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Introduction
In RAN1#90, the following agreements on CRC attachment and code block segmentation were reached [1] :
Agreement: 
· LTB-CRC = 16 for TBs smaller than or equal to 3824 bits 
· LCB-CRC = 24 bits
· CRC polynomials: 
· 24 bits: Reuse both A and B from 36.212 for corresponding CB and TB CRCs 
· 16 bits: Reuse from 36.212

Agreement:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)

Working Assumption, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· For initial transmissions with code rate Rinit > 1/4*, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼* for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· * ¼ is TBC at NR AH#3


In this contribution, we consider the code block size calculation when segmentation is applied. The related issue of transport block size determination is also discussed. This contribution is a revision of R1-1714547. The major addition is code block segmentation using base graph #2 and its impact on the code block segmentation procedure and transport block size determination.
[bookmark: _Ref178064866]Code Block Segmentation
For NR, it has been agreed that the CRC attachment is applied at CB-level and TB-level, thus the code block segmentation procedure must consider the CRC size at both CB-level and TB-level. Taking also the working assumption on code block segmentation using base graph #2 into account, the basic principle of code block segmentation can be described as below:
[bookmark: _Hlk490233050]If   (the value 1/4 is TBC at NR AH#3)
	If 
		Number of code blocks: 
		If 
[bookmark: _Hlk490236716]			
		else
			
		end
	else
		Number of code blocks: 
		
	end
else
	If 
		Number of code blocks: 
		
	else
		Number of code blocks: 
		
	end
end

The variables are described below.
1. Rinit. Variable Rinit is the effective code rate at initial transmission of the transport block, taking into account: 
(a)    the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block; and 
(b)   LBRM (if applied)
· Z. In LTE (3GPP TS 36.212), variable Z is the maximum information block size that is accepted at the input of turbo encoder, Z=6144 bits. Similar to TS 36.212, variable Z in the above is the maximum information block size at the input of LDPC encoder. For NR, each of the two base graphs has its own maximum information block size and we define  for base graph #1 and  for base graph #2. 
· L0. Variable  is the number of CRC bits that are attached to the TB when .
· L1. Variable  is the number of CRC bits that are attached to the TB when .
· L2. When C > 1,   is the number of CRC bits attached to each CB after segmentation.

[bookmark: _Ref492941172]Transport Block Size
The transport block size is in general determined by resource allocation, MCS, and number of MIMO layers as described in [2] where transport block size (TBS) determination for NR PDSCH and PUSCH is discussed. Using PDSCH as an example, the approximate TB size, , can be calculated as
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where
·  is number of MIMO layers the codeword is mapped onto;
·  is the number of REs per PRB (or per slot/mini-slot) available for carrying the PDSCH;
·  is the number of allocated PRBs;
· modulation order, , and target code rate, , are read from an MCS table based on  signalled in the DCI;

The same procedure can be applied to PUSCH, with the relevant parameters associated with UL data channel.

In the above, are signaled through DCI or are configured through higher layers, similar to that of LTE. Furthermore, we define the target code rate as the effective code rate achieved when both the LDPC code and the CRC code is applied. The relation between the target code rate  and the code rate seen by the LDPC encoder and decoder  is



where   or   depending on TBS and . Due to the attached CRC bits,  is always slightly higher than the target code rate .

In the TBS determination procedure described below, rounding is performed such that the actual achieved code rate will always be equal to or slightly higher than the target code rate . In this way we ensure that the peak bit rate is not reduced, but rather increased slightly, due to rounding, byte alignment etc.

[bookmark: _Toc492944898]The approximate TB size, , is calculated as 

[bookmark: _Toc492944899]where
· [bookmark: _Toc492944900] is number of MIMO layers the codeword is mapped onto;
·  is the number of REs per PRB (or per slot/mini-slot) available for carrying the PDSCH;
·  is the number of allocated PRBs;
· [bookmark: _Toc492944903]modulation order, , and target code rate, , are read from an MCS table based on  signalled in the DCI;
· [bookmark: _Toc492944904]target code rate, , is the effective code rate achieved when both the LDPC code and the CRC code is applied.


 can be adjusted slightly to facilitate the code block segmentation procedure according to the working assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS.

The adjustment is done so that each of the code block segments have the same code block size (CBS), as agreed. The adjustment also ensures that zero padding is not necessary in code block segmentation, similar to that of LTE turbo codes.
The adjustment of TBS, as well as the CBS determination procedure, is described below, with  as input. 

If   (the value 1/4 is TBC at NR AH#3)
	If 
		Number of code blocks: 
If 
		Transport block size: 
Length of information block to LDPC encoder: 
		else
		Transport block size: 
Length of information block to LDPC encoder: 
		end
	else
		Number of code blocks: 
Transport block size: 
Length of information block to LDPC encoder: 
	end
else
	If 
		Number of code blocks: 
	Transport block size: 
Length of information block to LDPC encoder: 	
else
		Number of code blocks: 
	Transport block size: 
Length of information block to LDPC encoder: 	
end
end
In the above,  is the least common multiple of  and . In the above, constant ‘8’ is applied where appropriate so that the TBS is rounded up to be byte-aligned, according to the convention of MAC layer procedure. 

As can be observed from the above procedure, each code block has the same CBS, and the CBS is not necessarily byte-aligned. This is appropriate since the LDPC parity check matrices is designed to support shortening with bit-level granularity.

TBS Determination for URLLC
The TBS determination procedure proposed above is very general and can therefore be used in its original form also for the URLLC service. Specifically, the option to use a reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH (Opt. 2), instead of using the total number of REs available for the PDSCH/PUSCH, is useful.
If code rates lower than those available in the MCS table are found to be necessary for URLLC, the network can configure/select a   value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.
Proposal for Specification Text
Given that TBS is determined according to the procedure described in Section 3, the code block segmentation procedure can be simplified somewhat (e.g., the function ceil() for rounding of CBS can be removed). In this section we propose a TBS determination procedure to be added to 38.213 and a code block segmentation procedure to be added to 38.212. For simplicity we have followed the notation that we have introduced in this contribution, but it can easily be modified to be aligned with 38.213 and 38.212.

Adopt into TS38.213 the TBS determination procedure of Section 4.1.
Adopt into TS38.212 the CBS determination procedure of Section 4.2.

TBS Determination Procedure (38.213)
Calculate the approximate TB size, , according to

where
·  is number of MIMO layers the codeword is mapped onto;
·  is the number of REs per PRB (or per slot/mini-slot) available for carrying the PDSCH;
·  is the number of allocated PRBs;
· modulation order, , and target code rate, , are read from an MCS table based on  signalled in the DCI;

Calculate TBS according to the below procedure:

If   (the value 1/4 is TBC at NR AH#3)
	If 
If 
		
		else
		
		end
	else
		 

	end
else
	If 
	Transport block size: 
else
		 
	 
end
end
Code Block Segmentation Procedure (38.212)
Given TBS and  as input, the number of code blocks (C) and the code block size (CBS) is determined through the following procedure:

If   (the value 1/4 is TBC at NR AH#3)
	If 
		
		If 
			
		else
			
		end
	else
		 
		
	end
else
	If 
		
		
	else
		 
		
	end
end

Conclusion
In this contribution, we made the following proposal:

1.  The approximate TB size, , is calculated as 

where
·  is number of MIMO layers the codeword is mapped onto;
·  is the number of REs per PRB (or per slot/mini-slot) available for carrying the PDSCH;
·  is the number of allocated PRBs;
· modulation order, , and target code rate, , are read from an MCS table based on  signalled in the DCI;
· target code rate, , is the effective code rate achieved when both the LDPC code and the CRC code is applied.

Adopt into TS38.213 the TBS determination procedure of Section 4.1.
[bookmark: _GoBack]Adopt into TS38.212 the CBS determination procedure of Section 4.2.
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