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Introduction
The following is extracted from Section 5.1.3.2 Transport block size determination of 3GPP TS 38.214, “NR; Physical layer procedures for data” [1]: 

2) Intermediate number of information bits (Ninfo)  is obtained by .

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end


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 .

4) 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 


, where 
else

if 


 where 
else


end
end

In this contribution, we would like to show that the above procedure results in only one MCS index being mapped to the TBS = 3776 when considering BG1. For flexibility of choosing MCS indices during HARQ retransmissions, we propose to use Step 3 when; otherwise, Step 4 is used. In other words, we propose to change Ninfo,threshold from 3824 to 3840.
This contribution also provides a text proposal for the TBS determination problem, which can be incorporated into TS 38.214 for NR: Physical Layer Procedures for Data.
TBS with Only One MCS Index and Overlapping Issue
Problem statement
From [1], the intermediate number of information bits () is obtained by  
,
where , , and () are chosen from the MCS index tables. In this contribution, we consider only Table 5.1.3.1-1 and Table 5.1.3.2-2 in [1]. We remark that Table 6.1.4.1-1 in [1] is very similar to Table 5.1.3.1-1 and we can observe the same behavior discussed here.
Figure 1 plots the number of available MCS indices assuming BG1. We observe that TBS = 3776 has only one MCS index. Next, we analyze why this happens.
[image: ]     [image: ]
Figure 1. Number of available MCS indices assuming BG1 for MCS index tables 1 and 2 for PDSCH. Ninfo,threshold = 3824.

Let us restrict attention to the case, where the TBS formula portion (Step 4) is applied. If, then  (). Thus, we can deduce that  if and only if. Within such a small range, it is not surprising that there are only very limited combinations of  mapped to. 
Next, the output of Step 4 is  which is not in Table 5.1.3.2-2 of [1]. Considering  for which BG1 is used, we have 6 entries in the MCS index table 1 for PDSCH (Table 5.1.3.1-1 of [1]) and 11 entries in MCS index table 2 for PDSCH (Table 5.1.3.1-2 of [1]). However, for both MCS index tables, only for  and  with (Y, #PRB, v) = (6, 47, 3), (6, 141, 1), (18, 47, 1) there exists 3826.828125 mapped to TBS value 3776.
Observation 1:  For both MCS index tables for PDSCH, only a single MCS index with  and  is mapped to the TBS value 3776. 


Another issue is the overlapping happening in the TBS determination procedure at the transition between the two methods, look-up table based and formula based, defined for  and for. Fig.2 shows the overlapping issue where the range of  impacted by this glitch is pointed out.
Observation 2: There is an unwanted overlapping issue between the two TBS determination methods for small and large TB sizes.
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Figure 2. 	Overlapping Issue between the two TBS determination methods for small and large TB sizes.
Proposed Solution 1: Adjustment of Ninfo Threshold
It is desirable that each valid TBS value have multiple MCS indices so as to have flexibility for HARQ retransmissions. On the other hand, we observe that an intermediate number (Ninfo) is more like a temporary TBS with TB-CRC. Note that the TBS 3824 with TB-CRC is exactly 3840. Thus, we propose to increase the threshold to 3840 so that the immediate number 3826.828125 can be mapped to TBS = 3824 using Step 3. The quantization of Ninfo, is also modifies as 

,

where . With such a modification of setting Ninfo,threshold as 3840, 3776 will no longer be a possible TBS under consideration. 
Fig. 3 shows that the proposed threshold can successfully eliminate the singular TBS value 3776 without affecting other TBS values. Fig. 4 depicts the proposed threshold can also remove the glitch between the transition duration.
Hence, we have the following proposals.


Proposal 1: Replace Ninfo,threshold of 3824 with 3840 and modify N’info as with  in look-up table based TBS determination.
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Figure 3. Number of available MCS indices assuming BG1 for MCS index tables 1 and 2 for PDSCH. Ninfo,threshold = 3840.
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Figure 4. Overlapping Issue corrected using Ninfo,threshold  = 3840.
Proposed Solution 2: Adjustment of the TBS formula


Another way to get rid of the unwanted glitch is to adjust the formula. This is achieved by removing the CRC size from the   calculation in formula based method. In other words, the original calculation 


    is changed to  .
Fig. 5 illustrates the obtained results where the overlapping issue has been removed.
[image: ]

Figure 5. Overlapping Issue corrected by removing the CRC from  formula.
Proposed Solution 3: Adjustment to the Rounding Function

Another way to remove the overlapping effect is by changing the rounding to ceiling in the TBS determination formula. In other words, the original calculation


is changed to 

  
Fig. 6 illustrates the obtained results where the overlapping issue has been removed.
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Figure 6. Overlapping issue corrected by using ceil instead of round in the  formula.
In this contribution, we propose three possible solutions to the overlapping issue and TBS with only one MCS index. From the definition of Ninfo, the CRC 16 bits should be contained in Ninfo. The classification of look-up table based and formula based TBS determination methods is based on the classification of BG1 and BG2, which depends on the TBS = 3824 or TBS+CRC bits = 3840. Furthermore, adjustment of Ninfo threshold is simpler. Therefore, we support the proposed solution 1, i.e., adjustment of Ninfo threshold from 3824 to 3840.
Further Simplification to the TBS determination procedure
In step 4 when  , the TBS is calculated as follows:

 , when 

But since  in step 4, then  and  is necessarily a multiple of 8. Hence the previous TBS determination equation can be simplified as follows: 


[bookmark: _GoBack]Proposal 2: Simplify the TBS determination equation in step 4 when   and   as follows: 


Proposal 3: Incorporate the text proposal in Appendix into TS 38.214 for NR: Physical Layer Procedures for Data.

Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1:  For both MCS index tables for PDSCH, only a single MCS index with  and  is mapped to the TBS value 3776. 
Observation 2: There is an unwanted overlapping issue between the two TBS determination methods for small and large TB sizes.


Proposal 1: Replace Ninfo,threshold of 3824 with 3840 and modify N’info as with  in look-up table based TBS determination. 
Proposal 2: Simplify the TBS determination in step 4 when   and   as follows: 


Proposal 3: Incorporate the text proposal in Appendix into TS 38.214 for NR: Physical Layer Procedures for Data.
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Appendix
/************************ Start of Text Proposal ************************/
[bookmark: _Toc501048167]5.1.3.2		Transport block size determination
For the PDSCH assigned by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by C-RNTI, 


if the higher layer parameter MCS-Table-PDSCH is set to ‘256QAM’ is configured and   , or the higher layer parameter MCS-Table-PDSCH is not set to ‘256QAM’ configured and  , the UE shall first determine the TBS as specified below:
1)	The UE shall first determine the number of REs (NRE)  within the slot. 






[bookmark: _Hlk500489688]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by  , where is the number of subcarriers in the frequency domain in a physical resource block,   is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 1_0/1_1, and   is the overhead configured by higher layer parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0. 

-	A UE determines the quantized number of REs allocated for PDSCH within a PRB (by Table 5.1.3.2-1.
Table 5.1.3.2-1: Quantized number of REs allocated for PDSCH within a PRB
	

	


	

	6

	

	12

	

	18

	

	42

	

	72

	

	108

	

	144

	

	156






-	A UE determines the total number of REs allocated for PDSCH (  by  , where nPRB is the total number of allocated PRBs for the UE. 

2)	Intermediate number of information bits (Ninfo)  is obtained by .


If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end



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 .


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
	
	





4)	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 


, where 
else

if 


 where 
else



end
end

else if the higher layer parameter MCS-Table-PDSCH is set to ‘256QAM’ is configured and , 


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using  . If there is no PDCCH for the same transport block using  , and if the initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
else 


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using  . If there is no PDCCH for the same transport block using , and if the initial PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be reported to higher layers.
/************************ End of Text Proposal **************************/
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