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1. Introduction

At RAN Plenary #30 a study item was approved to investigate advanced receivers based on interference cancellation [1]. Contributions and discussions [2] – [5] led to a set of dominant interferering power (DIP) ratios parameters on which such simulations should be based to assess related gains. At RAN4 #40 link-level simulations based on the agreed set of DIP values were presented. Also presented by InterDigital were contributions [7] – [8] that suggested a different set of DIP values should be considered. Subsequently, it was agreed [9] to use these DIP values (along with DIP values specified for geometry = - 3 dB to be provided by InterDigital [10]) to compare link-level throughput gains between type 3 and 3i receivers. This document gives the throughput rates and relative gains for these receivers using the agreed DIP values for the HSDPA scenario with the propagation conditions of vehicular A 30 and pedestrian B 3. The document also discusses simulation results comparing the DIP values presented by InterDigital, and corresponding values generated by Motorola based on the methodology given by [8] in order to align with the proposed DIP values.
2.0 Simulation results
Tables 1 and 2 give the link-level throughput data rates (kb/s) and relative gains when based on simulations using the representative DIP values specified in Table 3 (next section). For the cases of VA30 and PB3, G = -6 dB, 16QAM (highlighted cells) the throughputs of both the type 3 and type 3i receivers were less than 100 kb/s.  Simulation assumptions are given in Appendix A, and note that ideal channel estimation was used for these results.
Table 1. Throughput values for Types 3 and 3i for propagation condition VA30.
	Rx Type
	3
	3
	3i
	3i
	3
	3
	3i
	3i
	Gain
	Gain
	Gain
	Gain

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	QPSK 
	QPSK 
	16QAM 
	16QAM

	Ec/Ior (dB)
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3

	G = -3
	208
	1006
	676
	1320
	1
	252
	26
	892
	3.25
	1.31
	26.0
	3.54

	G = 0
	945
	1554
	1173
	1835
	167
	1258
	521
	1550
	1.24
	1.18
	3.12
	1.23


Table 2. Throughput values for Types 3 and 3i for propagation condition PB3.
	Rx Type
	3
	3
	3i
	3i
	3
	3
	3i
	3i
	Gain
	Gain
	Gain
	Gain

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	QPSK 
	QPSK 
	16QAM 
	16QAM

	Ec/Ior (dB)
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3
	-6
	-3

	G = -3
	271
	968
	611
	1299
	7
	345
	56
	797
	2.26
	1.34
	7.79
	2.31

	G = 0
	894
	1545
	1150
	1830
	261
	1180
	543
	1507
	1.29
	1.18
	2.08
	1.28


3.0 DISCUSSION – Generation and Selection of DIP VALUES
A brief description of the methodology of generating the DIP values is as follows:
1. Perform system simulation that computes the DIP for each user in the target cell for a given geometry.

2. Sort the DIP values in ascending order based on the first (most dominant) DIP.


3. Divide the set of sorted DIP values into 20 bins (or 5 percentile groupings).

4. From each of the 20 bins select a DIP realization. 

5. Compute the link-level gains between the candidate receivers (type 3 and 3i) for each representative DIP 
 
6. Average the relative link-level gains over the 20 selected DIPs
7. Choose the DIP from the set of 20 with the relative link-level gain that most closely matches the average link-level gain. This is designated as the “representative DIP”.  

Based on this procedure tables of DIPs were generated for geometries 0 and -3 dB. These tables are shown in Appendix B. Also shown for reference purposes are the corresponding tables from InterDigital [10]. 
Also tabulated in Appendix B are link-level throughput and relative throughput gains between type 3 and 3i receivers for the Motorola DIPs. Table 3, below, gives the representative DIPs based on the above procedure. Tables 4 and 5 show a comparison between the DIPs as related to the relative gain of the 3i receiver. These values are based on VA30 QPSK test conditions. 
Table 3. Representative DIP values.
	Source
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5

	InterDigital G = 0
	-2.75
	-7.64
	-8.68
	-13.71
	-14.59

	Motorola G = 0
	-3.60
	-6.06
	-8.24
	-15.35
	-15.97

	InterDigital G = -3
	-3.21
	-5.56
	-10.01
	-12.67
	-15.53

	Motorola G = -3
	-4.45
	-6.79
	-8.45
	-10.85
	-12.88


Table 4. Comparison of relative performance for geometry 0 dB. 
	Source
	Weighted Relative Gain
	Representative Relative Gain
	Representative

DIP Row

	
	Ec/Ior = -6 dB
	Ec/Ior = -3 dB
	Ec/Ior = -6 dB
	Ec/Ior = -3 dB
	

	InterDigital
	1.24
	1.14
	1.25
	1.14
	14

	Motorola
	1.28
	1.16
	1.27
	1.15
	10


Table 5. Comparison of relative performance for geometry -3 dB.

	Source
	Weighted Relative Gain
	Representative Relative Gain
	Representative

DIP Row

	
	Ec/Ior = -6 dB
	Ec/Ior = -3 dB
	Ec/Ior = -6 dB
	Ec/Ior = -3 dB
	

	InterDigital
	2.16
	1.35
	2.19
	1.30
	12

	Motorola
	2.69
	1.22
	2.65
	1.21
	10


From the above tables it can be seen that for geometry 0 there is close alignment between the weighted average gains observed by InterDigital and Motorola. Correspondingly, both contributors found representative DIPs, however for InterDigital it was from “row 14” (0.65 < CDF <= 0.70), while for Motorola it was “row 10” (0.45 < CDF <= 0.50).  This discrepancy – assuming that there were no errors in applying the methodology – indicates that the sorting by DIP1 alone is not sufficient to discriminate average gains. The question is: “does it matter if representative DIPs (from different table realizations) with different component values give similar relative gains?” Motorola’s opinion is that representative DIP component values from different realized tables should not be expected to align. However, to some degree, alignment of average relative gains should be attainable, along with gains due to the representative DIP.
Table 5, which gives the results for geometry -3 dB,  shows that the weighted relative gains are not nearly as closely aligned between InterDigital’s and Motorola’s values.  (Likewise, a comparison of InterDigital and Motorola DIP values for G = - 3 dB – see Appendix B Tables 2B and 4B – show considerable differences.)
What must be addressed is whether or not using representative DIPs is an acceptable procedure. One favourable factor is that the representative DIP is the result of averaging link-level gains for a set of realized DIPs. This has perhaps a stronger appeal than averaging DIP values. (What does the average DIP represent in terms of the actual average link-level gain?)  If the generated CDF tables (Appendix B) are examined it is immediately noticed that the InterDigital and Motorola tables “do not align.” However, this is to be expected especially for DIP2 ... DIP5. Since each row is a selection from the realization of many thousands of DIPs. Note; there is close similarity between the InterDigital and Motorola’s DIP1 values for geometry 0, but this alignment is not as close for geometry = -3 dB.
4.0
CONCLUSION

This document contains simulation results for throughput data rates of 3 and 3i receivers. These values may be used for alignment purposes with those contributed by other companies.
The document also compares and discusses the results of representative DIP values. Motorola believes using representative DIP values is an acceptable method to compare the gains of the type 3 and type 3i receivers. (If different receiver architectures are to be compared, it may be required to regenerate link-level averages to determine if there is any sensitivity to the set of realized DIPs.). Finally, due to the discrepancy between the geometry -3 dB DIP values and gains as presented by InterDigital and Motorola, it might be useful if another company were to investigate this issue.
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Appendix A 
Simulation assumptions

Simulation assumptions are presented in Table 1A
Table 1A. Simulation assumptions

	Parameter
	Explanation/Assumption

	Chip Rate
	3.84 Mcps

	OCNS Codes & Physical Channels
	See Reference 2

	Receiver Structure
	Types 3 and 3i - See Reference 3

	AWGN Noise Variance
	Known by receiver

	Channel Estimation
	Simulation results – Tables 1 & 2, ideal. 

DIP comparison: Location known by receiver, amplitude / phase estimated (for all cells)

	Number of samples per chip
	2

	Propagation Conditions
	VA30, PB3: rays placed at nearest ½ chip

	Number of bits in AD converter
	Floating point simulations

	Turbo Decoder
	Max log map – 8 iterations

	AGC
	Off

	HS-DSCH
	FRC H-Set 6 

	Scrambling Codes
	Serving cell 0; Interfering cells 16, 32, 48, 64, 80

	Interfering Frame Offset
	1296, 2576, 3856, 5136, 6416 chips relative to serving cell, as proposed in [4]

	RV Sequence
	QPSK {0, 2, 5, 6}     16QAM {6, 2, 1, 5}


APPENDIX B

Table 1B. Motorola generated DIP values: G = 0 dB.
	
	Ior/Ioc
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5

	1
	-0.19
	-7.47
	-7.82
	-8.44
	-9.01
	-9.43

	2
	-0.18
	-6.01
	-6.28
	-8.49
	-11.22
	-13.50

	3
	0.04
	-5.61
	-5.83
	-9.76
	-11.25
	-12.58

	4
	0.09
	-5.15
	-8.49
	-8.68
	-9.71
	-11.18

	5
	0.02
	-4.93
	-7.46
	-7.46
	-8.09
	-14.51

	6
	-0.12
	-4.63
	-8.05
	-9.11
	-10.12
	-13.42

	7
	0.08
	-4.35
	-7.10
	-8.12
	-10.62
	-13.47

	8
	0.20
	-4.08
	-7.68
	-10.32
	-10.60
	-12.99

	9
	0.14
	-3.77
	-5.24
	-12.32
	-13.03
	-13.23

	10
	0.15
	-3.60
	-6.06
	-8.24
	-15.35
	-15.97

	11
	0.03
	-3.44
	-6.27
	-11.87
	-12.56
	-15.15

	12
	0.19
	-3.21
	-7.36
	-8.88
	-15.27
	-15.99

	13
	0.17
	-3.04
	-7.70
	-9.64
	-13.66
	-14.62

	14
	-0.18
	-2.71
	-9.54
	-10.28
	-10.76
	-13.19

	15
	0.10
	-2.49
	-6.15
	-12.33
	-13.97
	-15.28

	16
	-0.17
	-2.30
	-8.47
	-10.37
	-15.60
	-16.06

	17
	0.19
	-2.04
	-10.68
	-12.49
	-14.75
	-15.08

	18
	0.04
	-1.76
	-9.42
	-13.78
	-16.64
	-16.67

	19
	0.00
	-1.44
	-7.68
	-11.89
	-20.23
	-24.13

	20
	0.01
	-1.00
	-11.67
	-15.09
	-15.51
	-20.24


Table 2B. Motorola generated DIP values: G = - 3 dB.
	
	Ior/Ioc
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5

	1
	-2.89
	-7.17
	-8.37
	-8.81
	-8.85
	-9.75

	2
	-3.12
	-6.29
	-6.84
	-8.86
	-8.90
	-10.31

	3
	-3.03
	-5.92
	-7.79
	-10.08
	-10.45
	-11.07

	4
	-3.05
	-5.62
	-6.84
	-8.54
	-13.37
	-13.43

	5
	-2.99
	-5.34
	-7.00
	-7.78
	-7.98
	-14.45

	6
	-3.13
	-5.07
	-8.41
	-9.90
	-9.96
	-13.41

	7
	-2.96
	-4.93
	-6.65
	-8.10
	-11.39
	-13.01

	8
	-2.81
	-4.74
	-6.27
	-8.08
	-11.57
	-12.79

	9
	-3.08
	-4.58
	-7.48
	-10.69
	-11.76
	-12.22

	10
	-3.04
	-4.45
	-6.79
	-8.45
	-10.85
	-12.88

	11
	-3.07
	-4.31
	-6.10
	-8.25
	-11.25
	-14.86

	12
	-3.10
	-4.18
	-7.60
	-8.67
	-11.78
	-12.25

	13
	-3.19
	-4.03
	-4.14
	-12.19
	-15.90
	-16.00

	14
	-2.95
	-3.92
	-5.68
	-12.97
	-13.55
	-13.99

	15
	-2.89
	-3.77
	-4.69
	-13.40
	-13.57
	-14.82

	16
	-3.16
	-3.66
	-5.12
	-9.88
	-15.30
	-15.66

	17
	-3.19
	-3.51
	-7.02
	-11.23
	-12.71
	-14.15

	18
	-2.98
	-3.33
	-6.82
	-7.81
	-14.90
	-16.17

	19
	-2.90
	-3.25
	-6.32
	-13.22
	-14.00
	-14.12

	20
	-2.87
	-3.07
	-6.53
	-12.40
	-13.35
	-13.44


Table 3B. Geometry 0 dB throughput rates, gains, and absolute gain deltas for Motorola DIPs.
	
	VA30, QPSK, Ec/Ior = -6 dB
	VA30, QPSK, Ec/Ior = -3 dB

	 
	Type 3
	Type 3i
	Gain
	Delta
	Type 3
	Type 3i
	Gain
	Delta


	1
	845
	923
	1.092
	0.185
	1436
	1491
	1.038
	-0.123

	2
	844
	954
	1.130
	-0.146
	1440
	1519
	1.055
	-0.106

	3
	843
	969
	1.149
	-0.128
	1440
	1538
	1.068
	-0.093

	4
	845
	956
	1.131
	-0.145
	1438
	1526
	1.062
	-0.100

	5
	846
	1006
	1.189
	-0.088
	1441
	1582
	1.098
	-0.063

	6
	849
	973
	1.146
	-0.130
	1437
	1542
	1.073
	-0.088

	7
	850
	1013
	1.191
	-0.085
	1443
	1589
	1.101
	-0.060

	8
	793
	961
	1.212
	-0.064
	1405
	1531
	1.089
	-0.072

	9
	846
	1070
	1.265
	-0.011
	1450
	1668
	1.150
	-0.011

	10
	844
	1073
	1.271
	-0.006
	1449
	1670
	1.152
	-0.009

	11
	844
	1056
	1.251
	-0.026
	1444
	1650
	1.143
	-0.018

	12
	845
	1064
	1.259
	-0.018
	1445
	1656
	1.146
	-0.016

	13
	844
	1068
	1.265
	-0.011
	1447
	1664
	1.150
	-0.011

	14
	843
	1087
	1.290
	0.014
	1454
	1728
	1.188
	0.027

	15
	843
	1156
	1.371
	0.094
	1455
	1800
	1.237
	0.076

	16
	840
	1133
	1.348
	0.072
	1457
	1757
	1.206
	0.045

	17
	838
	1139
	1.359
	0.082
	1460
	1767
	1.211
	0.050

	18
	846
	1195
	1.412
	0.135
	1468
	1844
	1.256
	0.095

	19
	844
	1320
	1.564
	0.287
	1474
	2023
	1.372
	0.211

	20
	840
	1374
	1.635
	0.359
	1479
	2111
	1.428
	0.267


Table 4B. Geometry -3 dB throughput rates, gains, and absolute gain deltas for Motorola DIPs.
	
	VA30, QPSK, Ec/Ior = -6 dB
	VA30, QPSK, Ec/Ior = -3 dB

	 
	Type 3
	Type 3i
	Gain
	Delta
	Type 3
	Type 3i
	Gain
	Delta1

	1
	92
	146
	1.596
	-1.092
	903
	984
	1.089
	-0.131

	2
	100
	201
	2.004
	-0.684
	907
	1026
	1.132
	-0.088

	3
	95
	155
	1.630
	-1.058
	910
	993
	1.092
	-0.128

	4
	99
	188
	1.892
	-0.796
	906
	1019
	1.125
	-0.095

	5
	109
	266
	2.448
	-0.240
	904
	1075
	1.190
	-0.030

	6
	99
	181
	1.826
	-0.862
	904
	1015
	1.124
	-0.096

	7
	107
	255
	2.390
	-0.298
	908
	1068
	1.176
	-0.044

	8
	107
	293
	2.738
	0.050
	905
	1086
	1.200
	-0.020

	9
	100
	218
	2.167
	-0.521
	897
	1042
	1.161
	-0.059

	10
	109
	287
	2.647
	-0.041
	903
	1090
	1.206
	-0.014

	11
	113
	341
	3.028
	0.340
	903
	1120
	1.240
	0.020

	12
	106
	277
	2.606
	-0.082
	903
	1082
	1.197
	-0.023

	13
	122
	514
	4.196
	1.508
	896
	1207
	1.347
	0.127

	14
	117
	342
	2.924
	0.236
	900
	1122
	1.247
	0.027

	15
	124
	478
	3.851
	1.163
	900
	1189
	1.322
	0.102

	16
	121
	476
	3.935
	1.247
	900
	1186
	1.317
	0.098

	17
	114
	339
	2.978
	0.290
	900
	1121
	1.247
	0.027

	18
	120
	459
	3.841
	1.153
	897
	1178
	1.313
	0.093

	19
	118
	409
	1.370
	-1.318
	897
	1207
	1.370
	0.150

	20
	120
	444
	3.693
	1.005
	898
	1172
	1.305
	0.085


Table 5B. – InterDigital generated DIP values: G = 0 dB.
	#
	Ior/Ioc
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	Ioc

	1
	-0.08
	-8.22
	-9.39
	-9.99
	-10.11
	-10.73
	-61.62

	2
	0.07
	-6.35
	-7.85
	-8.09
	-8.61
	-9.47
	-68.37

	3
	-0.01
	-5.74
	-6.41
	-10.70
	-11.19
	-11.50
	-54.74

	4
	0.05
	-5.38
	-7.48
	-7.57
	-7.68
	-15.79
	-60.59

	5
	-0.01
	-4.94
	-5.30
	-8.05
	-13.64
	-14.11
	-65.75

	6
	-0.09
	-4.68
	-5.73
	-8.11
	-12.38
	-15.16
	-57.44

	7
	-0.09
	-4.40
	-5.38
	-8.73
	-13.72
	-13.80
	-49.08

	8
	0.01
	-4.14
	-9.26
	-10.12
	-11.85
	-13.54
	-54.25

	9
	-0.06
	-3.93
	-8.89
	-10.65
	-11.50
	-12.78
	-65.95

	10
	0.09
	-3.65
	-7.36
	-9.25
	-12.49
	-13.58
	-63.34

	11
	0.02
	-3.43
	-8.55
	-8.72
	-11.52
	-15.01
	-63.50

	12
	-0.04
	-3.17
	-4.33
	-14.32
	-15.99
	-18.96
	-58.68

	13
	0.04
	-3.00
	-4.66
	-13.34
	-17.61
	-20.61
	-56.81

	14
	0.00
	-2.75
	-7.64
	-8.68
	-13.71
	-14.59
	-41.51

	15
	-0.05
	-2.40
	-4.99
	-12.37
	-18.32
	-18.70
	-47.09

	16
	-0.01
	-2.12
	-8.97
	-9.13
	-15.77
	-17.90
	-63.01

	17
	-0.03
	-1.79
	-11.42
	-12.07
	-14.54
	-14.95
	-65.39

	18
	0.04
	-1.37
	-9.47
	-15.28
	-16.42
	-17.83
	-69.25

	19
	0.07
	-0.84
	-14.86
	-15.80
	-16.01
	-17.27
	-51.90

	20
	0.08
	-0.50
	-11.39
	-19.44
	-21.55
	-24.07
	-53.99


Table 6B. – InterDigital generated DIP values: G = -3 dB.
	#
	Ior/Ioc (dB)
	DIP1 (dB)
	DIP2 (dB)
	DIP3 (dB)
	DIP4 (dB)
	DIP5 (dB)
	Ioc  (dB)

	1
	-3.05
	-6.38
	-6.86
	-9.74
	-9.74
	-10.91
	-64.71

	2
	-2.94
	-5.90
	-6.89
	-9.56
	-10.36
	-11.06
	-60.56

	3
	-2.93
	-5.34
	-7.08
	-7.62
	-11.12
	-11.92
	-56.22

	4
	-2.97
	-5.05
	-5.64
	-5.91
	-15.56
	-15.65
	-55.91

	5
	-3.06
	-4.76
	-9.87
	-10.14
	-10.93
	-11.32
	-60.30

	6
	-2.99
	-4.47
	-5.33
	-8.76
	-11.66
	-12.64
	-56.36

	7
	-3.04
	-4.24
	-7.30
	-9.05
	-12.39
	-13.15
	-65.62

	8
	-2.91
	-4.00
	-5.19
	-9.97
	-14.36
	-14.72
	-53.57

	9
	-3.04
	-3.80
	-7.37
	-11.19
	-11.40
	-11.59
	-71.61

	10
	-3.00
	-3.58
	-5.86
	-8.36
	-14.47
	-15.49
	-63.40

	11
	-2.97
	-3.39
	-6.33
	-10.40
	-10.64
	-15.32
	-70.73

	12
	-3.02
	-3.21
	-5.56
	-10.01
	-12.67
	-15.53
	-57.10

	13 - 20
	-3.05
	-3.05
	-3.05
	-25.65
	-25.98
	-30.28
	-23.95








�  “Delta” entry is the difference between the weighted average gain (Tables 4 & 5) compared to the gain for the corresponding DIP. 
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