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Introduction
In RAN1#89 meeting, it was concluded that the following issues should be considered when designing Polar codes [1].
	Terminology for use in RAN1 from now on:
· Puncturing refers to non-transmission of coded bits such that the non-transmitted bits are unknown at the receiver and the corresponding LLRs can be set to zero.
· Shortening involves setting input bits to a known value, and non-transmission of coded bits corresponding to those input bits, such that the corresponding LLRs can be set to a large value at the receiver.

Agreement:
After segmentation (if any):
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NM  is 
· NDM /2     if    M < β* NDM /2 and K/M < Rrepthr,   1<=β<2  (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM         
· FFS the value of Rrepthr;  Rrepthr = 0 not precluded
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, NR, Nmax)
· Repetition is applied when   M > N
· Puncturing or shortening is applied when M < N    
· Puncturing for lower code rates, e.g. in cases where code rate <= Rpsthr, and/or other condition(s) 
· Shortening for higher code rates, e.g. in cases where code rate > Rpsthr, and/or other condition(s)
· Details FFS


The structure of Polar codes is shown in Fig. 1.


Fig. 1 The structure of Polar codes for NR
The following notations are used in this contribution.
K:		information block size
M:		codelength

N:		mother codelength, 
K1:		number of input bits of the basic encoder
ui:		input bits of the basic encoder
xi:		coded bits of the basic encoder
Rate matching schemes
According to the agreements, selection of the rate matching schemes of Polar codes are related to the codelengths and code rates, which is illustrated as Fig. 2 and Fig. 3.


Fig. 2 Rate matching schemes for different codelengths


Fig. 3 Rate matching schemes for different code rates
However, even if given the information block size and codelength (K, M, R), the rate matching will be still uncertain due to the parameters β, Rmin, Rrepthr, Rpsthr. The rate matching schemes may be changed even for similar (K, M, R). It means that the rate matching schemes can be very complex for Polar codes.
One simplified method is to de-coupling the relationship between rate matching and coding rates/codelength. For example, if M > Nmax, repetition is applied and if M < Nmax, puncturing or shortening is applied, the selection of puncturing and shortening can be decided by a single parameter, i.e., code rate.
Performance evaluation
Comparison between puncturing and shortening
To study the application condition for puncturing and shortening, i.e., studying the appropriated value of Rpsthr, we simulate the BLER performance. Evaluation assumptions are shown in Table 1 and the evaluation results are shown in Fig. 4 ~ 5.
Table 1 Evaluation assumptions
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	Puncturing
	Shortening

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

	Decoding algorithm
	List SC with list size of 8

	Info. block length (bits w/o CRC)
	60, 120
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Fig. 4 The performance of shortening and puncturing of Polar codes with K = 120
[image: ]
Fig. 5 The performance of shortening and puncturing of Polar codes with K = 60
It can be seen that the puncturing and shortening have almost the same BLER performance even at code rate 1/12. Based on the evaluation results, we have the following Proposal.
Proposal 1: The threshold for puncturing and shortening Rpsthr should <= ~1/6.
Comparison between repetition and shortening
[bookmark: _GoBack]To study the application condition of repetition or shortening schemes, i.e., to study the value of parameter β. Evaluation assumptions are shown in Table 2 and the evaluation results are shown in Fig. 6 ~ 8.
Table 2 Evaluation assumptions
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	Repetition [2, (b)]
	Shortening

	Code rate
	1/3, 1/2 2/3

	Decoding algorithm
	List SC with list size of 8

	Codelenth
	72, 144, 576 (β = 1.125)
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Fig. 6 The performance of shortening and repetition of Polar codes with M = 72 (β = 1.125)
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Fig. 7 The performance of shortening and repetition of Polar codes with M = 144 (β = 1.125)
[image: ]Fig. 8 The performance of shortening and repetition of Polar codes with M = 576 (β = 1.125)
It can be seen that the even for β around 1.1, the BLER performance of shortening is still better than repetition. Based on the evaluation results, we have the following Proposal.
Proposal 2: The parameter β should be 1.
Summary
In this contribution, we evaluate the rate matching design of polar codes. Based on the evaluation results, we have the following Proposals.
Proposal 1: The threshold for puncturing and shortening Rpsthr should <= ~1/6.
Proposal 2: The parameter β should be 1.
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