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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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 is done independently. 

For TDD, two ACK/NACK feedback modes are supported by higher layer configuration.

· ACK/NACK bundling, and 

· ACK/NACK multiplexing 

For TDD ACK/NACK bundling, HARQ-ACK consists one or two bits information.  For TDD ACK/NAK multiplexing, HARQ-ACK consists of between one and four bits of information and the number of bits is determined as described in Section 7.3 in [3].

When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded symbols 
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 for HARQ-ACK or rank indicator as
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where 
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 is the number of ACK/NACK bits or rank indicator bits, 
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 is the scheduled bandwidth for PUSCH transmission in the current sub-frame for the transport block, expressed as a number of subcarriers in [2], and 
[image: image6.wmf]PUSCH

symb

N

is the number of SC-FDMA symbols per subframe for PUSCH transmission given by 
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is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe or if the PUSCH resource allocation even partially overlaps with the cell specific SRS subframe and bandwidth configuration defined in Section 5.5.3 of [2]. Otherwise 
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 are obtained from the initial PDCCH for the same transport block.

For HARQ-ACK information 
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 shall be determined according to [3].
For rank indication 
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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 5.2.2.6-1.

· If HARQ-ACK consists of 2-bits of information, i.e., 
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, it is first encoded according to Table 5.2.2.6-2 where 
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Table 5.2.2.6-1: Encoding of 1-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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Table 5.2.2.6-2: Encoding of 2-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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The “x” and “y” in Table 5.2.2.6-1 and 5.2.2.6-2 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.

For the cases with FDD or TDD ACK/NAK multiplexing when that HARQ-ACK consists of one or two bits information, the bit sequence 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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 is the total number of coded bits for all the encoded HARQ-ACK blocks.  The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence length is equal to
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For the case with TDD ACK/NACK bundling, a bit sequence 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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 is the total number of coded bits for all the encoded HARQ-ACK blocks.  The last concatenation of the encoded HARQ-ACK block may be partial so that the total bit sequence length is equal to
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  is then selected from Table 5.2.2.6-A with index 
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 in case the UE has not detected that any downlink assignment has been missed as described in Section 7.3 in [3] or with index  
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 in case the UE has detected that at least one downlink assignment has been missed. In both cases, the number of assigned downlink subframes, 
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, is determined as described in Section 7.3 in [3]. The bit sequence 
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 is then generated by setting 
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 if HARQ-ACK consists of 1-bit of information and 
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 if HARQ-ACK consists of 2-bits of information and then scrambling 
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  as follows

Set i ,k to 0

while 
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//  place-holder repetition bit
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// a place-holder bit
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// coded bit
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end while

Table 5.2.2.6-A: Scrambling sequence selection for TDD ACK/NACK bundling
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	0
	[1 1 1 1]

	1
	[1 0 1 0]

	2
	[1 1 0 0]

	3
	[1 0 0 1]


For the case that HARQ-ACK consists of more than two bits information, i.e. 
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 where i = 0, 1, 2, …, QACK-1 and the basis sequences Mi,n are defined in Table 5.2.2.6.4-1.
The vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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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’. 
For FDD, TDD ACK/NACK bundling, and TDD ACK/NACK multiplexing with 
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 is the number of elements in the set 
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 defined in Table 10.1-1 in [3], the HARQ-ACK bits consist of 
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, where the number of HARQ-ACK bits 
[image: image70.wmf]ACK

O

is either 1 or 2. The transmission of the HARQ-ACK shall be performed using PUCCH format 1a or 1b according to section 5.4.1 in [2], with 
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For TDD ACK/NACK multiplexing with 
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 defined in Table 10.1-1 in [3], the HARQ-ACK bits consist of 
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, where the number of HARQ-ACK bits 
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is either 2, 3, or 4. The transmission of the HARQ-ACK shall be performed using PUCCH format 1b with channel selection according to section 10.1 in [3].
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. The maximum number of HARQ-ACK information bits transmitted with channel quality information in a subframe on PUCCH is two.
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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. The HARQ-ACK information bits reported in a subframe are denoted by 
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 in case of two HARQ-ACK information bits. 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-ACK information bit is reported per subframe:
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In case two HARQ-ACK information 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 information bits are jointly coded. The HARQ-ACK information bits reported in a subframe are denoted by 
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 in case of two HARQ-ACK information bits. 

The channel quality information denoted by 
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 is multiplexed with the HARQ-ACK information bits to yield the sequence 
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 in case two HARQ-ACK information 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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