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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.  In RAN #86bis meeting, the agreement was reached to use LDPC codes for eMBB for information block sizes > X, where X will be decided in RAN #87 meeting, and currently  bits.
In this contribution, we consider information block sizes and code rates agreed for: 1) eMBB, while taking into account that for    the decision to use LDPC code has been made and 2) for URLLC and mMTC. 
The agreed simulation parameters are as follows for the short information block sizes:
1) eMBB,     
· Modulation: QPSK, 64QAM
· Code rate: 1/5, 1/3, 2/5, ½, 2/3, ¾, 5/6, 8/9
· Information block length: 100, 400, 1000
2) URLLC and mMTC
· Modulation: QPSK
· 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 [2]. 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 [2]. In the same contribution, we also compared LDPC code vs Enhanced Turbo code, for a selected set of combinations of the above parameters. In contribution [3], we further investigated the performance of all these candidate channel coding schemes for relatively short information block sizes.  These previous studies demonstrated that turbo codes, LDPC codes, and Polar codes have comparable link performance for short information block sizes. In [4], Enhanced Turbo Code is described in which, instead of trellis termination as TS 36.212, tail-biting encoding for each component code is performed. This is applicable to both LTE Turbo code with mother code rate 1/3 as well as the proposed Turbo code with mother code rate 1/5. We refer to this code as Tail-Biting (TB) Turbo code. 
In this contribution, we compare the performance of Polar codes to the performance of the TB Turbo Codes and LDPC codes, for the simulation parameters specified above. In all the simulations, CRC is not used. Polar code uses Successive Cancelation List (SCL) decoding of list size 8. While in [5], a design of Polar codes, referred to as Parity-Check (PC)-Polar code was presented, in this contribution for the most part we focus on the performance of the non-precoded Polar codes. Only in Section 4, we present a performance comparison between PC-Polar vs TB Turbo. For TB Turbo codes, turbo mother code rate Rm=1/3 is investigated here for all code rates For the rest of the rates, mother code rate Rm = 1/5 enhanced LTE as discussed in [2] is used. 
Performance Comparison of TB-Turbo vs. Polar Codes for eMBB
In this section, we present a comparison between Tail-Biting Turbo codes and Polar Codes for eMBB channel and  specifically K=100, 400 and 1000.  Simulation assumptions like the code sizes and code rates are those agreed for the eMBB data. The tail-biting turbo codes are marked as “TB-Turbo” or “Turbo” in the legend of the figures.
The tail-biting turbo codes simulated are described in detail in [4]. The decoding algorithm used here is max-log-MAP with 8 iterations. A scaling factor of 0.75 is applied to the extrinsic LLRs.
For the Polar codes shown in this section, no precoding is applied to generate the parity check bits to assist with decoding (i.e., not PC-Polar as in [5]). The info sets are however optimized for each case. Successive Cancellation List decoding (SCL) with list size L=8 is applied.

2.1 QPSK, K=100

In Figure 1, performance comparison between TB Turbo codes and Polar codes are shown for K=100 bits and rates R={1/5, 1/3, 1/2, 2/3,3/4,5/6 and 8/9}.
From Figure 1, we observe that TB Turbo has a steeper slope of the BLER curve and hence in most of the cases outperforms Polar for lower values of BLER.
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Figure 1. Performance comparison between TB Turbo codes and Polar codes for K=100 bits and rates R={1/5, 1/3, 1/2, 2/3,3/4,5/6 and 8/9}.

2.2 QPSK, K=400
In Figure 2, performance comparison between TB Turbo codes and Polar codes for K=400 and rates R={1/5, 1/3,  2/5, 5/6 and 8/9}. From Figure 2, we observe that TB Turbo in general outperforms Polar codes for this case.
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Figure 2. Performance comparison between TB Turbo codes and Polar codes for K=400 and rates R={1/5, 1/3,  2/5, 5/6 and 8/9}.
2.3 QPSK, K=1000
In Figure 3, performance comparison between TB Turbo codes and Polar codes for K=1000 and rates R= 1/3, 2/5, 1/2, 2/3 and 8/9. From Figure 3, we observe that TB Turbo in general outperforms Polar codes for this case.
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Figure 3. Performance comparison between TB Turbo codes and Polar codes for K=1000 and rates R= 1/3, 2/5, 1/2, 2/3 and 8/9.


Performance Comparison of TB-Turbo vs. Polar Codes for URLCC and MMTC
In this section, we present a comparison between TB Turbo codes and Polar Codes for URLLC and MMTC channels.    Simulation assumptions like the code sizes and code rates are a subset of very small info block sizes agreed for URLLC and mMTC data. The other info block sizes agreed for URLLC and mMTC, i.e., K>=100 bits, the simulation results run for the eMBB case can be referenced.
3.1 QPSK, K=20
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Figure 4. Performance comparison between TB Turbo codes and Polar codes for K=20 and rates R=1/6, 1/3. For TB Turbo code, mother code of rate Rm=1/3 is used for code rate R=1/3 and mother code of rate Rm=1/5 is used for code rate R=1/6.
From Figure 4, we observe comparable performance of TB Turbo and Polar codes for K=20.

3.2 QPSK, K=40
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Figure 5. Performance comparison between TB Turbo codes and Polar codes for K=40 and rates R=1/12, 1/6, 1/3, 1/2. For TB Turbo code, mother code of rate Rm=1/3 is used for code rate R=1/3 and mother code of rate Rm=1/5 is used for code rate R=1/6, 1/12.

From Figure 4, we observe comparable performance of TB Turbo and Polar codes for K=40.

Performance Comparison TB-Turbo vs. PC-Polar
We next compare the performance of TB-Turbo vs PC-Polar. The data points for PC-Polar are taken from Excel sheet provided by Huawei at RAN #86bis meeting.
The difference between the Polar results shown in this section and Section 2 and 3 are:
· Section 2 and Section 3 use non- PC-Polar design. No precoding is applied to generate parity check bits to assist with SCL decoding. The Polar simulation results are attached in the Excel sheet that accompanies this contribution.
· This section uses PC-Polar results. Precoding is applied to generate parity check bits, which are transmitted as PC frozen bits. The PC frozen bits are utilized in the SCL decoder to improve decoding performance. The Polar simulation results are the list8 results of “Polar PC-SCL” accompanying R1-1610541.
From figures 6-8, we observe comparable performance of TB Turbo and Polar code, where PC-Polar is slightly better for K=100 bits and TB Turbo is better for K>100 bits and lower BLER values.
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Figure 6. Performance comparison between TB Turbo codes and PC-Polar codes for QPSK, K=100, and rates R={1/3, 2/5, 1/2, 2/3}. 
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[bookmark: _GoBack] Figure 7. Performance comparison between TB Turbo codes and PC-Polar codes for QPSK, K=400, and rates R=1/3, 2/5, 1/2, 2/3.
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Figure 8. Performance comparison between TB Turbo codes and PC-Polar codes for QPSK, K=1000, and rates R=1/3, 2/5, 1/2, 2/3.

Conclusion
In this contribution, we discussed channel coding candidates for short block lengths, Tail-Biting Turbo Codes and Polar codes.  Based on the discussion, we have the following observation and proposal:

Observation 1 Tail-biting Turbo codes and Polar codes exhibit comparable performance over all the range of parameters.
Observation 2 Tail-biting Turbo codes has a steeper slope of BLER curve and in general outperforms Polar code for lower BLER values.

1. Adopt Turbo codes for short information block sizes of eMBB data.
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