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1 Title of Invention

APPARATUS AND METHOD FOR DETERMINING SOFT HANDOVER INA
CDMA MOBILE COMMUNICATION SYSTEM PROVIDING MEMS SERVICE

2 Clain(s)
WHAT IS CLAIMED IS:

1. A method for soft combining mullimedia broadcast/multicast service
(MBMS) data from a first Node B and a neighboring Node B in a user equipment (UE)
of a code division multiple access (CDMA) mobile communication system, in which the
first Node B provides MBMS data for a MBMS service, the user equipment (UE)
receives the MBMS data from the first Node B, and neighboring Node Bs are located
adjacent to the first Node B, the method comprising the steps of:

collecting MBMS service information of the neighboring Node Bs from the
first Node B;

determining whether soft combining is required, by comparing a measurement
value of a signal reccived from the first Node B with a measurement value of a signal
received from at least one of the neighboring Node Bs; and

if solt combining is required, receiving MBMS data from the ncighboring
Node Bs where sofi combining is required depending on the MBMS scrvice information,
and soft combining the MBMS data received from the neighboring Node B with MBMS
data from the first Node B.

2. The method of claim 1, wherein the measurement value is a received
signal code power (RSCP) of a common pilot channel.

3. The method of claim 1, wherein the measurement value is a signal -to-

noise ratio {(Ec¢/No) of a common pilot channel.

4. The method of claim 1, wherein it is determined that soft combing is
required, if the measurement value of the signal reccived from the neighboring Node B
is larger by a precetermined threshold or morce than the measurement value ol the signal
received from the first Node B.

5. The method of claim 1, wherein it is determined that soft combining is
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required, if a difference between the measurement value of the signal received from the
first Node B and the measurement value of the signal received from the neighboring
Node B is smaller than a predetermined hysteresis value.

6. The method of claim 1, wherein it is determined that soft combining is
required, if a value determined by summing up measurement values of all multipath
signals from the neighboring Node B is larger by a predetermined threshold or more
than a value delermined by summing up measurement values of all multipath signals
from the first Node B.

7. The method of claim 1, wherein it is determined that soft combining is
required, if a difference hetween power of a signal received from the neighboring Node
B and power of a signal received from the first Node B is smaller than a predetermined

hysteresis value.

8. An apparaius for determining whether to soft-combine multimedia
broadcast/multicast service (MBMS) data from a first Node B with MBMS data from a
neighboring Nede B in a user equipment (UE) of a code division multiple access
(CDMA) mobile communication system, in which the first Node B provides MBMS
data for a MBMS service, the user equipment (UE) receives the MBMS data from the
first Node B, and neighboring Node Bs are located adjacent 1o the first Node B, the
apparatus comprising:

a searcher for receiving signals from the first Node B and the neighboring
Node B, and outputting measurement values of the received signals; and

a controller for collecting MBMS information of the neighboring Node Bs
from the first Node B and assigning fingers for recciving MBMS data from the
ncighboring Node B where soft combining is required and the MBMS data from the
first Node B if soft combining is required,

wherein the MBMS data received from the ncighboring Node B according to
the MBMS information by the finger assigned to correspond to thc ncighboring Node B
is soft combined with the MBMS data received by the finger assigned to correspond to
the first Node B.

9. The apparatus of claim &, wherein the measurcment value is a
received signal code power (RSCP) value of a common pilot channel.

10. The apparatus of claim 8, wherein the measurement value is a signal -

to-noise ratio {(Ec/No) of a common pilot channel.

11. The apparatus of claim 8, wherein the controller determincs that soft
combing is required, if a value dctermincd by summing up measurcment values of all
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multipath signals from the neighboring Node B is larger by a predetermined threshold
or more than a value determined by summing up measurement values of all multipath
signals from the first Node B.

12. The apparatus of claim 8, wherein the controller determines that soft
combining is required, if a difference between power of a signal received from the
neighboring Node B and power of a signal received from the first Node B is smaller

than a predetermined hystercsis valuc.

13. A method [or soft combining multimedia broadcast/multicast service
(MBMS) data from a first Node B and a neighboring Node B in a user equipment (UE)
of a code division multiple access (CDMA) mobile communication system, in which the
first Node B provides MBMS data for a MBMS service, the user equipment (UE)
receives the MBMS data from the first Node B, and neighboring Node Bs are located
adjacent to the first Node B, the method comprising the steps of:

determining whether soft combining is required, by comparing a measurement
value of a signal received from the first Node B with a measurement value of a signal
reccived from at least one of the neighboring Node Bs;

if soft combining is required, collecting MBMS service information from the
neighboring Node B where the soft combining is rcquired and receiving MBMS data
from the neighboring Node B depending on the MBMS service information; and

soft combining the MBMS data received [rom the neighboring Node B with
MBMS data from the first Node B.

14. The method of claim 13, the step of collecting the MBMS service

information further comprises the steps of;

receiving information for MBMS control channel over a first common control
physical channel from the neighboring Node B; and

receiving the MBMS information received over a MBMS control channel
depending on the MBMS control channel information.

15. The method of claim 13, wherein the measurement value is a received
signal code power (RSCP) of a common pilot channel.

16. The method of claim 13, wherein the measurement value is a signal-

to-noise ratio (E¢/No) of a common pilot channel.

17. The method of claim 13, wherein it is determined that soft combing is
required, if the measurcment value of the signal received from the neighboring Node B
is larger by a predetermined threshold or more than the measurement value of the signal
received from the first Node B.
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18. The method of claim 13, wherein it is determined that soft combining
is required, if a difference between the measurement value of the signal received from
the first Node B and the measurement value of the signal received from the neighboring
Node B is smaller than a predetermined hysteresis value.

19. The method of claim 13, wherein it is determined that soft combining
is required, if a value determined by summing up measurement values of all multipath
signals from the neighboring Node B is larger by a predetermined threshold or more
than a value determined by summing up measurcment values of all multipath signals
from the first Node B.

20). The method of claim 13, wherein it is determined that soft combining
is required, if a difference between power of a signal received from the neighboring
Node B and power of a signal received from the first Node B is smaller than a
predetermined hysteresis value.

21. An apparatus for determining whether to soft-combine multimedia
broadcast/multicast service (MBMS) data from a first Node B with MBMS data from a
neighboring Node B in a user cquipment (UE) of a code division multiple access
(CDMA) mobile communication system, in which the first Node B provides MBMS
data for a MBMS service, the user equipment (UE) reccives the MBMS data from the
first Node B, and neighboring Node Bs are located adjacent to the first Nodc B, the
apparatus comprising:

a searcher for receiving signals from the first Node B and the neighboring
Node B, and outputting measurement values respectively corres ponding to the received
signals; and

a controller for collecting MBMS information from the neighboring Node B
where the soft combining is required after comparing the measurement values of the
scarcher, and assigning fingers for receiving MBMS data from t he neighboring Node B
where soft combining is required and the MBMS data from the first Node B,

wherein the MBMS data received from the neighboring Node B according to
the MBMS information by the finger assigned to correspond to the neighboring Node B
is soft-combined with the MBMS data received by the finger assigned to correspond to
the tirst Node B.

22 The apparatus of claim 21, whercin the measurement value is a

reccived signal code power (RSCP) value of a common pilot channel.

23. The apparatus of claim 21, wherein the measurement value is a signal-

to-noise ratio (Ec/No) of a common pilot channcl.
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24, The apparatus of claim 21, wherein the controller determines that soft
combing is required, if a value determined by summing up measurement valucs of all
multipath signals from the neighboring Node B is larger by a predetermined threshold
or more than a value determined by summing up measurement values of all multipath
signals from the first Node B.

25. The apparatus of claim 21, wherein the controller determines that soft
combining is required, if a difference between power of a signal received from the
neighboring Node B and power of a signal received from the first Node B is smaller
than a predetermined hystercsis value.

26. The apparatus of claim 21, wherein the MBMS information comprises
information for identifying MBMS services providing from the neighboring Node B and
channel information for receiving MBMS data from the neighboring Node B.

27. The apparatus of claim 26, wherein if the information for identifying
the MBMS service includecs MBMS service identifier provided by the first Node B, the
controller assigns fingers for receiving MBMS data from the neighboring Node B.



—/ M
L T e T e T e T e T e T e T e R T e T e T e T e T e T e, T e T e, T e, O e T e, IO e, T e T e O e T e R e T e R e B = B e e T e T e T e T s T e T e T e B e B s R e

O

(26) JP 2004-166209 A 2004.6.10

3 Detailed Desecription of Invention
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to soft handover in an asynchronous

code division multiple access (CDMA) mobile communication system, and in particular,
to an apparalus and method for determining soft handover of a user cquipment (UE)

supporting a multimedia broadcast/multicast service (MBMS).

2. Description of the Related Art
Recently, due to developments in the communication industry, a service for

multicasting multimedia communication for transmitting not only voice service data but
also high-capacity data such as packet data and circuit data is being developed in code
division multiple access (“CDMA”) mobile communication systems. In order to support
the multicasting multimcdia communication, a broadcast/multicast se rvice is required in
which one data source provides a service 10 a plurality of user equipments (hereinafter
referred to as “UEs”). The broadcast/multicast service can be divided into a cell
broadcast service (hereinafter referred to as “CBS”), which is a message-based service,
and a multimedia broadcast/multicast service (hereinafter referred to as “MBMS”)

supporting multimedia data, such as real-time image and voice, still image, and text.

CBS refers to a service for broadcasting a plurality of messages to all UEs
located in a particular service area. The particular service area where the CBS is
provided can be the entire arca where the CBS is provided in one cell. MBMS,
supporting hoth voice data and image data, requires a great number of transmission
rcsources. Therefore, the MBMS is provided over a broadcasting channel, because of

the possibility that a plurality of services would be simultancously provided in one cell.

Generally, a UE does not stay within one cell area, but travels from one cell
area to another cell area. In this case, an existing voice service or data service can be
continued through soft handover. Handover during data transmission/reception can be

roughly classified into handover in a CELL_DCH state and handover in a CELL FACH

state,

Handover in the CELL_DCH state occurs when a dedicated channel (“DCH”)
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is set up. Describing a handover procedure in the CELL_DCH state, a UE measurcs a
common pilot channel (hereinafter referred to as “CPICH”) and sends a measurement
report to a servicing radio network controller (hercinalter referred to as “SRNC™). The
SRNC determines from the measurement report from the UE whether to perform
handover, and sends a handover command to the UE. Therefore, soft combining can be
performed by combining the measurement report from the UE and the handover
command from the SRNC.

Handover in the CELL_FACH (“Forward Access Channel”) statc happens
when a common channel is s¢t up. Describing the handover procedure in the CELL-
FACH state, a UE determines a best cell by itself by measuring CPICH and performs
cell update. In this case, there is no necessity to send a measurement report to an SRNC,
but it is not possible to perform soft combining. For these reasons, the MBMS service,
for which handover in the CELL_FACH state must be considered since it is scrviced

over a broadcasting channel, faces a soft combining problem.
SUMMARY OF THE INVENTION

It s, therelore, an object of the present invention to provide a soft handover
apparatus and method tor a UE receiving an MBMS service in an asynchronous CDMA

mobilc communication system.

It is another object of the present invention to provide an apparatus and method
for allowing a UE to determine by itself whether to perform soft combining, through

measurement of a common pilot channel or MBMS data.

In accordance with a first aspect of the present invention, there is provided a
method for soft combining multimedia broadcast/multicast service (MBMS) data from a
first Node B and a neighboring Node B in a user equipment (UE) of an asynchronous
code division multiple access (CDMA) mobile communication system, in which the
first Node B provides MBMS data for a MBMS service, the user equipment (UE)
receives the MBMS data from the first Node B, and neighboring Node Bs are located
adjacent to the first Node B. The method compriscs the steps of: collecting MBMS
service information of the neighboring Node Bs from the first Node B; determining
whether soft combining is required, by comparing a mcasurcment value of a signal

received from the first Node B with a measurement value of a signal received trom at
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least one of the neighboring Node Bs; and if soft combining is required, receiving
MBMS data from the neighboring Node B where the soft combining is required
depending on the MBMS service information and soft combining the MBMS data
received from the neighboring Node B with MBMS data from the first Node B.

In accordance with a second aspect of the present invention, there is provided
an apparatus for determining whether to soft-combine multimedia broadcast/multicast
service (MBMS) data from a first Node B with MBMS data from a neighboring Node B
in a user equipment (UE) of an asynchronous code division multiple access (CDMA)
mobile communication system, in which the first Node B provides MBMS data for a
MBMS service, the user equipment (UE) reccives the MBMS data from the tirst Node
B, and neighboring Node Bs are located adjacent to the first Node B. The apparatus
comprises: a searcher for receiving signals from the first Node B and the neighboring
Node B, and outputting measurement values of the received signals; and a controllcr for
collecting MBMS information of the neighboring Node Bs from the first Node B and
assigning fingers to receive MBMS data from the corresponding neighboring Node B
for soft combining with the MBMS data (rom the first Node B if soft combining is
required, wherein the MBMS data received from the neighboring Node B according to
the MBMS information by the finger assigned to correspond to the neighboring N ode B
is soft combined with the MBMS data received by the [inger assigned to correspond to
the first Node B.

In accordance with a third aspect of the present invention, there is provided a
methed for soft combining multimedia broadcast/multicast service (MBMS) data from a
first Node B and a neighboring Node B in a user equipment (UE) of an asynchronous
code division multiple access (CDMA) mobile communication system, in which the
first Node B provides MBMS data for a MBMS service, the user equipment (UF)
receives the MBMS data from the first Node B, and ncighboring Node Bs are located
adjacent to the first Node B. The method comprising the steps of: determining whether
soft combining is required, by comparing a measurement value of a signal received
from the first Node B with a measurement value of a signal reccived from at least onc of
the neighboring Node Bs; if soft combining is rcquired, collecting MBMS service
information from the neighboring Node B where the soft combining is required and
receiving MBMS data from the neighboring Node B depending on the MBMS service
information; and soft combining the MBMS data received from the neighboring Node B

with MBMS data from the first Node B.
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In accordance with a fourth aspect of the present invention, there is provided an
apparatus for determining whether 1o soft-combine multimedia broadcast/multicast
service (MBMS) data from a first Node B with MBMS data from a neighboring Node B
in a user equipment (UE) of an asynchronous code division muitiple access (CDMA)
mobile communication system, in which the first Node B provides MBMS data for a
MBMS service, the user equipment (UE) receives the MBMS data from the first Node
B, and neighboring Node Bs are located adjacent to the first Node B. The apparatus
comprising: a searcher for receiving signals from the first Node B and the neighboring
Nodc B, and outputting measurement values respectively corresponding to the received
signals; and a controller for collecting MBMS information from the corresponding
neighboring Node B after comparing the measurement values from the searcher, and
assigning fingers to receive MBMS data from the corresponding neighboring Node B
for soft combining with the MBMS data from the first Node B, whercin the MBMS data
received from the neighboring Node B according to the MBMS information by the
finger assigned to correspond to the neighboring Node B is soft -combined with the

MBMS data received by the finger assigned to correspond to the first Node B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Several preferred embodiments of the present invention will now be described
in detail with reference to the annexed drawings. In the drawings, the same or similar
clements are denoted by the same reference numerals even though they are depic ted in
differcnt drawings. In the following description, a detailed description ot known

functions and configurations incorporated herein has becn omitted for conciseness.

When a UE receiving MBMS data over a common channel is located in a soft
handover region with neighboring cells as it moves to an outer arca of a cell providing
the MBMS data, the UE needs soft handover for stable reception of the MBMS data.
For the solt handover, the UE must fundamentally perform soft combining on  the same
MBMS data received from a pluralily of cells. Therefore, the present invention allows a
UE to soft-combine by itself the same MBMS data received from a plurality of cells,
thereby efficiently providing the MBMS scrvice. In the following description, the terms
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“soft handover” and “soft combining” will be referred to as “handover” and

“combining” for short, respcctively.

Commonly, in an asynchronous mobile communication system, timing
synchronization is not provided between Node Bs. Each Node B can have a plurality of
cells and each cell has its own timer. A unit of the timer is called a system frame number
(SEN). Therefore, when a radio network controller (RNC) transmits MBMS data tor the
MBMS service to Node Bs, if there is no separate synchronization process between the
Node Bs, then the Node Bs will transmit the MBMS data to the UE at different times. In
this case, the UE cannot perform sott combining when it moves to a new cell, it,
whereas the UE can soft-combine data on a dedicated channel when it is located in a
soft handover region. Therefore, a difference between MBMS data transmission times
of Node Bs providing the MBMS data must be minimized in order to enable the UE to

perform soft combining by itself.

In an asynchronous mobile communication system having, for example, one
RNC and two Node Bs, a transmission delay between the RNC and one Node B may be
different from a transmission delay between the RNC and the other Node B. Since the
two Node Bs are not synchronized, MBMS data transmitted from the two Node Bsto a
UE does not arrive at the UE at the same time. Even though the two Node Bs transmit
the MBMS data at the same time, a time when the MBMS data from one Node B arrives
at the UE is not identical to a time when the MBMS data from  the other Node B arrives
at the UE. However, for soft combining in the UE, it is possible to scl a (ransmission

time so that the same signals from the two Node Bs can arrive within a certain lime

window.

It is assumed that MBMS data from the RNC is transmitted along with a
connection frame number (CFN) value when it arrives at the Node Bs. That is, the
MBMS data has a CFN value, and the Node Bs must determine a certain point of SFN,
a time axis of the Node Bs, at which it will transmit the MBMS data. The CFN value
has a value between 0 and 255, and the SFN has a value between 0 and 4095. Thercfore,
a4 transmission time of MBMS data having, as CFN, a remainder value determined by
dividing a particular SFN by 256, i.c., a result value (SFN mod 256) obtained by
performing a modulo-256 operation on SFN, is determined us lransmission slarting
point (i.c. where SEN mod 256 equals CEN is the “certain point” mentioned above). For
example, a time at which SFN=3076 is defined as a transmission time of MBMS data
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with CEN=4. It is noted that timing synchronization is not provided between Node Bs in
an asynchronous mobile communication system. Each Node B can have a plurality of
cells and each cell has its own timer by using a system [(rame number (SEN). Therefore,
each Node B needs to determine the specific SEN when it transmits data.

It can be assumed that MBMS data with a particular CFN received from the
RNC is transmitted at SEN(N) in a cell #1 and at SEN(M) in a cell #2 (where M and N
are distinct values). As a result, MBMS data with the same CFN valuc is transmitted at
different times in cell #1 and cell #2. This is because transmission delay times between
the RNC and the cclls are different from each other.

Assuming that a UE is located in a handover region where a service arca by a
cell #1 overlaps with a service area by a cell #2, and the cell #1 and the cell #2 provide
the same MBMS service, the UE receives the same MBMS data from the cell #1 and the
cell#2. The same MBMS data has the same CFN. However, a time when the MBMS
data [rom the cell #1 is received at the UE may be ditterent from a time when the
MBMS data from the cell #2 is received at the UE. This may be caused by an error
occurring at a transmission time of the cell #1 and a transmission time of the cell #2,
and an error due to transmission dclays occurring between the UE and the cell #1 and

cell #2.

Al 1 reception time of a UE receiving MBMS data from the cell #1 and the cell
#2. the UE combines data received at SEN(N) from the cell #1 with dala received at
SEN(M) from the cell #2 (where M and N are distinct values), for corresponding CFN
data. However, when times at which the same CEN is reeeived are different and a
difference between the reception times is larger than or equal 10 a predetermined value
(e.g., 256 chips), it might not be possible for a UE 1o store previously received data in a
buffer for combining. Therefore, there is a demand for a mcthod of preterentially
synchronizing a transmission time of each Node B so that data received by a UE located

in a handover region falls within a predetermined time window.

In order to synchronize times at which the cells transmit the same MBMS data
and to allow a UE to soft-combine the samc MBMS data whose transmission times are
synchronized, the following steps are performed.

Step 1: In order to acquire timing information for Node Bs in one RNC, an

SFN-SFN observed time dilference is measured and then delivered to the RNC.
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Step 2: The RNC analyzes a timing relationship between Node Bs by using the
information (SEN-SFN observed time difference) acquired in Step 1, and determines an
MBMS offset necessary for Node Bs.

Step 3: The RNC transmits the MBMS offset determined in Step 2 10
corresponding Node Bs and a corresponding UE.

Step 4: Before transmission of MBMS data, a timing relationship between an
RNC that transmitted data and a Node B is previously determined so that a Node B can
transmit the data according to the MBMS offsct determined in Step 3 (User Plane
Synchronization).

Step 5: MBMS data is transmitted according to the timing relationship

determined in Step 4.

A synchronization procedurc between Node Bs through the above 5 steps has
been filed by the applicant of this invention in the Korean Industrial Property Office and
assigncd serial number 2002-23283, the conlents of which are incorporated herein by

reference.
<First Embodiment>

In the present invention, when soft handover is required, a UE performs soft
combining by itself. For this purpose, the UE requires MBMS service information
provided from neighboring cells. Therefore, a radio network controller (hereinafter
referred to as “RNC”) provides code information and timing information for
neighboring cells of the UE to the UEs via the cells that currently provide the MBMS
service. To achieve this, a signaling procedure between a Node B, an RNC and a UE for
MBMS soft combining can be roughly divided into (1) a Radio Bearer Setup process,
(2) a Radio Bearer Reconfiguration process, and (3) a Cell Update process.

First, the radio bearer setup process represents a signaling procedure performed
until a UE initially receives MBMS data. Second, the radio bearer reconfiguration
process represents a signaling procedure performed when a peripheral environment has
changed although a UE does not move. That is, the radio bearer reconfiguration process
represents a signaling procedure performed when a new radio bearer must be configured
since information on neighboring cells providing an MBMS service, including the
current cell, has changed. Third, the cell update process represents a signaling procedure

performed when a peripheral environment has changed due to movement of a UE. That
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is, the cell update process represents a signaling procedure performed when cell updale
must be performed when a peripheral environment has changed due 1o movement of the
UE.

Common to the above three signaling procedures, an RNC provides
information of Table 1 about neighbor ing cells to ali of the cells to which a UE currently
bclongs, in order to perform a method of allowing a UE to soft -combine MBMS data by
itself In Table 1, Info #1 represents ID (Identifier) information for the cells providing
the same MBMS scrvice as the current ccll does, from which the UE receives the
MBMS service, among neighboring cells of the UE. From this value, the UE searches
cells providing the same MBMS service as the current cell does, among its neighbor ing
cells. Info #2 is MBMS code information of a neighboring cell corrcsponding to the
Info #1, and indicates a scrambling code and a channelization code. Thereforc, when
performing soft combining, the UE can accurately despread signals of respective paths.
Info #3 is service ID information of a neighbor ing cell providing an MBMS service, and
indicates a type of the MBMS service. Since Info #3 is information indicating a type of
the MBMS service provided from a neighboring cell, if a neighboring cell to which a
UE will move during handover or while performing soft combining is already providing
the same service as a currently received MBMS service, the UE can perform soft
combining. Sometimes, if a neighboring cell to which the UE will move is not
providing the same MBMS service as a currently received MBMS service, the UE may
not be able to perform combining or request the cell to start the same MBMS service.
Info #4 includes information representing a time ditference between a transport trame
start point of MBMS data from a corresponding neighboring cell and a CPICH frame
start point, and from this value, the UE can perform soft combining on the same

symbols received through the respective paths at different times.

TABLE 1
. ID information of neighboring cells transmitting the same service as a
Info #1 . . |
corresponding MBMS scrvice
Info 42 Code information by which a corresponding MBMS scrvice from
neighboring cells is transmitted (Scrambling code, Channelization code)
. ID information for a service transmitied in a corresponding MBMS scrvice
Inio #3 from neighboring cells _
Info #4 Timc offsct information for a corresponding MBMS scrvice from
o neighboring cells
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A detailed description will now be made of embodiments of the present
invention with reference to the accompanying drawings. In the following description, it

will be assumed that one Node B supports one cell.

FIG. 1 is a flow diagram illustrating a signaling procedure for a radio bearer
selup process among the three signaling processes. Specifically, FIG. 1 illustrates an

initial process for MBMS data transmission.

Referring to FIG 1, an RNC transmits to a UE a Radio Bearer Setup RRC
message for requesting the radio bearer setup in step 101. T he Radio Bearer Setup RRC
message is a message exchanged between an RRC (Radie Resource Control) layer of
the RNC and an RRC layer of the UE. The Radio Bearer Setup RRC message is used to
transmit MBMS code information, service information, and MBMS timing oftset
information of a cell currently providing an MBMS service so that the UE can receive
MBMS data. The MBMS code information is code information for transmitting the
MBMS data, and indicates scrambling code information and channelization code
‘nformation. The MBMS code information enables the UE to perform despreading on
MBMS data from a current cell. The service information is information on 2 service
including the MBMS data, and can be provided in the form of a service ID. The UE can
distinguish different services by using the service ID. The MBMS timing offset
information is timing information of a channel transmitting the MBMS data, and
represents a diffcrence between a transport frame start point of the MBMS data and a
CPICH frame start point. Therefore, when performing soft combining like the Info #4 of
Table 1, the UE can perform soft combining on the same symbols received through

respective paths at ditferent times.

Unlike in the existing soft handover process on a dedicated channel, the
information of Table 1 about neighboring cells of a UE is provided to the UE through
the Radio Bearer Setup RRC message in order to allow the UE to perform soft handover

by itselt according to an MBMS service.

After completing the radio bearcr sctup based on the information provided
from the RNC, the UE transmits to the RNC a Radio Bearer Sctup Complete RRC

message for reporting completion of the radio bearer setup in step 102, finishing the

radio bearer sctup process.
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Through the radio bearer setup operation, the UE can receive desired MBMS
data from a Node B. If the UE moves to a handover region while receiving the desired
MBMS data, the UE can soft-combine MBMS data from a current cell with MBMS data
from neighboring cells based on previously known information from the neighboring

cells.

FIG. 2 is a flow diagram illustrating a signaling procedure for a radio bearer
reconfiguration process. The radio bearer reconfiguration process is a process of
modifying an initially configured radio bearer, and performs an update process of
changing previously sct information, adding a new cell to an active set, or deleting an

existing cell from the active sct.

The radio bearer reconfiguration process is performed when information on a
current cell or a neighboring cell has changed as follows, cven though the UE does not

move.

(1) Change in Information on Current {or Corresponding) Cell
The MBMS code information, service information and MBMS timing offsect

information of the current cell are changed.

(2) Change in Information on Neighbor ing Cell
A. Addition or Deletion of Neighboring Cell
A neighboring cell providing the same MBMS service is added or deleted. In

this case, cell ID information of a corresponding cell can be pr ovided.

B. Change in Existing Neighboring Cell Information
Like in (1), information on a neighbor ing cell providing the same MBMS data
as the current cell does has changed. In this case, the MBMS code intormation, service

information and MBMS timing oftsct information are changed.

A signaling procedure for the radio bearer reconfiguration between a UE and
an RNC is similar to the signaling procedure for the radio bearer sctup. However, while
the radio bearer setup is a signaling procedure for receiving initial MBMS data, the
radio bearer reconfiguration is a signaling procedure performed when cxisting
configuration is required to be changed when a peripheral environment of the UE has

changed while the UE is already receiving MBMS data.
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Referring to FIG 2, an RNC provides a Radio Bearer Reconfiguration RRC
message to a UE in step 201, thereby performing an operation of configuring a moditted
radio bearer. Like in the radio bearer setup process, the RNC provides the UE with
MBMS code information, service information and MBMS timing offset information of
a cell currently providing a MBMS service, through the Radio Bearer Recontiguration
RRC message. In addition, the RNC also provides the information of Table 1 about a
neighboring cell so that the UE can perform soft handover on a current MBMS service
by itsell. Aficr performing the radio bearer reconfiguration operation based on the
information provided from the RNC, the UE transmits to the RNC a Radio Bearer
Reconfiguration Complete message for reporting completed reconfiguration of the radio

bearer in step 202, thereby completing the radio bearer reconfiguration.

Through the radio bearer setup or the radio bearcr reconfiguration, the UE
always has information on all cells providing the same MBMS scrvice as the current
cell does, among its neighboring cells. Therelore, if the UE is located in a handover

region, the UE can perform soft combining by itself.

FIG. 3 is a tlow diagram illustrating a signaling procedure for a cell update
process. The cell update process is a signaling procedure between an RNC and a UE
performed when a peripheral environment has changed due to movement of the UE. The
cell update process is performed by the UE when the UE enters a cell update region by
moving from the existing cell to a neighboring cell. Like the handover region, the cell
update region cxists around a cell boundary. The cell update region is smaller in size
than the handover region, and included in the handover region. That is, through the
radio bearer setup/reconfiguration processes, the UE can perform soft combining in a
handover region. At this moment, if the UE enters a cell update region, it performs cell
update. In this case, the UE starts a cell update process by transmitting a Cell Update
RRC message to an RNC in step 301 of FIG. 3.

When the cell update is performed, a target cell, i.c., a cell to which the UE
transmits a Cell Update message, can be scparately described with reference to the

following two cases.

In a first case, the target cell is already transmitting MBMS data, so the UE is

alrcady receiving MBMS data in a handover region hefore the cell update process. In
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this case, if a Cell Update RRC message is received rom the corresponding UE, the
RNC updates the target cell as a cell providing a current MBMS service, and updates
the cell providing the existing MBMS service as a neighboring cell. In addition, the
RNC updates information on a cell providing the same MBMS service as the target cell
does, among ncighboring cells of the target cell. Therefore, in the radio bearer
sctup/reconfiguration processes, the same message as that provided from the RNC to the
UE is transmitted to the UE. Transmission of this message is finally performed through
a Cell Update Conlirm RRC message in step 302 of FIG. 3. In this case also, since the
UE is still located in the handover region, the UE continuously performs soft combining.

In a second case, the larget cell is not transmitting MBMS data, so no MBMS
data is received from the target cell when the UE enters a handover region. When the
UE enters a cell update region in the handover region, the cell update process is
performed. At this point, the RNC receives a Cell Update message from the UE and
enables the target cell to transmit the MBMS data that the UE is currently receiving.
That is, the same signaling procedure as the radio bearer setup process as shown in Fig.
1 is performed. Then, the existing cell providing the MBMS service to the UE is
updated as a neighboring cell, and information on a cell providing the same MBMS
service as the target cell does, among neighboring cells of the target cell, is updated.
The update is completed by transmitting a Cell Update Confirm RRC message from the
RNC to the UE in step 302 of FIG 3. Even in the cell update process, the UE
continuously receives MBMS data trom the existing cell, and after the cell update,

receives the MBMS data even from the target cell, so that it can perform soft combining.

FIG. 4 is a block diagram illustrating a structure of a UE receiver for MBMS
soft combining according to an cmbodiment of the present invention. The entire
procedure for soft combining MBMS data according to the present invention will be
described with reference to FIG. 4. A signal rcceived from a Node B is provided 1o an
analog recciver 410. The analog receiver 410 converts the received signal into a digital
signal. The converted digital signal from the analog receiver 410 is applied to a searcher

420 and a finger assigned to the searcher 420, among k fingers 440 and 450.

A controller 430 receives information on neighboring cells from an RNC, and
knows which cell provides the same MBMS service as the current MBMS scrvice.
Thercfore, for soft combining of MBMS data, the controller 430 controls the searcher

420 10 search cclls providing the same MBMS service among neighboring cells.
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The searcher 420 measures CPICH values of multipath signals reccived
through the analog receiver 410. The measured values are CPICH RSCP (Reccived
Signal Code Power) or CPICH Ec/No (signal-to-noise) values, and vsed in monitoring
reception strength of a corresponding signal. The searcher 420 delivers the measured

parameter value to the controller 430.

The controller 430 controls the searcher 420 to assign an appropriate finger
from CPICH parameter values of respective signal components from the searcher 420.
That is, the controller 430 arranges the CPICH parameter values in order of size and

sends a finger assignment command to the searcher 420.

The searcher 420 receives the finger assignment command from the controller
430, and assigns a signal to each finger according to the finger assignment command
from the controller 430. The searcher 420 provides timing information and cell
information (scrambling code and channelization code) to cach finger so that a

combiner 460 can perform combining.

For example, there is a case where a UE currently recciving MBMS data
moves to a possible handover region. That is, it can be assumed that the UE moves from
a particular cell A to a neighboring cell B. The cell B is a Node B that is providing an
MBMS scrvice. In this case, a signal received by the searcher 420 includes both ol a
multipath signal from the cell A and a multipath signal from the cell B. Therefore, the
searcher 420 measures CPICH values of both of the multipath signals from the cell A

and the cell B, and delivers the mecasured values to the controller 430.

Meanwhile, the controller 430 sums up measured parameter values of a
multipath signal component from the cell B, and compares the summed value with a
summed value determined by summing up measurcd parameter values of a multipath
signal component from the cell A, 1o thereby determine whether any one of the
following two conditions is satisfied. Tn a [irst condition, a value determined by
summing up measured parameter values of a multipath signal component from the cell
B is larger than a predetermined threshold or more than a value detcrmined by summing
up mcasured parameter values ot a multipath signal component from the cell A.In a

second embodiment, a signal strength difference between the cell Aand the cell B is less

than a predetermined hysteresis value.
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If any onec of the two conditions is satisfied, thc controller 430 determines
whether the cell B provides an MBMS service based on neighboring cell information
acquired by the radio bearer setup/reconfiguration processes, and determines whether
the cell B provides the same MBMS service as the cell A does.

In another condition in addition to the above two conditions, if a value
determined by summing up measured parameter values of a multipath signal component
from the cell B is larger than a predetermined threshold, the controller 430 may be so
realized as to determine whether the cell B and the cell A provide the same MBMS
service. In this case, the predetermined threshold has a meaning different from that of
the threshold used in the first condition. That is, the threshold in the first condition
corresponds to an crror value between a value measured through the cell B and a value
measured through the cell A, whereas the threshold in the added example corresponds to
a value measured through the cell B. Therefore, when comparing the two thresholds, the
threshold in the added example must be sct to a value larger than the threshold in the

first condition.

Meanwhile, if it is determined that the cell B is providing the same MBMS
service as the cell A does, the controller 430 determines to soft-combine MBMS data
from the cell A and the cell B, For that purpose, the controller 430 controls the se archer
420 so that multipath MBMS signal components from the cell A and the cell B are
assigned to the fingers in order of size. Generally, finger assignment is performed in
order of higher strength of the received signals. Therefore, in vrder to perform soft
combining, at least one of the multipath signal components received from the cell Aand
the cell B among the paths satistying the condition must he assigned to a corresponding
finger. When assigning the signal components to the finger, the searcher 420 provides
timing information (frame offset) and cell information (scrambling code and
channelization code) between the signal components in order to finally enable soft
combining. In addition, a frame offset of an MBMS signal between cell paths, received
by the UE, can be difterent from an offset value of a CPICH signal between cell path.
Therefore, during finger assignment by thc scarcher 420, the controller 430 informs a

corresponding finger of the frame offset value of cach MBMS signal.

When the cell B is not providing the same MBMS scrvice, soft combining

cannot be performed even though the above conditions are satisfied. Therclore, in this
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case, finger assignment is performed on only the multipath signal component from the
cell A that was previously providing the MBMS scrvice. However, when the cell B is
transmitting the different MBMS data from that transmitted by the cell A, the UE can
request the RNC to transmit the same MBMS data as the cell A transmils, thercby
enabling soft combining of the MBMS data.

When the UE is located only in an area of the cell A or does not undergo soft
handover due to failure to satisfy the soft combining condition, an MBMS signal
component assigned to cach finger becomes a multipath signal component from the cell

A.

In the above two conditions, it is assumed that CPICH RSCP or CPICH Ec¢/No
of a received CPICH signal is exccllent. However, cven though CPICH RSCP or
CPICH E¢/No of the received CPICH signal is not exccllent, an actual MBMS data
signal may be excellent. In this case, if soft combining is detcrmined with only the
CPICH signal, an opportunity to perform sofi combining is missed. Thercfore, in order
to prevent such a situation, the controller 430 uses not oaly the CPICH but also the

MBMS data signal as a criterion for soft combining.

It an MBMS data signal is determined to be assigned 1o a finger through the
above-stated procedure, the controller 430 informs the corresponding finger of an
MBMS offset value provided from the RNC so that a combiner 460 can combine cach

signal component.

Hercin, a block for demodulating a particular multipath component of an
MBMS data signal will be referred to as “finger,” and the finger is comprised of a
descrambler, a despreader, an MBMS data demodulator, and a channel estim ator. FIG. 4
shows k fingers 440 and 450. In the following description, it will be assumed that all of

the k tingers are assigned.

The digital signal from the analog receiver 410 is provided to descramblers 442
and 452 of the k tingers 440 and 450. Each of the descramblers 442 and 452 multiplies
the converted digital signal by a scrambling code for identifying the Node B, thereby
gencrating a descrambled signal. The scrambling code is provided from the scarcher
420 as cell information in response to a command from the controller 430. The

controller 430 previously knows the scrambling code through the radio bearer setup
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process or the radio bearer reconfiguration process.

MBMS data output from the descramblers 442 and 452 is provided to
corresponding despreaders 446 and 456. The despreaders 446 and 456 despread the
MBMS data by a channelization code provided from the searcher 420. The MBMS data
despread by the despreaders 446 and 456 is provided to corresponding MBMS data
demodulators 448 and 458. The MBMS data demodulators 448 and 458 are provided
with channel estimation values from corresponding channel estimators 444 and 454.
The channel estimators 444 and 454 generate the channel estimation values by receiving

outputs of the descramblers 442 and 452.

Therefore, the MBMS data demodulators 448 and 458 perform channel
compensation on the outputs of the despreaders 446 and 456 by using the channel
estimation values from the channel estimators 444 and 454, thereby extracting MBMS
data signals received through respective paths. Here, the MBMS data signals received
through respective paths can become MBMS multipath signals transmitted from several
cells. Alternatively, the MBMS data signals become signals of an MBMS multipath

component that a corresponding cell is currently providing.

The signals of the MBMS multipath component output from the MBMS data
demodulators 448 and 458 are provided to the combiner 460. The combiner 460
combines the signals of the MBMS multipath component provided from the MBMS
data demodulators 448 and 458, i.e., from the fingers 440 and 450, and provides a

combined signal to a channel decoder 470.

An operation of the combiner 460 will be described in more detail. An MBMS
data signal assigned to each finger is stored in a butter and combined by the combiner
460. As described above, since transmission times of the same MBMS data from
respective cells are synchronized to limit a time difference therebetween to several

hundreds of chips, cach signal component can be combined by the combiner 460.

Since the combiner 460 knows a frame offsct value of the MBMS signal
assigned to all fingers by the controller 430, it performs combining on the MBMS data
signals stored in the buffer by considering a Irame offset valuc between respective
signals. That is, thc combiner 460 matches symbol output timings of all fingers to a

symbol output timing of a reference finger to which an MBMS data signal having the
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carliest reception timing is assigned, by applying relative frame offsct values of
corresponding cells assigned to the fingers, thereby combining the same symbols from
difterence fingers. This is possible because the RNC and the UE previously know
MBMS offset information through the radio bearer setup/ reconfiguration processes. The
combined MBMS multipath signal is finally restored to an MBMS signal through
channel decoder 470.

Each process of the MBMS soft handover procedure according to an
embodiment of the present invention will now be described in detail with reference to
the accompanying drawings. In the following description, it will be assumed that a UE
is located in a handover region wherc it can simultaneously receive MBMS data from

two or more cells.

FIG. 5 illustrates a soft combining procedure according to an embodiment of
the present invention. Referring Lo FIG. 5, a UE receives MBMS data on CPICH1 503
from a cell #1 until a time T1 on a time axis 501. If a measurement value of CPICH2
504 received from a cell #2 is Tower than 4 hysteresis value 506 corrcsponding to the
measurement value of the CPICH1 503 at the time T1, the UE scts a timer while
preparing for soft combining. At a time T2 when the set timer expires after a lapse of a
time T, a ditference between the measurement value of the CPICH1 503 and the
measurement value of the CPICH2 504 is not larger than the hysteresis value 506 at the
time T1, so the UE soft-combines MBMS data received from the cell #1 and the cell #2.
Thereafter, at a time T3, a ditference between the measurement value of the CPICH1
503 and a measurement value of CPICH3 505 from a cell #3 shows a hysleresis value
507, so the UE scts a timer. At a time T4 when the set timer expires afier a lapse ofa
time T, the UE checks a difference between the measurement value of the CPICH1 503
and the measurement value of the CPICH3 505. Since the difference is not larger than
the hysteresis value 507, the UE additionally performs soft combining on MBMS data
received from the cell #3. Therefore, after the time T4, the UE soft -combines all of the
MBMS data from the cell #1, cell #2 and ccll #3. At a time T5, a ditference between the
measurement value of the CPICH1 503 and the mcasurcment value of the CPICH2 504
shows a hysteresis value 508, so the UE sets a timer in order to check again whether to
perform soft combining. At a time T6 when a time T has elapscd by the set timer, a
difference between the measurement value of the CPICH1 503 and thc measurement
value of the CPICH2 504 is larger than the hysteresis value 508, the UE excludes
MBMS data from the cell #1 from soft combining. Therefore, alter the time T6, the UE
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soft-combines MBMS data received from the cell #2 and the ccll #3. Finally, at a time
T7, a difference between the measurement value of the CPICH2 504 and the
measurement value of the CPICH3 505 shows a hysteresis value 509, so the UE scts a
timer in order to determine again whether to perform soft combining. At a time T8 when
atime T has elapsed by the set limer, a difference between the measurement value ol the
CPICH2 504 and the mecasurement value of the CPICH3 505 is larger than the
hysteresis value 509, so the UE excludes MBMS data from the cell #3 from soft
combining. As a result, after the time T7, the UE receives MBMS data only from the

cell #2.

In FIG. 5, the hysteresis values 506, 507, 508 and 509 may have ecither the
same value or different values. For example, the hystereses 506 and 507 with the same
value, which become a criterion for including MBMS data in soft combining, and the
hystereses 508 and 509 with the same value, which become a criterion for excluding

MBMS data from soft combining, have different values.

<Second Embodiment>

In the foregoing first embodiment, it is suggested that a UE perform soft
combining by itsclf the same data as MBMS data received from a current cell and a
neighboring cell.

In second embodiment, the present invention aliows a UE to soft -combine by
itself the same MBMS data as MBMS data received from a ncighboring cell for
handover with a current cell even though a radio network controller (RNC) does not
provide information of neighboring cells in advance. For this purpose, the UE obtains
information of a corresponding cell (neighboring cell for handover) if it is determined
that soft handover is required, and receives MBMS data from the corresponding cell
depending on information of the obtained corresponding cell, which is performed by the
following steps.

Step 1: a UE determines whether soft combining is required.

Step 2: a UE collects information required to receive MBMS data trom the
corresponding cell.

Step 3: a UE receives MBMS dala received from the corresponding cell
depending on the collected information, and performs soft combining MBMS data from
the corresponding cell with MBMS data from the current cell.

Operations according to the second embodiment ot the present invention will
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be described in detail. In the operations, it is assumed that MBMS data from the
corresponding cell is transmilted via MBMS Transport Channel (MTCH) and
information for the MTCH (hereinafier referred to as “MTCH information”) is
transmitted via MCCH. In addition, it is also assumed that the MCCH is transmitted via
a Secondary Common Control Physical Channel (S-CCPCH) and information for
receiving the MCCH via the S-CCPCH (hereinafter referred to as “MCCH
information™) is transmitted via a Primary Common Control Channel (P-CCPCH)”.
However, other assumption besides the above-described assumption can be established.
In the operation according to the second embodiment, a UE conlinues to
monitor to determine whether soft combining is required according to entering handover
region. The procedure for determining soft combining according to the handover is
described in the first embodiment referring to Fig. 5. It the UE determines that soft
combining is required, the UE receives P-CCPCH from a cell where soft combining is
required. As assumed above, the UE obtains MCCH information which is required to
receive MCCH by receiving the P-CCPCH. The UE receives MCCH transmitted via S-
CCPCH depending on the MCCH information and obtains MTCH information by
receiving the MCCH. The MTCH information includes an identifier information (ID
informatjon) of MBMS services provided from the corresponding cell and channel
information for receiving MBMS data according to a specitic MBMS service. Theretore,
by receiving the MCCH, the UE can check that MBMS service provided from the
current cell is also provided from a corresponding cell. If it is determined that the
MBMS service which the UE wants 1o be provided, is provided from a corresponding
cell, the UE receives MTCH containing MBMS data which the UE wants to receive by
means of channel information included in the MTCH information. The UE can restore
the MBMS which the UE wants to receive from the corresponding cell and continue to
receive MBMS service from the current cell while receiving MBMS data from the
corresponding cell. Therefore, the UE can soft combine the MBMS data received from

the corresponding cell with the MBMS data received from the current cell.

<Third Embodiment>
In the third embodiment of the present invention, a UE receives MCCH

information corresponding to each ncighboring cell through MCCH from the current
cell providing the current MBMS service, and receives MCCH from the corresponding
neighboring cell by MCCH information corresponding to the corresponding
neighboring cell when soft combining is required in accordance with handover. The UE

can obtain MTCH information by receiving the MCCH. The UE receives MBMS data
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which the UE wants to receive by the obtained MTCH information, and performs soft
combining the received MBMS data with MBMS data reccived from the current cell.

In the foregoing first embodiment to third embodiment, it is assumed that the
UE performs soft combining if the handover condition is satisfied. However, if it is
determined that soft combining is needed through signal strength from a specific
ncighboring cell, soft combining can be performed. That is, the above-described first to
third cmbodiments in the present invention are applied to a neighboring cell receiving a

signal having larger signal strength than a predetermined threshold value.

As described above, the present invention provides soft handover 10 a UE when
the UE moves to a region where it can receive data trom a plurality of Node Bs in an
asynchronous CDMA mobile communication system supporting an MBMS service. By
doing so, the present invention provides a stable MBMS service although an MBMS
user moves from an existing cell to a new cell, contributing to the convenience of the
user. In addition, when a UE is located in a handover region, the UE can soft -combine
data received from a plurality of Node Bs by itself, contributing to a reduction in

transmission power of the Node Bs and an increase in power efficiency.

While the invention has been shown and described with reference to a certain
preferred embodiment thereof, it will be understood by thosc skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the ap pended claims.
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4 Brief Description of Drawing(s)

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention
will becomc more apparent trom the following detailed description when taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a flow diagram illustrating a signaling procedure for a radio bearer
setup process in an asynchronous CDMA mobile communication system according to
an embodiment of the present invention;

FIG. 2 is a [low diagram illustrating a signaling procedure for a radio bearer
reconfiguration process in an asynchronous CDMA mobile communication system
according to an embodiment of the present invention;

FIG 3 is a flow diagram illustrating a signaling procedure for a cell update

process in an asynchronous CDMA mobile communication system according to an

embodiment of the present invention,
FIG. 4 is a block diagram illustrating a structure of a CE receiver in an

asynchronous CDMA mobile communication system according to an embodiment of

the present invention; and
FIG. 5 illustrates a soft combining procedure of a UE according to an

embodiment of the present invention.
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1 Abstract
ABSTRACT

An apparatus and method determines soft handover in a CDMA mobile commu
nication system supporting an MBMS service. In the CDMA mobile communication sys
tem supporting an MBMS service, when a UE moves to a region where it can reccive da
ta from a plurality of Node Bs, the UE determines by itself whether to perform soft com
bining on MBMS data received from the Node Bs. Therefore, even though an MBMS us

er moves from an existing cell 1o a new cell, the MBMS service is stably provided, cont

ributing to the convenience of the user.

2 Representative Drawing

Fig. 1
RNC ANC
ARG Radio Bearer Setup (101} ARC ARG Cell Update (301) RRC

[Call ID, Scrambling cods, Channelization code,
Service ID, Timing offset]

( Actualizing Cell Update )
RRC Radlo Bearer Setup Complete (102) ARG @ Cell Update Confirm (302) RRC
Node B I RNC
Radlo Bearer Reconfiguration (201) RRC

[Call ID, Scrambling coda, Channelization coda,
Service ID, Timing offset]

@ Radio Bearer Reconfiguration Complate (202) RRC

FIG.2
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