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1 	Introduction
In RAN1 #90 meeting, several agreements were made on code segmentation including how to use the maximum block size supported by the base graphs in the code segmentation procedures. In this contribution, we provide details for the remaining items in code segmentation procedure.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.    Discussion
2.1	TBS determination to provide similar CBS
[bookmark: _GoBack]Ran1 #90 meeting agreed to the following [1], 

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.)


The TBS table can be significantly large considering the different slot configurations, DMRS assumptions, use of control resources and many other flexibilities provided in NR. Therefore, having a TBS table as in LTE can be cumbersome, and companies are considering simplifying the TBS calculations with a formula. When using a predefined formula, it should consider the number of (available) REs, the intended spectral efficiency (MCS), and the number of MIMO layer. Also, we agreed to have TBS determination procedure such a way that we ensure the equal size of CB in the segmentation process. The following formula helps to obtain such features in the segmentation process. 

The TBS can be calculated using the following formula. 
TBS = 
where, 
 = Resource elements 
 = Modulation order
 = code rate 
 = number of layers 

As the number of REs is used for the calculation, the gNB and the UE need to have the common understanding of the definition. This would likely require some pre-known assumptions on the overhead. It is possible that TBS calculations with formula could lead to incorrect calculations at the gNB and UE if the implementations are fixed-point with lower precision. Such situation should be avoided by including a reference table with the specification. 
Proposal 1: TBS determination can be done as TBS = , where  = resource elements,  = modulation order,  = code rate,  = number of layers,  max CBS to ensure that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS.

2.2 	Segmentation with BG #2

In Ran1 NR AH#3, the following discussion was happened on CB segmentation with the base graph #2. 

Agreement: 
· Rinit value to be used in the Working Assumption from RAN1#90 is 
· 0.25

Working Assumption from RAN1#90, 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

Alternative proposal: BG2 is not used when TBS>3824. 


For the Rinit lower than or equal to 1/4, TBS greater than 3824 can be segmented into CBs with the maximum size supported by BG #2. In Figure 1, we provide BLER versus SNR for several TBS for code ¼. We consider two cases,
· TBS segmentation is done only with BG#1. (BG1)
· TBS segmentation is done with BG#2 for lower rates. (BG2)
[image: ]
Figure 1: Rate 1/4 performance with BG#1 and BG#2

As observed in Figure 1, there is some performance gain for rate ¼ with BG2 segmentation compared to using BG1 for the TB sizes which are larger than 4K.  

Observation 1: For Rate ¼, there is about 0.2 dB gain by using BG#2 and segmenting the TBS above 4K. 

Then the remaining question is how often we use these TBSs in practice. We assumed a possible MCS table in NR and checked the TBS based on the formula given in Section 2.1. The TBS calculations used Kcb = 8448 for rates above ¼ and Kcb = 3840 for below that. Figure 2 illustrates the possible outcome of such a TBS table. 
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Figure 2: Partitions of TBS table

In Table 1, we provide the estimated TBS for larger PRB allocations like 50, 100, 200 and 275. 275 PRB is the maximum number that can be allocated in release 15. We see that TBS is not exceeding 18000 for rates below ¼, and it is hard to imagine large resource allocations for lower code rates. 
Table 1: TBS calculations with different REs.
	MCS
	Modulation Order
	Code rate
	SE
	#PRB and #REs (assuming 14 symbol slot with 11 used for data)

	
	
	
	
	50 PRB
	100 PRB
	200 PRB
	275 PRB

	
	
	
	
	6600 RE
	13200 RE
	26400 RE
	36300 RE

	0
	2
	1/16
	0.125
	832
	1656
	3304
	4544

	1
	2
	1/8
	0.25
	1656
	3304
	6608
	9096

	2
	2
	3/16
	0.375
	2480
	4960
	9912
	13632

	3
	2
	1/4
	0.5
	3304
	6608
	13216
	18160

	4
	2
	5/16
	0.625
	4128
	8256
	16512
	22704

	5
	2
	3/8
	0.75
	4952
	9904
	19800
	27232

	6
	2
	7/16
	0.875
	5776
	11552
	23112
	31776

	7
	2
	1/2
	1
	6600
	13200
	26400
	36320

	8
	2
	9/16
	1.125
	7432
	14864
	29728
	40840

	9
	2
	5/8
	1.25
	8256
	16512
	33024
	45408

	10
	4
	3/8
	1.5
	9904
	19800
	39600
	54488

	11
	4
	7/16
	1.75
	11552
	23112
	46224
	63552

	12
	4
	1/2
	2
	13200
	26400
	52808
	72648

	13
	4
	9/16
	2.25
	14864
	29728
	59456
	81680

	14
	4
	5/8
	2.5
	16512
	33024
	66048
	90816

	15
	4
	11/16
	2.75
	18168
	36320
	72648
	99840

	16
	4
	3/4
	3
	19800
	39600
	79200
	108992

	17
	6
	9/16
	3.375
	22296
	44592
	89144
	122520

	18
	6
	5/8
	3.75
	24768
	49536
	99072
	136136

	19
	6
	11/16
	4.125
	27232
	54488
	108992
	149760

	20
	6
	3/4
	4.5
	29728
	59456
	118800
	163360

	21
	6
	13/16
	4.875
	32192
	64384
	128768
	177056

	22
	6
	7/8
	5.25
	34680
	69336
	138720
	190624

	23
	8
	11/16
	5.5
	36320
	72648
	145296
	199680

	24
	8
	3/4
	6
	39600
	79200
	158536
	217984

	25
	8
	13/16
	6.5
	42912
	85800
	171696
	236176

	26
	8
	7/8
	7
	46224
	92400
	184800
	254200

	27
	8
	15/16
	7.5
	49536
	99072
	198144
	272448

	28
	2
	Reserved
	
	
	
	

	29
	4
	
	
	
	
	

	30
	6
	
	
	
	
	

	31
	8
	
	
	
	
	




Observation 2: When the code rates are lower than ¼, it is hard to see meaningful benefits by using CB segmentation with base graph #2. As larger TBS only appear when the resource allocation is huge, this could be a feature that may never be used in practice.  

Proposal 2: BG2 is not used when TBS>3824.

3 	Conclusions
In this contribution, we discuss the remaining details of segmentation and we have following observation and proposals, 
Observation 1: For Rate ¼, there is about 0.2 dB gain by using BG#2 and segmenting the TBS above 4K. 

Observation 2: When the code rates are lower than ¼, it is hard to see meaningful benefits by using CB segmentation with base graph #2. As larger TBS only appear when the resource allocation is huge, this could be a feature that may never be used in practice.  

Proposal 1: TBS determination can be done as TBS = , where  = resource elements,  = modulation order,  = code rate,  = number of layers,  max CBS to ensure that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS.

Proposal 2: BG2 is not used when TBS>3824.
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