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1. [bookmark: _Ref298777854]Introduction
In RAN1 #87 meeting，the agreements about Polar codes are as following [1]
· 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)
During the discussion, concerns on coding latency of Polar codes for control channel have been raised. In this contribution, we discuss some aspects of Polar Codes construction to reduce coding latency of Polar codes.
1. Construction of polar codes
The function of Polar encoder is to select good channel as the information bit channel. There are several methods or metrics to calculate the reliabilities of the sub-channels, such as Bhattacharyya parameter, bit error probability, transition probability matrices, Gaussian approximation of bit channels and so on. Some simulations showed that the performance of those methods is similar, and the channels with high rate or reliability are most likely to be the larger channel index. And the choice of design SNR is critical for its performance at all SNRs. And if the design SNR is optimal, then any Polar code construction algorithm produces polar codes of equally good performance.
So in [2], an ordered sequence of bit positions (index sequence) is constructed, which is SNR independent reliability estimation. But the process of construction is complex, such as the Parity-Check Set selection, which depends on code rate, block length. 
Based on the discussion above, we discuss some improvement for the construction of Polar codes.
1. Improvements of polar codes
In this section, we analyze the performance of CRC aided Polar codes and Parity-Check-Concatenated Polar Codes.
CRC-aided polar codes

Because the error performance of Polar codes with short and moderate codeword length under successive cancellation (SC) decoding algorithm is not optimal. An improvement was made to the SC decoder, which is now known as list decoder (SCL). A CRC aided SCL decoder for CRC concatenated polar codes was proposed. Recently, In order to reduce the overhead and decoding complexity of Polar codes, Parity-Check-Concatenated Polar codes (PCC) was proposed.




Figure 1 CRC-aided Polar codes
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The encoding and decoding flow of CRC-aided Polar Codes is shown in Figure 1. A K-bit input block to the encoder consists of k information bits and an m bit CRC sequence, i.e. K = k + m. The CRC bits are taken as part of inforamtion bits for the encoder. When decoding, the decoder reserve L paths, and the decoder not only select the most possible path, but also with the correct CRC as the estimated information bits. Link level simulation shows that the performance of CRC-aided SCL outperforms that of SCL.
However, there are several shortcomings about CA-Polar. The CRC bits not only are overhead when encoding but also increases the false alarm error probability when used in decoding.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Parity-Check-Concatenated Polar codes
In [2], the Parity-Check-Concatenated Polar codes are described in details. In [3], the link level simulation shows that the false alarm rate (FAR) of PCC is lower than CA-PC.
The advantages of PCC-Polar compared with CA-PC are no overhead and lower FAR. But there are still some deficiencies. For example, the complexity of encoding of PC-Polar is higher than CA-PC.
Constant mother code block length


The values of mother code block length of Polar code is usually calculated by , which is given in Table 1. It can be seen that N varies in different situations, thus the encoder/decoder differs. On the other hand, the decoding complexity of Polar code is LNlog2(N), thus latency would greatly increase with N. To address this issue, it’s suggested that a Polar code with a fixed mother code block length N0 should be taken into account. In this way, if the calculated mother code block length is less than the fixed mother code block length N0, Polar code with mother code length of either N or N0 can be considered, while if N>N0, independent or related Polar encoders/decoders are combined.
Table 1 Calculated mother code block length N 
	R       K
	32
	48
	64
	80
	120
	200

	1/12
	512
	1024
	1024
	1024
	2048
	4096

	1/6
	256
	512
	512
	512
	1024
	2048

	1/3
	128
	256
	256
	256
	512
	1024

	1/2
	64
	128
	128
	256
	256
	512

	2/3
	64
	128
	128
	128
	256
	512



The comparison of two independent Polar codes with fixed mother code block length N0=512 and a Polar code with N=1024 when K=200 and R=1/3 is given in Figure 2. It shows that the two independent Polar codes have some performance loss but the latency of two small Polar encoder/decoder is much less. Note there are some additional ways such as cross parity check information and so on to further improve the performance of small Polar codes.
[image: ]
Figure 2 Performance comparisons of two independent Polar coders and one Polar code
Proposal 1: To reduce coding latency, concatenated multiple small Polar codes can be considered.
1. Conclusion
In this contribution, we discuss some aspects of the construction of Polar codes. In summary, we think concatenated multiple small Polar codes should be considered further to reduce coding latency.
Proposal 1: To reduce coding latency, concatenated multiple small Polar codes can be considered.
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