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Introduction
In RAN1 NR Ad-Hoc#2, the following agreement was made on circular-buffer based rate matching of Polar codes.
	Agreement: 
· To support repetition, puncturing, and shortening of Polar code:
· The N=2n coded bits at the output of Polar encoder is written into a length-N circular buffer in an order that is predefined for a given value of N
· To obtain M coded bits for transmission
· Puncturing is realized by selecting bits from position (N-M) to position (N-1) from the circular buffer
· Shortening is realized by selecting bits from position 0 to position M-1 from the circular buffer
· Repetition is realized by selecting all bits from the circular buffer, and additionally repeat (M-N) consecutive bits from the circular buffer
· Exact set of repeated bits FFS till RAN1#90




In this contribution, we compare the performance of different puncturing/shortening schemes using simulations.
 Discussion
In Section 3, simulation results are shown for a set of puncturing/shortening schemes.
As can be seen from the plots the BRMIAA scheme [4] generally performs better or equal to the best of the other schemes. In a few places for select K values BRMIAA shows lower performance by up to 0.2-0.3 dB.
Observation 1 The BRMIAA performs well over a large set of code rates and K values.
Observation 2 The BRMIAA generally performs better than other puncturing/shortening schemes.

1. Use the BRMIAA scheme as the puncturing/shortening rate matching scheme for polar codes.

Simulation Results
[bookmark: _Ref462125875]The simulations have been limited to puncturing/shortening for code block length up to and including N=1024. All K values in the range 8 to 848 have been simulated. The evaluated code rates are 5/6, 2/3, ½, 2/5, 1/3, ¼, 1/6 and 1/8. The code rate is calculated as (K+19)/M, i.e. the CRC bits are not included in the value of K.
For each code rate and K value we have simulated the required Es/N0 to reach a BLER target of 0.003. The following set of puncturing/shortening schemes have been considered.
· “Natural – Type I”:
· Puncture code bits with indices , i.e. the first ) bit positions.
· “Natural – Type II”:	
· Shorten 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”:	
· Shorten code bits with indices given by bit reversing , as described in [2].
· “Split-natural – Type I”: 
· Puncture the first bits naturally from bit index 0, and additional bits if needed are punctured alternately from  and , as described in [3].  
· “Reliability- Type I”: 
· Use the bit ordering for selecting the frozen bit positions for puncturing, 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 shortening, i.e. shorten the indices corresponding to the most reliable bit-channel positions first.
· “BRMIAA”:
· The scheme from [4] which uses block puncturing or shortening depending on code rate and applies a specific allocation of information bits to the two halves of the code block.

Note that according to the terminology agreed in RAN1#89, “Type I” refers to puncturing, and “Type II” refers to shortening.
The frozen bit sequence is the one that Ericsson submitted for the 3GPP evaluation of sequences and the simulation is done with list size L= 8.
In the figures below the worst performing schemes for each code rate have been removed from the plots to improve readability.

[image: ]Figure 1: Required Es/N0 for code rate 5/6, Type I schemes removed	

[image: ]Figure 2: Required Es/N0 for code rate 2/3, Type I schemes removed	
[image: ]Figure 3: Required Es/N0 for code rate 1/2, Type I schemes removed	
[image: ]Figure 4: Required Es/N0 for code rate 2/5, Natural and Bit-reversed Type I schemes removed	

[image: ]Figure 5: Required Es/N0 for code rate 1/3, Natural and Bit-reversed Type I schemes removed	


[image: ]Figure 6: Required Es/N0 for code rate 1/4, Natural and Bit-reversed Type I schemes removed	

[image: ]Figure 7: Required Es/N0 for code rate 1/6, Natural and Bit-reversed Type I and Reliability Type II schemes removed	

[image: ]Figure 8: Required Es/N0 for code rate 1/8, Bit-reversed Type I and Natural and Reliability Type II schemes removed	

Conclusions
In this contribution we made the following observations:
Observation 1 The BRMIAA performs well over a large set of code rates and K values.
Observation 2 The BRMIAA generally performs better than other puncturing/shortening schemes.

Based on the discussion in this contribution we propose the following:
1. Use the BRMIAA scheme as the puncturing/shortening rate matching scheme for polar codes.
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