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1. Summary
Since Rel.6 PIL interleaver has been replaced by QPP interleaver [1], it is necessary to select a new rate matching (RM) algorithm matched QPP intra-interleaver. Three reasons have been listed as follows:
· Simulation has shown that the performance of Turbo coding with Rel.6 RM is not good for some specific high rate codes at the first transmission. For example, when r=23/30 and N=1920, the performance of punctured codes generated by 3GPP RM algorithm is around 1dB worse than that of punctured codes generated by optimal puncturing pattern at BLER=10-2~10-3.
· The original 3GPP rate matching algorithm is not suitable for high throughput implementation because the RM algorithm is the serial recursive algorithm.
· Rel.6 RM can not guarantee successive transmissions to be orthogonal, which will degrade the performance of multiple HARQ transmission.
This contribution will focus on the performance issue caused by Rel.6 RM at the first transmission since the performance of high rate punctured codes has played the most important role to decide the HARQ throughput. In the next section, simulation results have been displayed to illustrate the performance issue of high rate Turbo code due to the application of Rel.6 RM.
2. Performance issue of the Rel.6 rate matching algorithm
Puncturing can be applied to turbo codes to attain flexible code rate. Through puncturing some part of bits in mother codeword of rate1/3, encoder can obtain a series of high rate codes. Encoder produces full set of parity bits, but some part bits shall not be sent. Decoder inserts erasures to the position of punctured parity bits, and then performs the decoding of rate1/3. By the way, erasures can be indicated by zero, that is to say, the insertion of erasures is to locate zero in the position of the punctured parity bits. 
 The puncturing pattern indicates the position of puncturing parity bits, namely what parity bits in the mother codeword shall be punctured. 3GPP rate matching algorithm can afford the puncturing pattern to obtain high rate turbo codes. Actually, puncturing pattern shall decide the performance of punctured codes since puncturing pattern decide the minimum free distance of high rate codes.
According to our simulation results, this contribution have found that the puncturing pattern generated by Rel.6 RM is not optimal for high rate turbo codes. The optimal rate matching algorithm should be carefully studied and invented to ensure the best performance of high rate codes.
Simulation parameters have been listed in Table 1. For some specific code rate and code size, performance comparison between the Rel.6 rate matching and the optimal pattern has been depicted in Figure 1-3.
In figure 1, when K=1216, N=1920, CR=19/30, there is 0.45dB and 0.7 dB SINR difference between the optimal puncturing pattern and the Rel.6 RM at BLER=10-2 and BLER=10-3 respectively.
In figure 2, when K=1472, N=1920, CR=23/30, there is 0.9dB and 1.2 dB SINR difference between the optimal puncturing pattern and the Rel.6 RM at BLER=10-2 and BLER=10-3 respectively.
In figure 3, when K=1502, N=1920, CR=47/60, there is 0.7dB SINR difference between the optimal puncturing pattern and the Rel.6 RM at BLER=10-2 and BLER=10-3.
Here K is the QPP interleaver size and N denotes the codeword length.
3. Conclusions

Since Rel.6 PIL interleaver has been replaced by QPP interleaver, it is necessary to reconsider whether the Rel.6 rate matching algorithm can match the QPP interleaver. From our simulation result, we have found that Rel.6 RM algorithm causes obvious performance degradation of high rate codes compared with the optimal puncturing pattern. What’s more, it is very difficult to modify Rel.6 RM algorithm to adapt the QPP interleaver at high code rate. Therefore a new rate matching algorithm should be studied and selected.
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Table 1 the simulation parameter
	Parameter
	Value
	Comment

	Channel
	Static
	

	channel estimation
	Perfect
	

	Transport block size (TBS)
	[1192, 1448,1480]
	[QPSK]
The exact code rate is

[19/30, 23/30, 47/60] respectively

	CRC length (bits)
	24
	

	Turbo inter-interleaver
	QPP
	Encoded by QPP interleavers[1] size of 

[1216, 1472,1504] respectively

	TTI duration
	1 ms
	QPSK: 1920 bits (960 symbols)

	RV parameters [s, r]
	[1,0]
	The first transmission

	Decoding method
	Normalized Max-Log-Map
	NI=8
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Figure 1 the performance comparison between punctured code with Rel.6 rate matching and punctured code with the optimal puncturing pattern at K=1216, CR=19/30.
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Figure 2 the performance comparison between punctured code with Rel.6 rate matching and punctured code with the optimal puncturing pattern at K=1472, CR=23/30.
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Figure 3 the performance comparison between punctured code with Rel.6 rate matching and punctured code with the optimal puncturing pattern at K=1502, CR=47/60.







