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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 scheme is listed as an area to investigate.
In RAN1#84bis meeting, simulation assumptions were agreed for the eMBB, URLLC, and mMTC scenarios. The information block sizes and code rates agreed for URLLC and mMTC are used in this study. These parameters are as follows:
· Code rate:  1/12, 1/6, 1/3
· Info. block length*** (bits w/o CRC): 20, 40, 200, 600, 1000

In RAN1#85 meeting, we introduced Enhanced Turbo code with mother code rate of R=1/5 [1]. We then presented performance comparison between Turbo code vs. Polar code, and Enhanced Turbo code vs. Polar code for the above simulation assumptions i.e., the URLLC and mMTC scenarios [1]. In the same contribution, we also compared LDPC code vs Enhanced Turbo code, for a selected set of combinations of the above parameters. In RAN1#85 meeting, we also presented an Enhanced TBCC code [2].  In this contribution, we further investigate the performance of all these candidate channel coding schemes for relatively short information block sizes.  
Clearly the observation obtained in this study applies whenever short information block lengths and low code rate are used, including those in eMBB scenario.
Our study shows that turbo codes, LDPC codes, and Polar codes demonstrate comparable link performance for short information block sizes as well. 
Performance Comparison of Turbo Code vs. Polar Code 
In this section, we present a comparison between Turbo codes and Polar Codes short block lengths such as those used for URLLC, MMTC scenarios as well as certain eMBB conditions. 
The LTE turbo mother code rate Rm=1/3 is investigated here, and it is called “LTE turbo code”. The mother code rate Rm = 1/5 enhanced LTE as discussed in [8], and repeated in the appendix, are also used in the study; and it is called “Enhanced Turbo code”. For the rate 1/3 simulation, the Rm =1/5 Enhanced Turbo is reduced to the LTE turbo code.  
In the comparison, Turbo code does not use CRC whereas Polar code uses Successive Cancelation (SC) List decoding of list size 32, aided with CRC decoding. The LTE 16-bit CRC is added for the latter case. 
R=1/3
Figure 1 shows the performance comparison of Turbo and Polar codes for the case R=1/3. We observe that the two codes have comparable performance. Turbo code outperforms Polar codes for k=20 due to the high CRC overhead attached to the Polar code.
The comparable performance is observed despite of the larger codeword used by Polar code. Larger codeword means that larger memory is required to store the soft channel bits. Larger codeword also means the decoding is done with relatively higher complexity. As shown in Table 1, the polar decoder requires 1.1 – 1.7 times as much soft channel bits storage, and decoding of a correspondingly large codeword.

Table 1. Code sizes for rate 1/3.
	Info block size (bits)
	20
	40
	200
	600
	1000

	Codeword size (bits) of Turbo
	60
	120
	600
	1800
	3000

	Codeword size (bits) of Polar
	64
	128
	1024
	2048
	4096

	(Codeword size of Polar) / (Codeword size of turbo)
	1.1
	1.1
	1.7
	1.1
	1.4




[image: ]
Figure 1. Turbo code vs. Polar code performance comparison for rate R=1/3 and QPSK.

R=1/6
In Figure 2, performance curves are shown for Rm=1/3 LTE Turbo code and Polar L=32 SCL decoding. Figure 2 shows the case of R=1/6. For k=20, LTE Turbo code outperforms Polar code due to the CRC overhead in Polar code. For larger k, Polar code with list size =32 is slightly better than the LTE Turbo code.

[image: ]
Figure 2. Turbo code vs. Polar code performance comparison for rate R=1/6 and QPSK

Figure 3 shows the performance comparison between Rm=1/5 Enhanced Turbo code and Polar code for the case R=1/6. We observe comparable performance of the two codes. 
The comparable performance is observed despite of the repetition used in turbo code to achieve R=1/6, as compared Polar codes where no repetition is used. As shown in Table 2, the polar decoder requires 1.3 – 2 times as much soft channel bits storage, and decoding of a correspondingly large codeword.
Table 2. Code sizes for rate 1/6.
	Info block size (bits)
	20
	40
	200
	600
	1000

	Codeword size (bits) of Rm=1/5 Enhanced Turbo
	100
	200
	1000
	3000
	5000

	Codeword size (bits) of Polar
	128
	256
	2048
	4096
	8192

	(Codeword size of Polar ) / (Codeword size of Rm=1/5 Enhanced Turbo)
	1.3
	1.3
	2.0
	1.4
	1.6



[bookmark: _Ref395015271][image: ]
Figure 3. Enhanced Turbo code vs. Polar code performance comparison for rate R=1/6 and QPSK. For Turbo code, mother code of rate 1/5 is used.
R=1/12

In Figure 4, performance curves are shown for Rm=1/3 LTE Turbo code and Polar L=32 SCL decoding. Figure 4 shows the performance comparison for rate R=1/12. For k=20, the two codes have comparable performance whereas for larger k, Polar code outperforms LTE Turbo code. 
Since the mother code rate of LTE Turbo code is Rm = 1/3, the code rate 1/12 is reached by 4 times repetition of the LTE codeword. For polar code, a codeword of dedicated rate 1/12 is used without repetition. This leads to the performance difference between LTE Turbo code and Polar code.
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Figure 4. Turbo code vs. Polar code performance comparison for rate R=1/12 and QPSK

Figure 6 shows the performance comparison between Rm=1/5 Enhanced Turbo code vs Polar code for rate R=1/12. Again, the two codes show comparable performance for smaller k. Since the mother code rate of Enhanced Turbo code is 1/5, hence the code rate 1/12 is reached by repetition beyond 1/5.
Repetition leads to degraded code performance of turbo, as compared non-degraded performance of Polar codes since no repetition is used. On the other hand, repetition allows much less soft channel bits storage and simpler decoder. As shown in Table 3, the polar decoder requires 2.6 – 4.1 times as much soft channel bits storage, and decoding of a correspondingly large codeword. 
Table 3. Code sizes for rate 1/12.
	Info block size (bits)
	20
	40
	200
	600
	1000

	Codeword size (bits) of Rm=1/5 Enhanced Turbo
	100
	200
	1000
	3000
	5000

	Codeword size (bits) of Polar
	256
	512
	4096
	8192
	16384

	(Codeword size of Polar) / (Codeword size of Rm=1/5 Enhanced turbo)
	2.6
	2.6
	4.1
	2.7
	3.3
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Figure 5. Enhanced Turbo code vs. Polar code performance comparison for rate R=1/12 and QPSK.

Performance Comparison of Turbo Code vs. LDPC Code
We next compare the performance of Turbo code vs LDPC.  

For LDPC simulation, sum-product decoding algorithm with 50 iterations are used for the purpose of LDPC performance calibration between companies. If the LDPC codes are decoded with more realistic decoding algorithm, e.g., adjusted min-sum with layered decoding and 15 iterations, performance degradation is expected. For turbo code simulation, the realistic decoding algorithm is used, i.e., max-log-MAP with 0.75 scaling factor and 8 iterations. 

“Turbo” indicates LTE turbo code with mother code rate 1/3. Hence code rate lower than 1/3 are achieved via repetition.
“Enhanced Turbo” indicates LTE turbo enhanced to code rate 1/5. Hence code rate lower than 1/5 are achieved via repetition.

K=40
[image: ]
Figure 6. Enhanced Turbo code vs. Polar code performance comparison for rate K=40 and QPSK.


K=200
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Figure 7. Enhanced Turbo code vs. Polar code performance comparison for rate K=200 and QPSK.

K=600
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Figure 8. Enhanced Turbo code vs. Polar code performance comparison for rate K=600 and QPSK.

K=1000
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Figure 9. Turbo code vs. Polar code performance comparison for rate K=1000 and QPSK.


Conclusion

In this contribution, we discussed channel coding candidates for short block lengths, including TBCC, Turbo Codes, Enhanced Turbo codes, LDPC codes and Polar codes. We also present performance comparison between 1) Rm=1/3 Turbo code vs Polar codes and Rm=1/5 Enhanced Turbo code vs Polar code, for short block lengths.  Based on the discussion, we have the following observation and proposal:

Observation 1 For short information block lengths and rate between 1/3 and 1/12, Turbo code with mother code rate 1/5 achieve comparable performance as Polar codes 
Observation 2 For short information block lengths and rate between 1/3 and 1/12, Turbo code with mother code rate 1/5 achieve comparable or better performance than LDPC codes.
[bookmark: _GoBack]

1. Adopt Rm=1/5 Enhanced Turbo codes for error protection of short block lengths for eMBB, URLLC, and MMTC.
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I think we can remove the Appendix, I cited [1] for the description.
Appendix. Enhanced Turbo Code with Lower Code Rate 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 Error! Reference source not found., 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.



Figure 6. Structure of rate 1/5 turbo encoder (dotted lines apply for trellis termination only).
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