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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. 

At the 3GPP TSG RAN1 NR #adh3 meeting, the following agreements about starting position for each RV and bit-interleaver have been achieved [1]:
Agreement: (as a good compromise considering self-decodability, performance and complexity)
· When LBRM is not applied, fix RVs {0,1,2,3} at {0,17,33,56} x Z for BG1 and {0,13,25,43} x Z for BG2
Agreement:
For the per-codeblock bit-interleaver for LDPC: 
· Row-column interleaver with number of rows equal to the modulation order is adopted, with row-wise write and column-wise read. 
· Note that this achieves Systematic Bit Priority Ordering for RV0
· The number of coded bits in a code block is an integer multiple of the modulation order

And, at the 3GPP TSG RAN1 NR #91 meeting, the following agreement about TBS determination have been achieved [2]:
Agreement: 
If Ninfo <= Ninfo,threshold
	Use a function of Ninfo to find the closest TBS value in a TBS look-up table that is not less than Ninfo;
else
	Use a function of Ninfo as the input to the TBS formula to derive the TBS value.
End
Ninfo,threshold  = 3824 (bits)
Agreement: 
Adopt the following method for the TBS formula portion of TBS determination:
,
where  
1. is chosen when  otherwise,  is chosen.
2. .
3. No segmentation () when ; otherwise, the TB is segmented into more than one CB (. 
4. .
Note: Ties in the round function are broken towards the next largest integer.
Agreement: 
· Apply quantization to N info
· 
,
· 
.
· 

[bookmark: OLE_LINK1]use  to find the closest TBS value in a TBS look-up table that is not less than .
· For the table,
· Add {Index, TBS} pair, {94, 3824} to the table
· Remove {1, 16}
· Note: If and when special sizes are requested, the corresponding entries may be added to the current set of entries or may replace other entries in the table
[image: ]
In this contribution, we provide some TPs on LDPC coding related issues. Notes that: the highlights of yellow are proposed to be deleted and the highlights of green are proposed to be added in the NR specifications and the highlights of pink needs clarification.

LDPC Coding Related Issues
2.1 General description



NR supports two base graphs for channel coding, base graph 1 and base graph 2. The starting positions  are different for the two base graphs. They are shown in the Table5.4.2.1-2. Therefore, the starting position  should be determined by both the value of  and base graph according to the Table5.4.2.1-2. 

Table 5.4.2.1-2: Starting position of different redundancy versions, 
	

	


	
	Base graph 1
	Base graph 2

	0
	

	


	1
	

	


	2
	

	


	3
	

	




For consistent description, the following TP is proposed.
TP1: The text in {38.212：5.4.2.1	Bit selection}
................................................................... Start of text proposal ...................................................................
5.4.2.1   Bit selection
.....






Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and base graph: 

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

2.2 Inaccuracy for LDPC Coding Procedure









In subclause 5.2.2 of LDPC code block segmentation and code block CRC attachment in 38.212, code block CRC is not included for , and code block CRC is included for  for . It means that  is equal to the sum of  and code block CRC length. However, according to subclause 6.2.4 and 7.2.4, code block CRC and filler bits are included for . Therefore,  has different meanings in these subclause and the relationship between  and  is not described clearly in LDPC coding procedure. Therefore, we provide the following TP to update the description. 
TP2:  The text in {38.212：5.2.2;  6.2.3; 7.2.3 }
................................................................... Start of text proposal ...................................................................
5.2	Code block segmentation and code block CRC attachment
5.2.2	Low density parity check coding
........

      
end if




The bits output from code block segmentation are denoted by , where  is the code block number, and  is the number of bits for the code block number .
Number of bits in each code block:
.......
6.2	Uplink shared channel 
6.2.3	Code block segmentation and code block CRC attachment
......
Code block segmentation and code block CRC attachment are performed according to Subclause 5.2.2. 




The bits after code block segmentation and code block CRC attachment are denoted by, where  is the code block number and  is the number of bits for code block number (including code block CRC and filler bits). 
…………………………
[bookmark: _Toc500953335]7.2	Downlink shared channel and paging channel
7.2.3	Code block segmentation and code block CRC attachment 
.......
Code block segmentation and code block CRC attachment are performed according to Subclause 5.2.2. 




The bits after code block segmentation and code block CRC attachment are denoted by, where  is the code block number and  is the number of bits for code block number (including code block CRC and filler bits). 
................................................................... End of text proposal ...................................................................

2.3 Redundant Operation


For transport block size determination when  in NR specification, the actual TBS is determined by using Table 5.1.3.2-2 to find the closest TBS that is not less than . It is redundant for “max” operation in the quantization process. Evaluation results for the actual TBS calculation without “max” operation and with “max” operation are shown in Table1 and Table2 respectively based on MCS index table 1 for PDSCH (Table 5.1.3.1-1 in 38.214) and 0≤ IMCS ≤28, NRE =12 and NPRB =1 to 8. It is observed that they have the same actual TBS values. 


Table1  TBS determination quantized by  when 
	IMCS/NPRB
	1
	2
	3
	4
	5
	6
	7
	8

	0
	24
	24
	24
	24
	24
	24
	24
	24

	1
	24
	24
	24
	24
	24
	24
	24
	24

	2
	24
	24
	24
	24
	24
	24
	24
	32

	3
	24
	24
	24
	24
	24
	32
	40
	40

	4
	24
	24
	24
	24
	32
	40
	48
	56

	5
	24
	24
	24
	32
	40
	48
	56
	64

	6
	24
	24
	24
	40
	48
	56
	72
	80

	7
	24
	24
	32
	48
	56
	72
	80
	96

	8
	24
	24
	40
	56
	64
	80
	96
	112

	9
	24
	24
	40
	56
	72
	88
	104
	120

	10
	24
	24
	40
	56
	72
	88
	104
	120

	11
	24
	32
	48
	64
	88
	104
	120
	136

	12
	24
	40
	56
	80
	96
	120
	136
	160

	13
	24
	40
	64
	88
	112
	136
	160
	176

	14
	24
	48
	72
	96
	128
	152
	176
	208

	15
	24
	56
	80
	112
	144
	168
	208
	224

	16
	24
	56
	88
	120
	152
	184
	208
	240

	17
	24
	56
	88
	120
	152
	184
	208
	240

	18
	32
	64
	96
	128
	160
	192
	224
	256




Table2  TBS determination quantized by  when 
	IMCS/NPRB
	1
	2
	3
	4
	5
	6
	7
	8

	0
	24
	24
	24
	24
	24
	24
	24
	24

	1
	24
	24
	24
	24
	24
	24
	24
	24

	2
	24
	24
	24
	24
	24
	24
	24
	32

	3
	24
	24
	24
	24
	24
	32
	40
	40

	4
	24
	24
	24
	24
	32
	40
	48
	56

	5
	24
	24
	24
	32
	40
	48
	56
	64

	6
	24
	24
	24
	40
	48
	56
	72
	80

	7
	24
	24
	32
	48
	56
	72
	80
	96

	8
	24
	24
	40
	56
	64
	80
	96
	112

	9
	24
	24
	40
	56
	72
	88
	104
	120

	10
	24
	24
	40
	56
	72
	88
	104
	120

	11
	24
	32
	48
	64
	88
	104
	120
	136

	12
	24
	40
	56
	80
	96
	120
	136
	160

	13
	24
	40
	64
	88
	112
	136
	160
	176

	14
	24
	48
	72
	96
	128
	152
	176
	208

	15
	24
	56
	80
	112
	144
	168
	208
	224

	16
	24
	56
	88
	120
	152
	184
	208
	240

	17
	24
	56
	88
	120
	152
	184
	208
	240

	18
	32
	64
	96
	128
	160
	192
	224
	256


 Therefore, we have the following TP. 
TP3: The text in {38.214：5.1.3.2	Transport block size determination}
................................................................... Start of text proposal ...................................................................
5.1.3.2	Transport block size determination
......


3)   When , TBS is determined as follows



-	quantized intermediate number of information bits , where .

-	use Table 5.1.3.2-2 find the closest TBS that is not less than .
......
................................................................... End of text proposal ...................................................................

2.4 Clarification for Round Function


For transport block size determination when intermediate number of information bits in the specification of NR,   is quantized by the following formula:






Although the round function has been explained as “ties in the round function are broken towards the next largest integer”. According to our understanding, for , if the first number after decimal point is less than 5 the result is set , else the result is set . An extreme example for  is shown as following: when intermediate number of information bits N info=3825 and R≤1/4, the TBS is equal to 3776 according to TBS determination in chapter 5.1.3.2 of TS 38.214. The obtained TBS is less than the max TBS of 3824 in the Table 5.1.3.2-2. However, if the ceiling function is used instead of round function. The obtained TBS is equal to 3848 and it is larger than the max TBS of 3824 in the Table 5.1.3.2-2. 

Table 5.1.3.2-2: TBS for 
	Index
	TBS
	Index
	TBS
	Index
	TBS
	Index
	TBS

	1
	24
	31
	336
	61
	1288
	91
	3624

	2
	32
	32
	352
	62
	1320
	92
	3752

	3
	40
	33
	368
	63
	1352
	93
	3824

	4
	48
	34
	384
	64
	1416
	
	

	5
	56
	35
	408
	65
	1480
	
	

	6
	64
	36
	432
	66
	1544
	
	

	7
	72
	37
	456
	67
	1608
	
	

	8
	80
	38
	480
	68
	1672
	
	

	9
	88
	39
	504
	69
	1736
	
	

	10
	96
	40
	528
	70
	1800
	
	

	11
	104
	41
	552
	71
	1864
	
	

	12
	112
	42
	576
	72
	1928
	
	

	13
	120
	43
	608
	73
	2024
	
	

	14
	128
	44
	640
	74
	2088
	
	

	15
	136
	45
	672
	75
	2152
	
	

	16
	144
	46
	704
	76
	2216
	
	

	17
	152
	47
	736
	77
	2280
	
	

	18
	160
	48
	768
	78
	2408
	
	

	19
	168
	49
	808
	79
	2472
	
	

	20
	176
	50
	848
	80
	2536
	
	

	21
	184
	51
	888
	81
	2600
	
	

	22
	192
	52
	928
	82
	2664
	
	

	23
	208
	53
	984
	83
	2728
	
	

	24
	224
	54
	1032
	84
	2792
	
	

	25
	240
	55
	1064
	85
	2856
	
	

	26
	256
	56
	1128
	86
	2976
	
	

	27
	272
	57
	1160
	87
	3104
	
	

	28
	288
	58
	1192
	88
	3240
	
	

	29
	304
	59
	1224
	89
	3368
	
	

	30
	320
	60
	1256
	90
	3496
	
	



The TBS should not be less than the max TBS of 3824 in the Table 5.1.3.2-2 if the formula is used when . Therefore, it needs clarification for the explanation of round function in chapter 5.1.3.2 of TS 38.214 and the following TR is proposed. 
TP4: The text in {38.214：5.1.3.2	Transport block size determination} 
................................................................... Start of text proposal ...................................................................
[bookmark: _Toc501048167] It needs clarification for the explanation of round function. 
5.1.3.2	Transport block size determination
......


When , TBS is determined as follows.


-	quantized intermediate number of information bits , where and ties in the round function are broken towards the next largest integer.

-	if 

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


2.5 Editorial Correction


In the NR specification 38.212 and 38.214, the modulation order is denoted by . It should be denoted uniformly  by  and we have following TP. 
TP5: The text in {38.212：5.4.4.2	Bit interleaving}
................................................................... Start of text proposal ...................................................................
5.4.2.2               Bit interleaving




The bit sequence  is interleaved to bit sequence , according to the following, where the value of   is given by Table 5.4.2.2-1.



for  to 



	for  to 


;
              end for
      end for
Table 5.4.2.2-1: Modulation and number of coded bits per QAM symbol
	Modulation
	



	π/2-BPSK, BPSK
	1

	QPSK
	2

	16QAM
	4

	64QAM
	6

	256QAM
	8


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

TP6: The text in {38.212：5.3.2	Low density parity check coding}
................................................................... Start of text proposal ...................................................................
[bookmark: _Toc500953265]5.3.2      Low density parity check coding






The bit sequence input for a given code block to channel coding is denoted by , where  is the number of bits to encode as defined in Subclause 5.2.1 5.2.2. After encoding the bits are denoted by , where  for LDPC base graph 1 and  for LDPC base graph 2, and the value of  is given in Subclause 5.2.1 5.2.2.
......
................................................................... End of text proposal ...................................................................


[bookmark: _GoBack]In LTE specifications, the expressions of modular operation is uniformly denoted by . For NR specifications, the same uniform expression of modular operation as in LTE should be used. Therefore, we have following TPs.  
TP7: The text in {38.212：5.3.2	Low density parity check coding}
................................................................... Start of text proposal ...................................................................
5.3.2	Low density parity check coding
.......



3)	Generate  parity bits  such that , where 














[bookmark: OLE_LINK2]-	Each element of value 1 in  is replaced by a circular permutation matrix  of size , where  and  are the row and column indices of the element, and  is obtained by circularly shifting the identity matrix of size  to the right  times. The value of  is given by . The value of  is given by Tables 5.3.2-2 and 5.3.2-3 according to the set index  and base graph. 
.......
................................................................... End of text proposal ...................................................................

TP8: The text in {38.212：5.4.2.1	Bit selection}
[bookmark: _Toc500953276]................................................................... Start of text proposal ...................................................................
5.4.2.1	Bit selection


[bookmark: OLE_LINK3]if 

;
else
.......
................................................................... End of text proposal ...................................................................

TP9: The text in {38.213：9.1.1	CBG-based HARQ-ACK codebook determination}
[bookmark: _Toc501387542][bookmark: _Ref500167871]................................................................... Start of text proposal ...................................................................
9.1.1	CBG-based HARQ-ACK codebook determination
........











For a number of  code blocks (CBs) in a transport block, the UE determines a number of CBGs as . Each of the first   CBGs includes  CBs, where CBG , includes CBs , and each of the last  CBGs includes  CBs, where CBG , includes CBs 
........
................................................................... End of text proposal ...................................................................

TP10: The text in {38.213：9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel}
[bookmark: _Ref500250940][bookmark: _Toc501387545]................................................................... Start of text proposal ...................................................................
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
........
Table 9.1.3-1: Value of counter DAI and total DAI in DCI format 1_0 or DCI format 1_1
	DAI
MSB, LSB
	

 or  
	

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as  and 

	0,0
	1
	



	0,1
	2
	



	1,0
	3
	



	1,1
	4
	




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

TP11: The text in {38.213：9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel}
[bookmark: _Toc501387546]................................................................... Start of text proposal ...................................................................
9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
........
Table 9.1.3-2: Value of DAI in DCI format 0_1
	DAI
MSB, LSB
	
 
	

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as  and 

	0,0
	1
	



	0,1
	2
	



	1,0
	3
	



	1,1
	4
	




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


Conclusion
In this contribution, we provide TPs on LDPC coding related issues to the current NR specifications [3][4[5]].
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