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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
It was agreed in RAN1 NR Ad-Hoc meeting [1] that LDPC codes are adopted for eMBB data channel and polar codes are adopted for eMBB control channel (except for very small block lengths). Some design details about LDPC codes and polar codes have been agreed. 
It was proposed [2] that both repetition and puncturing operations should be supported as rate matching schemes for polar codes. In this contribution, we provide our case study on repetition and puncturing operations. 
2	Discussion
With the agreement of adopting polar codes for eMBB control channel, many studies have been conducted on the detailed design of polar codes. Some contributions (e.g., [3], [4]) discussed the construction of polar codes, while other contributions (e.g., [5], [6]) discussed the CRC length for different polar codes. 
The rate matching scheme of polar codes is another discussion area. Specifically, different puncturing schemes and shortening schemes were studied ([7], [8]). Also, the repetition type of rate matching scheme was proposed [9].
It was agreed [1] that the maximum mother code size of polar codes is no larger than 1024 bits for DCI messages, and is no larger than 2048 bits for UCI messages. In cases with large DCI or UCI payloads with very small coding rates, the coded block size might exceed the agreed maximum mother code size. In these cases, a repetition algorithm is needed. 
A repetition algorithm may also be used in a small code block size scenario. It is the nature of polar code that its code block size is always a power of 2. Based on the given UCI or DCI size and coding rate, the desired coded block size may be a little bit larger than a power of 2. Puncturing or shortening scheme could be used in this case, where a lot of bits will be punctured. This deep puncturing may affect the performance of the resulting polar codes. It might be an option to consider repetition where only a few bits need to be repeated. 
In this contribution, we study the necessity of repetition in this scenario. Specifically, we compare the BLER performance of the shortening scheme and the repetition scheme in two particular cases. 
Figure 1 shows our simulation results where QPSK modulation and AWGN channel are assumed. In the simulation, we consider the case of information block length 90 bits and coding rate 1/3. This implies that desired coded block is of length 270 bits. We simulate the BLER performance for both repetition and shortening. By repetition, we use a polar code of block size 256 bits. Then we take a simple repetition scheme where the first 14 bits are repeated. By shortening, we use a polar code of block size 512 bits, followed by puncturing of 242 bits. Here, we apply the bit-reversal type of puncturing scheme ([8]). 
Both regular polar code and PC polar code (cf. [3]) with SCL (L=8) decoding algorithm are simulated. It is seen from the figure that the repetition scheme outperforms the shortening scheme. The performance gain is about 0.4 dB at the target BLER level of . 
On the other hand, to examine a scenario where the shortening scheme outperforms the repetition scheme, we simulate a case with an information block length of 40 bits and a coding rate of 1/3. This implies that the desired coded block is 120 bits in length. We simulate the BLER performance for both repetition and shortening. By repetition, we use a polar code with a block size of 64 bits. Then we take a simple repetition scheme where the first 56 bits are repeated. By shortening, we use a polar code of block size 128 bits, followed by puncturing of 8 bits. Figure 2 shows the BLER performance. It is seen from the figure that the shortening scheme outperforms the repetition scheme. The performance gain is about 1 dB at the target BLER level of .
Based on these observations, we have the following proposal:
Proposal: Both repetition and puncturing (shortening) should be supported for polar codes. Further study of the conditions where a repetition scheme or a puncturing (shortening) scheme should be applied is needed.
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[bookmark: _Ref473807638]Figure 1: BLER performance of repetition and shortening at information block length 90 and coding rate 1/3
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[bookmark: _Ref473808441]Figure 2: BLER performance of repetition and shortening at information block length 40 and coding rate 1/3

3	Conclusion
In this contribution, we had the case study of shortening and repetition schemes for rate matching of polar codes. Our proposal is shown below:
Proposal: Both repetition and puncturing (shortening) should be supported for polar codes. Further study of the conditions where a repetition scheme or a puncturing (shortening) scheme should be applied is needed.
[bookmark: _GoBack]References
[1] [bookmark: _Ref450919508][bookmark: _Ref450134909][bookmark: _Ref450134515][bookmark: _Ref442098367]Chairman’s Notes, 3GPP TSG RAN WG1 NR Ad-Hoc Meeting, Spokane, USA, Jan. 2017.
[2] [bookmark: _Ref473724625]R1-1701259, “WF on rate matching for polar codes,” Jan. 2017. 
[3] [bookmark: _Ref473726002]R1-1700088, “Summary of polar code design for control channels,” Huawei, Jan. 2017. 
[4] [bookmark: _Ref473726009]R1-1700979, “Discussion on CA-polar and PC-polar codes,” Samsung, Jan. 2017.
[5] [bookmark: _Ref473726254]R1-1700832, “Design of polar codes for control channel,” Qualcomm, Jan. 2017. 
[6] [bookmark: _Ref473726256]R1-1700523, “Discussion on polar code for control channel,” LG, Jan. 2017. 
[7] [bookmark: _Ref473726493]R1-1700168, “Polar code design features for control channels,” MediaTek, Jan. 2017.
[8] [bookmark: _Ref473726497]R1-1702354, “Shortening schemes for polar codes,” InterDigital, Feb. 2017. 
[9] [bookmark: _Ref473726621]R1-1700113, “Practical issues of polar code for NR,” Ericsson, Jan. 2017. 

image1.jpg
Block Error Rate

K

102

10°

Information block length 90 bits, coding rate 1/3 and QPS|
T T T

—— Repetition with PC polar
- Repetition with CA polar
—<— Shortening with PC polar
—<— Shortening with CA polar

-1 -0.5 0 0.5
SNR (dB)





image2.jpg
Block Error Rate

T
—— Repetition with PC polar
< Repetition with CA polar
—<— Shortening with PC polar
—%— Shortening with CA polar

100 Information block length 40 bits, coding rate 1/3 and QPSK
T T T

10°

-2 -1 0 1 2 3
SNR (dB)




