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1. Introduction

In [1] and [2], we proposed a variable interleaving pattern approach to improve the reliability of bits in re-transmitted packets using 16 and 64QAM by changing the random interleaving patterns based on the system frame number. The bit level combining was applied as a Hybrid ARQ method in the proposal. On the other hand, incremental redundancy has been agreed as a base line of Hybrid ARQ in the RAN WG1 21st meeting [3]. In this document, we show additional simulation results to evaluate the effect of the variable interleaving pattern approach when an IR method was applied as a Hybrid ARQ.

2. Variable Interleaving Pattern approach

2.1. Original proposal [2]

Figure 1 shows a coding chain that includes variable interleaving pattern approach. After the physical channel segmentation, a bit sequence in a physical channel is divided into some interleaving blocks with 96 bits of block length, and a short block interleaving is applied with an interleaving pattern synchronized with a SFN. After the concatenation of the interleaved block and the symbol mapping for QAM, a channel interleaving is applied with symbol level. 

2.2. Concatenation with Two Stage Rate Matching [4]

Two Stage Rate Matching method proposed in [4] was applied as an IR method in order to see the effect of the variable interleaving pattern approach. That is, the rate matching part in Fig.1 was replaced with the rate matching block in the coding chain in Figure 2.
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Fig.2 Two Stage Rate Matching.
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Fig.1. Coding and multiplexing chain


3. Simulations

3.1. Simulation conditions

In order to confirm basic link level performance of the concatenation effect of two stage rate matching method and variable interleaving pattern approach, computer simulations were conducted under AWGN environment. Simulation conditions are shown in the Table 1.

Table 1. 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, 64QAM

Channel coding
Rel’99 Turbo code (PCCC), 
Rate 1/2 and 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

3.2. Simulation results

Figure 3 and 4 show the performance comparison of the variable interleaving pattern approach and a fixed interleaving  pattern approach in the case of 2nd and 3rd transmission. In these graphs, the horizontal axes denotes the increase of IR buffer size defined in [4] and Ior/Ioc values required to achieve 5% of packet error rate obtained from PER curves was plotted in the vertical axes. As it is expected, we can see some gains from variable interleaving pattern approach when the increase of  IR buffer size is small. For example, the Ior/Ioc value of the chase combing using variable interleaving pattern approach is the same as the case of increasing the IR buffer size by 20% with fixed interleaving pattern approach when 64QAM is applied. This means that we can save 20% of memory as IR buffer by applying the variable interleaving pattern approach. Totally, the variable interleaving pattern approach is capable of flattening the Ior/Ioc gain concerning the increase of IR buffer size. This characteristic is remarkable when 16QAM with R=1/2 is utilized.
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Fig.3 The effect of variable interleaving pattern approach: 2nd transmission.

Fig.4 The effect of variable interleaving pattern approach: 3rd transmission.
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																														CC		IM2		IM		IM3		IR

																												-9
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																												-7.8		0.125786		0.064226		0.02956		0.008104
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								16QAM R=3/4 : Basic AWGN

								Ior.Ioc: -0.6,-0.4,-0.2,0: 16QAMR34RM21001st1029-1

								Ior/Ioc

										1st Tx

								-0.6		0.262467
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								0		0.008065
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								-8.4						0.239234
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16QAM R=3/4, PER curves of 1st ,2nd and 3rd transmission (AWGN)
Increase of IR buffer size = 100%



				Two Stage Rate Matching

																実行中

				AWGN: Third transmission												要実行																37,186

																																1) 16QAM R=1/2

				1) 16QAM R=1/2																												IM25: Ior/Ioc=-9,-8.8,-8.6: 16QAMR12RM2IM253rd1022-1

				CC: Ior/Ioc=-8.6,-8.4,-8.2 : 16QAMR12RM2CC3rd1011-1, Ior/Ioc=-8,-7.8: 16QAMR12RM2CC3rd1012-1																												IM75: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2IM753rd1022-1

				IM: Ior/Ioc=-9.6,-9.4,-9.2: 16QAMR12RM2IM3rd1011-1, Ior/Ioc=-9: 16QAMR12RM2IM3rd1012-1,-8.8:16QAMR12RM2IM1015-1

				IR: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2IR3rd1011-1, Ior/Ioc=-9.6: 16QAMR12RM2IR3rd1012-1

				Ior/Ioc																												Ior/Ioc

						0%		50%		100%																								0%		25%		50%		75%		100%

				-10.4																												-10.4

				-10.2						0.4																						-10.2										0.4

				-10						0.197239																						-10										0.197239

				-9.8						0.044703																						-9.8								0.292398		0.044703

				-9.6				0.5		0.00859																						-9.6						0.5		0.11274		0.00859

				-9.4				0.261097																								-9.4						0.261097		0.022978

				-9.2				0.07837																								-9.2				0.346021		0.07837

				-9				0.019704																								-9				0.152207		0.019704

				-8.8				0.002181																								-8.8				0.036403		0.002181

				-8.6		0.502513																										-8.6		0.502513

				-8.4		0.268097																										-8.4		0.268097

				-8.2		0.090334																										-8.2		0.090334

				-8		0.011973																										-8		0.011973

				-7.8		0.001862																										-7.8		0.001862

				-7.6																												-7.6

				-7.4																												-7.4

				2) 16QAM R=3/4

				CC: Ior/Ioc=-5.4,-5.2,-5.0 : 16QAMR34RM2CC3rd1012-1, Ior/Ioc=-4.6 : 16QAMR34RM2CC3rd1015-1																												2) 16QAM R=3/4

				IM: Ior/Ioc=-8.0,-7.8,-7.6,-7.4: 16QAMR34RM2IM3rd1012-1, Ior/Ioc=-7.2: 16QAMR34RM2IM3rd1015-1																												IM25: Ior/Ioc=-7,-6.8,-6.6: 16QAMR34RM2IM253rd1022-1

				IR: Ior/Ioc=-8.8,-8.6,-8.4,-8.2: 16QAMR34RM2IR3rd1012-1, Ior/Ioc=-8: 16QAMR34RM2IR3rd1015-1																												IM75: Ior/Ioc=-8.2,-8.0,-7.8: 16QAMR34RM2IM753rd1022-1, Ior/Ioc=-7.6: 16QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-9																														0%		25%		50%		75%		100%

				-8.8						0.833333																						-9

				-8.6						0.584795																						-8.8										0.833333

				-8.4						0.239234																						-8.6										0.584795

				-8.2						0.05176																						-8.4										0.239234

				-8				0.854701		0.00529																						-8.2								0.492611		0.05176

				-7.8				0.625																								-8						0.854701		0.273973		0.00529

				-7.6				0.298507																								-7.8						0.625		0.066269

				-7.4				0.096246																								-7.6						0.298507		0.007191

				-7.2				0.017021																								-7.4						0.096246

				-7																												-7.2						0.017021

				-6.8																												-7				0.289017

				-6.6																												-6.8				0.095785

				-6.4																												-6.6				0.016801

				-6.2																												-6.4

				-6																												-6.2

				-5.8																												-6

				-5.6																												-5.8

				-5.4		0.529101																										-5.6

				-5.2		0.282486																										-5.4		0.529101

				-5		0.117925																										-5.2		0.282486

				-4.8		0.027226																										-5		0.117925

				-4.6		0.007708																										-4.8		0.027226

																																-4.6		0.007708

				3) 64QAM R=3/4

				CC: Ior/Ioc=0,0.2,0,0.4,0.6 : 64QAMR34RM2CC3rd1016-1, Ior/Ioc=0.8: 64QAMR34RM2CC3rd1017-1																												3) 64QAM R=3/4

				IM: Ior/Ioc=-4.0,-3.8,-3.6,-3.4: 64QAMR34RM2IM3rd1016-1, Ior/Ioc=-3.2: 64QAMR34RM2IM3rd1017-1																												IM25: Ior/Ioc=-2.8,-2.6,-2.4: 64QAMR34RM2IM253rd1022-1, Ior/Ioc=-2.2: 64QAMR34RM2IM253rd1023-1

				IR: Ior/Ioc=-5.2,-5.0,-4.8,-4.6: 64QAMR34RM2IR3rd1016-1, Ior/Ioc=-4.4: 64QAMR34RM2IR3rd1017-1																												IM75: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2IM753rd1022-1, Ior/Ioc=-3.8: 64QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-5.6																														0%		25%		50%		75%		100%

				-5.4																												-5.6

				-5.2						0.769231																						-5.4

				-5						0.60241																						-5.2										0.769231

				-4.8						0.194175																						-5										0.60241

				-4.6						0.048733																						-4.8										0.194175

				-4.4						0.004034																						-4.6										0.048733

				-4.2																												-4.4								0.588235		0.004034

				-4				0.847458																								-4.2								0.246914

				-3.8				0.675676																								-4						0.847458		0.05618

				-3.6				0.2331																								-3.8						0.675676		0.005701

				-3.4				0.079114																								-3.6						0.2331

				-3.2				0.00853																								-3.4						0.079114

				-3																												-3.2						0.00853

				-2.8																												-3

				-2.6																												-2.8				0.502513

				-2.4																												-2.6				0.306748

				-2.2																												-2.4				0.065746

				-2																												-2.2				0.01052

				-1.8																												-2

				-1.6																												-1.8

				-1.4																												-1.6

				-1.2																												-1.4

				-1																												-1.2

				-0.8																												-1

				-0.6																												-0.8

				-0.4																												-0.6

				-0.2																												-0.4

				0		0.653595																										-0.2

				0.2		0.340136																										0		0.653595

				0.4		0.117509																										0.2		0.340136

				0.6		0.026645																										0.4		0.117509

				0.8		0.005501																										0.6		0.026645

				1																												0.8		0.005501

																																1

																																Variable Interleaving Pattern

																																1) 16QAM R=1/2

																																0%: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2SBS03rd1022-1

																																25%: Ior/Ioc=-10,-9.8,-9.6: 16QAMR12RM2SBS253rd1022-1

																																50%: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2SBS503rd1022-1

																																75%: Ior/Ioc=-10.4,-10.2,-10: 16QAMR12RM2SBS753rd1022-1

																																100%: Ior/Ioc=-10.4,-10.2: 16QAMR12RM2SBS1003rd1022-1, Ior/Ioc=-10: 16QAMR12RM2SBS1003rd1023-1

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-10.4								0.42735		0.25

																																-10.2						0.373134		0.173611		0.095694

																																-10				0.274725		0.145138		0.040984		0.017256

																																-9.8		0.234742		0.089445		0.033512

																																-9.6		0.072569		0.020105

																																-9.4		0.018501

																																-9.2

																																-9

																																-8.8

																																-8.6

																																-8.4

																																-8.2

																																-8

																																-7.8

																																-7.6

																																-7.4

																																2) 16QAM R=3/4

																																0%: Ior/Ioc=-6.8,-6.6,-6.4,-6.2: 16QAMR34RM2SBS03rd1023-1, Ior/Ioc=-6:16QAMR34RM2SBS03rd1023-2

																																25%: Ior/Ioc=-7.6,-7.4,-7.2: 16QAMR34RM2SBS253rd1023-1

																																50%: Ior/Ioc=-8.4,-8.2,-8,-7.8: 16QAMR34RM2SBS503rd1023-1,Ior/Ioc=-7.6: 16QAMR34RM2SBS503rd1023-2

																																75%: Ior/Ioc=-8.4,-8.2,-8.0,-7.8: 16QAMR34RM2SBS753rd1023-1,Ior/Ioc=-8.4,-8.2,-8.0:16QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-8.6,-8.4,-8.2: 16QAMR34RM2SBS1003rd1023-1, Ior/Ioc=-8:16QAMR34RM2SBS1003rd1023-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-9

																																-8.8

																																-8.6										0.471698

																																-8.4						0.847458		0.520833		0.136426

																																-8.2						0.666667		0.222222		0.021259

																																-8						0.425532		0.039432

																																-7.8						0.137552		0.00644

																																-7.6				0.35461		0.027226

																																-7.4				0.154083

																																-7.2				0.031299

																																-7

																																-6.8		0.578035

																																-6.6		0.452489

																																-6.4		0.148148

																																-6.2		0.052438

																																-6		0.015964

																																-5.8

																																-5.6

																																-5.4

																																-5.2

																																-5

																																-4.8

																																-4.6

																																3) 64QAM R=3/4

																																0%: Ior/Ioc=-3,-2.8,-2.6: 64QAMR34RM2SBS03rd1024-1,Ior/Ioc=-2.4: 64QAMR34RM2SBS03rd1024-2

																																25%: Ior/Ioc=-4,-3.8,-3.6: 64QAMR34RM2SBS253rd1024-1

																																50%: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2SBS503rd1024-1,Ior/Ioc=-4.6,-4.4,-4.2: 64QAMR34RM2SBS503rd1024-2

																																75%: Ior/Ioc=-4.8,-4.6,-4.4: 64QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2SBS1003rd1024-1,Ior/Ioc=-4.6: 64QAMR34RM2SBS1003rd1024-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-5.6

																																-5.4														0.591716

																																-5.2										0.454545				0.297619

																																-5										0.218341				0.089928

																																-4.8								0.334448		0.042955

																																-4.6								0.084104

																																-4.4						0.26738		0.01438

																																-4.2						0.079618

																																-4				0.325733		0.011077

																																-3.8				0.122699

																																-3.6				0.026295

																																-3.4

																																-3.2

																																-3		0.446429

																																-2.8		0.248139

																																-2.6		0.098717

																																-2.4		0.029603

																																-2.2

																																-2

																																-1.8

																																-1.6

																																-1.4

																																-1.2

																																-1

																																-0.8

																																-0.6

																																-0.4

																																-0.2

																																0

																																0.2

																																0.4

																																0.6

																																0.8

																																1
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0%

25%

50%

75%

100%

Ior/Ioc [dB]

PER

16QAM R=3/4, Variable Interleaving Pattern, 3rd Transmission (AWGN)



		



0%

25%

50%

75%

100%

Ior/Ioc[dB]

PER

64QAM R=3/4, Variable Interleaving Pattern, 3rd Transmission (AWGN)



		

								Increase of IR buffer size versus Ior/Ioc required to achieve 5% of PER

								2nd Transmission:

										16QAMR1/2		16QAMR3/4		64QAMR3/4

								0		0		0		0

								25		0.5		1.7		2.3

								50		0.8		2.4		3.6

								75

								100		1.3		2.8		4.1

								64QAM

										Fix Int.		Var. Int.

								0		2.05		0.2

								25		-0.3		-1

								50		-1.4		-1.55

								75		-1.75		-1.85

								100		-1.95		-2.05

								16QAM R=3/4

										Fix Int.		Var. Int.

								0		-3.25		-4.15

								25		-4.85		-5.1

								50		-5.55		-5.6

								75		-5.85		-5.85

								100		-5.95		-5.95

								16QAM R=1/2

										Fix Int.		Var. Int.

								0		-6.8		-7.65

								25		-7.3		-7.8

								50		-7.55		-7.9

								75		-7.75		-8

								100		-8.05		-8.05

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		2.05		0.2		-3.25		-4.15		-6.8		-7.65

								25		-0.3		-1		-4.85		-5.1		-7.3		-7.8

								50		-1.4		-1.55		-5.55		-5.6		-7.55		-7.9

								75		-1.75		-1.85		-5.85		-5.85		-7.75		-8

								100		-1.95		-2.05		-5.95		-5.95		-8.05		-8.05

								37,189

								3rd Transmission

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		0.5		-2.5		-4.9		-6.2		-8.15		-9.55

								25		-2.35		-3.7		-6.7		-7.25		-8.85		-9.7

								50		-3.35		-4.15		-7.3		-7.7		-9.15		-9.85

								75		-4		-4.55		-7.8		-8.05		-9.5		-10

								100		-4.6		-4.8		-8.2		-8.3		-9.8		-10.2
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Sheet1

		

				Two Stage Rate Matching

																												37,175

				AWGN: Second transmission

				1) 16QAM R=1/2																								1) 16QAM R=1/2

																																																						0%,25%,50%,100%: Increase of the IR buffer size.

						CC: Ior/Ioc=-8,-7.5,-7: 16QAMR12RM2CC1005, Ior/Ioc=-6.5: 16QAMR12RM2CC1006																						CC: Ior/Ioc=-7.4,,-7.2,-7,-6.8,-6.6 : 16QAMR12RM2CC1011-1, Ior/Ioc=-6.4: 16QAMR12RM2CC1011-2

						IM: Ior/Ioc=-8.5,-8,-7.5: 16QAMR12RM2IM1009, Ior/Ioc=-7 : 16QAMR12RM2IM1010																						IM2: Ior/Ioc=-8.0,-7.8,-7.6,-7.4,-7.2: 16QAMR12RM2IM21012-1, Ior/Ioc=-7.0: 16QAMR12RM2IM21012-2																										0% : IR buffer size is the same as physical channel bit size. -> Bit level Chase Combining

																												IM: Ior/Ioc=-8.2,-8,-7.8,-7.6,-7.4: 16QAMR12RM2IM1011-1, Ior/Ioc=-7.2: 16QAMR12RM2IM1011-2																										100%: IR buffer size is the same as Turbo encoded bits without puncturing. -> Almost full IR.

																												IM3: Ior/Ioc=-8.2,-8,-7.8,-7.6: 16QAMR12RM2IM31019-1

						IR: Ior/Ioc=-9,-8.5,-8: 16QAMR12RM2IR1006, Ior/Ioc=-7.5: 16QAMR12RM2IR1009																						IR: Ior/Ioc=-8.6,-8.4,-8.2,-8,-7.8: 16QAMR12RM2IR1011-1

						Ior/Ioc																						Ior/Ioc																				Ior/Ioc

								CC		IM		IR																		CC		IM2		IM		IM3		IR												0%		25%		50%		100%

						-9.5																						-9																				-9

						-9						0.947867																-8.8																				-8.8

						-8.5				0.900901		0.543478																-8.6										0.571429										-8.6								0.571429

						-8		1		0.46729		0.033501																-8.4										0.3663										-8.4								0.3663

						-7.5		0.888889		0.030798																		-8.2						0.675676		0.471698		0.141643										-8.2						0.675676		0.141643

						-7		0.232288																				-8				0.729927		0.423729		0.236407		0.030722										-8				0.729927		0.423729		0.030722

						-6.5		0.004479																				-7.8				0.515464		0.220264		0.071942		0.004374										-7.8				0.515464		0.220264		0.004374

						-6																						-7.6				0.269542		0.080321		0.014104												-7.6				0.269542		0.080321

																												-7.4		0.787402		0.10627		0.012599														-7.4		0.787402		0.10627		0.012599

				2) 16QAM R=3/4																								-7.2		0.46729		0.02208		0.001766														-7.2		0.46729		0.02208		0.001766

						CC: Ior/Ioc=-4,-3.5,-3: 16QAMR34RM2CC1009-1																						-7		0.235294		0.002848																-7		0.235294		0.002848

						IM: Ior/Ioc=-6.0,-5.5,-5: 16QAMR34RM2IM1009-1																						-6.8		0.062073																		-6.8		0.062073

						IR: Ior/Ioc=-6.5,-6,-5.5: 16QAMR34RM2IR1009-1																						-6.6		0.011729																		-6.6		0.011729

																												-6.4		0.00142																		-6.4		0.00142

						Ior/Ioc																						-6.2																				-6.2

								CC		IM		IR																-6																				-6

						-7

						-6.5

						-6

						-5.5																						2) 16QAM R=3/4

						-5																								CC: Ior/Ioc=-3.8,-3.6,-3.4,-3.2,-3: 16QAMR34RM2CC1011-1

																														IM2: Ior/Ioc=-5.4,-5.2,-5.0,-4.8: 16QAMR34RM2IM21012-1, Ior/Ioc=-4.6 : 16QAMR34RM2IM21012-2

						-4.5																								IM: Ior/Ioc=-6.0,-5.8,-5.6,-5.4: 16QAMR34RM2IM1011-1

																														IM3: Ior/Ioc=-6.2,-6.0,-5.8: 16QAMR34RM2IM31019-1

						-4		0.787402																						IR: Ior/Ioc=-6.4,-6.2,-6,-5.8: 16QAMR34RM2IR1009-1

						-3.5		0.18797

						-3		0.00995																						Ior/Ioc																Ior/Ioc

						-2.5																										0%		25%		50%		75%		100%								0%		25%		50%		100%

																														-6.6																-6.6

																														-6.4										0.537634						-6.4								0.537634

																														-6.2								0.444444		0.26455						-6.2								0.26455

				3) 64QAM R=3/4																										-6						0.502513		0.203252		0.07722						-6						0.502513		0.07722

						CC: Ior/Ioc=1.5,2,2.5: 64QAMR34RM2CC1009-1																								-5.8						0.295858		0.042017		0.009759						-5.8						0.295858		0.009759

						IM: Ior/Ioc=-2.0,-1.5.-1.0: 64QAMR34RM2IM1010-1																								-5.6						0.073746										-5.6						0.073746

						IR: Ior/Ioc=-2.5,-2.0.-1.5: 64QAMR34RM2IR1010-1																								-5.4				0.740741		0.008719										-5.4				0.740741		0.008719

																														-5.2				0.411523												-5.2				0.411523

																														-5				0.15456												-5				0.15456

																														-4.8				0.040552												-4.8				0.040552

																														-4.6				0.005421												-4.6				0.005421

																														-4.4																-4.4

																														-4.2																-4.2

																														-4																-4

																														-3.8		0.537634														-3.8		0.537634

																														-3.6		0.30303														-3.6		0.30303

																														-3.4		0.12987														-3.4		0.12987

																														-3.2		0.039588														-3.2		0.039588

																														-3		0.010476														-3		0.010476

																														-2.8																-2.8

																												3) 64QAM R=3/4

																														CC: Ior/Ioc=1.4,1.6,1.8,2: 64QAMR34RM2CC1011-1 , Ior/Ioc=2.2,2.4: 64QAMR34RM2CC1011-2

																														IM2: Ior/Ioc=-0.8,-0.6.-0.4,-0.2: 64QAMR34RM2IM21012-1,Ior/Ioc=0: 64QAMR34RM2IM21017-1

																														IM: Ior/Ioc=-2.0,-1.8.-1.6,-1.4: 64QAMR34RM2IM1011-1 , Ior/Ioc=-1.2,-1.0 : 64QAMR34RM2IM1011-2 (-1.2dB Only: 1015-1)

																														IM3: Ior/Ioc=-2.2,-2.0,-1.8: 64QAMR34RM2IM31018-1, Ior/Ioc=-1.6: 64QAMR34RM2IM31019-1

																														IR: Ior/Ioc=-2.4,-2.2,-2.0.-1.8: 64QAMR34RM2IR1011-1 , Ior/Ioc=-1.6: 64QAMR34RM2IR1011-2

																														Ior/Ioc																実行中				Ior/Ioc

																																CC		IM2		IM		IM3		IR						要実行						0%		25%		50%		100%

																														-2.6																中止				-2.6

																														-2.4										0.613497										-2.4								0.613497

																														-2.2								0.526316		0.361011										-2.2								0.361011

																														-2						0.813008		0.311526		0.094877										-2						0.813008		0.094877

																														-1.8						0.510204		0.07728		0.013016										-1.8						0.510204		0.013016

																														-1.6						0.246914		0.009712												-1.6						0.246914

																														-1.4						0.049116														-1.4						0.049116

																														-1.2						0.005277														-1.2						0.005277

																														-1																				-1

																														-0.8				0.568182																-0.8				0.568182

																														-0.6				0.35461																-0.6				0.35461

																														-0.4				0.102145																-0.4				0.102145

																														-0.2				0.017182																-0.2				0.017182

																														0				0.001842																0

																														0.2																				0.2

																														0.4																				0.4

																														0.6																				0.6

																														0.8																				0.8

																														1																				1

																														1.2																				1.2

																														1.4		0.8																		1.4		0.8

																														1.6		0.564972																		1.6		0.564972

																														1.8		0.250627																		1.8		0.250627

																														2		0.09058																		2		0.09058

																														2.2		0.017578																		2.2		0.017578

																														2.4		0.004149																		2.4		0.004149

																														2.6																				2.6

																												37,182		Reliability chang based on the Short Block Interleaving

																												1) 64QAM R=3/4

																														CC: Ior/Ioc=-0.8,-0.6,-0.4,-0.2: 64QAMR34RM2SBSCC1018-1, Ior/Ioc=0,0.2: 64QAMR34RM2SBSCC1018-2

																														IM2: Ior/Ioc=-1.8,-1.6.-1.4,-1.2: 64QAMR34RM2SBSIM21018-1,  Ior/Ioc=-1.0,-0.8: 64QAMR34RM2SBSIM21018-2

																														IM: Ior/Ioc=-2.2,-2.0.-1.8,-1.6: 64QAMR34RM2SBSIM1018-1, Ior/Ioc=-1.4: 64QAMR34RM2SBSIM1018-2

																														IM3: Ior/Ioc=-2.2,-2.0,-1.8: 64QAMR34RM2SBSIM31018-2

																														IR: Ior/Ioc=-2.4,-2.2,-2.0.-1.8: 64QAMR34RM2SBSIR1018-1

																														Ior/Ioc

																																CC		IM2		IM		IM3		IR

																														-2.6

																														-2.4										0.456621

																														-2.2						0.826446		0.462963		0.235294

																														-2						0.60241		0.17452		0.040404

																														-1.8				0.943396		0.35461		0.038432		0.007076

																														-1.6				0.8		0.093284

																														-1.4				0.480769		0.011802

																														-1.2				0.23753

																														-1				0.057045

																														-0.8		0.970874		0.009885

																														-0.6		0.892857

																														-0.4		0.694444

																														-0.2		0.454545

																														0		0.179211

																														0.2		0.055556

																														0.4		0.016622

																														0.6

																														0.8

																														1

																														1.2

																														1.4

																														1.6

																														1.8

																														2

																														2.2

																														2.4

																												2) 16QAM R=3/4

																														CC: Ior/Ioc=-4.4,-4.2,-4.0: 16QAMR34RM2SBSCC1019-1

																														IM2: Ior/Ioc=-5.6,-5.4,-5.2,-5: 16QAMR34RM2SBSIM21019-1

																														IM: Ior/Ioc=-6.0,-5.8,-5.6: 16QAMR34RM2SBSIM1019-1

																														IM3: Ior/Ioc=-6.2,-6.0,-5.8: 16QAMR34RM2SBSIM31019-1

																														IR: Ior/Ioc=-6.4,-6.2,-6,-5.8: 16QAMR34RM2SBSIR1019-1

																														Ior/Ioc

																																0%		25%		50%		75%		100%

																														-6.6

																														-6.4										0.512821

																														-6.2								0.383142		0.21645

																														-6						0.446429		0.163132		0.07837

																														-5.8						0.209644		0.035423		0.008042

																														-5.6				0.625		0.047326

																														-5.4				0.327869

																														-5.2				0.10395

																														-5				0.023116

																														-4.8

																														-4.6

																														-4.4		0.269542

																														-4.2		0.116009

																														-4		0.033478

																														-3.8

																														-3.6

																														-3.4

																														-3.2

																														-3

																														-2.8

																												3) 16QAM R=1/2

																												CC: Ior/Ioc=-8.2,-8,-7.8,-7.6 : 16QAMR12RM2SBSCC1019-1

																												IM2: Ior/Ioc=-8.2,-8.0,-7.8,-7.6: 16QAMR12RM2SBSIM21019-1

																												IM: Ior/Ioc=-8.4,-8.2,-8,-7.8: 16QAMR12RM2SBSIM1019-1

																												IM3: Ior/Ioc=-8.4,-8.2,-8.0,-7.8: 16QAMR12RM2SBSIM31019-1

																												IR: Ior/Ioc=-8.6,-8.4,-8.2,-8: 16QAMR12RM2SBSIR1019-1

																												Ior/Ioc

																														CC		IM2		IM		IM3		IR

																												-9

																												-8.8

																												-8.6										0.588235

																												-8.4						0.52356		0.392157		0.344828

																												-8.2		0.584795		0.4329		0.393701		0.193798		0.111359

																												-8		0.333333		0.247525		0.117647		0.055066		0.033625

																												-7.8		0.125786		0.064226		0.02956		0.008104

																												-7.6		0.038432		0.012045

																												-7.4

																												-7.2

																												-7

																												-6.8

																												-6.6

																												-6.4

																												-6.2

																												-6

								37,193

								16QAM R=3/4 : Basic AWGN

								Ior.Ioc: -0.6,-0.4,-0.2,0: 16QAMR34RM21001st1029-1

								Ior/Ioc

										1st Tx
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16QAM R=1/2 Second Transmission (AWGN)
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64QAM R=3/4 Second Transmission (AWGN)



		



0%

25%

50%

75%

100%

Ior/Ioc[dB]

PER

16QAM R=3/4, Fixed Inverleaving Pattern
 2nd Transmission (AWGN)



		



0%

25%

50%

75%

100%

Ior/Ioc[dB]

PER

16QAM R=3/4, Variable Interleaving Pattern,
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16QAM R=1/2, Fixed Interleaving Pattern, 
 2nd Transmission (AWGN)
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16QAM R=1/2, Variable Inerleaving Pattern, 
2nd Transmission (AWGN)
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16QAM R=3/4, PER curves of 1st ,2nd and 3rd transmission (AWGN)
Increase of IR buffer size = 100%



				Two Stage Rate Matching

																実行中

				AWGN: Third transmission												要実行																37,186

																																1) 16QAM R=1/2

				1) 16QAM R=1/2																												IM25: Ior/Ioc=-9,-8.8,-8.6: 16QAMR12RM2IM253rd1022-1

				CC: Ior/Ioc=-8.6,-8.4,-8.2 : 16QAMR12RM2CC3rd1011-1, Ior/Ioc=-8,-7.8: 16QAMR12RM2CC3rd1012-1																												IM75: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2IM753rd1022-1

				IM: Ior/Ioc=-9.6,-9.4,-9.2: 16QAMR12RM2IM3rd1011-1, Ior/Ioc=-9: 16QAMR12RM2IM3rd1012-1,-8.8:16QAMR12RM2IM1015-1

				IR: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2IR3rd1011-1, Ior/Ioc=-9.6: 16QAMR12RM2IR3rd1012-1

				Ior/Ioc																												Ior/Ioc

						0%		50%		100%																								0%		25%		50%		75%		100%

				-10.4																												-10.4

				-10.2						0.4																						-10.2										0.4

				-10						0.197239																						-10										0.197239

				-9.8						0.044703																						-9.8								0.292398		0.044703

				-9.6				0.5		0.00859																						-9.6						0.5		0.11274		0.00859

				-9.4				0.261097																								-9.4						0.261097		0.022978

				-9.2				0.07837																								-9.2				0.346021		0.07837

				-9				0.019704																								-9				0.152207		0.019704

				-8.8				0.002181																								-8.8				0.036403		0.002181

				-8.6		0.502513																										-8.6		0.502513

				-8.4		0.268097																										-8.4		0.268097

				-8.2		0.090334																										-8.2		0.090334

				-8		0.011973																										-8		0.011973

				-7.8		0.001862																										-7.8		0.001862

				-7.6																												-7.6

				-7.4																												-7.4

				2) 16QAM R=3/4

				CC: Ior/Ioc=-5.4,-5.2,-5.0 : 16QAMR34RM2CC3rd1012-1, Ior/Ioc=-4.6 : 16QAMR34RM2CC3rd1015-1																												2) 16QAM R=3/4

				IM: Ior/Ioc=-8.0,-7.8,-7.6,-7.4: 16QAMR34RM2IM3rd1012-1, Ior/Ioc=-7.2: 16QAMR34RM2IM3rd1015-1																												IM25: Ior/Ioc=-7,-6.8,-6.6: 16QAMR34RM2IM253rd1022-1

				IR: Ior/Ioc=-8.8,-8.6,-8.4,-8.2: 16QAMR34RM2IR3rd1012-1, Ior/Ioc=-8: 16QAMR34RM2IR3rd1015-1																												IM75: Ior/Ioc=-8.2,-8.0,-7.8: 16QAMR34RM2IM753rd1022-1, Ior/Ioc=-7.6: 16QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-9																														0%		25%		50%		75%		100%

				-8.8						0.833333																						-9

				-8.6						0.584795																						-8.8										0.833333

				-8.4						0.239234																						-8.6										0.584795

				-8.2						0.05176																						-8.4										0.239234

				-8				0.854701		0.00529																						-8.2								0.492611		0.05176

				-7.8				0.625																								-8						0.854701		0.273973		0.00529

				-7.6				0.298507																								-7.8						0.625		0.066269

				-7.4				0.096246																								-7.6						0.298507		0.007191

				-7.2				0.017021																								-7.4						0.096246

				-7																												-7.2						0.017021

				-6.8																												-7				0.289017

				-6.6																												-6.8				0.095785

				-6.4																												-6.6				0.016801

				-6.2																												-6.4

				-6																												-6.2

				-5.8																												-6

				-5.6																												-5.8

				-5.4		0.529101																										-5.6

				-5.2		0.282486																										-5.4		0.529101

				-5		0.117925																										-5.2		0.282486

				-4.8		0.027226																										-5		0.117925

				-4.6		0.007708																										-4.8		0.027226

																																-4.6		0.007708

				3) 64QAM R=3/4

				CC: Ior/Ioc=0,0.2,0,0.4,0.6 : 64QAMR34RM2CC3rd1016-1, Ior/Ioc=0.8: 64QAMR34RM2CC3rd1017-1																												3) 64QAM R=3/4

				IM: Ior/Ioc=-4.0,-3.8,-3.6,-3.4: 64QAMR34RM2IM3rd1016-1, Ior/Ioc=-3.2: 64QAMR34RM2IM3rd1017-1																												IM25: Ior/Ioc=-2.8,-2.6,-2.4: 64QAMR34RM2IM253rd1022-1, Ior/Ioc=-2.2: 64QAMR34RM2IM253rd1023-1

				IR: Ior/Ioc=-5.2,-5.0,-4.8,-4.6: 64QAMR34RM2IR3rd1016-1, Ior/Ioc=-4.4: 64QAMR34RM2IR3rd1017-1																												IM75: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2IM753rd1022-1, Ior/Ioc=-3.8: 64QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-5.6																														0%		25%		50%		75%		100%

				-5.4																												-5.6

				-5.2						0.769231																						-5.4

				-5						0.60241																						-5.2										0.769231

				-4.8						0.194175																						-5										0.60241

				-4.6						0.048733																						-4.8										0.194175

				-4.4						0.004034																						-4.6										0.048733

				-4.2																												-4.4								0.588235		0.004034

				-4				0.847458																								-4.2								0.246914

				-3.8				0.675676																								-4						0.847458		0.05618

				-3.6				0.2331																								-3.8						0.675676		0.005701

				-3.4				0.079114																								-3.6						0.2331

				-3.2				0.00853																								-3.4						0.079114

				-3																												-3.2						0.00853

				-2.8																												-3

				-2.6																												-2.8				0.502513

				-2.4																												-2.6				0.306748

				-2.2																												-2.4				0.065746

				-2																												-2.2				0.01052

				-1.8																												-2

				-1.6																												-1.8

				-1.4																												-1.6

				-1.2																												-1.4

				-1																												-1.2

				-0.8																												-1

				-0.6																												-0.8

				-0.4																												-0.6

				-0.2																												-0.4

				0		0.653595																										-0.2

				0.2		0.340136																										0		0.653595

				0.4		0.117509																										0.2		0.340136

				0.6		0.026645																										0.4		0.117509

				0.8		0.005501																										0.6		0.026645

				1																												0.8		0.005501

																																1

																																Variable Interleaving Pattern

																																1) 16QAM R=1/2

																																0%: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2SBS03rd1022-1

																																25%: Ior/Ioc=-10,-9.8,-9.6: 16QAMR12RM2SBS253rd1022-1

																																50%: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2SBS503rd1022-1

																																75%: Ior/Ioc=-10.4,-10.2,-10: 16QAMR12RM2SBS753rd1022-1

																																100%: Ior/Ioc=-10.4,-10.2: 16QAMR12RM2SBS1003rd1022-1, Ior/Ioc=-10: 16QAMR12RM2SBS1003rd1023-1

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-10.4								0.42735		0.25

																																-10.2						0.373134		0.173611		0.095694

																																-10				0.274725		0.145138		0.040984		0.017256

																																-9.8		0.234742		0.089445		0.033512

																																-9.6		0.072569		0.020105

																																-9.4		0.018501

																																-9.2

																																-9

																																-8.8

																																-8.6

																																-8.4

																																-8.2

																																-8

																																-7.8

																																-7.6

																																-7.4

																																2) 16QAM R=3/4

																																0%: Ior/Ioc=-6.8,-6.6,-6.4,-6.2: 16QAMR34RM2SBS03rd1023-1, Ior/Ioc=-6:16QAMR34RM2SBS03rd1023-2

																																25%: Ior/Ioc=-7.6,-7.4,-7.2: 16QAMR34RM2SBS253rd1023-1

																																50%: Ior/Ioc=-8.4,-8.2,-8,-7.8: 16QAMR34RM2SBS503rd1023-1,Ior/Ioc=-7.6: 16QAMR34RM2SBS503rd1023-2

																																75%: Ior/Ioc=-8.4,-8.2,-8.0,-7.8: 16QAMR34RM2SBS753rd1023-1,Ior/Ioc=-8.4,-8.2,-8.0:16QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-8.6,-8.4,-8.2: 16QAMR34RM2SBS1003rd1023-1, Ior/Ioc=-8:16QAMR34RM2SBS1003rd1023-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-9

																																-8.8

																																-8.6										0.471698

																																-8.4						0.847458		0.520833		0.136426

																																-8.2						0.666667		0.222222		0.021259

																																-8						0.425532		0.039432

																																-7.8						0.137552		0.00644

																																-7.6				0.35461		0.027226

																																-7.4				0.154083

																																-7.2				0.031299

																																-7

																																-6.8		0.578035

																																-6.6		0.452489

																																-6.4		0.148148

																																-6.2		0.052438

																																-6		0.015964

																																-5.8

																																-5.6

																																-5.4

																																-5.2

																																-5

																																-4.8

																																-4.6

																																3) 64QAM R=3/4

																																0%: Ior/Ioc=-3,-2.8,-2.6: 64QAMR34RM2SBS03rd1024-1,Ior/Ioc=-2.4: 64QAMR34RM2SBS03rd1024-2

																																25%: Ior/Ioc=-4,-3.8,-3.6: 64QAMR34RM2SBS253rd1024-1

																																50%: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2SBS503rd1024-1,Ior/Ioc=-4.6,-4.4,-4.2: 64QAMR34RM2SBS503rd1024-2

																																75%: Ior/Ioc=-4.8,-4.6,-4.4: 64QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2SBS1003rd1024-1,Ior/Ioc=-4.6: 64QAMR34RM2SBS1003rd1024-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-5.6

																																-5.4														0.591716

																																-5.2										0.454545				0.297619

																																-5										0.218341				0.089928

																																-4.8								0.334448		0.042955

																																-4.6								0.084104

																																-4.4						0.26738		0.01438

																																-4.2						0.079618

																																-4				0.325733		0.011077

																																-3.8				0.122699

																																-3.6				0.026295

																																-3.4

																																-3.2

																																-3		0.446429

																																-2.8		0.248139

																																-2.6		0.098717

																																-2.4		0.029603

																																-2.2

																																-2

																																-1.8

																																-1.6

																																-1.4

																																-1.2

																																-1

																																-0.8

																																-0.6

																																-0.4

																																-0.2

																																0

																																0.2

																																0.4

																																0.6

																																0.8

																																1
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								Increase of IR buffer size versus Ior/Ioc required to achieve 5% of PER

								2nd Transmission:

										16QAMR1/2		16QAMR3/4		64QAMR3/4

								0		0		0		0

								25		0.5		1.7		2.3

								50		0.8		2.4		3.6

								75

								100		1.3		2.8		4.1

								64QAM

										Fix Int.		Var. Int.

								0		2.05		0.2

								25		-0.3		-1

								50		-1.4		-1.55

								75		-1.75		-1.85

								100		-1.95		-2.05

								16QAM R=3/4

										Fix Int.		Var. Int.

								0		-3.25		-4.15

								25		-4.85		-5.1

								50		-5.55		-5.6

								75		-5.85		-5.85

								100		-5.95		-5.95

								16QAM R=1/2

										Fix Int.		Var. Int.

								0		-6.8		-7.65

								25		-7.3		-7.8

								50		-7.55		-7.9

								75		-7.75		-8

								100		-8.05		-8.05

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		2.05		0.2		-3.25		-4.15		-6.8		-7.65

								25		-0.3		-1		-4.85		-5.1		-7.3		-7.8

								50		-1.4		-1.55		-5.55		-5.6		-7.55		-7.9

								75		-1.75		-1.85		-5.85		-5.85		-7.75		-8

								100		-1.95		-2.05		-5.95		-5.95		-8.05		-8.05

								37,189

								3rd Transmission

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		0.5		-2.5		-4.9		-6.2		-8.15		-9.55

								25		-2.35		-3.7		-6.7		-7.25		-8.85		-9.7

								50		-3.35		-4.15		-7.3		-7.7		-9.15		-9.85

								75		-4		-4.55		-7.8		-8.05		-9.5		-10

								100		-4.6		-4.8		-8.2		-8.3		-9.8		-10.2
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Increase of IR Buffer [%]

Ior/Ioc [dB] required to achieve 5% of PER

The effect of using Variable Interleaving Pattern approach
2nd Transmission



		



64QAM R=3/4 Fix

64QAM R=3/4 Var.

16QAM R=3/4 Fix

16QAM R=3/4 Var.
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3rd Transmission
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