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Introduction
[bookmark: _GoBack]In this contribution, we discuss how to support wide range of transmission rate based on the agreed NR LDPC codes. Since link adaptation with adaptive modulation and coding (AMC) is a fundamental technique to be supported by NR, the design of AMC is an important issue. It has been agreed that 22m-QAM modulation is chosen for NR modulation and well-designed BG1/BG2 LDPC codes are chosen for NR data channel codes [1], however, there is not agreement yet on how to combine the agreed modulation and NR LDPC codes for AMC. In order to support wide range of transmission rate, there can be two approaches to be considered as follows:
1) Rate-compatible codes with 22m-QAM modulation (referred to as regular modulation, as in LTE)
2) Fixed-rate codes with 22m-QAM modulation and 22(m+1)-QAM modulation (referred to as irregular modulation)
We compare and discuss above two approaches from the viewpoint of the bit-interleaved coded modulation (BICM) capacity and the structure of the agreed NR LDPC codes.  
Irregular Modulation for AMC 
Irregular modulation, which was first introduced in [2], uses more than one signal constellation within a code block (CB) in order to improve the adaptability and flexibility of regular modulation. When employing irregular modulation, it is possible to continuously adjust the average modulation order of a CB even though its code rate is fixed. Figure 1 depicts BICM capacity of 22m-QAM over AWGN channels. In Figure 1, there is always one best modulation order at a given SNR value, and therefore it is the best approach to choose the modulation order having the highest BICM capacity at the given SNR value. 
[image: ]
Figure 1. BICM capacity of 22m-QAM over AWGN channels
From the BICM capacity analysis, regular modulation employing 22m-QAM with highest BICM capacity seems to be a reasonable approach to support AMC but it necessarily requires rate-compatible codes to achieve target transmission rate in AMC. In LTE, punctured turbo codes are used so that required code rate larger than 1/3 can be achieved by puncturing a part of code bits encoded with rate-1/3 turbo codes. This means that lots of code bits should be punctured when high code rate is needed. Since punctured turbo codes suffer from a severe performance loss because of massive parity puncturing, the performance of AMC based on punctured turbo codes may be worse than that with dedicated channel codes designed for each required code rate in AMC. 
In this regard, AMC based on irregular modulation can be considered as an alternative solution to avoid performance loss induced by massive puncturing. In case of LDPC codes with dual-diagonal parity structure such as 802.16e/802.11n LDPC codes, massive puncturing also may incur performance degradation because of the following reasons: 
1) Degree distribution of the punctured LDPC codes is different with that of the non-punctured well-optimized LDPC codes.
2) Decoding convergence speed is reduced because punctured variable nodes cannot take part in the initial decoding procedure 

As mentioned in [3], AMC based on LDPC codes with irregular modulation sometimes has better performance than that with punctured LDPC codes when one single CODEC is considered. In [3], irregular modulation with carefully selected code rate do not make a big degradation in the BICM capacity by combining two proper modulations and have some benefits because of non-punctured coding scheme. 

Observation 1: When employing the parity puncturing to support high code rate, LDPC codes having no degree-1 bits with an irregular modulation can provide a better coding performance, compared to those with regular QAM. The more parity bits are punctured, the more coding gain can be obtained. 

In general, the BICM capacity of AMC with -QAM and -QAM can be derived as  where  and  are the BICM capacities of -QAM and -QAM, respectively, and  and  are the fractions of modulated symbols of -QAM and -QAM, respectively, such that . Furthermore,  can be determined by the powers  and  allocated to them, as follows:


where  is the average power of the transmitted symbols. 
Figure 2 presents the loss of BICM capacity due to irregular modulation in terms of SNR, compared to the required SNR to achieve the maximum BICM capacity with regular modulation. Here, the power allocation between two signal constellations is optimized [3]. As shown in Figure 2, the BICM capacity for irregular modulation is smaller than that for regular modulation except for few cases when employing the best modulation order at a given transmission rate. Therefore, we can guess that LDPC codes with the regular QAM performs better than those with irregular QAM if there is no performance degradation due to excessive parity puncturing. 
However, the LDPC codes selected for 3GPP NR have the parity-check matrices whose structures are less affected by the parity puncturing since they are designed by considering the single parity-check extension. Therefore, the performance loss due to the parity puncturing is negligible. In other words, if there is no performance degradation in rate-compatible punctured LDPC codes, then AMC with regular QAM modulation has better performance than that with irregular QAM modulation. It is because of the inherent BICM capacity loss of irregular modulation induced by the combination of two modulation order where a non-optimal modulation order must be included. 

Observation 2: In terms of channel capacity, the AMC with regular QAM modulation is better than that with irregular QAM modulation. Furthermore, if there is no performance loss due to excessive parity puncturing, LDPC codes with regular QAM performs better than those with irregular QAM.
[image: ]
Figure 2. BICM capacity loss of irregular modulation compared to regular modulation 

Observation 3: The LDPC codes selected for 3GPP NR are less affected by parity puncturing since their parity-check matrices have a structure for single parity-check extension. In other words, any parity puncturing does not induce an additional performance loss in respect of decoding algorithm.

Proposal 1: For the data channel, we should exclude any irregular modulation scheme from the discussion on modulation. 

Observations and Proposal
From the above discussion for irregular modulation and the structure of the NR LDPC codes, we present the following observation and proposal:

Observation 1: When employing the parity puncturing to support high code rate, LDPC codes having no degree-1 bits with an irregular modulation can provide a better coding performance, compared to those with regular QAM. The more parity bits are punctured, the more coding gain can be obtained. 
Observation 2: In terms of channel capacity, the AMC with regular QAM modulation is better than that with irregular QAM modulation. Furthermore, if there is no performance loss due to excessive parity puncturing, LDPC codes with regular QAM performs better than those with irregular QAM.
Observation 3: The LDPC codes selected for 3GPP NR are less affected by parity puncturing since their parity-check matrices have a structure for single parity-check extension. In other words, any parity puncturing does not induce an additional performance loss in respect of decoding algorithm.

Proposal 1: For the data channel, exclude any irregular modulation schemes from the discussion on modulation. 
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