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1. Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on "Scenarios and Requirements for Next Generation Access Technologies" was approved [1]. This study item consider three types of usage scenarios for NR, which are eMBB(enhanced Mobile Broadband), mMTC(massive Machine Type Communication), and URLLC(Ultra Reliable and Low Latency Communications). For control channel, it was agreed to evaluate different channel codes based on agreement for simulation assumptions. 
In this contribution we evaluate channel coding performances based on the control channel assumptions.
2. Discussion
The simulation assumption for channel coding performance evaluation for the control channel is described as follows:

Table 1 Simulation assumptions for control channel

	Channel
	AWGN

	Modulation
	QPSK

	Coding scheme
	Repetition
	Simplex
	TBCC
	Reed-Muller
	Polar

	Decoding algorithm
	1/24, 1/12, 1/6, 1/3, 1/2, 2/3

	Decoding algorithm
	ML
	ML
	List-Viterbi
	FHT
	SC list

	Info Block length
	1, 2, 4, 8, 16, 32, 48, 64, 80, 120, 200


Based on the agreement in [2], code rate 1/24 is valid for info block length of 1~2bits. List decoding algorithm using CRC can be used for TBCC and Polar code to enhance the decoding performance. For list decoding algorithm, 16-bit CRC is aided to use CRC-aided successive cancelation list decoding algorithm for Polar code. 
For the TBCC and Reed-Muller code, we reuse design rules which are defined in LTE spec. For the Polar code evaluation, The Gaussian approximation algorithm is used to determine location of frozen bit [3]. The fixed SNR values for Gaussian approximation are used for each coding rate, 0dB, -3dB and -5dB is used for 1/3, 1/6 and 1/12 code rate respectively. To achieve best performance for polar code, the native rate which is close to the target rate is selected for each scenario. For the polar code rate matching, repetition or puncturing are used. We use QUP (Quasi Uniform Puncturing) pattern for puncturing which is described in [4].
Base on the simulation result, we evaluate the performance of control channel coding schemes. Simulation results are attached in Appendix.

Information: 1-2bits
For the 1-2bits information, we compare the simulation results for repetition, simplex and Reed-Muller codes. CRC is not attached in this evaluation. In case of 1 bit, repetition code and Reed-Muller code have same encoding / decoding structure. Thus, they show same performance on 1 bit information. As shown in Figure 1, repetition code and Reed-Muller code shows better performance than simplex code. Meanwhile, in case of 2 bits, simplex code shows best performance for all code rates as shown in Figure 2. Repetition code and Reed-Muller code shows similar performance in this bit size. Thus it is preferable to use repetition code for 1 information bit and simplex code for 2 bits information like in LTE
Observation 1: When information bit size is 1, repetition code and Reed-Muller code performs better than simplex code.
Observation 2: When information bit size is 2, simplex code performs better than repetition code and Reed-Muller code.

Proposal 1: Use repetition code when information bit is 1, and use simplex code when information bit is 2.
Information: 4-8bits
For the 4-8bits information, we compare the simulation results for repetition, and Reed-Muller codes. CRC is not attached in this evaluation. In this region, Reed-Muller code outperforms repetition code in all cases as shown in Figure 3and Figure 4. In case of information bit size is 8, code rate 1/6 Reed-Muller performs better than code rate 1/12 repetition code.

Observation 3: When information bit size is 4 or 8, Reed-Muller code outperforms repetition code.
Proposal 2: Use Reed-Muller code when information bit is 4~8.

Information: 16 bits
For the 16 bits information, we compare the simulation results for Reed-Muller code and TBCC. In this case, we CRC is not used for both schemes, and TBCC do not use list decoding algorithm. Figure 5 shows that Reed-Muller code performs better than TBCC when code rate is 1/2 and 1/12. In case of 1/3 and 1/6 code rate, TBCC shows same performance with Reed-Muller code.
Observation 4: When information bit size is 16, Reed-Muller shows better performance than TBCC.
Information: 32-200 bits
For the 32~200bits information, we compare the simulation results for TBCC and Polar code. In this case, list-Viterbi algorithm and SC list algorithm with 16 bits CRC are used for TBCC and Polar code respectively. 
Evaluation result for code rate 2/3 is shown from Figure 6 to Figure 11, and for code rate 1/2 is shown from Figure 12 to Figure 17. As shown in the evaluation results, TBCC performs better than Polar code in high code rate region. In this region Polar code may have small number of frozen bit and/or large number of puncturing bits. Thus TBCC is more suitable when channel coding require high code rate.
Observation 5: When code rate is 2/3 and 1/2, TBCC outperforms Polar code.

In the region of code rate 1/3, TBCC outperforms Polar code when number of information bit is small (e.g. 32, 48, and 64 bits) as shown in Figure 18, Figure 19, and Figure 20. In case of information bit is 80 and 120, TBCC performs better than Polar code around 0.2 ~ 0.3dB. Figure 21 and Figure 22 shows that performances of list 8 TBCC is slightly better than performances of list 32 Polar code. When the number of information bit is 200, Polar code shows similar performance with TBCC when list size is 1, but TBCC with list 32 performance better than Polar code with list 32 around 0.2dB.
Observation 6: When code rate is 1/3 and information bit size is less than 120, TBCC performs better than Polar code. Moreover, TBCC with list size 8 is shows better performance than Polar code with list size 32.
When code rate is 1/6 and 1/12 and the number of information bit is small (e.g. 32, 48, and 64 bits), TBCC performs better than Polar code as shown in Figure 24~Figure 26 and Figure 30~Figure 32. Moreover, list 8 TBCC performs better than list 32 Polar code. When information bit is 80~120 and list size is small (e.g. list 1 and 2), Polar code performs better than TBCC in the low code rate region (1/6 and 1/12) as shown in Figure 27, Figure 28, Figure 33, and Figure 34. However, with larger list size (e.g. list 8, 16, and 32), TBCC shows better performance than Polar code. With 200 information bit and low code rate, Polar code shows better performance than TBCC as shown in Figure 29 and Figure 35.
Observation 7: When code rate is 1/6 and 1/12, TBCC shows better performance than Polar code when the numbers of information bits are 32, 48, and 64.

Observation 8: When code rate is 1/6 and 1/12, and information bit size is 200, Polar code performs better than TBCC. 

According to the simulation results, TBCC shows better performance than Polar code in most of cases when same list size is used. Moreover, list 8 TBCC performs better than list 32 Polar code in some cases. Thus, it is preferable to use TBCC for the control channel coding when information bit size is 32~200.
Proposal 2: Use TBCC for the control channel when information bit is 32~200.
3. Conclusion

In this contribution, we present performance results to compare control channel coding schemes. The observations and proposal of our contributions are as follows:

Observation 1: When information bit size is 1, repetition code and Reed-Muller code performs better than simplex code.
Observation 2: When information bit size is 2, simplex code performs better than repetition code and Reed-Muller code.
Observation 3: When information bit size is 4 or 8, Reed-Muller code outperforms repetition code.
Observation 4: When information bit size is 16, Reed-Muller shows better performance than TBCC.
Observation 5: When code rate is 2/3 and 1/2, TBCC outperforms Polar code

Observation 6: When code rate is 1/3 and information bit size is less than 120, TBCC performs better than Polar code. Moreover, TBCC with list size 8 is shows better performance than Polar code with list size 32.

Observation 7: When code rate is 1/6 and 1/12, TBCC shows better performance than Polar code when the numbers of information bits are 32, 48, and 64.

Observation 8: When code rate is 1/6 and 1/12, and information bit size is 200, Polar code performs better than TBCC. 

Proposal 1: Use repetition code when information bit is 1, and use simplex code when information bit is 2.
Proposal 2: Use Reed-Muller code when information bit is 4~8.

Proposal 3: Use TBCC for the control channel when information bit is 32~200.
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5. Appendix: Simulation results
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