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1. Introduction
For the segmentation, it was agreed in the previous RAN1 meetings as below [1], [2].
	Agreement:
· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
· It is not precluded that CBGs in a given TB may contain different numbers of CBs

Agreement:
· FFS: how CB sizes are determined within a TB
· One of the following approaches will be selected at June Adhoc for determining the Z values of code blocks within a TB:
· Alt 1. Same value of Z 
· Alt 2. At most two different values of Z for a given TB


In this contribution, it will be discussed how a TB is segmented into multiple CBs when TBS + LTB,CRC is larger than KCB,max.
2. Discussions
In order to flexibly support various TB sizes for NR, the following issues would need to be addressed: 
· Segment from TB into CB, 
· Insertion of filler bits
· CB-to-Symbol alignment

1 
2 
Code Block Segmentation
According to the above agreements, when the input bit size to the code block segmentation, B = TBS + LTB,CRC, is larger than the maximum code block size KCB,max, TB is segmented into multiple CBs of which lengths are less than or equal to the maximum code block size. 
Regarding CB segmentation, one aspect that would be agreeable in RAN1 would be the number of CBs per TB when B > KCB,max. In order to reduce the number of CBs per TB as much as possible, the following equation which is the same as LTE could be used also for NR, i.e., # of CBs 
Proposal 1: Agree that # of CBs per TB is  when B > KCB,max
Assuming that Proposal 1 is agreed, the size of each CB in cases having more than one CB after segmentation will be larger than ~KCB,max/2, i.e.
· For BG#1: since KCB,max = 8448, CBS after segmentation > ~4224 if 
· For BG#2: since KCB,max = 2560 [or 3840 if adopted], CBS after segmentation > ~1280 [or 1920 if adopted]
Note that during BG#1 design campaign, most design proposals used Kb = 22 and the following rule to determine LDPC encoder input size (K) at least for information length > 512:
·  with the minimum valid lifting size Z such that  larger than or equal to the given information length.
It has been shown by evaluation results provided by multiple companies during recent RAN1 meetings that the above rule can provide a stable performance in the agreed evaluation environments. Similarly for BG#2 design, most design proposals used Kb = 10 and the above rule to determine K at least for information length > 640. FYI, the valid lifting values (Z) in Table 1 were agreed as working assumption during RAN1#88b.
Table 1: Z values for BG#1
	Z
	a

	
	2
	3
	5
	7
	9
	11
	13
	15

	j
	0
	2
	3
	5
	7
	9
	11
	13
	15

	
	1
	4
	6
	10
	14
	18
	22
	26
	30

	
	2
	8
	12
	20
	28
	36
	44
	52
	60

	
	3
	16
	24
	40
	56
	72
	88
	104
	120

	
	4
	32
	48
	80
	112
	144
	176
	208
	240

	
	5
	64
	96
	160
	224
	288
	352
	 
	 

	
	6
	128
	192
	320
	 
	 
	 
	 
	 

	
	7
	256
	384
	 
	 
	 
	 
	 
	 



Having discussed above, another aspect that would be agreeable is the rule to determine the size of LDPC encoder input (K) at least in case having more than one CB after segmentation, i.e. :
Proposal 2: Agree the following rule to determine LDPC encoder input size (K) in case  after segmentation:
·  with the minimum valid lifting size Z such that  larger than or equal to the given information length.
·  for BG#1 and  for BG#2
Assuming that Proposal 2 is agreed, NR could have a similar formulation to LTE for CB segmentation. In case of B = TBS + LTB,CRC is larger than the maximum code block size KCB,max, i.e. B > KCB,max, one way of specifying CB segmentation for NR is having the same CB size after segmentation:
Alt 1 (Same value of Z)
· # of CBs:  
· Segmentation size K:  s.t. , where 
· , where  for BG#1 or  for BG#2.
Alt 1 could achieve benefits such as a simple operation for segmentation and regular characteristics across multiple CBs in a given TB, e.g. error performance and decoding latency for multiple CBs. However, in order to achieve the same CB size after segmentation, a large amount of filler bits could need to be inserted to support various TB sizes for NR, which would be a sub-optimal operation in coding chain.
An alternative way of CB segmentation is applying a similar principle to LTE [3]:
Alt 2 (At most two different values of Z for a given TB)
· # of CBs: 
· First segmentation size:  s.t. , where 
· Second segmentation size:  s.t. 
· , where  for BG#1 or  for BG#2.
In contrast to Alt 1, Alt 2 could provide various TB sizes with small filler bits, while causing irregular characteristics of different CBs in the given TB would be inevitable.
Proposal 3: Agree either Alt 1 or Alt 2 for CB segmentation

Insertion of Filler Bits 
After segmentation described above, the following amount of filler bits needs to be attached according to the segmentation method:
· For Alt 1 (Same value of Z), the number of filler bits: 
· For Alt 2 (At most two different values of Z), the number of filler bits: 
In case of Alt 1, in order to achieve the even performance between multiple CBs in the given TB, it would be natural to distribute filler bits evenly to all the segmented CBs. Therefore, the number of filler bits per CB for Alt 1 will be either  or .
In case of Alt 2, inserting filler bits into the CBs corresponding to , not to CBs corresponding to , would be a good way to achieve regular performance between multiple CBs per TB. That is, the number of filler bits per CB corresponding to  will be either  or , while there is no filler bit insertion to CBs corresponding to .
Proposal 4: Depending on the CB segmentation decision between Alt 1 and Alt 2, the following method for filler bit insertion is adopted for data channel:
· For Alt 1 (Same value of Z):  filler bits are evenly distributed to the segmented CBs, where 
· For Alt 2 (At most two different values of Z):  filler bits are evenly distributed to the segmented CBs with smaller size , where 
CB(G)-to-Symbol Alignment 
During recent RAN1 meetings, there were some discussions what advantages can be achieved if CB-to-symbol alignment or CBG-to-symbol alignment could be supported in NR [4], e.g.:
· Minimizing the number of CBGs that is incorrectly decoded due to preemption by URLLC
· Management of strong interference due to beamforming applied to a specific symbol of a neighbor TP
However, for such alignment, gNB scheduling restriction or shortened CB size may be required, causing the overall system throughput degradation. In addition, it is unclear how often such alignment will be practically achievable taking into account variable control regions and reference signal positions as well as in many cases (e.g. errors occurring due to channel variations), it will not be necessary. Therefore, in our view, CB(G)-to-symbol alignment would not need to be considered in terms of CB segmentation in NR phase I. If it is shown that the above advantages are quite essential for multiplexing between eMBB and URLLC and/or beam interference management, such alignment could be supported in terms of mini-slot aggregation, where each mini-slot would transmit its own TB applying separate CB segmentation.
[bookmark: _GoBack]Proposal 5: CB(G)-to-symbol alignment is not considered in terms of CB segmentation in NR phase I

4. Conclusion
In this contribution, it is proposed that
Proposal 1: Agree that # of CBs per TB is  when B > KCB,max
Proposal 2: Agree the following rule to determine LDPC encoder input size (K) in case  after segmentation:
·  with the minimum valid lifting size Z such that  larger than or equal to the given information length.
·  for BG#1 and  for BG#2
Proposal 3: Agree either Alt 1 or Alt 2 for CB segmentation
Alt 1 (Same value of Z)
· # of CBs:  
· Segmentation size K:  s.t. , where 
· , where  for BG#1 or  for BG#2.
Alt 2 (At most two different values of Z for a given TB)
· # of CBs: 
· First segmentation size:  s.t. , where 
· Second segmentation size:  s.t. 
· , where  for BG#1 or  for BG#2.
Proposal 4: Depending on the CB segmentation decision between Alt 1 and Alt 2, the following method for filler bit insertion is adopted for data channel:
· For Alt 1 (Same value of Z):  filler bits are evenly distributed to the segmented CBs, where 
· For Alt 2 (At most two different values of Z):  filler bits are evenly distributed to the segmented CBs with smaller size , where 
Proposal 5: CB(G)-to-symbol alignment is not considered in terms of CB segmentation in NR phase I
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