3GPP TSG RAN WG1 Meeting #89	R1-1708159
Hangzhou, China, 15-19 May 2017

Agenda Item:	7.1.4.1.1.2
Source:	Huawei, HiSilicon
Title:	Segmentation for eMBB data
Document for:	Discussion and Decision

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
The following agreement was achieved for the NR coding chain [1], 
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
This contribution continues to investigate the CB segmentation procedure and the relative factors that should be considered for CB segmentation. 
Kmax for TB segmentation
In LTE, the lowest code rate of turbo code is constantly 1/3. By given a certain target 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: code length first - segment each CB size as large as possible [3].
· Alternative 2: code rate first - segment CB at the length limited by buffer size, as proposed in [2]
We summarize the factors related performance for the two alternatives:
Alt 1: 
1. Code length gain: CBS is large therefore code length gain is obtained.
2. Code rate gain: Due to limitation of buffer size, more repetition bits are needed. Code rate gain is lost.
Alt 2:
1. Code length gain: CBS is smaller, code length gain is lost.
2. Code rate gain: 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. Segmentation loss: 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. Finally, alt 1 would have better performance than alt 2 in this example. However, in other cases, alt 2 may have better performance than alt 1. 
In the following section, we will run a simulation to check in which area of code rate and TBS, alt 2 can outperform alt 1.
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Simulations 
According to the analysis above, for a certain target code rate and TBS, we can choose to use alt 1 or alt 2 for CB segmentation. Now we estimate the required SNR to reach 10% BLER for each TB using both of the alternatives. For example, given target code rate r, CB size K and limited buffer size Nmax, we can calculate the actual encoding rate renc and repetition bits number Nrep. Given number of CBs C and the TB targeted BLER 10%, the target BLER of each CB can be calculated as BLERtarget,CB = 1-(1-10%)^(1/C). Then we can lookup CB performance to find the required SNR. The referred LDPC scheme is presented in RAN1#88bis meeting [4]. Code rates is from 1/5 to 1/3 where alt 1 differs from alt 2. Other parameters are listed in the table below.
Table 1 Parameters of simulation
	TBS
	128:128:55296

	Code rates
	0.2:0.01:0.33

	Allowed CBS
	[40:8:512]∪[528:16:1024] ∪[1056:32:2048] ∪[2112:64:6144] ∪[6272:128:8192]

	Nsys,punct
	2*Z bits

	Kmax
	8192

	Nmax
	8192*3+2*384
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 Fig.1 Difference of required SNR for two alternatives
To compare which alternative is better, we presents the difference of CB-level required SNR () between two methods, where  equals to required SNR of alt 2(code rate first) minus required SNR of alt 1(code length first). Positive value of  means alt 1 is better than alt 2, and vice versa. 
From fig.1 we can find for the code rate lower than 1/3 and the certain ranges of TBS, alt 1 is better than alt 2. This is because by using alt2, one TB is segmented in more CBs, and the segmentation loss is larger than code rate gain when number of CBs is small (or TBS is small). In this case, alt 1 which prefers longer code length and less segmentation works better. In contrast, for large TBS, such segmentation loss is negligible comparing to code rate gain, where we can see alt 2 has better performance.
Proposal 1: KCB,MAX for CB segmentation should be based on maximum circular buffer size, maximum info block size, target 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: 
Proposal 1: KCB,MAX for CB segmentation should be based on maximum circular buffer size, maximum info block size, target code rate after rate-matching, minimum code rate of LDPC matrix and transport block size. 
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