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1 Introduction
It has been agreed to adopt Circular Buffer based rate matching designs [1, 2]. However, performance improvements for CBRM such as sub-block interleaver parameter optimization, and other details were FFS [2]. It has been shown that the current working assumption CBRM scheme exhibits undesirable behavior at high code-rates [5]. Other design options have been considered during reflector email discussions as well.
The simulation assumptions described in [6] have been agreed as a way forward.  However, to insure that undesirable effects are not present at high code rate a more comprehensive study that sweeps code-rates using a higher density for all sizes of the QPP interleaver was performed and is presented here. 
The study shows that the CBRM exhibits undesirable behavior at very high code-rates (>0.9), independent of the various CBRM parameter configurations analyzed [1] and [3].   
2 Circular Buffer
We use the notation of [5] which parameterizes the CBRM with two parameters (). (It is defined for only first HARQ transmission).

· is number of columns to be skipped from systematic bit’s sub-block interleaver. 
· Hence higher the value of higher is the number of punctured systematic bits.
· This increases the number of un-punctured parity bits.
·  is offset in interleaving address for parity stream 2 relative to parity stream 1
3  Performance Analysis
We consider several sets of CBRM parameters:  
·  = 0  = 1

·  = 2  = 1 as described in [1]

·  = 4  = 4 as described in [3]
For code rates up to 0.8 all the CBRM configurations are well behaved and have similar performance. Performance for code-rate 0.8 is shown in Figure 1. As presented in Figure 2, not puncturing systematic bits performed better at low code-block sizes. However this behavior was reversed at high code-block sizes. At very high code-rates all the parameters showed very spiky undesirable behavior. We also show that at block length 2048, and sweeping through code-rates undesirable performance at high code rates.

Table 1 Simulation Assumptions and Parameters
	Common Code Structure
	QPP-based Turbo Coding [2]

	Rate Matching Algorithms
	· CBRM

	Test Block Lengths
	QPP interleaver sizes out of the 188 specified sizes in [2]

	Coding Rates
	· R = 0.8, 0.92, 0.95

· sweep through all the v. high code-rates
· 0.8:0.01:0.97

	Redundancy number 
	RV = 0

	Decoding Algorithm
	Improved Max-Log-MAP (with scaling on extrinsic information)

	Turbo Decoder Iterations
	8

	Modulation
	QPSK

	Channel
	Static AWGN

	Target BLER
	10%
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Figure 1: Required Eb/N0 for code-rate 0.8 for different parameter set for CBRM (, )
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Figure 2: Required Eb/N0 for code-rate 0.92 for different parameter set for CBRM (, )
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Figure 1: Required Eb/N0 for code-rate 0.92 for different parameter set for CBRM (, )
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Figure 3: Required Eb/N0 for code-block size 2048 for different parameter set for CBRM (, )

Figure 4. shows where very high code-rates and block sizes both are swept, resulting in a 3D surface. However, the third dimension is plotted using color. The X axis indicates the code block size and the Y axis indicates the code-rate. It is observed that at very high code-rates the turbo decoder breaks down requiring a very high Eb/N0.
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Figure 4: Required Eb/N0 for different code-block size and different (v. high) code-rate for working assumption for CBRM (, ).
4 Conclusions and discussions
We have demonstrated that for very high code rates (>0.9) CBRM exhibits undesirable behavior.  Since high data rates are critical to LTE, we believe that very high code rates should be included when assessing the performance of various rate matching schemes.  We also recommend that a higher density of code rates and code block size be used when the evaluating a rate matching scheme, as the location of the undesirable behavior seems to shift depending on the proposed RM configuration. 
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