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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 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 transmits 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 
[image: image13.wmf]SRS

N

 is equal to 0. 
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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 transmits 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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 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 
[image: image66.wmf]ACK

O

ACK

ACK

ACK

o

o

o

1

1

0

,...,

 

-

 as the input to the channel coding block described in section 5.2.2.6.4. 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 
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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 5.2.2.6-1 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 < 
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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 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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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 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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Set i ,k to 0

while 
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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.
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Table 5.2.2.6-5: 
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Table 5.2.2.6-6: 
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Table 5.2.2.6-7: 
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· If RI feedback for a given DL cell consists of 3-bits of information, i.e., 
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· If RI feedback consists of 
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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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 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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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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. The vector sequence is obtained as follows:

Set i, j, k to 0

while 
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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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· 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 transmits 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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_1297663646.unknown

_1352690618.unknown

_1360766675.unknown

_1361258649.unknown

_1361284704.unknown

_1361341167.unknown

_1361344387.unknown

_1361344525.unknown

_1365492949.unknown

_1361341188.unknown

_1361341632.unknown

_1361340158.unknown

_1361294351.unknown

_1361262858.unknown

_1361262859.unknown

_1361260175.unknown

_1361262770.unknown

_1361260095.unknown

_1360767426.unknown

_1361083420.unknown

_1361083583.unknown

_1361083745.unknown

_1361083772.unknown

_1361083493.unknown

_1361083362.unknown

_1361083403.unknown

_1361011818.unknown

_1360766818.unknown

_1360767404.unknown

_1360766764.unknown

_1352847264.unknown

_1352847306.unknown

_1352848140.unknown

_1353049532.unknown

_1360761968.unknown

_1356347737.unknown

_1353049039.unknown

_1352847811.unknown

_1352847854.unknown

_1352847886.unknown

_1352847337.unknown

_1352847288.unknown

_1352847297.unknown

_1352847270.unknown

_1352837851.unknown

_1352837946.unknown

_1352837984.unknown

_1352837866.unknown

_1352837894.unknown

_1352837834.unknown

_1352837842.unknown

_1352837697.unknown

_1352684462.unknown

_1352687769.unknown

_1352687787.unknown

_1352687818.unknown

_1352690547.unknown

_1352687808.unknown

_1352687779.unknown

_1352684638.unknown

_1352685016.unknown

_1352684514.unknown

_1345633631.unknown

_1351288779.unknown

_1351288925.unknown

_1352684437.unknown

_1351288875.unknown

_1350509359.unknown

_1350510184.unknown

_1350510556.unknown

_1350510579.unknown

_1351285624.unknown

_1350510489.unknown

_1350509377.unknown

_1350508525.unknown

_1350509349.unknown

_1350508577.unknown

_1345633800.unknown

_1350508221.unknown

_1345633790.unknown

_1344857383.unknown

_1345629871.unknown

_1345630604.unknown

_1345633597.unknown

_1345630589.unknown

_1344857502.unknown

_1343933513.unknown

_1343946567.unknown

_1343942780.unknown

_1343930481.unknown

_1343930518.unknown

_1343932305.unknown

_1343930466.unknown

_1282636877.unknown

_1286736690.unknown

_1287388324.unknown

_1292669035.unknown

_1293544115.unknown

_1293544420.unknown

_1293544774.unknown

_1293544811.unknown

_1293544653.unknown

_1293544227.unknown

_1292669069.unknown

_1286966253.unknown

_1286966357.unknown

_1287228270.unknown

_1286966294.unknown

_1286966326.unknown

_1286966268.unknown

_1286737091.unknown

_1283609733.unknown

_1286311742.unknown

_1286311853.unknown

_1286311051.unknown

_1286311696.unknown

_1286311364.unknown

_1286263947.unknown

_1286309312.unknown

_1283686536.unknown

_1283686526.unknown

_1282636908.unknown

_1282636974.unknown

_1283609715.unknown

_1282636964.unknown

_1282636900.unknown

_1271832958.unknown

_1276431401.unknown

_1276593357.unknown

_1280075510.unknown

_1282636872.unknown

_1278826589.unknown

_1279925118.unknown

_1278826368.unknown

_1276431446.unknown

_1276520314.unknown

_1273386291.unknown

_1275576053.unknown

_1275576076.unknown

_1275576198.unknown

_1275576211.unknown

_1275576065.unknown

_1275217468.unknown

_1275573897.unknown

_1274619785.unknown

_1273386340.unknown

_1271833236.unknown

_1272434178.unknown

_1272385526.unknown

_1271833090.unknown

_1265649730.unknown

_1271799155.unknown

_1271799419.unknown

_1271799467.unknown

_1271799503.unknown

_1271799576.unknown

_1271799487.unknown

_1271799440.unknown

_1271799403.unknown

_1271798157.unknown

_1271799146.unknown

_1271797988.unknown

_1265653663.unknown

_1265528472.unknown

_1265528972.unknown

_1265528990.unknown

_1265528959.unknown

_1265527371.unknown

_1265527715.unknown

_1265527745.unknown

_1265527445.unknown

_1256502046.unknown

