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[bookmark: _Ref473811712]Introduction
In RAN1#88 meeting, an agreement was reached to adopt Polar codes for both UL and DL control channels in NR (except for very small block lengths where repetition/block coding may be preferred). Rate matching methods are needed to attain high block length granularity for NR control channels.
This contribution compares the performance of several different puncturing-based rate matching methods. All methods considered here satisfy the nest puncturing property and the reciprocal property described in [1]. Each method consists of a Type- I and a Type-II variant (see [1]), each corresponding to one of the two ends of the code block that the first punctured bit belongs.
Puncturing Schemes
Let  denote the block length (after puncturing), and let  deonte the block length of mother Polar code.  Also let  be the number of punctured bits.
The following puncturing methods are evaluated in this contribution:
· “Natural – Type I”:
· Puncture code bits with indices , i.e. the first ) bit positions.
· “Natural – Type II”:	
· Puncture code bits with indices  i.e. the last ) bit positions.
· “Bit-reversed – Type I”: 	
· Puncture code bits with indices given by bit reversing .
· “Bit-reversed – Type II”:	
· Puncture code bits with indices given by bit reversing , as described in [2].
· “Split-natural – Type I”: 
· Puncture the first bits naturally from bit index 1, and additional bits if needed are punctured alternately from  and , as described in [3].  More precisely, the set of punctured bit indices  with  punctured bits is given by:


· “Split-natural – Type II”: 
· Puncture the last bits in reverse order from bit index  and additional bits if needed are punctured alternately in reverse order from  and , complementary puncturing patterns of “Split-natural – Type I” generated as described in Section 2.1.3 of [1]. More precisely, the set of punctured bit indices  with  punctured bits is given by:


· “Reliability- Type I”: 
· Use the bit ordering for selecting the frozen bit positions for puncturing [1] ,i.e. puncture the indices corresponding to the least reliable bit-channel positions first.
· “Reliability- Type II”:
· Use the bit ordering for selecting the information bit positions for puncturing [1], i.e. puncture the indices corresponding to the most reliable bit-channel positions first.

Simulations
[bookmark: _Ref477885410]Settings 
[bookmark: _Ref462125875]In this section, we present numerical results on the performance of different puncturing schemes.  Simulations were performed on AWGN channels with noise variances derived from the specified .  A standard Successive Cancellation List (SCL) decoder is used for all simulations based on the following parameters:
· CA-Polar with =16+3 bit CRC. 
· The decoder uses the 19 CRC bits to select the best code-word from the final list. 
· List sizes,  = 8.
· Norminal code rates, , where , where  is the number of data bits excluding CRC, which is round to the nearest integer if necessary.
· Decoder code rate:  
· CRC polynomials is given by [4]:

.
For Polar code construction, the Q-sequence method described in [1] is used for generating the information and frozen bit positions. 

Results
Figure 1– Figure 24 compare the performance of various puncturing schemes at different sample block lengths at normial code rates of 1/6, 1/3, 1/2, and 2/3.  Most of the puncturing methods perform similarly in most of the code block lengths except when , where .  At those block lengths, since relatively large amount of puncturing is applied, performance difference among different methods becomes more significant.
In general, Type-I puncturing performs better than Type-II puncturing at low code rates while Type-II puncturing performs better at high code rates.  The breakeven point is around   

Observation 1 Type-I puncturing performs better than Type-II puncturing at low code rates while Type-II puncturing performs better at high code rates.  The breakeven point is around  


Type-II puncturing typically provides more stable performance while Type-II puncturing of some methods break down at block lengths close to and slightly above .  The BLER curves of Natural Type-I puncturing and Bit-Reversed Type-I puncturing can become much flatter at block lengths approaching , causing more than 2 dB degradation at 1% BLER compared to other methods, as shown in Figure 13 (, Figure 15 (, and Figure 19 ().  
Among all 4 puncturing methods, Split-Natural and Reliabilty-based puncturing methods generally provide more stable performance than Natrual and Bit-Reversed methods. The best performance can be achieved if Type-I puncturing is used at low code rates while Type-II puncturing is used at high code rates, with either Split-Natural or Reliabilty-based method.  Using a single puncturing method facilitate a circular or linear buffer implantation 16

Observation 2 Split-Natural and Reliabilty-based puncturing generally provide more stable performance (with smaller loss compared to the best scheme) than Natural and Bit-Reversed Puncturing. 
Observation 3 The performance of Natural Type-I puncturing and Bit-Reversed Type-I puncturing can break down when block length  approaches  from above.

1. Adopt either Split-Natural or Reliabilty-based puncturing method for NR control channels with Type I and Type II puncturing applied at low rate and high rate regions, respectively.




[image: ]
[bookmark: _Ref473808000]Figure 1. Performace of Type-I Puncturing Methods with block length 
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Figure 2. Performace of Type-II Puncturing Methods with block length 
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Figure 3. Performace of Type-I Puncturing Methods with block length 
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Figure 4. Performace of Type-II Puncturing Methods with block length 
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Figure 5. Performace of Type-I Puncturing Methods with block length 
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Figure 6. Performace of Type-II Puncturing Methods with block length 
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Figure 7. Performace of Type-I Puncturing Methods with block length 
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Figure 8. Performace of Type-II Puncturing Methods with block length 
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Figure 9. Performace of Type-I Puncturing Methods with block length 
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Figure 10. Performace of Type-II Puncturing Methods with block length 
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Figure 11. Performace of Type-I Puncturing Methods with block length 
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Figure 12. Performace of Type-II Puncturing Methods with block length 
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[bookmark: _Ref478153470]Figure 13. Performace of Type-I Puncturing Methods with block length 
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[bookmark: _Ref478153547][bookmark: _Ref478153533]Figure 14. Performace of Type-II Puncturing Methods with block length 
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[bookmark: _Ref478153477][bookmark: _Ref478153601]Figure 15. Performace of Type-I Puncturing Methods with block length 
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Figure 16. Performace of Type-II Puncturing Methods with block length 
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Figure 17. Performace of Type-I Puncturing Methods with block length 
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Figure 18. Performace of Type-II Puncturing Methods with block length 

[image: ]
[bookmark: _Ref478153610]Figure 19. Performace of Type-I Puncturing Methods with block length 
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Figure 20. Performace of Type-II Puncturing Methods with block length 
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Figure 21. Performace of Type-I Puncturing Methods with block length 
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Figure 22. Performace of Type-II Puncturing Methods with block length 
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Figure 23. Performace of Type-I Puncturing Methods with block length 
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[bookmark: _Ref478164208]Figure 24. Performace of Type-II Puncturing Methods with block length 

Conclusions
[bookmark: _GoBack]In this contribution we made the following observations and proposals:
Observation 1 Type-I puncturing performs better than Type-II puncturing at low code rates while Type-II puncturing performs better at high code rates.  The breakeven point is around   
Observation 2 Split-Natural and Reliabilty-based puncturing generally provide more stable performance (with smaller loss compared to the best scheme) than Natural and Bit-Reversed Puncturing. 
Observation 3 The performance of Natural Type-I puncturing and Bit-Reversed Type-I puncturing can break down when block length  approaches  from above.

1. Adopt either Split-Natural or Reliabilty-based puncturing method for NR control channels with Type I and Type II puncturing applied at low rate and high rate region respectively.
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