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1. Introduction

This contribution provides simulation results for Type 3 and Type 3i receivers operating in a standard cellular BS environment with shadow fading.  The analysis is based on that proposed in [1] and [2], except for the selection of DIP values.  For this contribution link level throughput simulations were run for a set of 20 DIP values which are representative of the DIP values obtained by a system level interference simulation.    These results show that there is significant variation in DIP values for Ior/Ioc=0dB across the cell and that the associated UE throughput gains of the Type 3 to Type 3i receiver also vary significantly with the change of DIP values.  In addition there is significantly more throughput gain on average across the cell, relative to the throughput gain calculated via the median DIP methodology [2].  

This document provides the following data: 

· A table of 20 representative DIP ratios.  This table was generated by sorting and sampling the DIP values obtained for individual randomly placed UEs which were located in positions that yielded an Ior/Ioc=0dB. This system level analysis was preformed with the shadow fading on.  
· The 20 representative DIP ratio values were then used in link level simulations for Type 3 and 3i receivers.   These link level results are provided for each of the 20 representative DIP ratios.  Link level simulations were also run for the proposed DIP values given in [2].   These simulations show the scenario defined in [2] leads to a significant underestimation of the Type 3i gain.
· Proposed DIP values for future link level simulations        

Based on this information InterDigital suggests that IC will yield significantly better gains than those predicted by cell median DIP values [2].   

2. Discussion 

In order to study the relative advantages of different receivers, we suggest that the interference environment be more accurately modelled so that the system benefits can be better evaluated.  One area which is of particular interest is the cell edge.  Currently, cell edge HSDPA throughput is not as high as desired and techniques to enhance the performance of UEs operating in this region should provide significant network benefit.  
2.1 DIP ratios for Ior/Ioc=0dBm with shadow fading
The 20 DIP values generated are representative of the DIP values across the whole cell where the UE would have an Ior/Ioc value of 0 dB.

Figure 1 shows a basic hexagonal cell array used to calculate the DIP ratios.  The method used was as follows: with shadow fading enabled UEs were randomly placed throughout the cell of interest and the interference environment that they see as well as their Ior/Ioc was calculated.  Then from each random case all of the UEs with a geometry of near Ior/Ioc=0dB (+/- 0.2 dB) were chosen and their DIP values were saved.  This process was repeated for multiple realizations, until a significant number of samples were obtained.  Then, the saved DIP values were sorted by DIP 1 and then sampled at every 5th percentile.  The sorting helps to ensure good sampling of the DIP values.  Higher dimensional sorting can also be done to make even better cluster sampling, but we have observed that DIP1 is an adequate predictor of performance. The resulting representative DIP values are tabulated in Table 1 and plotted in Figure 2 
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Figure 1:  Basic hexagonal cell array

Table 1 – DIP ratios for Ior/Ioc=0dB
	#
	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
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Figure 2 – DIP ratios for Ior/Ioc=0dB
2.2 UE receiver link level simulation results for various interference environments

Link level simulation results are provided for interference environments corresponding to 20 sets of DIPs, above; as well as for the median across the cell DIPs of [2].  These simulation results were obtained for the Type 3 and 3i receivers.  The simulation throughput results are summarised in Table 2.   Percent improvement curves of these results are shown in Figures 3.  The average throughput gain results for the set of 20 DIP values and the median across the cell throughput gains are tabulated in Table 3.  
Inspection of the graph in Figure 3 allow us to conclude that the interference scenario defined in [2] will lead to significant underestimation of the throughout gains yielded by an interference aware receiver.  This is supported by the observation that the throughput performance gains obtained for the different representative DIP values are superior to those obtained for the DIP statistics specified in [2].  Table 3 shows that the throughput gains obtained with realistic interference conditions are significantly better than those obtained with the scenario defined in [2].

2.2.1 Performance at Ior/Ioc = 0dB representative locations
Table 2 – Throughputs at Ior/Ioc=0 locations with shadow fading
	
	Throughput [kbps]

	
	Type 3i
	Type 3

	DIP1 [dB]
	QPSK -6dB
	QPSK -3dB
	16QAM -6dB
	16QAM -3dB
	QPSK -6dB
	QPSK -3dB
	16QAM -6dB
	16QAM -3dB

	-8.2
	822
	1424
	33
	1046
	782
	1410
	48
	971

	-6.3
	910
	1501
	67
	1165
	819
	1448
	48
	1031

	-5.7
	902
	1492
	65
	1160
	805
	1422
	54
	1016

	-5.4
	950
	1528
	93
	1220
	832
	1443
	68
	1034

	-4.9
	973
	1557
	119
	1249
	817
	1441
	60
	1031

	-4.7
	956
	1541
	105
	1241
	809
	1422
	51
	1017

	-4.4
	981
	1562
	125
	1258
	809
	1435
	57
	1028

	-4.1
	946
	1521
	89
	1197
	824
	1436
	58
	1030

	-3.9
	935
	1522
	89
	1198
	806
	1427
	52
	1007

	-3.6
	996
	1587
	143
	1284
	855
	1460
	76
	1078

	-3.4
	989
	1581
	132
	1277
	832
	1445
	69
	1060

	-3.2
	1105
	1707
	332
	1426
	845
	1460
	84
	1074

	-3.0
	1116
	1724
	343
	1441
	867
	1472
	99
	1103

	-2.7
	1065
	1662
	236
	1370
	853
	1453
	81
	1077

	-2.4
	1163
	1774
	452
	1490
	865
	1465
	96
	1098

	-2.1
	1110
	1726
	327
	1427
	865
	1474
	95
	1102

	-1.8
	1127
	1734
	344
	1438
	873
	1466
	85
	1090

	-1.4
	1219
	1842
	589
	1572
	894
	1502
	119
	1149

	-0.8
	1321
	2007
	848
	1740
	914
	1525
	167
	1179

	-0.5
	1468
	2209
	1129
	1892
	946
	1557
	205
	1209
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Figure 3 – Throughput Improvement of Type 3i receiver over Type 3 receiver, Ior/Ioc=0dB, QPSK and 16QAM, VA30
Table 3 – Average of throughput improvement for Ior/Ioc=0
 

	
	Throughput Gain Improvement

	
	QPSK
	16QAM

	
	Ec/Ior [dB]
	Ec/Ior [dB]

	
	-6
	-3
	-3

	Representative DIPs with shadow fading 
	24%
	14%
	26%

	Along Contour without shadow fading [3]
	23%
	13%
	25%

	Fixed DIPs [3]
	13%
	8%
	14%

	Note: The TP gain for Ec/Ior = -6dB, 16QAM is not shown since this is an unrealistic scenario leading to irrelevant (but very large) estimated gains.


2.2.3 Notes on performance 
In the previous sections we have shown the cell edge performance variation at constant Ior/Ioc = 0dB.  We observe that the performance using the 20 sets of representative DIP values is superior to the performance measured using the DIP values fixed according to [2] in terms of throughput gain.  

Throughput performance gain of the Type 3i receiver relative to the Type 3 receiver for QPSK at cell edge for all representative DIP sets ranges from 1% to 55% depending on Ec/Ior, modulation type, and DIP ratios.  (Note: we did not consider 16QAM performance for Ec/Ior= -6dB at cell edge since we consider it an unlikely scenario; however, we note that the performance gains would look even better if these results were included.) 
We also point out that the complexity increase of the Type 3i receiver is minimal and draws only on mature and reusable technology.  Considering the low risk and low complexity, we believe the gains shown encourage moving this study item towards a work item.  
3. Proposed DIPs for Future Link Level Simulation

As shown in the previous sections, the DIP values and the corresponding throughput gains vary significantly across the cell for Ior/Ioc=0dB. This result implies that, to optimally evaluate the performance of a particular IC algorithm, one may need to consider a large number of different sets of DIP values to estimate the throughput performance across a cell. However, this approach is not desirable due to the large number of simulations involved. To minimize the number of simulations, while preserving the characteristics of realistic interference, we propose to use a new set of DIP values for Ior/Ioc=0dB. The proposed DIP values correspond to the DIP values at a location whose throughput gain is approximately equal to the probabilistically weighted average gain of the UE throughputs in the cell with Ior/Ioc=0dB (the DIP set chosen was #14 from Table 1, above).  We consider these DIP values to be average throughput gain equivalent DIP values.  These average throughput gain equivalent DIP values for Ior/Ioc = 0 is given in Table 4. Please note that these equivalent DIP values are different than the equivalent DIP values suggested in [3], this is due to the fact that the analysis in this document was performed with shadow fading on. Although the DIP values proposed here are different from the DIP values used in [3], both sets result in similar throughput gains as indicated by Table 3.     

Table 4 DIP Values based on weighted average of throughput gain
	
	DIP1 [dB]
	DIP2 [dB]
	DIP3 [dB]
	DIP4 [dB]
	DIP5 [dB]

	Ior/Ioc=0dB
	-2.75
	-7.64
	-8.68
	-13.71
	-14.59


For the case of Ior/Ioc = 5 and 10dB we are amenable to using the current median DIP or what ever is agreed by RAN4.  For the case of Ior/Ioc = -2 dB InterDigital is willing to provide a set of equivalent DIP values based on the same methodology used in this contribution, if it is desired by RAN4.  
4. Conclusions

These simulations indicate that the current interference environment model [2] will yield an overly conservative estimate of the benefits of interference cancellation.  To be better assess the benefits of interference cancellation techniques, a more accurate interference environment model should be used.   

We propose to use a simple yet more realistic interference environment for initial study item evaluation purposes.  The model simply uses a new set of DIPs for Ior/Ioc=0 (as in section 3, above).  The new DIP values will yield significantly different results and provide a better tool to assess the gains of interference aware receiver than the single set of DIP values proposed by [2].  

Finally, we believe that the gains of the Type 3i receiver shown in this document are sufficient to encourage moving this study item towards a work item. 
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Appendix

A1 Link-level simulation assumptions

Table A1 Link-level simulation assumptions
	Parameter


	Assumption

	Chip Rate
	3.84 Mcps

	HS-DSCH Fixed Reference Channel
	FRC H-Set 6

	Category
	7

	Modulation
	QPSK and 16QAM

	Number of HS-SCCHs to transmit
	1

	HS-SCCH OVSF Code List
	{2,3,4,5}

	Maximum number of transmissions per H-ARQ process
	4

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

	ACK/NACK Feedback Error Rate
	0%

	Turbo Decoding
	MaxLogMap – 8 iterations

	Primary Scrambling Code
	0 for serving cell and 5, 10, 15, 20, and 25 for adjacent cells

	SRRC Pulse Shaping (Tx and Rx)
	On

	Wireless Channel Model
	Path delay and relative power for the channels of different cells and receiver antennas are identical up to a bulk delay. However, the multi-path taps of different channels are generated independently.  

	Number of samples per chip (P) for channel synthesis
	P=2 – i.e. 2 samples per chip at input to the receiver

	Wireless Channel Ray Mapping
	Nearest Tc/P spaced delay (1/ Tc is the chip rate) – P specified above

	Channel Estimation
	The first-significant-path timings and scrambling codes of up to six cells are known a–priori to the receiver. The channel of each cell is estimated at each antenna of the receiver based on the cell’s pilot (CPICH). The estimated channel response consists of the total response of SRRC and wireless channel and has a window size of 20 chips. 

	Rx AGC
	Off

	Number of bits in A/D converter
	Floating point

	Receiver Structure
	Type 3 and Type 3i

	Noise Variance in Receiver
	Estimated

	Interference Data Structure
	Delayed version of serving cell data with different scrambling codes. The delay parameters are randomly selected.














