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1	Introduction
This contribution relates to the code-block group construction for CBG-based transmissions. The following agreement was made in the previous RAN1 meeting:

Agreements: (RAN1 #89)
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

Agreements: (RAN1 #89)
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.

2	Mapping of code blocks to code block groups
2.1	Assigning code blocks to code block groups
As uniform as possible CBG size across the CBGs in a TB is generally desirable and in accordance to the agreement of RAN1#89. The following binning approach is suggested, with N denoting number of CBs with indexes  and m denoting number of indicated CBGs with indexes  
size-of-CBG-i = 
CBG-i will then include CB indexes of  size-of-CBG-i, where  size-of-CBG-i
Proposal #1: First M CBGs are assigned with the first M*(K+1) CBs in order, and last N CBGs are assigned with the last N*K CBs in order, where the total number of CBGs = M+N and the total number of CBs = M*(K+1)+N*K 

2.2	Maximum number of code block groups
The number of code block groups is a trade-off between accuracy and overhead. The indicative calculation establishes that the number of code blocks in one TB can be several tens even with a reasonable rank and modulation.

Table 1: Number of code blocks (64QAM, ECR=0.9), TB sizes indicative only
	Number of
OFDM symbols
	Number of
PRBs
	Number of 
MIMO layers
	Number 
of REs
	TBS
	Number
of CBs

	7
	275
	1
	23100
	124740
	16

	
	
	2
	46200
	249480
	31

	
	
	3
	69300
	374220
	46

	
	
	4
	92400
	498960
	61

	14
	
	1
	46200
	249480
	31

	
	
	2
	92400
	498960
	61

	
	
	3
	138600
	748440
	92

	
	
	4
	184800
	997920
	122




In Figure 1 the retransmission resource saving ratio is shown for different number of code block groups. One HARQ-ACK bit per CBG is assumed. The results are accompanied with the TB BLER curve that demonstrates the target BLER points over range of SINR. For instance for 20% TB BLER attractive savings of more than 50% in retransmission resources are offered by using 4 CBGs (i.e., 7 CBs per CBG). Moreover, with 10 CBGs (i.e. 3 CBs per CBG) the offered savings are higher than 80% of the retransmission resources at 30 dB SINR point. The resources savings are assumed for the scenario when retransmission of a CB takes the same resource size as the initial transmission however. Going beyond 10 CBGs does not seem to provide significant benefits at reasonable BLER operating points.
Simulation parameter setup
TBS = 22701Bytes (30 CB segments)
Numerology: LTE-alike
Carrier bandwidth: 20 MHz
Number of PRB: 100
Modulation and coding scheme: MCS22
Number of useful OFDM symbols per 1 ms: 14
Channel estimation: Ideal
Antenna scheme: SISO
Channel coding: Turbo with basic rate 1/3

Figure 1 - Retransmission resources savings ratio against SINR for different number of CBGs

Proposal #2: The maximum number of code block groups should be between 4 and 10.
3	Conclusions
In this contribution the following proposals on code block group constructions were made:
Proposal #1: First M CBGs are assigned with the first M*(K+1) CBs in order, and last N CBGs are assigned with the last N*K CBs in order, where the total number of CBGs = M+N and the total number of CBs = M*(K+1)+N*K 
size-of-CBG-i =  code blocks
CBG-i will then include CB indexes of  size-of-CBG-i, where  size-of-CBG-i

Proposal #2: The maximum number of code block groups should be between 4 and 10.
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