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1 Introduction
In RAN1#90 and RAN1 NR Ad Hoc #3, the following agreements and working assumptions were reached in the channel coding session:
	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



In RAN1#90, the following agreement was reached in the scheduling/HARQ session:
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value


In this contribution, we further study the TB size determination and code block segmentation for NR data channel.
2 Transport block size determination
The transport block size depends on the 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.
2.1 UEs implementing both basegraphs

A formula based approach to determing the TBS can take  as given above as an input and output a final TBS that is byte-aligned and gives equal-sized codeblocks after code block segmentation, as per the agreements and working assumptions above.

The working assumption that determines which base graph to use depending on the rate of the initial transmission determines which maximum codeblock size to use when calculating the TBS so that the codeblocks are equal-sized after segmentation.
The determination of TBS, can be performed as follows, with  and  as input. The following procedure assumes that both BG1 and BG2 are available for the given physical channel, where the transmitter and receiver implemented both BG1 and BG2.

If 
	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
with  Further,  is the least common multiple of  and . The multiplication and division by ensures that the TBS is byte-aligned and that the codeblocks are equal-sized.
2.2 UEs implementing only one basegraph
For UEs implementing only one basegraph we see three options for TBS determination:
Option 1. Use different TBS formula for UEs implementing only one basegraph, e.g. a UE implementing only BG1 performs codeblock segmentation using 8448 as the maximum codeblock size for all code rates. Adjust the TBS determination accordingly to ensure equal size codeblocks.
Option 2. Use the above procedure in Section 2.1 for TBS determination, and use filler bits which are not transmitted to handle any TBSs that give rise to codeblocks of unequal size. 
Option 3. Change the TBS determination formula so that all or some of the TBSs used ensure equal sized codeblocks independent of which base graph is used for codeblock segmentation.

Option 1 has the drawback that the TBS determination depends on which basegraphs the UE supports, and higher layers need to consider which basegraphs the UE supports, in the sense that the exact same scheduling assignment can give rise to different TBS depending on which basegraph is used.

Option 1 is not transparent to higher layers.

Option 2 allows for a TBS determination that is independent of the UE category, but leads to slightly more implementation and specification complexity due to the extra filler bits that need to be inserted for some TB sizes. Speficially, for Rinit>1/4, since the TBS is tailored for BG1, filler bits may be required when BG2 is used (e.g., for a BG2-only UE); similarly, for Rinit<=1/4, since the TBS is tailored for BG2, filler bits may be required when BG1 is used (e.g., for a BG1-only UE).

Option 2 requires insertion of filler bits in code block segmentation for some TBS.

Option 3 also allows for TBS determination independent of the UE category, but the requirement that the TBS gives rise to equally sized codeblocks when segmenting with both BG1 and BG2 makes the usable TBS sparser and makes the TBS determination slightly more complex.

Option 3 gives sparser TBS and is more complex to implement and specify.

The specific version of option 3 we consider is the following:
Given , let  be the smallest integer such that all of the following are satisfied simultaneously:
1. ,
2.  is a multiple of 8,
3. 
4. 


In Figure 1  we plot the ratio between the current TBS and the next bigger available TBS as a function of the current TBS for the different options. Here   is determined by

where
·  ranges between 1 and 4,
·  = 144,
·  ranges between 1 and 275, 
· , and target code rate, , take values from the MCS table in the appendix.
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[bookmark: _Ref462987397]Figure 1.	Ratio between consecutive TBSs as a function of TBS.
The black curve corresponds to option 3, the blue and red curves correspond to performing TBS determination based only on BG1 and BG2 respectively, i.e. option 2. The green curve shows the TBS available in LTE as a comparison. We note that the TBS determination used in section 2 will look similar to the blue and red curves, as the only requirement is byte alignment and that the TBS gives rise to equal size codeblocks for one base graph. 

Option 3 has similar sparsity of TBS values as LTE, with slightly larger gap at high TBS.

Of bigger concern is the implementation and specification complexity of option 3. The requirement that the TBS gives equal size codeblocks when segmenting with both BG21 and BG 2 makes it difficult to find a simple formula as when using only one BG. The straightforward way to specify and implement option 3 is to list all integers satisfying criteria 2 to 4 above, and choosing the smallest element in the list which is larger than or equal to .

Based on these observations we propose to use option 2 for TBS determination in NR. That is, using the procedure in Section 2.1.
Perform TBS determination based on a formula determining . Choose  such that codeblocks are of equal size when performing codeblock segmentation using BG1 if  and such that codeblocks are of equal size when performing codeblock segmentation using BG2 if 

Since the above proposal gives rise to unequal size codeblocks in some cases for UEs implementing only one base graph, we want to clarify that the filler bits used to achieve equal size codeblocks at the decoder are not transmitted. This is already captured in the draft of 38.212
Filler bits inserted in code block segmentation step are not transmitted.
3 Conclusions
In this contribution we made the following observations:

1. Option 1 is not transparent to higher layers.
Option 2 requires insertion of filler bits in code block segmentation for some TBS.
Option 3 gives sparser TBS and is more complex to implement and specify.
Option 3 has similar sparsity of TBS values as LTE, with slightly larger gap at high TBS.
 
Based on the discussion in this contribution we propose the following:
1. Perform TBS determination based on a formula determining . Choose  such that codeblocks are of equal size when performing codeblock segmentation using BG1 if  and such that codeblocks are of equal size when performing codeblock segmentation using BG2 if 

Filler bits inserted in code block segmentation step are not transmitted.
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Appendix. Example MCS Table


	
MCS Index

	
Modulation Order

	Code rate 
× 1024

	0
	2
	120

	1
	2
	193

	2
	2
	308

	3
	2
	449

	4
	2
	602

	5
	4
	378

	6
	4
	434

	7
	4
	490

	8
	4
	553

	9
	4
	616

	10
	4
	658

	11
	6
	466

	12
	6
	517

	13
	6
	567

	14
	6
	616

	15
	6
	666

	16
	6
	719

	17
	6
	772

	18
	6
	822

	19
	6
	873

	20
	8
	682.5

	21
	8
	711

	22
	8
	754

	23
	8
	797

	24
	8
	841

	25
	8
	885

	26
	8
	916.5

	27
	8
	948
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