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1. Introduction

A new circular buffer rate matching (CBRM) setting denoted as CBRM(σ=4,δ=4) was proposed in [1]
 to further optimize the performance of the sub-block interleavers as agreed in RAN1#49 Kobe [2, 3].  The new design was claimed to (1) remove irregular SNR spikes and (2) achieve better performance over a wide range of code rates.  The new design has received wide cross examination [6—10].  While the claim of exhibiting much less SNR spikes is verified, inconsistent results have been found regarding the performance gain aspect.  

It is shown in this paper that the performance inconsistence comes from different decoder assumptions.  With 8 iterations of improved Max-Log-MAP turbo decoder, the new CBRM(σ=4,δ=4) setting is found to provide better performance than the CBRM(σ=2,δ=1) setting over a range of code rates.  With 6 iterations of conventional Max-Log-MAP turbo decoder, the opposite is true.
2. Performance Analysis

An illustration of the improved Max-Log-MAP turbo decoder is provided in Figure 1.
  The only difference from the conventional Max-Log-MAP turbo decoder is the 0.75 scaling on the extrinsic information between the constituent decoders.  Since the improved Max-Log-MAP decoder converges faster [4],
 it provides SNR gains of 0.2—0.3 dB over the conventional Max-Log-MAP decoder with the same number of iterations.  Since the multiplication of 0.75 can be implemented very simply for fixed-points and is applied only to the final extrinsic output, the performance gains are obtained with essentially no additional complexity.
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Figure 1 Illustration of an improved Max-Log-MAP turbo decoder
In [6, 7], the CBRM(σ=4,δ=4) setting was tested with improved Max-Log-MAP decoder with 8 iterations and found to provide performance gains over a range of coding rates.  In [8, 9], CBRM(σ=4,δ=4) setting was tested with conventional Max-Log-MAP decoder with 6 iterations and found to achieve similar or sub-par performance.  We redo all the performance tests in [6] to verify this observation.
  The simulation parameters are listed in Table I.  The performance comparison is presented in Figures 2—6.  It can be observed that the CBRM(σ=4,δ=4) setting achieves similar performance as the CBRM(σ=2,δ=1) setting for code rates r=0.4, 0.6 and 0.7.  However, for code rates r=0.5 and 0.8, performance of the new setting is worse.  
Table 1 Simulation Parameters
	Common Code Structure
	LTE Turbo Coding [5]

	Rate Matching Algorithms
	1. CBRM(σ=2,δ=1) as described in [2]

2. CBRM(σ=4,δ=4) as described in [1]

	Coding Rates
	r = 0.4, 0.5, 0.6, 0.7, 0.8

	Test Block Lengths
	For all QPP interleaver sizes K ≥ 288×r

	Redundancy Version
	RV = 0

	Decoding Algorithm
	Conventional Max-Log-MAP 

	Iterations
	6

	Modulation
	QPSK

	Channel
	Static AWGN
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Figure 2 Required Eb/N0 for RV=0 at code rate r=0.8.  For each of the CBRM(σ=2,δ=1) and CBRM(σ=4,δ=4) algorithms, three curves corresponding to BLER targets of 10%, 1%, 0.2% are shown.
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Figure 3 Required Eb/N0 for RV=0 at code rate r=0.7.  For each of the CBRM(σ=2,δ=1) and CBRM(σ=4,δ=4) algorithms, three curves corresponding to BLER targets of 10%, 1%, 0.2% are shown.
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Figure 4 Required Eb/N0 for RV=0 at code rate r=0.6.  For each of the CBRM(σ=2,δ=1) and CBRM(σ=4,δ=4) algorithms, three curves corresponding to BLER targets of 10%, 1%, 0.2% are shown.
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Figure 5 Required Eb/N0 for RV=0 at code rate r=0.5.  For each of the CBRM(σ=2,δ=1) and CBRM(σ=4,δ=4) algorithms, three curves corresponding to BLER targets of 10%, 1%, 0.2% are shown.
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Figure 6 Required Eb/N0 for RV=0 at code rate r=0.4.  For each of the CBRM(σ=2,δ=1) and CBRM(σ=4,δ=4) algorithms, three curves corresponding to BLER targets of 10%, 1%, 0.2% are shown.
3. Conclusion

It is shown the new CBRM(σ=4,δ=4) setting achieves better performance than the CBRM(σ=2,δ=1) setting over a range of code rates when a high-performance decoder assumption is used (i.e., 8 iterations of improved Max-Log-MAP turbo decoder).  On the other hand, the reverse is true when a lower specified decoder assumption is used (i.e., 6 iterations of conventional Max-Log-MAP turbo decoder).  Since the improved Max-Log-MAP turbo decoder requires essentially no additional complexity and, in fact, can be found in a wide range of current products, it is proposed to adopt the CBRM(σ=4,δ=4) setting for LTE.
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� A draft was posted to RAN1 Reflector on June 1, 2007 to allow enough time for interested parties to study.


� The improved Max-Log-MAP turbo decoder has been in use at NASA JPL for more than a decade.  This type of decoders can also be found in a wide range of products on the market today.


� Performance of improved Max-Log-MAP turbo decoder with 5 iterations is roughly the same as that of conventional Max-Log-MAP turbo decoder with 8 iterations.


� Dummy bits are placed at the end of the sub-block interleavers in [6, 7, 8] and at the beginning in [9].  However, this difference in dummy bit placements does not affect performance with code rate r ≤ 8/9.
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