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1. Introduction

Based on system interference simulations, link level simulations, and analysis, we raise our concerns regarding the adequacy of the current proposed simulation assumptions.  We believe that the proposed simulation scenario (as proposed in [1] and corrected in [2]) which consists of a single interference scenario derived by averaging median DIP values across the cell does not provide an adequate or realistic environment to evaluate the benefits of interference cancellation (IC). 

To support the argument for more realistic modelling of the interference to evaluate the advantages of IC the following data is supplied: 

· Plots of the DIP ratios along the Ior/Ioc= -2, 0, and 5dB contours to illustrate the typical range and variation of DIP ratios along a constant Ior/Ioc contour (note: with no shadow fading).  

· Link level simulations for Type 3 and 3i receivers for the DIP values at different locations on the Ior/Ioc=0dB and -2dB contours.  Link level simulations were also run for the proposed DIP values given in [2].   These simulations show the scenario defined in [2] lead to a significant underestimation of the Type 3i gain.   Furthermore, the gain variation on these contours is significant.   

Based on this information InterDigital proposes that the chosen scenario is not sufficient to characterize the benefits that IC can yield in the system or to evaluate the performance difference between receiver types.  This can be done by using multiple scenarios (i.e. DIP realizations) corresponding to multiple locations, or alternatively by carefully selecting a DIP vector representative of the region being investigated.  InterDigital has provided such DIP values for consideration in section 3.  

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 along a fixed Ior/Ioc

Figure 1 shows a basic hexagonal cell array used to calculate the DIP ratios along Ior/Ioc contours.  In Figure 2 a set of DIP ratio curves along the Ior/Ioc=0 contour are plotted vs. a fractional distance (i.e. position along the contour).  The fractional distance is zero at the point closest to the serving BS and one at the point farthest from the BS.    For each chosen position (interval of fractional distance), a probability of occurrence is calculated.  This probability is calculated by the normalized number of UEs falling in the specific interval along the contour when the UEs are placed randomly in the hexagonal cell array of Figure 1.  Similar plots were also obtained for contour Ior/Ioc = 5 dB and Ior/Ioc = -2 dB in Figures 3 and 4, respectively.  Note: that for simplification of the geometric description of the cell array shadow fading was not applied.  In InterDigital’s opinion, adding shadow fading will only increase the variation of the DIP values and provide an even greater relative performance difference than that shown for the non-shadow fading case.

These three figures show that the DIP values vary widely along each contour line and that the interference conditions change from one Ior/Ioc to another.  
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Figure 1 - Hexagonal cell array with Ior/Ioc=0 and 5 dB contours
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Figure 2 – DIP ratios along the Ior/Ioc=0 contour
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Figure 3 – DIP ratios along the Ior/Ioc=5 contour
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Figure 4 – DIP ratios along the Ior/Ioc=-2 contour

2.2 UE receiver link level simulation results for various interference environments

Link level simulation results are provided for interference environments corresponding to 20 bins of fractional distance range along the Ior/Ioc=0 and -2 dB contour lines; as well as for the [2] DIPs (the interference environment corresponding to the Ior/Ioc = 5 dB was not simulated due to lack of time).  These simulation results were obtained for the Type 3 and 3i receivers.  The simulation results are summarised in Tables 1 and 4.   Curves of these results are also shown in Figures 6 though 11.  Throughput gain results, weighted by the likelihood that a UE is in a fractional distance bin, are tabulated in: Tables 2 and 5.  For reference, the weighted Ec/Ior gain is tabulated in Tables 3.  The Ec/Ior gain is computed by averaging the gain at two ends of throughput curves (i.e. (g1+g2)/2, shown in Figure 5), except for Ior/Ioc = -2dB, 16QAM case in which the gain is computed near -3 dB (i.e. g2 in Figure 5).

Inspection of the graphs in Figures 6 through 11 allow us to conclude that the interference scenario defined in [2] will lead to significant underestimation of the throughout gains yielded by advanced receiver structures.  This is supported by the observation that the throughput performance gains obtained for the different locations along the contour lines are almost invariably superior to those obtained for the DIP statistics specified in [2].  Table 2 and Table 3 shows that the throughput gains obtained with realistic interference conditions are roughly 60%-80% superior to those obtained with the scenario defined in [2].
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Figure 5 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Ec/Ior

2.2.1 Performance along Ior/Ioc = 0dB Contour 

Table 1 – Throughputs along the Ior/Ioc=0 contour
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Figure 6 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Throughput, Ior/Ioc=0dB, QPSK, VA30
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Figure 7 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Throughput, Ior/Ioc=0dB, 16QAM, VA30

Table 2 – Weighted average of throughput gains along the Ior/Ioc=0 contour

	
	QPSK
	16QAM

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

	
	-6
	-3
	-3

	Variable DIPs
	23%
	13%
	25%

	Fixed DIPs
	13%
	8%
	14%

	Note: The TP gain for Ec/Ior = -6dB, 16QAM is not considered since the absolute TP values for Type 3 receiver are insignificant and comparing to those for Type 3i receiver would lead to disproportionately large estimated gains.
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Figure 8 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Ec/Ior (dB), Ior/Ioc=0dB, QPSK, VA30

Table 3 – Weighted average of Ec/Ior (dB) gain along the Ior/Ioc=0 contour

	
	QPSK
	16QAM

	Variable DIPs
	0.97
	0.67

	Fixed DIPs
	0.65
	0.45


2.2.2 Performance along Ior/Ioc = -2dB Contour 

Table 4 – Weighted average of throughputs along the Ior/Ioc=-2 contour
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Figure 9 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Throughput, Ior/Ioc=-2dB, QPSK, VA30
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Figure 10 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Throughput, Ior/Ioc=-2dB, 16QAM, VA30

Table 5 – Weighted average of throughputs gain along the Ior/Ioc=-2 contour

	
	QPSK
	16QAM

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

	
	-6
	-3
	-3

	Variable DIPs
	98%
	19%
	114%

	Fixed DIPs
	56%
	11%
	71%

	Note: The TP gain for Ec/Ior = -6dB, 16 QAM is not considered since the absolute TP values for Type 3 receiver are insignificant and comparing to those of the Type 3i receiver would lead to disproportionately large estimated gains. 
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Figure 11 – Performance Gain of Type 3i receiver over Type 3 receiver in terms of Ec/Ior (dB), Ior/Ioc=-2dB, VA30

Table 6 – Weighted average of Ec/Ior gain (dB) along the Ior/Ioc=-2 dB contour

	
	QPSK
	16QAM

	Variable DIPs
	1.11
	1.61

	Fixed DIPs
	0.58
	1.26


2.2.3 Notes on performance 
In the previous sections we have shown the cell edge performance variation on curves of constant Ior/Ioc of 0dB and -2dB.  We observe that there is substantial performance variation and, furthermore, that the performance using the actual DIP values on the contours is better almost everywhere than the performance assuming the DIP values are fixed according to [2] in terms of throughput gain and Ec/Ior gain.  

Overall average performance gain of the Type 3i receiver relative to the Type 3 receiver for QPSK at cell edge ranges from 13% to 98% depending on Ior/Ioc and Ec/Ior with peak gains as high as 160%.  Overall average performance in terms of Ec/Ior gain in is on the order of 1dB with peak gains as high as 2.8dB. 
Please note these FRC throughput and Ec/Ior gains are not a good quantitative indicator of what the expected over all network system performance gain would be, which could be quantified though system level simulations.   

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 above are sufficient to justify the continuation of the Study Item.  

3. Proposed DIPs for Future Link Level Simulation

As shown in the previous sections, the DIP values and the corresponding throughputs using Type 3i receiver varies significantly for different Ior/Ioc values and along constant Ior/Ioc contours. This result implies that, to evaluate the performance of a particular IC algorithm in UE, one may need to consider different set of DIP values for different geometric location in a cell. However, this approach is not desirable due to the large number of simulation involved. To minimize the number of simulation, but preserve the characteristics of realistic interference, we propose to use one set of DIP values for each Ior/Ioc value considered. The proposed DIP values correspond to the DIP values at a location on the Ior/Ioc contour whose throughput gain is equal to the probabilistically weighted average of all throughput gains along the contour.  We consider these DIP values to be average throughput equivalent DIP values.  These average throughput equivalent DIP values for Ior/Ioc = 0 and -2dB are provide in Table 7. 

Table 7 DIP Values based on weighted average of throughput
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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 benefit 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 fixed DIPs for each Ior/Ioc being evaluated (as in section 3, above).  These small changes in DIP values will yield significantly different results and provide a better estimate than the single set of DIP values proposed by [2].  This model, while more accurate than the approach in [2], will still not yield a truly accurate estimate of the system level gains possible with IC.  
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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.
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