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1. Introduction

We evaluate the performance of three rate matching algorithms for turbo coding.  The first approach is based on the unmodified Rel6 rate matching algorithm ‎[3] (Rel6 RM) and the other two are based on parametric variants of circular buffer approaches proposed in ‎[4]

 REF _Ref165623326 \r \h 
‎[5]

 REF _Ref165799391 \r \h 
‎[6].  Through the use of improved decoding algorithm and more decoding iterations (not conforming to those set in ‎[1]), this paper provides additional performance results in lower operating SNR regions.

The circular buffer rate matching algorithms proposed in ‎[4]

 REF _Ref165623326 \r \h 
‎[5]

 REF _Ref165799391 \r \h 
‎[6] employ three 32-column rectangular interleavers to process the three output streams from a turbo encoder: systematic, parity1 and parity2.  While the interleavers for the systematic and parity1 streams are identical, there are two options for the parity2 stream interleaver.  In the first algorithm (referred to as CBRM0 in this paper), the parity2 interleaver is set to be the same as that for the parity1 stream.  In the second algorithm (referred to as CBRM1 in this paper), the interleaving addresses for the parity1 stream are incremented by one to form the interleaving addresses for the parity2 stream.
2. Performance Analysis

We tested the performance of the rate matching algorithms based on the parameters listed in Table I.  The test coding rates are similar to those adopted in a similar study ‎[2].  Since a resource block carries no more than 144 QPSK modulation symbols, the information block size K for a coding rate r can not be smaller than 288∙r.  For the Rel6 rate matching scheme, the simulations are based on QPSK RV=0 settings.  For the two circular buffer RM algorithms, RV=7 is used for test code rate r=0.4 and RV=0 is used for all higher test code rates.   

The required Eb/N0 values for 10% and 1% BLER targets are plotted in Figure 1 and Figure 2, respectively.   For code rates r=0.4, 0.5 and 0.7, all three rate matching algorithms perform essentially the same.  For code rate r=0.6, the Rel6 scheme performs slightly better than the two CB schemes.  For code rate r=0.8, the two CB approaches perform slightly better than Rel6 RM.  For code rate r=0.9, CBRM1 performs comparably with the Rel6 RM: one is better for the shorter block sizes and the other is better for the larger block sizes.  However, the performance of CBRM0 diverges at this code rate.

Table 1 Simulation Parameters
	Common Code Structure
	QPP-based Turbo Coding 

	Rate Matching Algorithms
	1. Unmodified Rel6 RM ‎[3]
2. CBRM0 as described in ‎[4]

 REF _Ref165623326 \r \h 
‎[5]

 REF _Ref165799391 \r \h 
‎[6] and Section 1

3. CBRM1 as described in ‎[4]

 REF _Ref165623326 \r \h 
‎[5]

 REF _Ref165799391 \r \h 
‎[6] and Section 1

	Coding Rates
	r = 0.4, 0.5, 0.6, 0.7, 0.8, 0.9

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

	Decoding Algorithm
	Improved Max-Log-MAP (i.e., 0.75 scaling on extrinsic information)

	Iterations
	8

	Modulation
	QPSK

	Channel
	Static AWGN


3. Conclusion

We found the performance of unmodified Rel6 RM and CBRM1 algorithms meeting expectation.
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Figure 1 Performance comparison of rate matching algorithms at BLER target=10%.  
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Figure 2 Performance comparison of rate matching algorithms at BLER target=1%. 
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5. Appendix

For each of the two circular buffer rate matching algorithms, two RV settings (0 and 7) have been tested and the better one is presented in Section 3.  One exception is found for CBRM0 at code rate r=0.9, where RV=7 could sometimes outperform RV=0.  The complete comparison is provided in Figure 3.
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Figure 3 Performance comparison of rate matching algorithms for code rate r=0.9 and BLER target=10%.

