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In the last two RAN1 meetings, the agreements below were achieved for NR coding chain[1][2], 
Agreement:
· Base graph for supporting Kmax has minimum code rate Rmin,kmax = ~1/3 
· ‘~’ means approximately
· This does not preclude extending the same base graph to code rate lower than ~1/3 when supporting K<Kmax, provided that the number of variable nodes (after lifting) of any parity check matrix, Nmax, is not exceeded, where:
· Nmax = Kmax / Rmin,kmax + Nsys,punct
· Nsys,punct is the number of built-in punctured systematic bits
· Base graph for any info block sizes K has
Rmin,k >= ~1/5, provided that Nmax is not exceeded
Working assumption:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

This contribution continues to investigate the CB segmentation procedure and the aspects that should be considered for CB segmentation. 
Procedure of CB segmentation
Since CBG is introduced and agreed in last meeting, it is necessary to take CBG into account for CB segmentation. There are two procedures to include CB grouping: 
1) CB first: one TB is evenly segmented into CBs, and then CBs are logically grouped into CBG; 
2) CBG first: one TB is evenly segmented into several CBGs, and then each CBG is further evenly segmented into CBs. 
If TB is segmented into CBs first, the CB size and total number are optimized in terms of error rate of one TB, rather than CBG first procedure. For example, assuming TB size including TB CRC is B where B = 24480, the CRC length of each CB is  = 24, number of CBG is predetermined as NCBG = 2, and CBG has no CRC [5]. Applying the segmentation scheme in LTE and maximum CBS  = 8192, CB first method would segment this TB into  = 3 CBs. The length of each CB (including TB&CB CRC) is 8184. Since NCBG = 2, the first CBG has 2 CBs and the second CBG only has 1 CB, as shown in Fig.1(a).
If TB is segmented into CBG first, each CBG would have length of B/NCBG = 12240. Then each CBG is evenly segmented into M CBs where . Each CB contains 6144. Fig.1(b) shows the segmentation result of CBG first procedure. 
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Fig1 Segmentation results of CB first and CBG first procedures.
Considering the error rate of a TB and CBG is determined by each CB’s BLER, which can be presented by the following equation 
, 
the more CBs in one TB or CBG, the lower the required BLER for each CB. In addition, the length of each CB from CBG first procedure is smaller than CB first procedure, so an additional loss on code length should be taken into account. Besides, CB first procedure imposes minor impact on standard on the background that NR is accelerated.
Observation 1: The CB first procedure gives optimal CB number and size in terms of error rate performance of TB and CBG, and has minor impact to specifications.
Proposal 1: TB is firstly segmented into CB(s) which are further grouped into CBG(s).
Kmax for TB segmentation
In LTE, the lowest code rate of turbo code is constantly 1/3. By given a certain effective code rate R after rate-matching, CBS is the only factor that influences BLER performance. Typically, the larger CBS is, the more coding gain is observed. However, LDPC in NR applies a variable code rate where the lowest code rate is 1/3 for Kmax and smaller for smaller K, with limitation of the maximum of circular buffer size. 
This variable mother code rate brings two interesting alternatives for very low code rate that R<1/3: 
· Alternative 1: segment each CB size as large as possible [4].
· Alternative 2: segment CB at the length limited by buffer size, as proposed in [3]
We summarize the factors related performance for the two alternatives:
Alt 1: 
1. CBS is large therefore code length gain is obtained.
2. Due to limitation of buffer size, more repetition bits are needed. Code rate gain is lost.
Alt 2:
1. CBS is smaller, code length gain is lost.
2. Since CBS matches buffer size, lower mother code rate is used for encoding, and less repetition bits are sent. Code rate gain is obtained.
3. Due to smaller CBS, the number of CBs in one TB is larger. Thus, the required SNR for each CB is higher as a loss. 
To find KCB,MAX, we should take the balance of the factors above. For example, assuming TBS with TB-CRC is 8192, and R = (1/3 - x) where x is a very small value. In this case, alt 2 would segment this TB into 2 CBs, getting a slight gain on factor 2 but losing a lot on factor 1 and 3. Alt 1 would not segment this TB and repeat a few bits due to buffer limitation, resulting in a negligible loss on factor 2. In contrast, in other cases, alt 2 would have better performance than alt 1.
Proposal 2: KCB,MAX for CB segmentation should be based on maximum circular buffer size, maximum info block size, effective code rate after rate-matching, minimum code rate of LDPC matrix and transport block size. 

Conclusions
This contribution describes a design of CB segmentation for NR eMBB data channel. In summary, the proposed design has the following characteristics: 
Observation 1: The CB first procedure gives optimal CB number and size in terms of error rate performance of TB and CBG, and has minor impact to specifications.
Proposal 1: TB is firstly segmented into CB(s) which are further grouped into CBG(s).
Proposal 2: KCB,MAX for CB segmentation should be based on maximum circular buffer size, maximum info block size, effective code rate after rate-matching, minimum code rate of LDPC matrix and transport block size. 
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