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Introduction
At the 3GPP TSG RAN1 #87 meeting, it was agreed to adopt flexible LDPC as the single channel coding scheme for eMBB data. Furthermore, the following agreement has been achieved [1]:
· Code extension of a parity-check matrix is used for IR HARQ/rate-matching support 
· Use lower-triangular extension, which includes diagonal-extension as a special case
· For the QC-LDPC design, the non-zero sub-blocks have circulant weight <=2
· Circulant weight is the number of superimposed circularly shifted ZZ identity matrices
· In parity check matrix design, the highest code rate (Rmax,j ) to design j-th H matrix for is 
· Rmax,j <=8/9
· Rmax,j is the code rate of the j-th H matrix before code extension is applied (0 j< J) 
· Rmax,j is the code rate after accounting for the built-in puncturing, if this is applied in H matrix design
· Rate matching to support transmission code rate higher than Rmax,j is not precluded
In this contribution, we propose a bit rearrangement scheme to enhance LDPC decoding performance for high order modulation in HARQ transmission.  
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 (modulation order ≥ 16) of 16QAM and 64QAM are shown in Figure 1 and Figure 2 respectively. In Figure 1(b), the amplitude of demodulated LLRs (Log Likelihood Ratios with 4 bits) for 16QAM are also depicted, which are normalized. 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 can be exploited to enhance performance in HARQ transmission. 

[image: ]
(a)                                                                                       (b)
Figure 1 Constellation of 16QAM (a) and  Demodulated LLR (b)
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(a)                                                                                       (b)
Figure 2 Constellation of 64QAM (a) and Demodulated LLR (b)
 High order modulation bit rearrangement scheme for LDPC HARQ
In general, HARQ has been agreed to be supported by LDPC code. Details of HARQ support of LDPC can be found in [6]. For example, the start bit position of bits selection can be obtained according to the expression follow:


wherein, RVidx is the redundancy version number for this transmission (RVidx = 0, 1, 2 or 3), RVidx=0 for first transmission and RVidx=1 for first retransmission, L is the size of mother codeword, and Z is the expand factor (or lift size). 


Figure 3 Example of Start Position for Each Transmission of HARQ

An example of proposed high order modulation bit rearrangement scheme for LDPC HARQ is described in below. Typically is HARQ, there are some redundant bits between the 1st transmission and the 2nd transmission, as shown in Figure 4.  In the decoder, the overlapping LLRs will be recalculated using chase combination using the LLRs of the 1st and the 2nd transmission. Since the start bit positions of all RVidx are fixed for a certain length of mother codeword, the smaller the code rate is, the larger the size of overlapping bits will be. In the 16QAM modulation, half of the overlapping bits are mapped in high reliable bits and the remaining half are mapped in low reliable bits for 1st transmission. For the overlapping bits of the 2nd transmission, they are interleaved with bit rearrangement of following interlacing modulation as shown in Figure 4: the bits mapped in high reliable bits of 16QAM for 1st transmission are mapped in low reliable bits for 2nd transmission, and the bits mapped in low reliable bits for 1st transmission are mapped in high reliable bits for 2nd transmission. 


Figure 4 Bit Rearrangement for 1st and 2nd Transmission
Some simulations are performed where the simulation assumptions are the same as LDPC code in [6] with 16QAM. The circular buffer is used for HARQ data selection as LTE system, as shown in Figure 3. There are two assumptions for HARQ data transmission: max 4 transmission and the start bit of bits selection distributes evenly in the mother codeword. 

BLER performance results are provided with / without the use of bit rearrangement to highlight the effect of rearrangement for retransmission in HARQ for 16QAM. The rate matching output sequence length of each retransmission is always equal to the 1st transmission. The performance simulation of first retransmission data over AWGN channel is operated with assumption that the first transmission is always wrong. There are 3 processing methods for the first retransmission data as following. 
1) Directly Modulation (DM)
The rate matching output sequence is directly modulated for 16QAM without any processing. 
2) Random-interleaving Modulation (RM)
Firstly, the rate matching output sequence is interleaved with bit rearrangement of pseudo-random. Then, it is modulated for 16QAM. 
3) Interlacing Modulation (IM) 
The proposed bit rearrangement as shown in Figure 4.

The performance comparison is shown in Figure 5 and figure 6 with information bits size of 1024 and 2048 for code rate of 2/5. The results show that about 0.6 dB gain is obtained for bit rearrangement of pseudo-random and about 0.8 dB is obtained for bit rearrangement of interlacing modulation, compared to directly modulation. For direct modulation, the overlapping bits mapped in low reliable bits for the 1st transmission may be also mapped in low reliable bits for the 2nd transmission, which leads to more serious amplitude imbalance and performance loss. 
	[image: ]
Figure 5 Performance comparisons for 1st and 2nd Transmission of K=1024
[image: ]
Figure 6 Performance comparisons for 1st and 2nd Transmission of K=2048
Observation 1: about 0.6 – 0.8 dB of performance gain is obtained for bit rearrangement for 2nd transmission compared to directly mapping for HARQ. 
Latency Analysis
1) Latency of Transmitter
The bit rearrangement is operated transmitter, which may occupy some processing delay. However, since it can be processed in advance before transmission, the delay may be negligible. 
2) Latency of Receiver
At the receiver, the reverse operation of bit rearrangement may require some processing time. However, this delay may be negligible compared with the HARQ transmission time. 
Observation 2: the bit rearrangement for the retransmission data has negligible processing delay. 
Proposal: a high order modulation bit rearrangement scheme for HARQ should be considered in NR. 
Conclusion
In this contribution, a high order modulation bit rearrangement scheme for HARQ transmission is presented. In summary, we have the following proposal and observations:
Observation 1: about 0.6 – 0.8 dB of performance gain is obtained for bit rearrangement for 2nd transmission compared to directly mapping for HARQ. 
Observation 2: the bit rearrangement for the retransmission data has negligible processing delay. 
Proposal: a high order modulation bit rearrangement scheme for HARQ should be considered in NR. 
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