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1 Introduction

In RAN WG1 HSDPA Ad Hoc, many incremental redundancy methods were proposed[1-6]. Reviewing these methods was also presented in [7-9]; however, there was no detailed discussion due to lack of time. In this contribution, further clarifications are made on the two-stage rate matching method proposed in [3]. 

2 Two stage rate matching
2.4 Structure[3]

Figure 1 shows a transmitter and receiver structure of two-stage rate matching method. The rate matching block consists of a first rate matching, a virtual IR buffer and a second rate matching. The virtual IR buffer size is utilized for first rate matching parameter determination. The second rate matching punctures the bits with IR buffer size so that the number of bits is equal to actual physical channel size before physical channel segmentation. The rate matching pattern is controlled by a redundancy version of a transmitted packet. At the receiver side, a second de-rate matching is applied after the physical channel de-segmentation by using the rate matching pattern determined by the redundancy version of the packet. The sequence after the second de-rate matching is stored in the IR buffer. A first de-rate matching increases the size of the sequence in the IR buffer so that it matches to that after the Turbo encoder, and finally, the Turbo decoder is applied. 
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Fig.1. Two-stage rate matching structure.
2.5 Second rate matching

2.5.1 Non-self-decodable redundancy versions

Second rate matching parameter determination of non-self-decodable approach [3] is revisited in table 1.  

Table 1. Second rate matching parameters.

	R.V.
	Systematic bits
	1st parity bits
	2nd parity bits
	Note
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2.5.2 Self-decodable redundancy versions

In [9], it was desirable to have self-decodable redundancy versions in some cases. If it is the case, we can apply parameter determination defined in [8] for second rate matching. The rate matching parameter determination for self-decodable redundancy versions are revisited in table 2.
Table 2 Second rate matching parameters.

	R.V.
	Systematic bits
	1st parity bits
	2nd parity bits

	2
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3 Some concerns raised in HSDPA Ad Hoc meeting

3.4 Self-decodability[9]

In [9], it was claimed that the additional redundancy version should be self-decodable. If the self-decodable redundancy versions are required, we can apply table 2 or the method proposed in [12] for second rate matching.

3.5 Imbalance parity bits

Because of imbalance of puncturing between 1st parity and 2nd parity bits in RV2 and 3 as shown in Table 1, there may be some performance degradation compared with balanced puncturing case. In order to see performance difference between two cases, we define a redundancy version with balanced puncturing as RV2 as shown in Table 3. This is, in principle, the same as the one which was proposed in [12] as a non-self decodable version.  Figures 2 and 3 show FER performance of 2nd and 3rd transmission regarding these cases. The simulation conditions are shown in Table 4. Since the imbalance can be happened when the total number of puncturing bits is greater than the number of systematic bits, larger IR buffer size cases (75% and 100% of increase of IR buffer size [3] ) were selected. As shown in these figures, FER performance difference between balanced and unbalanced puncturing cases is negligible in case of 2nd transmission in the HSDPA operating point (FER1% - 10%?). On the other hand, using the redundancy versions defined in Table 1 shows superior performance in 3rd transmission. However, the difference is expected to be also negligible if some versions of “eini” are introduced to RV32 in Table 3 as suggested in [12].

Table 3. Second rate matching parameters, balanced case.

	R.V.
	Systematic bits
	1st parity bits
	2nd parity bits
	Note

	1
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Table 4. Simulation conditions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Propagation conditions
	1 path

	Channel
	AWGN, Rayleigh fading (92.6Hz)

	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

	Max no. of iterations for Turbo Coder
	8

	Metric for Turbo Coder
	Max-log MAP

	Input to Turbo Decoder
	Soft

	Number of Rake fingers
	1

	Transmitter diversity
	STTD is not applied.

	Channel interleaving
	Random
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Figure 2 FER comparison between balanced and unbalanced puncturing cases (2nd transmission; RV1+RV2).
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Figure 3 FER comparison between balanced and unbalanced puncturing cases.

(Table 1; RV1+RV2+RV3, Table 3; RV1+RV2+RV1).

3.6 Dynamic memory management

In [9], the need of dynamic memory management in case of multiple transport channels or dynamic change of transport block size and transport block set size are described. However, we understand that a semi-static approach for the memory management has been agreed in last HSDPA Ad Hoc [10]. That is, if we understand correctly, IR buffer memory allocation for each transport channel, transport block size and transport block set size are not changed during one ARQ process. So, we don’t see any inconveniences concerning the multiple transport channel case.

As for the memory allocation, it was agreed that each transport channel have the same buffer size. However, it is desirable to allocate the IR memory in proportion to the maximum transport block set size of each transport channel in order to have balanced performance between transport channels.

3.7 Dynamic change of modulation and coding scheme

Since there is no dynamic change in transport block size, transport block set size and associated IR buffer size in our current working assumption, there is no change in the first rate matching parameters. Therefore, the two-stage rate matching can be applied even when there is a dynamic change in modulation and coding.

3.8 Performance comparison with [6]

Although we could not conduct concrete simulation regarding the Ericsson’s proposal because she said nothing about rate matching parameter determination rule in [6], we expect that the performance is almost identical from the simulation results in Figs.1 and 2 or Motorola’s consideration[8]. 

3.9 Applying SMP[11]
The incremental redundancy methods proposed in [1] and [5] apply SMP to get some performance gain. As for the two stage rate matching, systematic bits and parity bits after second rate matching are still separable. So, the SMP scheme is easily applicable.

4 Conclusions

It was tried to clarify the details of the two-stage rate matching scheme proposed in [3]. It is obvious that the two-stage rate matching becomes identical to release 99 rate matching when second stage is skipped. This means that the two-stage rate matching is superior from backward compatibility point of view, and the increase of the complexity compared with release 99 rate matching can be minimized. In addition, IR buffer memory management is easy. Since it is expected that practical performance difference between proposed HARQ schemes is not so significant, it is recommended to adapt two-stage rate matching for release 5. As for the redundancy versions of second rate matching, we support the rule proposed in [12] because it includes our thinking also.
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				9		0.0058		0.004		0.0038		0.0027		0.0028

				12

				15

				37,200

				再シミュレーション

				2) 16QAM R=3/4 RV1+RV2: Fixed Interleaving Pattern																										2) 16QAM R=3/4 RV1+RV2+RV3: Fixed Interleaving Pattern

				0%: Ior/Ioc=0,3: 16QAMR34_0RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_0RV12fd93_2nd1105-2																										0%: Ior/Ioc=-6,-3: 16QAMR34_0RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_0RV12fd93_3rd1105-2

				25%: Ior/Ioc=0,3: 16QAMR34_25RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_25RV12fd93_2nd1105-2																										25%: Ior/Ioc=-6,-3: 16QAMR34_25RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_25RV12fd93_3rd1105-2

				50%: Ior/Ioc=0,3: 16QAMR34_50RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_50RV12fd93_2nd1105-2																										50%: Ior/Ioc=-6,-3: 16QAMR34_50RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_50RV12fd93_3rd1105-2

				75%: Ior/Ioc=0,3: 16QAMR34_75RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_75RV12fd93_2nd1105-2																										75%: Ior/Ioc=-6,-3: 16QAMR34_75RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_75RV12fd93_3rd1105-2

				100%: Ior/Ioc=0,3: 16QAMR34_100RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_100RV12fd93_2nd1105-2																										100%: Ior/Ioc=-6,-3: 16QAMR34_100RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_100RV12fd93_3rd1105-2

																														100%: Ior/Ioc=-6: 16QAMR34_100RV12fd93_3rd1116-11,Ior/Ioc=-3: 16QAMR34_100RV12fd93_3rd1116-12

				Ior/Ioc																										Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%																		IR0%		IR25%		IR50%		IR75%		IR100%

				-3																										-6		0.7791		0.6151		0.5648		0.5141		0.474

				0		0.2613		0.2046		0.1888		0.1803		0.1727																-3		0.3415		0.2127		0.185		0.1594		0.1421

				3		0.0888		0.0647		0.0583		0.0557		0.0531																0		0.0844		0.04505		0.03765		0.03035		0.02495

				6		0.02445		0.0152		0.0138		0.0129		0.0114																3		0.0147		0.00695		0.00515		0.0041		0.00325

				9		0.0059		0.00285		0.00245		0.0027		0.0019																6

				12																										9

				15																										12

																														15

				3) 16QAM R=3/4 RV1+RV2: Variable Interleaving Pattern

																														3) 16QAM R=3/4 RV1+RV2: Variable Interleaving Pattern

				0%: Ior/Ioc=0,3: 16QAMR34_0RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_0RV12SBSfd93_2nd1105-2

				25%: Ior/Ioc=0,3: 16QAMR34_25RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_25RV12SBSfd93_2nd1105-2																										0%: Ior/Ioc=-6,-3: 16QAMR34_0RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_0RV12SBSfd93_3rd1105-2

				50%: Ior/Ioc=0,3: 16QAMR34_50RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_50RV12SBSfd93_2nd1105-2																										25%: Ior/Ioc=-6,-3: 16QAMR34_25RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_25RV12SBSfd93_3rd1105-2

				75%: Ior/Ioc=0,3: 16QAMR34_75RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_75RV12SBSfd93_2nd1105-2																										50%: Ior/Ioc=-6,-3: 16QAMR34_50RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_50RV12SBSfd93_rd1105-2

				100%: Ior/Ioc=0,3: 16QAMR34_100RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_100RV12SBSfd93_2nd1105-2																										75%: Ior/Ioc=-6,-3: 16QAMR34_75RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_75RV12SBSfd93_3rd1105-2

																														100%: Ior/Ioc=-6,-3: 16QAMR34_100RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_100RV12SBSfd93_3rd1105-2

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%																Ior/Ioc

				-3																												IR0%		IR25%		IR50%		IR75%		IR100%

				0		0.5221		0.4714		0.4526		0.4333		0.4283																-6		0.7984		0.7137		0.6778		0.6326		0.6021

				3		0.4137		0.3659		0.35		0.3376		0.3328																-3		0.4995		0.4029		0.3767		0.341		0.317

				6		0.3585		0.3106		0.286		0.2745		0.27275																0		0.30845		0.24445		0.21865		0.194		0.1767

				9		0.33965		0.2942		0.2725		0.25895		0.2572																3		0.2433		0.1864		0.1631		0.14265		0.1298

				12																										6

				15																										9

																														12

																														15

				37,208

				1) 16QAM R=3/4 RV1+RV2(New; balanced veriosn)																								1) 16QAM R=1/2 RV1+RV2(New; balanced veriosn)

				75%: Ior/Ioc=0,3: 16QAMR34RVB75_fd93_2nd1113-1,Ior/Ioc=6,9: 16QAMR34RVB75_fd93_2nd1113-2

				100%: Ior/Ioc=0,3: 16QAMR34RVB100_fd93_2nd1113-1,Ior/Ioc=6: 16QAMR34RVB100_fd93_2nd1113-2																								100%: Ior/Ioc=-3,0: 16QAMR12RVB100_fd93_2nd1113-1,Ior/Ioc=3: 16QAMR12RVB100_fd93_2nd1113-2

				Ior/Ioc																								Ior/Ioc

						R=3/4, IR75%Table3		R=3/4,IR100%Table3		R=3/4,IR75%Table1		R=3/4,IR100%Table1		R=1/2,IR100%Table3		R=1/2,IR100%Table1														IR100%

				-6

				-3										0.1945		0.1939												-6

				0		0.1789		0.1881		0.1803		0.1727		0.0617		0.0606												-3		0.1945

				3		0.0572		0.0611		0.0557		0.0531		0.0137		0.01375												0		0.0617

				6		0.01335		0.01495		0.0129		0.0114																3		0.0137

				9						0.0027		0.0019																6

				12																								9

																												2) 16QAM R=1/2 RV1+RV2(Original)

				37,210

				1) 16QAM R=3/4 RV1+RV2(balanced)+RV1

																												100%: Ior/Ioc=-3,0: 16QAMR12RV12_100_fd93_2nd1113-1,Ior/Ioc=3: 16QAMR12RV12_100_fd93_2nd1113-2

				100%: Ior/Ioc=-6: 16QAMR34RVB100_fd93_3rd1115-1,Ior/Ioc=-3: 16QAMR34RVB100_fd93_3rd1115-2

				100%: Ior/Ioc=0: 16QAMR34RVB100_fd93_3rd1115-3																								Ior/Ioc

				Ior/Ioc																										IR100%

						IR100%Table3		IR100%Table1																				-6

				-6		55%		0.474																				-3		0.1939

				-3		0.1831		0.1421																				0		0.0606

				0		0.03705		0.02495																				3		0.01375

				3				0.00325																				6

				6																								9

				9

																														Balanced		Original

																												-6

																												-3		0.1945		0.1939

																												0		0.0617		0.0606

																												3		0.0137		0.01375

																												6

																												9

						37,209

						Considerations on Variable Interleaving Pattern Approach

						1) fd=93Hz

						1.1) 16QAM R=3/4 RV1+RV2: Long Interleaving length (1920 bits)

						0%: Ior/Ioc=0,3: 16QAMR34Varlong0_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong0_fd93_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34Varlong50_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong50_fd93_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34Varlong100_fd93_2nd1116-1,Ior/Ioc=6: 16QAMR34Varlong100_fd93_2nd1114-2

						Ior/Ioc																								Ior/Ioc

								IR0%		IR50%		IR100%																				IR0%(Var-long)		IR100%(Var-long)		IR0%(Var-short)		IR100%(Var-short)		IR0%(Fixed)		IR100%(Fixed)

						-3																								-3

						0		0.2282																						0		0.2282				0.2338		0.1944		0.2613		0.1727

						3		0.0779																						3		0.0779				0.0827		0.0665		0.0888		0.0531

						6		0.02015				0.012																		6		0.02015				0.02325		0.01655		0.02445		0.0114

						9																								9										0.0059		0.0019

						12																								12

						1.2) 16QAM R=3/4 RV1+RV2: Short Interleaving length (96 bits)

						0%: Ior/Ioc=0,3: 16QAMR34VarSBS0_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS0_fd93_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34VarSBS50_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS50_fd93_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34VarSBS100_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS100_fd93_2nd1114-2

						Ior/Ioc

								IR0%		IR50%		IR100%

						-3

						0		0.2338				0.1944

						3		0.0827				0.0665

						6		0.02325				0.01655

						9

						12

						2) fd=240Hz

						2.1) 16QAM R=3/4 RV1+RV2: Long Interleaving length (1920 bits)

						0%: Ior/Ioc=0,3: 16QAMR34Varlong0_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong0_fd240_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34Varlong50_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong50_fd240_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34Varlong100_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong100_fd240_2nd1114-2

						Ior/Ioc

								IR0%		IR50%		IR100%

						-3

						0

						3

						6

						9

						12

						2.2) 16QAM R=3/4 RV1+RV2: Short Interleaving length (96 bits)

						0%: Ior/Ioc=0,3: 16QAMR34VarSBS0_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS0_fd240_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34VarSBS50_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS50_fd240_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34VarSBS100_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS100_fd240_2nd1114-2

						Ior/Ioc

								IR0%		IR50%		IR100%

						-3

						0

						3

						6

						9

						12
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16QAM R=3/4, Rayleigh fading (93Hz), 3rd transmission



		

				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				3rd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-6,-3,0: 16QAMR12RM20fd93_3rd1101-1

				25%: Ior/Ioc=-6,-3,0: 16QAMR12RM225fd93_3rd1101-1

				50%: Ior/Ioc=-6,-3,0: 16QAMR12RM250fd93_3rd1101-1

				75%: Ior/Ioc=-6,-3,0: 16QAMR12RM275fd93_3rd1101-1

				100%: Ior/Ioc=-6,-3,0: 16QAMR12RM2100fd93_3rd1101-1

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%

				-9

				-6								0.1898		0.1778

				-3								0.0386		0.0362

				0								0.0056		0.0052

				3

				6

				37,193

				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM20fd93_3rd1030-1,Ior/Ioc=-3: 16QAMR34RM20fd93_3rd1031-1

				25%: Ior/Ioc=-3,0,3,6: 16QAMR34RM225fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM225fd93_3rd1030-1,Ior/Ioc=-6: 16QAMR34RM225fd93_3rd1031-1

				50%: Ior/Ioc=-6: 16QAMR34RM250fd93_3rd1031-1,Ior/Ioc=-3: 16QAMR34RM250fd93_3rd1031-2, Ior/Ioc=-3: 16QAMR34RM250fd93_3rd1031-3, Ior/Ioc=0: 16QAMR34RM250fd93_3rd1030-1,

				75%: Ior/Ioc=-3,0,3,6: 16QAMR34RM275fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM275fd93_3rd1030-1,Ior/Ioc=-6: 16QAMR34RM275fd93_3rd1031-1

				100%: Ior/Ioc=-6,-3,0: 16QAMR34RM2100fd93_3rd1030-1(5000packets),Ior/Ioc=3: 16QAMR34RM2100fd93_3rd1030-2(10000packets)

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%

				-6				61%		56%		0.5094		0.4718

				-3		0.3382		0.2086		0.1792		0.152		0.1418

				0		0.0786		0.0458		0.035		0.0314		0.0276

				3		0.0131		0.0054		0.0045		0.0035		0.0026

				6		0.0022

				9

				12

				15

				6		0.0022		0.0006		0.0006		0.0002

				9		0.0004

				12

				15
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						37,190

						Link level simulation under Rayleigh fading environment

						STTD : OFF, fd=6Hz

						2nd Transmission

						1) 16QAM R=1/2

						0%: Ior/Ioc=0,3,6,9,12,15: 16QAMR12RM20fd2nd1026-1

						25%: Ior/Ioc=-3,0,3,6,9,12: 16QAMR12RM225fd2nd1026-1

						50%: Ior/Ioc=-3,0,3,6,9,12: 16QAMR12RM250fd2nd1026-1

						75%: Ior/Ioc=-3,0,3,6,9,12: 16QAMR12RM275fd2nd1026-1

						100%: Ior/Ioc=-6,-3,0,3,6,9: 16QAMR12RM2100fd2nd1026-1

						Ior/Ioc

								0%		25%		50%		75%		100%

						-6

						-3				0.27875		0.269417		0.263333		0.25225

						0		0.161917		0.14625		0.142083		0.138667		0.13025

						3		0.075917		0.066583		0.065417		0.066		0.061833

						6		0.02825		0.024083		0.023833		0.02425		0.026583

						9		0.009833		0.008083		0.008167		0.007833		0.009583

						12		0.002667		0.002667		0.002833		0.002917

						15		0.000667

						2) 16QAM R=3/4

						0%: Ior/Ioc=0,3,6,9,12: 16QAMR34RM20fd2nd1026-1

						25%: Ior/Ioc=-3,0,3,6,9: 16QAMR34RM225fd2nd1026-1

						50%: Ior/Ioc=-3,0,3,6,9: 16QAMR34RM250fd2nd1026-1

						75%: Ior/Ioc=-3,0,3,6,9: 16QAMR34RM275fd2nd1026-1

						100%: Ior/Ioc=-6,-3,0: 16QAMR34RM2100fd2nd1026-1, Ior/Ioc=3,6: 16QAMR34RM2100fd2nd1026-2, Ior/Ioc=3,6,9: 16QAMR34RM2100fd2nd1029-1

						Ior/Ioc

								0%		25%		50%		75%		100%

						-6

						-3				0.45425		0.406583		0.392417		0.38325

						0		0.343		0.267917		0.234833		0.223417		0.212083

						3		0.185417		0.138833		0.12375		0.117667		0.124

						6		0.086583		0.064083		0.057333		0.053667		0.059417

						9		0.03275		0.027333		0.02575		0.02525		0.025

						12		0.0115

						15
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				37,193

				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				2nd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-3,0,3: 16QAMR12RM20fd93_2nd1101-1

				25%: Ior/Ioc=-3,0,3: 16QAMR12RM225fd93_2nd1101-1

				50%: Ior/Ioc=-3,0,3: 16QAMR12RM250fd93_2nd1101-1

				75%: Ior/Ioc=-3,0,3: 16QAMR12RM275fd93_2nd1101-1

				100%: Ior/Ioc=-3,0,3: 16QAMR12RM2100fd93_2nd1101-1

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%

				-6

				-3		0.2042		0.19		0.1854		0.1816		0.1942

				0		0.0586		0.0548		0.0504		0.0508		0.0548

				3		0.0206		0.0184		0.0166		0.0174		0.0172

				6

				9

				12

				15

				37,193

				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_2nd1029-1,Ior/Ioc=9: 16QAMR34RM20fd93_2nd1030-1(20000 frames)

				25%: Ior/Ioc=0,3,6,9: 16QAMR34RM225fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM225fd93_2nd1030-2 (20000 frames)

				50%: Ior/Ioc=0,3,6,9: 16QAMR34RM250fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM250fd93_2nd1030-1(20000 frames)

				75%: Ior/Ioc=0,3,6,9: 16QAMR34RM275fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM275fd93_2nd1030-1,Ior/Ioc=9: 16QAMR34RM275fd93_2nd1030-2 (20000 frames)

				100%: Ior/Ioc=0,3,6,9: 16QAMR34RM2100fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM2100fd93_2nd1030-1

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%

				-3

				0		0.2602		0.2072		0.1886		0.1816		0.1706

				3		0.0804		0.059		0.0534		0.0524		0.0508

				6		0.0306		0.0146		0.0139		0.0127		0.0106

				9		0.0058		0.004		0.0038		0.0027		0.0028

				12

				15

				37,200

				再シミュレーション

				2) 16QAM R=3/4 RV1+RV2: Fixed Interleaving Pattern																										2) 16QAM R=3/4 RV1+RV2+RV3: Fixed Interleaving Pattern

				0%: Ior/Ioc=0,3: 16QAMR34_0RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_0RV12fd93_2nd1105-2																										0%: Ior/Ioc=-6,-3: 16QAMR34_0RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_0RV12fd93_3rd1105-2

				25%: Ior/Ioc=0,3: 16QAMR34_25RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_25RV12fd93_2nd1105-2																										25%: Ior/Ioc=-6,-3: 16QAMR34_25RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_25RV12fd93_3rd1105-2

				50%: Ior/Ioc=0,3: 16QAMR34_50RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_50RV12fd93_2nd1105-2																										50%: Ior/Ioc=-6,-3: 16QAMR34_50RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_50RV12fd93_3rd1105-2

				75%: Ior/Ioc=0,3: 16QAMR34_75RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_75RV12fd93_2nd1105-2																										75%: Ior/Ioc=-6,-3: 16QAMR34_75RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_75RV12fd93_3rd1105-2

				100%: Ior/Ioc=0,3: 16QAMR34_100RV12fd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_100RV12fd93_2nd1105-2																										100%: Ior/Ioc=-6,-3: 16QAMR34_100RV12fd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_100RV12fd93_3rd1105-2

																														100%: Ior/Ioc=-6: 16QAMR34_100RV12fd93_3rd1116-11,Ior/Ioc=-3: 16QAMR34_100RV12fd93_3rd1116-12

				Ior/Ioc																										Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%																		IR0%		IR25%		IR50%		IR75%		IR100%

				-3																										-6		0.7791		0.6151		0.5648		0.5141		0.474

				0		0.2613		0.2046		0.1888		0.1803		0.1727																-3		0.3415		0.2127		0.185		0.1594		0.1421

				3		0.0888		0.0647		0.0583		0.0557		0.0531																0		0.0844		0.04505		0.03765		0.03035		0.02495

				6		0.02445		0.0152		0.0138		0.0129		0.0114																3		0.0147		0.00695		0.00515		0.0041		0.00325

				9		0.0059		0.00285		0.00245		0.0027		0.0019																6

				12																										9

				15																										12

																														15

				3) 16QAM R=3/4 RV1+RV2: Variable Interleaving Pattern

																														3) 16QAM R=3/4 RV1+RV2: Variable Interleaving Pattern

				0%: Ior/Ioc=0,3: 16QAMR34_0RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_0RV12SBSfd93_2nd1105-2

				25%: Ior/Ioc=0,3: 16QAMR34_25RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_25RV12SBSfd93_2nd1105-2																										0%: Ior/Ioc=-6,-3: 16QAMR34_0RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_0RV12SBSfd93_3rd1105-2

				50%: Ior/Ioc=0,3: 16QAMR34_50RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_50RV12SBSfd93_2nd1105-2																										25%: Ior/Ioc=-6,-3: 16QAMR34_25RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_25RV12SBSfd93_3rd1105-2

				75%: Ior/Ioc=0,3: 16QAMR34_75RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_75RV12SBSfd93_2nd1105-2																										50%: Ior/Ioc=-6,-3: 16QAMR34_50RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_50RV12SBSfd93_rd1105-2

				100%: Ior/Ioc=0,3: 16QAMR34_100RV12SBSfd93_2nd1105-1,Ior/Ioc=6,9: 16QAMR34_100RV12SBSfd93_2nd1105-2																										75%: Ior/Ioc=-6,-3: 16QAMR34_75RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_75RV12SBSfd93_3rd1105-2

																														100%: Ior/Ioc=-6,-3: 16QAMR34_100RV12SBSfd93_3rd1105-1,Ior/Ioc=0,3: 16QAMR34_100RV12SBSfd93_3rd1105-2

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%																Ior/Ioc

				-3																												IR0%		IR25%		IR50%		IR75%		IR100%

				0		0.5221		0.4714		0.4526		0.4333		0.4283																-6		0.7984		0.7137		0.6778		0.6326		0.6021

				3		0.4137		0.3659		0.35		0.3376		0.3328																-3		0.4995		0.4029		0.3767		0.341		0.317

				6		0.3585		0.3106		0.286		0.2745		0.27275																0		0.30845		0.24445		0.21865		0.194		0.1767

				9		0.33965		0.2942		0.2725		0.25895		0.2572																3		0.2433		0.1864		0.1631		0.14265		0.1298

				12																										6

				15																										9

																														12

																														15

				37,208

				1) 16QAM R=3/4 RV1+RV2(New; balanced veriosn)																								1) 16QAM R=1/2 RV1+RV2(New; balanced veriosn)

				75%: Ior/Ioc=0,3: 16QAMR34RVB75_fd93_2nd1113-1,Ior/Ioc=6,9: 16QAMR34RVB75_fd93_2nd1113-2

				100%: Ior/Ioc=0,3: 16QAMR34RVB100_fd93_2nd1113-1,Ior/Ioc=6: 16QAMR34RVB100_fd93_2nd1113-2																								100%: Ior/Ioc=-3,0: 16QAMR12RVB100_fd93_2nd1113-1,Ior/Ioc=3: 16QAMR12RVB100_fd93_2nd1113-2

				Ior/Ioc																								Ior/Ioc

						R=3/4, IR75%Table3		R=3/4,IR100%Table3		R=3/4,IR75%Table1		R=3/4,IR100%Table1		R=1/2,IR100%Table3		R=1/2,IR100%Table1														IR100%

				-6

				-3										0.1945		0.1939												-6

				0		0.1789		0.1881		0.1803		0.1727		0.0617		0.0606												-3		0.1945

				3		0.0572		0.0611		0.0557		0.0531		0.0137		0.01375												0		0.0617

				6		0.01335		0.01495		0.0129		0.0114																3		0.0137

				9						0.0027		0.0019																6

				12																								9

																												2) 16QAM R=1/2 RV1+RV2(Original)

				37,210

				1) 16QAM R=3/4 RV1+RV2(balanced)+RV1

																												100%: Ior/Ioc=-3,0: 16QAMR12RV12_100_fd93_2nd1113-1,Ior/Ioc=3: 16QAMR12RV12_100_fd93_2nd1113-2

				100%: Ior/Ioc=-6: 16QAMR34RVB100_fd93_3rd1115-1,Ior/Ioc=-3: 16QAMR34RVB100_fd93_3rd1115-2

				100%: Ior/Ioc=0: 16QAMR34RVB100_fd93_3rd1115-3																								Ior/Ioc

				Ior/Ioc																										IR100%

						IR100%Table3		IR100%Table1																				-6

				-6		55%		0.474																				-3		0.1939

				-3		0.1831		0.1421																				0		0.0606

				0		0.03705		0.02495																				3		0.01375

				3				0.00325																				6

				6																								9

				9

																														Balanced		Original

																												-6

																												-3		0.1945		0.1939

																												0		0.0617		0.0606

																												3		0.0137		0.01375

																												6

																												9

						37,209

						Considerations on Variable Interleaving Pattern Approach

						1) fd=93Hz

						1.1) 16QAM R=3/4 RV1+RV2: Long Interleaving length (1920 bits)

						0%: Ior/Ioc=0,3: 16QAMR34Varlong0_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong0_fd93_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34Varlong50_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong50_fd93_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34Varlong100_fd93_2nd1116-1,Ior/Ioc=6: 16QAMR34Varlong100_fd93_2nd1114-2

						Ior/Ioc																								Ior/Ioc

								IR0%		IR50%		IR100%																				IR0%(Var-long)		IR100%(Var-long)		IR0%(Var-short)		IR100%(Var-short)		IR0%(Fixed)		IR100%(Fixed)

						-3																								-3

						0		0.2282																						0		0.2282				0.2338		0.1944		0.2613		0.1727

						3		0.0779																						3		0.0779				0.0827		0.0665		0.0888		0.0531

						6		0.02015				0.012																		6		0.02015				0.02325		0.01655		0.02445		0.0114

						9																								9										0.0059		0.0019

						12																								12

						1.2) 16QAM R=3/4 RV1+RV2: Short Interleaving length (96 bits)

						0%: Ior/Ioc=0,3: 16QAMR34VarSBS0_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS0_fd93_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34VarSBS50_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS50_fd93_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34VarSBS100_fd93_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS100_fd93_2nd1114-2

						Ior/Ioc

								IR0%		IR50%		IR100%

						-3

						0		0.2338				0.1944

						3		0.0827				0.0665

						6		0.02325				0.01655

						9

						12

						2) fd=240Hz

						2.1) 16QAM R=3/4 RV1+RV2: Long Interleaving length (1920 bits)

						0%: Ior/Ioc=0,3: 16QAMR34Varlong0_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong0_fd240_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34Varlong50_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong50_fd240_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34Varlong100_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34Varlong100_fd240_2nd1114-2

						Ior/Ioc

								IR0%		IR50%		IR100%

						-3

						0

						3

						6

						9

						12

						2.2) 16QAM R=3/4 RV1+RV2: Short Interleaving length (96 bits)

						0%: Ior/Ioc=0,3: 16QAMR34VarSBS0_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS0_fd240_2nd1114-2

						50%: Ior/Ioc=0,3: 16QAMR34VarSBS50_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS50_fd240_2nd1114-2

						100%: Ior/Ioc=0,3: 16QAMR34VarSBS100_fd240_2nd1114-1,Ior/Ioc=6: 16QAMR34VarSBS100_fd240_2nd1114-2

						Ior/Ioc

								IR0%		IR50%		IR100%

						-3

						0

						3

						6

						9

						12
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				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				3rd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-6,-3,0: 16QAMR12RM20fd93_3rd1101-1

				25%: Ior/Ioc=-6,-3,0: 16QAMR12RM225fd93_3rd1101-1

				50%: Ior/Ioc=-6,-3,0: 16QAMR12RM250fd93_3rd1101-1

				75%: Ior/Ioc=-6,-3,0: 16QAMR12RM275fd93_3rd1101-1

				100%: Ior/Ioc=-6,-3,0: 16QAMR12RM2100fd93_3rd1101-1

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%

				-9

				-6								0.1898		0.1778

				-3								0.0386		0.0362

				0								0.0056		0.0052

				3

				6

				37,193

				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM20fd93_3rd1030-1,Ior/Ioc=-3: 16QAMR34RM20fd93_3rd1031-1

				25%: Ior/Ioc=-3,0,3,6: 16QAMR34RM225fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM225fd93_3rd1030-1,Ior/Ioc=-6: 16QAMR34RM225fd93_3rd1031-1

				50%: Ior/Ioc=-6: 16QAMR34RM250fd93_3rd1031-1,Ior/Ioc=-3: 16QAMR34RM250fd93_3rd1031-2, Ior/Ioc=-3: 16QAMR34RM250fd93_3rd1031-3, Ior/Ioc=0: 16QAMR34RM250fd93_3rd1030-1,

				75%: Ior/Ioc=-3,0,3,6: 16QAMR34RM275fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM275fd93_3rd1030-1,Ior/Ioc=-6: 16QAMR34RM275fd93_3rd1031-1

				100%: Ior/Ioc=-6,-3,0: 16QAMR34RM2100fd93_3rd1030-1(5000packets),Ior/Ioc=3: 16QAMR34RM2100fd93_3rd1030-2(10000packets)

				Ior/Ioc

						IR0%		IR25%		IR50%		IR75%		IR100%

				-6				61%		56%		0.5094		0.4718

				-3		0.3382		0.2086		0.1792		0.152		0.1418

				0		0.0786		0.0458		0.035		0.0314		0.0276

				3		0.0131		0.0054		0.0045		0.0035		0.0026

				6		0.0022

				9

				12

				15

				6		0.0022		0.0006		0.0006		0.0002

				9		0.0004

				12

				15
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