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Discussion
We are approaching the conclusion of the core specification phase for downlink advanced receiver performance (DARP) in TSG GERAN.  Each participating company has agreed to submit performance values based on their TU-50 non-frequency-hopping simulation results to include both i) receiver impairments and ii) implementation margins.  Subsequent to the submission of these results, it becomes our task to converge as an industry on reasonable performance requirements for the core specifications in 3GPP TS 45.005.
Previous experience with similar matters in global standards groups indicates the criticality of this activity.  How we approach the issue of convergence on core specifications will impact our future efforts in terms of a timely conclusion to the core specification phase and our ability as manufacturers to deliver commercial DARP-capable equipment within a reasonable time horizon.   Consider some possibilities:
1) Requirements based on mean of all companies’ results: The mean of all companies’ results would be computed and used as the basis for the core specification requirements.  This approach has been taken in other standards bodies and delivers reasonable results in cases for which companies are comparing simulations of well-known methods, e.g. a well-known detection algorithm.  This approach may or may not be inappropriate for our purposes, as DARP algorithms differ significantly from one company to another.

2) Requirements based on trimmed mean of all companies’ results: The mean of all companies’ results would be computed, then outliers would be trimmed away to move the mean and median closer together.  An iterative approach would be used in which companies would try to determine the cause of both over-performance and under-performance in contrast to the mean level.  This approach has also been taken e.g. during the standardization of Adaptive Multrate (AMR) coding in TSG GERAN, and may sufficiently capture the differences in detection algorithms from one company to another.  A limitation of this approach is the possibility of favoring some algorithms over others.
3) Requirements based on the mean of all companies’ results plus some offset value: The mean
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 of all companies’ results would be computed.  Then, the mean would be added to some reasonable offset based on the standard deviation, and the resulting value would then be used as the core requirement.  For example, the 99th or 95th percentile could be used in which the final performance value
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respectively.  In other words, if the performance specification for a given channel and scenario were set to
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, then 95% of all companies’ performance results would exceed this specification.  The advantage of this approach is that it helps to ensure rapid time to market based on the ability for mobile terminals to meet specifications, but the primary limitation of this approach is that it may tend to deflate the core requirement in cases in which 
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are substantial.  This suggests that either i) basing performance specifications directly on the mean as described in #1 above or ii) a combination of this approach with trimming the mean (as per #2 above) may be more appropriate in cases in which data are highly variable.
Limitations: Regardless of the approach taken, obtaining a meaningful distribution from a sample size of 7 participating companies may be challenging.  On the other hand, there are methods to test the normality of the distribution, e.g. Shapiro-Wilks goodness of fit test that may suggest the reasonability of the data analyzed.  Ultimately, a quantitative approach is still preferred to a non-quantitative method of convergence.
Examples
Consider the TU-50 results from participating companies which were distributed on the GERAN mailing list by the DARP Work Item Rapporteur [1].  Some results were missing, viz. those from Nokia and Phillips.  There was nevertheless enough information from the other companies to construct some fundamental statistical analysis for i) C/I1 for 1% FER on a TCH 12.2 at 900 MHz and ii) C/I1 for 1% FER on a TCH 5.9 at 900 MHz.  

1) Appendix A reports results on a per-company basis for each of the three simulation scenarios for both TCH 12.2 and TCH 5.9 at 900 MHz.
2) Appendix B and C report statistics for the results of each company on a per-scenario basis for each of the TCH 12.2 at 900 MHz and TCH 5.9 channels at 900 MHz respectively.

Observations and conclusions
1.  The data among companies for each simulation scenario pass the Shapiro-Wilks test for normality (not shown), regardless of the small sample size (5), suggesting reasonability of the gathered data.
2. The greatest variability between companies’ results is exhibited for the case of the single co-channel interferer in both the TCH 12.2 and 5.9 cases, with a standard deviation of 2.13 and 2.70 respectively.  This is in contrast with fairly low variability for the GERAN configurations.  In the single co-channel case, there were outliers greater than
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from the mean in each direction.  This high degree of variability should be taken into account when evaluating the results of the single co-channel interferer scenario.  This scenario is nevertheless useful in providing operators with a simplified means of assessing basic advanced receiver functionality without investing additional labor and capital in tests and equipment.
3. In contrast to the single co-channel case, the GERAN configurations were designed to more closely describe realistic operational conditions.  One-way analysis of variance (ANOVA) shows no statistically significant difference in performance between GERAN configurations with or without TSC in both the case of TCH 12.2 and TCH 5.9.  Tukey-Kramer test was used for this assessment due to the small sample size.  
4. For both TCH 12.2 and TCH 5.9 at 900 MHz, there were no outlier data greater than
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from the mean.  Although each company uses differing algorithms for detection, this suggests a greater than 95% consistency in performance, including assumed margins, among all companies when considering the GERAN scenarios for these logical channels.  The relatively low
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of i) 0.636 and 0.238 for TCH 12.2 and ii) 0.874 and 0.663 for TCH 5.9 suggests the reasonability of an approach to arriving at specified performance values by simply taking the mean of all manufacturers’ values for the GERAN scenarios.
5. Following is a comparison of hypothetical performance specifications based on i) the mean of all companies’ results, ii) the mean plus
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and iii) the mean plus
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of all companies’ results:
	
	C/I1 for 1% FER on TCH 12.2 at 900 MHz
	C/I1 for 1% FER on TCH 5.9 at 900 MHz

	
	Single co-channel
	GERAN w-TSC
	GERAN wo-TSC
	Single co-channel
	GERAN w-TSC
	GERAN wo-TSC

	mean
	4.98
	10.3
	9.92
	-0.4
	5.6
	5.1

	mean plus sigma/2
	6.04677
	10.6182
	10.039375
	0.950925
	6.03732
	5.43166

	mean plus sigma
	7.11354
	10.9364
	10.15875
	2.30185
	6.47464
	5.76332

	mean plus 2 sigma
	9.24708
	11.5728
	10.3975
	5.0037
	7.34928
	6.42664


In the above table, some devaluation of the performance levels are noted as a function of standard deviation.  Note that the numbers cited in the table above are strictly for example only and do not constitute a proposal from Motorola.  Furthermore, the offset from the mean would not be restricted to the values shown.
Missing from these analyses were i) data from all manufacturers for all agreed logical channels in the case of 900 MHz results and ii) all 1800/1900 MHz results.  In order to propose a reasonable final recommendation, all relevant data are required.  Regardless of the small sample size, the approach demonstrated above suggests a practical way forward for industry convergence to a set of performance specifications.  Your comments and questions are welcome.
Reference

[1], “DARP comparison, v2”, (DARP Work Item Rapporteur, Stefan Ericsson; Ericsson), August 10, 2004.

Appendix A – results by company

Configuration scenarios:

Blue = single co-channel

Green = GERAN w-TSC

Red = GERAN without-TSC
Oneway Analysis of C/I1 for 1% FER TCH 12.2 - 900 MHz By Company
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Oneway Analysis of C/I1 for 1% FER TCH 5.9 - 900 MHz By Company
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Appendix B – C/I1 for 1% FER on TCH 12.2 at 900 MHz
Oneway Analysis of C/I1 for 1% FER TCH 12.2 - 900 MHz By Configuration
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Configuration

All Pairs

Tukey-Kramer

 0.05


Oneway Anova

Summary of Fit

	Rsquare
	0.814537

	Adj Rsquare
	0.783626

	Root Mean Square Error
	1.292801

	Mean of Response
	8.4

	Observations (or Sum Wgts)
	15


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio
	Prob > F

	Configuration
	2
	88.08400
	44.0420
	26.3514
	<.0001

	Error
	12
	20.05600
	1.6713
	
	

	C. Total
	14
	108.14000
	
	
	


Means for Oneway Anova

	Level
	Number
	Mean
	Std Error
	Lower 95%
	Upper 95%

	Co-channel
	5
	4.9800
	0.57816
	3.7203
	6.240

	GERAN w-TSC
	5
	10.3000
	0.57816
	9.0403
	11.560

	GERAN wo-TSC
	5
	9.9200
	0.57816
	8.6603
	11.180


Std Error uses a pooled estimate of error variance

Means and Std Deviations

	Level
	Number
	Mean
	Std Dev
	Std Err Mean
	Lower 95%
	Upper 95%

	Co-channel
	5
	4.9800
	2.13354
	0.95415
	2.3309
	7.629

	GERAN w-TSC
	5
	10.3000
	0.63640
	0.28460
	9.5098
	11.090

	GERAN wo-TSC
	5
	9.9200
	0.23875
	0.10677
	9.6236
	10.216


Means Comparisons

	Dif=Mean[i]-Mean[j]
	GERAN w-TSC
	GERAN wo-TSC
	Co-channel

	GERAN w-TSC
	0.0000
	0.3800
	5.3200

	GERAN wo-TSC
	-0.3800
	0.0000
	4.9400

	Co-channel
	-5.3200
	-4.9400
	0.0000


Alpha=

0.05

Comparisons for all pairs using Tukey-Kramer HSD

	q*

	2.66776


	Abs(Dif)-LSD
	GERAN w-TSC
	GERAN wo-TSC
	Co-channel

	GERAN w-TSC
	-2.1813
	-1.8013
	3.1387

	GERAN wo-TSC
	-1.8013
	-2.1813
	2.7587

	Co-channel
	3.1387
	2.7587
	-2.1813


Appendix C – C/I1 for 1% FER on TCH 5.9 at 900 MHz

Oneway Analysis of C/I1 for 1% FER TCH 5.9 - 900 MHz By Configuration
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Configuration

All Pairs

Tukey-Kramer

 0.05


Oneway Anova

Summary of Fit

	Rsquare
	0.765142

	Adj Rsquare
	0.725999

	Root Mean Square Error
	1.683746

	Mean of Response
	3.433333

	Observations (or Sum Wgts)
	15


Analysis of Variance

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio
	Prob > F

	Configuration
	2
	110.83333
	55.4167
	19.5473
	0.0002

	Error
	12
	34.02000
	2.8350
	
	

	C. Total
	14
	144.85333
	
	
	


Means for Oneway Anova

	Level
	Number
	Mean
	Std Error
	Lower 95%
	Upper 95%

	Co-channel
	5
	-0.4000
	0.75299
	-2.041
	1.2406

	GERAN w-TSC
	5
	5.6000
	0.75299
	3.959
	7.2406

	GERAN wo-TSC
	5
	5.1000
	0.75299
	3.459
	6.7406


Std Error uses a pooled estimate of error variance

Means and Std Deviations

	Level
	Number
	Mean
	Std Dev
	Std Err Mean
	Lower 95%
	Upper 95%

	Co-channel
	5
	-0.4000
	2.70185
	1.2083
	-3.755
	2.9548

	GERAN w-TSC
	5
	5.6000
	0.87464
	0.3912
	4.514
	6.6860

	GERAN wo-TSC
	5
	5.1000
	0.66332
	0.2966
	4.276
	5.9236


Means Comparisons

	Dif=Mean[i]-Mean[j]
	GERAN w-TSC
	GERAN wo-TSC
	Co-channel

	GERAN w-TSC
	0.0000
	0.5000
	6.0000

	GERAN wo-TSC
	-0.5000
	0.0000
	5.5000

	Co-channel
	-6.0000
	-5.5000
	0.0000


Alpha=

0.05

Comparisons for all pairs using Tukey-Kramer HSD

	q*

	2.66776


	Abs(Dif)-LSD
	GERAN w-TSC
	GERAN wo-TSC
	Co-channel

	GERAN w-TSC
	-2.8409
	-2.3409
	3.1591

	GERAN wo-TSC
	-2.3409
	-2.8409
	2.6591

	Co-channel
	3.1591
	2.6591
	-2.8409
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