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Description
Title of Invention: METHOD AND APPARATUS FOR

TRANSMITTING AND RECEIVING SIGNAL IN DISTRIBUTED

ANTENNA SYSTEM

Technical Field
[1] The present invention relates generally to a wireless mobile communication system,

and more particularly, to an apparatus and method for transmitting and receiving a

signal in a Distributed Antenna System (DAS).

Background Art
[2] Generally, a cellular wireless mobile communication system is constructed by e s

tablishing a plurality of cells in a limited region. Base Station (BS) components in

charge of mobile communication in each cell are located in the center of the cellThe

BScomponents, may be an antenna for transmitting a wireless signal or a signal

processing part, and provide a mobile communication service to User Equipments

(UEs) within the cell in the center of the cell. As such, a system in which the antenna is

installed in the center of the cell is called a Centralized Antenna System (CAS), and a

general mobile communication system is an example of such a system.

[3] There also exists a Distributed Antenna System (DAS), which is different from the

CAS.

Disclosure of Invention

Technical Problem
[4] However, the conventional DAS needs a scheme capable of providing an improved

mobile communication service by evenly distributing antennas over a service coverage

area of the cell, when compared to the CAS.

Solution to Problem
[5] Accordingly, the present invention provides a method for determining an initial state

for generating a scrambling sequence of a Demodulation Reference Signal (DMRS) for

efficient communication in a DAS where antennas are disposed in a distributed manner

over a service coverage area of each BS.

[6] According to an aspect of the present invention, there is provided a method for de

termining an initial state in a DAS, the method including receiving a value through

high-level signalling and determining an initial state based on the value, which

indicates a value having a set initial state of a scrambling sequence, which differs

according to a transmission point.

[7] According to another aspect of the present invention, there is provided an apparatus



for determining an initial state in a DAS, including a receiver for receiving a value

through high-level signalling and a controller for determining an initial state based on

the value, which includes another value having a initial state of a scrambling sequence,

which differs according to a transmission point.

[8] According to another aspect of the present invention, there is provided a method for

determining an initial state in a DAS, including receiving a Scrambling Code Identi

fication (SCID) and judging based on the received SCID whether a determined initial

state is a legacy initial state or a new initial state.

[9] According to another aspect of the present invention, there is provided an apparatus

for determining an initial state in a DAS, including a receiver for receiving an SCID

and a controller for judging based on the received SCID whether a determined initial

state is a legacy initial state or a new initial state.

Brief Description of Drawings
[10] The above and other features and advantages of embodiments of the present

invention will be more apparent from the following detailed description taken in con

junction with the accompanying drawings, in which:

[11] FIG. 1 illustrates a plurality of cells in a conventional system;

[12] FIG. 2 illustrates a downlink Resource Block (RB) of a Long Term Evolution-

Advanced (LTE-A) system;

[13] FIG. 3 illustrates Resource Elements (REs) in which a 1 port Channel Status In

formation Reference Signal (CSI-RS), a 2 port CSI-RS, a 4 port CSI-RS, and an 8 port

CSI-RS are transmitted;

[14] FIG. 4 illustrates a plurality of transmission points in a DAS;

[15] FIG. 5 illustrates Downlink Control Information (DCI) transmitted via a Physical

Downlink Control CHannel (PDCCH) according to an embodiment of the present

invention;

[16] FIG. 6 illustrates an operation of a BS according to an embodiment of the present

invention;

[17] FIG. 7 illustrates an operation of a UE according to an embodiment of the present

invention; and

[18] FIG. 8 illustrates a relationship between an Enhanced-PDCCH (E-PDCCH) and a

Physical Downlink Shared Channel (PDSCH).

Mode for the Invention
[19] Hereinafter, embodiments of the present invention will be described in detail with

reference to the accompanying drawings. Well-known functions and structures will not

be described if they may unnecessarily obscure the subject matter of the present

invention. Terms used herein are defined based on functions in the present invention



and may vary according to users, operators' intention or usual practices. Therefore, the

definition of the terms should be made based on contents throughout the specification.

[20] A detailed description of the embodiments of the present invention will be made

primarily based on a wireless communication system based on Orthogonal Frequency

Division Multiplexing (OFDM), particularly, the 3rd Generation Partnership Project

(3GPP) Enhanced Universal Terrestrial Radio Access (EUTRA) standard, but the

subject matter of the present invention is applicable to to other communication systems

having similar technical backgrounds and channel forms, without largely departing

from the scope of the present invention, as will be understood by those of ordinary skill

in the art.

[21] The present invention discloses, in a mobile communication system where a plurality

of BSs are present, a method for performing interference measurement in a UE for

efficient communication in a downlink in a DAS in which antennas operated by each

BS are distributed over a service coverage area of the BS.

[22] From an early stage of providing a voice-oriented communication service, a mobile

communication system has now evolved into a high-speed and high-quality wireless

packet data communication system to provide a data and multimedia service. Recently,

various mobile communication standards such as High Speed Downlink Packet Access

(HSDPA) of the 3GPP, High Speed Uplink Packet Access (HSUPA), LTE, LTE-A,

High Rate Packet Data (HRPD) of the 3GPP2, and 802.16 of the Institution of

Electrical and Electronics Engineers (IEEE), have been developed to support a high

speed and high-quality wireless packet data transmission service. In particular, the

LTE system developed for efficiently supporting high-speed wireless packet data

transmission maximizes wireless system capacity by using various wireless connection

techniques. The LTE-A system, which evolved from the LTE system, has improved

data transmission capability when compared to the LTE system.

[23] The LTE generally refers to BS and UE components corresponding to Release 8 or 9

of the 3GPP standard organization, and LTE-A generally refers to BS and UE

components corresponding to Release 10 of the 3GPP standard organization. The

3GPP standard organization has standardized the LTE-A system and is now de

veloping a standardization of a subsequent Release having improved performance

based on the standardized LTE-A system.

[24] Existing 3rd- Generation and 4th- Generation wireless packet data communication

systems such as HSDPA, HSUPA, HRPD, LTE/LTE-A, use an Adaptive Modulation

and Coding (AMC) scheme and a channel- sensitive scheduling scheme to improve

transmission efficiency. When using the AMC scheme, a transmitter may adjust the

amount of data to be transmitted according to a channel state. That is, when a channel

state is poor, the transmitter reduces the amount of data to be transmitted to match a



reception error probability to a desired level. When a channel state is good, the

transmitter increases the amount of data to be transmitted to match a reception error

probability to a desired level and efficiently transmit much information. When using

the channel-sensitive scheduling resource management scheme, because the transmitter

selectively provides a service to a user having an excellent channel state among a

plurality of users, system capacity is increased compared to when the transmitter

provides a service after allotting a channel to a user. Such capacity increase is

commonly referred to as a multi-user diversity gain. The AMC scheme and the

channel-sensitive scheduling scheme are for receiving partial channel state information

being fed back from a receiver, and applying an appropriate modulation and coding

technique at the most efficient time.

[25] The AMC scheme, when used together with a Multiple Input Multiple Output

(MIMO) transmission scheme, may determine the number of spatial layers or ranks of

a transmission signal. The AMC scheme also determines an optimal data rate and

considers the number of layers for transmission using MIMO as well as a code rate and

a modulation scheme.

[26] Extensive research is being conducted to replace CDMA, which is the multiple

access scheme used the 2 -Generation and 3 -Generation mobile communication

systems, with OFDMA in the next generation mobile communication system. 3GPP

and 3GPP2 have started standardization work on evolved systems based on OFDMA.

It is expected that OFDMA, compared to CDMA, will increase capacity, because

frequency domain scheduling can be performed on a frequency axis. While capacity

gain can be obtained from the time-varying channel characteristic using the channel-

sensitive scheduling method, more capacity gain can be obtained using the frequency-

varying channel characteristic.

[27] Generally, a mobile communication network composed of a plurality of cells is e s

tablished to expand a system capacity in a mobile communication system. The size of

each cell is determined according to a transmission power of the cell.

[28] FIG. 1 illustrates a plurality of cells disposed in a conventional system.

[29] In FIG. 1, a transmission point 100 which performs transmission with high transmit

power forms a cell having a large area, and 110, 120, 130, and 140 which perform

transmission with low transmit power form cells having small areas in the cell region

of 100. In FIG. 1, transmission points 100, 110, 120, 130, and 140 transmit and receive

wireless signals by using a single antenna or a plurality of antennas in their locations,

thereby providing a mobile communication service to UEs in their respective cells. A

transmission point 150 which performs transmission with high transmit power forms

another cell having a large area, and 160, 170, 180, and 190 which perform

transmission with low transmit power form cells having small areas in the cell region



of 150. The 10 cells formed by transmission points 100, 110 120, 130, 140, 150, 160,

170, 180, and 190, respectively, have unique cell IDs. The cell ID is a value allocated

to each cell to allow a UE to identify the cell, and 500 or more cell IDs are supported

in an LTE/LTE-A system.

[30] In FIG. 1, signals transmitted by respective cells may be transmitted differently using

corresponding cell IDs. In particular, with respect to a Demodulation Reference Signal

(DMRS) for a PDSCH of a downlink used for a UE to perform channel estimation in

an LTE-A system, a scrambling sequence applied for randomization of the signal is

applied differently according to a cell ID. The DMRS for the PDSCH (or a PDSCH

DMRS) is a reference signal transmitted by an eNB to a UE to enable channel e s

timation for performing channel reconstruction for the PDSCH.

[31] In the LTE-A system, a signal is transmitted using an OFDMA scheme. A bandwidth

for signal transmission in the LTE-A system is divided into a plurality of Resource

Blocks (RBs), and a UE may receive a traffic signal through one or more RBs. FIG. 2

illustrates downlink RBs of the LTE-A system. One RB is composed of 12 subcarriers

in a frequency domain, and is composed of 14 OFDM symbols on a time axis. A

frequency and time resource in a minimum unit which may carry data in one RB is

referred to as a Resource Element (RE), and the RB is composed of 168 (12 subcarriers

x 14 OFDM symbols) REs.

[32] Signals performing different functions are transmitted in one RB, as well as a Cell-

specific Reference Signal (CRS), a Demodulation Reference Signal (DMRS), a

Physical Downlink Shared Channel (PDSCH), and control channels, as shown in FIG.

2. In addition, a Channel Status Information Reference Signal (CSI-RS) may be

transmitted in positions 200 -219 of FIG. 2. The CSI-RS may be transmitted in one or

more of the positions 200-219, and the PDSCH is not transmitted in positions in which

the CSI-RS is transmitted, but the PDSCH may be transmitted instead in positions that

are not set for the CSI-RS among the positions 200-219.

[33] FIG. 3 illustrates Resource Elements (REs) in which a 1 port Channel Status In

formation Reference Signal (CSI-RS), a 2 port CSI-RS, a 4 port CSI-RS, and an 8 port

CSI-RS are transmitted. It can be seen from FIG. 3 that a 1 port CSI-RS and a 2 port

CSI-RS have sub-pattern characteristics in which transmission positions thereof are

included in a transmission position of a 4 port CSI-RS. The 4 port CSI-RS has a sub-

pattern characteristic in which the transmission position thereof is included in a

transmission position of an 8 port CSI-RS. For example, a transmission position 320 in

which one 4 port CSI-RS can be transmitted is included in a transmission position 330

in which one 8 port CSI-RS can be transmitted.

[34] When a plurality of cells having different cell IDs exist as shown in FIG. 1, different

scrambling is applied to PDSCH DMRSs of FIG. 2 according to cell IDs. By applying



different scrambling, interference generated between PDSCH DMRSs transmitted

from the different cells is effectively randomized, thus improving channel estimation

performance. More specifically, scrambling sequences applied to respective cells are

generated using an initial state given by Equation (1), in which:

[35] MathFigure 1

[Math.l]

Generally, a scrambling sequence is generated according to a generator polynomial,

and a value thereof varies according to an initial state that is set in generation of the

scrambling sequence. In Equation (1),

represents a cell ID and has a variable value according to the cell ID. Therefore, cells

having different cell IDs have different initial states, such that the PDSCH DMRSs

may be scrambled by different scrambling sequences.

[37] The function of performing scrambling in different cells in the LTE-A system as

described above has a limitation in randomization of interference when a DAS, which

is an advanced mobile communication system, is established. This is because in the

DAS, similar to conventional systems, transmitters and receivers are disposed in dis

tributed points to provide a mobile communication service, but a unique cell ID is not

owned in each transmission point and instead, one cell ID is shared by a plurality of

transmission points.

[38] FIG. 4 illustrates the plurality of transmission points forming the DAS. In FIG. 4, a

transmission point 400 which performs transmission with high transmit power and

transmission points 410, 420, 430, and 440 which perform transmission with low

transmit power all share one cell ID. As such, with respect to the DAS where one cell

ID is shared by the plurality of transmission points, allocation of wireless resources of

the plurality of transmission points to one UE can be efficiently performed when

compared to the conventional mobile communication as shown in FIG. 1.

[39] With respect to the DAS as shown in FIG. 4, the plurality of transmission points

share one cell ID, such that when PDSCH DMRS scrambling defined in the current

LTE-A system is used, all transmission points use a scrambling sequence generated

based on the same initial state, failing to achieve effective interference randomization.

That is, in FIG. 4, PDSCH DMRSs transmitted by transmission points for which cell



IDs are set to 0 may mutually obtain effective interference randomization effects with

PDSCH DMRSs transmitted by transmission points whose cell IDs are set to 1, but the

same effect cannot be obtained between transmission points having the same cell ID.

[40] Therefore, the present invention discloses a method for properly allocating an initial

state necessary for generation of a scrambling sequence of a PDSCH DMRS to achieve

effective interference randomization in a DAS where there are a plurality of

transmission points sharing the same cell ID.

[41] As mentioned previously, a conventional technique of a DAS, for a PDSCH DMRS

transmitted in a downlink, an initial state of a scrambling sequence is determined

according to a cell ID, such that interference randomization effects cannot be obtained

between transmission points having the same cell ID. To solve this problem, it is

necessary to set an initial state of a different scrambling sequence for a different

transmission point in the same cell. In the present invention, some important conditions

for applying a new initial state of the scrambling sequence will be provided, as follows.

[42] Condition 1: in a DAS, each transmission point has to be capable of using a

scrambling sequence based on a new initial state.

[43] Condition 2 : in a DAS, each transmission point has to be capable of using a

scrambling sequence based on a legacy initial state as well as a new initial state.

[44] Condition 3 : according to a determination of a network, dynamic change has to be

possible between a legacy initial state and a new initial state.

[45] Condition 1 is necessary for effectively performing interference randomization in

transmission to UEs supporting the DAS. Condition 2 is necessary for Multi-User

MIMO (MU-MIMO), which performs transmission in the same time and frequency

resource to a UE that does not support the DAS and a UE that supports the DAS. A

legacy UE that does not support the DAS cannot support a scrambling sequence based

on a new initial state disclosed in the present invention. To simultaneously perform

MU-MIMO transmission to the legacy UE and the UE supporting the new initial state

in the same time and frequency resource by using multiple antennas, a PDSCH DMRS

has to be transmitted using a scrambling sequence based on a legacy initial state, even

if interference randomization is not successfully achieved.

[46] Condition 3 is important because transmission may be performed for a UE that

supports the DAS, or transmission may be performed for both the UE supporting the

DAS and a UE supporting only a conventional technique in each transmission point

according to a scheduler's determination. That is, in a particular time period, a DMRS

is scrambled using a scrambling sequence based on a new initial state when

transmission is made to a UE supporting the scrambling sequence based on the new

initial state. However, in another time period, a PDSCH DMRS is scrambled using a

scrambling sequence based on a legacy initial state for a legacy UE which does not



support the DAS. Similar to when each transmission point supports a scrambling

sequence based on a legacy initial state and a scrambling sequence based on a new

initial state, the UE supporting the DAS has to support both of the two scrambling

sequences.

[47] To exploit the scrambling sequence based on the new initial state, the initial state

needs to be determined in a manner shared between the UE and the eNB. In the present

invention, as a method for determining a new initial state, a plurality of methods ap

plicable to the LTE-A system will be disclosed below. Hereinafter, Methods 1 through

6 for determining a new initial state for aPDSCH DMRS will be disclosed.

[48] Method 1: Method for Determining Initial State According to Position of CSI-

RS Port 15 and Number of CSI-RS Ports

[49] A CSI-RS is a reference signal used for a UE to measure a channel of a downlink in

the LTE-A. In the LTE-A system, the CSI-RS corresponds to ports 15 through 22.

Table 1 shows a position of a CSI-RS port 15 and the number of CSI-RS ports which

are possible in the LTE-A system. That is, Table 1 shows a position of the CSI-RS port

15 with respect to the number of CSI-RS ports of a normal cyclic prefix subframe of

the LTE-A system.

[50] Table 1



[Table I]

It can be deduced from Table 1 that when the CSI-RS has 1, 2, 4, and 8 as the

number of ports, 20, 20, 10, and 5 port 15 positions are possible, respectively.

Generally, transmission points located in a short range transmit the CSI-RS in different

positions, in order to avoid interference. As such, by using a feature that the CSI-RS of

different positions is set in the transmission points in a short range, the initial state of



the scrambling sequence for the PDSCH DMRS in the DAS can be determined

Equations (2)-(5), as follows.

MathFigure 2

[Math.2]

When a 1 port CSI-RS is set:

C init = j +1) 2N + i)- 2 i6 + nSCID + 2 N i (i = 0, 19)

[53] MathFigure 3

[Math.3]

When a 2 port CSI-RS is set:

/2j + l)-(2iV- + l)- 2 1 + n + 2 i (/ = 0 19)

[54] MathFigure 4

[Math.4]

When a 4 port CSI-RS is set:

,„ =( /2j+ l)- (22V- +l)- 2 + »„, + 2 M » · ( = 0,...,9)

[55] MathFigure 5

[Math.5]

When a 8 port CSI-RS is set:

= J+ ( ' + ) 1 + + 14 ί (' = 4

[56] wherein the 1 port CSI-RS and the 2 port CSI-RS have the same number of CSI-RS

ports. In this case, the same initial state is set, instead of separate initial states.

[57] Another method for determining a new initial state according to the position of the

CSI-RS port 15 and the number of CSI-RS ports is to use Equation (6) given below.

[58] MathFigure 6

[Math.6]

CM (2N + l)-2 16 + ns l + 2 N - i

[59] wherein has a value provided as in Table 2 according to the number of CSI-RS

ports. Table 2 shows according to the number of CSI-RS ports in Equation (6).



Table 2

[Table 2]

[61] A method for setting an initial state of a new scrambling sequence for a PDSCH

DMRS based on Equation (6) is to determine an initial state by comprehensively con

sidering the possible number and positions of CSI-RS ports. This method, when

compared to Equations (2)-(5), is advantageous in that fewer bits of an initial state are

changed. The method for determining an initial state for a PDSCH DMRS based on

Equation (6) may also set the same initial state, rather than separate initial states, for

the 1 port CSI-RS and the 2 port CSI-RS, as in Equations (2)-(5).

[62] Method 2 : Method for Determining Initial State According to Position of CSI-

RS Port 15

[63] According to a position of a CSI-RS port 15, an initial state of a new scrambling

sequence for a PDSCH DMRS may be determined in Equation (7), as follows:

[64] MathFigure 7

[Math.7]

i = ( j + ) (2 + 1 + n + 2» (i 0,..., 19)

[65] wherein the value may be determined according to a position of a CSI-RS port 15

possible in the LTE-A system as shown in Table 3.

[66]

[67] Table 3



[Table 3]





[68] Method 3 : Method for Determining Initial State According to 8 Port CSI-RS

Pattern Including Transmission CSI-RS Pattern

[69] In the LTE-A system, all of 1 port CSI-RS, 2 port CSI-RS, and 4 port CSI-RS are

sub-patterns of an 8 port CSI-RS, as shown in FIG. 3. That is, transmission positions of

1 port CSI-RS, 2 port CSI-RS, and 4 port CSI-RS are included in a transmission

position of a particular 8 port CSI-RS. By using this feature, an initial state of a new

scrambling sequence for a PDSCH DMRS may be determined based on a sub-pattern

of which the corresponding CSI-RS is the 8 port CSI-RS. Table 4 shows an value

according to in which 8 port CSI-RS the corresponding CSI-RS is included, and which

is based on the following Equation (8).

[70] MathFigure 8

[Math. 8]

= ( /2j+ 1). (2JV- + 1)· 2" + n +2" i ( = 0,..., 4)

[71] Table 4



[Table 4]

[72 When an initial state of a new scrambling sequence for a PDSCH D RS is de¬

termined according to Equation (8) an Table 4, all CSI-RSs included in the same 8

port CSI-RS have the same initial state.

[73] Method : Method for Determining Initial State According to Relative Position

in 8 Port CSI-RS Pattern Including Transmission CSI-RS Pattern

[74] As shown in FIG. 3, a CSI-RS of the LTE-A system is designed to have a specific

rule. For example, the transmission position 300 of FIG. 3 for transmission of a 2 port

CSI-RS and the transmission position 304 of FIG. 3 for transmission of another 2 port

CSI-RS have the same relative position with respect to 8 port CSI-RSs including the

respective 2 port CSI-RSs. That is, the relative position of the transmission position

300 of FIG. with respect to the transmission position 330 of the 8 port CSI-RS and



the relative position of the transmission position 304 of FIG. 3 with respect to the

transmission position 331 of the 8 port CSI-RS are the same. An initial state of a new

scrambling sequence for a PDSCH DMRS may be determined using the relative

position with respect to an 8 port CSI-RS, as shown below In Table 5, which shows the

value with respect to a relative transmission position in a port CSI-RS transmission

position, and is based on the following Equation (9).

MathFigure 9

[Math.9]

[76] Table 5



[Table 5]

[77] In the foregoing method, the value is set also considering the number of CSI-RS

ports. An initial state of a new scrambling sequence for a PDSCH DMRS ma also be

determined considering only a relative position of a CSI-RS port 15, as shown below

in Table 6, which shows the i value according to a relative transmission position of a

port 5 in a port CSI-RS transmission position, and is based on the following Equation

(10).

[78] MathFigure 10



[Math. 10]

c ini, = ( + 1)· 2N +1). 216 + n SCID + 2N i ( = 0,..., 3)

[79] The

cellN ID

represents a Physical layer cell identity, the

nSCID

represents the number of Scrambling Code Identification, the value is set the

number of CSI-RS ports,

n .

represents Slot number within a radio frame.

Table 6



[Table 6]

[81] When an initial state of a scrambling sequence for a PDSCH DMRS according to

CSI-RS configuration is determined as in Methods 1-4, if a plurality of CSI-RSs are

set, the determination can be made according to a plurality of initial states.

[82] Method 5 : Method for Determining Initial State According to High-Level

S g a g

[83] In Methods 1-4, a new initial state of a scrambling sequence for a PDSCH DMRS is

set according to setting of a CSI-RS. Such methods achieve the goal without additional

signaling between an eNB and a UE, but are executed according to a rule and thus are

difficult to optimize according to circumstances. To overcome such a drawback, the

eMB may notify the UE of which initial state will be used, through separate high-level



signaling. In this case, the eNB may notify the UE of all or a portion of information

corresponding to an initial state. Generally, since a portion of the initial state is

previously determined, a value may be used without an additional notification and only

the remaining portion may be notified to the UE by the eNB. For example, let a new

initial state of a scrambling sequence for a PDSCH DMRS be determined as provided

in Equation (11) below.

[84] MathFigure 11

[Math. 11]

« = ", j + ) 2 + )-2 +¾ + ( ί = 0 Λ -1)

[85] wherein

(L /2j+l)-(2 - +l)- 2, +«

may be determined by a separate process. Consequently, the eNB may notify the UE

of only

in Equation ( 11) for initial state determination using high-level signaling disclosed in

the present invention. As in Equation (11), when

is in a range of 0 to K-l, then the initial state may be information which can be

expressed by a total of

bits.

[86] An initial state may be determined using Equation (12) as well as Equation ( 11) of

Method 5.

[87] MathFigure 12

[Math. 12]

C = /2j + 1)· (2X + ) · +n
SC

+ 2 ( = 0,..., K - \)

[88] It can be seen that in Equation (12), when compared to Equation (11),



ID

is substituted by

X

. In Equation (12),

X

has an information amount of 9 bits and is notified to a UE using high-level signaling.

In the legacy LTE/LTE-A system,

cell
ID

of an initial state for a DMRS is a value determined by the UE that receives a synchro

nization channel for a Primary Synchronization Signal (PSS) and a Secondary Syn

chronization Signal (SSS) without separate high-level signaling. Equation (12)

disclosed in the present invention determines an initial state based on

X

and notified by the eNB to the UE through high-level signaling, instead of

cell
ID

determined using the PSS and the SSS. When using this method, selection from among

more initial states than in Equation ( 11) is possible.

[89] In addition to the method for determining an initial state based on X and as in

Equation (12), the initial state may also be determined using only X . This is the same

as when is fixed to '0' at all times. This method allows reuse of initial states for a

DMRS defined in the legacy LTE/LTE-A, reducing implementation complexity. In this

manner, when an initial state is determined using only X , the eNB notifies the UE of

which initial state is to be used through high-level signaling with X .

[90] Method 6 : Method for Determining Initial State According to RNTI of UE

[91] Method 5 determines a new initial state by using separate high-level signaling. When

using Method 5, additional overhead is inevitable due to high-level signaling. One way

to avoid the overhead is determining an initial state by using a Radio Network

Temporary Identifier (RNTI) owned by each UE. The RNTI is used to identify a UE,

and is transmitted in a network when the UE is connected to the LTE/LTE-A system,



regardless of whether the UE performs Coordinated Multipoint Transmission (CoMP)

transmission and reception. By using a basically provided RNTI, additional high-level

signaling as in Method 5 is not necessary. To determine a new initial state by using an

RNTI, the following Equation (13) or Equation (14) may be used.

[92] MathFigure 13

[Math. 13]

CM, = ( / 2j + 1)· (2 + 1). + ns + 2 RNTI

[93] MathFigure 14

[Math. 14]

C (L»./2j + l ) -(2V- + l) 2 + n
I

+ 2" R TI G

[94] In Equation (14), G is an integer greater than 1.

[95] Methods 1-6 are for determining an initial state of a new scrambling sequence for a

PDSCH DMRS. As mentioned previously, there are several conditions to be satisfied

when a PDSCH DMRS is scrambled for each transmission point in a DAS. Methods

1-5 determine a new initial state that satisfies Condition 1. In addition, scrambling of a

PDSCH DMRS needs to use a scrambling sequence generated by a legacy initial state

and a scrambling sequence generated by a new initial state determined by Methods 1-6

properly according to circumstances. That is, the legacy initial state and the new initial

state need to vary with scheduling determination for each subframe.

[96] For this function, the present invention discloses a method for notifying which initial

state is used to scramble a DMRS via a PDCCH of the LTE system. To this end, in

formation 'CoMP Scrambling Index' is newly added to the PDCCH and is transmitted

for notification each time the eNB allocates a downlink radio resource to the UE. The

information 'CoMP Scrambling Index' may be transmitted via the PDCCH, but it may

also be notified in the same manner by using an Enhanced PDCCH (E-PDCCH), which

is an improved channel of the PDCCH.

[97] Table 7 relates to a first embodiment for notifying which initial state is to be used to

scramble a PDSCH DMRS via a PDCCH.

[98] Table 7



[Table 7]

[99] Table 7 shows a plurality of new initial states, since cooperative transmission using a

plurality of transmission points is possible in a DAS. When cooperative transmission is

used, according to a determination of a central controller, for every subframe, the UE

may receive downlink transmission in any one of the plurality of transmission points

and may receive downlink transmission in the plurality of transmission points

according to circumstances.

[ 00] In Table 7, legacy and new initial states may have the same cell ID, but may also

have different cell IDs to allow cooperative transmission between transmission points

having the same cell ID and transmission points of neighboring cells in the DAS.

[101] In Table 7, new initial states are determined using one of Methods 1-6 disclosed in

the present invention, prior to notification via a PDCCH. In Methods 1-4, an initial

state is determined according to a CSI-RS set to the UE, and in Method 5, an initial

State is determined by separate high-level signaling. In Method 6, an initial state is de¬

termined by an RNTI of the UE.

[ 02] Table 8 relates to a second embodiment for notifying which initial state is to be used

to scramble a PDSCH DMRS via a PDCCH.

[103] Table 8



[Table 8j

[104] In Table 8, there are a plurality of legacy initial states and a plurality of new initial

states. Since cooperative transmission using a plurality of transmission points is

possible in a DAS, the plurality of new initial states exists, as well as to allow co¬

operative transmission between neighboring cells that are not established in a dis¬

tributed antenna form. In Table 7 and Table 8, the plurality of initial states may include

at least one legacy initial state. The present invention allows the UE to simultaneously

use the new initial states and the legacy initial states. In the same manner, only the new

initial states may be used. In Table 7 and Table 8, all of the legacy initial states are

substituted by the new initial states or are removed.

[105] Initial state notification for a scrambling $equence of a PDSCH DMRS via a PDCCH

disclosed in the present invention may be performed using 2 bits as in the foregoing

embodiment. By using additional bits, additional initial states may also be notified. By

using 1 bit, which one of a legacy initial state and a new initial state is to be used may

be notified. In the foregoing description, a legacy initial state may be implicitly de¬

termined according to a cell ID of a serving cell to which the UE is connected, without

separate high-level signaling. In the above-described manner, the initial state may also

be determined using separate high-level signaling.

[106] Another method for notifying a UE of which initial state is to be used is using a com¬

bination of the CoMP Scrambling Index and a Scrambling Code Identification (SCID)

defined in the legacy LTE-A system. Table 9 relates to a third embodiment for

notifying which initial state is to be used for scrambling a PDSCH DMRS via a

PDCCH.

[107] Table



[Table 9]

[108] An SCID defined in the legacy LTE-A determines only a Least Significant Bit (LSB)

of an initial state of scrambling for a DMRS. However, when using a method disclosed

in the present invention, the SCID may be combined with the CoMP Scrambling Index

to determine other bits as well as the LSB of the initial state of scrambling for the

DMRS. That is, in Table 9, the CoMP Scrambling Index and the SCID determine one

of a plurality of initial states determined by Methods 1-6, rather than the legacy SCID

determines only 1-bit LSB of the initial state. The plurality of initial states determined

by the foregoing methods may differ in a plurality of bits. That is, when the CoMP

Scrambling Index and the SCID of Table are used together, the SCID does not

determine the LSB of 1 bit as in the conventional technique. Methods 1-6 are used to

determine which initial state the combined information of the CoMP Scrambling Index

and the SCID designates.

[109] Table 10 relates to a fourth embodiment for notifying which initial state is to be used

to scramble a PDSCH DMRS via a PDCCH.

[110] Table 10



[Table 10]

[111] In the L E-A, the SCID has an information amount o 1 bit, but is transmitted after

being combined with DMRS port allocation information. In this case, only when the

number of allocated DMRS ports is 1 or 2, the SCID may be Ό ' or ' , and when the

number of allocated DMRS ports is 3 or more, the SCID is fixed to Ό ' . When a com¬

bination of the CoMP Scrambling Index and the SCID is used as in Table 9 and Table

10, an initial state of a scrambling sequence for a DMRS may be different initial states,

and may be allocated even if 3 or more DMRS ports are allocated, unlike in a con¬

ventional technique.

[ ] By allocating different initial states even when three or more DMRS ports are

allocated, interference randomization between transmission points is possible in the

DAS. That is, when using only the SCID, if three or more DMRS ports are allocated,

the SCID always has a value of Ό ' , such that a fixed initial state is used. However,

when using the CoMP Scrambling Index disclosed in the present invention together

with the SCID as in Table 9 and Table 10, different initial states ca be allocated even

if the SCID is Ό ' . Such an advantage is also applied to the method disclosed in Table 7

and Table 8.

[ 3 FIG. 5 illustrates D transmitted via a PDCCH according to the present invention.

[ 14] In FIG. 5, CoMP Scrambling Index 500 disclosed in the present invention is

transmitted, together with SCID 500 and other DCI-related information 520, via a

PDCCH. By using CoMP Scrambling Index 500, the UE may identify an initial state,

based on which a scrambling sequence is generated and used, as described above. In

FIG. 5, SCID 0 is 1-bit information and is defined in a legacy LTFJLTE-A system to

allow MU-MIMO in one transmission point. This value is included in Equations (1)



through (10). In addition to transmission of SCID 510 as 1-bit information, SCID 510

may also be combined with DMRS port allocation information for transmission. That

is, the UE may determine a new initial state using one of Methods 1-6 before receiving

CoMP Scrambling Index 500 and SCID 510 of FIG. 5. Thereafter, the UE receives in

formation of FIG. 5 from the eNB via a PDCCH and thus is notified which initial state

is used to scrambling the DMRS.

[115] FIG. 6 illustrates a process in which an initial state of a new scrambling sequence for

a PDSCH DMRS is determined and the eNB notifies the UE of an initial state, based

on which a scrambling sequence is generated and used to scramble the transmitted

PDSCH DMRS, according to the present invention.

[116] In FIG. 6, the eNB determines how to set CSI-RS configuration related to a DAS in

step 600. The eNB notifies the UE of the UE's CSI-RS configuration determined in

step 600 through high-level signaling, in step 610. After the UE's CSI-RS con

figuration is notified, the eNB performs scheduling for determining to which UE

downlink resources are to be assigned, in step 620. The eNB, after determining to

which UE a PDSCH is to be transmitted in step 620, performs a corresponding

operation according to whether the UE is a UE which supports a new initial state for

DMRS scrambling, in step 630. If it is determined that the UE does not support the

new initial state for PDSCH DMRS scrambling in step 630, the eNB transmits a

PDSCH DMRS scrambled by a scrambling sequence based on a legacy initial state in

step 640. If the UE does not support the new initial state as in step 640, CoMP

Scrambling Index disclosed in the present invention is not transmitted, either.

[117] However, if it is determined that the UE supports a new initial state in step 630, the

eNB determines which initial state is to be used to generate a scrambling sequence to

the UE in step 650. In step 650, the initial state to be applied to the UE may be one of a

legacy initial state and a new initial state as in Table 7 or Table 8. The initial state de

termined in step 650 is notified to the UE via a PDCCH or an E-PDCCH, which is an

enhanced channel of the PDCCH in step 660. The eNB transmits the PDSCH and the

PDSCH DMRS to the UE, together with the PDCCH.

[118] In FIG. 6, it is assumed that a new initial state is determined by CSI-RS con

figuration. That is, it is assumed that one of Methods 1-4 is used. A similar process is

also applied when Method 5 and Method 6 are used, such that the eNB may notify the

UE which initial state is used.

[119] FIG. 7 illustrates a process in which an initial state of a new scrambling sequence for

a PDSCH DMRS is determined and the UE determines which initial state has been

applied to a PDSCH DMRS transmitted from the eNB, according to the present

invention.

[120] In step 700 of FIG. 7, the UE is notified of CSI-RS configuration related to a DAS



from the eNB. By using the CSI-RS configuration notified in step 700, the UE

identifies an initial state of a new scrambling sequence for a PDSCH DMRS, in which

case one of Methods 1-4 disclosed in the present invention may be used. The initial

state of the new scrambling sequence for the PDSCH DMRS may also be notified to

the UE by using one of Methods 1-6. Regardless of the CSI-RS configuration of step

700, the eNB may directly notify the UE of which initial state is to be used, through

high-level signaling.

[121] After the UE identifies an initial state used for the new scrambling sequence for the

PDSCH DMRS in steps 700 and 710 of FIG. 7, the DCI (520) as shown in FIG. 5 is

received using a PDCCH or an E-PDCCH which is an enhanced channel of the

PDCCH, in step 720. The UE having received the DCI in step 720, using CoMP

Scrambling Index 500, identifies an initial state, based on which the used scrambling

sequence has been generated. If CoMP Scrambling Index is '00' in step 720, the UE

determines that the eNB performs scrambling using a scrambling sequence generated

using a legacy initial state when transmitting a PDSCH DMRS of a downlink in step

740 and receives a traffic channel, a PDSCH, in step 760.

[122] However, if CoMP Scrambling Index is not '00' in step 730, the UE determines that

scrambling is performed using a scrambling sequence generated by a new initial state,

and receives the traffic channel, the PDSCH, in step 760 by using the scrambling

sequence in step 750. In FIG. 7, it is assumed that one of Methods 1- 4 is used to

determine a new initial state according to CSI-RS configuration, and CoMP

Scrambling Index has 2-bit information and is defined as in Table 7. Similarly, this

process may be applied to Method 5, Method 6, and Table 8.

[123] In FIG. 7, an initial state for scrambling for a DMRS is determined using only a

CoMP Scrambling Index. In addition, the use of SCID together with the CoMP

Scrambling Index as in Table 8 may also be applied to the same process as in FIG. 7.

That is, CoMP Scrambling Index is applied in FIG. 7 together with SCID as in Table 8,

CoMP Scrambling Index and SCID are received in step 720 of FIG. 7 and then an

initial state is determined using CoMP Scrambling Index and SCID in step 730.

[124] In an LTE-A system supporting a DAS, an E-PDCCH may be supported for efficient

transmission of a control channel. FIG. 8 illustrates a relationship between an E-

PDCCH and a PDSCH. In FIG. 8, the E-PDCCH is transmitted in a specific portion of

a radio resource as indicated by 800. The E-PDCCH in the portion 800 is used to

notify the DCI necessary for receiving a PDSCH of a particular UE as indicated by 810

to the UE. The E-PDCCH is an enhanced channel of a PDCCH used as a control

channel in a legacy LTE/LTE-A system, and is largely different from the PDCCH in

that the E-PDCCH may also be operated based on a DMRS similar to a PDSCH, but

the PDCCH always operates based on a CRS.



[125] When the E-PDCCH is used based on a DMRS, it is necessary to define the initial

state based on which the PDCCH DMRS uses a scrambling sequence. Generally, the

PDSCH DMRS notifies to the UE the E-PDCCH or PDCCH the initial state on which

uses a scrambling sequence is generated.

[126] However, with respect to the control channel such as the E-PDCCH, there isn't

another control channel which separately notifies so. To solve this problem, with

respect to the E-PDCCH, one of a plurality of initial states used to generate a

scrambling sequence for a PDSCH DMRS is set and used in the present invention.

That is, with respect to the E-DPCCH DMRS, a scrambling sequence generated based

on a corresponding initial state is always used. The E-PDCCH DMRS uses one of

initial states of the PDSCH DMRS. For example, if there are four applicable initial

states as in Table 7, the eNB sets one of these states as an initial state for the E-

PDCCH.

[127] The E-PDCCH is transmitted together with a DMRS scrambled using a scrambling

sequence generated based on a preset dedicated initial state. For this reason, the UE

receives the E-PDCCH by using a scrambling sequence based on the initial state for

the E-PDCCH notified in initial setting, without being notified of or identifying an

initial state, based on which a scrambling sequence is generated and used to scramble

the E-PDCCH, for every subframe.

[128] The scrambling initial state of the DMRS for the E-PDCCH (or E-PDCCH DMRS) is

set to one of scrambling initial states of the PDSCH DMRS. To set the scrambling

initial state of the E-PDCCH DMRS, the eNB may notify the UE, using RRC

signaling, which one of scrambling initial states for the PDSCH DMRS is used. The

scrambling initial state of the E-PDCCH DMRS may be determined by a pre-agreed

method between the UE and the eNB. To do so, a scrambling initial state of a

transmission point having the largest reception strength among transmission points in

which CS-RS configuration is set may be used. Since the UE may periodically notify

the eNB of a reception strength of a reference signal measured for each transmission

point, when using the foregoing method, the UE may determine the initial state based

on which the E-PDCCH is scrambled and a scrambling sequence is generated, without

being separately notified from the eNB.

[129] While not shown in the drawings, a processor (or a controller) capable of performing

operations disclosed in the present invention as well as Methods 1 through 6 according

to embodiments of the present invention may be provided in a UE and a BS.

[130] According to the present invention, without separate notification from the eNB, the

UE can identify an initial state, based on which a scrambling sequence is generated and

used to scramble the E-PDCCH.

[131] In addition, the UE and the eNB may achieve interference randomization effects



between DMRSs transmitted in transmission points having the same cell ID by using

the method for determining the new initial state.

[132] Moreover, a scrambling sequence can be obtained using the method for determining

the new initial state.

[133] While the present invention has been particularly shown and described with reference

to embodiments thereof, it will be understood by those of ordinary skill in the art that

various embodiments or modifications may be made therein without departing from

the spirit and scope of the present invention as defined by the following claims. A c

cordingly, the scope of the present invention should be defined by the claims and

equivalents thereof rather than by the described embodiments.



Claims
A method for determining an initial state in a Distributed Antenna

System (DAS), the method comprising:receiving a value through high-

level signalling; anddetermining an initial state based on the

value,wherein the value indicates a value in which is set an initial state

of a scrambling sequence, which differs according to a transmission

point.

The method of claim 1, wherein the initial state is determined based on

at least one of a position of an antenna port, the number of antenna

ports, and an antenna pattern.

The method of claim 1, wherein the value is of 9 bits.

The method of claim 1, wherein at least one of initial states is a legacy

initial state.

The method of claim 1, wherein an initial state for an Enhanced

Physical Downlink Control Channel (E-PDCCH) is a value previously

set through high-level signalling.

An apparatus for determining an initial state in a Distributed Antenna

System (DAS), the apparatus comprising:a receiver for receiving a

value through high-level signalling; anda controller for determining an

initial state based on the value, wherein the value comprises another

value in which is set an initial state of a scrambling sequence, which

differs according to a transmission point.

The apparatus of claim 6, wherein the initial state is determined based

on at least one of a position of an antenna port, the number of antenna

ports, and an antenna pattern.

The apparatus of claim 6, wherein the value is of 9 bits.

The apparatus of claim 6, wherein at least one of initial states is a

legacy initial state.

The apparatus of claim 6, wherein an initial state for an Enhanced

Physical Downlink Control Channel (E-PDCCH) is a value previously

set through high-level signalling.

A method for determining an initial state in a Distributed Antenna

System (DAS), the method comprising:receiving a Scrambling Code

Identification (SCID); anddetermining, based on the received SCID,

whether a determined initial state is a legacy initial state or a new initial

state.

The method of claim 11, further comprising determining, based on a



Coordinated Multipoint Transmission (CoMP) Scrambling Index,

whether the determined initial state is a legacy initial state or a new

initial state.

[Claim 13] An apparatus for determining an initial state in a Distributed Antenna

System (DAS), the apparatus comprising:a receiver for receiving a

Scrambling Code Identification (SCID); anda controller for de

termining, based on the received SCID, whether a determined initial

state is a legacy initial state or a new initial state.

[Claim 14] The apparatus of claim 13, wherein the controller identifies based on a

Coordinated Multipoint Transmission (CoMP) Scrambling Index

whether the determined initial state is a legacy initial state or a new

initial state.
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