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1. Introduction

In [1] and [2], we proposed the variable interleaving pattern approach to improve the reliability of bits in re-transmitted packets for 16 and 64QAM by changing the random interleaving patterns based on the system frame number. In [3], the variable interleaving pattern approach was combined with two stage rate matching and it was shown that the approach could improve the packet error rate when there was a restriction to IR buffer size. However, in last HSDPA Ad Hoc, it was decided that 64QAM was not to be included in release 5, so the benefit obtained from variable interleaving pattern approach is expected to be small as shown in [1] and [2]. 

In this report, some frame error rate performances of variable interleaving pattern approaches under Rayleigh fading environment (fd=93Hz) are shown as additional information and the treatment of this approach is suggested in the conclusion.

2. Variable Interleaving Pattern approach

2.1. Original proposal 

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. Symbol interleaving which can be seen in [2] is removed because time diversity gain obtained from the interleaver seems to be small in smaller Doppler frequency range where HSDPA is to be applied.
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3. Simulations

3.1. Simulation conditions

. Simulation conditions are shown in the Table 1.

Table 1. Simulation conditions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Propagation conditions
	1 path

	Channel
	Rayleigh (fd=93Hz)

	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


3.2. Simulation results

Figure 2 shows some FER performances when we apply short block interleaving, long variable interleaving with 1920 bits and fixed  interleaving. Small performance degradation can be seen concerning short block interleaving because of higher Doppler frequency. It is expected that the degradation will be negligible if the Doppler frequency is low[2]. Anyway, since the gain obtained from stochastic approach seems to be not so significant under real world, the deterministic approach such as constellation rearrangement [4] will be feasible for this kind of performance improvement. 

4. Conclusion

In this report, it was shown that the gain obtained from the variable interleaving pattern approach was small from some additional simulation under Rayleigh fading environment when the method was applied to 16QAM. In conclusion, it is recommended to adapt deterministic approach such as constellation rearrangement method if we need to get the benefit of changing the reliability of bits in ARQ process.
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Fig.1. Coding and multiplexing chain


Fig.2 The effect of variable interleaving pattern approach: 2nd transmission.
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						Link level simulation under Rayleigh fading environment
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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		0.2613		0.2046		0.1888		0.1803		0.1727																-3		0.3415		0.2127		0.185		0.1594

				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
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				15																										9
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																														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%B		R=3/4,IR100%B		R=3/4,IR75%		R=3/4,IR100%		R=1/2,IR100%B		R=1/2,IR100%														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%B		IR100%																				-6

				-6																								-3		0.1939

				-3																								0		0.0606

				0				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
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						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
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						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
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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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