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Introduction
In RAN1#88, the following working assumption was reached:
	Working Assumption for UCI:
· Nmax,UCI =1024
· Optimise code design for K up to 200
· Also aim for code design that supports values of K up to 500 with good performance, typically using higher code rates 
· Without prejudice to the final design, companies are encouraged to investigate advanced code rate matching schemes until RAN1#88bis
· Working assumption can be revisited at RAN1#88bis if it does not prove to be possible to generate a good code design with Nmax,UCI =1024




In this contribution, we present results for repetition of polar codes and compare with some of the schemes suggested for puncturing. The focus is on performance in the range of 1025 to 2048 transmitted bits.
We investigate simple repetition as an alternative to larger code block size. Investigation of transmitting internal node values is also presented.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref462125875]According to the working assumption the interesting range for K is up to 500. The code rates that will trigger more than 1024 transmitted bits are therefore less than 0.4878. We have looked at the code rates 1/3, ¼, 1/6 and 1/12 for all K values in the range 86 to 500.
For each code rate and K value we have simulated the required Es/N0 to reach a BLER target of 0.01. We compare a simple repetition scheme for a code block length of 1024 with a set of puncturing schemes for a code block length of 2048.
· “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].  
· “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 puncturing, i.e. puncture the indices corresponding to the most reliable bit-channel positions first.

The frozen bit sequence is based on the one from [2] and the simulation is done with list size L= 8.
From the figure for code rate 1/3 we notice similar performance for the simple repetition scheme up to K=400. Then up to K=500 the performance gradually decreases relative to the best puncturing scheme up to about 0.6 dB.
From the figure for code rate 1/4 we notice similar or better performance for the simple repetition scheme up to K=300. Then up to K=500 the performance gradually decreases relative to the best puncturing scheme up to about 0.8 dB.
From the figure for code rate 1/6 we notice identical or better performance for the simple repetition scheme up to K=210. Then up to K=341 the performance gradually decreases relative to the best puncturing scheme up to about 0.45 dB.
From the figure for code rate 1/12 we notice identical or better performance for the simple repetition scheme up to K=110. Then up to K=170 the performance gradually decreases relative to the best puncturing scheme up to about 0.2 dB.

[image: ]Figure 1: Required Es/N0 for code rate 1/3	
[image: ]Figure 2: Required Es/N0 for code rate 1/4	
[image: ]Figure 3: Required Es/N0 for code rate 1/6	

[image: ]Figure 4: Required Es/N0 for code rate 1/12	
Note that in the figures the worst performing puncturing schemes have been removed in order to increase the readability. Also note that for the case of puncturing the optimum scheme depends both on the code rate as well as on K.

Observation 1 The simple repetition scheme performs well in comparison to puncturing schemes with twice the code block size.
Observation 2 The simple repetition scheme has very low implementation complexity.

[bookmark: _GoBack]For a large number of transmitted bits (M > 2048) the difference between repeating from code block size 1024 or code block size 2048 is limited to approximately 0.6 dB, see Figure 5.

[bookmark: _Ref478138008][image: ]Figure 5: Required Es/N0 for code rate 1/6 for M up to 3000	

1. Use repetition instead of puncturing for the range of transmitted bits from 1025 to 2048.
1. Further study repetition schemes to decrease the performance loss for high K values.

Transmit intermediate node values
We have compared our simple repetition scheme with the one used in [1] for the same test cases.
As can be seen in the figure below there is a significant difference in performance depending on the selected puncturing scheme used as reference. In these two cases the simple repetition scheme has better performance than the one used in [1].

[image: ]
Figure 6: Performance comparison between puncturing and repetition for code rate 1/12 and K=32

Conclusions
In this contribution we made the following observations:

Observation 1 The simple repetition scheme performs well in comparison to puncturing schemes with twice the code block size.
Observation 2 The simple repetition scheme has very low implementation complexity.

Based on the discussion in this contribution we propose the following:
1. Use repetition instead of puncturing for the range of transmitted bits from 1025 to 2048.
1. Further study repetition schemes to decrease the performance loss for high K values.
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