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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]The current specification TS38.214 defines a procedure to calculate the transport block size. If the intermediate number of information bits is below a certain threshold, the TBS is derived using the lookup table. On the other hand, for larger sizes, equations are used to calculate the TBS taking into account number of codeblocks and number of CRC bits. The resulting code rate should be close to the target code rate indicated by the MCS field. However, the CRC length is not taken into account when lookup table is used and the resulting code rate may be higher than the target. A modification to reduce the drift of the code rate is proposed in this document.

Calculation of the TBS 

The process of calculating the TBS size according to section 5.1.3.2 in TS38.214 can be summarize in following steps [1]:
1) The UE shall first determine the number of REs (NRE)  within the slot
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

By comparing steps 3 and 4 it can be observed that the number of transport block CRC bits is subtracted while calculating the quantized intermediate number of information bits  in step 4 only. The rest of the procedure in the step 4 targets rounding the total length of TBS and transport block CRC to be modulo 8 * C.
Let us first define an effective code rate

Where L equals the length of the CRC. The L = 24 if TBS > 3824 and 16 otherwise. 
The target code rate from the MCS and the effective code rate based on the TBS calculation can be compared in order to study the impact of the lack of CRC field subtraction in step 3. The results in Table 1 are calculated using the assumptions found in the appendix 1 except that the number of resource blocks is varied. The table lists  assuming the original TBS calculation according to the specification and also the alternative 1 TBS calculation method according to the Appendix 2. In the alternative 1, the number of CRC bits is subtracted after selecting intermediate TBS size from the original table. It can be observed that the effective code rates especially for MCS 0 and 1 are higher than the target unless the number of CRC bits is taken into account in step 3. The same can be observed from the simulation results in Figure 1 where link level performances of MCS 0 and 1 are closer to each other unless the modification is taken into account. 

The drawback of the alternative 1 is that the resulting TBS is no longer found from the original table. Hence, alternative 2 is also studied as in Appendix 3. In this case, the resulting TBS entry is found from the original table. The effective code rates can be found from Table 2. It can be observed that also this alternative solves the problem of low code rates but does not always alter the TBS. 
[bookmark: _Ref503182196]Proposal 1: Modify the TBS calculation according to either alternative 1 or 2 in order to take into account the number of CRC bits.
The threshold setting in step 2 is also based on Ninfo but the threshold value equals 3824. If the CRC size is subtracted in step 3 it could also be considered if the threshold value would equal 3840. However, performance wise this does not have significant impact since the TBS is relatively large compared to the CRC size.

[bookmark: _Ref502934573]Table 1. Effective code rate examples using alternative 1.
	 
	 
	effective R

	 
	 
	N PRB = 2
	N PRB = 3
	N PRB = 4
	N PRB = 5

	MCS
	target R
	Spec.
	Alt. 1
	Spec.
	Alt. 1
	Spec.
	Alt. 1
	Spec.
	Alt. 1

	0
	0.117
	0.135
	0.108
	0.126
	0.108
	0.122
	0.108
	0.124
	0.114

	1
	0.188
	0.203
	0.176
	0.198
	0.180
	0.203
	0.189
	0.195
	0.184

	2
	0.301
	0.311
	0.284
	0.306
	0.288
	0.311
	0.297
	0.303
	0.292

	3
	0.438
	0.459
	0.432
	0.450
	0.432
	0.439
	0.426
	0.443
	0.432

	4
	0.588
	0.595
	0.568
	0.586
	0.568
	0.581
	0.568
	0.584
	0.573

	5
	0.369
	0.378
	0.365
	0.369
	0.360
	0.365
	0.358
	0.365
	0.359

	6
	0.424
	0.439
	0.426
	0.423
	0.414
	0.422
	0.416
	0.419
	0.414

	7
	0.479
	0.480
	0.466
	0.486
	0.477
	0.483
	0.476
	0.484
	0.478

	8
	0.540
	0.554
	0.541
	0.532
	0.523
	0.537
	0.530
	0.549
	0.543

	9
	0.602
	0.608
	0.595
	0.590
	0.581
	0.605
	0.598
	0.592
	0.586

	10
	0.643
	0.635
	0.622
	0.644
	0.635
	0.632
	0.625
	0.635
	0.630

	11
	0.455
	0.464
	0.455
	0.453
	0.447
	0.457
	0.453
	0.459
	0.456

	12
	0.505
	0.509
	0.500
	0.502
	0.496
	0.511
	0.507
	0.503
	0.499

	13
	0.554
	0.563
	0.554
	0.562
	0.556
	0.547
	0.543
	0.546
	0.542

	14
	0.602
	0.590
	0.581
	0.610
	0.604
	0.592
	0.588
	0.589
	0.586

	15
	0.650
	0.644
	0.635
	0.658
	0.652
	0.646
	0.642
	0.632
	0.629

	16
	0.702
	0.698
	0.689
	0.706
	0.700
	0.682
	0.678
	0.703
	0.699

	17
	0.754
	0.752
	0.743
	0.766
	0.760
	0.736
	0.732
	0.733
	0.730

	18
	0.803
	0.806
	0.797
	0.790
	0.784
	0.791
	0.786
	0.791
	0.787

	19
	0.853
	0.842
	0.833
	0.838
	0.832
	0.842
	0.838
	0.849
	0.845

	20
	0.667
	0.659
	0.652
	0.646
	0.642
	0.659
	0.655
	0.653
	0.653

	21
	0.694
	0.686
	0.679
	0.682
	0.678
	0.688
	0.684
	0.685
	0.685

	22
	0.736
	0.740
	0.733
	0.718
	0.714
	0.742
	0.738
	0.718
	0.718

	23
	0.778
	0.767
	0.760
	0.773
	0.768
	0.769
	0.765
	0.761
	0.761

	24
	0.821
	0.821
	0.814
	0.809
	0.804
	0.811
	0.807
	0.804
	0.804

	25
	0.864
	0.861
	0.855
	0.842
	0.838
	0.843
	0.843
	0.847
	0.847

	26
	0.895
	0.889
	0.882
	0.878
	0.874
	0.897
	0.897
	0.891
	0.891

	27
	0.926
	0.916
	0.909
	0.917
	0.912
	0.924
	0.924
	0.912
	0.912



[bookmark: _Ref503179966]Table 2 Effective code rate examples using alternative 2.
	 
	 
	effective R

	 
	 
	N PRB = 2
	N PRB = 3
	N PRB = 4
	N PRB = 5

	MCS
	target R
	Spec.
	Alt. 2
	Spec.
	Alt. 2
	Spec.
	Alt. 2
	Spec.
	Alt. 2

	0
	0.117
	0.135
	0.108
	0.126
	0.108
	0.122
	0.108
	0.124
	0.114

	1
	0.188
	0.203
	0.176
	0.198
	0.180
	0.203
	0.189
	0.195
	0.184

	2
	0.301
	0.311
	0.284
	0.306
	0.288
	0.311
	0.297
	0.303
	0.303

	3
	0.438
	0.459
	0.432
	0.450
	0.432
	0.439
	0.439
	0.443
	0.422

	4
	0.588
	0.595
	0.568
	0.586
	0.586
	0.581
	0.581
	0.584
	0.584

	5
	0.369
	0.378
	0.358
	0.369
	0.369
	0.365
	0.365
	0.365
	0.365

	6
	0.424
	0.439
	0.419
	0.423
	0.423
	0.422
	0.422
	0.419
	0.419

	7
	0.479
	0.480
	0.459
	0.486
	0.464
	0.483
	0.483
	0.484
	0.484

	8
	0.540
	0.554
	0.527
	0.532
	0.532
	0.537
	0.524
	0.549
	0.527

	9
	0.602
	0.608
	0.581
	0.590
	0.590
	0.605
	0.605
	0.592
	0.592

	10
	0.643
	0.635
	0.635
	0.644
	0.644
	0.632
	0.632
	0.635
	0.635

	11
	0.455
	0.464
	0.441
	0.453
	0.441
	0.457
	0.457
	0.459
	0.459

	12
	0.505
	0.509
	0.509
	0.502
	0.489
	0.511
	0.493
	0.503
	0.488

	13
	0.554
	0.563
	0.563
	0.562
	0.538
	0.547
	0.547
	0.546
	0.546

	14
	0.602
	0.590
	0.590
	0.610
	0.586
	0.592
	0.592
	0.589
	0.589

	15
	0.650
	0.644
	0.644
	0.658
	0.634
	0.646
	0.628
	0.632
	0.632

	16
	0.702
	0.698
	0.680
	0.706
	0.682
	0.682
	0.682
	0.703
	0.703

	17
	0.754
	0.752
	0.734
	0.766
	0.766
	0.736
	0.736
	0.733
	0.733

	18
	0.803
	0.806
	0.806
	0.790
	0.790
	0.791
	0.791
	0.791
	0.791

	19
	0.853
	0.842
	0.842
	0.838
	0.838
	0.842
	0.842
	0.849
	0.849

	20
	0.667
	0.659
	0.659
	0.646
	0.646
	0.659
	0.659
	0.653
	0.653

	21
	0.694
	0.686
	0.686
	0.682
	0.682
	0.688
	0.688
	0.685
	0.685

	22
	0.736
	0.740
	0.740
	0.718
	0.718
	0.742
	0.715
	0.718
	0.718

	23
	0.778
	0.767
	0.767
	0.773
	0.755
	0.769
	0.769
	0.761
	0.761

	24
	0.821
	0.821
	0.821
	0.809
	0.809
	0.811
	0.796
	0.804
	0.804

	25
	0.864
	0.861
	0.861
	0.842
	0.842
	0.843
	0.843
	0.847
	0.847

	26
	0.895
	0.889
	0.889
	0.878
	0.878
	0.897
	0.897
	0.891
	0.891

	27
	0.926
	0.916
	0.916
	0.917
	0.917
	0.924
	0.924
	0.912
	0.912
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[bookmark: _Ref502935055]Figure 1. Performance without (a) and with the modification using alternative 1 (b) or 2 (c).

Conclusions

Following proposal is made in this paper:
Proposal 1: Modify the TBS calculation according to either alternative 1 or 2 in order to take into account number of CRC bits.

Reference 
[1]. [bookmark: _Ref503513611]3GPP, TS38.214 Physical layer procedures for data, V15.0.0 (2017-12)
[2]. 

Appendix 1: Simulation Assumptions

[bookmark: _Ref465680349]Table 3. Simulation parameters.
	parameter
	value

	Propagation channel
	AWGN

	Subcarrier spacing
	15 kHz

	Number of resource blocks
	50

	Number of antenna ports
	1

	Scheduled resource blocks
	5

	DMRS configuration
	· DM-RS configuration type 2
· Single symbol DMRS
· DL-DMRS-add-pos = 1
· 
= 8

	
TBS size calculation parameter
	0

	MCS-Table-PDSCH
	256QAM

	Number of allocated PDSCH symbols
	13






Appendix 2: Text Proposal on TS38.214 (alternative 1)

-------------------------- Begin Text Proposal ---------------------------------------

[bookmark: _Toc501048167]5.1.3.2		Transport block size determination

-------------------------- Text Omitted -----------------------------------------------


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  and set TBS = max(24, TBS’ - 16).

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
	
	



-------------------------- End Text Proposal ---------------------------------------



Appendix 2: Text Proposal on TS38.214 (alternative 2)
-------------------------- Begin Text Proposal ---------------------------------------

5.1.3.2		Transport block size determination

-------------------------- Text Omitted -----------------------------------------------


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 .
-------------------------- End Text Proposal --------------------------------------------
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