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Introduction
 In RAN1 #87 meeting, Polar code was adopted for uplink control information and decided as a working assumption for downlink control information [1]. In RAN1 Jan NR ad-hoc meeting, above working assumption was confirmed. Channel coding schemes for very short length control information, such as rank indicator (RI), ACK/NACK signal, and channel quality indicator (CQI) should be further discussed and evaluated. 
In this proposal, we summarized our companion proposals [2-4] and propose the channel coding scheme for each use case of control information.
Coding schemes for Very Short Codes Block in LTE
1 
2 
 We introduced channel coding schemes for short length control information in LTE system. The current type of RM code, the sub-code of the second order RM code, has been used for control information in all 3GPP standards including WCDMA, HSPA, and LTE, due to its good performance and low ML decoding complexity. Hence, RM code is the most commercially matured short block codes. In LTE system, several channel coding schemes are used depending on the control information size as summarized in following table:

Table 1. Summary of channel coding for short length information in LTE
	
	Control Information
	Channel coding scheme

	Uplink
	HARQ, Rank Indicator, 1-2 bits
	Repetition code, Simplex code

	
	CQI < 11bits,  HARQ > 2 bits
	(32,11), (20,13) Reed-Muller code

	
	CQI > 11
	TBCC

	Downlink
	DCI
	TBCC

	
	CFI (2bits)
	Simplex code

	
	HARQ Indicator (1 bit)
	Repetition code



In detail, RM codes with two different size are used for PUSCH and PUCCH, respectively, that is, (32,11) for PUSCH and (20,13) for PUCCH. For 11<K<22 case for UCI, dual RM code, information segmentation and independent encoding, is used in LTE system. 

Modified Generating matrix for Reed-Muller code 
In proposal [2], we proposed the modified generating matrix for RM to improve the performance. The proposed RM code can support the whole range of information size, 1≤k≤11 for B=32 codeword size and 1≤k≤13 for B=20 codeword size, and show the optimized minimum distance property. Moreover, the proposed RM code reuse the same encoding process as LTE RM code as following figure and formula:


Fig 1. Generating Matrix of the proposed RM code

B: Codeword size, 32 or 20
K: The number of control information bits 


,	 where i=0,1,2,…,B-1, and .

Observation 1: The proposed RM code can reuse the same encoding process with LTE RM code.

Decoder Structure for the proposed RM code
In proposal[3], we show that the proposed RM code can use the exactly same decoder with LTE for k > 3 as shown in Fig 2 and reuse LTE RM decoder for k≤3 without the additional HW increase from the current RM decoder.
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Fig 2. Decoder structure for the sub-code of 2nd order Reed-Muller code

Observation 2: The decoder for the proposed RM code can fully reuse the current RM decoder.
Observation 3: The proposed RM code can be decoded by ML decoding based on IFHT with low complexity.

Performance Evaluation for the proposed RM code
In proposal [2-3], we show the performance of the proposed RM code in the following condition.
· AWGN Channel
· QPSK Modulation
· Information length : For B=32, 1≤k≤11 ; For B=20, 1≤k≤13
As shown in Figs 3 and 4, the performance of proposed RM code is better than that of LTE RM code. In this simulation, we use the decoding algorithm described in the previous section, i.e., ML decoding based on IFHT.
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Fig 3. Performance comparison of (32,K) LTE RM code and proposed RM code
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Fig 4. Performance comparison of (20,K) LTE RM code and proposed RM code

Observation 4: The proposed RM code performs better than LTE RM codes.

Dual RM code
[bookmark: _GoBack]In proposal [4], we analyse the performance of dual RM code compared to Polar code. As shown in Fig 5-8, Polar code outperform dual RM code for 11<k≤22. In system performance aspect, dual RM code is not desirable for 11<k≤22. Therefore, many other channel coding options should be considered.
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Figure 5.  BLER performance comparison between dual RM code and CA-polar code ()
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Figure 6. BLER performance comparison between dual RM code and CA-polar code ()

[image: ]
Figure 7.  BLER performance comparison between dual RM code and CA-polar code ()
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Figure 8. BLER performance comparison between dual RM code and CA-polar code ()

Observation 5: CA-polar codes outperform dual RM codes with 

Coding schemes for Very Short Codes Block for NR
In our companion proposals [2-4], we show that the proposed RM code can support with high performance and no HW increase for the whole range 1≤k≤13 with B=20 or 1≤k≤11 with B=32. Therefore, we propose the channel coding schemes for very short length control information.

Proposal 1: The proposed RM code[2] is used for the cases of 1≤k≤13 with B=20 and 1≤k≤11 with B=32.
Proposal 2: Repetition and (3,2) simplex is used only for 1-bit and 2-bit information 

Conclusion 
In this proposal connecting with our companion proposal, we have the following observation and proposal.

Observation 1: The proposed RM code can reuse the same encoding process with LTE RM code.
Observation 2: The decoder for the proposed RM code can fully reuse the current RM decoder.
Observation 3: The proposed RM code can be decoded by ML decoding based on IFHT with low complexity.
Observation 4: The proposed RM code performs better than LTE RM codes.
Observation 5: CA-polar codes outperform dual RM codes with 

Proposal 1: The proposed RM code[2] is used for the cases of 1≤k≤13 with B=20 and 1≤k≤11 with B=32.
Proposal 2: Repetition and (3,2) simplex is used only for 1-bit and 2-bit information 
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