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Introduction
In RAN#71, a new study item, “Study on New Radio Access Technology,” has been approved. The initial work of the study item is expected to focus on fundamental physical layer signal structure for new RAT, of which channel coding schemes is listed as an area to investigate.
In RAN1#84bis meeting, the following was agreed with regard to channel coding candidates for NR.
	Agreements:
· Candidates for 5G new RAT data transmission are identified as the following
· LDPC code 
· Polar code 
· Convolutional code (LTE and/or enhanced convolutional coding)
· Turbo code (LTE and/or enhanced turbo coding)
· Note: It is RAN1 common understanding that combination of above codes is not precluded
· Note: Outer erasure code is not precluded
· Selection of 5G new RAT channel coding scheme(s) will consider,
· Performance
· Implementation complexity 
· Latency (Decoding/Encoding)
· Flexibility (e.g., variable code length, code rate, HARQ (as applicable for particular scenario(s)))



In this paper, we discuss the enhancements to the 3GPP LTE turbo code for NR.
Lower Code Rate to R=1/5

In LTE, the turbo code has mother code rate 1/3 with transfer function of 
G(D) = [image: ]
To lower the mother code rate to 1/5, a second parity bit is added for each of the two constituent codes, so that 5 bits are generated for each info bit (here the tail effect is ignored).  The transfer function of the 8-state constituent code for the PCCC is modified to:

	G(D) = 
where
	g0(D) = 1 + D2 + D3,
	g1(D) = 1 + D + D3,
	g2(D) = 1 + D+ D2 + D3. 
Note that this is the same transfer function adopted by 3GPP2. The rate 1/5 turbo code structure is illustrated in Figure 1, where yk and y k correspond to g2(D).
A simple and backward compatible extension to the circular buffer to support the rate 1/5 code can be adopted correspondingly. That is, simply append the existing circular buffer with the multiplexed bits of g2(D) from the two component codes. More specifically, the composition of the extended circular buffer is as follows:
· The first part contains 32 columns of systematic bits xk;
· The second part contains 64 columns of bit-multiplexed coded bits from g1(D) of the two component codes, zk and z k.
· The third part contains 64 columns of bit-multiplexed coded bits from g2(D) of the two component codes, yk and y k.

1. Lower mother code rate of LTE turbo code to R=1/5 by introducing an additional parity bit to the constituent code.



[bookmark: _Ref450316370]Figure 1. Structure of rate 1/5 turbo encoder (dotted lines apply for trellis termination only).
Increased Info Block Size K
In LTE, the info block size K ranges from 40 bits to 6144 bits, where K is used for turbo encoding of one code block. Each K value has its corresponding QPP interleaver, which is defined by the parameter pair {f1, f2}.
For NR, if the info block sizes K is to be increased, then new QPP interleavers need to be defined for the new K values. In Table 1 below, new K values ranging from 6208 to 8192 are proposed with K granularity of 64 bits. In Table 1, the K=6144 entry is copied from existing QPP interleaver in LTE to show the extension of K. For each new K value, the QPP interleaver parameters {f1, f2} is provided.

1. Increase info block sizes of turbo code and define QPP interleaver for each of the new sizes. 

[bookmark: _Ref450316513]Table 1. QPP interleavers for K=6208 to K=8192.
	K
	

	


	6144
	263
	480

	6208
	49
	194

	6272
	97
	224

	6336
	65
	132

	6400
	49
	100

	6464
	51
	202

	6528
	25
	102

	6592
	51
	206

	6656
	51
	104

	6720
	53
	210

	6784
	27
	106

	6848
	53
	214

	6912
	53
	108

	6976
	55
	218

	7040
	27
	110

	7104
	55
	222

	7168
	55
	112

	7232
	57
	226

	7296
	29
	114

	7360
	57
	230

	7424
	57
	116

	7488
	77
	156

	7552
	29
	118

	7616
	59
	238

	7680
	59
	120

	7744
	31
	352

	7808
	31
	122

	7872
	61
	246

	7936
	61
	124

	8000
	31
	160

	8064
	83
	168

	8128
	63
	254

	8192
	33
	64




Other ways to Enhance Turbo Code
In addition to lower mother code rate and large info block sizes, other enhancements can be considered for turbo code. These include:
· Decrease the code rate further by introducing a third constituent code, and correspondingly a second turbo interleaver. For example, adding a third constituent code in Figure 1 lowers the code rate to 1/7. This is beneficial for further lowering the error floor of turbo code.
· Increase the number of states of the constituent code. Instead of 8-state convolutional code, 16-state convolutional code can be considered as a constituent code. This is also beneficial for further lowering the error floor of turbo code.
· Duo-binary instead of binary input. This is beneficial for improving the data throughput of the turbo decoder.
While enhancements proposed in Section 2 and 3 substantially reuse the LTE turbo code, the potential enhancements listed above involve much bigger change to the LTE turbo code. It should be carefully investigated if benefits of these enhancements outweigh the cost of redesign the turbo code.
Conclusion

In this contribution, we discuss potential enhancements to the LTE turbo code. Based on the discussion, we have the following proposals:

1. Lower mother code rate of LTE turbo code to R=1/5 by introducing an additional parity bit to the constituent code.
1. Increase info block sizes of turbo code and define QPP interleaver for each of the new sizes. 
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