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1. Introduction

At the 3GPP TSG RAN1 #89 meeting, the following agreement has been achieved [1]:

· If bit-level interleaving is applied, it should be limited to each code block individually

In this contribution, we propose a bit-level interleaving scheme in a codeword to enhance LDPC performance for high order modulation.  

2. High Order Modulation of QAM

In Quadrature Amplitude Modulation (QAM), a constellation symbol consists of an in-phase signal and a quadrature signal. According to the orthogonality of the two signals, a constellation symbol can transmit two parallel data (I and Q). For example, 4QAM transmits 2 bits, l6QAM transmits 4 bits, 64QAM transmits 6 bits, and 256QAM transmits 8 bits, and so on.  

Constellation diagram of high order modulation (i.e. modulation order ≥ 16) of 16QAM and 64QAM are shown in Figure 1 and Figure 2 respectively. In Figure 1(b), the normalized amplitude of demodulated LLRs (Log Likelihood Ratios with 4 bits) for 16QAM are also depicted. The LLRs for 16QAM can be divided into two groups: first 2 LLRs with larger amplitude and the remaining 2 LLRs with smaller amplitude. Similarly, three different amplitude groups can be observed in demodulated LLRs of 64QAM as shown in Figure 2(b). The value of LLR’s amplitude indicates the confidence degree (or reliability). The larger LLR’s amplitude is, the more reliable the LLR is. Therefore, the amplitude of demodulated LLRs for high order modulation has inherent variation even in AWGN channel. This unequal bit reliability of high order modulation may impair the performance for LDPC code. 
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(a)                                                                                       (b)

Figure 1 Constellation of 16QAM (a) and Demodulated LLR (b)


[image: image3.emf]1/42 c



Q

000111

000110000100

001111

001110 001100

001101

000001

000000 000010

000011 001001

001000001010

001011

1

3

5

7

-1 -3 -5

-7

1

3

5

7

-1

-3

-5

-7

I

000101

010001 010011 011001011011

010000 010010 011000011010

010110010100 011110 011100

010111 011111 011101 010101

100111

100110

100010

100011

110011

110010

110110

110111

100100

100001

100000

100101

110001

110000

110100

110101

101100

101101

101001

101000

111001

111000

111100

111101

101111

101110

101010

101011

111011

111010

111110

111111

[image: image4.emf]1 2 3 4 5 6

0

0.2

0.4

0.6

0.8

1

Bit

Normalized Amplitude


(a)                                                                                       (b)

Figure 2 Constellation of 64QAM (a) and Demodulated LLR (b)

[image: image5.emf]1 2 3 4 5 6 7 8

0

0.2

0.4

0.6

0.8

1

Bit

Normalized Amplitude


Figure 3 Demodulated LLR for Constellation of 256QAM 

3.  Bit interleaving schemes for high order modulation

Due to unequal amplitude of demodulated LLRs for 16QAM / 64QAM / 256QAM, it is necessary to consider a bit interleaving scheme for high order modulation to enhance the performance for LDPC code. An example of interleaving scheme for 256QAM is introduced as following.  As shown in Figure 3, the 8 mapped bits of 256QAM can be divided into 4 groups, such that, group-1 with the 1st and the 2nd bit, group-2 with the 3rd and the 4th bit, group-3 with the 5th and the 6th bit, group-4 with the 7th and the 8th bit. The demodulated LLR for group-1 has largest amplitude with highest reliability, the second highest reliability for group-2, the third reliability for group-3 and the least reliability for group-4. As shown in Figure 4, the LDPC coded bits are divided into 4 groups. And, the bits in 1st group are mapped in group-1 for all 256QAM constellation symbols, and bits in 2nd group are mapped in group-2, 3rd group mapped in group-3 and 4th group mapped in group-4.
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Figure 4 The LDPC coded bits are interleaved with 4 groups for 256QAM
The performance comparisons are shown in Figure 5 to Figure 11 for different code rate and block lengths, wherein, the blue lines are the performance of interleaving scheme and red lines are the performance without interleaving. It can be seen that some performance gains can be obtained with bits interleaving scheme for 256QAM. The NR-LDPC code (BG1) is used to evaluate the performance. The simulation assumptions are shown in the Table 1.

Table 1 Simulation assumptions
	Channel
	AWGN

	Modulation
	256QAM

	Codeword length 
	512, 1024, 2048, 4096, 6144, 8448

	Code rate
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	flooding BP, Max iteration =50
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Figure 5 The performance comparison of rate 1/3for 256QAM
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Figure 6 The performance comparison of rate 2/5 for 256QAM
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Figure 7 The performance comparison of rate 1/2 for 256QAM
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Figure 8 The performance comparison of rate 2/3 for 256QAM
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Figure 9 The performance comparison of rate 3/4 for 256QAM
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Figure 10 The performance comparison of rate 5/6 for 256QAM
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Figure 11 The performance comparison of rate 8/9 for 256QAM
Observation: performance gain is observed for bit interleaving in a LDPC codeword for 256QAM. 
Proposal: an interleaving scheme for high order modulation should be considered in NR. 

4. Conclusion

In this contribution, a high order modulation bit interleaving scheme in a LDPC codeword for 256QAM is presented. In summary, we have the following proposal and observation:

Observation: performance gain is observed for bit interleaving in a LDPC codeword for 256QAM. 
Proposal: an interleaving scheme for high order modulation should be considered in NR. 
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