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allocation to power layers. 

[FIG. 8] FIG. 8 is a flowchart illustrating an example of a schematic flow of a 

transmission process of a base station according to the first embodiment. 

[FIG. 9] FIG. 9 is a flowchart illustrating an example of a schematic flow of a 

reception process of a terminal device according to the first embodiment. 5 

[FIG. 10] FIG. 10 is a flowchart illustrating an example of a schematic flow of a 

decoding process for non-SPC. 

[FIG. 11] FIG. 11 is a flowchart illustrating a first example of a schematic flow of a 

decoding process for SPC. 

[FIG. 12] FIG. 12 is a flowchart illustrating an example of a schematic flow of a 10 

decoding process for non-SPC for a target layer. 

[FIG. 13] FIG. 13 is a flowchart illustrating an example of a schematic flow of an 

interference signal replica generation process for a target layer. 

[FIG. 14] FIG. 14 is a flowchart illustrating a second example of a schematic flow of 

a decoding process for SPC. 15 

[FIG. 15] FIG. 15 is a flowchart illustrating an example of a schematic flow of a 

parallel decoding process. 

[FIG. 16] FIG. 16 is a flowchart illustrating an example of a schematic flow of an 

interference signal replica generation process. 

[FIG. 17] FIG. 17 is an explanatory diagram for explaining an overview of MBMS. 20 

[FIG. 18] FIG. 18 is an explanatory diagram for explaining an MBSFN area. 

[FIG. 19] FIG. 19 is an explanatory diagram for explaining an example of power 

allocation to power layers in MBMS. 

[FIG. 20] FIG. 20 is a block diagram illustrating a first example of a schematic 

configuration of an eNB. 25 

[FIG. 21] FIG. 21 is a block diagram illustrating a second example of the schematic 

configuration of the eNB. 

[FIG. 22] FIG. 22 is a block diagram illustrating an example of a schematic 

configuration of a smartphone. 

[FIG. 23] FIG. 23 is a block diagram illustrating an example of a schematic 30 

configuration of a car navigation device. 
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Mode(s) for Carrying Out the Invention 

[0015] 

 Hereinafter, (a) preferred embodiment(s) of the present disclosure will be 

described in detail with reference to the appended drawings.  In this specification 5 

and the appended drawings, structural elements that have substantially the same 

function and structure are denoted with the same reference numerals, and repeated 

explanation of these structural elements is omitted. 

[0016] 

 Furthermore, in this specification and the appended drawings, elements 10 

having substantially the same functional configuration may be discriminated by 

putting different letters after the same reference numeral.  For example, elements 

having substantially the same functional configuration are discriminated as terminal 

devices 200A, 200B and 200C as necessary.  However, when it is unnecessary to 

specially discriminate between multiple elements having substantially the same 15 

functional configuration, only the same reference numeral is attached thereto.  For 

example, when it is unnecessary to specially discriminate between the terminal 

devices 200A, 200B, and 200C, the terminal devices are simply called a terminal 

device 200. 

[0017] 20 

 Note that description will be provided in the following order. 

1. SPC 

2. Technical problem 

3. Schematic configuration of communication system 

4. Configuration of each device 25 

4.1. Configuration of base station 

4.2. Configuration of terminal device 

5. First embodiment 

5.1. Technical features 

5.2. Process flow 30 

6. Second embodiment 
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6.1. MBMS 

6.2. Technical features 

7. Modified example 

8. Application 

9. Conclusion 5 

[0018] 

<<1. SPC>> 

 Firstly described with reference to FIGS. 1 to 3 are processes and signals of 

SPC. 

[0019] 10 

(1) Process in each device 

(a) Process in transmission device 

 FIGS. 1 and 2 are explanatory diagrams for explaining an example of a 

process in a transmission device that supports SPC.  According to FIG. 1, for 

example, bit streams (e.g., transport blocks) of a user A, a user B, and a user C are 15 

processed.  For each of these bit streams, some processes (e.g., cyclic redundancy 

check (CRC) encoding, forward error correction (FEC) encoding, rate matching, and 

scrambling/interleaving, as illustrated in FIG. 2) are performed and then modulation 

is performed.  Further, layer mapping, power allocation, precoding, SPC 

multiplexing, resource element mapping, inverse discrete Fourier transform 20 

(IDFT)/inverse fast Fourier transform (IFFT), cyclic prefix (CP) insertion, digital-to-

analog and radio frequency (RF) conversion, and the like are performed. 

[0020] 

 In particular, in power allocation, power is allocated to signals of the user A, 

the user B, and the user C, and in SPC multiplexing, the signals of the user A, the 25 

user B, and the user C are multiplexed. 

[0021] 

(b) Process in reception device 

 FIG. 3 is an explanatory diagram for explaining an example of a process in a 

reception device that performs interference cancellation.  According to FIG. 4, for 30 

example, RF and analog-to-digital conversion, CP removal, discrete Fourier 
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transform (DFT)/fast Fourier transform (FFT), joint interference cancellation, 

equalization, decoding, and the like are performed.  This provides bit streams (e.g., 

transport blocks) of the user A, the user B, and the user C. 

[0022] 

(2) Transmission signals and reception signals 5 

(a) Downlink 

 Next, downlink transmission signals and reception signals when SPC is 

adopted will be described.  Assumed here is a multi-cell system of heterogeneous 

network (HetNet), small cell enhancement (SCE), or the like. 

[0023] 10 

 An index of a cell to be in connection with a target user u is denoted by i, 

and the number of transmission antennas of a base station corresponding to the cell is 

denoted by NTX,i.  Each of the transmission antennas may also be called a 

transmission antenna port.  A transmission signal from the cell i to the user u can be 

expressed in a vector form as below. 15 

[0024] 

[Math. 1] 

 

[0025] 

[Math. 2] 20 
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[0026] 

[Math. 3] 

 

[0027] 

[Math. 4] 5 

 

[0028] 

 In the above expressions, NSS,u denotes the number of spatial transmission 

streams for the user u.  Basically, NSS,u is a positive integer equal to or less than NTX,i.  

A vector xi,u is a spatial stream signal to the user u.  Elements of this vector 10 

basically correspond to digital modulation symbols of phase shift keying (PSK), 

quadrature amplitude modulation (QAM), or the like.  A matrix Wi,u is a precoding 

matrix for the user u.  An element in this matrix is basically a complex number, but 

may be a real number. 

[0029] 15 

 A matrix Pi,u is a power allocation coefficient matrix for the user u in the 

cell i.  In this matrix, each element is preferably a positive real number.  Note that 

this matrix may be a diagonal matrix (i.e., a matrix whose components excluding 

diagonal components are zero) as below. 

[0030] 20 
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[Math. 5] 

 

[0031] 

 If adaptive power allocation for a spatial stream is not performed, a scalar 

value Pi,u may be used instead of the matrix Pi,u. 5 

[0032] 

 As well as the user u, another user v is present in the cell i, and a signal si,v 

of the other user v is also transmitted on the same radio resource.  These signals are 

multiplexed using SPC.  A signal si from the cell i after multiplexing is expressed as 

below. 10 

[0033] 

[Math. 6] 

 

[0034] 

 In the above expression, Ui denotes a set of users for which multiplexing is 15 

performed in the cell i.  Also in a cell j (a cell that serves as an interference source 

for the user u) other than a serving cell of the user u, a transmission signal sj is 

generated similarly.  Such a signal is received as interference at the user side.  A 

reception signal ru of the user u can be expressed as below. 

[0035] 20 

[Math. 7] 
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[0036] 

[Math. 8] 

 

[0037] 5 

[Math. 9] 

 

[0038] 

 In the above expressions, a matrix Hu,i is a channel response matrix for the 

cell i and the user u.  Each element of the matrix Hu,i is basically a complex number.  10 

A vector nu is noise included in the reception signal ru of the user u.  For example, 

the noise includes thermal noise and interference from another system.  The average 

power of the noise is expressed as below. 

[0039] 

[Math. 10] 15 
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[0040] 

 The reception signal ru can also be expressed by a desired signal and another 

signal as below. 

[0041] 5 

[Math. 11] 

 

[0042] 

 In the above expression, the first term of the right side denotes a desired 

signal of the user u, the second term, interference in the serving cell i of the user u 10 

(called intra-cell interference, multi-user interference, multi-access interference, or 

the like), and the third term, interference from a cell other than the cell i (called inter-

cell interference). 

[0043] 

 When orthogonal multiple access (e.g., OFDMA or SC-FDMA) or the like 15 

is adopted, the reception signal can be expressed as below. 

[0044] 

[Math. 12] 

 

[0045] 20 

 In orthogonal multiple access, no intra-cell interference occurs, and 

moreover, in the other cell j, a signal of the other user v is not multiplexed on the 

same radio resource. 

[0046] 

(b) Uplink 25 
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 Next, uplink transmission signals and reception signals when SPC is 

adopted will be described.  Assumed here is a multi-cell system of HetNet, SCE, or 

the like.  Note that the signs used for downlink will be further used as signs 

denoting signals and the like. 

[0047] 5 

 A transmission signal that the user u transmits in the cell i can be expressed 

in a vector form as below. 

[0048] 

[Math. 13] 

 10 

[0049] 

[Math. 14] 

 

[0050] 

[Math. 15] 15 
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[0051] 

[Math. 16] 

 

[0052] 5 

 In the above expressions, the number of transmission antennas is the 

number of transmission antennas of the user, NTX,u.  As in downlink, a matrix Pi,u, 

which is a power allocation coefficient matrix for the user u in the cell i, may be a 

diagonal matrix. 

[0053] 10 

 In uplink, there is no case where a signal of a user and a signal of another 

user are multiplexed in the user; thus, a reception signal of a base station of the cell i 

can be expressed as below. 

[0054] 

[Math. 17] 15 



 

15 

 

[0055] 

[Math. 18] 

 

[0056] 5 

[Math. 19] 

 

[0057] 

 It should be noted that in uplink, unlike in downlink, a base station needs to 

obtain all signals from a plurality of users in a cell by decoding.  Note also that a 10 

channel response matrix differs depending on a user. 

[0058] 

 When a focus is put on a signal transmitted by the user u, among uplink 

signals in the cell i, a reception signal can be expressed as below. 

[0059] 15 
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[Math. 20] 

 

[0060] 

 In the above expression, the first term of the right side denotes a desired 

signal of the user u, the second term, interference in the serving cell i of the user u 5 

(called intra-cell interference, multi-user interference, multi-access interference, or 

the like), and the third term, interference from a cell other than the cell i (called inter-

cell interference). 

[0061] 

 When orthogonal multiple access (e.g., OFDMA or SC-FDMA) or the like 10 

is adopted, the reception signal can be expressed as below. 

[0062] 

[Math. 21] 

 

[0063] 15 

 In orthogonal multiple access, no intra-cell interference occurs, and 

moreover, in the other cell j, a signal of the other user v is not multiplexed on the 

same radio resource. 

[0064] 

<<2. Technical problem>> 20 

 Next, a technical problem according to an embodiment of the present 

disclosure will be described. 

[0065] 

 SIC is an example of a technology for appropriately decoding a desired 

signal from signals of a plurality of power layers multiplexed using SPC.  In SIC, a 25 
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user decodes multiplexed signals of other users and uses decoded signals as replica 

signals for interference cancellation. 

[0066] 

 As an implementation example of SIC, a code word interference canceller 

(CW-IC) that decodes signals of other users until a transport block level is known.  5 

However, in the CW-IC, in order for a user to generate replicas of interference 

signals (that is, signals of other users), a scramble pattern and/or an interleave pattern 

used for the interference signals is preferably known. 

[0067] 

 Here, in the specification of 3GPP disclosed in �3GPP TS 36.211: �Evolved 10 

Universal Terrestrial Radio Access (E-UTRA): Physical channels and modulation,�� 

as will be described below, a radio network temporary ID (RNTI) is used to generate 

a scramble pattern.  First, scrambling of a bit sequence (that is, a transmission signal 

sequence) is expressed in the following expression. 

[0068] 15 

[Math. 22] 

 

[0069] 

 Here, i denotes a bit index, q denotes a codeword index, b
(q)

(i) denotes a bit 

sequence before scramble, and c
(q)

(i) denotes a scramble pattern.  The scramble 20 

pattern c
(q)

(i) is uniquely decided using an initial value cinit calculated in the 

following expression. 

[0070] 

[Math. 23] 

 25 

[0071] 

 Here, nRNTI denotes an RNTI, q denotes a codeword index, ns denotes a slot 
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index, and N
cell

ID denotes a cell ID. 

[0072] 

 As described above, to generate a scramble pattern, an RNTI, the codeword 

index, the slot index, and the cell ID are used.  Accordingly, in order for the user to 

know a scramble pattern used in the interference signal, the information used to 5 

generate the scramble pattern can preferably be known. 

[0073] 

 Of the information, the codeword index and the slot index are information 

which is easily known by the user in a case in which the same codeword index and 

slot index are used in signals of the plurality of users.  This is because the user can 10 

estimate that the same codeword index and slot index as the codeword index and the 

slot index used by the user are used for signals of the other users.  Conversely, in a 

case in which different codeword indexes or slot indexes are used among the 

plurality of users, a structure for separately notifying of the codeword indexes or the 

slot indexes used in the signals of the other users is necessary. 15 

[0074] 

 In addition, in SPC, the cell IDs have the same value for all the users for 

which the multiplexing is performed since the signals of the users belonging to the 

same cell are multiplexed.  That is, the cell IDs of the other users are information 

which is easily known by the user. 20 

[0075] 

 However, an RNTI is a different value for all the users and means for 

notifying the other users of the RNTI of a certain user is not prepared.  That is, the 

RNTIs of the other users are information which is difficult for the user to know.  To 

allow the user to know the RNTIs of the other users, for example, newly adding 25 

control information such as downlink control information (DCI) can be considered.  

However, when the control information is newly added, a consumption amount of 

radio resources (for example, a frequency and a time) may increase and an amount of 

signaling overhead corresponding to the added control information may occur.  

Accordingly, in order to suppress an addition amount or not to add the control 30 

information, it can be said that it is preferable to use another parameter instead of an 



 

19 

RNTI. 

[0076] 

 On the other hand, using the same scramble pattern for all the users for 

whom multiplexing is performed or not using a scrambler at all can be considered.  

However, in a case in which signals to be multiplexed using SPC are not scrambled, 5 

it is known that an influence of an interference signal does not disperse and BLER 

features degrade.  From this viewpoint, it is preferable to scramble signals of all the 

users for whom multiplexing is performed or signals of at least some of the users. 

[0077] 

 Accordingly, it is preferable to provide a structure in which it is easy to 10 

apply a scramble process to signals of at least some of the users for whom 

multiplexing is performed and it is easy for a user to know a scramble pattern used in 

signals of the other users. 

[0078] 

 The scramble pattern has been the focus of the above description.  The 15 

same also applies to an interleave pattern. 

[0079] 

<<3. Schematic configuration of system>> 

 Now, a schematic configuration of a system 1 according to an embodiment 

of the present disclosure will be described with reference to FIG. 4.  FIG. 4 is an 20 

explanatory diagram illustrating an example of the schematic configuration of the 

system 1 according to an embodiment of the present disclosure.  According to FIG. 

4, the system 1 includes a base station 100 and a terminal device 200.  Here, the 

terminal device 200 is also called a user.  The user may also be called a user 

equipment (UE).  Here, the UE may be a UE defined in LTE or LTE-A, or may 25 

generally refer to communication equipment. 

[0080] 

(1) Base station 100 

 The base station 100 is a base station of a cellular system (or mobile 

communication system).  The base station 100 performs radio communication with 30 

a terminal device (e.g., the terminal device 200) located in a cell 10 of the base 
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station 100.  For example, the base station 100 transmits a downlink signal to the 

terminal device, and receives an uplink signal from the terminal device. 

[0081] 

(2) Terminal device 200 

 The terminal device 200 can perform communication in a cellular system 5 

(or mobile communication system).  The terminal device 200 performs radio 

communication with a base station (e.g., the base station 100) of the cellular system.  

For example, the terminal device 200 receives a downlink signal from the base 

station, and transmits an uplink signal to the base station. 

[0082] 10 

(3) Multiplexing/multiple access 

 In particular, in an embodiment of the present disclosure, the base station 

100 performs radio communication with a plurality of terminal devices by non-

orthogonal multiple access.  More specifically, the base station 100 performs radio 

communication with a plurality of terminal devices by multiplexing/multiple access 15 

using power allocation.  For example, the base station 100 performs radio 

communication with the plurality of terminal devices by multiplexing/multiple 

access using SPC. 

[0083] 

 For example, the base station 100 performs radio communication with the 20 

plurality of terminal devices by multiplexing/multiple access using SPC in downlink.  

Specifically, for example, the base station 100 multiplexes signals to the plurality of 

terminal devices using SPC.  In this case, for example, the terminal device 200 

removes one or more other data signals, as interference, from a multiplexed signal 

including a desired signal (that is, a signal to the terminal device 200), and decodes 25 

the desired signal. 

[0084] 

 Note that the base station 100 may perform radio communication with the 

plurality of terminal devices by multiplexing/multiple access using SPC in uplink, 

instead of or together with downlink.  In this case, the base station 100 may decode 30 

a multiplexed signal including signals transmitted from the plurality of terminal 
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devices into the signals. 

[0085] 

<<4. Configuration of each device>> 

 Now, configurations of the base station 100 and the terminal device 200 

according to an embodiment of the present disclosure will be described with 5 

reference to FIGS. 5 and 6. 

[0086] 

<4.1. Configuration of base station> 

 First, an example of the configuration of the base station 100 according to 

an embodiment of the present disclosure will be described with reference to FIG. 5.  10 

FIG. 5 is a block diagram illustrating the example of the configuration of the base 

station 100 according to an embodiment of the present disclosure.  According to 

FIG. 5, the base station 100 includes an antenna unit 110, a radio communication unit 

120, a network communication unit 130, a storage unit 140, and a processing unit 

150. 15 

[0087] 

(1) Antenna unit 110 

 The antenna unit 110 radiates signals output by the radio communication 

unit 120 out into space as radio waves.  In addition, the antenna unit 110 converts 

radio waves in the space into signals, and outputs the signals to the radio 20 

communication unit 120. 

[0088] 

(2) Radio communication unit 120 

 The radio communication unit 120 transmits and receives signals.  For 

example, the radio communication unit 120 transmits a downlink signal to a terminal 25 

device, and receives an uplink signal from a terminal device. 

[0089] 

(3) Network communication unit 130 

 The network communication unit 130 transmits and receives information.  

For example, the network communication unit 130 transmits information to other 30 

nodes, and receives information from other nodes.  For example, the other nodes 
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include another base station and a core network node. 

[0090] 

(4) Storage unit 140 

 The storage unit 140 temporarily or permanently stores a program and 

various data for operation of the base station 100. 5 

[0091] 

(5) Processing unit 150 

 The processing unit 150 provides various functions of the base station 100.  

The processing unit 150 includes a transmission processing unit 151 and a 

notification unit 153.  Further, the processing unit 150 may further include other 10 

components in addition to these components.  That is, the processing unit 150 may 

perform operations in addition to operations of these components. 

[0092] 

 Operations of the transmission processing unit 151 and the notification unit 

153 will be described below in detail. 15 

[0093] 

<4.2. Configuration of terminal device> 

 First, an example of the configuration of the terminal device 200 according 

to an embodiment of the present disclosure will be described with reference to FIG. 6.  

FIG. 6 is a block diagram illustrating the example of the configuration of the terminal 20 

device 200 according to an embodiment of the present disclosure.  According to 

FIG. 6, the terminal device 200 includes an antenna unit 210, a radio communication 

unit 220, a storage unit 230, and a processing unit 240. 

[0094] 

(1) Antenna unit 210 25 

 The antenna unit 210 radiates signals output by the radio communication 

unit 220 out into space as radio waves.  In addition, the antenna unit 210 converts 

radio waves in the space into signals, and outputs the signals to the radio 

communication unit 220. 

[0095] 30 

(2) Radio communication unit 220 
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 The radio communication unit 220 transmits and receives signals.  For 

example, the radio communication unit 220 receives a downlink signal from a base 

station, and transmits an uplink signal to a base station. 

[0096] 

(3) Storage unit 230 5 

 The storage unit 230 temporarily or permanently stores a program and 

various data for operation of the terminal device 200. 

[0097] 

(4) Processing unit 240 

 The processing unit 240 provides various functions of the terminal device 10 

200.  The processing unit 240 includes an acquisition unit 241 and a reception 

processing unit 243.  Note that the processing unit 240 may further include a 

structural element other than these structural elements.  That is, the processing unit 

240 may perform operation other than the operation of these structural elements. 

[0098] 15 

 Operations of the acquisition unit 241 and the reception processing unit 243 

will be described below in detail. 

[0099] 

<<5. First embodiment>> 

 Next, a first embodiment will be described with reference to FIGS. 7 to 16. 20 

[0100] 

<5.1. Technical features> 

(1) Scrambling and/or interleaving 

 The base station 100 has a function of scrambling and/or interleaving 

transmission signal sequences of a plurality of power layers multiplexed using power 25 

allocation. 

[0101] 

 Specifically, the base station 100 (for example, the transmission processing 

unit 151) first generates the transmission signal sequences of the plurality of power 

layers multiplexed using the power allocation.  Then, the base station 100 (for 30 

example, the transmission processing unit 151) sets each of the transmission signal 
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sequences of one or more power layers among the plurality of power layers as a 

target and applies at least one of a scrambler using a scramble pattern and an 

interleaver using an interleave pattern corresponding to information regarding the 

power allocation.  More specifically, the base station 100 scrambles and/or 

interleaves the transmission signal sequence using the scrambler and/or the 5 

interleaver corresponding to the information regarding the power allocation of the 

target transmission signal sequence (or power layer).  Additionally, the base station 

100 may scramble and/or interleave the transmission signal sequence using the 

scrambler and/or the interleaver corresponding to the control information regarding 

transmission and reception of the target transmission signal sequence (or power 10 

layer). 

[0102] 

 The terminal device 200 has a function of cancelling interference and 

acquiring a desired signal from signals of the plurality of power layers multiplexed 

using the power allocation. 15 

[0103] 

 Specifically, the terminal device 200 (for example, the acquisition unit 241) 

first acquires the information regarding the power allocation of the plurality of power 

layers multiplexed using the power allocation.  Then, the terminal device 200 (for 

example, the reception processing unit 243) performs interference cancellation using 20 

at least one of a descrambler using a scramble pattern and a deinterleaver using an 

interleave pattern corresponding to the acquired information regarding the power 

allocation.  More specifically, the terminal device 200 generates replica signals and 

performs interference cancellation using the descrambler and/or the interleaver 

corresponding to the information regarding the power allocation of an interference 25 

cancellation target signal (or power layer).  Additionally, the terminal device 200 

may generate replica signals and perform interference cancellation using the 

descrambler and/or the interleaver corresponding to control information regarding 

transmission and reception of the interference cancellation target signal (or power 

layer). 30 

[0104] 
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 Meanwhile, the expression �multiplexing a power layer� has the same 

meaning as �multiplexing a signal of the power layer� in this specification.  In 

addition, the expression �allocating power to the power layers� has the same 

meaning as �allocating power to signals of the power layers.� 

[0105] 5 

(a) Multiplexing using power allocation 

 For example, the multiple power layers are power layers multiplexed using 

SPC. 

[0106] 

 The base station 100 (for example, the transmission processing unit 151) 10 

performs the power allocation in conformity with any standard.  The information 

regarding the power allocation is information regarding power allocated to the 

transmission signal sequences of the power layers and includes, for example, a power 

layer index.  Hereinafter, a relation between the power layer index and the allocated 

power will be described with reference to FIG. 7. 15 

[0107] 

 FIG. 7 is an explanatory diagram for explaining an example of the power 

allocation to the power layers.  The horizontal axis represents frequency resources 

and/or time resources and the vertical axis represents a power level (height of the 

allocated power).  Referring to FIG. 7, N power layers (power layer 0 to power 20 

layer N 1) multiplexed using SPC are illustrated.  The numerals 0 to N 1 are 

referred to as power layer indexes.  The height of the power layer (that is, the width 

in the vertical direction) indicates the height of allocated power.  In the example 

illustrated in FIG. 7, in a power layer with a smaller index, allocated power is higher.  

For example, power P0 is higher than power P1, power P1 is higher than power P2, 25 

and PN 1 is the lowest.  The transmission signal sequences multiplexed using SPC 

are transmitted using at least one power layer. 

[0108] 

 However, a relation between the power layer index and the allocated power 

is not limited to the example illustrated in FIG. 7.  For example, the power layer 30 

index to which the highest power is allocated may not be 0.  In addition, in a power 
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layer with a smaller index, the allocated power may be lower. 

[0109] 

(b) Generation of transmission signal sequence 

 For example, a transmission signal sequence is an encoded bit sequence 

(that is, a bit sequence that has been encoded).  The base station 100 (the 5 

transmission processing unit 151) generates an encoded bit sequence of the multiple 

power layers. 

[0110] 

 Specifically, for example, the base station 100 performs CRC encoding, 

FEC encoding, rate matching or the like (as shown in FIG. 2, for example) on each of 10 

the multiple power layers to generate the encoded bit sequence of the power layer.  

Then, the base station 100 performs symbol modulation by applying or not applying 

the scrambler and/or the interleaver to the encoded bit sequence.  A symbol-

modulated signal is equivalent to xi,u described above. 

[0111] 15 

(c) Scramble pattern 

 The base station 100 (for example, the transmission processing unit 151) 

can generate a scramble pattern to be applied to the transmission signal sequence on 

the basis of various parameters.  For example, the base station 100 can generate the 

scramble pattern using at least one of the parameters indicated in the following Table 20 

1.  The parameters can be classified into the information regarding the power 

allocation and the control information regarding transmission and reception. 

[0112] 
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[Table 1] 

Parameters 3GPP 

specification 

Present 

technology 

Information 

regarding 

power 

allocation 

User Index (RNTI) � - 

Codeword Index � � 

Subframe Index � � 

Cell ID � � 

Power Layer Index - � 

Power Table Index - � 

Power Allocation Rate - � 

Channel Quality Indicator (CQI) - � 

Control 

information 

regarding 

transmission 

and reception 

Redundancy Version (RV) Index - � 

Transmission Mode - � 

Downlink Control Information (DCI) Format - � 

Modulation and Coding Scheme (MCS) - 
� 

[0113] 

 As indicated in the foregoing Table 1, an RNTI is used to generate a 

scramble pattern in the 3GPP specification.  In the present technology, however, an 

RNTI may not be used to generate a scramble pattern. 5 

[0114] 

(c-1) Information regarding power allocation 

 The base station 100 (for example, the transmission processing unit 151) 

may generate the scramble pattern corresponding to the information regarding the 

power allocation. 10 

[0115] 

- Power layer index 

 The information regarding the power allocation may include a target power 

layer index.  That is, the base station 100 may generate the scramble pattern using 

the power layer index of a scramble target transmission signal sequence instead of an 15 

RNTI or the like. 

[0116] 

- Power table index 

 The information regarding the power allocation may include a power table 

index regarding a target power layer.  That is, the base station 100 may generate the 20 

scramble pattern using the power table index (PTBI to be described below) regarding 
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the power layer of a scramble target transmission signal sequence instead of an RNTI 

or the like.  An example of the power table index is shown in Table 2. 

[0117] 

[Table 2] 

 5 

[0118] 

 In the example shown in the foregoing Table 2, 2 high-order bits of the 

power table index PTBI indicate the power layer index and 4 low-order bits indicate 

a pattern of power allocated to each of the plurality of power layers.  That is, the 

power table index is information formed by combining the power layer index and 10 

information indicating a pattern of the power allocated to each of the plurality of 

power layers.  A percentage in the table indicates a rate of power allocation and a 

total sum of rates allocated to all the power layers in each pattern is 100%.  For 

example, in a pattern �0000,� power of 80% is allocated to power layer �00,� power 

of 10% is allocated to power layer �01,� power of 7% is allocated to power layer 15 

�10,� and power of 3% is allocated to power layer �11.� 

[0119] 

 Meanwhile, although the foregoing Table 2 shows the example in which a 

total number of power layers is 4 and a total number of patterns is 16, the present 

technology is not limited to this example.  Regardless of the total numbers of power 20 
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layers and patterns used, the power table is preferably known and common to the 

base station 100 and the terminal device 200 in the system 1.  This is because the 

user can comprehend the power allocated to all the power layers when the user 

merely knows the index PTBI of the user in the power table. 

[0120] 5 

- Power allocation rate 

 The information regarding the power allocation may include information 

indicating a value of the power allocated to a target power layer.  That is, the base 

station 100 may generate the scramble pattern using information indicating a value of 

power allocated to the target power layer (for example, a power allocation rate) 10 

instead of an RNTI or the like.  The information indicating the value of the power 

allocated to the target power layer may be a power allocation rate from 0% to 100%.  

Additionally, the information indicating the value of the power allocated to the target 

power layer may be an index PRate indicating the power allocation rate illustrated in 

the following Table 3. 15 

[0121] 

[Table 3] 

 

[0122] 

 Meanwhile, although the foregoing Table 3 shows an example in which the 20 
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number of indexes PRate indicating the power allocation rate is 16, the present 

technology is not limited to this example.  The number of indexes is arbitrary and 

the value of the power allocation rate corresponding to the index is also arbitrary. 

[0123] 

- Channel quality indicator (CQI) of target user 5 

 The information regarding the power allocation may include a CQI of a 

target user.  That is, the base station 100 may generate the scramble pattern using 

the CQI of the target user instead of an RNTI. 

[0124] 

 Here, a CQI is an index indicating a channel state of which the user notifies 10 

the base station and which is defined in, for example, �3GPP TS 36.213: �Evolved 

Universal Terrestrial Radio Access (E-UTRA): Physical layer procedures.��  Further, 

in SPC, a method of deciding the power allocation rate in accordance with a channel 

state of each user is considered as one proposal.  Even in this method, CQI can also 

be comprehended as the information regarding the power allocation. 15 

[0125] 

 For example, CQI tables described in the foregoing document are shown in 

the following Tables 4 and 5. 

[0126] 

[Table 4] 20 
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[0127] 

[Table 5] 
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[0128] 

(c-2) Control information regarding transmission and reception 

 The base station 100 (for example, the transmission processing unit 151) 

may generate the scramble pattern corresponding to the control information 5 

regarding transmission and reception.  Further, to generate the scramble pattern, the 

base station 100 may use only the information regarding the power allocation, may 

use only the control information regarding transmission and reception, or may use 

both the information regarding the power allocation and the control information 

regarding transmission and reception in combination. 10 

[0129] 
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- Redundancy version (RV) index 

 The control information regarding transmission and reception may include 

information indicating the number of retransmissions of the transmission signal 

sequence.  That is, the base station 100 may generate the scramble pattern using the 

information indicating the number of retransmissions of the transmission signal 5 

sequence instead of an RNTI or the like.  An example of the information indicating 

the number of retransmissions of the transmission signal sequence includes an RV 

index. 

[0130] 

 The RV index is an index indicating the number of retransmissions of a 10 

hybrid automatic repeat request (HARQ) defined in �3GPP TS 36.213: �Evolved 

Universal Terrestrial Radio Access (E-UTRA): Physical layer procedures.��  The 

RV index takes, for example, values of 0, 1, 2, and 3.  In a case in which the base 

station 100 uses the RV index to generate the scramble pattern, the scramble pattern 

is changed in accordance with the number of retransmissions.  Thus, since the 15 

scramble pattern is randomized in accordance with the number of retransmissions, an 

improvement in an error rate feature at the time of retransmission is expected. 

[0131] 

- Transmission mode 

 The information regarding transmission and reception may include 20 

information indicating a transmission mode.  That is, the base station 100 may 

generate the scramble pattern using the information indicating the transmission mode 

instead of an RNTI or the like. 

[0132] 

 The transmission mode is defined in �3GPP TS 36.213: �Evolved Universal 25 

Terrestrial Radio Access (E-UTRA): Physical layer procedures.��  The information 

indicating the transmission mode indicates, for example, a transmission scheme such 

as SIMO/MIMO, transmit diversity, an open/closed Loop, or spatial multiplexing.  

In a case in which the base station 100 uses the information indicating the 

transmission mode to generate the scramble pattern, signal randomization is realized 30 

and an improvement in the error rate feature is expected. 
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[0133] 

- Downlink control information format (DCI format) 

 The control information regarding transmission and reception may include 

information indicating a DCI format.  That is, the base station 100 may generate the 

scramble pattern using the information indicating the DCI format corresponding to 5 

the transmission signal sequence instead of an RNTI. 

[0134] 

 The DCI format is defined in �3GPP TS 36.212: �Evolved Universal 

Terrestrial Radio Access (E-UTRA): Multiplexing and channel coding.��  As the 

DCI format, for example, formats 0, 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, 2D, 3, 3A, 10 

and 4 are defined to notify of various kinds of information such as MCS, an RV 

index, and a CQI request.  In a case in which the base station 100 uses the 

information indicating the DCI format to generate the scramble pattern, signal 

randomization is realized and an improvement in the error rate feature is expected. 

[0135] 15 

- Modulation and coding scheme (MCS) 

 The control information regarding transmission and reception may include 

information indicating MCS.  That is, the base station 100 may generate the 

scramble pattern using the information indicating MCS instead of an RNTI or the 

like. 20 

[0136] 

 As the information indicating MCS, an MCS index defined in �3GPP TS 

36.213: �Evolved Universal Terrestrial Radio Access (E-UTRA): Physical layer 

procedures�� can be exemplified.  The MCS index is information indicating a 

combination of a modulation order and a transmit block size (TBS).  In a case in 25 

which the base station 100 uses the information indicating the MCS to generate the 

scramble pattern, signal randomization is realized and an improvement in the error 

rate feature is expected. 

[0137] 

 For example, the following Tables 6 and 7 show MCS tables described in 30 

the foregoing document. 



 

35 

[0138] 

[Table 6] 
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[0139] 

[Table 7] 
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[0140] 

(d) Interleave pattern 

 The base station 100 (for example, the transmission processing unit 151) 

can generate an interleave pattern which is applied to the transmission signal 

sequence on the basis of various parameters.  For example, the base station 100 can 5 

generate the scramble pattern using at least one of the parameters shown in the 

foregoing Table 1 as in the scramble pattern.  Since the specific content of the 

parameters has been described above, the detailed description thereof will be omitted 

here. 

[0141] 10 

(e) Notification of information 

 As described above, in a case in which the user performs interference 

cancellation using SIC, the scramble pattern and/or the interleave pattern used in the 

interference signal is preferably known.  Therefore, the base station 100 notifies 

each user of information enabling the scramble pattern and/or the interleave pattern 15 

used in the interference signal to be reproduced. 

[0142] 

 Here, the interference signal which is an interference cancellation target is a 

signal that has higher reception strength than a desired signal.  That is, when 

multiplexing is performed using SPC in the base station 100, a signal of a power 20 

layer of which the allocated power is higher than a power layer of a desired signal is 

an interference cancellation target.  The user can improve the error rate feature at 

the time of generation of an interference signal replica by cancelling an interference 

signal in order from a power layer in which power is higher.  Therefore, the base 

station 100 notifies of information enabling the scramble pattern and/or the interleave 25 

pattern used in the signal of the power layer in which power to be allocated is higher 

than the power layer of a signal destined for the user who is a notification destination 

to be reproduced.  Further, information enabling the scramble pattern and/or the 

interleave pattern used in the signal of the power layer in which power to be 

allocated is lower than the power layer of a signal destined for the user who is a 30 

notification destination to be reproduced may be excluded from a notification target. 
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[0143] 

 Hereinafter, the scramble pattern will be the focus of the description, but the 

same description applies to the interleave pattern. 

[0144] 

(e-1) Information regarding power allocation 5 

 In a case in which the scramble pattern is generated using the information 

regarding the power allocation, the base station 100 (for example, the notification 

unit 153) notifies the user who is a destination of the transmission signal sequence of 

the plurality of power layers, of information regarding the power allocation.  Thus, 

since the user can know the information used to generate the scramble pattern, the 10 

scramble pattern used in an interference cancelation target signal can be reproduced. 

[0145] 

- Power layer index 

 In a case in which the scramble pattern is generated using the power layer 

index, the base station 100 notifies the user who is a notification destination of the 15 

power layer index of the transmission signal sequence as the information regarding 

the power allocation.  Hereinafter, the power layer of the transmission signal 

sequence of which the user who is the notification destination is notified is also 

referred to as a target power layer. 

[0146] 20 

 For example, if a relation between the power layer index and the power 

level is known, as illustrated in FIG. 7, the user can know the index of another power 

layer in which the power level is higher than the power layer of the user by merely 

knowing the index of the power layer of the user.  Specifically, when the notified 

power layer index of which the user is notified is 1, the user can know that the power 25 

layer index used to generate the scramble pattern used in the interference 

cancellation target signal is 0.  Since the user can know the index of the power layer 

used to generate the scramble pattern used in the interference cancellation target 

signal, the scramble pattern can be reproduced. 

[0147] 30 

 Since the notified information is the target power layer index and does not 
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include information regarding another user, a consumption amount of radio resources 

can be suppressed compared to a case in which an RNTI is used to generate the 

scramble pattern. 

[0148] 

 However, the relation between the power layer index and the power level is 5 

not known in some cases.  Therefore, the base station 100 may notify of 

information indicating the relation between the power layer index and the power 

level. 

[0149] 

 For example, the following four patterns are assumed in regard to the 10 

relation between the power layer index and the power level.  Here, k denotes a 

target power layer index, N denotes a total number of power layers, k' denotes an 

index serving as a starting point, and P0, ..., PN�1 denote power allocated to the power 

layers. 

[0150] 15 

 1. An index of a starting point at which power increases as an index 

increases is 0 

 P0 £ ... £ Pk £ ... £ PN�1 

 2. An index of a parting point at which power decreases as an index 

increases is N�1 20 

 PN�1 £ ... £ Pk £ ... £ P0 

 3. An index of a starting point at which power increases as an index 

increases is k' 

 Pk' £ ... £ Pk £ ... £ PN�1 £ P0 £ ... £ Pk'�1 

 4. An index of a starting point at which power decreases as an index 25 

increases is k' 

 Pk' £ ... £ P0£ ... £ PN�1 £ Pk £ ... £ Pk'+1 

[0151] 

 In regard to the foregoing four patterns, the base station 100 notifies of a 

total number of a plurality of power layers, information indicating a relation between 30 

an increase or decrease direction of the power layer index and an increase or 
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decrease direction of the allocated power, and an index serving as a starting point of 

the increase or decrease direction of the allocated power as the information regarding 

the power allocation.  Further, the information indicating the relation between the 

increase or decrease direction of the power layer index and the increase or decrease 

direction of the allocated power is information indicating whether the power 5 

increases or decreases as the index increases. 

[0152] 

 By being notified of the information, the user can know the power layer 

index of the interference cancellation target signal.  For example, in regard to 

Pattern 1, k+1, ..., N�1 are power layer indexes of the interference cancellation target 10 

signal.  In regard to Pattern 2, 0, ..., k�1 are power layer indexes of the interference 

cancellation target signal.  In regard to Pattern 3, k+1, ..., N�1, 0, ..., k'�1 are power 

layer indexes of the interference cancellation target signal.  In regard to Pattern 4, 

k�1, ..., k'+1 are power layer indexes of the interference cancellation target signal. 

[0153] 15 

 Further, in a case in which the index serving as the starting point is 0 or N�1, 

the notification of the index serving as the starting point may be omitted.  In 

addition, in a case in which the total number of power layers is 2, the notification of 

the information indicating the relation between the increase or decrease direction of 

the power layer index and the increase or decrease direction of the allocated power 20 

and the notification of the index serving as the starting point may be omitted. 

[0154] 

- Power table index 

 In a case in which the scramble pattern is generated using the power table 

index, the base station 100 notifies the user who is a notification destination of the 25 

power table index of the transmission signal sequence as the information regarding 

the power allocation.  Here, as described above with reference to Table 2, the power 

table index is information formed by combining the power layer index and the 

information indicating a pattern of the power allocated to each of the plurality of 

power layers. 30 

[0155] 
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 The user can know the power table index of the desired signal and the 

power table index of the interference cancellation target signal from the notified 

information.  Thus, the user can reproduce the scramble pattern used in the 

interference cancellation target signal. 

[0156] 5 

- Power allocation rate 

 In a case in which the scramble pattern is generated using a value of the 

power allocated to the target power layer, the base station 100 notifies of information 

indicating the value of the power allocated to each of the plurality of power layers as 

the information regarding the power allocation.  For example, in a case in which the 10 

scramble pattern is generated using the power allocation rate shown in the foregoing 

Table 3, the base station 100 notifies of the index PRate indicating the power 

allocation rate of each of the plurality of power layers. 

[0157] 

 The user can know the value of the power allocated to the power layer of the 15 

desired signal and the value of the power allocated to the power layer of the 

interference cancellation target signal from the notification information.  Thus, the 

user can reproduce the scramble pattern used in the interference cancellation target 

signal. 

[0158] 20 

- CQI 

 In a case in which the scramble pattern is generated using a CQI of a target 

user, the base station 100 notifies of the CQI of one or more other users who are 

destinations of the transmission signal sequences of the plurality of power layers as 

the information regarding the power allocation. 25 

[0159] 

 The user can know the CQI of each of the one or more users who are 

destinations of the interference cancellation target signal from the notified 

information.  Thus, the user can reproduce the scramble pattern used in the 

interference cancellation target signal. 30 

[0160] 
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(e-2) Control information regarding transmission and reception 

 In a case in which the scramble pattern is generated using the control 

information regarding transmission and reception, the base station 100 (for example, 

the notification unit 153) notifies of the control information regarding transmission 

and reception of each of the transmission signal sequences of the plurality of power 5 

layers.  Thus, since the user can know the information used to generate the scramble 

pattern, the user can reproduce the scramble pattern used in the interference 

cancellation target signal. 

[0161] 

 For example, the base station 100 notifies of information indicating the RV 10 

index, the transmission mode, the format of the corresponding DCI, and MCS of 

each of the transmission signal sequences of the plurality of power layers. 

[0162] 

(e-3) Notification means 

 The base station 100 may perform notification as radio resource control 15 

(RRC) signaling or a part of an RRC message.  Additionally, the base station 100 

may perform notification as a part of system information.  Additionally, the base 

station 100 may perform notification as a part of DCI. 

[0163] 

(f) Multiplexing target 20 

 The base station 100 (for example, the transmission processing unit 151) 

may select a multiplexing target transmission signal sequence in accordance with the 

control information regarding transmission and reception used to generate the 

scramble pattern and/or the interleave pattern. 

[0164] 25 

 For example, the transmission signal sequences of the plurality of power 

layers multiplexed using the power allocation may be transmission signal sequences 

to users in which the control information regarding transmission and reception is 

identical.  In this case, the scramble pattern and/or the interleave pattern used at the 

time of generation of an interference signal replica is generated using the control 30 

information regarding transmission and reception which is the same as that of the 
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user.  Therefore, the user can reproduce the scramble pattern and/or the interleave 

pattern used in the interference cancellation target signal using the control 

information regarding transmission and reception of the user.  Accordingly, the base 

station 100 (for example, the notification unit 153) can omit the notification of the 

control information regarding transmission and reception. 5 

[0165] 

 On the other hand, the transmission signal sequences of the plurality of 

power layers multiplexed using the power allocation may be transmission signal 

sequences to users of which the control information regarding transmission and 

reception is different.  That is, irrespective of the value of the control information, 10 

the multiplexing may be performed using the power allocation by setting the 

transmission signal sequences to all the users as targets.  In this case, the base 

station 100 (for example, the notification unit 153) notifies of the control information 

regarding transmission and reception of all the users, which is superimposed in the 

power layers. 15 

[0166] 

 The base station 100 (for example, the transmission processing unit 151) 

may combine the multiplexing using SPC and spatial multiplexing.  In this case, the 

base station 100 performs multiplexing using SPC for each of the plurality of spatial 

layers multiplexed using spatial allocation.  Specifically, the base station 100 sets 20 

each of the transmission signal sequences of the plurality of power layers 

multiplexed using the power allocation in the allocated spatial layers as a target and 

applies at least one of the scrambler using the scramble pattern and the interleaver 

using the interleave pattern corresponding to the information regarding the power 

allocation.  Of course, the base station 100 may use the control information 25 

regarding transmission and reception to generate the scramble pattern and/or the 

interleave pattern. 

[0167] 

(2) Process on reception side 

(a) Acquisition of information 30 

 The terminal device 200 (for example, the acquisition unit 241) acquires the 
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information regarding the power allocation of the plurality of power layers 

multiplexed using the power allocation.  In addition, the terminal device 200 

acquires the control information regarding transmission and reception of the 

transmission signal sequences transmitted in the plurality of power layers 

multiplexed using the power allocation.  The acquired information is information of 5 

which the base station 100 notifies.  For example, the terminal device 200 acquires 

at least one of the RRC signaling or the RRC message and the system information or 

the DCI. 

[0168] 

(b) Reproduction of scramble pattern and/or interleave pattern 10 

 The terminal device 200 (the reception processing unit 243) reproduces the 

scramble pattern and/or the interleave pattern used on the transmission side in regard 

to each of the power layers on the basis of the acquired information regarding the 

power allocation and/or the acquired control information regarding transmission and 

reception. 15 

[0169] 

 For example, the terminal device 200 generates the scramble pattern 

corresponding to the information regarding the power allocation in a case in which 

the information regarding the power allocation is used to generate the scramble 

pattern on the side of the base station 100.  In addition, the terminal device 200 20 

generates the scramble pattern corresponding to the control information regarding 

transmission and reception in a case in which the control information regarding 

transmission and reception is used to generate the scramble pattern on the side of the 

base station 100.  The same also applies to the interleave pattern. 

[0170] 25 

(c) Interference cancellation 

 The base station 100 (the reception processing unit 243) performs 

interference cancellation using the descrambler using the reproduced scramble 

pattern and/or the deinterleaver using the reproduced interleave pattern. 

[0171] 30 

<5.2. Process flow> 
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 Next, examples of processes according to the first embodiment will be 

described with reference to FIGS. 8 to 16. 

[0172] 

(1) Transmission process 

 FIG. 8 is a flowchart illustrating an example of a schematic flow of a 5 

transmission process of the base station 100 according to the first embodiment. 

[0173] 

 The base station 100 (the transmission processing unit 151) generates an 

encoded bit sequence by performing error correction coding and rate matching 

(S102). 10 

[0174] 

 In a case in which the encoded bit sequence is multiplexed using SPC 

(S104: YES), the base station 100 (the transmission processing unit 151) generates 

the scramble pattern and/or the interleave pattern using a first parameter (step S106).  

The first parameter is at least one of the parameters shown in the foregoing Table 1 15 

and used in the present technology. 

[0175] 

 Otherwise (S104: No), the base station 100 (the transmission processing unit 

151) generates the scramble pattern and/or the interleave pattern using a second 

parameter (S108).  The second parameter is at least one of the parameters shown in 20 

the foregoing Table 1 and used in the 3 GPP specification. 

[0176] 

 Then, the base station 100 (the transmission processing unit 151) scrambles 

and/or interleaves the encoded bit sequence using the generated scramble pattern 

and/or interleave pattern (S110). 25 

[0177] 

 The base station 100 (the transmission processing unit 151) performs other 

processes (e.g., modulation, power allocation, etc.) on the encoded bit sequence 

(which has been interleaved and/or scrambled) (S112).  Then, the processes end. 

[0178] 30 

(2) Reception process 
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(a) Reception process 

 FIG. 9 is a flowchart illustrating an example of a schematic flow of a 

reception process of the terminal device 200 according to the first embodiment.  For 

example, the reception process is performed for each subframe. 

[0179] 5 

 The terminal device 200 (the reception processing unit 243) decodes 

downlink control information (DCI) transmitted over a control channel (S321).  For 

example, the control channel is a PDCCH. 

[0180] 

 When radio resources have been allocated to the terminal device 200 (S323: 10 

YES) and multiplexing using SPC has been performed (S325: YES), the terminal 

device 200 performs a decoding process for SPC (S360).  For example, the 

decoding process for SPC is interference cancellation (IC), interference suppression 

(IS), maximum likelihood decoding (MLD) or the like.  Subsequently, the terminal 

device 200 (the processing unit 240) transmits ACK/NACK to the base station 100 15 

(S327).  Then, the process ends. 

[0181] 

 When the radio resources have been allocated to the terminal device 200 

(S323: YES) and the multiplexing using SPC has not been performed (S325: NO), 

the terminal device 200 performs decoding process for non-SPC (S340).  For 20 

example, the decoding process for non-SPC is a decoding process for orthogonal 

multiple access (OMA).  Subsequently, the terminal device 200 (the processing unit 

240) transmits ACK/NACK to the base station 100 (S327).  Then, the process ends. 

[0182] 

 When the radio resources have not been allocated to the terminal device 200 25 

(S323: NO), the process ends. 

[0183] 

(b) Decoding process for non-SPC 

 FIG. 10 is a flowchart illustrating an example of a schematic flow of a 

decoding process for non-SPC.  The decoding process for non-SPC corresponds to 30 

step S340 illustrated in FIG. 9. 
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[0184] 

 The terminal device 200 (the reception processing unit 243) performs 

channel estimation on the basis of a reference signal transmitted by the base station 

100 (S341).  For example, the reference signal is a cell-specific reference signal 

(CRS) or a demodulation reference signal (DM-RS).  For example, when a 5 

precoding matrix is not used (or a specific matrix (e.g., a unit matrix or a diagonal 

matrix) is used as the precoding matrix) while transmission is performed, the 

terminal device 200 performs channel estimation on the basis of a CRS.  Conversely, 

when a precoding matrix selected from a plurality of precoding matrices is used 

while transmission is performed, the terminal device 200 performs channel 10 

estimation on the basis of a DM-RS. 

[0185] 

 The terminal device 200 (the reception processing unit 243) generates a 

channel equalization weight and/or a spatial equalization weight on the basis of a 

channel estimation result (S343) and performs equalization on received signals using 15 

the channel equalization weight and/or the spatial equalization weight (S345).  The 

channel equalization weight may be a linear equalization weight matrix based on a 

minimum mean square error (MMSE) scheme or a linear equalization weight matrix 

based on the zero forcing (ZF) scheme.  As a technique other than linear 

equalization, maximum likelihood (ML) detection, ML estimation, iterative 20 

detection/iterative cancellation), turbo equalization, or the like may be used. 

[0186] 

 The terminal device 200 (the reception processing unit 243) generates a log 

likelihood ratio (LLR) sequence of a reception side which corresponds to the 

encoded bit sequence on the basis of the result of the equalization of the received 25 

signals (S347). 

[0187] 

 When scrambling has been performed on the reception side (S349: YES), 

the terminal device 200 (the reception processing unit 243) scrambles the LLR 

sequence (S351).  Although not illustrated in FIG. 10, in a case in which the 30 

interleaving has been performed on the transmission side, the terminal device 200 
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(the reception processing unit 243) deinterleave the LLR sequence.  An order of the 

descrambling and the deinterleaving corresponds to an order on the transmission side. 

[0188] 

 The terminal device 200 (the reception processing unit 243) executes error 

correction coding on the LLR sequence (which has been scrambled) (S353).  For 5 

example, the error correction coding is Viterbi decoding, turbo decoding, message 

passing algorithm decoding or the like. 

[0189] 

 The terminal device 200 (the reception processing unit 243) performs CRS 

on the decoded bit sequence (S355).  That is, the terminal device 200 checks 10 

whether decoding has been correctly performed.  Then, the process ends. 

[0190] 

(c) Decoding process for SPC (first example: SIC) 

(c-1) Whole process 

 FIG. 11 is a flowchart illustrating a first example of a schematic flow of a 15 

decoding process for SPC.  The decoding process for SPC corresponds to step S360 

illustrated in FIG. 9.  In particular, the first example is an example of a process 

based on successive interference cancellation (SIC). 

[0191] 

 The terminal device 200 (the reception processing unit 243) buffers a 20 

received signal (S361). 

[0192] 

 The terminal device 200 (the reception processing unit 243) selects a power 

layer to which higher power is allocated from unselected power layers as a target 

layer (S363). 25 

[0193] 

 The terminal device 200 (the reception processing unit 243) determines a 

transmission mode (TM) that has been applied to the target layer (S365).  In 

addition, the terminal device 200 (the reception processing unit 243) determines 

whether interleaving/scrambling has been performed on the target layer (S367).  30 

Then, the terminal device 200 performs a decoding process for non-SPC on the target 
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layer (S380). 

[0194] 

 When a signal of the target layer is destined for the terminal device 200 

(S371: YES), the process ends. 

[0195] 5 

 When the signal of the target layer is not destined for the terminal device 

200 (S371: NO), the terminal device 200 (the reception processing unit 243) 

performs an interference signal replica generation process on the target layer (S400).  

The terminal device 200 (the reception processing unit 243) generates an interference 

signal replica by performing the interference signal replica generation process.  10 

Then, the terminal device 200 (the reception processing unit 243) subtracts the 

interference signal replica from the buffered signal (S373) and buffers the subtracted 

signal (S375) again.  Then, the process returns to step S363. 

[0196] 

 Meanwhile, although only one layer is allocated to one user in the above-15 

described example, the first embodiment is not limited to this example.  For 

example, two or more layers may be allocated to one user.  In this case, even when 

the signal of the target layer is a signal destined for the terminal device 200 in step 

S371, the process may proceed to step S400 instead of ending 

[0197] 20 

 In addition, determination of whether interleaving has been performed in 

step S367 may be performed on the basis of whether the target layer is a power layer 

with maximum power or whether an interleaver indicated via DCI is used. 

[0198] 

(c-2) Decoding process for non-SPC for target layer 25 

 FIG. 12 is a flowchart illustrating an example of a schematic flow of a 

decoding process for non-SPC for a target layer.  The decoding process for non-

SPC corresponds to step S380 illustrated in FIG. 12. 

[0199] 

 Meanwhile, no particular difference exists between a description of steps 30 

S381 to S387 and the description of steps S341 to S347 illustrated in FIG. 10.  
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Accordingly, only steps S389 to S399 will be described. 

[0200] 

 When interleaving has been performed at a transmission side (S389: YES), 

the terminal device 200 (the reception processing unit 243) deinterleaves the LLR 

sequence using a deinterleaver corresponding to the target layer (S391).  5 

Specifically, the terminal device 200 deinterleaves the LLR sequence using the 

deinterleaver corresponding to the information regarding the power allocation and/or 

the control information regarding transmission and reception of the target layer. 

[0201] 

 When interleaving has not been performed at the transmission side (S389: 10 

NO) but scrambling has been performed at the transmission side (S393: YES), the 

terminal device 200 (the reception processing unit 243) descrambles the LLR 

sequence (S395).  Specifically, the terminal device 200 descrambles the LLR 

sequence using the descrambler corresponding to the information regarding the 

power allocation and/or the control information regarding transmission and reception 15 

of the target layer. 

[0202] 

 The terminal device 200 (the reception processing unit 243) executes error 

correction coding on the LLR sequence (which has been deinterleaved/descrambled) 

(S397).  For example, the error correction coding is Viterbi decoding, turbo 20 

decoding, MPA decoding or the like. 

[0203] 

 The terminal device 200 (the reception processing unit 243) performs CRC 

on the decoded bit sequence (S399).  That is, the terminal device 200 checks 

whether decoding has been correctly performed.  Then, the process ends. 25 

[0204] 

(c-3) Interference signal replica generation process for target layer 

 FIG. 13 is a flowchart illustrating an example of a schematic flow of an 

interference signal replica generation process for a target layer.  The interference 

signal replica generation process corresponds to step S400 illustrated in FIG. 11. 30 

[0205] 
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 When the bit sequence of the target layer has been correctly decoded (S401: 

YES), the terminal device 200 (the reception processing unit 243) acquires the bit 

sequence (S403) and generates an encoded bit sequence by performing error 

correction coding and rate matching on the bit sequence (S405). 

[0206] 5 

 Conversely, when the bit sequence of the target layer has not been correctly 

decoded (S401: NO), the terminal device 200 (the reception processing unit 243) 

acquires an LLR sequence (S407) and performs rate matching on the LLR sequence 

(S409).  The LLR sequence is a sequence generated in an error correction decoding 

process. 10 

[0207] 

 Whether the bit sequence of the target layer has been correctly decoded 

(S401) may be determined on the basis of a result of CRC. 

[0208] 

 When interleaving has been performed at the transmission side (S411: YES), 15 

the terminal device 200 (the reception processing unit 243) interleaves the encoded 

bit sequence (or the LLR sequence) using the interleaver corresponding to the target 

layer (S413).  Specifically, the terminal device 200 interleaves the encoded bit 

sequence using the interleaver corresponding to the information regarding the power 

allocation and/or the control information regarding transmission and reception of the 20 

target layer. 

[0209] 

 Conversely, when interleaving has not been performed at the transmission 

side (S411: NO) but scrambling has been performed at the transmission side (S415: 

YES), the terminal device 200 (the reception processing unit 243) scrambles the 25 

encoded bit sequence (or the LLR sequence) (S417).  Specifically, the terminal 

device 200 scrambles the encoded bit sequence using the scrambler corresponding to 

the information regarding the power allocation and/or the control information 

regarding transmission and reception of the target layer. 

[0210] 30 

 The terminal device 200 (the reception processing unit 243) performs other 
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processes (e.g., modulation, power allocation, and the like) on the encoded bit 

sequence (or the LLR sequence) (which has been interleaved or scrambled) (S419).  

Then, the process ends. 

[0211] 

 Further, for example, soft modulation is performed on the LLR sequence as 5 

another process for the LLR sequence.  In the soft modulation, a likelihood of 

generation of signal point candidates of a modulation symbol (e.g., BPSK, QPSK, 

8PSK, 16PSK, 16QAM, 256QAM or the like) are calculated using the LLR sequence, 

and thus expectations of signal points of the modulation symbol can be generated.  

Accordingly, influence of a bit decoding error in the generation of the interference 10 

signal replica can be reduced. 

[0212] 

(d) Decoding process for SPC (second example: PIC) 

(d-1) Whole process 

 FIG. 14 is a flowchart illustrating an example of a second example of a 15 

schematic flow of a decoding process for SPC.  The decoding process for SPC 

corresponds to step S360 illustrated in FIG. 9.  Above all, the second example is an 

example of a process based on parallel interference cancellation (PIC). 

[0213] 

 The terminal device 200 (the reception processing unit 243) buffers a 20 

received signal (S421). 

[0214] 

 The terminal device 200 (the reception processing unit 243) determines a 

transmission mode (TM) that has been applied to each of multiple power layers 

(S423).  In addition, the terminal device 200 (the reception processing unit 243) 25 

determines whether interleaving/scrambling has been performed on each of the 

multiple power layers (S425).  Then, the terminal device 200 performs parallel 

decoding processes on the multiple power layers (S440). 

[0215] 

 When the bit sequence destined for the own device (the terminal device 30 

200) has been correctly decoded (S427: YES), the process ends.  In addition, the bit 
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sequence destined for the own device (the terminal device 200) has not been 

correctly decoded (S427: NO), but the process ends even when parallel decoding 

processes have been performed multiple times (S429: YES). 

[0216] 

 When the parallel decoding processes have not been performed multiple 5 

times (S429: NO), the terminal device 200 (the reception processing unit 243) 

performs an interference signal replica generation process (S470).  The terminal 

device 200 (the reception processing unit 243) generates an interference signal 

replica by performing the interference signal replica generation process.  Then, the 

terminal device 200 (the reception processing unit 243) subtracts the interference 10 

signal replica from the buffered signal (S431) and buffers the subtracted signal 

(S433) again.  Then, the process returns to step S440. 

[0217] 

 Meanwhile, determination of whether interleaving has been performed in 

step S425 may be performed on the basis of whether the power layer is a power layer 15 

with maximum power or whether an interleaver indicated via DCI is used. 

[0218] 

(d-2) Decoding process 

 FIG. 15 is a flowchart illustrating an example of a schematic flow of parallel 

decoding processes.  The parallel decoding processes correspond to step S440 20 

illustrated in FIG. 14. 

[0219] 

 The terminal device 200 (the reception processing unit 243) performs 

channel estimation on the basis of a reference signal transmitted by the base station 

100 for each of multiple layers (S441).  For example, the reference signal is a CRS 25 

or a DM-RS.  For example, when a precoding matrix is not used (or a specific 

matrix (e.g., a unit matrix or a diagonal matrix) is used as a precoding matrix) while 

transmission is performed, the terminal device 200 performs channel estimation on 

the basis of the CRS.  Conversely, when a precoding matrix selected from a 

plurality of precoding matrices is used while transmission is performed, the terminal 30 

device 200 performs channel estimation on the basis of the DM-RS. 
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[0220] 

 The terminal device 200 (the reception processing unit 243) generates a 

channel equalization weight and/or a spatial equalization weight on the basis of a 

channel estimation result (S443) and performs equalization on a received signal 

using the channel equalization weight and/or the spatial equalization weight (S445).  5 

The channel equalization weight may be a linear equalization weight matrix based on 

the MMSE scheme or a linear equalization weight matrix based on the ZF scheme.  

As a technique other than linear equalization, ML detection, ML estimation, iterative 

interference cancellation, turbo equalization or the like may be used. 

[0221] 10 

 The terminal device 200 (the reception processing unit 243) selects a target 

layer from the multiple layers (S449). 

[0222] 

 When the bit sequence of the target layer is already correctly decoded 

(S449: YES), the process ends when all of the power layers are selected (S465: YES), 15 

whereas the process returns to step S447 when all of the power layers are not 

selected (S465: NO). 

[0223] 

 When the bit sequence of the target layer is not yet correctly decoded (S449: 

NO), the terminal device 200 (the reception processing unit 243) generates an LLR 20 

sequence of the reception side which corresponds to the encoded bit sequence on the 

basis of the result of the equalization of the received signal (S451). 

[0224] 

 When interleaving has been performed at the transmission side (S453: YES), 

the terminal device 200 (the reception processing unit 243) deinterleaves the LLR 25 

sequence using a deinterleaver corresponding to the target layer (S455).  

Specifically, the terminal device 200 deinterleaves the LLR sequence using the 

deinterleaver corresponding to the information regarding the power allocation and/or 

the control information regarding transmission and reception of the target layer. 

[0225] 30 

 Conversely, when interleaving has not been performed at the transmission 
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side (S453: NO) but scrambling has been performed at the transmission side (S457: 

YES), the terminal device 200 (the reception processing unit 243) descrambles the 

LLR sequence (S459).  Specifically, the terminal device 200 descrambles the LLR 

sequence using the descrambler corresponding to the information regarding the 

power allocation and/or the control information regarding transmission and reception 5 

of the target layer. 

[0226] 

 The terminal device 200 (the reception processing unit 243) executes error 

correction coding on the LLR sequence (which has been deinterleaved/scrambled) 

(S461).  For example, the error correction decoding is Viterbi decoding, turbo 10 

decoding, MPA decoding or the like. 

[0227] 

 The terminal device 200 (the reception processing unit 243) performs CRS 

on the decoded bit sequence (S463).  That is, the terminal device 200 checks 

whether decoding has been correctly performed.  Then, the process is ended when 15 

all the power layers have been selected (S465: YES) whereas the process returns to 

step S447 when all of the power layers are not selected (S465: NO). 

[0228] 

 Meanwhile, although steps S447 to S465 are shown as iterative processes to 

represent the flowchart, steps S447 to S465 may certainly be executed in parallel for 20 

each of the multiple power layers. 

[0229] 

(d-3) Generation of interference replica 

 FIG. 16 is a flowchart illustrating an example of a schematic flow of an 

interference signal replica generation process.  The interference signal replica 25 

generation process corresponds to step S470 illustrated in FIG. 14. 

[0230] 

 The terminal device 200 (the reception processing unit 243) selects a target 

layer from multiple power layers (S471). 

[0231] 30 

 When a bit sequence of the target layer has been correctly decoded (S473: 
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YES) but an interference signal replica has not been generated on the basis of the 

correctly decoded bit sequence of the target layer (S475: NO), the terminal device 

200 (the reception processing unit 243) acquires the bit sequence (S477).  Then, the 

terminal device 200 (the reception processing unit 243) performs error correction 

coding and rate matching on the bit sequence to generate an encoded bit sequence 5 

(S449). 

[0232] 

 When the interference signal replica is already generated on the basis of the 

correctly decoded bit sequence of the target layer (S475: YES), the process ends 

when all of the power layers are selected (S497: YES), whereas the process returns to 10 

step S471 when all of the power layers are not selected (S497: NO). 

[0233] 

 When the bit sequence of the target layer has not been correctly decoded 

(S473: NO), the terminal device 200 (the reception processing unit 243) acquires an 

LLR sequence (S481) and performs rate matching on the LLR sequence (S483).  15 

The LLR sequence is a sequence generated in the error correction decoding process. 

[0234] 

 Whether the bit sequence of the target layer has been correctly decoded 

(S473) may be determined on the basis of a result of CRC. 

[0235] 20 

 When interleaving has been performed at the transmission side (S485: YES), 

the terminal device 200 (the reception processing unit 243) interleaves the encoded 

bit sequence (or the LLR sequence) using an interleaver corresponding to the target 

layer (S487).  Specifically, the terminal device 200 interleaves the encoded bit 

sequence using the interleaver corresponding to the information regarding the power 25 

allocation and/or the control information regarding transmission and reception of the 

target layer. 

[0236] 

 Conversely, when interleaving has not been performed at the transmission 

side (S485: NO) but scrambling has been performed at the transmission side (S489: 30 

YES), the terminal device 200 (the reception processing unit 243) scrambles the 
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encoded bit sequence (or the LLR sequence) (S491).  Specifically, the terminal 

device 200 scrambles the encoded bit sequence using the scrambler corresponding to 

the information regarding the power allocation and/or the control information 

regarding transmission and reception of the target layer. 

[0237] 5 

 The terminal device 200 (the reception processing unit 243) performs other 

processes (e.g., modulation, power allocation, and the like) on the encoded bit 

sequence (or the LLR sequence) (which has been interleaved or scrambled) (S493).  

Then, the terminal device 200 (the reception processing unit 243) buffers the 

generated interference signal replica (S495).  Then, the process ends when all of the 10 

power layers are selected (S497: YES), whereas the process returns to step S471 

when all of the power layers are not selected (S497: NO). 

[0238] 

<<6. Second embodiment>> 

 The embodiment is a mode in which multicast or broadcast signals are 15 

multiplexed using SPC.  Hereinafter, the description of the same content as the first 

embodiment will be omitted and differences from the first embodiment will be 

mainly described. 

[0239] 

<6.1. MBMS> 20 

(1) MBMS 

 As one of the technologies of LTE, there are known multimedia 

broadcast/multicast services (MBMS).  MBMS is a technology for providing 

simultaneously services including a video or audio to multiple users by broadcasting 

or multicasting data.  In MBMS, data is transmitted with a physical multicast 25 

channel (PMCH).  Hereinafter, MBMS will be described with reference to FIG. 17. 

[0240] 

 FIG. 17 is an explanatory diagram for explaining an overview of MBMS.  

As illustrated in FIG. 17, in MBMS, an area (MBMS service area) for providing 

MBMS can be divided into areas called multimedia broadcast single frequency 30 

network (MBSFN) areas.  In the same MBSFN area, one or more base stations 100 
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cooperate to broadcast and multicast the same data to one or more terminal devices 

200 in the same area.  In the MBSFN area, there is an MBSFN area reserved cell.  

This cell can provide other services without providing MBMS.  Next, the MBSFN 

area will be described in detail with reference to FIG. 18. 

[0241] 5 

 FIG. 18 is an explanatory diagram for explaining an MBSFN area.  FIG. 18 

illustrates an example of a case in which seven cells 10 are separated into three 

MBSFN areas.  IDs = 0, 1, and 2 are allocated to the MBSFN areas.  The middle 

cell 10 belongs to both the MBSFN areas with IDs = 0 and 1.  The ID of the 

MBSFN area is also called an MBSFN area identify and is also denoted by NID
MBSFN

.  10 

NID
MBSFN

 takes any one of 0 to 255. 

[0242] 

(2) SPC in MBMS 

 In a case in which SPC is adopted in MBMS, multicast or broadcast data is 

assumed to be multiplexed in a power area on a plurality of or same time resource 15 

and/or same frequency resource.  An example of a case in which the number of 

pieces of data is 2 is illustrated in FIG. 19.  FIG. 19 is an explanatory diagram for 

explaining an example of power allocation to power layers in MBMS.  As in FIG. 7, 

the horizontal axis of FIG. 19 represents a frequency resource and/or a time resource 

and the vertical axis represents a power level (height of the allocated power).  As 20 

illustrated in FIG. 19, multicast or broadcast transport block sets (TBS) 0 and TBS1 

are multiplexed in a power region on the same time resource and/or the same 

frequency resource. 

[0243] 

 On a reception side, a desired signal is assumed to be decoded using SIC 25 

from signals of a plurality of power areas multiplexed using SPC as in the first 

embodiment.  Here, in order for SIC to appropriately function on the reception side, 

interference occurring between an interference signal (that is, a signal of another 

user) and a desired signal is preferably small.  Hereinafter, a scramble pattern that 

has an influence on interference occurring between an interference signal and a 30 

desired signal will be described. 
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[0244] 

 In MBMS, a scramble pattern c
(q)

(i) is uniquely decided using an initial 

value Cinit calculated in the following expression. 

[0245] 

[Math. 24] 5 

 

[0246] 

 Here, ns denotes a slot index, NID
MBSFN

 denotes an ID of an MBSFN area. 

[0247] 

 Here, in MBMS, the slot indexes ns of all the data superimposed in the 10 

power layers have the same value because of features in which the same data is 

simultaneously transmitted to users belonging to the same MBMS area.  In addition, 

in MBMS, all the data superimposed in the power layers have the same NID
MBSFN

 

value since the data is superimposed in the power layers and transmitted to the users 

belonging to the same MBSFN area.  That is, in a case in which a scramble scheme 15 

of the current standard of deciding a scramble pattern using the foregoing Expression 

24 is adopted even at the time of use of SPC, the scramble patterns applied to all the 

data superimposed in the power layers are the same. 

[0248] 

 In MBMS, intra-cell interference does not occur since the same data is 20 

transmitted to all the users in the same MBSFN area.  However, in a case in which 

data is superimposed in power layers applying SPC in MBMS, interference between 

the superimposed data, that is, intra-cell interference, can occur.  Here, in a case in 

which the same scramble pattern is applied to all the data in MBMS, the above-

described influence of the interference may not be reduced and BLER features 25 

degrade in some cases. 

[0249] 

 Accordingly, in the embodiment, information regarding power allocation is 

used as in the first embodiment to generate a scramble pattern or an interleave 
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pattern in MBMS.  Thus, different scramble patterns or interleave patterns are 

applied to a plurality of pieces of superimposed data, and thus the above-described 

influence of the interference can be reduced. 

[0250] 

(3) Transmission process in MBMS 5 

 A process of transmitting signals of a plurality of power layers multiplexed 

using SPC in MBMS is basically the same as the process described in the above-

described �<<1. SPC>>�.  Hereinafter, the process will be described in detail. 

[0251] 

 An index of a MBSFN area to be in connection with a target user u is 10 

denoted by i, and the total number of transmission antennas of all base stations 

corresponding to the area is denoted by NTX,i.  Each of the transmission antennas 

may also be called a transmission antenna port.  A transmission signal of the data 

nMBMS transmitted from the MBSFN area i to the user u can be expressed in a vector 

form as below. 15 

[0252] 

[Math. 25] 

 

[0253] 

[Math. 26] 20 
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[0254] 

[Math. 27] 

 

[0255] 

[Math. 28] 5 

 

[0256] 

 In the above expressions, NSS, nMBMS denotes the number of spatial 

transmission streams for the transmission data nMBMS.  Basically, NSS, nMBMS is a 

positive integer equal to or less than NTX,i.  A vector xi, nMBMS is a spatial stream 10 

signal of the transmission data nMBMS.  Elements of this vector basically correspond 

to digital modulation symbols of phase shift keying (PSK), quadrature amplitude 

modulation (QAM), or the like.  A matrix Wi, nMBMS is a precoding matrix for the 

transmission data nMBMS.  An element in this matrix is basically a complex number, 

but may be a real number. 15 

[0257] 

 A matrix Pi, nMBMS is a power allocation coefficient matrix for the 

transmission data nMBMS in the MBSFN area i.  In this matrix, each element is 

preferably a positive real number.  Note that this matrix may be a diagonal matrix 

(i.e., a matrix whose components excluding diagonal components are zero) as below. 20 

[0258] 
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[Math. 29] 

 

[0259] 

 If adaptive power allocation for a spatial stream is not performed, a scalar 

value Pi,u may be used instead of the matrix Pi, nMBMS. 5 

[0260] 

 Not only the transmission data nMBMS but also the following another signal 

in Math. 31 including the following transmission data in Math. 30 are transmitted 

with the same radio resources to the MBSFN area i. 

[Math. 30] 10 

 

[Math. 31] 

 

 The signal is multiplexed using the SPC.  A signal si from the MBSFN area 

i after the multiplexing is expressed, as follows. 15 

[0261] 

[Math. 32] 

 

[0262] 
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 In the above-described expression, NMBMS is a total number of transmission 

data multiplexed in the MBSFN area i.  Even in an area j (an area which is an 

interference source to the area i) other than the MBSFN area i, a transmission signal 

sj is similarly generated.  The signal is received as interference on the user side.  A 

reception signal ru of a user u can be expressed as follows. 5 

[0263] 

[Math. 33] 

 

[0264] 

[Math. 34] 10 

 

[0265] 

[Math. 35] 

 

[0266] 15 

 In the above expressions, a matrix Hu,i is a channel response matrix for the 

MBSFN area i and the user u.  Each element of the matrix Hu,i is basically a 
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complex number.  A vector nu is noise included in the reception signal ru of the user 

u.  For example, the noise includes thermal noise and interference from another 

system.  The average power of the noise is expressed as below. 

[0267] 

[Math. 36] 5 

 

[0268] 

 In the above expression, the first term of the right side denotes a desired 

signal of the user u, the second term, interference in the serving cell i of the user u 

(called intra-cell interference or multi-access interference, or the like), and the third 10 

term, interference from an area other than the area i (called inter-cell interference). 

[0269] 

<6.2. Technical features> 

(1) Technical features on transmission side 

 The base station 100 (for example, the transmission processing unit 151) 15 

according to the embodiment applies signal conversion processes with different 

patterns to a plurality of pieces of transmission data (the physical channel PMCH) 

multiplexed using SPC.  Thus, since different signal conversion processes are 

applied to a plurality of pieces of superimposed data, the influence of the interference 

can be reduced. 20 

[0270] 

 The base station 100 adds, for example, information regarding power 

allocation to parameters for generating a scramble pattern.  The following Table 2 

shows examples of parameters available to generate the scramble pattern. 

[0271] 25 
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[Table 8] 

parameters SPC not 

applied 

SPC 

applied 

Information 

regarding 

MBMS 

Slot Index � � 

MBSFN Area Identify 
� � 

Information 

regarding 

power 

allocation 

Power Layer Index - � 

Power Table Index - � 

Power Allocation Rate - 
� 

[0272] 

 The information regarding MBMS shown in the foregoing Table 8 is 

parameters available to generate the scramble pattern in MBMS, as expressed in the 

foregoing Expression 24.  Further, the slot index is equivalent to a subframe index 5 

in the foregoing Table 1.  As shown in the foregoing Table 8, in a case in which 

SPC is not applied, the base station 100 generates the scramble pattern using the 

information regarding MBMS.  Conversely, when SPC is applied, the base station 

100 uses at least one of the information regarding the power allocation as a 

parameter for generating the scramble pattern in addition to the information 10 

regarding MBMS.  Hereinafter, the information regarding the power allocation will 

be described in detail. 

[0273] 

- Power layer index 

 The base station 100 may generate the scramble pattern using the power 15 

layer index of the scramble target transmission signal sequence in addition to the 

information regarding MBMS (that is, the slot index and the area ID of the MBSFN). 

[0274] 

 The power layer index according to the embodiment is the same as the 

power layer index described above with reference to FIG. 7.  In the embodiment, the 20 

total number NMBMS of transmission data multiplexed in a target MBSFN area is 

equivalent to the number of power layers N and the index nMBMS of the transmission 

data is equivalent to the power layer index.  For example, as the index is smaller, a 

higher power level is allocated to the indexes nMBMS = 0 to NMBMS-1 of the power 

layers.  Of course, the relation between the power layer index and the allocated 25 
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power level is not limited thereto. 

[0275] 

 The initial value cinit of the scramble pattern generated using the power layer 

index is expressed in the following expression, for example. 

[0276] 5 

[Math. 37] 

 

[0277] 

- Power table index 

 The base station 100 may generate the scramble pattern using the power 10 

table index of the scramble target transmission signal sequence in addition to the 

information regarding MBMS (that is, the slot index and the area ID of MBSFN).  

An example of the power table index has been described in the foregoing Table 2.  

The initial value cinit of the scramble pattern generated using the power table index is 

expressed in the following expression, for example. 15 

[0278] 

[Math. 38] 

 

[0279] 

- Power allocation rate 20 

 The base station 100 may generate the scramble pattern using the 

information indicating a value of power allocated to a target power layer (for 

example, a power allocation rate) in addition to the information regarding MBMS 

(that is, the slot index and the area ID of MBSFN).  An example of the power 

allocation rate has been described in the foregoing Table 3.  The initial value cinit of 25 

the scramble pattern generated using the power allocation rate is expressed in the 

following expression, for example. 
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[0280] 

[Math. 39] 

 

[0281] 

(Supplement) 5 

 The example in which the information regarding the power allocation is 

added to the parameters for generating the scramble pattern has been described above, 

but the present technology is not limited to this example.  For example, the 

scramble pattern may be generated on the basis of the slot index and the area ID of 

MBSFN as in the related art and the signal conversion processes based on the 10 

information regarding the power allocation may be performed on a scramble output 

sequence or a scramble input sequence.  Even in this case, since the different signal 

conversion processes are applied to the plurality of pieces of superimposed data, the 

influence of the interference can be reduced. 

[0282] 15 

 As an example of the signal conversion process, an interleaver can be 

exemplified.  For example, the interleave pattern is generated on the basis of the 

above-described information regarding the power allocation and the different 

interleave patterns are applied to the multiplexed signals.  Of course, the 

information regarding the power allocation may be used in both the generation of the 20 

scramble pattern and the signal conversion process. 

[0283] 

 As parameter notification means, the same means as the means described in 

the first embodiment is used.  In the embodiment, however, the control information 

can be notified of with the control channel physical multicast control channel 25 

(PMCH) used in MBMS. 

[0284] 

(2) Technical features on reception side 

 The terminal device 200 (the reception processing unit 243) has the features 
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described in the first embodiment.  The reception process by the terminal device 

200 is the same as the process described above with reference to FIG. 9 and the like.  

However, the terminal device 200 according to the embodiment is different from that 

according to the first embodiment in that the process of confirming whether the radio 

resources are allocated to the terminal device 200 (FIG. 9: step S323) and the process 5 

of responding ACK/NACK (FIG. 9: step S327) are not performed. 

[0285] 

(3) Conclusion 

 The technical features according to the embodiment have been described 

above.  According to the embodiment, in a case in which the multicast or broadcast 10 

data is multiplexed in the power area on the plurality of or same time resource and/or 

same frequency resource, the signal conversion patterns applied to the multiplexed 

signals can be set to be different.  Thus, the error rate feature on the reception side 

can be improved. 

[0286] 15 

<<7. Modified example>> 

 In the modified examples, CRC scrambling in accordance with the 

information regarding the power allocation is performed. 

[0287] 

(1) Standard specification of CRC scrambling 20 

 For example, in the case of the physical downlink control channel (PDCCH), 

the CRC scrambling is performed in the CRC encoding block illustrated in FIG. 2.  

A CRC scrambling target sequence is expressed in the following expression. 

[0288] 

[Math. 40] 25 

 

[0289] 

 Here, a0, ..., aA-1 is a transmission target bit stream and A denotes the size of 

the transmission target bit stream.  The bit stream is also called a payload bit 

sequence below.  In addition, p0, ..., pL-1 denote a payload bit sequence 30 
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corresponding to the payload bit sequence and L denotes the size of the payload bit 

sequence.  Hereinafter, the payload bit sequence is also called a CRC bit sequence.  

In addition, b0, ..., bB-1 denote a bit sequence in which the payload bit sequence and 

the CRC bit sequence are connected and B denotes the size of the bit sequence.  

That is, B=A+L is satisfied. 5 

[0290] 

 The standard specification of the CRC scramble is defined in 3GPP 

TS36.212.  More specifically, the CRC bit sequence is scrambled using RNTI as 

expressed in the following expression. 

[0291] 10 

[Math. 41] 

 

[0292] 

 Here, bk in k=A, ..., A+15 is equivalent to the CRC bit sequence.  In 

addition, xrnti, k-A denotes a bit sequence of RNTI.  In addition, ck is a scrambled bit 15 

sequence.  The bit sequence is output from the CRC encoding block illustrated in 

FIG. 2 and is input to an FEC encoding block.  Accordingly, the bit sequence is also 

called an FEC encoding input bit sequence. 

[0293] 

(2) CRC scrambling in accordance with information regarding power allocation 20 

 In the modified example, to generate the FEC encoding input bit sequence, 

the following expression is adopted instead of the foregoing expression. 

[0294] 

[Math. 42] 

 25 
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[0295] 

 Here, xPowerAlloc, k-A is a bit sequence corresponding to the information 

regarding the power allocation.  An example of the bit sequence corresponding to 

the information regarding the power allocation is shown in the following table. 

[0296] 5 

[Table 9] 

UE Transmit Power 

Alloc.  

Power Alloc mask 

>< 15,1,0, ,,, PowerAllocPowerAllocPowerAlloc xxx L
 

Power Layer 0 

ratio 

Power Layer 1 

ratio 

UE Transmit Power 

Alloc. 0 

<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0> 

not multiplexed on power axis 

UE Transmit Power 

Alloc. 1 

<1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0> 

A % 100 - A % 

UE Transmit Power 

Alloc. 2 

<0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0> 

B % 100 - B % 

UE Transmit Power 

Alloc. 3 

<1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0> 

C % 100 - C % 

[0297] 

 �UE transmit power Alloc.� denotes an index regarding the information 

regarding the power allocation.  �Power Alloc mask� denotes a bit sequence 

corresponding to the information regarding the power allocation.  �Power Layer 0 10 

ratio� is a power allocated to power layer 0.  �Power Layer 1 ratio� is a power 

allocated to power layer 1. 

Further, A, B, and C in �Power Layer 0 ratio� and �Power Layer 1 ratio� are any 

numerical values greater than 0 and less than 100. 

[0298] 15 

 In this way, the CRC bit sequence is scrambled in accordance with the 

information regarding the power allocation. 

[0299] 

<<8. Application example>> 

 The technology of the present disclosure can be applied to various products.  20 

The base station 100 may be realized as any type of evolved node B (eNB), for 

example, a macro eNB, a small eNB, or the like.  A small eNB may be an eNB that 

covers a smaller cell than a macro cell, such as a pico eNB, a micro eNB, or a home 

(femto) eNB.  Alternatively, the base station 100 may be realized as another type of 
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base station such as a node B or a base transceiver station (BTS).  The base station 

100 may include a main body that controls radio communication (also referred to as 

a base station device) and one or more remote radio heads (RRHs) disposed in a 

different place from the main body.  In addition, various types of terminals to be 

described below may operate as the base station 100 by temporarily or semi-5 

permanently executing the base station function.  Furthermore, at least some of 

constituent elements of the base station 100 may be realized in a base station device 

or a module for a base station device. 

[0300] 

 In addition, the terminal device 200 may be realized as, for example, a 10 

mobile terminal such as a smartphone, a tablet personal computer (PC), a notebook 

PC, a portable game terminal, a portable/dongle type mobile router, or a digital 

camera, or an in-vehicle terminal such as a car navigation device.  In addition, the 

terminal device 200 may be realized as a terminal that performs machine-to-machine 

(M2M) communication (also referred to as a machine type communication (MTC) 15 

terminal).  Furthermore, at least some of constituent elements of the terminal device 

200 may be realized in a module mounted in such a terminal (for example, an 

integrated circuit module configured in one die). 

[0301] 

<8.1. Application example with regard to base station> 20 

(First application example) 

 FIG. 20 is a block diagram illustrating a first example of a schematic 

configuration of an eNB to which the technology of the present disclosure may be 

applied.  An eNB 800 includes one or more antennas 810 and a base station device 

820.  Each antenna 810 and the base station device 820 may be connected to each 25 

other via an RF cable. 

[0302] 

 Each of the antennas 810 includes a single or multiple antenna elements 

(such as multiple antenna elements included in an MIMO antenna), and is used for 

the base station device 820 to transmit and receive radio signals.  The eNB 800 may 30 

include the multiple antennas 810, as illustrated in FIG. 20.  For example, the 
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multiple antennas 810 may be compatible with multiple frequency bands used by the 

eNB 800.  Although FIG. 20 illustrates the example in which the eNB 800 includes 

the multiple antennas 810, the eNB 800 may also include a single antenna 810. 

[0303] 

 The base station device 820 includes a controller 821, a memory 822, a 5 

network interface 823, and a radio communication interface 825. 

[0304] 

 The controller 821 may be, for example, a CPU or a DSP, and operates 

various functions of a higher layer of the base station device 820.  For example, the 

controller 821 generates a data packet from data in signals processed by the radio 10 

communication interface 825, and transfers the generated packet via the network 

interface 823.  The controller 821 may bundle data from multiple base band 

processors to generate the bundled packet, and transfer the generated bundled packet.  

The controller 821 may have logical functions of performing control such as radio 

resource control, radio bearer control, mobility management, admission control, and 15 

scheduling.  The control may be performed in corporation with an eNB or a core 

network node in the vicinity.  The memory 822 includes RAM and ROM, and stores 

a program that is executed by the controller 821, and various types of control data 

(such as a terminal list, transmission power data, and scheduling data). 

[0305] 20 

 The network interface 823 is a communication interface for connecting the 

base station device 820 to a core network 824.  The controller 821 may 

communicate with a core network node or another eNB via the network interface 823.  

In this case, the eNB 800 may be connected to a core network node or another eNB 

through a logical interface (e.g. S1 interface or X2 interface).  The network 25 

interface 823 may also be a wired communication interface or a radio 

communication interface for radio backhaul.  If the network interface 823 is a radio 

communication interface, the network interface 823 may use a higher frequency band 

for radio communication than a frequency band used by the radio communication 

interface 825. 30 

[0306] 
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 The radio communication interface 825 supports any cellular 

communication scheme such as Long Term Evolution (LTE) and LTE-Advanced, and 

provides radio connection to a terminal positioned in a cell of the eNB 800 via the 

antenna 810.  The radio communication interface 825 may typically include, for 

example, a baseband (BB) processor 826 and an RF circuit 827.  The BB processor 5 

826 may perform, for example, encoding/decoding, modulating/demodulating, and 

multiplexing/demultiplexing, and performs various types of signal processing of 

layers (such as L1, medium access control (MAC), radio link control (RLC), and a 

packet data convergence protocol (PDCP)).  The BB processor 826 may have a part 

or all of the above-described logical functions instead of the controller 821.  The 10 

BB processor 826 may be a memory that stores a communication control program, or 

a module that includes a processor and a related circuit configured to execute the 

program.  Updating the program may allow the functions of the BB processor 826 

to be changed.  The module may be a card or a blade that is inserted into a slot of 

the base station device 820.  Alternatively, the module may also be a chip that is 15 

mounted on the card or the blade.  Meanwhile, the RF circuit 827 may include, for 

example, a mixer, a filter, and an amplifier, and transmits and receives radio signals 

via the antenna 810. 

[0307] 

 The radio communication interface 825 may include the multiple BB 20 

processors 826, as illustrated in FIG. 20.  For example, the multiple BB processors 

826 may be compatible with multiple frequency bands used by the eNB 800.  The 

radio communication interface 825 may include the multiple RF circuits 827, as 

illustrated in FIG. 20.  For example, the multiple RF circuits 827 may be compatible 

with multiple antenna elements.  Although FIG. 20 illustrates the example in which 25 

the radio communication interface 825 includes the multiple BB processors 826 and 

the multiple RF circuits 827, the radio communication interface 825 may also include 

a single BB processor 826 or a single RF circuit 827. 

[0308] 

 In the eNB 800 shown in FIG. 20, one or more structural elements included 30 

in the processing unit 150 (the transmission processing unit 151 and/or the 
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notification unit 153) described with reference to FIG. 5 may be implemented by the 

radio communication interface 825.  Alternatively, at least some of these constituent 

elements may be implemented by the controller 821.  As an example, a module 

which includes a part (for example, the BB processor 826) or all of the radio 

communication interface 825 and/or the controller 821 may be mounted in eNB 800, 5 

and the one or more structural elements may be implemented by the module.  In this 

case, the module may store a program for causing the processor to function as the 

one or more structural elements (i.e., a program for causing the processor to execute 

operations of the one or more structural elements) and may execute the program.  

As another example, the program for causing the processor to function as the one or 10 

more structural elements may be installed in the eNB 800, and the radio 

communication interface 825 (for example, the BB processor 826) and/or the 

controller 821 may execute the program.  As described above, the eNB 800, the 

base station device 820, or the module may be provided as a device which includes 

the one or more structural elements, and the program for causing the processor to 15 

function as the one or more structural elements may be provided.  In addition, a 

readable recording medium in which the program is recorded may be provided. 

[0309] 

 In addition, in the eNB 800 shown in FIG. 20, the radio communication unit 

120 described with reference to FIG. 5 may be implemented by the radio 20 

communication interface 825 (for example, the RF circuit 827).  Moreover, the 

antenna unit 110 may be implemented by the antenna 810.  In addition, the network 

communication unit 130 may be implemented by the controller 821 and/or the 

network interface 823.  Further, the storage unit 140 may be implemented by the 

memory 822. 25 

[0310] 

(Second application example) 

 FIG. 21 is a block diagram illustrating a second example of a schematic 

configuration of an eNB to which the technology of the present disclosure may be 

applied.  An eNB 830 includes one or more antennas 840, a base station device 850, 30 

and an RRH 860.  Each antenna 840 and the RRH 860 may be connected to each 
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other via an RF cable.  The base station device 850 and the RRH 860 may be 

connected to each other via a high speed line such as an optical fiber cable. 

[0311] 

 Each of the antennas 840 includes a single or multiple antenna elements 

(such as multiple antenna elements included in an MIMO antenna), and is used for 5 

the RRH 860 to transmit and receive radio signals.  The eNB 830 may include the 

multiple antennas 840, as illustrated in FIG. 21.  For example, the multiple antennas 

840 may be compatible with multiple frequency bands used by the eNB 830.  

Although FIG. 21 illustrates the example in which the eNB 830 includes the multiple 

antennas 840, the eNB 830 may also include a single antenna 840. 10 

[0312] 

 The base station device 850 includes a controller 851, a memory 852, a 

network interface 853, a radio communication interface 855, and a connection 

interface 857.  The controller 851, the memory 852, and the network interface 853 

are the same as the controller 821, the memory 822, and the network interface 823 15 

described with reference to FIG. 20. 

[0313] 

 The radio communication interface 855 supports any cellular 

communication scheme such as LTE and LTE-Advanced, and provides radio 

communication to a terminal positioned in a sector corresponding to the RRH 860 20 

via the RRH 860 and the antenna 840.  The radio communication interface 855 may 

typically include, for example, a BB processor 856.  The BB processor 856 is the 

same as the BB processor 826 described with reference to FIG. 20, except the BB 

processor 856 is connected to the RF circuit 864 of the RRH 860 via the connection 

interface 857.  The radio communication interface 855 may include the multiple BB 25 

processors 856, as illustrated in FIG. 21.  For example, the multiple BB processors 

856 may be compatible with multiple frequency bands used by the eNB 830.  

Although FIG. 21 illustrates the example in which the radio communication interface 

855 includes the multiple BB processors 856, the radio communication interface 855 

may also include a single BB processor 856. 30 

[0314] 
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 The connection interface 857 is an interface for connecting the base station 

device 850 (radio communication interface 855) to the RRH 860.  The connection 

interface 857 may also be a communication module for communication in the above-

described high speed line that connects the base station device 850 (radio 

communication interface 855) to the RRH 860 5 

[0315] 

 The RRH 860 includes a connection interface 861 and a radio 

communication interface 863. 

[0316] 

 The connection interface 861 is an interface for connecting the RRH 860 10 

(radio communication interface 863) to the base station device 850.  The connection 

interface 861 may also be a communication module for communication in the above-

described high speed line. 

[0317] 

 The radio communication interface 863 transmits and receives radio signals 15 

via the antenna 840.  The radio communication interface 863 may typically include, 

for example, the RF circuit 864.  The RF circuit 864 may include, for example, a 

mixer, a filter, and an amplifier, and transmits and receives radio signals via the 

antenna 840.  The radio communication interface 863 may include multiple RF 

circuits 864, as illustrated in FIG. 21.  For example, the multiple RF circuits 864 20 

may support multiple antenna elements.  Although FIG. 21 illustrates the example 

in which the radio communication interface 863 includes the multiple RF circuits 

864, the radio communication interface 863 may also include a single RF circuit 864. 

[0318] 

 In the eNB 830 shown in FIG. 21, one or more structural elements included 25 

in the processing unit 150 (the transmission processing unit 151 and/or the 

notification unit 153) described with reference to FIG. 5 may be implemented by the 

radio communication interface 855 and/or the radio communication interface 863.  

Alternatively, at least some of these constituent elements may be implemented by the 

controller 851.  As an example, a module which includes a part (for example, the 30 

BB processor 856) or all of the radio communication interface 855 and/or the 
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controller 851 may be mounted in eNB 830, and the one or more structural elements 

may be implemented by the module.  In this case, the module may store a program 

for causing the processor to function as the one or more structural elements (i.e., a 

program for causing the processor to execute operations of the one or more structural 

elements) and may execute the program.  As another example, the program for 5 

causing the processor to function as the one or more structural elements may be 

installed in the eNB 830, and the radio communication interface 855 (for example, 

the BB processor 856) and/or the controller 851 may execute the program.  As 

described above, the eNB 830, the base station device 850, or the module may be 

provided as a device which includes the one or more structural elements, and the 10 

program for causing the processor to function as the one or more structural elements 

may be provided.  In addition, a readable recording medium in which the program 

is recorded may be provided. 

[0319] 

 In addition, in the eNB 830 shown in FIG. 21, the radio communication unit 15 

120 described, for example, with reference to FIG. 5 may be implemented by the 

radio communication interface 863 (for example, the RF circuit 864).  Moreover, 

the antenna unit 110 may be implemented by the antenna 840.  In addition, the 

network communication unit 130 may be implemented by the controller 851 and/or 

the network interface 853.  Further, the storage unit 140 may be implemented by the 20 

memory 852. 

[0320] 

<8.2. Application example with regard to terminal device> 

(First application example) 

 FIG. 22 is a block diagram illustrating an example of a schematic 25 

configuration of a smartphone 900 to which the technology of the present disclosure 

may be applied.  The smartphone 900 includes a processor 901, a memory 902, a 

storage 903, an external connection interface 904, a camera 906, a sensor 907, a 

microphone 908, an input device 909, a display device 910, a speaker 911, a radio 

communication interface 912, one or more antenna switches 915, one or more 30 

antennas 916, a bus 917, a battery 918, and an auxiliary controller 919. 
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[0321] 

 The processor 901 may be, for example, a CPU or a system on a chip (SoC), 

and controls functions of an application layer and another layer of the smartphone 

900.  The memory 902 includes RAM and ROM, and stores a program that is 

executed by the processor 901, and data.  The storage 903 may include a storage 5 

medium such as a semiconductor memory and a hard disk.  The external connection 

interface 904 is an interface for connecting an external device such as a memory card 

and a universal serial bus (USB) device to the smartphone 900. 

[0322] 

 The camera 906 includes an image sensor such as a charge coupled device 10 

(CCD) and a complementary metal oxide semiconductor (CMOS), and generates a 

captured image.  The sensor 907 may include a group of sensors such as a 

measurement sensor, a gyro sensor, a geomagnetic sensor, and an acceleration sensor.  

The microphone 908 converts sounds that are input to the smartphone 900 to audio 

signals.  The input device 909 includes, for example, a touch sensor configured to 15 

detect touch onto a screen of the display device 910, a keypad, a keyboard, a button, 

or a switch, and receives an operation or an information input from a user.  The 

display device 910 includes a screen such as a liquid crystal display (LCD) and an 

organic light-emitting diode (OLED) display, and displays an output image of the 

smartphone 900.  The speaker 911 converts audio signals that are output from the 20 

smartphone 900 to sounds. 

[0323] 

 The radio communication interface 912 supports any cellular 

communication scheme such as LTE and LTE-Advanced, and performs radio 

communication.  The radio communication interface 912 may typically include, for 25 

example, a BB processor 913 and an RF circuit 914.  The BB processor 913 may 

perform, for example, encoding/decoding, modulating/demodulating, and 

multiplexing/demultiplexing, and performs various types of signal processing for 

radio communication.  Meanwhile, the RF circuit 914 may include, for example, a 

mixer, a filter, and an amplifier, and transmits and receives radio signals via the 30 

antenna 916.  The radio communication interface 912 may also be a one chip 
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module that has the BB processor 913 and the RF circuit 914 integrated thereon.  

The radio communication interface 912 may include the multiple BB processors 913 

and the multiple RF circuits 914, as illustrated in FIG. 22.  Although FIG. 22 

illustrates the example in which the radio communication interface 912 includes the 

multiple BB processors 913 and the multiple RF circuits 914, the radio 5 

communication interface 912 may also include a single BB processor 913 or a single 

RF circuit 914. 

[0324] 

 Furthermore, in addition to a cellular communication scheme, the radio 

communication interface 912 may support another type of radio communication 10 

scheme such as a short-distance wireless communication scheme, a near field 

communication scheme, and a radio local area network (LAN) scheme.  In that case, 

the radio communication interface 912 may include the BB processor 913 and the RF 

circuit 914 for each radio communication scheme. 

[0325] 15 

 Each of the antenna switches 915 switches connection destinations of the 

antennas 916 among multiple circuits (such as circuits for different radio 

communication schemes) included in the radio communication interface 912. 

[0326] 

 Each of the antennas 916 includes a single or multiple antenna elements 20 

(such as multiple antenna elements included in an MIMO antenna), and is used for 

the radio communication interface 912 to transmit and receive radio signals.  The 

smartphone 900 may include the multiple antennas 916, as illustrated in FIG. 22.  

Although FIG. 22 illustrates the example in which the smartphone 900 includes the 

multiple antennas 916, the smartphone 900 may also include a single antenna 916. 25 

[0327] 

 Furthermore, the smartphone 900 may include the antenna 916 for each 

radio communication scheme.  In that case, the antenna switches 915 may be 

omitted from the configuration of the smartphone 900. 

[0328] 30 

 The bus 917 connects the processor 901, the memory 902, the storage 903, 
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the external connection interface 904, the camera 906, the sensor 907, the 

microphone 908, the input device 909, the display device 910, the speaker 911, the 

radio communication interface 912, and the auxiliary controller 919 to each other.  

The battery 918 supplies power to blocks of the smartphone 900 illustrated in FIG. 22 

via feeder lines, which are partially shown as dashed lines in the figure.  The 5 

auxiliary controller 919 operates a minimum necessary function of the smartphone 

900, for example, in a sleep mode. 

[0329] 

 In the smartphone 900 shown in FIG. 22, one or more constituent elements 

included in the processing unit 240 (the acquisition unit 241 and/or the reception 10 

processing unit 243) described with reference to FIG. 6 may be implemented by the 

radio communication interface 912.  Alternatively, at least some of these constituent 

elements may be implemented by the processor 901 or the auxiliary controller 919.  

As an example, a module which includes a part (for example, the BB processor 913) 

or all of the radio communication interface 912, the processor 901 and/or the 15 

auxiliary controller 919 may be mounted in the smartphone 900, and the one or more 

constituent elements may be implemented by the module.  In this case, the module 

may store a program for causing the processor to function as the one or more 

constituent elements (i.e., a program for causing the processor to execute operations 

of one or more constituent elements) and may execute the program.  As another 20 

example, the program for causing the processor to function as the one or more 

constituent elements may be installed in the smartphone 900, and the radio 

communication interface 912 (for example, the BB processor 913), the processor 901 

and/or the auxiliary controller 919 may execute the program.  As described above, 

the smartphone 900 or the module may be provided as a device which includes the 25 

one or more constituent elements, and the program for causing the processor to 

function as the one or more constituent elements may be provided.  In addition, a 

readable recording medium in which the program is recorded may be provided. 

[0330] 

 In addition, in the smartphone 900 shown in FIG. 22, the radio 30 

communication unit 220 described, for example, with reference to FIG. 6 may be 
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implemented by the radio communication interface 912 (for example, the RF circuit 

914).  Moreover, the antenna unit 210 may be implemented by the antenna 916.  

Further, the storage unit 230 may be implemented by the memory 902. 

[0331] 

(Second application example) 5 

 FIG. 23 is a block diagram illustrating an example of a schematic 

configuration of a car navigation device 920 to which the technology of the present 

disclosure may be applied.  The car navigation device 920 includes a processor 921, 

a memory 922, a global positioning system (GPS) module 924, a sensor 925, a data 

interface 926, a content player 927, a storage medium interface 928, an input device 10 

929, a display device 930, a speaker 931, a radio communication interface 933, one 

or more antenna switches 936, one or more antennas 937, and a battery 938. 

[0332] 

 The processor 921 may be, for example, a CPU or a SoC, and controls a 

navigation function and another function of the car navigation device 920.  The 15 

memory 922 includes RAM and ROM, and stores a program that is executed by the 

processor 921, and data. 

[0333] 

 The GPS module 924 uses GPS signals received from a GPS satellite to 

measure a position (such as latitude, longitude, and altitude) of the car navigation 20 

device 920.  The sensor 925 may include a group of sensors such as a gyro sensor, a 

geomagnetic sensor, and a barometric sensor.  The data interface 926 is connected 

to, for example, an in-vehicle network 941 via a terminal that is not shown, and 

acquires data generated by the vehicle, such as vehicle speed data. 

[0334] 25 

 The content player 927 reproduces content stored in a storage medium (such 

as a CD and a DVD) that is inserted into the storage medium interface 928.  The 

input device 929 includes, for example, a touch sensor configured to detect touch 

onto a screen of the display device 930, a button, or a switch, and receives an 

operation or an information input from a user.  The display device 930 includes a 30 

screen such as a LCD or an OLED display, and displays an image of the navigation 
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function or content that is reproduced.  The speaker 931 outputs sounds of the 

navigation function or the content that is reproduced. 

[0335] 

 The radio communication interface 933 supports any cellular 

communication scheme such as LET and LTE-Advanced, and performs radio 5 

communication.  The radio communication interface 933 may typically include, for 

example, a BB processor 934 and an RF circuit 935.  The BB processor 934 may 

perform, for example, encoding/decoding, modulating/demodulating, and 

multiplexing/demultiplexing, and performs various types of signal processing for 

radio communication.  Meanwhile, the RF circuit 935 may include, for example, a 10 

mixer, a filter, and an amplifier, and transmits and receives radio signals via the 

antenna 937.  The radio communication interface 933 may be a one chip module 

having the BB processor 934 and the RF circuit 935 integrated thereon.  The radio 

communication interface 933 may include the multiple BB processors 934 and the 

multiple RF circuits 935, as illustrated in FIG. 23.  Although FIG. 23 illustrates the 15 

example in which the radio communication interface 933 includes the multiple BB 

processors 934 and the multiple RF circuits 935, the radio communication interface 

933 may also include a single BB processor 934 or a single RF circuit 935. 

[0336] 

 Furthermore, in addition to a cellular communication scheme, the radio 20 

communication interface 933 may support another type of radio communication 

scheme such as a short-distance wireless communication scheme, a near field 

communication scheme, and a radio LAN scheme.  In that case, the radio 

communication interface 933 may include the BB processor 934 and the RF circuit 

935 for each radio communication scheme. 25 

[0337] 

 Each of the antenna switches 936 switches connection destinations of the 

antennas 937 among multiple circuits (such as circuits for different radio 

communication schemes) included in the radio communication interface 933. 

[0338] 30 

 Each of the antennas 937 includes a single or multiple antenna elements 
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(such as multiple antenna elements included in an MIMO antenna), and is used for 

the radio communication interface 933 to transmit and receive radio signals.  The 

car navigation device 920 may include the multiple antennas 937, as illustrated in 

FIG. 23.  Although FIG. 23 illustrates the example in which the car navigation 

device 920 includes the multiple antennas 937, the car navigation device 920 may 5 

also include a single antenna 937. 

[0339] 

 Furthermore, the car navigation device 920 may include the antenna 937 for 

each radio communication scheme.  In that case, the antenna switches 936 may be 

omitted from the configuration of the car navigation device 920. 10 

[0340] 

 The battery 938 supplies power to blocks of the car navigation device 920 

illustrated in FIG. 23 via feeder lines that are partially shown as dashed lines in the 

figure.  The battery 938 accumulates power supplied form the vehicle. 

[0341] 15 

 In the car navigation device 920 shown in FIG. 23, one or more constituent 

elements included in the processing unit 240 (the acquisition unit 241 and/or the 

reception processing unit 243) described with reference to FIG. 6 may be 

implemented by the radio communication interface 933.  Alternatively, at least 

some of these constituent elements may be implemented by the processor 921.  As 20 

an example, a module which includes a part (for example, the BB processor 934) or 

all of the radio communication interface 933 and/or the processor 921 may be 

mounted in the car navigation device 920, and the one or more constituent elements 

may be implemented by the module.  In this case, the module may store a program 

for causing the processor to function as the one or more constituent elements (i.e., a 25 

program for causing the processor to execute operations of the one or more 

constituent elements) and may execute the program.  As another example, the 

program for causing the processor to function as the one or more constituent 

elements may be installed in the car navigation device 920, and the radio 

communication interface 933 (for example, the BB processor 934) and/or the 30 

processor 921 may execute the program.  As described above, the car navigation 
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device 920 or the module may be provided as a device which includes the one or 

more constituent elements, and the program for causing the processor to function as 

the one or more constituent elements may be provided.  In addition, a readable 

recording medium in which the program is recorded may be provided. 

[0342] 5 

 In addition, in the car navigation device 920 shown in FIG. 23, the radio 

communication unit 220 described, for example, with reference to FIG. 6 may be 

implemented by the radio communication interface 933 (for example, the RF circuit 

935).  Moreover, the antenna unit 210 may be implemented by the antenna 937.  

Further, the storage unit 230 may be implemented by the memory 922. 10 

[0343] 

 The technology of the present disclosure may also be realized as an in-

vehicle system (or a vehicle) 940 including one or more blocks of the car navigation 

device 920, the in-vehicle network 941, and a vehicle module 942.  In other words, 

the in-vehicle system (or a vehicle) 940 may be provided as a device which includes 15 

the acquisition unit 241 and/or the reception processing unit 243.  The vehicle 

module 942 generates vehicle data such as vehicle speed, engine speed, and trouble 

information, and outputs the generated data to the in-vehicle network 941. 

[0344] 

<<9. Conclusion>> 20 

 So far, an embodiment of the present disclosure have been described in 

detail with reference to FIGS. 1 to 23. 

[0345] 

 As described above, the base station 100 according to the embodiment sets 

each of the transmission signal sequences of the plurality of power layers 25 

multiplexed using the power allocation in the allocated spatial layers as a target and 

applies at least one of the scrambler using the scramble pattern and the interleaver 

using the interleave pattern corresponding to the information regarding the power 

allocation.  By applying the scrambler and/or the interleaver corresponding to the 

information regarding the power allocation, it is possible to reduce the control signal 30 

used to notify of the parameters necessary for pattern generation. 
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[0346] 

 In addition, the base station 100 according to the embodiment may apply at 

least one of the scrambler using the scramble pattern and the interleaver using the 

interleave pattern corresponding to the information regarding the power allocation 

and the control information regarding transmission and reception of the transmission 5 

signal sequence.  Thus, an improvement in the error rate feature is expected. 

[0347] 

 Thus, under an environment in which the multiplexing is performed using 

the power allocation, an interference signal replica in less signaling overheads can be 

generated. 10 

[0348] 

 The preferred embodiment(s) of the present disclosure has/have been 

described above with reference to the accompanying drawings, whilst the present 

disclosure is not limited to the above examples.  A person skilled in the art may find 

various alterations and modifications within the scope of the appended claims, and it 15 

should be understood that they will naturally come under the technical scope of the 

present disclosure. 

[0349] 

 For example, although examples using techniques of existing systems such 

as LTE, LTE-A, and the like have been described with respect to communication of 20 

the base station and the terminal device, the present disclosure is certainly not limited 

to such examples.  A technique of a new system may be used. 

[0350] 

 In addition, for example, although the base station is a transmission device 

and the terminal device is a reception device with respect to multiplexing using 25 

power allocation, the present disclosure is not limited to such an example.  The 

transmission device and the reception device may be other devices. 

[0351] 

 In addition, processing steps in processes of the present specification may 

not necessarily be executed in, for example, a time series manner in the order 30 

described in the flowcharts or sequence diagrams.  The processing steps in the 
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processes may also be executed in, for example, a different order from the order 

described in the flowcharts or sequence diagrams, or may be executed in parallel. 

[0352] 

 In addition, a computer program for causing a processor (for example, a 

CPU, a DSP, or the like) provided in a device of the present specification (for 5 

example, a base station, a base station device or a module for a base station device, 

or a terminal device or a module for a terminal device) to function as a constituent 

element of the device (for example, the transmission processing unit 151 and/or the 

notification unit 153, or the like) (in other words, a computer program for causing the 

processor to execute operations of the constituent element of the device) can also be 10 

created.  In addition, a recording medium in which the computer program is 

recorded may also be provided.  Further, a device that includes a memory in which 

the computer program is stored and one or more processors that can execute the 

computer program (a base station, a base station device or a module for a base station 

device, or a terminal device or a module for a terminal device) may also be provided.  15 

In addition, a method including an operation of the constituent element of the device 

(for example, the acquisition unit 241 and/or the reception processing unit 243, or the 

like) is also included in the technology of the present disclosure. 

[0353] 

 Further, the effects described in this specification are merely illustrative or 20 

exemplified effects, and are not limitative.  That is, with or in the place of the above 

effects, the technology according to the present disclosure may achieve other effects 

that are clear to those skilled in the art from the description of this specification. 

[0354] 

 Additionally, the present technology may also be configured as below. 25 

(1) 

 A device including: 

 a transmission processing unit configured to set each of transmission signal 

sequences of a plurality of power layers that are to be multiplexed using power 

allocation as a target and apply at least one of a scrambler using a scramble pattern 30 

and an interleaver using an interleave pattern corresponding to information regarding 
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the power allocation. 

(2) 

 The device according to (1), 

 in which the information regarding the power allocation includes a target 

power layer index. 5 

(3) 

 The device according to (2), 

 in which the information regarding the power allocation includes 

information indicating a pattern of power that is to be allocated to each of the 

plurality of power layers. 10 

(4) 

 The device according to any one of (1) to (3), 

 in which the information regarding the power allocation includes 

information indicating a value of power that is to be allocated to a target power layer. 

(5) 15 

 The device according to any one of (1) to (4), 

 in which the information regarding the power allocation includes a channel 

quality indicator (CQI) of a target user. 

(6) 

 The device according to any one of (1) to (5), 20 

 in which the transmission processing unit applies at least one of a scrambler 

using a scramble pattern and an interleaver using an interleave pattern corresponding 

to control information regarding transmission and reception of the transmission 

signal sequences. 

(7) 25 

 The device according to (6), 

 in which the control information regarding transmission and reception 

includes information indicating the number of retransmissions of the transmission 

signal sequence. 

(8) 30 

 The device according to (6) or (7), 
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 in which the control information regarding transmission and reception 

includes information indicating a transmission mode. 

(9) 

 The device according to any one of (6) to (8), 

 in which the control information regarding transmission and reception 5 

includes information indicating a downlink control information (DCI) format. 

(10) 

 The device according to any one of (6) to (9), 

 in which the control information regarding transmission and reception 

includes information indicating a modulation and coding scheme (MCS). 10 

(11) 

 The device according to any one of (6) to (10), 

 in which the transmission signal sequences of the plurality of power layers 

that are to be multiplexed using the power allocation are transmission signal 

sequences to users having the identical control information regarding transmission 15 

and reception. 

(12) 

 The device according to any one of (1) to (11), 

 in which, for each of a plurality of spatial layers that are to be multiplexed 

using spatial allocation, the transmission processing unit sets each of the 20 

transmission signal sequences of the plurality of power layers that are to be 

multiplexed using the power allocation in the allocated spatial layers, as a target. 

(13) 

 The device according to any one of (1) to (12), further including: 

 a notification unit configured to notify a user who is a destination of the 25 

transmission signal sequences of the plurality of power layers, of the information 

regarding the power allocation. 

(14) 

 The device according to (13), 

 in which, as the information regarding the power allocation, the notification 30 

unit notifies of a power layer index of the transmission signal sequence to a user who 
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is a notification destination. 

(15) 

 The device according to (14), 

 in which, as the information regarding the power allocation, the notification 

unit notifies of the total number of the plurality of power layers. 5 

(16) 

 The device according to (14) or (15), 

 in which, as the information regarding the power allocation, the notification 

unit notifies of information indicating a relation between an increase or decrease 

direction of a power layer index and an increase or decrease direction of power that 10 

is to be allocated. 

(17) 

 The device according to any one of (14) to (16), 

 in which, as the information regarding the power allocation, the notification 

unit notifies of an index serving as a starting point of an increase or decrease 15 

direction of power that is to be allocated. 

(18) 

 The device according to any one of (14) to (17), 

 in which, as the information regarding the power allocation, the notification 

unit notifies of information indicating a pattern of power that is to be allocated to 20 

each of the plurality of power layers. 

(19) 

 The device according to any one of (13) to (18), 

 in which, as the information regarding the power allocation, the notification 

unit notifies of information indicating a value of power that is to be allocated to each 25 

of the plurality of power layers. 

(20) 

 The device according to any one of (13) to (19), 

 in which, as the information regarding the power allocation, the notification 

unit notifies of a CQI of one or more other users who are destinations of the 30 

transmission signal sequences of the plurality of power layers. 
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(21) 

 The device according to any one of (13) to (20), 

 in which the notification unit notifies as radio resource control (RRC) 

signaling or a part of an RRC message. 

(22) 5 

 The device according to any one of (13) to (21), 

 in which the notification unit notifies as a part of system information. 

(23) 

 The device according to any one of (13) to (22), 

 in which the notification unit notifies as a part of DCI. 10 

(24) 

 The device according to any one of (13) to (23), 

 in which the notification unit notifies of control information regarding 

transmission and reception of each of the transmission signal sequences of the 

plurality of power layers. 15 

(25) 

 A device including: 

 an acquisition unit configured to acquire information regarding power 

allocation of a plurality of power layers that are to be multiplexed using power 

allocation; and 20 

 a reception processing unit configured to perform interference cancellation 

using at least one of a descrambler using a scramble pattern and a deinterleaver using 

an interleave pattern corresponding to the information regarding the power allocation 

acquired by the acquisition unit. 

(26) 25 

 The device according to (25), 

 in which the acquisition unit acquires control information regarding 

transmission and reception of transmission signal sequences transmitted in the 

plurality of power layers, and 

 the reception processing unit uses at least one of the descrambler using the 30 

scramble pattern and the deinterleaver using the interleave pattern corresponding to 
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the control information regarding transmission and reception. 

(27) 

 The device according to (25) or (26), 

 in which the acquisition unit performs acquisition from at least one of RRC 

signaling or an RRC message and system information or DCI. 5 

(28) 

 A method including: 

 setting each of transmission signal sequences of a plurality of power layers 

that are to be multiplexed using power allocation as a target, and applying at least 

one of a scrambler using a scramble pattern and an interleaver using an interleave 10 

pattern corresponding to information regarding the power allocation, by a processor. 

(29) 

 The method according to (28), 

 in which the information regarding the power allocation includes a target 

power layer index. 15 

(30) 

 The method according to (29), 

 in which the information regarding the power allocation includes 

information indicating a pattern of power that is to be allocated to each of the 

plurality of power layers. 20 

(31) 

 The method according to any one of (28) to (30), 

 in which the information regarding the power allocation includes 

information indicating a value of power that is to be allocated to a target power layer. 

(32) 25 

 The method according to any one of (28) to (31), 

 in which the information regarding the power allocation includes a channel 

quality indicator (CQI) of a target user. 

(33) 

 The method according to any one of (28) to (32), including 30 

 applying at least one of a scrambler using a scramble pattern and an 
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interleaver using an interleave pattern corresponding to control information regarding 

transmission and reception of the transmission signal sequences. 

(34) 

 The method according to(33), 

 in which the control information regarding transmission and reception 5 

includes information indicating the number of retransmissions of the transmission 

signal sequence. 

(35) 

 The method according to (33) or (34), 

 in which the control information regarding transmission and reception 10 

includes information indicating a transmission mode. 

(36) 

 The method according to any one of (33) to (35), 

 in which the control information regarding transmission and reception 

includes information indicating a downlink control information (DCI) format. 15 

(37) 

 The method according to any one of (33) to (36), 

 in which the control information regarding transmission and reception 

includes information indicating a modulation and coding scheme (MCS). 

(38) 20 

 The method according to any one of (33) to (37), 

 in which the transmission signal sequences of the plurality of power layers 

that are to be multiplexed using the power allocation are transmission signal 

sequences to users having the identical control information regarding transmission 

and reception. 25 

(39) 

 The method according to any one of (28) to (38), including 

 setting each of the transmission signal sequences of the plurality of power 

layers that are to be multiplexed using the power allocation in the allocated spatial 

layers, as a target, for each of a plurality of spatial layers that are to be multiplexed 30 

using spatial allocation. 
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(40) 

 The method according to any one of (28) to (39), including 

 notifying a user who is a destination of the transmission signal sequences of 

the plurality of power layers, of the information regarding the power allocation. 

(41) 5 

 The method according to (40), including 

 notifying of a power layer index of the transmission signal sequence to a 

user who is a notification destination, as the information regarding the power 

allocation. 

(42) 10 

 The method according to (41), including 

 notifying of the total number of the plurality of power layers, as the 

information regarding the power allocation. 

(43) 

 The method according to (41) or (42), 15 

 notifying of information indicating a relation between an increase or 

decrease direction of a power layer index and an increase or decrease direction of 

power that is to be allocated, as the information regarding the power allocation. 

(44) 

 The method according to any one of (41) to (43), including 20 

 notifying of an index serving as a starting point of an increase or decrease 

direction of power that is to be allocated, as the information regarding the power 

allocation. 

(45) 

 The method according to any one of (41) to (44), 25 

 notifying of information indicating a pattern of power that is to be allocated 

to each of the plurality of power layers, as the information regarding the power 

allocation. 

(46) 

 The method according to any one of (40) to (45), including 30 

 notifying of information indicating a value of power that is to be allocated to 
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each of the plurality of power layers, as the information regarding the power 

allocation. 

(47) 

 The method according to any one of (40) to (46), including 

 notifying of a CQI of one or more other users who are destinations of the 5 

transmission signal sequences of the plurality of power layers, as the information 

regarding the power allocation. 

(48) 

 The method according to any one of (40) to (47), including 

 issuing a notification as radio resource control (RRC) signaling or a part of 10 

an RRC message. 

(49) 

 The method according to any one of (40) to (48), including 

 issuing a notification as a part of system information. 

(50) 15 

 The method according to any one of (40) to (49), including 

 issuing a notification as a part of a DCI. 

(51) 

 The method according to any one of (40) to (50), including 

 notifying of control information regarding transmission and reception of 20 

each of the transmission signal sequences of the plurality of power layers. 

(52) 

 A method including: 

 acquiring information regarding power allocation of a plurality of power 

layers that are to be multiplexed using power allocation; and 25 

 performing, by a processor, interference cancellation using at least one of a 

descrambler using a scramble pattern and a deinterleaver using an interleave pattern 

corresponding to the acquired information regarding the power allocation. 

(53) 

 The method according to (52), including: 30 

 acquiring control information regarding transmission and reception of 
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transmission signal sequences transmitted in the plurality of power layers; and 

 using at least one of the descrambler using the scramble pattern and the 

deinterleaver using the interleave pattern corresponding to the control information 

regarding transmission and reception. 

(54) 5 

 The method according to (52) or (53), including 

 performing acquisition from at least one of RRC signaling or an RRC 

message and system information or DCI. 

(55) 

 A program causing a computer to function as: 10 

 a transmission processing unit configured to set each of transmission signal 

sequences of a plurality of power layers that are to be multiplexed using power 

allocation as a target and apply at least one of a scrambler using a scramble pattern 

and an interleaver using an interleave pattern corresponding to information regarding 

the power allocation. 15 

(56) 

 A program causing a computer to function as: 

 an acquisition unit configured to acquire information regarding power 

allocation of a plurality of power layers that are to be multiplexed using power 

allocation; and 20 

 a reception processing unit configured to perform interference cancellation 

using at least one of a descrambler using a scramble pattern and a deinterleaver using 

an interleave pattern corresponding to the information regarding the power allocation 

acquired by the acquisition unit. 

 25 

Reference Signs List 

[0355] 

1 system 

100 base station 

101 cell 30 

110 antenna unit 
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120 radio communication unit 

130 network communication unit 

140 storage unit 

150 processing unit 

151 transmission processing unit 5 

153 notification unit 

200 terminal device 

210 antenna unit 

220 radio communication unit 

230 storage unit 10 

240 processing unit 

241 acquisition unit 

243 reception processing unit 

 












