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1. Introduction
RAN1 decided that TBS is determined by a function of available REs and target code rate. In summary, TBS is determined with two steps: 1) calculation of “intermediate” number of information bits, and 2) finalize TBS from “intermediate” number of information bits. The “intermediate” number of information bits is calculated from target code rate, modulation order, number of layers, and numbers of available REs. The details of calculating “intermediate” number of information bits is FFS and will be decided in RAN1#90bis. For finalizing TBS, byte-alignment of TBS and equal-sized CBs should be considered. 
In this contribution, how to finalize the TBS from the “intermediate” TBS is discussed. 
2. TBS determination
In this contribution, let A denote the “intermediate” number of information bits and let K denote the maximum CB size.

Byte-alignment of TBS and equal-sized CBs
According to the previous agreements, TBS plus TB-CRC should be a common multiple of 8 and the number of CBs. Therefore, LCM(8, C) can be used for the common multiple of 8 and C for TBS determination where C denotes the number of CBs in the TB and LCM(a, b) denotes the lowest common multiple of a and b. However, LCM(8, C) is not a uniformly increasing function of C so that the TBS granularity would not become uniformly increasing compare to using 8×C for the multiple of TBS plus TB-CRC.
[image: ]
Figure 2. TBS granularity according to the number of CBs
Proposal 1: Ensure TBS plus TB-CRC as a multiple of 8×C where C denotes the number of CBs in the TB.


When we define  for A>3824, and

then TBS+CRC length always ensures the same CB size among CBs in the TB, i.e., TBS+CRC length is a multiple of the number of CBs. The above observation can be proved as below. If  is not the actual number of CBs in the TB, then it is not guaranteed that TBS+CRC length is a multiplication of the number of CBs. So, we need to show that, the proposal above always ensures that  becomes the actual number of CBs. To show that that  becomes the actual number of CBs,  should be the same as . Since , we can derive that  and then
.
By using the above results, we can obtain the followings.
,
and
,
by using K-24 is a multiple of 8. This is because K is 8448 or 3840. In the above,  and  is used. Then, this results in . In conclusion, since , we finally obtain .

Observation 1: When we define  for A>3824, and

then TBS+CRC length always ensures the same CB size among CBs in the TB, i.e., TBS+CRC length is a multiple of the number of CBs. 

However, if we use  with , TBS+CRC length cannot ensures the same CB size among CBs in the TB, i.e., TBS+CRC length is a multiple of the number of CBs. For example, let A = 16816, K=8448, and  Then, . Then, we obtain  Then, TBS+CRC = 16864. When TBS=16840, the actual number of CBs is 3 and TBS+CRC is not a multiple of 3. This happens all 

Observation 2: When we define  for A>3824, and

then TBS+CRC length with  cannot ensures the same CB size among CBs in the TB, i.e., TBS+CRC length is a multiple of the number of CBs. 

Table 1 visualizes the method of LDPC BG selection that we agreed.
Table 1: LDPC BG Selection
	TBS
Code rate
	TBS ≤ 292
	292 < TBS ≤ 3824
	TBS > 3824

	Rinit ≤ 1/4
	BG2

	1/4 < Rinit ≤ 2/3
	BG2
	BG1

	Rinit > 2/3
	BG2
	BG1


Therefore, we can make the following proposal for TBS finalization.

Proposal 2: The following procedure is used for TBS finalization.
When Rinit ≤ 1/4, 
if A ≤ 3840 – 16, 
	C=1 and TBS=,
else
	
		
 	End
Similarly, when Rinit > 1/4,
if A ≤ 8448 – 24, 
	C=1 and TBS=,
else
	
		
 	End.

To align CB size with byte-size, zero-padding may be needed. If the portion of the zero padding is not ignorable compared to TBS, byte-alignment of CB size is not necessary to be considered. However, when the above proposal is adopted, the byte-alignment of CB size is naturally achieved. It is because TBS+CRC is a multiple of 8 and C.
3. Conclusion
In this contribution, it is proposed that the following procedure is used for TBS finalization.
When Rinit ≤ 1/4, 
if A ≤ 3840 – 16, 
	C=1 and TBS=,
else
	
		
 	End
Similarly, when Rinit > 1/4,
if A ≤ 8448 – 24, 
	C=1 and TBS=,
else
	
		
 	End.
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Annex
Agreement: 
· TBSs are byte-aligned

Agreement: 
The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· 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
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 

Agreements:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only

Agreements:
· The TBS is determined based on the actual # of available REs compared with a plurality of reference # of REs
· FFS the details, including the # of reference REs and other factors for TBS determination

Agreements:
· Calculate an “intermediate” number of information bits NRE*v*Qm*R  where 
· v is the number of layers, 
· Qm is the modulation order, obtained from the MCS index
· R is the code rate, obtained from the MCS index
· NRE is number of resource elements
· NRE = Y* #PRBs_scheduled
· When determining NRE (number of REs) within a slot
· Determine  X =  12* #OFDM_symbols_scheduled – Xd – Xoh 
· Xd = #REs_for_DMRS_per_PRB in the scheduled duration
· Xoh = accounts for overhead from CSI-RS, CORESET, etc. One value for UL, one for DL.
· Xoh is semi-statically determined
· Quantize X into one of a predefined set of values, resulting in Y
· [8] values
· Should allow for reasonable accuracy for all transmission durations
· May depend on the number of scheduled symbols
· FFS: floor, ceiling or some other quantization
· Note: quantization may not be needed
· FFS: Quantization step should ensure the same TB size can be obtained between transmission and retransmission, irrespective of the number of layers used for the retransmission. otherwise Xd has to be independent of the number of layers
· Obtain the actual TB size from the intermediate number of information bits according to the channel coding decisions
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