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In previous meetings, the following agreement has been achieved. 
Agreement: 
· If bit-level interleaving is applied, it should be limited to each code block individually
In this contribution we continue to discuss the bit-level interleaver for LDPC codes.

Interleavers for LDPC codes
A typical Bit Interleaving Coded Modulation (BICM) system includes an encoder, an interleaver and a modulator in a transmitter, where the interleaver is located before the symbol modulator responsible to permute positions of encoded bits. The interleaver is supposed to solve two problems:
· Burst errors stemming from frequency selective or fast fading channel. 
In real channel, some subcarriers or OFDM symbol in time domain may experience deep fading which cause a serious of burst errors on codeword. A well-designed interleaver can break the successive errors and spread them into the entire codeword. Those scattered errors can be easily corrected in decoder.  
· Unequal bit energy allocation due to high order modulation.
 As we known, in higher-order modulation, the reliability of each bit is different according to its position in the bit labeling. When using Gray labeling, an M-ary QAM symbol comprises of e levels of reliability for mapped bits, where . For example, 256-QAM has 4 levels and 64-QAM has 3 levels of reliability. On the other hand, each bit in irregular LDPC codes also shows unequal reliability or error protection characteristics depending on its connection relationship (how many parity equation it participated in)[4]. An interleaver can average the reliability and keep the protection on each bit equally. 
As discussed in the last RAN1 meeting, the effect of channel fading may be alleviated by symbol–level interleaving or RE mapping which should be discussed in NR MIMO session. It is not clear that bit-level interleaving would bring a significant gain in addition to the gain provided by a symbol-level interleaver. However, we can investigate how to design an interleaver to solve unequal bit reliability due to LDPC base graphs and high-order modulation.  

Bit-level interleaver design for NR LDPC codes
To smooth and average the reliability of each bit in LDPC codes, a block interleaver or an optimized interleaver are considered in this contribution.  
Block interleaver
A block interleaver is vastly applied in many standards [1][2]. The scope of introducing a block interleaver is to achieve the effect of random interleaving. For NR, a possible block interleaver is designed as shown in [3], where the encoded bits are written in column-major order, and read in row-major order. The number of rows is the number of bits representing one modulated symbol according to the network scheduling. This is a simple example for block interleaver even though its size is variable for different modulation order.  
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Figure 1 Block interleaver
Optimized interleaver
The optimized interleaver, which would alleviate the inequality introduced by irregular LDPC codes, is based on the design in the ISTC 2012 paper [5]. Note that the method in [5] has been proven to be the optimal interleaver to smooth the reliability, thus we use it to exploit the maximum gain from bit-level interleaving. The coded bits are firstly categorized depending on their degrees deriving from LDPC base graph. Then, according to the mj,i, where i denotes the reliability degree of LDPC variable notes, those bits with the same degree are mapped into jth modulation level proportional to the coefficient mj,i. More details can be found in [5].
The tables of mj,i designed particularly for NR LDPC codes are presented below, corresponding to a specific code rate and modulation order.    
Table 1 Parameters for optimized interleaver for rate=2/3 and 64-QAM
	i
	1
	2
	3
	4
	5
	6
	11
	12

	m1,i
	0.000186
	0.287509
	0.668036
	0.518607
	0.41126
	0.367
	0.33
	0.33

	m2,i
	0.586710
	0.286904
	0.265946
	0.240687
	0.178196
	0.266693
	0.33
	0.33

	m3,i
	0.413104
	0.425587
	0.066019
	0.240706
	0.410545
	0.366307
	0.33
	0.33



Table 2 Parameters for optimized interleaver for rate=2/3 and 256-QAM
	i
	1
	2
	3
	4
	5
	6
	11
	12

	m1,i
	0.227362
	0.36911
	0.25
	0.335002
	0.096717
	0.362826
	0.25
	0.25

	m2,i
	0.128092
	0.371415
	0.23
	0.350132
	0.356731
	0.253531
	0.25
	0.25

	m3,i
	0.324890
	0.009475
	0.19845
	0.314344
	0.25008
	0.203835
	0.25
	0.25

	m4,i
	0.319657
	0.25
	0.32155
	0.000523
	0.296472
	0.179808
	0.25
	0.25



Simulation results
In the following simulations, we tested 3 cases: no interleaver, block interleaver and optimized interleaver. 256-QAM and 64-QAM are used, code rate is set to 2/3, and the decoding algorithm is flooding BP with 50 iterations. AWGN channel is applied.
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Figure 2 Performance comparison with/without interleaver, code rate = 2/3 and 64QAM
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Figure 3 Performance comparison with/without interleaver, code rate = 2/3 and 256QAM

Figure 2 shows no gain from both block interleaver and optimized interleaver, and Figure 3 shows about 0.2 dB gain for the optimized interleaver at BLER=1e-2. Performance of the block interleaver is the same as no interleaver because all the bits within each reliability degree of LDPC base graph are equally spread on every modulation energy level. Knowing that in AWGN channel the noises between adjacent bits are completely independent, the statistical results of block interleaver and no interleaver should be the same. The optimized interleave improves the bit-mapping for at most 0.2 dB gain. Being the gain rather small, it is not worth paying additional costs in terms of power consumption, latency and buffer size to introduce a bit-level interleaver.
Observation 1: The gain from bit-level interleaver for high-order modulation is negligible.
Proposal 1: A bit-level interleaver should not be adopted for NR LDPC coding chain unless it provides significant gains in addition to the gains provided by the symbol-level interleaver in fading channel. 

Conclusions
In conclusion, NR LDPC codes have sufficient bit protection capability and the following observation and proposal should be taken into account when considering to introduce a bit-level interleaver in the LDPC coding chain.
Observation 1: The gain from bit-level interleaver for high-order modulation is negligible.
Proposal 1: A bit-level interleaver should not be adopted for NR LDPC coding chain unless it provides significant gains in addition to the gains provided by the symbol-level interleaver in fading channel. 
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