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It was agreed in RAN1 meeting #89 [1] that repetition, shortening and puncturing are the supported rate matching schemes for polar codes. 
The repetition scheme is used when the code rate is low and the number of coded bits for transmission is a bit larger than a power of 2. Specifically, if the code rate is less than  and the number of coded bits for transmission is less than , for some integer , then the repetition scheme is used. The thresholds  and  are FFS. 
In this contribution, we provide our simulation results on shortening, puncturing and repetition schemes under various code rates and the number of coded bits for transmission. Based on the simulation results, we propose possible values for the thresholds  and .
2	Discussion
2.1 	 Repetition
It was agreed that the maximum mother code size of polar codes is 512 bits for DCI messages [2], and the maximum mother code size of polar codes is 1024 bits for UCI messages [1]. In the case of large DCI or UCI payload sizes with small coding rates, the number of coded bits for transmission might exceed the agreed maximum mother code size. Therefore, a repetition algorithm is needed.
A repetition algorithm may also be used in some smaller coded block length scenarios. It is the nature of polar code that its mother code size is always a power of 2. For a given UCI or DCI payload size and a given coding rate, the number of coded bits for transmission can be calculated. 
Consider the case that the number of coded bits for transmission is just a few bits more than a power of 2. If a puncturing scheme or a shortening scheme is used, then a lot of bits will be punctured or shortened. This deep puncturing may affect the performance of the resulting polar codes. On the other hand, if a repetition scheme is used, then only a few bits will be repeated. It was shown in [3] that the BLER performance of a repetition scheme is even better than that of a shortening scheme. 
In addition to the performance advantage of repetition schemes, the complexity of using a repetition scheme is lower than that of using a shortening or puncturing scheme. Note that the computational complexity of polar successive cancellation list decoder is roughly , where is the mother code length and  is the list size [4]. Since a repetition scheme is based on a smaller mother code length than a shortening or puncturing scheme, its complexity is also lower.
2.2 	 Performance Evaluation of Repetition Scheme
We simulate the BLER performance of the split-natural shortening scheme, the bit-reversal shortening scheme and the split-natural puncturing scheme at multiple code rates, due to their observed good performance [5], [6], [7]. Also, we simulate the BLER performance of the natural repetition scheme, i.e., the repeated bits are from the beginning of the coded bits. 
QPSK modulation and AWGN channel are assumed in our simulations. In the simulations, we use the polar code with the PW sequence [8] and use the CA-SCL (L=8) decoding algorithm. A 19-bit CRC is appended to the source data, and these CRC bits are counted as information bits.
Figure 1 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 1/2. The granularity of the number of coded bits for transmission in the simulation is 8 bits. It can be seen in the figure that the natural repetition scheme does not show performance gain over shortening or puncturing schemes. 
Observation 1: At code rate 1/2, the repetition scheme does not show performance gain over shortening or puncturing schemes.
Figure 2 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 2/5. The granularity of the number of coded bits for transmission in the simulation is 8 bits. It can be seen in the figure that the natural repetition scheme outperforms shortening or puncturing schemes when the number of coded bits for transmission is in the range of [128, 144] and [256, 290]. 
Observation 2: At code rate 2/5, the repetition scheme shows performance gain over shortening or puncturing schemes when the number of coded bits for transmission is in the range of [128, 144] and [256, 290].
Figure 3 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 1/3. The granularity of the number of coded bits for transmission in the simulation is 8 bits or 16 bits. It can be seen in the figure that the natural repetition scheme outperforms shortening or puncturing schemes when the number of coded bits for transmission is in the range of [128, 144], [256, 288] and [512, 576]. 
Observation 3: At code rate 1/3, the repetition scheme shows performance gain over shortening or puncturing schemes when the number of coded bits for transmission is in the range of [128, 144], [256, 288] and [512, 576].
Figure 4 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 1/5. The granularity of the number of coded bits for transmission in the simulation is 8 bits or 16 bits. It can be seen in the figure that the natural repetition scheme outperforms shortening or puncturing schemes when the number of coded bits for transmission is in the range of [256, 280] and [512, 595]. 
Observation 4: At code rate 1/5, the repetition scheme shows performance gain over shortening or puncturing schemes when the number of coded bits for transmission is in the range of [256, 280] and [512, 595].
Based on the above observations, we have the following proposal:
Proposal 1: If the code rate is less than or equal to 2/5 and the number of coded bits for transmission is between  and  for some integer n, then repetition scheme is used and the corresponding mother code length is . In other words,  and .
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[bookmark: _Ref485151371]Figure 1: Performance comparison of repetition scheme with shortening and puncturing schemes at code rate ½
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[bookmark: _Ref485151762]Figure 2: Performance comparison of repetition scheme with shortening and puncturing schemes at code rate 2/5
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[bookmark: _Ref485152106]Figure 3: Performance comparison of repetition scheme with shortening and puncturing schemes at code rate 1/3
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[bookmark: _Ref485152317]Figure 4: Performance comparison of repetition scheme with shortening and puncturing schemes at code rate 1/5


3	Conclusion
In this contribution, we examined rate matching schemes for polar codes. We have the following observations: 
Observation 1: At code rate 1/2, the repetition scheme does not show performance gain over shortening or puncturing schemes.
Observation 2: At code rate 2/5, the repetition scheme shows performance gain over shortening or puncturing schemes when the number of coded bits for transmission is in the range of [128, 144] and [256, 290].
Observation 3: At code rate 1/3, the repetition scheme shows performance gain over shortening or puncturing schemes when the number of coded bits for transmission is in the range of [128, 144], [256, 288] and [512, 576].
Observation 4: At code rate 1/5, the repetition scheme shows performance gain over shortening or puncturing schemes when the number of coded bits for transmission is in the range of [256, 280] and [512, 595].
Our proposal is shown below:
Proposal 1: If the code rate is less than or equal to 2/5 and the number of coded bits for transmission is between  and  for some integer n, then repetition scheme is used and the corresponding mother code length is . In other words,  and .
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