stage 17, it is a goal of MBMS is to
allow the provision of multiple instances of a p-t-p service with a single
transmission over a radio interface as a radio multicast. “Service area” for a given
MBMS service is hereafter to be understood as the geographical area (i.e. set of

cells) where the service is made available.
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MBMS has two modes, e.g., Broadcast mode and Multicast mode. The
main difference between these two modes is that in Broadcast mode all MBMS
users in the service area are targeted for receipt of transmitted data, whereas in
Multicast mode it is possible to address only a subset of the MBMS users in the
service area for receipt of the data. As defined in the 3GPP TS 22.146,
“Multimedia Broadcast/Multicast Service; Stage 1,” Multicast mode typically
requires a user to subscribe to a multicast group before receiving the service.

In GP-042013 “Assisted Cell Change during MBMS p-t-m Transmission”,
Siemens, Telecom Italia S.p.A, Vodafone, 3GPP TSG GERAN#21 (Montreal,
Canada), a solution is described for providing a source cell with the information
about the MBMS bearer (p-t-m channel) in the neighboring cells for a given
session. With reference to FIG. 1, it is optimal if a mobile station (MS) can
resume reception of MBMS data in the target cell as soon as a new cell has been
selected, during acquisition of Packet-Broadcast Control Channel (P-BCCH)
information, or during a Routing Area Update procedure.

MBMS traffic channel configuration and MBMS service ID information is
sent via an existing Radio Link Control/Medium Access Control (RLC/MAC)
message, such as a conventional packet neighbor cell data (PNCD) message that is
used to convey neighboring cell system information in a serving cell.
Alternatively, the MBMS traffic channel configuration and MBMS service ID
information is sent in a new message that is transmitted on a packet associated
conirol channel (PACCH) that is associated with the MBMS traffic p-t-m channel.
A new message is defined heréin as MBMS neighbor cell information, whether it
is a PNCD message or a new message.

MBMS neighbor cell information (Cell C, Session S) refers to an MBMS
neighbor cell information message that contains at least: i) the parameters that
permit identification of and access to the neighboring cell C; (ii) the parameters of
the MBMS bearer (p-t-m channel) on which the session S is transmitted in cell C;
and/or (iii) an identifier of the session S. This information is transmitted for the
following reasons: (i) as a way to provide the users with available information as

soon as possible, subsequent to commencement of the MBMS data transfer in the
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serving cell; (ii) when the MBMS bearer (p-t-m channel) is reconfigured or an
initiation of the new MBMS service in a specific neighboring cell has occurred. In
this case, the base station controller (BSC) broadcasts the new bearer configuration
on the packet associated control channel (PACCH) in the specific neighboring cell;
(iii) when periodic repetitions of the information is required in order for mobile
stations (MS) (e.g., mobile phones, PDA, etc.) entering the cell (e.g. late arrivals)
to acquire the information; and (iv) when a repetition of the information is further
required to account for possible errors on an air interface.

The main problem associated with the conventional method for receiving
data during Broadcast mode and Multicast mode is the high level of signal loading
that is triggered by the mutual exchange of information between neighboring cells
in which the same session is being transmitted. This signalling load not only
comprises the applicable signalling load between BSCs, but more importantly it
comprises the signalling load on the air interface of each cell. This leads to an
overall reduction in system performance and data throughput. For example, if a
session S is ongoing in a given cell A, and if the same session S is ongoing in a
cell B neighboring cell A, then the parameters of the p-t-m information for session
S in cell B must be sent in cell A, and the parameters of the p-t-m information for
session S in cell A must also be sent in cell B. In other words, MBMS neighbor
cell information (Cell A, Session S) must be sent in Cell B, and MBMS neighbor
cell information (Cell B, Session S) must be sent in Cell A. This principle applies
to every single ongoing session in any given cell, for all 4 cases where information
is transmitted, as listed above.

Another problem associated with receiving data during Broadcast mode and
Multicast mode, which is also implied by the problem described above, is that the
higher the amount of signalling (i.e. the higher the amount of neighboring cells
and the amount of ongoing sessions both in the serving cell and one or more of its
neighboring cells), the longer the time it takes to send all the necessary MBMS
neighbor cell information messages in the serving cell. As a result, a mobile
station (MS), i.e. an MS that is in motion, has a lower probability of receiving the

p-t-m information for the cell into which it is moving prior to reselecting the new
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cell. Thus, the utility associated with transmitting neighboring cell information in
broadcast mode or multicast mode becomes jeopardized.

Accordingly, there is a need to minimize the signalling load due to mutual
exchanges of information between neighboring cells in which the same session is
being transmitted, and to reduce the time required to send MBMS neighbor cell

information messages in a serving cell when a higher level of signalling occurs.

SUMMARY OF THE INVENTION

The invention is directed to a system and method for minimizing

signal loading due to mutual exchanges of information between neighboring cells
in which the same session is being transmitted. The invention is also directed to
reducing the time required to transmit Multimedia Broadcast/Multicast Service
(MBMS) neighbor cell information messages in a serving cell when a higher level
of signalling occurs. In accordance with the invention, a mobile station (MS) is
provided with a way to inform a network about the cell(s) to which the MS is most
likely to make cell reselection. When appropriate, the network is provided with
the ability to prioritize the MBMS neighbor cell information messages for at least
one cell, and potentially avoid transmitting MBMS neighbor cell information
méssages for cells that have not been indicated by any MS as a cell to which the
MS will reselect. In the preferred embodiment of the invention, the network
prioritizes the MBMS neighbor cell information messages when the same session is
active in at least one neighbor cell.

In accordance with the invention, base station identity codes (BSICs) and
cell indexes of a fixed number of the neighboring broadcast control channel
(BCCH) carriers having the highest signaling levels are appended to an uplink
radio link control/medium access control (RLC/MAC) message that is sent from
the mobile station to the network. As a result, the need for the network to always
send the MBMS neighboring cell information of all neighboring cells in the
network is eliminated. In this case, only some, or all of the cells with BCCH
carriers having the highest signaling levels are provided with the MBMS
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neighboring cell information messages. In the preferred embodiment, the fixed
number of cells with BCCH carriers having the highest signaling levels, reported
by the mobile station, is six.

Upon reception of the uplink RLC/MAC control message carrying the
BSICs and neighboring cell indexes of the neighboring non-serving BCCH carriers
of the mobile station, the network knows the cells to which the mobile station is
most likely to reselect. Based on this information, the network can prioritize the
MBMS NEIGHBOR CELL INFORMATION messages broadcast in the serving
cell for these neighboring cells when applicable (i.e., when the same session is
ongoing in one or more of these cells). Moreover, the network may potentially
avoid sending MBMS neighbor cell information messages for neighboring cells to
which the mobile station will not reselect, even when one of the above described
information transmission criteria is met. As a result, faster repetitions of
broadcasted MBMS neighbor cell information is provided. In addition, mobile
stations that arrive “late” to the cell are provided with the necessary information
more quickly. Furthermore, the network is permitted to reschedule the order in
which neighbor cell information is transmitted, e.g., where one particular neighbor
cell appears as a reselection candidate for one mobile station and when information
for other requested neighbors was previously sent.

Other objects and features of the present invention will become apparent
from the following detailed description considered in conjunction with the
accompanying drawings. It is to be understood, however, that the drawings are
designed solely for purposes of illustration and not as a definition of the limits of
the invention, for which reference should be made to the appended claims. It
should be further understood that the drawings are merely intended to conceptually

illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages and features of the invention will

become more apparent from the detailed description of the preferred embodiment



WO 2006/030311 PCT/IB2005/002919

10

15

20

25

30

of the invention given below with reference to the accompanying drawings in
which:

FIG. 1 is an exemplary flow diagram illustrating the reception of
multimedia broadcast/multicast (MBMS) data between neighboring cells for a
given session;

FIG. 2 is an exemplary block diagram of a wireless communication system
in wich the method of the invention is implemented; and

FIG. 3 is a flow chart illustrating the steps of the method in accordance

with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

The present invention is a system and method for minimizing signal
loading due to mutual exchanges of information between neighboring cells in
which the same session is transmitted. The invention is also directed to reducing
the transmittal time required to send MBMS neighbor cell information messages in
a serving cell when a higher level of signalling occurs.

Referring to FIG. 2, shown therein is a simplified block diagram of an
embodiment of an exemplary wireless telecommunications system 1 that includes a
plurality of mobile terminals or stations 10. Two mobile stations (MSs) 10 are
shown, with one being designated MS#1 and the other MS#2. FIG. 2 also shows
an exemplary network operator 2 having, for example, a mobile switching center
(MSC) 3 for connecting to a telecommunications network, such as the Public
Switched Telephone Network (PSTN), at least one base station controller (BSC) 4,
and a plurality of base transceiver stations (BTS) 5 that transmit in a forward or
downlink direction both physical and logical channels to the mobile stations 10 in
accordance with a predetermined air interface standard. It is assumed that a
reverse or uplink communication path exists from the mobile station 10 to the
network operator, which conveys mobile originated access requests and traffic, as
well as signaling for implementing the invention. The BTSs 5 define cells, which

can be different sizes, different frequencies and so forth.
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The air interface standard may conform to a Time Division Multiple Access
(TDMA) air interface, and the network may be an Universal Mobile
Telecommunications System (UMTS) network or other type of network.
However, the teachings of the present invention apply equally to Code Division
Multiple Access (CDMA) networks, as well as to other network types.

The network operator 2 can include a Message Service Center (MSCT) 6
that receives and forwards messages for the MS 10, such as Short Message Service
(SMS) messages, or any wireless messaging technique including e-mail and
Supplementary Data Services. Furthermore, enhancements to SMS can be used,
such as one under development and known as Multimedia Messaging Service
(MMS), wherein image messages, video messages, audio messages, text messages,
executables and the like, and combinations thereof, can be transferred between a
network and a mobile station.

The mobile station (MS) 10 typically includes a micro-control unit (MCU)
12 having an output coupled to an input of a display 14 and an input coupled to an
output of a keyboard or keypad 16. The MS 10 may be considered to be a
handheld radiotelephone, such as a cellular, mobile telephone or a personal
communicator, and may have a microphone and a speaker (not shown) for
conducting voice communications. The MS 10 could also be contained within a
card or module that is connected during use to another device. For example, the
MS 10 could be contained within a PCMCIA or similar type of card or module
that is installed during use within a portable data processor, such as a laptop or
notebook computer, or even a computer that is wearable by the user.

The MCU 12 is assumed to include or be -coupled to some type of a
memory 13, including a read-only memory (ROM) for storing an operating
program, as well as a random access memory (RAM) for temporarily storing
required data, scratchpad memory, received data packets and data packets prepared
for transmission, etc. The memory 13 is assumed to store the various parameters
which are used by the MS 10 for performing cell reselection.

A separate, removable SIM (not shown) can be also be provided, the SIM
storing, for example, a preferred Public Land Mobile Network (PLMN) list and
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other subscriber-related information. The ROM is assumed, for the purposes of
this invention, to store a program enabling the MCU 12 to execute the software
routines required to operate in accordance with the presently preferred
embodiment of the present invention.

The MS 10 also contains a wireless section that includes a digital signal
processor (DSP) 18, or equivalent high speed processor, as well as a wireless
transceiver comprised of a transmitter 20 and a receiver 22, both of which are
coupled to an antenna 24 for communication with the network operator 2. The
receiver 22 is used for making signal measurements used in the cell reselection
process.

In accordance with the invention, all broadcast control channel (BCCH)
carriers indicated in a BCCH allocation are monitored by a mobile station (MS)
10, while the MS is in a packet idle mode and during which the identity of an
MBMS bearer (p-t-m) is received. A list of the cells with non-serving BCCH
carriers having the highest signaling levels is updated at least as often as a
predefined duration of the running average that is defined for measurements of the
BCCH carrier allocation. Here, an assumption is made that the MS is operating in
a new mode. In addition, as defined in the 3GPP TS 45.008 V6.9.0 (2004-08) TS
“Radio Access Network; Radio subsystem link control (Release 6), the MS
attempts to decode a BCCH data block containing parameters that affect cell
reselection for each of the non-serving cell BCCH carriers having the highest
signal levels. In the preferred embodiment, the maximum number of cells with
non-serving BCCH carriers at the highest signaling levels that the MS indicates to
the network is 6.

The MS 10 indicates the-base transceiver station identity codes (BSICs) and
neighboring cell indexes of BCCH carriers by adding them to an uplink radio link
control/medium access control (RLC/MAC) message, e.g., a packet downlink
acknowledge/nonacknowledge (ACK/NACK) or with a new message, which is
transmitted to the network. As a result, the network is provided with the identity
of which cell the MS 10 is most likely to reselect to upon reception of the uplink
RLC/MAC message carrying the BSICs and neighboring cell indexes of the
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neighboring non-serving BCCH carriers of the MS. In addition, the network is
permitted to prioritize the MBMS neighbor cell information messages that are
broadcast in the serving cell for these neighboring cells when applicable (i.e.,
when the same session is ongoing in one or more of these cells). Moreover, the
network is permitted to avoid potentially sending MBMS neighbor cell information
messages for neighboring cells to which the mobile station will not reselect, even
when one of the conventional transmission criteria is met.

FIG. 3 is a flow chart illustrating the steps of the method in accordance
with the present invention. The method of the invention is implemented by
monitoring an MBMS session in a cell in which the MBMS session is active, as
indicated in step 300. Here, all broadcast control channel (BCCH) carriers
indicated in a BCCH allocation are monitored by a mobile station (MS), while the
MS is in a packet idle mode and during which the identity of a MBMS bearer (p-t-
m) is received.

A list of the cells having the strongest non-serving carriers is updated, as
indicated in step 310. In this case, the list of cells is updated for a predetermined
time period that is at least as often as the duration of the running average for
measurements of the BCCH carrier allocation.

Next, non-serving cell BCCH carriers are added in an uplink radio link
control/medium access control (RLC/MAC) message sent by an MS to the
petwork, as indicated in step 320. Here, the MS indicates the base transceiver
station identity codes (BSICS) and neighboring cell indexes of BCCH carriers by
adding them in an RLC/MAC message, e.g., a packet downlink
acknowledge/nonacknowledge (ACK/NACK) or with a new message, which is
transmitted to the network. In the preferred embodiment, up to six non-serving
cell BCCH carriers are added to the RLC/MAC message.

Next, a decision is performed by the network to determine which MBMS.
session(s) and neighbor cell(s) to include in the MBMS neighbor cell information
messages that are broadcast by the serving cell, as indicated in step 330. This
decision can be made on the basis of the previously described mobile station

reports, as well as the network’s knowledge of the ongoing MBMS session(s) on



WO 2006/030311 PCT/IB2005/002919

10

the likely reselection candidate cell(s) for one or more of the mobile stations being

served. As a result, the network is able to prioritize the MBMS neighbor cell

information to be broadcast by the serving cell, i.e., the MBMS neighbor cell

information for a particular neighbor cell and MBMS session need not be

5 broadcast, even if this particular session is broadcast at one of the neighboring

cells but this cell is an unlikely reselection candidate for any of the mobile stations
receiving this particular MBMS session in the serving cell.

Thus, while there have shown and described and pointed out fundamental

novel features of the invention as applied to a preferred embodiment thereof, it

10  will be understood that various omissions and substitutions and changes in the form

and details of the devices illustrated, and in their operation, may be made by those

skilled in the art without departing from the spirit of the invention. For example,

it is expressly intended that all combinations of those elements and/or method steps

which perform substantially the same function in substantially the same way to

15 achieve the same results are within the scope of the invention. Moreover, it

should be recognized that structures and/or elements and/or method steps shown

and/or described in connection with any disclosed form or embodiment of the

invention may be incorporated in any other disclosed or described or suggested

form or embodiment as a general matter of design choice. It is the intention,

20 therefore, to be limited only as indicated by the scope of the claims appended

hereto.
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CLAIMS
1. A method for minimizing signalling loads in a network in which a
Multimedia Broadcast/Multicast Service (MBMS) session for a mobile station
(MS) is active, comprising the steps of:
5 monitoring the MBMS session in a cell in which the MBMS
session is active;
updating a list of cells containing non-serving broadcast
control channel (BCCH) carriers having highest signal level;
indicating the non-serving cell BCCH carriers with highest
10 cell reselection ranks in an uplink radio link control/medium access
control (RLC/MAC) message sent from the MS to the network; and
broadcasting MBMS neighbor cell information with priority
based on a content of the RLC/MAC message from the MS.

15 2. The method of claim 1, wherein said monitoring step comprises
the step of:

monitoring all broadcast control channel (BCCH) carriers

indicated in a BCCH allocation while the MS is in a packet idle

mode and during which an identity of the packet containing an

20 MBMS is received.

3. The method of claim 1, further comprising the step of:
sending corresponding MBMS neighboring cell information
to at least said MS upon receipt of the RLC/MAC message from
25 said MS.

4. The method of claim 1, wherein the RLC/MAC message includes base
transceiver station identity codes (BSICs) and neighboring cell indexes of BCCH
carriers. |

30
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12
5. The method of claim 1, wherein the list of cells is updated for a time

period that is at least as often as a predefined duration of a running average for

measurements of a broadcast control channel (BCCH) carrier allocation.

6. The method of claim 1, wherein broadcast control channel (BCCH)

carriers are allocated for the MBMS session.

7. The method of claim 5, wherein broadcast control channel (BCCH)

carriers are allocated for the MBMS session.

8. The method of claim 5, wherein the RLC/MAC message is a packet
downlink acknowledge/nonacknowledge (ACK/NACK) message which is

transmitted to the network.

9. The method of claim 1, wherein the RLC/MAC message is a packet
downlink acknowledge/nonacknowledge (ACK/NACK) message which is
transmitted to the network for indicating an acknowledgement status for RLC data

blocks belonging to the monitored MBMS session.

10.  The method of claim 1, wherein the RLC/MAC message is a new
RLC/MAC message which is transmitted to the network for indicating an
acknowledgement status for RLC data blocks belonging to the monitored MBMS

session.

11. A system for minimizing signalling loads in a network in which an
MBMS session for a mobile station (MS) is active, comprising:
means for monitoring the MBMS session in a cell in which
the MBMS session is active;
means for updating a list of cells containing non-serving
broadcast control channel (BCCH) carriers having highest signal

level;

SUBSTITUTE SHEET (RULE 26)
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13
means for indicating the non-serving cell BCCH carriers

with highest cell reselection ranks in an uplink radio link
control/medium access control (RLC/MAC) message sent from the
MS to the network; and

means for broadcasting MBMS neighbor cell information
with priority based on a content of the RLC/MAC message from
the MS.

12. The system of claim 11, wherein said monitoring means monitors all
broadcast control channel (BCCH) carriers indicated in a BCCH allocation while
the MS is in a packet idle mode and during which an identity of the packet

containing an MBMS is received.

13. The system of claim 11, wherein said sending means sends
corresponding MBMS neighboring cell information to the MS upon receipt of the
RLC/MAC message.

14. The method of claim 11, wherein the RLC/MAC message is a packet
downlink acknowledge/nonacknowledge (ACK/NACK) message which is
transmitted to the network for indicating an acknowledgement status for RLC data

blocks belonging to the monitored MBMS session.

15. The method of claim 13, wherein the RLC/MAC message is a packet
downlink acknowledge/nonacknowledge (ACK/NACK) message which is
transmitted to the network for indicating an acknowledgement status for RLC data

blocks belonging to the monitored MBMS session.
16. A computer program product for use in a system for minimizing

signalling loads comprising a computer usable medium having computer readable

program code thereon, the computer readable program code including:

SUBSTITUTE SHEET (RULE 26)
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program code for monitoring the MBMS session in a cell in
which the MBMS session is active;
program code for updating a list of cells containing non-
serving broadcast control channel (BCCH) carriers having a highest
5 signaling level;

, program code for indicating the non-serving cell BCCH
carriers with highest cell reselection ranks in an uplink radio link
control/medium access conirol (RLC/MAC) message sent from the
MS to the network; and

10 program code for broadcasting MBMS neighbor cell
information with priority based on a content of the RLC/MAC

message from the MS.

17. A mobile station, comprising:
15 a processing unit;
a memory connected to the processing unit;
a display connected to the processing unit;
a plurality of internal features, each feature providing a
unique functionality application, said plurality of internal features

20 being located in hardware, firmware and/or an operating system of
the mobile station; and

a cellular transceiver connected to the processing unit and
adapted to communicate with a controller located at a remote
location;

25 wherein said mobile station is configured to indicate non-
serving cell BCCH carriers with highest cell reselection ranks in an
uplink radio link control/medium access control (RLC/MAC)
message, and broadcast MBMS neighbor cell information with
priority based on a content of the RLC/MAC message.

30
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15
18. The mobile station of claim 17, wherein the RLC/MAC message

includes base transceiver station identity codes (BSICs) and neighboring cell

indexes of BCCH carriers.

19. The mobile station of claim 17, wherein the RLC/MAC message is a
packet downlink acknowledge/nonacknowledge (ACK/NACK) message which is
transmitted to the network for indicating an acknowledgement status for RLC data

blocks belonging to the monitored MBMS session.

20. A base transceiver station for minimizing signalling loads in a network
in which an MBMS session for a mobile station (MS) is active, comprising:

means for monitoring the MBMS session in a cell in which
the MBMS session is active;

means for updating a list of cells containing non-serving
broadcast control channel (BCCH) carriers having highest signal
level,;

means for indicating the non-serving cell BCCH carriers
with highest cell reselection ranks in an uplink radio link
control/medium access control (RLC/MAC) message received from
the MS; and

means for broadcasting MBMS neighbor cell information
with priority based on a content of the RLC/MAC message from
the MS.

21. The base transceiver station of claim 20, wherein the RLC/MAC
message is a packet downlink acknowledge/nonacknowledge (ACK/NACK)
message which is transmitted to the network for indicating an acknowledgement

status for RLC data blocks belonging to the monitored MBMS session.
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