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5.2.2.6 
Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK, rank indication and channel quality information 
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The number of coded symbols for HARQ-ACK and rank indicator is determined by 
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where 
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 is the number of ACK/NACK bits or rank indicator bits and 
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 is the code rate given by,
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where 
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 is the scheduled bandwidth for uplink transmission, expressed as a number of subcarriers in [2].

For HARQ-ACK information 
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For HARQ-ACK information
· Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NAK) is encoded as a binary ‘0’

· If HARQ-ACK consists of 1-bit of information, i.e., 
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, it is first encoded according to Table 5.2.2-1.
· If HARQ-ACK consists of 2-bits of information, i.e., 
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, it is first encoded according to Table 5.2.2-2 where 
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’ represents XOR operation.

Table 5.2.2-1: Encoding of 1-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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Table 5.2.2-2: Encoding of 2-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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The “x” in Table 5.2.2-1 and 5.2.2-2 are placeholders for [2] to scramble the HARQ-ACK bits in a way that maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

The bit sequence 
[image: image23.wmf]ACK

Q

ACK

ACK

ACK

ACK

q

q

q

q

1

2

1

0

,...,

,

,

-

 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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, and is obtained as follows:

Set i ,k to 0

while 
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end while

//~~~~~~~~~~~~~~~~~~~//
5.2.3.1
Channel coding for UCI HARQ-ACK

The HARQ acknowledgement bits are received from higher layers. Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NAK) is encoded as a binary ‘0’. The HARQ-ACK bits are processed according to [2]. 
//~~~~~~~~~~~~~~~~~~~//
5.2.3.4
Channel coding for UCI channel quality information and HARQ-ACK

This section defines the channel coding scheme for the simultaneous transmission of channel quality information and HARQ-ACK information in a subframe. 

When normal CP is used for uplink transmission, the channel quality information is coded according to subclause 5.2.3.3 with input bit sequence 
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 and output bit sequence 
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, where 
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. The HARQ acknowledgement bits are denoted by 
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 in case two HARQ acknowledgement bits are reported per subframe. Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NAK) is encoded as a binary ‘0’.

The output of this channel coding block for normal CP is denoted by 
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In case one HARQ acknowledgement bit is reported per subframe:
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In case two HARQ acknowledgement bits are reported per subframe:
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When extended CP is used for uplink transmission, the channel quality information and the HARQ-ACK acknowledgement bits are jointly coded. The HARQ acknowledgement bits are denoted by 
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 in case two HARQ acknowledgement bits are reported per subframe. 

The channel quality information denoted by 
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 is multiplexed with the HARQ acknowledgement bits to yield the sequence 
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 in case two HARQ-acknowledgement bits are reported per subframe.

The sequence 
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 is encoded according to section 5.2.3.3 to yield the output bit sequence 
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//~~~~~~~~~~~~~~~~~~~//

5.3.5.1
Channel coding
The HARQ indicator is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 1 and for a negative acknowledgement HI = 0.
Table 5.3.5-1: HI codewords

	HI
	HI codeword

< b0, b1, b2 >

	0
	< 0,0,0 >

	1
	< 1,1,1 >


5.4.2
PUCCH formats 2, 2a and 2b

The block of bits 
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe.

The block of scrambled bits 
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 shall be QPSK modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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Each complex-valued symbol 
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where 
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Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index 
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For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) 
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 shall be modulated as described in Table 5.4.2-1 resulting in a single modulation symbol 
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 used in the generation of the reference-signal for PUCCH format 2a and 2b as described in Section 5.5.2.2.1. 

Table 5.4.2-1: Modulation symbol 
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 for PUCCH formats 2a and 2b.
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5.4.3
Mapping to physical resources

The block of complex-valued symbols 
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 to resource elements. PUCCH uses one resource block in each of the two slots in a subframe. Within the physical resource block used for transmission, the mapping of 
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The physical resource blocks to be used for transmission of PUCCH in slot 
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where the variable 
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 depends on the PUCCH format. For formats 1, 1a and 1b
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and for formats 2, 2a and 2b
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Mapping of modulation symbols for the physical uplink control channel is illustrated in Figure 5.4.3-1. 
In case of simultaneous transmission of sounding reference signal and PUCCH format 1a or 1b, one SC-FDMA symbol on PUCCH shall punctured.
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Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH.
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