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1. [bookmark: _Ref298777854]Introduction
In RAN WG1#88 meeting, the following conclusion on very small block length is reached [1]
Conclusion: 
For very small block lengths:
1. For evaluations to be submitted to RAN1#88bis of channel code for very small block lengths, evaluate both BLER and error detection capability for comparison
0. FFS the error detection targets
1. FFS whether the receiver knows in each case whether a codeword is transmitted and the format thereof
1. FFS whether the coding scheme is the same on control and data physical channels
1. FFS the details of the selection criteria

In LTE, the very small block lengths correspond to CFI on PCFICH, ACK/NACK/CSI on PUCCH/PUSCH. The length of very small block varies from one bit to 22 bits in LTE. Different channel coding schemes are applied for different channel. For example, RM is used for CQI of CSI on PUCCH.
In this contribution, we evaluate various channel coding schemes for very small block length including RM code, Golay code and Polar code.
1. Comparison of RM, Golay and Polar code
Evaluation
Targeting at “0.1% BLER”, some simulations are performed. The simulation settings are listed in Annex A. For 3 – 11 bits RM code, the generation matrix is from [3] and is listed in Annex B. For 12 to 22 bits RM code, the generation matrix is listed in Annex C where the Dual RM code is applied for 13 to 22 bits. For 3 – 12 bits Golay code, the generation matrix is from [4] and is listed in Annex D. For 13 – 22 bits Dual-Golay code, the generation matrix is the first 24 rows of that from [4]. In addition, the decoding algorithm for Golay code is ML (not OSD in [4]). The simulation results are illustrated in the following Figure 1 and Figure 2.
Based on these figures, it is observed that the RM code, and Golay code and Polar code have similar performance for 3 – 12 bits block information, especially for (32, O). For 13 – 22 bits block information in (48, O), the PC-Polar performs better. Hence, we have the following observations.
Observation 1: For very small block length of 3 to 12 bits, RM code, Golay code and Polar code have similar performance, especially for (32, O).
Observation 2: For small block information length of 13 to 22 bits, Polar performs better.
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Figure 1 Required SINR of RM, Golay and Polar for different information length under AWGN
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Figure 2 Required SINR of dual-RM, dual-Golay and Polar for different information length under AWGN
Minimum Hamming distance
For 3 – 11 bits RM, Golay and Polar code, the minimum Hamming distances can be found in [4] which are also listed in Annex E.
For 13 – 22 bits with dual-RM, two RM (24, O) are applied. If the input information bits were an odd number, then the first “O” is a floor(·) of the half of number of input information bits and, the second “O” is a ceil(·) of the half of number of input information bits. For the computation of minimum Hamming distance, the generation matrix for the greater “O” is applied. Similarly, for dual-Golay, two Golay (24, O) are applied. The computation of the minimum Hamming distance is similar to that of Dual-RM by replacing the corresponding generation matrix. Table 1 lists the minimum Hamming distance for dual-RM, dual-Golay and Polar codes
From this table, it can be observed that the minimum Hamming distances for RM, Golay and Polar are very close, especially for small block length.
Table 1  The minimum Hamming distance for dual-RM, dual-Golay and Polar codes
	N
	Type
	K=13
	K=14
	K=15
	K=16
	K=17
	K=18
	K=19
	K=20
	K=21
	K=22

	48
	Dual-Golay
	9
	9
	8
	8
	8
	8
	8
	8
	8
	8

	
	Dual-RM
	9
	9
	9
	9
	9
	9
	9
	9
	4
	4

	
	PC-Polar
	8
	8
	8
	8
	8
	8
	8
	8
	8
	8



Implementation complexity
For RM code, there are a lot of mature algorithms with good performance for decoding such as ML, FHT, etc. For small block length, the FHT almost has the same performance to that of ML but with much low complexity.
If ML were applied for Golay decoding, then the Golay code has similar performance and complexity to that of RM code. The ML requires a lot of memory especially for large block length but it is not for FHT.
For Polar code, for very small K (e.g., 3 to 11), we could also use ML decoding algorithm with similar complexity to that of RM or Golay code. While for larger K (e.g., > =12), we can use PC-SCL. Its complexity is much lower than that of ML. Take K = 12 for example, the computation complexity of ML is 2^12=4096, the complexity of PC-SCL is L*N*log2(N)= 8*32*5 = 1280.
Take performance, minimum Hamming distance and complexity into consideration, we have the following proposal.
Proposal 1: Polar code is adopted for the channel coding scheme for very small block length.
1. Conclusion
In this contribution, we discuss some aspects on channel coding for very small block length. We have the following observations and proposal:
Observation 1: For very small block length of 3 to 12 bits, RM code, Golay code and Polar code have similar performance, especially for (32, O).
Observation 2: For small block information length of 13 to 22 bits, Polar performs better.
Proposal 1: Polar code is adopted for the channel coding scheme for very small block length.
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[bookmark: _Annex_A:_Settings]Annex A: Settings for simulation[2]

	[bookmark: _Annex_B:_Simulation]Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Golay
	Reed-Muller
	Polar 

	Code rate (for evaluation purposes)
	3/32 ~ 11/32 ~ 11/20

	Decoding algorithm** 
	ML
	FHT
	SC list 

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	3, 4, 5, 6, 7, 8, 9, 10, 11, 12, …… 22



[bookmark: _Annex_B:_Basis]Annex B: Basis sequences for RM (32, O) code [3]
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



[bookmark: _Annex_C:_Basis]Annex C: Basis sequences for Dual-RM code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



[bookmark: _Annex_D:_Basic]Annex D: Basic sequence for block code based on Golay code [4]
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	  0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0

	5
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	6
	0
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0

	7
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0

	8
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0

	9
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0

	10
	1
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	0

	11
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	12
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	13
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	1

	14
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1

	15
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	1

	16
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1

	17
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1

	18
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	19
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1

	20
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	21
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1

	22
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	23
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	24
	0
	0
	1
	1
	0
	1
	1
	1
	1
	0
	0
	0

	25
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	0

	26
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	1
	1

	27
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1

	28
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	1

	29
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0

	30
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1

	31
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0



[bookmark: _Annex_E:_The]Annex E: The minimum Hamming distance for three kinds of the codes [4]
	N
	Type
	K=3
	K=4
	K=5
	K=6
	K=7
	K=8
	K=9
	K=10
	K=11
	K=12

	20
	Golay
	10
	10
	8
	8
	8
	8
	7
	6
	5
	4

	
	RM
	8
	8
	8
	8
	6
	6
	6
	6
	4
	

	
	PC-Polar
	8
	8
	8
	8
	4
	4
	4
	4
	4
	4

	24
	Golay
	12
	12
	10
	10
	9
	8
	8
	8
	8
	8

	
	RM
	10
	9
	9
	9
	7
	7
	6
	6
	4
	

	
	PC-Polar
	8
	8
	8
	8
	8
	8
	8
	6
	4
	4

	32
	Golay
	17
	16
	16
	13
	12
	11
	11
	10
	9
	9

	
	RM
	16
	16
	16
	16
	12
	12
	12
	12
	10
	

	
	PC-Polar
	16
	16
	16
	16
	8
	8
	8
	8
	8
	8
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