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1 Introduction

In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 meeting. There are some remaining details of Polar coding which needs to be refined or updated in the specification. We provide our TP on Polar coding related issues in this contribution. Notes that: the highlights of yellow are proposed to be deleted and the highlights of light blue are proposed to be added in the NR specification of TS 38.212.
2 Polar coding related issues and text proposals
2.1 CRC generation 

There are two alternatives to generate the CRC bit, as they are given in Figure 1(a) and Figure 1(b), one is a non-direct way (with input from the left end), the other is a direct way (with input from the right end) [1].
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Figure 1(a) Circuit to generate CRC bits with input from the left end
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Figure 1(b) Circuit to generate CRC bits with input from the right end

For most cases in NR, the CRC shift register is initialized with all-zeros, and these two methods result into the same remainder, i.e. CRC bits. However, it was agreed in RAN #91 that the CRC shift register should be initialized with all-ones (i.e., 24 ones) for DCI to avoiding the FAR problem. With such an initialization, these two methods would have generated different CRC bits.
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Figure 2(a) Circuit with input from the left end when CRC polynomial g=[10011]
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Figure 2(b) Circuit with input from the right end when CRC polynomial g=[10011]

Taking the CRC polynomial g=[10011]  and the input bit is [1 0 1 1 0 0 1 1] as an example, the circuits are given in Figure 2(a) and Figure 2(b) and  states of register are given in Table 1(a) and Table 1(b). From Table 1(a) and Table 1(b), it can be seen that when the CRC shift registers are initialized with all-zeros, the two circuits have the same final state [ 0 1 0 0], when the CRC shift registers are initialized with all-ones, the results of these two methods are [ 1 1 0 0] and [1 0 0 0] respectively.

Table 1(a) CRC register state when input is from the left end

	D0
	D1
	D2
	D3
	
	D0
	D1
	D2
	D3
	

	0
	0
	0
	0
	Initi
	1
	1
	1
	1
	Initi

	
	
	
	
	input
	
	
	
	
	input

	1
	0
	0
	0
	1
	0
	1
	1
	0
	1

	0
	1
	0
	0
	0
	0
	0
	1
	1
	0

	1
	0
	1
	0
	1
	0
	0
	0
	0
	1

	1
	1
	0
	1
	1
	1
	0
	0
	0
	1

	1
	1
	1
	1
	0
	0
	1
	0
	0
	0

	1
	1
	1
	0
	0
	0
	0
	1
	0
	0

	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	0
	1
	1
	0
	1
	0
	1
	0
	1
	1

	0
	0
	1
	1
	0
	1
	0
	1
	1
	0

	1
	0
	0
	0
	0
	1
	1
	0
	0
	0

	0
	1
	0
	0
	0
	0
	1
	1
	0
	0

	0
	0
	1
	0
	0
	0
	0
	1
	1
	0


Table 1(b) CRC register state when input is from the right end

	D0
	D1
	D2
	D3
	
	D0
	D1
	D2
	D3
	

	0
	0
	0
	0
	Initi
	1
	1
	1
	1
	Initi

	
	
	
	
	input
	
	
	
	
	input

	1
	0
	0
	1
	1
	0
	1
	1
	1
	1

	1
	1
	0
	1
	0
	1
	0
	1
	0
	0

	0
	1
	1
	0
	1
	1
	1
	0
	0
	1

	1
	0
	1
	0
	1
	1
	1
	1
	1
	1

	0
	1
	0
	1
	0
	1
	1
	1
	0
	0

	1
	0
	1
	1
	0
	0
	1
	1
	1
	0

	0
	1
	0
	1
	1
	0
	0
	1
	1
	1

	0
	0
	1
	0
	1
	0
	0
	0
	1
	1


Based on the above observations, in TS38.212 Subclause 7.3.2, the declaration that the CRC shift register is initialized by all ones may cause unintended results depends on the implementation method. Therefore, a reference method should be clarified for CRC generation. As the method with input from the left end is a common way. Hence we have the following TP:

..................................................... Start of text proposal ..................................................................................

5.1
CRC calculation

…….
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, with CRC shift register initialized by all zeros unless stated otherwise. And the corresponding circuit to generate the CRC parity bits is as the following:
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Figure 5.1-1

..................................................... End of text proposal ..................................................................................

2.2 Editorial correction

For   Polar code, the code word is not generated by the way of puncturing/repetition from a fixed mother code rate (which is the way for TBCC and Turbo code). Hence, the “and coding rate” in the table 5.3-1 and table 5.3-2 should be removed. By the way, the "Polar code" can be refined as "Polar coding".

..................................................... Start of text proposal ..................................................................................

5.3
Channel coding

Usage of coding scheme for the different types of TrCH is shown in table 5.3-1. Usage of coding scheme for the different control information types is shown in table 5.3-2.

Table 5.3-1: Usage of channel coding scheme and coding rate for TrCHs

	TrCH
	Coding scheme

	UL-SCH
	LDPC coding

	DL-SCH
	

	PCH
	

	BCH
	Polar code coding


Table 5.3-2: Usage of channel coding scheme and coding rate for control information

	Control Information
	Coding scheme

	DCI
	Polar code coding

	UCI
	Block code coding

	
	Polar code coding


..................................................... End of text proposal ..................................................................................
2.3 Expression of modular operation
For modular operation in TS38.212, there exists inconsistent description: 
[image: image7.wmf] mod 
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 and 
[image: image8.wmf]mod(, )

AB

. It is recommended that the LTE style be applied (i.e., 
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).

..................................................... Start of text proposal ..................................................................................

5.4.1.1
    Sub-block interleaving
The bits input to the sub-block interleaver are the coded bits 
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. The coded bits 
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 are divided into 32 sub-blocks. The bits output from the sub-block interleaver are denoted as 
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, generated as follows:

for 
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end for
..................................................... End of text proposal ..................................................................................

..................................................... Start of text proposal ..................................................................................

5.4.1.2
Bit selection

if 
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-- puncturing
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else
-- shortening
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end for

end if

end if

..................................................... End of text proposal ..................................................................................

..................................................... Start of text proposal ..................................................................................

5.4.3
Rate matching for channel coding of small block lengths

for 
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end for
..................................................... End of text proposal ..................................................................................

..................................................... Start of text proposal ..................................................................................

7.1.2
Scrambling

The scrambling sequence 
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 is given by Subclause 5.2.1of [4, TS38.211] and initialized with 
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 at the start of each SFN satisfying 
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 is the number of candidate SS/PBCH blocks in a half frame according to Subclause 4.1 of [5, TS38.213]; and 
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 is determined according to Table 7.1.2-1 using the 3rd and 2nd LSB of the SFN in which the PBCH is transmitted.
..................................................... End of text proposal ..................................................................................

2.4 Symbol declaration

Some key symbols such as
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,
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,
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are not declared for their first usages.
..................................................... Start of text proposal ..................................................................................

5.2.1
Polar coding

The input bit sequence to the code block segmentation is denoted by 
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is an indicator of code block segmentation and will be given in Subcluase 6.3.1.2.1.

..................................................... End of text proposal ..................................................................................
..................................................... Start of text proposal ..................................................................................

5.3.1.1
Interleaving

The bit sequence 
[image: image55.wmf]1

3

2

1

0

,...,

,

,

,

-

K

c

c

c

c

c

 is interleaved into bit sequence 
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 as follows:
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where the interleaving pattern 
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 is given by the following:
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end if

end for

end if
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is an indicator of interleaving and will be given in Subcluase 6.3.1.3.1, Subcluase 7.1.4 and Subcluase7.3.3.


..................................................... End of text proposal ..................................................................................

..................................................... Start of text proposal ..................................................................................

5.4.1.3
Interleaving of coded bits

The bit sequence 
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is an indicator of interleaving and will be given in Subcluase 6.3.1.4, Subcluase 6.3.2.4, and Subcluase7.2.5.


….................................................. End of text proposal …...............................................................................

2.5 Corrections of typos
..................................................... Start of text proposal ..................................................................................

5.3.3.2
Encoding of 2-bit information

For 
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, the code block is encoded according to Table 5.3.3-1  5.3.3.2-1, where 
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 is the modulation order for the code block. 

Table 5.3.3.2-1: Encoding of 2-bit information 
..................................................... End of text proposal ..................................................................................

..................................................... Start of text proposal ..................................................................................

5.3.3.3
Encoding of other small block lengths

For 
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 represents the basis sequences as defined in Table 5.3.3-3 5.3.3.3-1.

Table 5.3.3-35.3.3.3-1: Basis sequences for (32, 
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) code
..................................................... End of text proposal ..................................................................................

..................................................... Start of text proposal ..................................................................................

6.3.1.4
Rate matching

For PUCCH formats 2/3/4, the total rate matching output sequence length 
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 are the number of symbols carrying UCI for PUCCH formats 2/3/4 respectively; 
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 are the number of PRBs that are determined by the UE for PUCCH formats 2/3 transmission respectively according to Subclause x.x of [5, TS38.213]; and 
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Table 6.3.1.4-1: Total rate matching output sequence length 
[image: image113.wmf]tot
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..................................................... End of text proposal ..................................................................................

3 Conclusion

In this contribution, we provide some TPs on Polar coding related issues to the current NR specifications.
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