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1 Introduction
For NR LDPC codes, two base graphs defined, each covering different range of info block sizes and code rates. BG1 is designed for code rates from ~8/9 to 1/3 and info block lengths up to 8448, and BG2 is defined for code rates from ~2/3 to 1/5 and info block lengths up to 3840. When these LDPC codes are used with lower rates than designed for, repetition and chase combining is used to achieve a lower code rate.
An agreement is achieved in 3GPP on the selection of base graph from the RAN1 NR AdHoc #2 meeting [1]:
Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75

In RAN1 #90 the following agreement and working assumption were made [2]:
Agreement: 
X=3840
Y=0.67
Working Assumption, to be checked after finalization 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
· * ¼ is TBC at NR AH#3

In the Working Assumption, the threshold (Rthresh) for the initial transmission code rate Rinit is taking as Rthresh = ¼ tentatively. In this contribution, through numerical evaluations, we investigate the best value to use as Rthresh, where BG2 is used when TBS > 3824.
2 [bookmark: _Ref178064866]Discussion
According to[3], Rinit is the effective code rate at initial transmission of the transport block, taking into account the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block.
It is important to accurately determine an upper-bound on Rinit, or simply called  Rthresh, in order to identify at what point we have to switch from BG2 to BG1 when BG2 is used if TBS > 3824. The schematic figure shown in Figure 1 demonstrates when to use BG1 and when to use BG2. Note also that as proposed in ‎[4],  is in the range . As studied in [7],  is achievable for LDPC codes, which is consistent with the highest code rate used for 256-QAM in LTE.
1. In NR, the highest code rate supported is approximately Rmax = 0.950.

The main reason to determine Rthresh for code block segmentation using BG2 is that there is a trade-off between the additional incremental redundancy achieved by using BG2 and the reduced performance due to shorter code blocks and a larger number of code blocks per TB that also comes with using BG2 with code block segmentation. This trade-off is described in more detail in [3].
For example, for the combination of code rate just below 1/3 and TBS  (plus CRC) > 3840, BG1 performs better than BG2. With a code rate just below 1/3, there is little to gain by allowing for code extension below rate 1/3. On the other hand, if BG2 is used, at least two code blocks must be transmitted which in turn is associated with a performance loss. Thus, although BG2 has code extension to lower code rate than BG1, its performance becomes poorer than that of BG1. 
[image: C:\Users\eshiami\Documents\Contributions Sep17\BG1_BG2_rate_switch\fig1.png]
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Figure 1 Demonstration of switching point from BG2 to BG1

2.1 Evaluation of Rthresh
In this section, through simulations, we determine the value of Rthresh. For evaluations, we select the TBS either a multiple of 3840 or (3840 + x) bits, where x is chosen to be slightly over the threshold for code block segmentation of various number of CBs. For the sake of convenience, we do not consider CRC bits attached to transport blocks or to code blocks after segmentation. In fact, the CRC bits have a negligible impact on the code rate, as the CRC length is much smaller than the transport block size. 
For simulations, we use the setup shown in Table 1. Rthresh is calculated through a rate--SNR grid search, where coding rate varies from 0.2 to 0.33 in a step size of 0.01 and SNR (Es/N0) varies in a range such that an LDPC coding scheme achieve BLER = 0.01. Hence, the criterion for determining Rthresh is Required SNR to achieve target BLER = 0.01 as a function of code rate. 
[bookmark: _Ref477945034]Table 1 – Simulation setup 
	Channel/Modulation
	AWGN/QPSK

	Code length R
	0.2 ~ 0.33

	Information length K (bits)
	3840*C, 3840*C + 20 (C = 1,2,3,4)

	Targeted BLER
	0.01

	Coding scheme
	LDPC BG1 and BG2

	Decoding algorithm
	Sum-product (50 iterations)



Simulation results are shown below in Figures 2-5. In Figure 2, for TBS = 3840, we have only 1 CB for both BG1 and BG2, and the benefit of BG2 block length and code extension can be visibly seen. However, for TBS = 3860, there is a loss for BG2 due to code block segmentation (as the block length exceeds the threshold 3840) above a threshold Rthresh = 0.3.    
[image: ][image: ]


[bookmark: _Ref492891907]Figure 2 Required SNR vs. Rate for TBS = 3840 (left) and TBS = 3860 (right)

In figures below, we also see the effect of code block segmentation on BG2’s performance. Although for a block length not exceeding 3840, we expect that BG2 performs better for all rates less than 1/3, however, due to code block segmentation (as TBS > 3840), the performance of BG2 becomes poorer than that of BG1 for rates beyond Rthresh.


[image: ][image: ] 
Figure 3  Required SNR vs. Rate for TBS = 7680 (left) and TBS = 7700 (right)
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Figure 4  Required SNR vs. Rate for TBS = 11520 (left) and TBS = 11540 (right)
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Figure 5  Required SNR vs. Rate for TBS = 15360 (left) and TBS = 15380 (right)

From the figures above, we have the following observation:
Observation 1 For code rates around 0.2, there is a TBS dependent performance gain by using BG2 instead of BG1 of up to 0.5 dB.
Observation 2 For a range of code rate just below 1/3 and TBS > 3840, BG1 performs better than BG2.

We can also compare Rthresh versus TBS, as in Table 2. As can be seen, with a slight increase in TBS beyond a length where segmentation occurs for BG2, Rthresh drops implying that BG2’s performance becomes poorer than BG1’s. 
[bookmark: _Ref492827965]Table 2  Comparison of Rthresh vs. TBS
	TBS
	3840
	3860
	7680
	7700
	11520
	11540
	15360
	15380

	Rthresh
	0.33
	0.3
	0.3
	0.28
	0.28
	0.27
	0.3
	0.29



We propose to confirm the working assumption with the only difference that the highlighted text in red in Section 1 to be Rinit <= Rthresh, where Rthresh = 0.27. Following the way code rate is defined for MCS table and CQI table, i.e., an integer which is equal to code rate * 1024, the following Proposal is reached:

1. [bookmark: _GoBack]BG1 is used when Rinit × 1024 > 276, and BG2 is used when Rinit × 1024 <= 276.

3 Conclusions
In this contribution we endeavor to determine initial transmission code rate Rinit. We made the following observation:
Observation 1 For code rates around 0.2, there is a TBS dependent performance gain by using BG2 instead of BG1 of up to 0.5 dB.
Observation 2 For a range of code rate just below 1/3 and TBS > 3840, BG1 performs better than BG2.

Based on the discussion in this contribution we propose the following:
1. In NR, the highest code rate supported is approximately Rmax = 0.950.
1. BG1 is used when Rinit × 1024 > 276, and BG2 is used when Rinit × 1024 <= 276.
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