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Introduction
In RAN1#89, the following agreement was reached:
	After segmentation (if any):
K is the number of information bits (including CRC if one is attached)
M is the number of coded bits for transmission
NDM  is the smallest power of 2 that is >=M
NM  is (NOTE: InterDigital pointed out afterwards that below conditions should be applied to min(NDM, NR), instead of NDM)
NDM /2     if    M < β* NDM /2 and K/M < Rrepthr,   1<=β<2  (exact value FFS; it is not precluded that β is a function of NDM)
(NOTE: this makes sure {mother code size N/2 + repetition} is used when (a) M, M>N/2, is close to N/2; -OR- (b) code rate is fairly low)
Otherwise, NDM         
FFS the value of Rrepthr;  Rrepthr = 0 not precluded
NR is the smallest power of 2 that is >= K/Rmin
Rmin is the supported minimum coding rate, 
~1/12<=Rmin<=~1/5, FFS the exact value 
Nmax is the maximum supported mother code size 
The mother code size N is determined as min(NM, NR, Nmax)
Repetition is applied when   M > N
Puncturing or shortening is applied when M < N    
Puncturing for lower code rates, e.g. in cases where code rate <= Rpsthr, and/or other condition(s) 
Shortening for higher code rates, e.g. in cases where code rate > Rpsthr, and/or other condition(s)
Details FFS




In this contribution, we compare repetition with puncturing/shortening with simulation study. Parameters β, Rrepthr, Rmin.
 Discussion
In Section 3, simulation results are shown for repetition performance, as compared to numerous puncturing schemes. Based on the simulation results, we discuss the values for parameters β, Rrepthr, Rmin.
Parameter β
Allowing 0.1 to 0.2 dB loss for the repetition case compared to the best performing puncturing/shortening scheme gives the following upper limit for β.
For M<=NDM <= 128, it is suggested to set β=1 so that repetition is not applied when the code size is small, since the savings from using a smaller mother code is limited. For code rate R>3/4, it is suggested to set β=1 so that repetition is not applied when the code rate is high.
β is approximately independent of NDM and increasing as the code rate decreases. A simple example approximation that limits the maximum value of β to 1.3 and the highest code rate for which β is >1 to 0.75 is given by 
β = 1.3-0.4*R.

Table 1	Upper limit of β as a function of NDM and code rate
	
	Upper limit on β
	

	Code rate R
	NDM=256
	NDM =512
	NDM =1024
	Approximation of β

	2/3
	1.02
	1.04
	1.05
	1.03

	1/2
	1.07
	1.07
	1.11
	1.10

	2/5
	1.13
	1.13
	1.16
	1.14

	1/3
	1.17
	1.19
	1.19
	1.17

	1/4
	1.20
	1.20
	1.20
	1.20

	1/6
	1.25
	1.21
	1.21
	1.23

	1/12
	
	1.56
	1.48
	1.27




Based on the analysis above, we have the following Observations and Proposals.
Observation 1 The β value is approximately independent of NDM.
Observation 2 The β value depends on code rate R.

1. Do not use repetition when M <= 128.
1. Use a simple approximation of β that depends at least on code rate.

Parameter Rrepthr
Rrepthr is used to ensure that repetition is applied when code rate K/M is low. Based on the simulation results, Rrepthr =1/6 is recommended, since rate 1/6 with repetition achieves about the same performance as rate 1/12, as shown in Figure 7. Alternatively, if  β is a function of code rate R, β( R), then parameter Rrepthr is no longer necessary.
Parameter Rmin
Figure 7 shows that when code rate R=1/12, using mother code size NDM/2 with repetition incurs negligible degradation for the whole range of M. On the other hand, when R=1/6, using mother code size NDM/2 with repetition does incur performance loss for certain ranges of M values. The simulation results in Figure 7 indicates that Rrepthr =1/6 is recommended, since rate 1/6 with repetition achieves about the same performance as rate 1/12. 

1. Select Rmin =1/6.

Simulation Results
[bookmark: _Ref462125875]According to the working assumption the interesting range for K is up to 500. Code rates considered are 2/3, ½, 2/5, 1/3, ¼, 1/6 and 1/12 and K values in the range 16, 19, 22,.. ,499.
For each code rate and K value we have simulated the required Es/N0 to reach a BLER target of 0.001. We compare a simple repetition scheme (similar to “Natural – Type I”) for a code block length of NDM/2 with a set of puncturing schemes for a code block length of NDM.
· “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.

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 based on the one from [2] and the simulation is done with list size L= 8.
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Revision of agreement
The agreement in its existing format does not consider that NR may need to round down to NR /2. It also does not consider that β should be a function of code rate R. Considering this and above discussion of the parameters, we recommend the following revision of the agreement:
	After segmentation (if any):
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· NDM,R = min(NDM, NR)
· NM  is 
· NDM,R /2     if    M < β( R) * NDM,R /2, where β( R) is parameter value for code rate R= K/M,   1<=β(R)<2  (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM,R         
· FFS the value of Rrepthr;  Rrepthr = 0 not precluded
Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, Nmax)





Conclusions
In this contribution we made the following observations:
Observation 1 The β value is approximately independent of NDM.
Observation 2 The β value depend on code rate R.

Based on the discussion in this contribution we propose the following:
1. Do not use repetition when M <= 128.
1. Use a simple approximation of β that depends at least on code rate.
1. Select Rmin =1/6.
1. Revise the agreement on mother code size determination as suggested.
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