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1. Introduction

In [1] and [2], two stage rate matching methods have been proposed. These methods realize a flexible incremental redundancy (IR) given any bit rate and any IR buffer size. In the method proposed in [1], the second rate matching rule for redundancy version (RV) 1 was the same as Release 99 rate matching rule. However, in RV2, most of the systematic bits are punctured in order to take a benefit of coding gain in second transmission. This means that a retransmitted packet with RV2 is not self-decodable when the rate of each packet is small. In case the RV2 or 3 are not self-decodable, it is necessary to have a mechanism to recover the systematic bit when a packet with RV1 is failed due to a bad channel [2], such as retransmitting RV1 again before transmitting RV2. However this is not somehow optimal and a better solution is a clever NodeB scheduler that can select an optimum redundancy version among various types of redundancy version. 

In this paper, we propose additional redundancy versions for second rate matching pattern determination. We applied Release99 rate matching rule again to get RV4 and 5, which has a certain degree of self-decodability and hence useful when the RV1 is received in a bad channel condition. We propose to include RV4 and 5 (or such) to optimize the redundancy version selection. 

2. Additional redundancy versions for second rate matching algorithm 

2.1. Strategy

The principles of additional redundancy versions are as follows.

1) R.V.4: All 1st parity bits shall be transmitted. The 2nd parity bits and systematic bits shall be punctured.

2) R.V.5: All 2nd parity bits shall be transmitted. The systematic bits and 1st parity bits shall be punctured. 

The strategy of these redundancy versions are shown in Table 1.

Table 1 The strategy of RV4 and RV5..
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2.1.1. Determination of rate matching parameters of RV4 and RV5

How to determine the second rate matching parameters is shown in Table 2.In the table,
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Table 2 Second rate matching parameters.

	R.V.
	Systematic bits
	1st parity bits
	2nd parity bits
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It is clear that the rate matching pattern determination in RV1[1] is also applied to the RV4 and 5 by shifting circularly among the systematic bits, 1st parity bits and 2nd parity bits.

3. Simulations

3.1. Simulation conditions

In order to confirm basic link level performance of the two stage rate matching method, computer simulations were conducted under AWGN environment. Simulation conditions are shown in the Table 3.

Table 3 Simulation conditions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Propagation conditions
	1 path

	Channel
	AWGN

	CPICH relative power
	10% (-10dB)

	Ec/Ior
	-1dB

	Closed loop Power Control
	OFF

	HSDPA frame Length
	2 ms (3 slots)

	Spreading factor
	16

	Ior/(Ioc+No)
	Variable

	Channel Estimation
	Ideal

	Modulations
	16QAM, 

	Channel coding
	Rel’99 Turbo code (PCCC), 
Rate 3/4

	Channel interleaving
	Random


3.2. Simulation results

3.2.1. PER performance of each redundancy version

Figure 1 shows packet error rate properties of the redundancy versions 2 and 4 in terms of the increase of IR buffer size defined in [1]. The RV3 and 5 were omitted because it is expected that the performance of the RV3 and 5 is equivalent to that of the RV2 and 4, respectively. Totally, the PER properties of RV2 are degraded in comparison with that of the RV4. It was also observed that the RV2 was not decodable when the increase of IR buffer sizes were 50% and 75%. On the other hand, performance degradation of RV4 was, at most, 1.1 dB. 

3.2.2. PER performance when each RVs are combined

Figures 2 and 3 show the PER properties when each redundancy versions are sequentially applied. Using RV2 and RV3 in second and third transmission show best performance because of large coding gain. The degradation of the performance is, at most, 0.4 dB when  RV4 is applied in second transmission. When the increase of IR buffer size is 100%, using the RV5 in third transmission shows almost the same performance as the case of RV1+RV2+RV3, however, we can still observe degradation with 25% of the increase of IR buffer size.

4. Conclusions

Additional redundancy versions were proposed for self-decodable two stage rate matching. The RV4 and RV5 should be applied when self-decodability of redundancy versions is required. More computer simulations under realistic conditions are to be given in the future meeting to show a clear benefit of RV4 and RV5.
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Figure 1 PER performance of RV1,2 and 4 (AWGN).
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Figure 2 The combinations of RVs, Increase of IR buffer size = 25%.
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Figure 3 The combinations of RVs, Increase of IR buffer size = 100%.
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[image: image37.wmf]The combination of RVs, 16QAM R=3/4, IR buffer:25%
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						PER performance of each redundancy version

						RV1 25%: Ior/Ioc=-0.8,-0.6,-0.4,-0.2: 16QAMR34RM225RV1_1031-1

						RV1 25%: Ior/Ioc=-0.8,-0.6,-0.4,-0.2: 16QAMR34RM225RV1_1031-1

						Two State Rate Matching Method 1 versus Method 2

						1) 16QAM R=3/4

						2nd 100%: Ior/Ioc=-6.2,-6,-5.8:16QAMR34RMV2100_2nd1031-1, Ior/Ioc=-5.6:16QAMR34RMV2100_2nd1031-2																						2nd 100%: Ior/Ioc=-5.8,-5.6,-5.4:16QAMR34RMV250_2nd1031-1, Ior/Ioc-5.2,-5.0,-4.8=:16QAMR34RMV250_2nd1031-2																												2nd 100%: Ior/Ioc=-4.8,-4.6,-4.4:16QAMR34RMV225_2nd1031-2
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						Rvtest

						RV1: -0.6,-0.4,-0.2: 16QAMR34RM2100RV1_1101-1

						RV2(M1): 5.4,5.6,5.8,6.0,6.2: 16QAMR34RM2100RV2_1101-1

						RV2(M2): 0.6,0.8,1.0: 16QAMR34RM2100RV2M2_1101-1

						RV2(M1): Cannot be decoded: 16QAMR34RM250RV2M1_1102-1

						RV2(M2): 0,0.2,0.4: 16QAMR34RM250RV2M2_1101-1

						RV2(M1): Cannot be decoded: 16QAMR34RM275RV2M1_1102-1

						RV2(M2): 0.2,0.4,0.6: 16QAMR34RM275RV2M2_1101-1

						RV2(M1): 0.8,1,1.2: 16QAMR34RM225RV2M1_1102-1

						RV2(M2): -0.2,0,0.2: 16QAMR34RM225RV2M2_1101-1
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						PER performance of each redundancy version

						RV1 25%: Ior/Ioc=-0.8,-0.6,-0.4,-0.2: 16QAMR34RM225RV1_1031-1

						RV1 25%: Ior/Ioc=-0.8,-0.6,-0.4,-0.2: 16QAMR34RM225RV1_1031-1

						Two State Rate Matching Method 1 versus Method 2

						1) 16QAM R=3/4

						2nd 100%: Ior/Ioc=-6.2,-6,-5.8:16QAMR34RMV2100_2nd1031-1, Ior/Ioc=-5.6:16QAMR34RMV2100_2nd1031-2																						2nd 100%: Ior/Ioc=-5.8,-5.6,-5.4:16QAMR34RMV250_2nd1031-1, Ior/Ioc-5.2,-5.0,-4.8=:16QAMR34RMV250_2nd1031-2																												2nd 100%: Ior/Ioc=-4.8,-4.6,-4.4:16QAMR34RMV225_2nd1031-2

						3rd 100%: Ior/Ioc=-8.6,-8.4,-8.2:16QAMR34RMV2100_3rd1031-1,Ior/Ioc=-8:16QAMR34RMV2100_3rd1031-2																						3rd 100%: Ior/Ioc=-7.6,-7.4,-7.2:16QAMR34RMV250_3rd1031-1,Ior/Ioc=:16QAMR34RMV250_3rd1031-2																												3rd 100%: Ior/Ioc=-6.8,-6.6,-6.4:16QAMR34RMV225_3rd1031-1,Ior/Ioc=-7,-6.8,-6.6:16QAMR34RMV225_3rd1101-1
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