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[SPECIFICBEION]

PUSCH CONTROL CHANNEL MULTIPLEXING

1. Technical Field of the Invention and the Related Art

thereof

[FIG. 1]

 
FIG. 1 shows a single carrier division multiplexing

access {SC—EDNA) block diagram.

An uplink system based on a single carrier frequency

division multiplexing access (SC—FDMA) technology generally

transmits information using the following processes. The

uplink system converts an information sequence to be

transmitted into a serial—to—parallel sequence in such a way

that a Discrete Fourier Transform (DFT) process is carried

out. If the DFT is carried out, then an IFFT process is

performed. In this case, the length of information inserted

into the IFFT may be different from the IFFT size, the DFT
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result associated with successive IFE‘T input indexes is

mapped, and then the mapped result is then transferred. The

IFFT resultant values are converted into parallel—teeserial

data. A cyclic prefix (CP) is added to the parallel—to—

serial data, such that the CPwadded result is converted into

an OFDM symbol format, and this OFDM symbol is transmitted

via a real space-time. FIG. 1 is an exemplary block diagram

for transmission of SCwFDMA information.

In order to maintain a single carrier format

simultaneously while satisfying either a low peak power—to—

average power ratio (PAPR) or_ a cubic metric (CM),

information must be inserted Iinto successive indexes when

DFT—precoded information is inserted into an OFDM—formatted

IFFT. In other words, the DET—precoded _information is

inserted into OFDM—successive subcarriers. Therefore, in

case of transmitting uplink information, _information of

different characters (i.e., control information and data

information} is multiplexed, the multiplexed information is

DFT-precoded, and the DPT-preceded result is transmitted

according to an OFDM scheme.

[FIG. 2}
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The data information multiplexed with the control

information is divided into several code blocks on the basis

of the size of a transport block to be transmitted to the

uplink, and these code blocks are encoded. The encoded code

blocks are concatenated to construct one data information

sequence, and this data information sequence is multiplexed

with the control information.

The control information capable of being transmitted

along with data in the uplink is classified into two kinds of

control information. This control information may be

classified into an UL ACK/NACK signal used as a confirmation

signal for uplink data and other control information. The UL

ACK/NACK signal for downlink data is transmitted only when
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downlink data exists. A mobile station which does not

recognize an obligation of receiving downlink data may don’t

know this obligation although it must transmit the UL

ACK/NACK signal, such that two kinds of control information

is discriminated, and the discriminated control information

is transmitted to the uplink. All kinds of control

information described in the present invention is indicative

of control information except for the UL ACK/NACK signal, and

the UL ACK/NACK signal will hereinafter be described in

detail.

When data information is transmitted to the uplink,

this data information may be transmitted along with the

control information, or the data information and the control

information can be transmitted along with ACK/NACK

information. Otherwise, only the data information and the

ACK/NACK information can be transmitted at the same time.

Transmission information sequence is transferred

according to the SC—FDMA scheme. In this case, this

transmission information sequence may be constructed when the

data information is multiplexed with the control information

or the ACK/NACK information. In this case, transmission

information sequences are arranged by a time—first mapping

method, such that these transmission information sequences

are transmitted according to the SC—FDMA scheme. For example,

it is assumed that the transmission information sequences are
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transmitted using only one resource block (i.e., 12 OFDM

subcarriers), information is transmitted via -a single

subframe, the single subframe is composed of 14 SC—FDMA

symbols, and two SC—FDMA symbols are used as a reference

signal acting as a pilot. In this case, the number of

modulated symbols of information capable of being transmitted

to the uplink is 144 (i.e., 12 x 12 144). 144 information

sequence symbols are transmitted via 12 virtual subcarriers

and 12 SC—FDMA symbols. These 144 sequence symbols are

configured in the form of a (12x12) matrix, such that the

(12x12) matrix is called a time—frequency mapper.

Information sequences to be transmitted to the uplink are

mapped in the direction of an SC—FDMA symbol axis one by one.

The SC—FDMA symbol is divided into several sections in a time

domain, such that this mapping method is called a time—first

mapping method. Sequences are arranged in the direction of a

time axis of the time—frequency mapper as shown in FIGS. 4

and 5. According to'a method for firstly arranging sequences

on a time axis, after the time—frequency mapping occurs, a

DFT process is performed on sequences arranged on a frequency

‘ axis, the DFT result is inserted into a desired frequency

band, and the IFFT and the cyclic prefix (CP) are added to

the inserted result, such that the SC—FDMA symbol is made and

transferred.

[FIG. 3]
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FIG. 4 shows an SC—FDMA subframe mapping method of

transmission information sequences in case of a normal cyclic

prefix (CP).

[FIG. 5]

  
FIG. 5 shows an SC—FDMA subframe mapping method of

transmission information sequences in case of an extended

cyclic prefix {GP}.

Data and the control information can be simultaneously

transmitted in the uplink. In this case, the data

information and the control information are multiplexed by a

rate multiplexing process. However, ACK/NACK information is

constructed when either a symbol in which data and the

control information are nmltiplexed or‘ a bitstreanl of data

information is punctured, such that the ACK/NACK information
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is inserted. In this case, this puncturing process subtracts

specific bit information from the bitstream, and inserts new

bit information into the deducted result, such that the

length of inserted resultant information is equal to the

length of bitstreams of overall information.

Generally, reliability of the control information must

be higher than that of data. For this purpose, the control

information must be multiplexed or inserted in the vicinity

of a reference signal so as to implement the channel

estimation performance effect, resulting in the improvement

of a performance.

2. Constructions and Operations of the Invention

The present invention assigns different priorities to

individual information segments when data information, a

bitstream, a control—information bitstream, and an ACK/NACK

information sequence are multiplexed, in such a way that the

individual information segments having different priorities

are multiplexed. In this case, multiplexing methods and

orders of the individual methods are decided according to

some rules.

Method 1-a-1 

This l—a-l method is based on a first principle which

maximally arranges control information on a time axis, and a
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second principle which maximally arranges ACK/NACK

information on the time axis, such that it provides the

multipleXing method based on the first and second principles.

The ACK/NACK information provides the multiplexing

method without puncturing control information.

[FIG. 6]
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According to the above—mentioned l—a-l method, control

information and data information are sequentially

concatenated simultaneously while being multiplexed, and the

concatenated resultant information is mapped to SC-FDMA

symbols according to the time—first mapping method, such that

the mapped result is transmitted to the uplink. If ACK/NACK

information Inust also be transmitted, modulated symbols of

this ACK/NRCK information assign equal distribution to data

information, and the data information is punctured and

inserted. In this case, according to this equal distribution,

the modulated symbols are equally distributed to an overall

10
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length of a data-information sequence, and the distributed

result is punctured. The above—mentioned puncturing process

removes the modulated symbols of the data information, and

the modulated symbols are inserted into the removed locations.

For example, provided that a total number of modulated

symbols of the data—information sequence is 100 and the

number of modulated symbols of the ACK/NACK information is 8,

the modulated symbols of the ACK/NACK information will be

inserted by the puncturing of data—information modulated

symbols at intervals of 12 modulated symbols. In this way,

provided that the datawinformation sequences are equally

punctured and this data information is composed of several

code blocks, the ACK/NACK information is equally punctured

from each code block, such that it prevents a performance of

only a specific code block from being greatly deteriorated.

More specifically, the ACK/NACK information may be

compulsorily inserted by the puncturing of modulated symbols

corresponding to the number of individual code blocks.

Information sections as many as the modulated symbols in all

the code blocks are punctured, such that the punctured result

can always prevent the performance of a specific code block

from being deteriorated.

Method 1—a~2

11
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This 1—a-2 method is based on a first principle which

maximally arranges control information on a time axis, and a

second principle which maximally arranges ACK/NACK

information on the time axis, such that it provides the

multiplexing method based on the first and second principles.

The ACK/NACK information provides another multiplexing

method. This multiplexing method does not maximally perform

the puncturing of the control information, and can also

puncture the control information if the number of bits of the

control information is higher than the number of bits of data

_information.

[FIG. 7]
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In this case, the punctured ACK/NACK information

assigns the same modulated symbol interval to the information

sequence where control information and data information are

multiplexed, the puncturing process is executed on the

resultant ACK/NACK information, and then the punctured result

is inserted.

[FIG. 3]

12
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Specifically, if the interval between the modulated

symbols where the punctured ACK/NACK information is inserted

is equal to the number of SC—OFDM symbols via which data— or

control information of the uplink subframe is transmitted,

ACK/NACK modulated symbols can be transmitted to the same SC—

FDMA, such that the SC—FDMA offset value is assigned to each

ACK/NACK modulated symbol, such that all the ACK/NACK

information sequences are not located at the same SC—FDMA

symbol.

Method 1-b

This l—b method is based on a first principle which

maximally arranges control information on the time axis, and

a second principle which transmits ACK/NACK information in

the vicinity of a reference signal used as a pilot, such that

it provides the multiplexing method based on the first and

second principles.

[FIG. 9]
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Symbols

According to the above—mentioned 1—b method, control

information and data information are sequentially

concatenated simultaneously while being multiplexed, and the

concatenated resultant information is mapped to SC—FDMA

symbols according to the time—first mapping method, such that

the mapped result is transmitted to the uplink. If ACK/NACK

information must also be transmitted, this 1—b method

14



Page 25 of 87Page 25 of 87

punctures the modulated symbols located in the vicinity of

the reference signal in the data-information sequence without

puncturing the control information, and then performs

insertion of the ACK/NACK signal. In this case, in order to

perform the insertion of the ACK/NACK signal, the l—b method

firstly calculates how many subcarriers (i.e., subcarriers of

a virtual frequency domain) are occupied by the control

information, and calculates the number of subcarriers via

'which the data information is transmitted to the front and

rear parts of the reference symbol. As a result, the l—a

method calculates how Inany SC—FDMA symbols are needed for

data transmission according to the amount of ACK/NACK

information, and assigns the equal distribution to the front

and rear parts of the reference signal symbol contained in

each slot, such that the data information is punctured and

inserted.

In this case, if the amount of ACK/NACK information is

higher than the number of subcarriers (of the virtual

frequency domain} via which data information is transmitted

to the front and rear parts of the reference symbol

transmitting the data information, the ACK/NACK information

can be transmitted via many more SC-FDMA symbols other than

the front and rear symbols of the reference symbol. In this

case, the number of SC—FDMA symbols centering around the

reference signal may be asymmetrical according to the SC—FDMA

15
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subframe structure of'the uplink, such that this situation

must be considered when the ACK/NACK information is punctured

and inserted.

 
  

 

   
 

  

     
[FIG. 10]
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when the control information is arranged in a time

I domain, this control information and the data information are

sequentially arranged and inserted. In this case, the

ACK/NACK information is arranged in the vicinity of the

_reference signal, such that the control information and the

data information are punctured and then the punctured result

can be inserted. The above—mentioned operation is shown in

FIG. 12. Substantially, the ACK/NACK information acts as the

control information, priorities are assigned to control

information channels, high—priority control information

channels are arranged in the vicinity of the reference signal

such that they more greatly protect channel estimation, and

17
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low—priority control information channels are spread out on

the time domain, and are then transmitted. For example, it

is assumed that the ACK/NACK information has high priority

higher than that of the ACK/NACK information in the present

invention. In this case, the control information and the

data information are sequentially arranged on the time domain

according to the time—format mapping scheme. The arranged

result is multiplexed with the data information, and the

ACK/NACK information is inserted after the data— or control—

information is punctured in the vicinity of the reference

signal. In this way, if priorities are assigned to the

control information parts, and then a resource mapping

process is executed on the assigned result, the ACK/NACK

information is located in the vicinity of the reference

signal, such that it may acquire good channel estimation.

Since the amount of ACK/NACK information removed by the

puncturing process becomes lower, the ACK/NACK information

may affect almost no influence on the performance of control

information. Also, the multiplexing of Ithe control

information and the data information may be successively

concatenated and transmitted, such that this multiplexing can

be easily implemented by the multiplexing block.

(FIG. 12]
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Method 2-3 

This Z—a method transmits control information in the

vicinity of the reference signal used as a pilot, and

arranges ACK/NACK information on the time axis in such a way

that it provides a multiplexing method.

19
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Method 2-b-1 

This 2—b—l method provides a multiplexing method using

a predetermined principle ix: which the control information

and the ACK/NACK information are arranged in the vicinity of

the reference signal used as a pilot. The 2nb—1 method does

not consider whether the information punctured by the

ACK/NACK information is the control information or the data

20
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information, and performs the puncturing on information

located in the vicinity of the reference signal in suCh a way

that it performs a multiplexing procass.

W

This 2—b—2 method provides a multiplexing method using

a predetermined principle in which the control information

and the ACK/NACK information are arranged in the vicinity of

the reference signal used as a pilot. In more detail, the 2—

b-2 method does not maximally puncture the control

information, and controls the control -information to be

punctured if the number of bits of the control information is

higher than that of bits of the data information, in such a

way that it performs a multiplexing process.

[FIG. 14]
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Basic principles of this method can be shown in FIG. 11.,

A multiplexing‘process is executed in a block formed by the

multiplexing of data and control information, such that the

control information is always arranged in the vicinity of the

reference signal in the SC—FDMA subframe structure. In other

words, considering a total number of available SC—FDMA

symbols (which-allow the data— and control— information can

be available for the SC—FDMA symbol index and its

corresponding subframe) at the front and rear parts of the

reference signal, the control information is rate—matching—

processed to the SC-FDMA symbols corresponding to the front

and rear parts of the reference signal, and then the rate—

23
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matched result is inserted in the front and rear parts of the

reference signal.

Assuming that the above—mentioned multiplexing block is

used, the ACK/NACK information must be punctured and inserted

in the vicinity of the reference signal. In order to prevent

the control information from being punctured, this ACK/NACK

information takes some parts capable of being punctured by

the ACK/NACK information off the data information part, and

these taken parts are virtually considered to be control

information, such that one data partially used as Virtual

control information, a bundle of the data used as the virtual

control information and the control information is

multiplexed.

If the ACK/NACK information is transmitted, the size of

this virtual control information part is set to be equal to

the amount of the transmitted ACK/NACK information. Provided

that the ACK/NACK information is transmitted, this ACK/NACK

information is separated from an original data information

sequence and is combined with control information, and the

combined result is punctured and inserted into the virtual

control information part multiplexed with the data, the

control information is never punctured and no punctured

control information is inserted in the vicinity of the

reference signal.

24
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If there is no data to be transmitted, or if the number

of modulated symbols of the ACK/NACK information is higher

than that of modulated symbols of transmission (Tx) data, it

is assumed that some parts of the control information are

virtual control information, and the ACK/NACK information is

punctured and inserted.

[FIG. 16]

 HKMK n m: “Inseam

“MKS7m

Specifically, although there is rm: transmission (TX)

control information in an uplink subframe to which data must

be applied, it is assumed that some parts of data are virtual

control information, and this virtual control information and

the data part are multiplexed with each other. So, if the

ACK/NACK information must be transmitted, this data part

assumed as this virtual control information is punctured and

inserted, and then the last result can be transmitted to the

uplink.

[FIG. 17]
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In a detailed example, there is proposed a method for

separating a specific part to be treated as virtual control

information from the data information. In this case, this

specific part will be separately multiplexed.

[FIG. 18}
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In the simplest method, the last successive parts or

the first successive parts may be treated as virtual control

information.

[FIG. 19]

 
Data information may be composed of one or more code

blocks. In this case, in order to prevent a specific code

block from being punctured by the ACK/NACK information, the

virtual control information may be equally constructed in the

entire data information amount, such that it prevents much

ACK/NACK information from being punctured in a specific code-

block, resulting in the improvement of a system performance.

[FIG. 20]
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In order to guarantee a higher performance, the end

part of each code block of the data information may be

treated as the virtual control information, because a first

part of each code block includes systematic .information

segments of the turbo—encoded data information in a first

transmission of a specific transport block in the uplink.

Some parts of the last part of each code block are always

treated as the virtual control' informatiOn, and systematic

information is punctured by the ACK/NACK information, such

that a performance of the first transmission of a specific

transport block is not greatly decreased.

For another method, the ACK/NACK information and the

control information are distinguished from each other by the

SC-FDMA symbol, and this method prevents the control

28
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information and the ACK/NACK

into the same SC-FDMA symbol.

[FIG. 21]
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The multiplexing or puncturing process is executed on

different SC—FDMA symbol. Each control information or each

ACK/NACK information is changed according to a situation of a

channel at which the mobile station is located, such that the

information may be multiplexed or punctured to be gradually

far from the reference signal.

[FIG. 22]
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A150,. the ACK/NACK information and the control

information are distinguished from each other in a preceding

end of the DFT preceding, such that they are not multiplexed

or punctured at the same subcarrier on the virtual frequency

domain.
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If required, the ACK/NACK information and the control

information are punctured, such that the punctured result may

be inserted. In this case, the control information is

multiplexed to prevent a minimum of control information from

being punctured, and the ACK/NACK information is punctured at

a specific part where the control information is not mapped

to the time—frequency mapper. The above-mentioned figures 23

and 24 show an exemplary scheme which firstly allocates the

control information and then fills the remaining part other

than this allocated part with the ACK/NACK information.

The control information and the ACK/NACK information

can be coded according to channel environments of the mobile

station. In - other words, the finally—coded control
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information and the finallyucoded ACK/NACK information can be

variable. Therefore, when the control information is

multiplexed, the multiplexing process must be carried out in

the vicinity of the reference signal, such that a specific

position filled with data by the first multiplexing process

may occur. This position is filled with data according to

the last information amount on the basis of a start point in

the direction of any arrow shown in the above figures. This

start point is not a position denoted by the arrow, but

another position at which the arrow mark begins. Needless to

say, data exists in another position at which the control

information is not multiplexed. Therefore, the position at

which all control information can be multiplexed is

indicative of a space in which the control information and

the data information can be interleaving—multiplexed or be

successively multiplexed. The above—mentioned arrow

indicates a specific direction along which much more control

information is multiplexed, such that this arrow indicates

the filling direction of the multiplexed information. When

the multiplexing process is carried out in the arrow

direction, the above space need not always be full of all the

OFDM symbols and there is no need for the multiplexing

process to be executed on the next OFDM symbol. In the same

manner as in the control information, the ACK/NACK

information is punctured in the arrow direction, such that
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the resultant information is inserted. In this case, the

filling direction of data is set to the arrow direction

according to the final ACK/NACK information amount. It

should be noted that the next OFDM symbol need not be filled

with data after one OFDM symbol or area has been filled with

the data.

In this way, the area in which the control information

and the ACK/NACK information are finally inserted is

orthogonally established in a frequency—time area, and the

ACK/NACK information is formed by the puncturing of control

information, such that the reliability of the control

information is not deteriorated.

Also, the filling direction of the multiplexed— or

punctured— control information (including ACK/NACK

information) corresponds to a direction being gradually far

from the reference signal (according to the final control

information amount).

In the above—mentioned figures, a position where the

punctured ACK/NACK information lcan be inserted may be

replaced with another position where the multiplexed control

information can be inserted.

Generally, the ACK/NACK information may be more

important than other control information, the ACK/NACK

information can be punctured at OFDM symbols located before

and after the reference signal, and the control information
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can be multiplexed with data from the next OFDM symbol close

to these OFDM symbols, such that the multiplexed result is

then used.
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SC—FDMA symbol BE ?@5101 5213.. Di 2?; 2 JHEl SC-FDMA symbol E Ill‘élfi £391
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SC-FDMA symbol figi Ell EDP—ll Mapping E101 Elli. SC-FDMA symbol E Aliléigi -_r1

5:01 5101 9.13! [IRE-Oil 01% TimevFirst Mapping 01E!r EEC}. Time-Frequency Mapper Oil/H

Time $22 PJIi sequence E [E 4] Ill [E 5]21 EDI ngélfii. Olgifll Time EEE PJIi Ll

gfil-E— QEIEE TimeflFrequency Mapping 0| El $01H 5—5. Frequency a2: LigE' sequence

3- DFT mes elm—1.. 9.381%:- —=F-El¢ EHQ'iOlI insertion El 51% IFFT 9} cyclic prefix Di E-lfillI=l
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<4 4 . :14 24 , 34 5 N-ej pFr —) SC-FDMA Symbcl#4' a : - M i r - 2' ~

5 15 25 , 35 _N,-5,; DFT —> ~s<>FpMASymboI#5
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2. E27494 Trier! '37—! ”Sig

E gigg— EllOlEl 9&5 bit stream m HIOl’éiE bit stream Stall ACKKNACK 351E sequence 91
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Possible ACKJNACK Modulation Symbols
Position which Puncture: Data modulation
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#3t 100 JHElIl MESH—1., ACKKNACK ”EESJ modulated symbol Pl 3H¢E 83HElIl. acre. 12

3H9-l Modulated Symbol EEEE ACKXNACK EEE’J modulated symbol 0| Data @312
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Modulated Symbol Offset Value
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Equal Length Distribution of ACKINACK Modulated Symbols
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