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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #85, and 86, 86bis , 87 several contributions showed the performance of channel coding schemes for control channel or for short block lengths. The following agreements were made in RAN1 #87
Agreement: 
· UL eMBB data channels:
· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes (to be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, implementation complexity and flexibility)
· (Note that it is already agreed to adopt LDPC for large block sizes)
· DL eMBB data channels:
· Adopt flexible LDPC as the single channel coding scheme for all block sizes
· UL control information for eMBB
· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity

Since Polar coding was chosen as the coding scheme for control channel for medium to large block lengths. However, for very short block lengths RAN1 has not decided whether to choose polar code or some other code. In addition, what is meant by very short is not clear.  Hence, in this contribution, we analyze the performance of polar code with other block codes to decide and when to choose to polar code for both down link and uplink control channels.
Control Channel Coding Schemes 
[bookmark: _Ref378529477]In this contribution, we consider three candidate channel coding schemes for control channel without CRC. The candidate channel coding schemes are 
a. Repetition Code:  In this scheme, the information bits are encoded using a repetition code, similar to coding for PCFICH type of signal in LTE. 

b. Reed-Muller Code:  In this scheme, the information bits are encoded using a Reed-Muller (RM) code. For the code design we re-used the design rules adopted for LTE and HSPA. 

c. Polar Code:  For polar code, to determine the frozen bit locations, we use the design principles outlined in [1]. 

Decoder:   Since the block lengths considered in this contribution are very small, we use universal maximum likelihood Decoder i.e. the decoder checks all the possible combinations of the valid codewords to determine the information bits. 
Performance Analysis for Very Short Block lengths  
In this section, we present our analysis of the candidate coding schemes for very short block lengths. The simulation assumptions are outlined in Table 1. 
Table 1 Link level simulation assumptions 
	Assumptions 
	Value 

	Channel
	AWGN

	Information block length 
	1,2,4,8,10

	Output block length
	20 bits

	Modulation
	QPSK

	Decoding Algorithm
	Universal Maximum Likelihood Decoder


Minimum Hamming Distance
Since the performance of channel coding largely depends on the minimum Hamming distance and the weight spectrum, we compared the minimum Hamming distance for very block lengths as shown in Table 2. For computing the minimum Hamming distance, we generated all the possible candidate codewords and find the minimum weight between any two codewords.  It can be observed from the table that up to information bit length equal to 2, minimum Hamming distance is higher compared to RM and Polar code. For information block lengths up to 12 bits, minimum Hamming distance of RM is higher compared to other coding schemes.







Table 2 Minimum Hamming distance for the candidate channel coding schemes 
	information Block length
	Polar Code
	RM
	Repetition

	1
	10
	20
	20

	2
	6
	10
	10

	3
	6
	  8
	6

	4
	6
	  8
	5 

	5
	6
	 8
	 4

	6
	4
	8
	3

	7
	2
	6
	2

	8
	2
	6
	2

	9
	4
	6
	2

	10
	4
	6
	2

	11
	2
	4
	1

	12
	2
	4
	1



Observation 1:  For very short block lengths up to 2, Hamming distance for Repetition code is higher.
Observation 2:  For very short block lengths up to 12, Hamming distance for RM code is higher.


[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168] Block Error Rate Performance with Universal Maximum Likelihood Decoder 
Figure 1 shows the block error rate performance with verity short block length equal to 10 bits. It can be observed from the figure that RM code performance is better than the Repetition code and Polar code. Since, we use the universal maximum likelihood decoder, the computational complexity is same for all the channel coding schemes. 
[image: ]
Figure 1 Block error rate performance with information block length equal to 10 bits
Figure 2 shows the performance comparison with information bits equal to 8 bits. In this case too, the performance of RM code is better than the Repetition code and Polar code. 
[image: ]
Figure 2 Block error rate performance with information block length equal to 8 bits
We observed the same trend up to 12 bits where the RM code has a better performance compared to the polar code. 

Observation 3:  For very short block lengths up to 12 BLER performance of RM is better than Polar and Repetition code.
[image: ]
Figure 3 Block error rate performance with information block length equal to 2 bits
Figure 3 shows the performance comparison with information bits equal to 82 bits. In this case too, the performance of RM code is better than the Repetition code.  Note that for block length equal to 1 bits, RM code is equal to Repetition code. Hence based on these observation, we propose
Proposal 1:  Use Repetition code for block lengths equal to 1.
[bookmark: _GoBack]Proposal 2:  Use RM code for block lengths up to 16 bits
Proposal 3:  Use Polar code for block lengths greater than 16 bits
Conclusions
In this contribution we analysed the performance of control channel coding schemes for very short block lengths. We found that for very short block lengths up to 1 bit, repetition code outperforms all the candidate coding schemes, while up to 12-16 information bits, RM code performs better compared to Polar code. Hence we prefer, Polar code should be used only when the block length is greater than 16 bits:

Observation 1:  For very short block lengths up to 1, Hamming distance for Repetition code is higher.
Observation 2:  For very short block lengths up to 12, Hamming distance for RM code is higher.
Observation 3:  For very short block lengths up to 12 BLER performance of RM is better than Polar and Repetition code.
Based on our observations, we have the following proposal:
Proposal 1:  Use Repetition code for block lengths equal to 1.
Proposal 2:  Use RM code for block lengths up to 16 bits
Proposal 3:  Use Polar code for block lengths greater than 16 bits
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