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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 
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 are obtained from the initial PDCCH for the same transport block.

For HARQ-ACK information 
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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 then generated by setting 
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 if HARQ-ACK consists of 2-bits 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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 with 
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 is obtained as
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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
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 5.2.2.6-3.

· If RI consists of 2-bits of information, i.e., 
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, it is first encoded according to Table 5.2.2.6-4 where 
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Table 5.2.2.6-3: Encoding of 1-bit RI

	Qm
	Encoded RI

	2
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Table 5.2.2.6-4: Encoding of 2-bit RI

	Qm
	Encoded RI

	2
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The “x” and “y” in Table 5.2.2.6-3 and 5.2.2.6-4 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 bits 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)
When the UE transmits channel quality control information bits, it shall determine the number of coded symbols 
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 is the number of CQI bits, 
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 are obtained from the initial PDCCH for the same transport block.

· 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 5.2.2.6.4 with input sequence 
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· For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel quality information is performed according to subclauses 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment is 
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. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation. 
The output sequence for the channel coding of channel quality information is denoted by 
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5.2.4
Uplink control information on PUSCH without UL-SCH data

When control data are sent via PUSCH without UL-SCH data, the following coding steps can be identified:

· Channel coding of control information

· Control information mapping

· Channel interleaver

5.2.4.1 
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 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, see also Section 5.2.2.6 for the two ACK/NACK feedback modes for TDD as configured by higher layers,  or rank indicator bits, 
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 is the scheduled bandwidth for PUSCH transmission in the current subframe expressed as a number of subcarriers in [2]. 

For HARQ-ACK information 
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For rank indication 
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The channel coding and rate matching of the control data is performed according to subclause 5.2.2.6. The coded output sequence for channel quality information is denoted by 
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, the coded vector sequence output for HARQ-ACK is denoted by 
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 and the coded vector sequence output for rank indication is denoted by 
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5.3.3.1
DCI formats
The ordering of the information bits in the payload description below starts with 
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 and ends with 
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The information fields are multiplexed according to the order they are listed in each DCI format. The first bit of each information field corresponds to MSB.
5.3.3.1.1
Format 0
DCI format 0 is used for the scheduling of PUSCH. 

The following information is transmitted by means of the DCI format 0:

- Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A
- Hopping flag – 1 bit as defined in section 8.4 of [3]
- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping:



- NUL_hop MSB bits are used to obtain the value of 
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 bits provide the resource allocation of the first slot in the UL subframe

- For non-hopping PUSCH:

- 
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 bits provide the resource allocation in the UL subframe as defined in section 8.1 of [3]
- Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]
- New data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
- Cyclic shift for DM RS – 3 bits as defined in section 5.5.2.1.1 of [2]
- UL index – 2 bits as defined in sections 5.1.1.1 and 8 of [3] (this field only applies to TDD operation with uplink –downlink configuration 0 and is not present in FDD)
-  Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field only applies for TDD operation with uplink-downlink configurations 1-6 and is not present in FDD)

- CQI request – 1 bit as defined in section 7.2.1 of [3]
If the number of information bits in format 0 is less than for format 1A, zeros shall be appended to format 0 until the payload size equals that of format 1A.
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