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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1
Scope

The present document specifies the coding, multiplexing and mapping to physical channels for 5G NR.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 38.201: “NR; Physical Layer – General Description”

[3]
3GPP TS 38.202: “NR; Services provided by the physical layer”

[4]
3GPP TS 38.211: “NR; Physical channels and modulation”

[5]
3GPP TS 38.213: “NR; Physical layer procedures for control”

[6]
3GPP TS 38.214: “NR; Physical layer procedures for data”

[7]
3GPP TS 38.215: “NR; Physical layer measurements”
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

4
Mapping to physical channels
4.1
Uplink
4.2
Downlink

5
General procedures 
Data and control streams from/to MAC layer are encoded /decoded to offer transport and control services over the radio transmission link.  Channel coding scheme is a combination of error detection, error correcting, rate matching, interleaving and transport channel or control information mapping onto/splitting from physical channels.
5.1
CRC calculation
Denote the input bits to the CRC computation by 
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 is the size of the input sequence and 
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 is the number of parity bits. The parity bits are generated by one of the following cyclic generator polynomials:

-

[image: image7.wmf][...]

CRC24

=

g


-

[image: image8.wmf][...]

CRC19

=

g


The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
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yields a remainder equal to 0 when divided by the corresponding CRC generator polynomial.
The bits after CRC attachment are denoted by 
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5.2
Code block segmentation and code block CRC attachment
5.2.1
Low density parity check coding

The input bit sequence to the code block segmentation is denoted by 
[image: image18.wmf]1

3

2

1

0

,...,

,

,

,

-

B

b

b

b

b

b

, where 
[image: image19.wmf]0

>

B

. If 
[image: image20.wmf]B

 is larger than the maximum code block size 
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Total number of code blocks C is determined by:
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Number of code blocks: 
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Number of code blocks: 
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end if

The bits output from code block segmentation, for 
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 is used to calculate the CRC parity bits 
[image: image65.wmf](

)

1

2

1

0

,...,

,

,

-

L

r

r

r

r

p

p

p

p

 according to section 5.1.1 with the generator polynomial [
[image: image66.wmf]CRC

g

]
.
while 
[image: image67.wmf]'

K

k

<



[image: image68.wmf](

)

'

K

L

k

r

rk

p

c

-

+

=

;


[image: image69.wmf]1

+

=

k

k

;
end while
end if

while 
[image: image70.wmf]K

k

<





-- Insertion of filler bits
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end for
5.3
Channel coding

5.3.1
Polar coding
The bit sequence input for a given code block to channel coding is denoted by
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 is the number of bits to encode. After encoding the bits are denoted by
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Denote by 
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 the rate matching output sequence length as given in Section 5.4.1;
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[Editor note: place holder – interleaving 
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The Polar sequence 
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For any code block encoded to 
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Denote 
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5.3.2
Low density parity check coding
The bit sequence input for a given code block to channel coding is denoted by 
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For a code block encoded by LDPC, the following encoding procedure applies:
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 is a column vector of all elements equal to 0. The encoding is performed in GF(2).

For LDPC base graph 1, a matrix of 
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For initial transmission of a transport block with coding rate 
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 and subsequent re-transmission of the same transport block, each code block of the transport block
 is encoded with LDPC base graph 2 if 
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Table 5.3.2-1: Sets of LDPC lifting size 
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5.4
Rate Matching

5.4.1
Rate matching for Polar code

5.4.2
Rate matching for LDPC code
5.5
Code block concatenation

6
Uplink transport channels and control information

6.1
Random access channel

6.2
Uplink shared channel 
6.2.1
Transport block CRC attachment

6.2.2
Code block segmentation and code block CRC attachment

6.2.3
Channel coding of UL-SCH

6.2.4
Rate matching
6.2.5
Code block concatenation

6.2.6
Data and control multiplexing

6.2.7
Channel interleaver

6.3
Uplink control information 

6.3.1
Uplink control information on PUCCH

6.3.1.1
UCI bit sequence generation
[Editor notes: This section will capture how to generate the UCI bit stream 
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6.3.1.2
CRC attachment
If the payload size 
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The parity bits are computed and attached according to section 5.1 setting 
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6.3.1.3
Channel coding of UCI
Information bits are delivered to the channel coding block. They are denoted by 
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, the information bits are encoded via Polar coding according to section 5.3.1, by setting 
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 is the rate matching output sequence length as given in Section 6.3.1.4.
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 is the number of coded bits. 
6.3.1.4
Rate matching
6.3.2
Uplink control information on PUSCH

6.3.2.1
UCI bit sequence generation
[Editor notes: This section will capture how to generate the UCI bit stream 
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6.3.2.2
CRC attachment
If the payload size 
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, the entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by 
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The parity bits are computed and attached according to section 5.1 setting 
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6.3.2.3
Channel coding of UCI
Information bits are delivered to the channel coding block. They are denoted by 
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 is the rate matching output sequence length as given in Section 6.3.2.4.
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6.3.2.4
Rate matching
7
Downlink transport channels and control information

7.1
Broadcast channel
Figure 7.1-1 
shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the form of a maximum of one transport block every 80ms. The following coding steps can be identified:

· Add CRC to the transport block

· Channel coding

· Rate matching
7.1.1
Transport block CRC attachment
Error detection is provided on BCH 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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 is the payload size and 
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 is the number of parity bits. The lowest order information bit 
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The parity bits are computed and attached to the BCH transport block according to section 5.1 setting 
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7.1.2
Channel coding
Information bits are delivered to the channel coding block. They are denoted by 
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 is the number of bits, and they are encoded via Polar coding according to section 5.3.1, by setting 
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After encoding the bits are denoted by 
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 is the number of coded bits. 
7.1.3
Rate matching
7.2
Downlink shared channel and Paging channel

7.2.1
Transport block CRC attachment

7.2.2
Code block segmentation and code block CRC attachment 

7.2.3
Channel coding

7.2.4
Rate matching
7.2.5
Code block concatenation
7.3
Downlink control information
A DCI transports downlink and uplink scheduling information, requests for aperiodic CQI reports, or uplink power control commands for one cell and one RNTI. 

Figure 7.3-1
 shows the processing structure for one DCI. The following coding steps can be identified:

· Information element multiplexing

· CRC attachment

· Channel coding

· Rate matching
7.3.1
DCI formats

7.3.2
CRC attachment
Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 

The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by
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 is the payload size and 
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 is the number of parity bits.
The parity bits are computed and attached according to section 5.1 setting 
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 to 19 bits, resulting in the sequence
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7.3.3
Channel coding
Information bits are delivered to the channel coding block. They are denoted by 
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 is the number of bits, and they are encoded via Polar coding according to section 5.3.1, by setting 
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After encoding the bits are denoted by 
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7.3.4
Rate matching
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�The value of this parameter needs to be updated pending on further agreement


�The procedure in this section reflects the following two agreements:


Agreement: 


Working assumption from RAN1-NRAH#1 is confirmed that filler bits F are attached at the end of info block B





Agreement: 


Same value of Z for code blocks within a TB


�Segmentation can be updated upon further RAN1 agreement. Current text is to show the interaction between segmentation with LDPC encoding. 


�The CRC length and polynomial for code blocks is FFS


�This parameter will be defined later in section 5.4.1.


�The value of βis FFS


�The value of nmax will be given in sections 6.3.1.3, 6.3.2.3,   7.1.2, and 7.3.3.


�Need to capture the sequence upon future agreements


�It seems to be common understanding and assumption from all companies. Thus I included here.


�� EMBED Equation.3  ��� and � EMBED Equation.3  ��� will be defined in section 5.4.1 later, considering the rate matching procedure. � EMBED Equation.3  ��� will be used for information bits and PC bits (if existing). � EMBED Equation.3  ��� will be used for frozen bits.
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�Need further agreements on how to set the values for frozen bits.
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�Need further discussion/agreement whether it leads to using different BGs for different CBs of the same TB. 


�Further agreements needed on the value of A0.


�Depending on further agreements, different CRC lengths may be applied for different payload sizes.


�Need to capture the agreements for K < 12 in the future.


�Further agreements needed on the value of A0.


�Depending on further agreements, different CRC lengths may be applied for different payload sizes.
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�Will add the figure later.


�Pending further agreements


�This sentence will be updated later, pending on other agreed usages of DCI.
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