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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 and a UE that does not support aggregating more than one configured serving cell, two HARQ-ACK feedback modes are supported by higher layer configuration.
· HARQ-ACK bundling, and 

· HARQ-ACK multiplexing 
For TDD HARQ-ACK bundling, HARQ-ACK consists of one or two bits information.  For TDD HARQ-ACK multiplexing, the number of HARQ-ACK bits is determined as described in section 7.3 of [3].
When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded modulation symbols per layer 
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 for HARQ-ACK or rank indicator as follows.

For the case when only one transport block is transmitted in the PUSCH conveying the HARQ-ACK bits or rank indicator bits:
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where 
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 is the number of HARQ-ACK 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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is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport block, respectively, given by 
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 is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for initial transmission, or if the PUSCH resource allocation for initial transmission even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if the subframe for initial transmission is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise 
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 are obtained from the initial PDCCH for the same transport block. If there is no initial PDCCH with DCI format 0 for the same transport block, 
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 shall be determined from:

· the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.

For the case when two transport blocks are transmitted in the PUSCH conveying the HARQ-ACK bits or rank indicator bits:
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where 
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 is the number of HARQ-ACK bits or rank indicator bits, 
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 is the modulation order of transport block “x”, and 
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 are the scheduled bandwidths for PUSCH transmission in the initial sub-frame for the first and second transport block, respectively,  expressed as a number of subcarriers in [2], and 
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are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the first and second transport block given by 
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 is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for initial transmission of transport block “x”, or if the PUSCH resource allocation for initial transmission of transport bock “x”  even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2] , or if the subframe for initial transmission of transport block “x” is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise 
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 is equal to 0. 
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 are obtained from the initial PDCCH for the corresponding transport block. If there is no initial PDCCH with DCI format 0 or 4 for the same transport block, 
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 shall be determined from:

· the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.

For HARQ-ACK, 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH.
For rank indication, 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH.

For HARQ-ACK

· Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’

· If HARQ-ACK feedback 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 feedback consists of 2-bits of information, i.e., 
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 corresponding to HARQ-ACK bit for codeword 0 and 
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 corresponding to that for codeword 1, 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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· If HARQ-ACK feedback consists of 
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 bits of information as a result of the aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e., 
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 is obtained by using the bit sequence 
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 as the input to the channel coding block described in section 5.2.2.6.4. In turn, the bit sequence 
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 is obtained by the circular repetition of the bit sequence 
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 so that the total bit sequence length is equal to
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· If HARQ-ACK feedback consists of 
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 bits of information as a result of the aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, i.e., 
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, then the coded bit sequence 
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 is obtained by using the bit sequence 
[image: image69.wmf]ACK

O

ACK

ACK

ACK

o

o

o

1

1

0

,...,

 

-

 as the input to the channel coding block described in section 5.2.2.6.5.
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 FDD or TDD HARQ-ACK multiplexing when HARQ-ACK consists of one or two bits of 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 FDD when HARQ ACK consists of 2 or more bits of information as a result of the aggregation of more than one DL cell, the bit sequence 
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 is the result of the concatenation of HARQ-ACK bits for the multiple DL cells according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

Set 
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 to the number of cells configured by higher layers for the UE

while c < 
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if transmission mode configured in cell 
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–  1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK bit of this cell



j = j + 1



else
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 HARQ-ACK bit corresponding to the first codeword of this cell



j = j + 1
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 HARQ-ACK bit corresponding to the second codeword of this cell



j = j + 1



end if

c = c + 1

end while 
For TDD when HARQ ACK is for the aggregation of one or more DL cells and the UE is configured with PUCCH Format 3 [3], the bit sequence 
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 is the result of the concatenation of HARQ-ACK bits for the one or more  DL cells configured by higher layers and the multiple subframes as defined in [3]..

Define 
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 as the number of cells configured by higher layers for the UE and 
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 as the number of downlink subframes for which the UE needs to feedback HARQ-ACK bits as defined in Section 7.3 of [3].

The number of HARQ-ACK bits for the UE to convey if it is configured with PUCCH Format 3 is computed as follows: 

Set k = 0 – counter of HARQ-ACK bits

Set c=0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell




k = k + 1




else




k = k + 2


end if

l = l+1

end while

c = c + 1

end while

If k  ≤  20, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
[image: image87.wmf]DL

c

B


if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell





[image: image89.wmf]ACK

l

c

ACK

j

o

o

,

~

=

 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]




j = j + 1
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 HARQ-ACK bits of this cell as defined in Section 7.3 of [3]




j = j + 2


end if

l = l+1

end while

c = c + 1

end while

If k  >  20, spatial bundling is applied to all subframes in all cells and the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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 – 1 bit HARQ-ACK feedback for this cell
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HARQ-ACK bit of this cell as defined in Section 7.3 of [3]




j = j + 1




else
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell as defined in Section 7.3 of [3]
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end if

l = l+1

end while

c = c + 1

end while

For 
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 is obtained by setting 
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 is obtained by setting 
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 if i is odd. 
For TDD when HARQ ACK is for the aggregation of two DL cells and the UE is configured with format 1b with channel selection, the bit sequence
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 is obtained as described in section 7.3 of [3].

For TDD HARQ-ACK bundling, a bit sequence 
[image: image104.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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while 
[image: image114.wmf]ACK

Q

i

<

 


if 
[image: image115.wmf]y

q

ACK

i

=

~




//  place-holder repetition bit


[image: image116.wmf]ë

û

(

)

2

mod

~

/

1

ACK

m

k

ACK

i

ACK

i

w

q

q

+

=

-



[image: image117.wmf]m

k

k

4

mod

)

1

(

+

=


else



if 
[image: image118.wmf]x

q

ACK

i

=

~



// a place-holder bit



[image: image119.wmf]ACK

i

ACK

i

q

q

~

=


else 




// coded bit


[image: image120.wmf]ë

û

(

)

2

mod

~

/

ACK

m

k

ACK

i

ACK

i

w

q

q

+

=



[image: image121.wmf]m

k

k

4

mod

)

1

(

+

=



end if



[image: image122.wmf]1

+

=

i

i


end while

Table 5.2.2.6-A: Scrambling sequence selection for TDD HARQ-ACK bundling.
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When HARQ-ACK information is to be multiplexed with UL-SCH at a given PUSCH, the HARQ-ACK information is multiplexed in all layers of all transport blocks of that PUSCH, For a given transport block, the vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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where 
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 is the number of layers onto which the UL-SCH transport block is mapped.

For rank indication (RI) (RI only, joint report of RI and i1, and joint report of RI and PTI)

· The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.2-3, 5.2.2.6.3-3, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.2-4, and 5.2.3.3.2-4A, which are determined assuming the maximum number of layers according to the corresponding eNodeB antenna configuration and UE category.
· If RI feedback consists of 1-bit of information, i.e., 
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Table 5.2.2.6-3: Encoding of 1-bit RI.
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Table 5.2.2.6-4: Encoding of 2-bit RI.

	Qm
	Encoded RI

	2
	
[image: image147.wmf]]

 

 

 

 

 

[

2

1

0

2

1

0

RI

RI

RI

RI

RI

RI

o

o

o

o

o

o



	4
	
[image: image148.wmf] x x]

 

 x x 

 

 x x  

 

[

2

1

0

2

1

0

RI

RI

RI

RI

RI

RI

o

o

o

o

o

o



	6
	
[image: image149.wmf] x x x x]

 

 x x x x  

 

 x x x x  

 

[

2

1

0

2

1

0

RI

RI

RI

RI

RI

RI

o

o

o

o

o

o




Table 5.2.2.6-5: 
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· If RI feedback for a given DL cell consists of 3-bits of information, i.e., 
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 as the input to the channel coding block described in section 5.2.2.6.4. 
· If RI feedback consists of 
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 as the input to the channel coding block described in section 5.2.2.6.5.
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.

For the case where RI feedback for more than one DL cell is to be reported, the RI report for each DL cell is concatenated prior to coding in increasing order of cell index. 

For the case where RI feedback consists of one or two bits of information the bit sequence 
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When rank information is to be multiplexed with UL-SCH at a given PUSCH, the rank information is multiplexed in all layers of all transport blocks of that PUSCH. For a given transport block, the vector sequence output of the channel coding for rank information is denoted by 
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where 
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 is the number of layers onto which the UL-SCH transport block is mapped.

For channel quality control information (CQI and/or PMI denoted as CQI/PMI)

When the UE transmits channel quality control information bits, it shall determine the number of modulation coded symbols per layer 
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where 
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 is the number of CQI/PMI bits, 
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 shall be determined according to [3] depending on the number of transmission codewords for the corresponding PUSCH. If RI is not transmitted then  
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The variable “x” in 
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 represents the transport block index corresponding to the highest IMCS value indicated by the initial UL grant.  In case the two transport blocks have the same IMCS value in the corresponding initial UL grant, “x =1”, which corresponds to the first transport block. 
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 shall be determined from:

· the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.
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For UL-SCH data information 
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 is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for the current subframe, or if the PUSCH resource allocation for the current subframe even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2], or if the current subframe is a UE-specific type-1 SRS subframe as defined in Section 8.2 of [3]. Otherwise 
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In case of CQI/PMI report for more than one DL cell, 
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is the result of concatenating the CQI/PMI report for each DL cell in increasing order of cell index.
· If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to section 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 sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation 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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 is the number of layers the corresponding UL-SCH transport block is mapped onto.

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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In case where more than one UL-SCH transport block are transmitted in a subframe of an UL cell, the CQI/PMI information is multiplexed with data only on the UL-SCH transport block with highest IMCS value on the initial grant. In case the two transport blocks have the same IMCS value in the corresponding initial UL grant, the CQI/PMI information is multiplexed with data only on the first transport block. For that UL-SCH transport block or in the case of single transport block transmission, and assuming that 
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 is the number of layers onto which the UL-SCH transport block is mapped, the control information and the data shall be multiplexed as follows:
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end while

while 
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end while
5.2.3
Uplink control information on PUCCH

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ acknowledgement. 

Three forms of channel coding are used, one for the channel quality information CQI/PMI, another for HARQ-ACK (acknowledgement) and scheduling request and another for combination of CQI/PMI and HARQ-ACK. 


[image: image240.emf]1 1 0

,..., ,



A

a a a

1 1 0

,..., ,



B

b b b

Channel coding


Figure 5.2.3-1: Processing for UCI.

5.2.3.1
Channel coding for UCI HARQ-ACK

The HARQ-ACK bits are received from higher layers for each subframe of each cell.  Each positive acknowledgement (ACK) is encoded as a binary ‘1’ and each negative acknowledgement (NACK) is encoded as a binary ‘0’. For the case where PUCCH format 3 [2] is configured by higher layers and is used for transmission of the HARQ-ACK feedback information, the HARQ-ACK feedback consists of the concatenation of HARQ-ACK bits for each of the serving cells. For cells configured with transmission modes 1, 2, 5, 6 or 7 [3], i.e., single codeword transmission modes, 1 bit of HARQ-ACK information, 
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,  is used for that cell. For cells configured with other transmission modes, 2 bits of HARQ-ACK information are used for those cells, i.e., 
[image: image242.wmf]1

,

+

k

k

a

a

 with 
[image: image243.wmf]k

a

 corresponding to HARQ-ACK bit for codeword 0 and 
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Define 
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as the number of HARQ-ACK bits including the possible concurrent transmission of scheduling request when PUCCH format 3 is used for transmission of HARQ-ACK feedback (section 10.1 in [3]).

For FDD, the sequence of bits 
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 is the result of the concatenation of HARQ-ACK bits for different cells according to the following pseudo-code: 

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

Set 
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 to the number of cells configured by higher layers for the UE

while c <  
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if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell
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 HARQ-ACK bit of this cell



j = j + 1



else
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  HARQ-ACK bit corresponding to the first codeword of this cell



j = j + 1
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 HARQ-ACK bit corresponding to the second codeword of this cell



j = j + 1



end if

c = c + 1

end while

For TDD, the sequence of bits 
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 is obtained from the HARQ-ACK bits for different cells and different subframes.

Define 
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 as the number of cells configured by higher layers for the UE and 
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as the number of downlink subframes for which the UE needs to feedback HARQ-ACK bits in cell c as defined in Section 7.3 of [3].
The number of HARQ-ACK bits for the UE to convey is computed as follows: 

Set k = 0 – counter of HARQ-ACK bits

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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 -- 1 bit HARQ-ACK feedback for this cell




k = k + 1




else




k = k + 2


end if

l = l+1

end while

c = c + 1

end while

If k  ≤  20, the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code:
Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
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if transmission mode configured in cell 
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 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
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 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]




j = j + 2


end if

l = l+1

end while

c = c + 1

end while

If k  >  20, spatial bundling is applied to all subframes in all cells and the multiplexing of HARQ-ACK bits is performed according to the following pseudo-code

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0 – HARQ-ACK bit index

while c < 
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set l = 0;

while l < 
[image: image265.wmf]DL

c

B




if transmission mode configured in cell 
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 HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
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else
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 binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell as defined in Section 7.3 of [3]
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end if

l = l+1

end while

c = c + 1

end while

In case the transmission of HARQ-ACK feedback using PUCCH format 3 [2] coincides with a sub-frame configured to the UE by higher layers for transmission of scheduling request, the scheduling request bit (1 = positive SR; 0 = negative SR) is appended at the end of the sequence of concatenated HARQ-ACK bits.

 For 
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For 
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where i = 0, 1, 2, …, 31 and the basis sequences 
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 are defined in Table 5.2.2.6.4-1.
The output bit sequence 
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 is obtained by circular repetition of the sequence 
[image: image281.wmf]31

2

1

0

~

,

,...,

~

,

~

,

~

b

b

b

b




[image: image282.wmf](

)

32

mod

~

i

i

b

b

=

 

where i = 0, 1, 2, …, B-1 and where 
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where i = 0, 1, 2, …, 23 and the basis sequences 
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Set i, j = 0

while 
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end while

When PUCCH format 3 is not used for transmission of HARQ-ACK feedback, the HARQ-ACK bits are processed for transmission according to section 10.1 in [3].
5.3.3.1.6
Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments in the same serving cell transmitting format 3. 
The following information is transmitted by means of the DCI format 3:

- TPC command number 1, TPC command number 2,…, TPC command number N

where 
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 is equal to the payload size of format 0 before CRC attachment when format 0 is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-Index provided by higher layers determines the index to the TPC command for a given UE.
If 
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, a bit of value zero shall be appended to format 3.

5.3.3.1.7
Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments in the same serving cell transmitting format 3A.
The following information is transmitted by means of the DCI format 3A:

- TPC command number 1, TPC command number 2,…, TPC command number M

where 
[image: image302.wmf]0
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, and where 
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L

 is equal to the payload size of format 0 before CRC attachment when format 0 is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-Index provided by higher layers determines the index to the TPC command for a given UE.
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