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1. Introduction
In RAN1 #87 meeting, polar code was adopted for uplink control channels and was a working assumption for downlink control channels. In RAN1 ad-hoc meeting, working assumption was confirmed. However, RAN1 still didn’t clarify the channel coding scheme for very short-length control information, such as rank indicator (RI), ACK/NACK signal, and channel quality indicator (CQI). 
Reed-muller (RM) codes are a good candidate as a channel coding scheme for control information in terms of performance and decoding complexity. However, RM codes have optimized performance when the number of information bits (k) is smaller than 11 due to their design parameters. In order to support UCI transmission for multiple ACK/NACK signal, we should consider the channel coding scheme for k > 11. In this contribution, we discuss possible channel coding candidates for k > 11 and evaluate their performance.

2. Candidate Coding Schemes for UCI
We can consider two separate cases of UCI transmission, i.e.,  and . For the case of , polar codes may be a proper choice since their performance has been clarified during discussion of channel coding schemes for eMBB control channels. Hence, we will focus on the case of  in this contribution. The following three options may be considered for channel coding schemes for UCI transmission with .     
· Option 1: Dual RM codes
· Option 2: (64, 22) Optimal Block Code
· Option 3: Polar codes

2.1 Dual RM Codes  
In LTE, dual RM codes were adopted for UCI with  in order to reuse the existing (32,11) RM code. In the encoding procedure, UCI is first divided into two segmented information block and then each block is independently encoded by RM code. However, the performance of dual RM codes is significantly degraded because of their code construction. Considering on their minimum distance aspect, that of dual RM codes is the same as that of single RM code. The minimum distance property of the dual RM codes is compared with the optimal bound [1] in Table 1. In Table 1, dual RM codes are made by LTE RM code or new RM code [2].

Table 1. Comparison of the minimum distance
	k
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	Optimal bound
	24-27
	24-26
	24-26
	24
	24
	22-24
	22-23
	20-22
	18-22
	18-22
	16-21

	Dual RM codes  (w/ LTE RM code)
	16
	12
	12
	12
	12
	12
	12
	12
	12
	10
	10

	Dual RM codes  (w/ RM code [2])
	16
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12


2.2 (64, 22) Optimal Block Code 
[bookmark: _GoBack]If we consider the optimal (64, 22) block code based on Table 1, it can be guaranteed that optimal performance for UCI with. However, the decoding complexity can be significantly increased to support ML decoder. With relatively efficient ML decoder for RM codes, trade-off between decoding complexity and performance should be further investigated.
2.3 Polar Codes
In RAN1 ad-hoc meeting, polar code was adopted as a channel coding scheme for control channel except very short length case. Hence, polar code can be one of candidate channel coding option for the very short length control information in NR system. Based on performance comparison between polar codes and dual RM codes, it is a reasonable approach polar codes to consider the channel coding scheme for UCI with. 

3. Performance Evaluation 
We compare the block error rates (BLERs) of polar codes and dual RM codes under the setting described in Table 1. In this section, we select CRC-concatenated polar (CA-polar) codes [3]. The number of CRC bits for CA-polar codes is set to three in order to use them to correct decoding errors in the successive-cancellation list (SCL) decoding algorithm employed for CA-polar codes. On the other hand, dual RM codes do not use any CRC bits since it is not necessary. 
Table 2. Evaluation parameters 
	Parameter
	CA-polar code 
	Dual RM code

	Code construction
	Ordered sequence in [4]
	Based on LTE RM or RM code in [2]

	Decoder
	SCL decoder with list size 8
	ML decoder based on IFHT

	Number of CRC bits
	3
	0 

	Number of information bits (k)
	12, 16, 18, 22

	Code length
	64


The BLER performance of CA-polar codes, dual RM codes based on LTE RM codes, and dual RM codes based on RM codes [2] is shown from Fig. 1 to Fig. 4. In all simulation cases, CA-polar codes outperform both dual RM codes. The performance gap is about 0.5 dB and 1.0 dB in case of k=12 or 22 and k = 16 or 18, respectively. Even though dual RM codes based on RM codes [2] have better performance than dual RM codes based on LTE RM codes when k equal to 22, their performances are worse than that of CA-polar codes.
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Figure 1 BLER performance comparison between dual RM code and CA-polar code ()
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Figure 2 BLER performance comparison between dual RM code and CA-polar code ()
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Figure 3 BLER performance comparison between dual RM code and CA-polar code ()
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Figure 4 BLER performance comparison between dual RM code and CA-polar code ()

4. Conclusion
In this contribution, we compared the performance of CA-polar codes and dual RM codes. Finally, we have the following observation based on the discussion and performance evaluation. 
Observation 1: CA-polar codes outperform dual RM codes with 
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