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5.2.2.6 
Channel coding of control information

The coding rate of the control information when multiplexed with the data transmission is given by the modulation scheme and the coding rate used for the UL-SCH transmission. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission.

When multiplexed with the data transmission in the uplink shared data channel, the channel coding for HARQ-ACK, rank indication and channel quality information 
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 is done independently. 

For HARQ-ACK information

· 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.

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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[Note from the editor: the ‘x’ above is a placeholder for 211 to treat bits with this value differently when performing scrambling of coded bits. This will enable limiting the constellation size used for ACK transmission in PUSCH to QPSK.]

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 bit for all the encoded HARQ-ACK blocks.  The vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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, where 
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, and is obtained as follows:

Set i ,k to 0

while 
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end while
For rank indication (RI)

· If RI consists of 1-bit of information, i.e., 
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, it is first encoded according to Table 5.2.2-3.

· If RI consists of 2-bits of information, i.e., 
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, it is first encoded according to Table 5.2.2-4 where 
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 and where ‘
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’ represents XOR operation.

Table 5.2.2-3: Encoding of 1-bit RI
	Qm
	Encoded RI

	2
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Table 5.2.2-4: Encoding of 2-bit RI
	Qm
	Encoded RI

	2
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The “x” in Table 5.2.2-3 and 5.2.2-4 are placeholders for [2] to scramble the RI bits in a way that maximizes the Euclidean distance of the modulation symbols carrying rank information.

The bit sequence 
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 is obtained by concatenation of multiple encoded RI blocks where 
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 is the total number of coded bit for all the encoded RI blocks.  The last concatenation of the encoded RI block may be partial so that the total bit sequence length is equal to
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. The vector sequence output of the channel coding for rank 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
For channel quality control information (CQI and/or PMI)
· If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to subclause 5.2.3.3 with input sequence 
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· For payload sizes greater than 11 bits, the channel coding and rate matching of the channel quality information is performed according to subclause 5.1.3.1 and 5.1.4.2 with input sequence 
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The output sequence for the channel coding of channel quality information is denoted by 
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5.2.2.7 
Data and control multiplexing

The control and data multiplexing is performed such that HARQ-ACK information is present on both slots and is mapped to resources around the demodulation reference signals. In addition, the multiplexing ensures that control and data information are mapped to different modulation symbols. 

The inputs to the data and control multiplexing are the coded bits of the control information denoted by 
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and the coded bits of the UL-SCH denoted by 
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. The output of the data and control multiplexing operation is denoted by 
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, where 
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 are column vectors of length 
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. H is the total number of coded bits for transmission.

Denote the number of SC-FDMA symbols per subframe for PUSCH transmission by 
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The control information and the data shall be multiplexed as follows:

Set i, j, k to 0

while 
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 -- first place the control information
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end while

while 
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 -- then place the data
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end while

5.2.2.8 
Channel interleaver

The channel interleaver described in this subclause in conjunction with the resource element mapping for PUSCH in [2] implements a time-first mapping of modulation symbols onto the transmit waveform while ensuring that the HARQ-ACK information is present on both slots in the subframe and is mapped to resources around the uplink demodulation reference signals. 

The bits input to the channel interleaver are denoted by 
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 is the number of modulation symbols in the subframe. The output bit sequence from the channel interleaver is derived as follows:

(1)
Assign 
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 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2,…,
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The number of rows of the matrix is 
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The rows of the rectangular matrix are numbered 0, 1, 2,…, 
[image: image63.wmf]1

-

mux

R

 from top to bottom.
(3) If rank information is transmitted in this subframe, the vector sequence 
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 is written onto the columns indicated by Table 5.2.2.8-1, and by sets of Qm rows starting from the last row and moving upwards according to the following pseudocode. 
Set i, j to 0.

Set r to 
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end while
(4)
Write the input vector sequence, i.e., 
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(5) If HARQ-ACK information is transmitted in this subframe, the vector sequence 
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 is written onto the columns indicated by Table 5.2.2.8-2, and by sets of Qm rows starting from the last row and moving upwards. Note that this operation overwrites some of the channel interleaver entries obtained in step (4). 
(6)
The output of the block interleaver is the bit sequence read out column by column from the 
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Table 5.2.2.8-1: Column set for Insertion of rank information

	CP configuration
	Column Set

	Normal
	{1, 4, 7, 10}

	Extended
	{0, 3, 5, 8}


Table 5.2.2.8-2: Column set for Insertion of HARQ-ACK information

	CP configuration
	
	Column Set

	Normal
	
	{2, 3, 8, 9}

	
	
	

	
	
	

	Extended
	
	{1, 2, 6, 7}
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