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5.1.4
Rate matching
5.1.4.1
Rate matching for turbo coded transport channels
The rate matching for turbo coded transport channels is defined per coded block and consists of interleaving the three information bit streams
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, followed by the collection of bits and the generation of a circular buffer as depicted in Figure 5.1.4-1. The output bits for each code block are transmitted as described in subclause 5.1.4.1.2.  
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Figure 5.1.4-1. Rate matching for turbo coded transport channels
The bit stream 
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is interleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output sequence defined as 
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 is defined in subclause 5.1.4.1.1.
The bit stream 
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 is interleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output sequence defined as
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The bit stream 
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 is interleaved according to the sub-block interleaver defined in subclause 5.1.4.1.1 with an output sequence defined as
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The sequence of bits 
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 for transmission is generated according to subclause 5.1.4.1.2.
5.1.4.1.1
Sub-block interleaver

The bits input to the block interleaver are denoted by 
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, where D is the number of bits. The output bit sequence from the block 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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(2)
Determine the number of rows of the matrix
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The rows of rectangular matrix are numbered 0, 1, 2,…,
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 dummy bits are padded such that yk = <NULL> for k = 0, 1,…, ND - 1.  Then, write the input bit sequence, i.e.
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, k = 0, 1,…, D-1, into the
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 matrix row by row starting with bit y0 in column 0 of row 0:
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For 
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(4)
Perform the inter-column permutation for the matrix based on the pattern
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 that is shown in table 5.1.4-1, where P(j) is the original column position of the j-th permuted column. After permutation of the columns, the inter-column permuted
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(5)
The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted 
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matrix. The bits after sub-block interleaving are denoted by
[image: image31.wmf])

(

1

)

(

2

)

(

1

)

(

0

,...,

,

,

i

K

i

i

i

v

v

v

v

-

P

, where 
[image: image32.wmf])

(

0

i

v

 corresponds to
[image: image33.wmf])

0

(

P

y

,
[image: image34.wmf])

(

1

i

v

 to
[image: image35.wmf]TC

subblock

C

P

y

+

)

0

(

… and
[image: image36.wmf](

)

TC

subblock

TC

subblock

C

R

K

´

=

P

.

For
[image: image37.wmf])

2

(

k

d

:

(4) The output of the sub-block interleaver is denoted by
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The permutation function P is defined in Table 5.1.4-1.
Table 5.1.4-1 Inter-column permutation pattern for sub-block interleaver
	Number of columns 
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	Inter-column permutation pattern
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5.1.4.1.2
Bit collection, selection and transmission
The circular buffer of length 
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 for the r-th coded block is generated as follows:
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for k = 0,…, 
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for k = 0,…, 
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for k = 0,…, 
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Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. NIR is signalled by higher layers. The size Ncb is obtained as follows, where C is the number of code blocks computed in subclause 5.1.2:
-
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for downlink turbo coded transport channels

- 
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for uplink turbo coded transport channels
Denoting by E the rate matching output sequence length for the r-th coded block, and rvidx the redundancy version number for this transmission (rvidx = 0, 1, 2 or 3), the rate matching output bit sequence is 
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Define by G the total number of bits available for the transmission of one transport block.
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 where Qm is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where NL is equal to 1 for blocks mapped onto one transmission layer and is equal to 2 for blocks mapped onto two or four transmission layers.
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 is the number of rows defined in subclause 5.1.4.1.1.
Set k = 0 and j = 0

while { k < E }


if 
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k = k +1


end if

j = j +1

end while

5.1.4.2
Rate matching for convolutionally coded transport channels and control information
The rate matching for convolutionally coded transport channels and control information consists of interleaving the three bit streams, 
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, followed by the collection of bits and the generation of a circular buffer as depicted in Figure 5.1.4-2. The output bits are transmitted as described in subclause 5.1.4.2.2.  
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Figure 5.1.4-2. Rate matching for convolutionally coded transport channels and control information
The bit stream 
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 is interleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output sequence defined as 
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The bit stream 
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The bit stream 
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 is interleaved according to the sub-block interleaver defined in subclause 5.1.4.2.1 with an output sequence defined as
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The sequence of bits 
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 for transmission is generated according to subclause 5.1.4.2.2.
5.1.4.2.1
Sub-block interleaver

The bits input to the block interleaver are denoted by
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, where D is the number of bits. The output bit sequence from the block interleaver is derived as follows:

(1)
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The rows of rectangular matrix are numbered 0, 1, 2,…,
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 dummy bits are padded such that yk = <NULL> for k = 0, 1,…, ND - 1.  Then, write the input bit sequence, i.e. 
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(4)
 Perform the inter-column permutation for the matrix based on the pattern
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 that is shown in table 5.1.4-2, where P(j) is the original column position of the j-th permuted column. After permutation of the columns, the inter-column permuted
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(5)
The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted
[image: image90.wmf](

)

CC

subblock

CC

subblock

C

R

´

matrix. The bits after sub-block interleaving are denoted by
[image: image91.wmf])

(

1

)

(

2

)

(

1

)

(

0

,...,

,

,

i

K

i

i

i

v

v

v

v

-

P

, where 
[image: image92.wmf])

(

0

i

v

 corresponds to
[image: image93.wmf])

0

(

P

y

, 
[image: image94.wmf])

(

1

i

v

 to
[image: image95.wmf]CC

subblock

C

P

y

+

)

0

(

… and 
[image: image96.wmf](

)

CC

subblock

CC

subblock

C

R

K

´

=

P

 
Table 5.1.4-2 Inter-column permutation pattern for sub-block interleaver

	Number of columns 
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This block interleaver is also used in interleaving PDCCH modulation symbols. In that case, the input bit sequence consists of PDCCH symbol quadruplets [2].
5.1.4.2.2
Bit collection, selection and transmission

The circular buffer of length 
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for k = 0,…, 
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for k = 0,…, 
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Denoting by E the rate matching output sequence length, the rate matching output bit sequence is 
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Set k = 0 and j = 0

while { k < E }


if 
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k = k +1


end if

j = j +1

end while
//====================================//

5.2
Uplink transport channels and control information
5.2.1
Random access channel

The sequence index for the random access channel is received from higher layers and is processed according to [2]. 
5.2.2
Uplink shared channel
Figure 5.2.2-1 shows the processing structure for the UL-SCH transport channel. Data arrives to the coding unit in form of a maximum of one transport block every transmission time interval (TTI). The following coding steps can be identified:

· Add CRC to the transport block
· Code block segmentation and code block CRC attachment
· Channel coding of data and control information
· Rate matching

· Code block concatenation

· Multiplexing of data and control information

· Channel interleaver

The coding steps for UL-SCH transport channel are shown in the figure below. 
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Figure 5.2.2-1: Transport channel processing for UL-SCH
5.2.2.1
Transport block CRC attachment
Error detection is provided on UL-SCH transport blocks through a Cyclic Redundancy Check (CRC). 

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport block delivered to layer 1 by
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. A is the size of the transport block and L is the number of parity bits.

The parity bits are computed and attached to the UL-SCH transport block according to subclause 5.1.1 setting L to 24 bits and using the generator polynomial gCRC24A(D). 
5.2.2.2
Code block segmentation and code block CRC attachment
The bits input to the code block segmentation are denoted by 
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 where B is the number of bits in the transport block (including CRC). 
Code block segmentation and code block CRC attachment are performed according to subclause 5.1.2. 

The bits after code block segmentation are denoted by
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, where r is the code block number and Kr is the number of bits for code block number r. 
5.2.2.3
Channel coding of UL-SCH
Code blocks are delivered to the channel coding block. The bits in a code block are denoted by 
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 , where r is the code block number, and Kr is the number of bits in code block number r. The total number of code blocks is denoted by C and each code block is individually turbo encoded according to subclause 5.1.3.2. 
After encoding the bits are denoted by
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5.2.2.4
Rate matching

Turbo coded blocks are delivered to the rate matching block. They are denoted by
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, and where r is the code block number, i is the coded stream index, and 
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 is the number of bits in each coded stream of code block number r. The total number of code blocks is denoted by C and each coded block is individually rate matched according to subclause 5.1.4.1.

After rate matching, the bits are denoted by
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, where r is the coded block number, and where 
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 is the number of rate matched bits for code block number r. 
5.2.2.5
Code block concatenation
The bits input to the code block concatenation block are denoted by 
[image: image125.wmf](

)

1

3

2

1

0

,...,

,

,

,

-

r

E

r

r

r

r

r

e

e

e

e

e

 for 
[image: image126.wmf]1

,...,

0

-

=

C

r

 and where 
[image: image127.wmf]r

E

 is the number of rate matched bits for the r-th code block. 

Code block concatenation is performed according to subclause 5.1.5. 

The bits after code block concatenation are denoted by 
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, where G is the total number of coded bits for transmission excluding the bits used for control transmission, when control information is multiplexed with the UL-SCH transmission. 
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 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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· If HARQ-ACK consists of 2-bits of information, i.e., 
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Table 5.2.2-1: Encoding of 1-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
	
[image: image132.wmf] x]

[

0

ACK

o



	4
	
[image: image133.wmf] x x x]

[

0

ACK

o



	6
	
[image: image134.wmf]]

 

 x x x x x

[

0

ACK

o




Table 5.2.2-2: Encoding of 2-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK

	2
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The “x” in Table 5.2.2-1 and 5.2.2-2 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.
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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Set i ,k to 0

while 
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end while

For channel quality control information

· 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 
[image: image150.wmf]1

3

2

1

0

,...,

,

,

,

-

G

f

f

f

f

f

. The output of the data and control multiplexing operation is denoted by 
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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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end while

while 
[image: image162.wmf]G

i

<

 -- 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:
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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,…, 
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(3)
Write the input vector sequence, i.e., 
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(4) If HARQ-ACK information is transmitted in this subframe, the vector sequence 
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 is written onto the columns indicated by Table 5.2.2.8-1, 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 (3). 
(5)
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 HARQ-ACK information

	CP configuration
	SRS configuration
	Column Set

	Normal
	No SRS
	{2, 3, 8, 9}

	
	First SC-FDMA symbol
	{1, 2, 7, 8}

	
	Last SC-FDMA symbol
	{2, 3, 8, 9}

	Extended
	No SRS
	{2, 3, 7, 8}

	
	First SC-FDMA symbol
	{1, 2, 6, 7}

	
	Last SC-FDMA symbol
	{2, 3, 7, 8}


//====================================//

5.3.3
Downlink control information
A DCI transports downlink or uplink scheduling information, or uplink power control commands for one MAC ID.  The MAC ID is implicitly encoded in the CRC.

Figure 5.3.3-1 shows the processing structure for the DCI. The following coding steps can be identified:

· Information element multiplexing

· CRC attachment
· Channel coding

· Rate matching

The coding steps for DCI are shown in the figure below. 
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Figure 5.3.3-1: Processing for DCI
5.3.3.1
DCI formats
5.3.3.1.1
Format 0
DCI format 0 is used for the transmission of UL-SCH assignments. 

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

- Flag for format0/format1A differentiation – 1 bit

- Hopping flag – 1 bit

- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping:



- NUL_hop bits are used to obtain the value of 
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- For non-hopping PUSCH:
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 bits provide the resource allocation of the first slot in the UL subframe

- Modulation and coding scheme and redundancy version – 5 bits

- New data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits

- [Cyclic shift for DM RS – 3 bits]

- UL index (this field just applies to TDD operation)

- CQI request – 1 bit

5.3.3.1.2
Format 1
DCI format 1 is used for the transmission of DL-SCH assignments for SIMO operation. 

The following information is transmitted by means of the DCI format 1:

- 
- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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- For resource allocation type 1 [3], 
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 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset

- 1 bit indicates a shift of the resource allocation span

- 
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 bits provide the resource allocation

where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- Modulation and coding scheme – 5 bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH – 2 bits

5.3.3.1.3
Format 1A

DCI format 1A is used for a compact transmission of DL-SCH assignments for SIMO operation. 

The following information is transmitted by means of the DCI format 1A:

- Flag for format0/format1A differentiation – 1 bit

- Distributed transmission flag – 1 bit

- Resource block assignment
- Modulation and coding scheme – 5bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH – 2 bits

5.3.3.1.4
Format 2
DCI format 2 is used for the transmission of DL-SCH assignments for MIMO operation. 

The following information is transmitted by means of the DCI format 2:

In general: 

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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 bits of this field are used as a header specific to this resource allocation type to indicate the selected resource blocks subset 

- 1 bit indicates a shift of the resource allocation span

- 
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- TPC command for PUCCH – 2 bits

- Number of layers – 2 bits

- HARQ process number - 3 bits (FDD), 4 bits (TDD)

- HARQ swap flag – 1 bit

- Precoding information – 

- Precoding confirmation – 1 bit

For the first codeword: 

- Modulation and coding scheme – 5 bits

- New data indicator – 1 bit

- Redundancy version – 2 bits

For the second codeword:

- Modulation and coding scheme – [5]3 bits
- New data indicator – 1 bit

- Redundancy version – 2 bits

5.3.3.1.5
Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments. 

The following information is transmitted by means of the DCI format 3:

- TPC command for user 1, user 2,…, user N
5.3.3.1.6
Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments. 

The following information is transmitted by means of the DCI format 3A:

- TPC command for user 1, user 2,…, user 2N
5.3.3.2
CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 

The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH payload by
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. A is the PDCCH payload size and L is the number of parity bits.

The parity bits are computed and attached according to subclause 5.1.1 setting L to [16] bits, resulting in the sequence
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, where B = A+ L. After the attachment, the CRC bits are scrambled with the UE identity 
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 to form the sequence of bits
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for k = A, A+1, A+2,..., A+15. 

5.3.3.3
Channel coding
Information bits are delivered to the channel coding block. They are denoted by 
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 , where K is the number of bits, and they are tail biting convolutionally encoded according to subclause 5.1.3.1. 
After encoding the bits are denoted by 
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, and where D is the number of bits on the i-th coded stream, i.e., 
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5.3.3.4
Rate matching

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded bits is denoted by 
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, and where i is the coded stream index and D is the number of bits in each coded stream. This coded block is rate matched according to subclause 5.1.4.2.

After rate matching, the bits are denoted by 
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, where E is the number of rate matched bits. 

5.3.4
Control format indicator
Data arrives each subframe to the coding unit in the form of an indicator for the time span, in units of OFDM symbols, of the DCI in that subframe, i.e., CFI = 1, 2 or 3. 

The coding flow is shown in Figure 5.3.4-1. 
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Figure 5.3.4-1 Coding for CFI
5.3.4.1
Channel coding
The control format indicator is coded according to Table 5.3.4-1.
Table 5.3.4-1: CFI codewords
	CFI
	CFI codeword

< b0, b1, …, b31 >

	1
	<0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1>

	2
	<1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0>

	3
	<1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1>

	4 (Reserved)
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>


5.3.5
HARQ indicator
Data arrives to the coding unit in form of indicators for HARQ acknowledgement.

The coding flow is shown in Figure 5.3.5-1. 
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Figure 5.3.5-1 Coding for HI
5.3.5.1
Channel coding
The HARQ indicator is coded according to Table 5.3.5-1, where for a positive acknowledgement HI = 0 and for a negative acknowledgement HI = 1.
Table 5.3.5-1: HI codewords

	HI
	HI codeword

< b0, b1, b2 >

	0
	< 0,0,0 >

	1
	< 1,1,1 >
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