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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
It was agreed in RAN1 meeting #89 [1] that repetition, shortening and puncturing are the supported rate matching schemes for polar codes. 
The selection between the puncturing schemes and the shortening schemes may depend on code rates. In general, puncturing is used for lower code rates while shortening is used for higher code rates. The code rate threshold to select between puncturing and shortening is FFS. 
In this contribution, we provide our simulation results on shortening and puncturing schemes under various code rates. Based on the simulation results, we propose a possible value for the threshold .
2	Discussion
2.1 	 Puncturing and Shortening
The terminologies for puncturing and shortening have been agreed in [1]: 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.
The performance of several puncturing and shortening schemes, e.g., natural, bit-reversal, split-natural, reliability, was evaluated in [2], [3], [4]. It was observed [2] that the natural puncturing scheme and the bit-reversal puncturing scheme may not perform as well as the other puncturing or shortening schemes. 
It is known [1] that shortening schemes generally perform well for high code rates and puncturing schemes generally perform well for low code rates. The code rate threshold to select between shortening schemes and puncturing schemes is to be determined. 
2.2 	 Simulation Results
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 [2], [3], [4]. QPSK modulation and AWGN channel are assumed in our simulations. In the simulations, we use the polar code with the PW sequence [5] 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 1/5. The information block length granularity in the simulation is 8 bits. It can be seen in the figure that the split natural puncturing scheme generally outperforms shortening schemes, except at the information block length of 104 bits. Note that a repetition scheme has the best performance at this point [6], as the number of coded bits for transmission is 520, a bit larger than 512. 
Observation 1: At code rate 1/5, the split natural puncturing scheme outperforms shortening schemes.
Figure 2 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 1/3. The information block length granularity in the simulation is 8 bits. It can be seen in the figure that the split natural puncturing scheme generally outperforms shortening schemes, except at the information block length of 88 bits. Note that a repetition scheme has the best performance at this point [6], as the number of coded bits are 264, a bit larger than 256. 
Observation 2: At code rate 1/3, the split natural puncturing scheme outperforms shortening schemes. 
Figure 3 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 2/5. The information block length granularity in the simulation is 8 bits. It can be seen in the figure that the split natural puncturing scheme slightly outperforms shortening schemes, except at the information block lengths of 56 and 104 bits. Note that a repetition scheme has the best performance at these points [6], as the numbers of coded bits are 140 and 260, respectively. 
Observation 3: At code rate 2/5, the split natural puncturing scheme slightly outperforms shortening schemes.
Figure 4 shows the minimum SNR required to achieve the target BLER level of , for the case of code rate 1/2. The information block length granularity in the simulation is 8 bits. It can be seen in the figure that the split natural shortening scheme or the bit reversal shortening scheme generally outperforms the split natural puncturing scheme. 
Observation 4: At code rate 1/2, the split natural shortening scheme or the bit reversal shortening scheme outperforms the split natural puncturing scheme.
Figure 5 to Figure 8 show the minimum SNR required to achieve the target BLER level of , for the code rates 1/5, 1/3, 2/5 and ½, respectively. Overall, similar observations could be obtained as above. 
Based on the above observations, we have the following proposal:
Proposal 1: If the code rate is larger than 2/5, then shortening scheme is used. Otherwise, puncturing scheme is used. In other words, =2/5. 
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[bookmark: _Ref485137739]Figure 1: Performance comparison of puncturing and shortening at code rate 1/5 for BLER 1%
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[bookmark: _Ref485138759]Figure 2: Performance comparison of puncturing and shortening at code rate 1/3 for BLER 1%
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[bookmark: _Ref485139093]Figure 3: Performance comparison of puncturing and shortening at code rate 2/5 for BLER 1%
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[bookmark: _Ref485139510]Figure 4: Performance comparison of puncturing and shortening at code rate 1/2 for BLER 1%
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[bookmark: _Ref485149641]Figure 5: Performance comparison of puncturing and shortening at code rate 1/5 for BLER 0.1%
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Figure 6: Performance comparison of puncturing and shortening at code rate 1/3 for BLER 0.1%
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Figure 7: Performance comparison of puncturing and shortening at code rate 2/5 for BLER 0.1%
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[bookmark: _Ref485149664]Figure 8: Performance comparison of puncturing and shortening at code rate 1/2 for BLER 0.1%
3	Conclusion
In this contribution, we had examined rate matching schemes for polar codes. We have the following observations: 
Observation 1: At code rate 1/5, the split natural puncturing scheme outperforms shortening schemes.
Observation 2: At code rate 1/3, the split natural puncturing scheme outperforms shortening schemes. 
Observation 3: At code rate 2/5, the split natural puncturing scheme slightly outperforms shortening schemes.
Observation 4: At code rate 1/2, the split natural shortening scheme or the bit reversal shortening scheme outperforms the split natural puncturing scheme.
Our proposal is shown below:
Proposal 1: If the code rate is larger than 2/5, then shortening scheme is used. Otherwise, puncturing scheme is used. In other words, =2/5.
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