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1. Introduction
In last RAN1 #87 meeting, the polar code was adopted for uplink control channel and became working assumption for downlink control channel [1]. In this contribution we discuss the polar code design issues for NR control channel.

Discussion
[bookmark: _GoBack]For the control channel coding scheme, false alarm rate is crucial metric as well as BLER. In general, false alarm rate can be increase when CRC aided list decoding algorithm is used for polar code. When N bit CRC and L size list decoding is used, false alarm rate of the polar code can be expressed as

The PC polar code, which is proposed in [2], is a technique that uses PC-frozen bits to prune the list tree. In this technique, CRC is not used for error correction. Thus false alarm rate of PC polar code is not affected by list size. In this case, false alarm rate of the PC polar code can be expressed as

In this contribution, we compare conventional polar code and PC polar code for the control channel of NR. To compare conventional polar code and PC polar code with same false alarm rate, different CRC length is used for the list decoding. Especially, we consider the case when L=8 list decoding is used for both coding schemes while CRC length for conventional polar code is 3 bit longer than CRC length for PC polar code. 
The simulation assumption for channel coding performance evaluation is described as follows:
Table 1 Simulation assumptions for control channel
	Channel
	AWGN

	Modulation
	QPSK

	Coding scheme
	Polar
	PC polar

	Code rate
	1/3

	Decoding algorithm
	SCL- List 8
	PC-SCL- List 8

	Info Block length
	16, 32, 48 ,64, 100, 184

	CRC length
	8, 11, 13, 16
	8, 13



Based on simulation assumption, we evaluate the required SNR to achieve BLER=10-2 for conventional polar code and PC polar code with various information block length. Note that CRC length for polar code is 3 bit longer than CRC length PC polar code while rate matching bit size is determined based on PC polar code for both cases, which effective code rate of polar code becomes higher than that of PC polar due to additional CRC overhead. Figure 1 shows the evaluation results for conventional polar code with length 11 CRC and PC polar code with length 8 CRC. Figure 2 shows the evaluation results for conventional polar code with length 16 CRC and PC polar code with length 13 CRC. As shown in these figure, conventional polar code and PC polar code have similar required SNR performance. 
Observation 1: Conventional polar code with N bit CRC has similar required SNR performance with PC polar code with N-3 bit CRC when L=8 list decoding algorithm is used.
If SC decoding (e.g., L=1) would be considered for polar decoder, it is not necessary to employ PC frozen bit assignment because PC frozen bit would be used for pruning the list tree. However, it should be noted that there exists trade-off between BLER performance and complexity.

2. Conclusion
In this contribution, we discuss coding scheme requirements for the control channel in terms of false alarm rate and BLER. The observation of our contribution is as follow:
Observation 1: Conventional polar code with N bit CRC has similar required SNR performance with PC polar code with N-3 bit CRC.
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Appendix: Simulation results

Figure 1  Required SNR for 11-CRC polar code vs 8-CRC PC polar code


Figure 2  Required SNR for 16-CRC polar code vs 13-CRC PC polar code
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