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Introduction
In RAN1 #87 [1], it was agreed that
· 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)
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK5]As the mother code block length of Polar code is a power of two, it is required to obtain Polar codes with arbitrary lengths with a proper rate matching scheme in order to support different DL and UL control information sizes. In [2] and [3], two different circular buffer rate matching schemes were introduced. In this contribution, the performance of those two circular buffer rate matching schemes are compared. In addition, the performance of PW sequence used in rate matching is compared with the circular buffer scheme in [3] and bit-reversal rate matching scheme in [4].
Circular buffer rate matching scheme
Notations in this contribution are explained in Table 1. 
Table 1	Notations
	K
	information block length

	N
	mother code size

	M
	code block length

	P
	Punctured/Shortened bit length, P=N-M

	L
	list size of SCL decoder

	R
	code Rate (K/M)

	Rm
	Mother code rate(K/N)

	Q
	bit reversal sequence

	Cj
	Encoded bits, j=0, ..., N-1


In [4], a shortening scheme with bit reverse is utilized. The shortening pattern is computed in a deterministic way. Simply bit-reverse the descending-ordered binary indices [0, 1, …, N-2, N-1] and mark the N-M indices with highest bit-reversed value as punctured positions. It should be noted that for this rate matching scheme, the LLR(s) of the shortened code bit(s) will be set to infinite before fed into the decoder.
In [5], a localized code bit puncturing method is utilized. It shows performance gain in low code rate and short information block length.
· Puncture Cj for j = 0, …, min(P, N/4) – 1.
· If P > N/4, further puncture Cj for both
· j = N/4, …, N/4 +  ceil((P – N/4) / 2) – 1
· j = N/2, …, N/2 + floor((P – N/4) / 2) – 1
For this code bit puncturing method, the LLR(s) of the punctured code bit(s) will be set to zero before fed into the decoder.
From the simulation results in [2], it is observed that the localized puncturing method outperforms shortening with bit in low code rate and short information block length, while shortening with bit-reverse scheme performs better in high code rate cases and long information block length. Although code rate dependent rate matching scheme that simply combines above two methods achieve a better performance, two different hardware designs are needed, which would inevitably increase the implementation complexity. 
[bookmark: OLE_LINK3]Circular buffer rate matching scheme has been well applied in LTE. With a proper design and starting point, the circular buffer can puncture, shorten or repeat the collected code bits to achieve an alterable channel coding rate under different scenarios. 
Proposal 1: Circular buffer scheme with a unified pattern for puncturing, shortening and repetition is proposed to simplify the complexity.
In [2], a circular buffer combined with the above two rate matching schemes is constructed. The structure is showed in Figure 1. It can reduce the implementation complexity by realizing puncturing, shortening and repetition through a unified structure. At the same time, it can achieve a similar performance with the localized code bit puncturing method in low mother code rate and shortening with bit-reverse in high code rate for both PC-Polar and CA-Polar [2].
In [3], another circular buffer rate matching scheme also with a unified pattern for puncturing, shortening and repetition is proposed and it shows performance gain over shortening with bit-reverse. The structure is shown in Figure 2. The directions that the code bits in circular buffer are read out in Figure 1 and Figure 2 indicates the repeated part are different.
[image: ][image: ]
Figure 1 Structure of circular buffer in [2]           Figure 2 Structure of circular buffer in [3]
In this contribution, the BLER performances of those two circular buffer schemes are evaluated for PC-Polar, CA-Polar and PC-CA Polar [6]. Evaluation assumptions are given in Table 2. The CB1 in Figure 3 to Figure 5 is referred to circular buffer scheme in [2], and CB2 indicates circular buffer scheme in [3].
From the simulation results, it can be seen that those two kind of circular buffers have comparable BLER performances, except for some cases for CA-Polar codes.
Table 2 Simulation assumptions
	Channel
	AWGN

	Modulation
	QPSK

	Coding
	PC-Polar
	CA-Polar
	PC-CA Polar

	CRC length
	16
	19
	18

	CRC Check Times in decoding
	\
	8
	4

	Decoding Scheme
	SCL decoder with L=8

	Code rate
	1/12, 1/6, 1/3, 1/2, 2/3

	Info. block length without CRC
	32, 48, 64, 80, 120, 200

	Maximum mother code size 
	512


[image: ]
Figure 3 BLER performances of two circular buffer schemes based on PC-CA Polar
[image: ]
Figure 4 BLER performances of two circular buffer schemes based on CA-Polar
[image: ]
Figure 5 BLER performances of two circular buffer schemes based on PC-Polar
Observation 1: Circular buffer schemes introduced in [2] and [3] have comparable BLER performances, except for some cases of CA-codes.
Same sequence for Polar construction and rate matching
In Polar codes construction, selecting the most reliable sub-channels for information bits is one of the key issues. The construction scheme affects the BLER performance of Polar codes as well as the implementation complexity. Another key issue is using a proper rate matching to obtain Polar codes with arbitrary lengths in order to support different DL and UL control information sizes.
Polar construction and rate matching in the encoder can be realized by two interleavers. As shown in Figure 6, the input bits including information bit, frozen bits, check bits and so on are mapped into the proper positions of Polar encoder by interleaver π1 which is determined by the good-bit estimation sequence. And the way selecting M code bits to be transmitted can be implemented by interleaver π2 which is decided by the rate matching scheme. 
Thus nested construction method and rate matching scheme of Polar codes are preferred to reduce the computation and complexity by using a fixed interleaver pattern in any scenarios. Both the PW sequence in [4] and short sequence in [7] have nested property. However, when taking shortening rate matching scheme into consideration, the nested property would be undermined since some sub-channels with pretty high reliabilities may be set as frozen bits to make sure the shortened bits is known to the decoder. As a result, it is compelled to select the information bits among the remaining sub-channels. Then the interleaver pattern has to be changed and the implementation complexity is increased.
[image: ]
Figure 6 Encoding process 
Proposal 2: Sequence used to construct Polar codes should be nested even when taking shortening into consideration. The same sequence should be used for construction and rate matching.
To address this issue, the same nested sequence can be used for both Polar codes construction and rate matching. By this way, the good-bit estimation sequence is not only nested for different mother code sizes N but also for different information block lengths K and code block lengths M. And the same interleaver can be used for both Polar codes construction and rate matching for any situations.
Another way to simplify the implementation complexity is sorting the rows and columns of the generator matrix of Polar Codes according to the sequence, then the Polar codes encoding can be simplified to selecting the consecutive rows and columns of the sorted generator matrix.
In this contribution, the PW sequence is used as such a sequence for Polar codes construction as well as rate matching. When PW sequence is used for rate matching, for low code rate, the puncturing rate matching scheme is used and the first P code bits indicated by PW sequence are skipped. And the LLR(s) of the punctured code bit(s) will be set to zeros before feeding into the decoder. For high code rate, the shortening rate matching scheme is used and the last P code bits indicated by PW sequence are skipped. It should be noted that the LLR(s) of the shortened code bit(s) will be set to infinite before feeding into the decoder. When M is larger than Nmax, the repeated bits selected according to the head or bottom part of PW sequence have the similar performance.
In this way, once the generator matrix is sorted by PW sequence, as it is illustrated in Figure 7, the first/last (K+J+J’) rows and M columns of the sorted generator matrix is selected to Polar coding for high or low code rate.
[image: ]
Figure 7 Polar codes coding with PW sequence for good-bit estimation and rate matching
Performance of same sequence for Polar construction and rate matching
The performances of PW rate matching and shortening with bit-reversal are compared in Figure 8 to Figure 13 and the evaluation assumptions are in Table 3. For shortening with bit-reverse scheme, since repetition as the bit-reversal pattern is inferior to others, the last M-N code bits in natural order are repeated [8]. And its circular buffer pattern has to be changed according to the coder block length and maximum mother code block length.
From the simulation results, it can be observed that PW sequence rate matching scheme shows a similar BLER performance with shortening with bit-reverse scheme.
Observation 2: PW sequence rate matching scheme has a similar performance as shortening with bit-reverse scheme.
Table 3 Evaluate BLER performance versus SNR for eMBB control channel
	Channel
	AWGN

	Modulation
	QPSK

	Coding
	PC-Polar
	CA-Polar
	PC-CA Polar

	CRC length
	16
	19
	18

	CRC Check Times in decoding
	\
	8
	4

	Decoding Scheme
	SCL decoder with L=8

	Rate matching scheme
	PW sequence, shortening with bit-reverse

	Maximum mother code size 
	512 for DL and 1024 for UL



[image: ]
Figure 8 BLER performances of different rate matching schemes based on PC-CA Polar with Nmax=512
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Figure 9 BLER performances of different rate matching schemes based on CA-Polar with Nmax=512
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Figure 10 BLER performances of different rate matching schemes based on PC-Polar with Nmax=512
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Figure 11 BLER performances of different rate matching schemes based on PC-CA-Polar with Nmax=1024
[image: ]
Figure 12 BLER performances of different rate matching schemes based on CA-Polar with Nmax=1024
[image: ]
Figure 13 BLER performances of different rate matching schemes based on PC-Polar with Nmax=1024
Conclusion
In this contribution, two different circular buffer schemes for rate matching of Polar code based on PC-CA-Polar, CA-Polar and PC-Polar codes are compared. And the performance of PW sequence used for rate matching is simulated. In summary, we have the following observations and proposals.
Proposal 1: Circular buffer scheme with a unified pattern for puncturing, shortening and repetition is proposed to simplify the complexity.
Proposal 2: Sequence used to construct Polar codes should be nested even when taking shortening into consideration. The same sequence should be used for construction and rate matching.
Observation 1: Circular buffer schemes introduced in [2] and [3] have comparable BLER performances, except for some cases of CA-codes.
Observation 2: PW sequence rate matching scheme has a similar performance as shortening with bit-reverse scheme.
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