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Introduction
In the RAN1 NR AdHoc #2 meeting, the following agreements for LDPC codes were reached [1]:
Agreement: 
· Final parity check matrices for NR LDPC base graph #1 and #2 are agreed as in excel files R1-1711982_BG1.xlsx and R1-1711982_BG2.xlsx in R1-1711982.

Agreement:
· The number of RVs is 4. 
· The RVs are at fixed locations in the circular buffer
· RV#0 is self-decodable
· Working assumption (to be confirmed after selection of the BGs): The first 2Z punctured systematic bits are not entered into the circular buffer


In this contribution we confirm through simulations with the agreed final parity check matrices the working assumption that the first 2Z punctured systematic bits should not be entered into the circular buffer.
[bookmark: _Ref481228028]Built-in puncturing of systematic bits
The NR LDPC codes are designed with built-in puncturing of systematic bits. A bit simplified we can say that the design process aims at finding the base graph that yields the lowest threshold given that the first  variable nodes are punctured. This design choice has been shown to significantly reduce the threshold of the LDPC code and thereby improve the BLER performance of the code in the waterfall region.
In the agreed base graphs, two systematic columns are assumed to be punctured for both base graph #1 (BG1) and base graph #2 (BG2). Table 1 lists the dimensions of the two base graphs.
· Number of info bit columns: kb;
· Max number of parity bit columns: mb,max;
· Max number of coded bit columns before puncturing of systematic columns: nb,max = kb + mb,max;
· When two systematic columns are punctured, lowest code rate Rmin = kb,max / (nb,max - 2);

[bookmark: _Ref490133642]Table 1: Dimensions of BG1 and BG2, where 2 systematic columns are punctured
	
	kb
	mb,max
	nb,max
	Rmin

	BG1
	22
	46
	68
	22/(68-2) = 1/3

	BG2
	10
	42
	52
	10/(52-2) = 1/5



Since the codes are designed for built-in puncturing, the corresponding systematic bits should always be punctured, and not be transmitted. This holds also for rate matching through repetition, which is needed if the desired code rate is lower than the lowest code rate for which the base graph is designed. This may be the case in the first transmission, but is more likely to happen in retransmissions. If such a low code rate is desired, i.e. there are not enough bits in the circular buffer to achieve this low code rate, the read-out from the circular buffer should wrap around and start again from the beginning of the circular buffer. Here there are two choices:
a) Skip the punctured systematic bits.
b) Include the punctured systematic bits in the circular buffer and transmit them before performing rate matching through repetition.
We show that a) should be selected. First, rate matching through repetition can be seen as simply increasing the SNR of each repeated variable node. Since the design does not take the SNR of the variable nodes into account, but assumes that all transmitted (not punctured) nodes have the same SNR, repetition of all transmitted bits simply correspond to the case where the first transmission occurred at 3 dB higher SNR. That is, the code is still designed under the assumption that the first systematic nodes are punctured.
Secondly, our simulation results with the agreed final parity-check matrices presented in Section 2.1 show that a) always gives slightly better performance than b). In addition, the circular buffer of a) will contain fewer bits than the circular buffer of b). This means that the receiver can have a slightly smaller soft buffer if a) is selected.
[bookmark: _Toc481511372][bookmark: _Toc481516873][bookmark: _Toc487216110][bookmark: _Toc487290746][bookmark: _Toc490134151]For the final parity-check matrices, the performance is better if the punctured systematic bits are not included in the circular buffer, i.e. they are not transmitted even if repetition is needed.
[bookmark: _Toc481511373][bookmark: _Toc481516874][bookmark: _Toc487216111][bookmark: _Toc487290747][bookmark: _Toc490134152]A smaller receiver soft buffer may be used if the punctured systematic bits are not included in the circular buffer.
[bookmark: _Toc481516872][bookmark: _Toc487216105][bookmark: _Toc490134154]The punctured systematic bits should not be included in the circular buffer. That is, repetition of already transmitted bits is preferred compared to transmission of punctured systematic bits.
[bookmark: _Ref481516588]Simulation results
Simulation results showing the slightly better performance when not including the punctured systematic bits into the circular buffer have already been shown in [2], but for other parity-check matrices. In this contribution we consider the agreed final parity-check matrices from [3] for several information block lengths K, both using BG1 and BG2. All results show that there is either a small performance benefit by not transmitting the built-in punctured systematic bits or there is no performance difference at all. In the figures below the legend “Punctured” corresponds to the case where the built-in punctured systematic bits are never transmitted. The legend “Transmitted” corresponds to the case where the built-in punctured systematic bits are first punctured, but in case the end of the circular buffer is reached, the built-in punctured systematic bits are transmitted before the already transmitted bits are repeated.
For BG1 we show results for code rates 1/4 and 1/5, since code extension is deployed to code rate 1/3 and repetition or transmission of punctured systematic bits does not come into play for code rates less than or equal to 1/3. For BG2, which uses code extension for any code rate , we show results for code rates 1/9 and 1/6. Note however that for K=400, which uses BG2 with kb=8 and Z=52, Rmin = kb / (nb,max - 2) = 8/(8+42-2) = 1/6. Therefore, no repetition or transmission of punctured systematic bits is needed for K=400 and R=1/6 and the performance of the two different cases is equal, see Figure 1.
[image: ] 
[bookmark: _Ref487290522]Figure 1:  Information block length K=400 bits, using BG2 with code extension to rate 1/6.
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Figure 2: Information block length K=1000 bits, using BG2 with code extension to rate 1/5.
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Figure 3: Information block length K=2000 bits, using BG2 with code extension to rate 1/5.
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Figure 4: Information block length K=4000 bits, using BG1 with code extension to rate 1/3.
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Figure 5: Information block length K=8000 bits, using BG1 with code extension to rate 1/3.
[bookmark: _Ref178064866]Conclusion
In this contribution, we made the following observations: 
Observation 1 For the final parity-check matrices, the performance is better if the punctured systematic bits are not included in the circular buffer, i.e. they are not transmitted even if repetition is needed.
Observation 2 A smaller receiver soft buffer may be used if the punctured systematic bits are not included in the circular buffer.

Based on the discussion and the observations we have the following proposals: 
1. The punctured systematic bits should not be included in the circular buffer. That is, repetition of already transmitted bits is preferred compared to transmission of punctured systematic bits.
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