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Description

WIRELESS COMMUNICATION SYSTEM COUNTING MOBILE

TERMINALS USING MBMS

Technical Field
[1] The present invention relates to a wireless communication system counting user

equipment (UE) that uses a multimedia broadcasting and multicast service (MBMS),

and a method thereof. More particularly, the present invention relates to a 3rd

Generation Partnership Project (3GPP)-based wireless communication system

providing efficient counting by using a preamble for simplifying counting of UE that

uses an MBMS.

Background Art
[2] A multimedia broadcast and multicast service (MBMS) that provides a broadcasting

service to a mobile phone in a 3rd Generation Partnership Project (3GPP) wireless

communication system has been standardized in various groups of the 3GPP.

[3] Such a 3GPP wireless communication system includes a wideband code division

multiple access (WCDMA) system and a single carrier frequency division multiple

access (SC-FDMA)-based long term evolution (LTE) system.

[4] The MBMS is divided into a broadcast service and a multicast service, and only the

multicast service may be charged.

[5] In the case of the multicast service, the UE in a given cell is asked whether to use an

MBMS. Then, when the UE responds to more than a predetermined number of

services, the MBMS is provided to the UE through a secondary common control

physical channel (S-CCPCH), and when the UE responds to less than the pre

determined number of services, the MBMS is provided to the UE through a dedicated

physical channel (DPCH) for efficient radio resource management.

[6] When no UE requests the MBMS, a service is not provided.

[7] When the UE requests receiving the MBMS, the UE needs to perform a random

access. When performing the random access, the UE randomly requests access from a

base station, and therefore may experience collision with another UE that uses the

same preamble code.

[8] In order to minimize such a collision, a controlling radio network controller

(CRNC) manages a conventional counting process as shown in FIG. 1.

[9] FIG. 1 shows dataflow in a conventional counting process between a CRNC and a

UE in a wireless communication system.

[10] As shown in FIG. 1, in the conventional counting process, a CRNC 20 that manages

cells sends a signal to provide an initial access probability factor to the UE 10 in the



cell, in step S12.

[11] When receiving the initial access probability factor, the UE 10 attempts a random

access by using a proper access probability factor according to a current state of the

UE 10, in step S14.

[12] When new counting process is required, the CRNC 20 calculates an optimal access

probability factor in step S16, updates the access probability factor with the calculated

access probability factor, and transmits the updated access probability factor to the UE

10 by sending a signal thereto, in steps S20 to S22.

[13] The UE 10 receives the updated access probability factor and attempts a random

access by using the updated access probability factor, in step S24.

[14] When the UE 10 accesses the CRNC 20 by performing the random access in step

S26, the CRNC 20 performs the counting process according to the access of the UE 10

in step S28 and stores counted information in step S30.

[15] Therefore, the CRNC needs to set the initial access probability factor and the

optimal access probability factor properly such that the counting process consumes a

proper period of time and an accurate counting result can be acquired.

[16] When the CRNC sets the access probability factor high so as to generate collision

between UEs that attempt random access or when the CRNC sets the access

probability factor low in a situation that few UEs attempt the random access, the

counting process consumes a much longer time than normal random access.

[17] A conventional random access preamble P(i) used in the 3GPP WCDMA system is

formed by a product of a gold sequence GNi and a signature sequence Ci, and it can be

represented as given in Math Figure 1. Herein, the number of random access preamble

symbols is denoted as n (n= 4096 chips in the WCMDA system).

[18] A 3GPP long term evolution (LTE) system uses a single carrier frequency division

multiple access (SC-FDMA), and a random access preamble P(i) used in the SC-

FDMA also can be represented as given in Math Figure 1. However, n in the SC-

FDMA denotes the number of time domain sampling symbols.

[19] When the signature sequence is generated as a Hadamard sequence with a length of

m, the signature sequence can be represented as given in Math Figure 2.

[20] Then, the UE randomly selects a signature sequence according to a state of the UE.

[21] MathFigure 1

[22] Where i=0, 1,2,..., n-1, and n is a natural number.

[23] MathFigure 2



[24] Where i=0,l,2,...,n-l, and n is a natural number, and m=16.

[25] In this case, the Hadamard sequence can be defined as given in Math Figure 3.

[26] MathFigure 3

Tl 0 = J

[27] When UEs simultaneously attempting random access select the same signature

sequence, collision is generated between the UEs and the random access fails. When

the UEs select different signature sequences, the random access can be successfully

performed.

[28] However, it is difficult to determine whether a UE performs a random access for

using MBMS by only using the signature sequence in the conventional wireless com

munication system. In addition, when the random access is performed for MBMS

counting, a signal for controlling a random access for a different purpose can be

transmitted to the UE that performs the random access for using the MBMS, such that

the UE performs the random access for the different purpose, which may have a low

random access probability factor.

[29] The gold sequence GNi of Math Figure 1 can be generated by using two maximal

length sequences (m-sequences) x and y among m-sequences in two primitive

polynomials as given in Math Figure 4. The primitive polynomial forming the

sequence x can be represented as given in Math Figure 4.

[30] MathFigure 4

[31] In addition, the primitive polynomial forming the sequence y can be represented as

given in Math Figure 5.

[32] MathFigure 5



[33] An initial value of the sequence x of Math Figure 4 has a scrambling code of

xn(O)=nO, xn(l)=nl,..., xn(22)=n22, xn(23)=n23, and xn(24)=l, and the sequence y of

Math Figure 5 has an initial value of y(0)=y(l )=,..., =y(23)= y(24)=l.

[34] A gold sequence Zn generated by using the sequences x and y can be represented as

given in Math Figure 6.

[35] MathFigure 6

Zn(i) = Xn(i) + y(i) modulo 2 , for i = 0 , 1 , 2 2 25-2

[36] In addition, a real number value of the sequence zn can be calculated as given in

Math Figure 7, and GNi =Zn(i).

[37] MathFigure 7

Z (O for i = 0,1,. ..,2" - 2

[38] Where n is determined by a scrambling code used by a Node B (i.e., base station)

and a signature sequence used by the UE, and therefore the gold sequence does not

indicate whether or not it is dedicated to an MBMS.

[39] That is, a preamble of the conventional system does not specify MBMS counting

and non-MBMS counting. Therefore, the conventional wireless communication system

must analyze a proper random access probability factor during the MBMS counting

process and transmit the analyzed random access probability factor to the UE by using

a signal. That is, the conventional system complicates the counting process by

generating an unnecessary signaling process and insufficiently performs an MBMS

counting process.

[40] The above information disclosed in this Background section is only for en

hancement of understanding of the background of the invention and therefore it may

contain information that does not form the prior art that is already known in this

country to a person of ordinary skill in the art.

Disclosure of Invention

Technical Problem
[41] It is an object of the present invention to provide a 3GPP wireless communication

system that uses a preamble to simplify a process for counting UEs using an MBMS to

thereby provide an efficient counting process, and a method thereof.



Technical Solution
[42] A wireless communication system according to an embodiment of the present

invention counts user equipment (UE) using an MBMS.

[43] The wireless communication system includes a base station node (Node B) and a

controlling radio network controller (CRNC). The Node B is connected with the UE

through a radio link, and receives sequence setting information for a sequence included

in a preamble transmitted from the UE from a network manager, receives the

preamble, and detects a sequence dedicated to an MBMS based on the sequence setting

information. The CRNC controls the Node B and performs a counting process for

counting UEs using the MBMS based on the detected sequence received from the

Node B.

[44] The Node B includes a communication module, a detection module, and a control

module.

[45] The communication module includes a wired interface, and is connected to the

CRNC through a wired link, and receives the preamble of the UE from the Node B.

The detection module detects a first sequence from the preamble received from the

communication module based on the sequence setting information. The control module

provides the sequence setting information to the detection module, receives the first

sequence from the detection module, and transmits the first sequence to the CRNC.

[46] Exemplary user equipment (UE) according to another embodiment of the present

invention communicates with a wireless communication system that counts UEs using

an MBMS. The UE includes a transmission module, a preamble generation module,

and a control module. The transmission module includes a wireless communication

interface and communicates with the wireless communication system. The preamble

generation module generates a sequence including information on whether to use the

MBMS based on sequence setting information, generates a preamble based on the

sequence, and transmits the preamble to the transmission module. The control module

controls the preamble generation module, receives and stores the sequence setting in

formation in which information on a sequence to be used in generation of the preamble

is included, and provides the sequence setting information to the preamble generation

module.

[47] The preamble generation module generates a sequence including information on

whether to use an MBMS by using at least one of a signature sequence, a gold

sequence, and a PN sequence.

[48] In addition, the preamble generation module generates a sequence by using a

CAZAC sequence or a Hadamard sequence.

[49] A wireless communication method according to another embodiment of the present



invention counts UEs using an MBMS.

[50] The wireless communication method includes: a) receiving a preamble from a UE;

b) detecting a sequence included in the received preamble based on sequence setting

information, wherein the sequence setting information includes information is pre

determined by a network manager and includes information on the sequence used by

the UE; c) determining whether the UE uses an MBMS based on the detected

sequence; and d) performing a counting process for counting UEs using or not using

the MBMS according to the determination.

[51] Herein, d) includes: performing a first counting process for counting UEs using the

MBMS when it is determined that the UE uses the MBMS; and performing a second

counting process for counting UEs using a non-MBMS when it is determined that the

UE does not use the MBMS.

[52] A wireless communication method according to another embodiment of the present

invention is provided to a UE communicating with a wireless communication system,

the method counting UEs using an MBMS.

[53] The wireless communication method includes: a) receiving a user request and de

termining whether an MBMS is requested; b) generating a sequence including in

formation on whether to use the MBMS based on sequence setting information

according to the determination, wherein the sequence setting information is pre

determined by a network manager and includes information on a sequence to be used

in generation of a preamble; c) generating the preamble based on the generated

sequence; and d) transmitting the generated preamble to the wireless communication

system.

[54] Herein, b) includes: generating a sequence dedicated to the MBMS when the

MBMS is used according to the determination; and generating a sequence dedicated to

a non-MBMS when the MBMS is not used according to the determination.

[55] A wireless communication system according to another embodiment of the present

invention counts UEs using an MBMS. The wireless communication system includes a

first node and a second node. The first node is connected with a UE through a radio

link and communicates data with the UE, and receives predetermined sequence setting

information on a sequence included in a preamble transmitted from the UE from a

network manager, detects the sequence from the preamble based on the sequence

setting information, and performs a counting process for counting UEs according to

whether the UE uses the MBMS. The second node is connected with the first node

with a wired link, and processes a call of a packet received from the first node,

manages a session, and manages mobility of the UE.

[56] The first node detects a CAZAC sequence or a Hadamard sequence from the

sequence based on the sequence setting information.



[57] The first node performs a counting process by determining whether the UE uses the

MBMS by using the CAZAC sequence based on the CAZAC sequence detection or the

Hadamard sequence detection, or performs a counting process by determining whether

the UE uses the MBMS by using the Hadamard sequence.

Advantageous Effects
[58] According to the present invention, a wireless communication system that counts

UEs using an MBMS can efficiently perform a counting process by using a pre

determined sequence.

[59] Particularly, complexity in access probability management of a conventional

wireless communication system can be reduced to simplify a counting process such

that data transmission efficiency is increased by reducing signaling in random access

probability and a process for calculating random access probability can be omitted.

Brief Description of the Drawings
[60] FIG. 1 is a dataflow in a conventional counting process between a controlling radio

network controller (CRNC) and a UE in a wireless communication system.

[61] FIG. 2 is a block diagram of a 3rd GPP wireless communication system according

to a first exemplary embodiment of the present invention.

[62] FIG. 3 is a detailed block diagram of the 3rd GPP wireless communication system

according to the first exemplary embodiment of the present invention.

[63] FIG. 4 is a detailed block diagram of a Node B in the 3rd GPP wireless com

munication system according to the first exemplary embodiment of the present

invention.

[64] FIG. 5 is a data flowchart of an MBMS counting process for counting UEs using

the MBMS in the case that a preamble transmitted from the UE is generated by a

signature sequence in the 3GPP wireless communication system according to the first

exemplary embodiment of the present invention.

[65] FIG. 6 is a data flowchart of an MBMS counting process for counting UEs using

the MBMS in the case that a preamble transmitted from the UE is generated by a

pseudo noise (PN) sequence in the 3GPP wireless communication system according to

the first exemplary embodiment of the present invention.

[66] FIG. 7 is a block diagram of a 3GPP wireless communication system according to a

second exemplary embodiment of the present invention.

[67] FIG. 8 is a detailed block diagram of a UE using an MBMS in the 3GPP wireless

communication system according to the second exemplary embodiment of the present

invention.

[68] FIG. 9 is a data flowchart of an MBMS counting process for counting UEs using

the MBMS in the 3GPP wireless communication system according to the second



exemplary embodiment of the present invention.

Best Mode for Carrying Out the Invention
[69] Exemplary embodiments of the present invention will hereinafter be described in

detail with reference to the accompanying drawings.

[70] In the following detailed description, only certain exemplary embodiments of the

present invention have been shown and described, simply by way of illustration. As

those skilled in the art would realize, the described embodiments may be modified in

various different ways, all without departing from the spirit or scope of the present

invention.

[71] Accordingly, the drawings and description are to be regarded as illustrative in

nature and not restrictive. Like reference numerals designate like elements throughout

the specification.

[72] In addition, unless explicitly described to the contrary, the word "comprise" and

variations such as "comprises" and "comprising" will be understood to imply the

inclusion of stated elements but not the exclusion of any other elements.

[73] Further, throughout this specification and the claims which follow, a module means

a unit that performs a specific function or operation, and can be realized by hardware

or software, or a combination of both.

[74] A wireless communication system that counts user equipment (UE) using a

multimedia broadcasting and multicast service (MBMS) according to an exemplary

embodiment of the present invention, and a method thereof will be described in more

detail with reference to the accompanying drawings.

[75] FIG. 2 is a block diagram of a 3GPP wireless communication system according to

the first exemplary embodiment of the present invention.

[76] As shown in FIG. 2, the 3GPP wireless communication system is provided as a

WCDMA system according to the first exemplary embodiment of the present

invention, and includes a broadcast and multicast-service center (BM-SC) 600, a

gateway general packet radio service support node (GGSN) 500, a serving general

packet radio service support node (SGSN) 400, a controlling radio network controller

(CRNC) 300, and a Node B 200. The GGSN 500, the SGSN 400, the CRNC 300, the

Node B 200, and the BM-SC 600 are connected with each other through a wired link.

[77] In addition, a UE 100 accesses the Node B 200 through a wireless link and receives

an MBMS from the BM-SC 600. Herein, the UE 100 and the Node B 200

communicate with each other by using a wideband code division multiple access

(WCDMA).

[78] The BM-SC 600 is a center providing an MBMS to the UE 100.

[79] The GGSN 500 manages a plurality of SGSNs 400, manages sessions of packets



received from the plurality of SGSNs 400, and manages mobility of the UE 100 as a

gateway node of the 3GPP network, and the SGSN 400 processes a received packet

call that matches the CRNC 300, manages a session, and manages mobility of the UE

100.

[80] The CRNC 300 controls the Node B 200, determines whether the Node B 200 uses

an MBMS by using a sequence detected from the Node B 200, and performs an

MBMS counting process according to whether the Node B 200 uses the MBMS. In

addition, the CRNC 300 includes a storage module for storing counting information

based on the MBMS counting process.

[81] The Node B 200 is connected with the UE 100 through a wireless link and

connected with CRNC 300 through a wired link, and provides the UE 100 with MBMS

information received through the wired link.

[82] In addition, the Node B 200 receives a random access preamble from the UE 100,

and detects a pseudo noise (PN) sequence, a signature sequence, or a gold sequence

from the received random access preamble according to sequence information pre

determined by a network manager.

[83] The UE 100 generates a PN sequence, a signature sequence, and a gold sequence

based on information on whether to use the MBMS according to sequence information

predetermined by a network manager, generates a random access preamble by using

the gold sequence, signature sequence, and PN sequence, and transmits the random

access preamble to the Node B 200. In addition, the UE 100 receives an MBMS, which

has been transmitted from the BM-SC 600, from the Node B 200, and provides the

MBMS to a user of the UE 100.

[84] Such a wireless communication system has a great merit of efficiently performing

counting of UEs using an MBMS by using a predetermined sequence.

[85] Particularly, the counting process can be simplified by reducing complexity in

access probability management of the CRNC so that efficiency in data transmission

can be increased (by reducing signaling due to random access probability) and random

access probability calculation can be omitted.

[86] A long term evolution (LTE) wireless communication system using single carrier

frequency division multiple access (SC-FDMA) is operated in a similar way as the

WCDMA-based wireless communication system, but functions of the CRNC 300 and

the Node B 200 in the LTE wireless communication system are performed by a single

eNode B due to characteristics of the LTE wireless communication system.

[87] Such an LTE wireless communication system will be described in more detail later

with reference to FIG. 7.

[88] FIG. 3 is a detailed block diagram of a 3GPP WCDMA wireless communication

system according to a first exemplary embodiment of the present invention.



[89] As shown in FlG. 3, the 3GPP WCDMA wireless communication system according

to the first exemplary embodiment of the present invention includes a user equipment

(UE) 100 including a control module 110, a random access preamble generation

module 120, and a transmission module 130.

[90] The control module 110 receives and stores sequence setting information for a

sequence to be used in generation of a preamble from a network manager, and provides

the stored sequence setting information to the random access preamble generation

module 120. In this case, the stored sequence setting information is the same as the

sequence setting information stored in the Node B 200 of FIG. 2, and can be modified

by the network manager. However, when modifying the sequence setting information

stored in the control module 110, the sequence setting information that the Node B 200

uses for preamble detection must also be modified.

[91] In addition, the control module 110 provides information on whether to use an

MBMS, included in a request received from a user to the random access preamble

generation module 120.

[92] The random access preamble generation module 120 generates a random access

preamble to be transmitted during initial access according to a control of the control

module 110, and includes a gold sequence generator 122, a signature sequence

generator 124, a pseudo noise (PN) sequence generator 126, and a preamble generator

128.

[93] The gold sequence generator 122 receives information on whether to use the

MBMS from the control module 110, and provides a first gold sequence among gold

sequences to the preamble generator 128 when the MBMS is used. In addition, when

the MBMS is not used, the gold sequence generator 122 provides a second gold

sequence to the preamble generator 128. In this case, it is assumed that the first

sequence dedicated to the MBMS and the second sequence dedicated to a non-MBMS

are predetermined on the basis of the sequence setting information received from the

control module 110.

[94] In addition, the gold sequence generator 122 provides a default gold sequence to the

preamble generator 128 according to the control of the control module 110.

[95] The signature sequence generator 124 receives information on the use of the

MBMS from the control module 110, and provides a first signature sequence to the

preamble generator 128 when the MBMS is used. In addition, when the MBMS is not

used, the signature sequence generator 124 provides a second signature sequence to the

preamble generator 128. In this case, it is assumed that the first signature sequence

dedicated to an MBMS and the second signature sequence dedicated to a non-MBMS

are predetermined on the basis of the sequence setting information received from the

control module 110.



[96] In addition, the signature sequence generator 124 provides a default signature

sequence to the preamble generator 128 according to the control of the control module

110.

[97] For example, when the signature sequence generator 124 generates sequences by

using a Hadamard sequence H32, sequences H O to H20 are predetermined to be used

for a non-MBMS and sequences H20 to H32 are predetermined to be used for an

MBMS.

[98] The PN sequence generator 126 may generate a plurality of PN sequences, and

includes a cell identifier for identifying a UE included in a cell managed by the Node B

200 when generating a PN sequence.

[99] When using one PN sequence, the PN sequence generator 126 receives information

on whether to use an MBMS from the control module 110, and provides a first PN

sequence to the preamble generator 128 when using the MBMS.

[100] When the MBMS is not used, the PN sequence generator 126 provides a second PN

sequence to the preamble generator 128. That is, since a random access preamble is

144 bits, the first bit to N-th bit are used for the MBMS and the (N+l)-th bit to 144-th

bit are used for a non-MBMS. In this case, it is assumed that N is predetermined on the

basis of the sequence setting information received from the control module 110.

[101] When the plurality of PN sequences are used, one PN sequence can be dedicated to

both an MBMS and a non-MBMS or different PN sequences can be dedicated to the

MBMS and the non-MBMS, respectively.

[102] In general, two PN sequences are respectively used for an MBMS and a non-

MBMS, but when one PN sequence is used for both the MBMS and non-MBMS, it can

be obtained by Math Figure 8.

[103] MathFigure 8

V 1 _2*r
l
1
,
0
96*CGN+k%96 )

I

[104] Where, i=0, 1, 2,...,191, CN and CGN denote cell identifiers indicating different

cells respectively, and RACN=O, 1, 2, 3,..., 7 (for MBMS, RACN=O, 1, 2, 3, 4, and for

non-MBMS, RACN=5, 6, 7).

[105] Herein,

may be represented as a polynomial having an initial value of S as given in Math

Figure 9, and may be represented as a polynomial having an initial value of S as given

in Math Figure 10.



[106] MathFϊ gure 9

X o + 3 + 1
[107] MathFigure 10

X 1 + X 3 + 1
[108] The preamble generator 128 generates a first preamble by multiplying a gold

sequence received from the gold sequence generator 122 and a default signature

sequence received from the signature sequence generator 124. Herein, the gold

sequence is generated in accordance with whether to use the MBMS on the basis of the

sequence setting information received from the control module 110.

[109] In addition, the preamble generator 128 generates a second preamble by multiplying

a signature sequence received from the signature sequence generator 124 and the

default gold sequence received from the gold sequence generator 122. Herein, the

signature sequence is generated in accordance with whether to use the MBMS on the

basis of the sequence setting information.

[110] The preamble generator 128 generates a third preamble by using a PN sequence

received from the PN sequence generator 126 on the basis of the sequence setting in

formation.

[Ill] The first preamble or the second preamble generated by the preamble generator 128

can be generated by a product of a gold sequence and a signature sequence as given in

Math Figure 11.

[112] MathFigure 11

[113] Where Q(i) denotes a preamble, GNi denotes a gold sequence, Ci denotes a

signature sequence, and i denotes 0, 1, 2, 3,..., n-1 (n is a natural number).

[114] In this case, i denotes a chip unit in a code division multiple access (CDMA)

system.

[115] As described, the preamble generator 128 generates a random access preamble by

using a gold sequence and a signature sequence on the basis of predetermined

sequence setting information, and accordingly, one of the gold sequence and the

signature sequence can be dedicated to the MBMS.

[116] In addition, the preamble generator 128 generates a random access preamble by

using a PN sequence.



[117] The transmission module 130 includes a wireless communication interface and

communicates with the Node B 200 of FlG. 2, and provides the preamble received

from the random access generation module 120 to the Node B 200 through the wireless

communication interface. In this case, the transmission module 130 uses a WCDMA

for data communication with the Node B 200.

[118] The present invention has been described in connection with a UE that generates a

random access preamble. Hereinafter, a CRNC performing a counting process

according to use of an MBMS by using a random access preamble transmitted from a

UE will be described. In this case, the CRNC receives a preamble from the Node B so

as to control the counting process.

[119] FIG. 4 is a detailed block diagram of a Node B of the 3GPP wireless com

munication system according to the first exemplary embodiment of the present

invention.

[120] Herein, the 3GPP wireless communication system indicates a WCDMA-based

wireless communication system.

[121] As shown in FIG. 4, the Node B 200 according to the first exemplary embodiment

of the present invention includes a communication module 210, a random access

detection module 220, a control module 230, and a storage module 240. The Node B

200 receives the random access preamble from the UE 100 of FIG. 2, detects a

sequence that has been used in generation of the preamble, and provides the detected

sequence to the CRNC 300.

[122] The communication module 210 includes a wired interface and a wireless interface,

and is connected to the CRNC 300 through a wired link and wirelessly connected with

the UE 100 through the wireless interface.

[123] In addition, the communication module 210 receives the random access preamble

that the UE 100 has wirelessly received, and provides the received random access

preamble to the random access detection module 220.

[124] The random access detection module 220 includes a gold sequence detector 222, a

signature sequence detector 224, and a PN sequence detector 226, and receives the

random access preamble transmitted from the UE 100, detects a sequence that has been

used by the UE 100 according to a control of the control module 230, and provides the

detected sequence to the control module 230.

[125] The gold sequence detector 222 detects a gold sequence from the random access

preamble transmitted from the UE 100, and provides the detected gold sequence to the

control module 230.

[126] The signature sequence detector 224 detects a signature sequence from the random

access preamble transmitted from the UE 100, and provides the detected signature

sequence to the control module 230.



[127] The PN sequence detector 226 detects a PN sequence from the random access

preamble transmitted from the UE 100, and provides the detected PN sequence to the

control module 230.

[128] Herein, the gold sequence detector 222, the signature sequence detector 224, and

the PN sequence detector 226 are controlled in accordance with sequence setting in

formation predetermined between the UE 100 and the Node B 200.

[129] The control module 230 controls the random access detection module 220 based on

the predetermined sequence setting information, receives sequence information

according to sequence detection from the random access detection module 220, and

provides the received sequence information to the CRNC 300.

[130] Since the Node B receives a random access preamble from the UE, detects a

sequence included in the preamble, and provides the detected sequence to the CRNC,

counting UEs using an MBMS can be efficiently performed.

[131] FIG. 5 is a dataflow of an MBMS counting process for counting UEs using an

MBMS in the case that a preamble transmitted from a UE is generated by using a

signature sequence in the 3GPP wireless communication system according to the first

exemplary embodiment of the present invention.

[132] As shown in FIG. 5, in the case that the preamble is generated by using the

signature sequence, it is assumed that the MBMS counting process is set to use a

signature sequence between the UE 100 and the CRNC 300 by the network manager in

the 3GPP wireless communication system according to the first exemplary

embodiment of the present invention.

[133] When the UE 100 is operated in step SlOO, the UE 100 receives a request for an

MBMS from a user.

[134] The UE 100 determines whether a request to use the MBMS is received from a user

in step S102. Upon arrival of a request, the UE 100 generates a first signature sequence

based on predetermined sequence setting information, in step S104. In this case, the

first signature sequence is dedicated to the MBMS.

[135] When the UE 100 does not receive a request in step S102, the UE 100 generates a

second signature sequence based on the predetermined setting information, in step

S108. In this case, the second signature sequence is dedicated to a non-MBMS.

[136] The UE 100 generates a random access preamble by using the first signature

sequence or the second signature sequence in steps S106 and SIlO, and transmits the

generated random access preamble to the Node B 200, in step Sl 12.

[137] The Node B 200 receives the random access preamble from the UE 100 in step

Sl 14, and detects a signature signal from the received random access preamble in step

Sl 16. In addition, the detected signature sequence is transmitted to the CRNC 300, in

step S117.



[138] The CRNC 300 determines whether the detected sequence is dedicated to the

MBMS based on the predetermined sequence setting information, in step Sl 18.

[139] When it is determined in step Sl 18 that the detected sequence is dedicated to the

MBMS, the CRNC 300 performs a first MBMS counting process for counting UEs

using the MBMS and stores the counting information, in steps S120 and S124.

[140] When it is determined in step Sl 18 that the detected sequence is dedicated to the

non-MBMS, the CRCN 300 performs a second MBMS counting process for counting

UE using the non-MBMS and stores counting information, in steps S122 and S124.

[141] The 3GPP WCDMA wireless communication system may generate a random

access preamble by using a gold sequence between the UE 100 and the CRNC 300

based on the sequence setting information predetermined by the network manager and

efficiently perform the MBMS counting process. Herein, the gold sequence indicates

information on whether to use an MBMS. In more detail, the preamble is changed into

a gold sequence and this is well known to a person of ordinary skill in the art, and

therefore, a further description related thereto will be omitted.

[142] FIG. 6 is a dataflow of a process for counting UEs using an MBMS when the

preamble transmitted from a UE is generated by using a PN sequence in the 3GPP

wireless communication system according to the first exemplary embodiment of the

present invention.

[143] As shown in FIG. 6, when the preamble transmitted from the UE is generated by

using the PN sequence, it is assumed that an MBMS counting process for counting

UEs using an MBMS is set to use a PN sequence between the UE 100 and the CRNC

300 in the WCDMA system by the network manager.

[144] When the UE 100 is operated in step S200, the UE 100 receives a request for an

MBMS from a user.

[145] The UE 100 determines whether an MBMS request is received from the user in step

S202, and generates a first PN sequence based on predetermined sequence setting in

formation upon arrival of a request in step S204. In this case, the first PN sequence is

dedicated to the MBMS.

[146] When the UE 100 does not receive a request in step S202, the UE 100 generates a

second PN sequence based on the predetermined sequence setting information in step

S208. In this case, the second PN sequence is dedicated to a non-MBMS.

[147] Herein, the first PN sequence and the second PN sequence generated by the UE 100

include a cell identifier for identifying a UE 100 included in a cell managed by the

Node B 200 of FIG. 2.

[148] The UE 100 generates a random access preamble by using the first PN sequence or

the second PN sequence in steps S206 and S210, and transmits the random access

preamble to the Node B 200 in step S212.



[149] The Node B 200 receives the random access preamble transmitted from the UE 100

in step S214, and detects a PN sequence from the received random access preamble in

step S216. In addition, the Node B 200 transmits the detected sequence to the CRNC

300, in step S217.

[150] The CRNC 300 determines whether the sequence received from the Node B 200 is

dedicated to the MBMS by using the predetermined sequence setting information, in

step S218.

[151] When it is determined in step S218 that the sequence is dedicated to the MBMS, the

CRNC 300 performs a first MBMS counting process for counting UEs using the

MBMS and stores the counting information in steps S220 and 224.

[152] When it is determined in step S218 that the sequence is dedicated to a non-MBMS,

the CRCN 300 performs a second MBMS counting process for counting UEs using the

non-MBMS and stores the counting information in steps S222 and 224.

[153] An apparatus for counting UEs that use an MBMS based on a random access

preamble in a 3GPP LTE wireless communication system according to a second

exemplary embodiment of the present invention, and a method thereof, will now be

described in more detail.

[154] FIG. 7 is a block diagram of the 3GPP wireless communication system according to

the second exemplary embodiment of the present invention.

[155] As shown in FIG. 7, the 3GPP wireless communication system according to the

second exemplary embodiment of the present invention is provided as an LTE wireless

communication system using a SC-FDMA.

[156] The LTE wireless communication system includes a BM-SC 740, a GGSN 730, a

SGSN 720, and an eNode B 710, and the GGSN 730, the SGSN 720, the eNode B 710,

and the center 740 are connected to each other through a wired link.

[157] In addition, a UE 700 accesses the eNode B 710 through a wireless link and

receives MBMS data from the BM-SC 740. In this case, the UE 700 and the eNode B

710 communicate data by using the SC-FDMA.

[158] The BM-SC 740 is a center providing an MBMS to the UE 700.

[159] The GGSN 730 manages a plurality of SGSNs 720, manages sessions of packets

received from the plurality of SGSNs 720, and manages mobility of the UE 700 as a

gateway node of the 3GPP network, and the SGSN 720 processes a received packet

call that matches the eNode B 710, manages a session, and manages mobility of the

UE 700.

[160] The eNode B 710 is connected with the UE through a wireless link and connected

with the SGSN 720 through a wired link, and provides MBMS data transmitted

through the wired link to the UE 700.

[161] In addition, the eNode B 710 receives a random access preamble from the UE 700,



and detects a constant amplitude zero auto correlation (CAZAC) sequence and a

Hadamard sequence from the received random access preamble according to sequence

setting information predetermined by a network manager.

[162] The eNode B 710 determines whether the detected sequence is dedicated to an

MBMS, and performs an MBMS counting process according to a result of the de

termination.

[163] The UE 700 generates a CAZAC sequence and a Hadamard sequence based on

MBMS use information according to sequence setting information predetermined by a

network manager, generates a random access preamble by using the CAZAC sequence

and the Hadamard sequence, and transmits the random access preamble to the eNode B

710. In addition, the UE 700 receives MBMS data, which has been transmitted to the

eNode B 710 from the BM-SC 740, from the eNode B 710.

[164] In this case, the random access preamble transmitted from the UE 700 is generated

by a product of the CAZAC sequence or the Hadamard sequence, and information on

whether to use the MBMS is included in the CAZAC sequence or the Hadamard

sequence according to the predetermined sequence setting information. A random

access preamble P(i) generated by the UE 700 can be represented as given in Math

Figure 12.

[165] MathFigure 12

[166] Where P(i) denotes a preamble, A(i) denotes a CAZAC sequence, Hi denotes a

Hadamard sequence, and i denotes 0, 1, 2, 3,..., n-1 (n is a natural number).

[167] FIG. 8 is a detailed block diagram of a UE using an MBMS in the 3GPP wireless

communication system according to the second exemplary embodiment of the present

invention.

[168] As shown in FIG. 8, the UE 700 according to the second exemplary embodiment of

the present invention includes a control module 701, a random access preamble

generation module 702, and a transmission module 706.

[169] The control module 701 receives sequence setting information for a sequence to be

used in generation of a preamble from a network manager, stores the sequence setting

information, and provides the stored sequence setting information to the random access

preamble generation module 702. In this case, the stored sequence setting information

may be the same as the sequence setting information stored in the eNode B 710 of FIG.

7, and may be modified by the network manager. When modifying the sequence

setting information stored in the control module 701, sequence setting information that

the eNode B 710 uses when detecting a preamble must also be modified.



[170] In addition, the control module 701 provides information on whether to use the

MBMS to the random access preamble generation module 702. Herein, the information

is included in a request received from a user.

[171] The random access preamble generation module 702 includes a CAZAC sequence

generator 703, a Hadamard sequence generator 704, and a preamble generator 705, and

generates a random access preamble to be transmitted during initial access based on

the predetermined sequence setting information according to a control of the control

module 701 and transmits the random access preamble to the transmission module 706.

[172] In this case, the random access preamble generated by the random access preamble

generation module 702 is formed by a product of the CAZAC sequence or the

Hadamard sequence, and information on whether to use an MBMS is included in the

CAZAC sequence or the Hadamard sequence by the predetermined sequence setting

information.

[173] The CAZAC sequence generator 703 receives information on whether to use the

MBMS from the control module 701, and when the MBMS is used, the CAZAC

sequence generator 703 provides a first CAZAC sequence to the preamble generator

705. In addition, when the MBMS is not used, the CAZAC sequence generator 703

provides a second CAZAC sequence to the random access preamble generator 705.

Herein, it is assumed that the first CAZAC sequence is dedicated to the MBMS and the

second CAZAC sequence is dedicated to a non-MBMS based on the sequence setting

information received from the control module 701.

[174] In addition, the CAZAC sequence generator 703 provides a default CAZAC

sequence to the random access preamble generator 705.

[175] The Hadamard sequence generator 705 receives information on whether to use the

MBMS from the control module 701, and when the MBMS is used, the Hadamard

sequence generator 704 provides a first Hadamard sequence to the random access

preamble generator 705. When the MBMS is not used, the Hadamard sequence

generator 705 provides a second Hadamard sequence to the random access preamble

generator 705. Herein, it is assumed that the first Hadamard sequence is dedicated to

the MBMS and the second Hadamard sequence is dedicated to a non-MBMS.

[176] The Hadamard sequence generator 704 provides a default Hadamard sequence to

the random access preamble generator 705 according to a control of the control module

701.

[177] The random access preamble generator 705 generates a random access preamble by

multiplying the CAZAC sequence and the Hadamard sequence based on the sequence

setting information received from the control module 701, and transmits the random

access preamble to the transmission module 706. In this case, the random access

preamble generator 705 generates the random access preamble by using Math Figure



12.

[178] The random access preamble generated by the preamble generator 705 may be

formed by multiplying a CAZAC sequence based on the received sequence setting in

formation and the default Hadamard sequence received from the Hadamard sequence

generator 704. Herein, the CAZAC sequence is generated by the CAZAC sequence

generator 703 in accordance with whether to use the MBMS.

[179] In addition, the random access preamble generated by the preamble generator 705

may be formed by multiplying a Hadamard sequence based on whether to use the

MBMS according to the received sequence setting information and the default CAZAC

sequence received from the CAZAC sequence generator 702.

[180] The transmission module 706 includes a wireless communication interface and

communicates with the eNode B 710 of FlG. 7 through the wireless communication

interface, and provides the preamble received from the random access preamble

generation module 702 to the eNode B 710. In this case, the transmission module 706

communicates data with the eNode B 710 by using a SC-FDMA.

[181] An MBMS counting process for counting UEs using an MBMS in the 3GPP LTE

wireless communication system according to the second exemplary embodiment of the

present invention will now be described in more detail.

[182] FlG. 9 is a dataflow of an MBMS counting process for counting UEs using an

MBMS in the 3GPP wireless communication system according to the second

exemplary embodiment of the present invention.

[183] As shown in FlG. 9, it is assumed that a random access preamble used in the

MBMS counting process according to the second exemplary embodiment of the

present invention is set to be generated by using a Hadamard sequence between the UE

700 and the eNode B 710 by a network manager.

[184] When the UE 700 is operated in step S300, the UE 700 receives a request for an

MBMS from a user.

[185] The UE 70 determines whether an MBMS request is received from the user in step

S302, and generates a CAZAC sequence and a Hadamard sequence based on pre

determined sequence setting information upon arrival of a request, in step S304. In this

case, the Hadamard sequence is dedicated to an MBMS.

[186] When the UE 700 does not receive a request in step S202, the UE 700 generates a

CAZAC sequence and a Hadamard sequence based on the predetermined sequence

setting information, in step S308. In this case, the Hadamard sequence is dedicated to a

non-MBMS.

[187] Herein, the CAZAC sequence generated by the UE 700 includes a cell identifier for

identifying the UE 100 in a cell managed by the eNode B 710.

[188] The UE 700 generates a random access preamble by using the CAZAC sequence



and the Hadamard sequence in steps S306 and S310, and transmits the generated

random access preamble, in step S312.

[189] The eNode B 710 receives the random access preamble from the UE 700 in step

S314, and detects the Hadamard sequence from the received random access preamble

in step S316. In addition, the eNode B 710 determines whether the detected Hadamard

sequence is dedicated to the MBMS by using the predetermined sequence setting in

formation, in step S318.

[190] When it is determined in step S318 that the Hadamard sequence is dedicated to the

MBMS, the eNode B 710 performs a first counting in step S320 and stores the

counting information in step S324. That is, when the Hadamard sequence is dedicated

to the MBMS, the eNode B 710 updates the stored MBMS counting information.

[191] When it is determined in S318 that the Hadamard sequence is dedicated to a non-

MBMS, the eNode B 710 performs a second counting process in step S322 and stores

the counting information in step S324. That is, when the Hadamard sequence is

dedicated to the non-MBMS, eNode B 710 updates the stored non-MBMS counting in

formation.

[192] Such a counting method can minimize complexity in random access probability

management generated from the conventional MBMS counting process and un

necessary signaling for the random access probability.

[193] The above-described exemplary embodiments of the present invention may be

realized by an apparatus and a method, but may also be realized by a program that

realizes functions corresponding to configurations of the exemplary embodiments or a

recording medium that records the program. Such a realization can be easily performed

by a person skilled in the art.

[194] While this invention has been described in connection with what is presently

considered to be practical exemplary embodiments, it is to be understood that the

invention is not limited to the disclosed embodiments, but, on the contrary, is intended

to cover various modifications and equivalent arrangements included within the spirit

and scope of the appended claims.

[195]



Claims
[1] A wireless communication system that counts user equipment (UE) using a

multimedia broadcasting and multicast service (MBMS), the wireless com

munication system comprising:

a Node B connected with the UE through a radio link, receiving sequence setting

information for a sequence included in a preamble transmitted by the UE from a

network manager, receiving the preamble, and detecting a sequence dedicated to

an MBMS based on the sequence setting information; and

a controlling radio network controller (CRNC) for controlling the Node B and

performing counting of UEs using the MBMS based on the detected sequence

received from the Node B.

[2] The wireless communication system of claim 1, wherein the Node B comprises:

a communication module including a wired interface, connected to the CRNC

through a wired link, and receiving the preamble from the UE;

a detection module for detecting a first sequence from the preamble received

from the communication module based on the sequence setting information; and

a control module for providing the sequence setting information to the detection

module, receiving the first sequence from the detection module, and transmitting

the first sequence to the CRNC.

[3] The wireless communication system of claim 2, wherein the detection module

comprises:

a first sequence detector for receiving the preamble and detecting a signature

sequence from the preamble;

a second sequence detector for receiving the preamble and detecting a gold

sequence from the preamble; and

a third sequence detector for receiving the preamble and detecting a pseudo noise

(PN) sequence from the preamble.

[4] The wireless communication system of claim 2, further comprising a storage

module for storing counting information according to the counting process

performed by the CRNC.

[5] The wireless communication system of any one of claim 1 to claim 4, wherein

the sequence setting information is set equal in the UE, in the Node B, and in the

CRNC.

[6] The wireless communication system of claim 1, wherein the UE receives the

sequence setting information from a network manager and transmits the

preamble generated by using the first or second sequence based on the sequence

setting information.



[7] User equipment (UE) that communicates with a wireless communication system

counting UEs that use a multimedia broadcasting and multicast service (MBMS),

the UE comprising:

a transmission module including a wireless communication interface and com

municating with the wireless communication system;

a preamble generation module for generating a sequence including information

on a MBMS usage state based on sequence setting information, generating a

preamble based on the sequence, and transmitting the preamble to the

transmission module; and

a control module for controlling the preamble generation module, receiving in

which information on a sequence to be used in generation of the preamble is

included from the network manager, storing the sequence setting information,

and providing the sequence setting information to the preamble generation

module.

[8] The UE of claim 7, wherein the preamble generation module generates the

sequence by using at least one of a signature sequence, a gold sequence, and a

pseudo noise (PN) sequence.

[9] The UE of claim 8, wherein the preamble generation module comprises:

a first sequence generator for generating a first sequence dedicated to an MBMS

or a second sequence dedicated to a non-MBMS by using the signature sequence

according to the sequence setting information;

a second sequence generator for generating a default sequence by using the gold

sequence according to the sequence setting information; and

a preamble generator for generating the preamble by using one of the first and

second sequences generated by the first sequence generator and the default

sequence based on the sequence setting information.

[10] The UE of claim 8, wherein the preamble generation module comprises:

a first sequence generator for generating a default sequence by using the

signature sequence according to the sequence setting information;

a second sequence generator for generating a first sequence dedicated to the

MBMS and a second sequence dedicated to a non-MBMS by using the gold

sequence based on the sequence setting information; and

a preamble generator for generating the preamble by using the default sequence

and one of the first and second sequences generated by the second sequence

generator based on the sequence setting information.

[11] The UE of claim 8, wherein the preamble generation module comprises:

a third sequence generator for generating a first sequence dedicated to the

MBMS and a second sequence dedicated to a non-MBMS by using the PN



sequence according to the sequence setting information; and

a preamble generator for generating the preamble based on the first sequence or

the second sequence according to the sequence setting information.

[12] The UE of claim 7, wherein the preamble generation module generates the

sequence by using a CAZAC sequence or a Hadamard sequence.

[13] The UE of claim 12, further comprising:

a first sequence generator for generating one of a first sequence dedicated to the

MBMS and a second sequence dedicated to a non-MBMS by using the CAZAC

sequence according to the sequence setting information;

a second sequence generator for generating a default sequence by using the

Hadamard sequence according to the sequence setting information; and

a preamble generator for generating the preamble by using one of the first and

second sequences generated by the first sequence generator and the default

sequence based on the sequence setting information.

[14] The UE of claim 12, wherein the preamble generation module comprises:

a first sequence generator for generating a default sequence by using the CAZAC

sequence according to the sequence setting information;

a second sequence generator for generating one of a first sequence dedicated to

the MBMS and a second sequence dedicated to a non-MBMS by using the

Hadamard sequence based on the sequence setting information; and

a preamble generator for generating the preamble by using the default sequence

and one of the first and second sequences generated by the second sequence

generator based on the sequence setting information.

[15] A wireless communication method for counting user equipment (UE) using a

multimedia broadcasting and multicast service (MBMS), the wireless com

munication method comprising:

a) receiving a preamble from the UE;

b) detecting a sequence included in the received preamble based on sequence

setting information, wherein the sequence setting information includes in

formation that is predetermined by a network manager and includes information

on the sequence used by the UE;

c) determining whether the UE uses an MBMS based on the detected sequence;

and

d) performing a counting process for counting UEs using or not using the MBMS

according to the determination.

[16] The wireless communication method of claim 15, wherein d) comprises:

performing a first counting process for counting UEs using the MBMS when it is

determined that the UE uses the MBMS; and



performing a second counting process for counting UEs using a non-MBMS

when it is determined that the UE does not use the MBMS.

[17] The wireless communication method of claim 15 or claim 16, wherein a

sequence included in the preamble corresponds to one of a signature sequence, a

gold sequence, and a pseudo noise (PN) sequence.

[18] The wireless communication method of claim 15 or claim 16, wherein a

sequence included in the preamble is generated by a produce of a CAZAC

sequence and a Hadamard sequence.

[19] A wireless communication method of user equipment (UE) communicating with

a wireless communication system that counts UEs using a multimedia

broadcasting and multicast service (MBMS), the wireless communication

method comprising:

a) receiving a user request and determining whether an MBMS is used;

b) generating a sequence including information on a MBMS usage state based on

sequence setting information according to the determination, wherein the

sequence setting information is predetermined by a network manager and

includes information on a sequence to be used in generation of a preamble;

c) generating the preamble based on the generated sequence; and

d) transmitting the generated preamble to the wireless communication system.

[20] The wireless communication method of claim 19, wherein b) comprises:

generating a sequence dedicated to the MBMS when the MBMS is used

according to the determination; and

generating a sequence dedicated to a non-MBMS when the MBMS is not used

according to the determination.

[21] The wireless communication method of claim 20, wherein the sequence

corresponds to one of a signature sequence, a gold sequence, and a pseudo noise

(PN) sequence.

[22] The wireless communication method of claim 20, wherein the sequence is

generated by using a CAZAC sequence or a Hadamard sequence based on the

sequence setting information.

[23] A wireless communication system that counts user equipment (UE) using a

multimedia broadcasting and multicast service (MBMS), the wireless com

munication system comprising:

a first node connected with a UE through a radio link and communicating data

with the UE, receiving predetermined sequence setting information on a

sequence included in a preamble transmitted by the UE from a network manager,

detecting the sequence from the preamble based on the sequence setting in

formation, and performing a counting process for counting UEs according to



whether the UE uses the MBMS; and

a second node connected with the first node with a wired link, and processing a

call of a packet received from the first node, managing a session, and managing

mobility of the UE.

[24] The wireless communication system of claim 23, wherein the first node detects a

CAZAC sequence or a Hadamard sequence from the sequence based on the

sequence setting information.

[25] The wireless communication system of claim 23, wherein the first node performs

a counting process by determining whether the UE uses the MBMS by using the

CAZAC sequence based on the CAZAC sequence detection or the Hadamard

sequence detection, or performs a counting process by determining whether the

UE uses the MBMS by using the Hadamard sequence.
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