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VAMOS III Performance Proposals
1. Introduction

At GERAN#57 the MSRD for VAMOS work item [1] for Release 12 was agreed with the objective to introduce MSRD for VAMOS (VAMOS III) feature and specify performance requirements for MS supporting such feature.
So far, four companies, Intel Corporation, Com-Research GmbH, MediaTek Inc. and Ericsson, have submitted proposals for VAMOS III performance figures in version 18 of the spreadsheet [4]. However, the formula to compute the final performance figures is not agreed yet.
Earlier, some analyses on the proposed VAMOS III performance figures were presented in order to help reach an agreement on the formula to compute the final figures (see [2]). At GERAN#61, formulas to compute the final performance figures were proposed alongwith analyses showing the impact in different scenarios (see [3]).
Some further analyses have been made in the version v19 of the spreadsheet. Based on the analyses done and comments and feedback received so far, a new formula to compute the final performance figures is proposed here.

2. Background
In the discussion paper presented at GERAN#61 [3], it was proposed that if in any case the spread between different companies’ proposed figures was less than or equal to 2 dB, the least stringent figure would be taken as the final figure for that case. But if the spread was more than 2 dB, exceptions would apply. The exceptions were different for different propagation conditions and antenna correlation and antenna gain imbalance values, but the general idea was to exclude one company’s proposed figure that was well outside the rest of the companies’ proposed figures and to take the average of the remaining companies’ proposed figures. The formulas were designed to accommodate all the contributing companies’ proposed figures as much as possible while ensuring significant improvement in performance over VAMOS II. However, there was no agreement reached in GERAN#61.

At GERAN#61, there was also a proposal from Telecom Italia. The proposal was to take the average in case the spread is more than 2 dB, otherwise, take the least stringent figure. There was no agreement on this as well.
Since there was no other proposal from other companies and two contributing companies were not present in the meeting, further discussions were deemed necessary. The meeting also noted that if the VAMOS III performance figures are not finalised before the release 12 specification deadlines, the feature would be incomplete and all the related modifications to different specifications implemented so far would have to be reversed.
Between GERAN#61 and GERAN#62, there was a teleconference and further off-line discussions between the interested companies resulting in the introduction of two more proposals. In this document those proposals are explained alongwith some analyses showing the impact in different scenarios.
3. Proposals
The spread between the dBm or dB figures at the specified FER proposed by different companies vary case by case although there is a general similarity within a particular propagation condition. It is proposed in general that if in any individual case the spread between different companies’ dBm or dB figures is less than or equal to 2 dB, we take the least stringent figure (dBm or dB) from the figures from all companies. In other scenarios, rules proposed below apply.

Proposal 1: Take the average value of the figures proposed by all companies
Proposal 2: Take the 2nd least stringent figure from the figures proposed by all companies
Proposal 3: Take the average of the average of all companies’ proposed figures and the 2nd least stringent figure. (this is in fact the average of figures coming out of Proposal 1 and 2)
The proposed formulas are applicable for both low and high bands. 
4. analysis

4.1 Graphical Comparison of Two proposals

Attached excel files “VAMOS III Performance Spreadsheet v19_prop1.xls”, “VAMOS III Performance Spreadsheet v19_prop2.xls” and “VAMOS III Performance Spreadsheet v19_prop3.xls” show some analysis of these proposals in sheets RefSensCompPlots and RefIntfCompPlots in each excel file. The analysis shows plots with proposed figures from individual company along with the final figures computed based on formulas in Proposal 1, Proposal 2 and  Proposal 3. The plots also show corresponding VAMOS II figures. These plots are drawn for low band only. The behaviour is expected to be same for high band. The analysis also shows tables highlighting cases when a company’s proposed figure does not meet the final figure.
In the first excel file (average figure, Proposal 1), we see that no single company meets the final figure in all the scenarios (though, Com Research and ST-Ericsson figures fail in very few cases and that too by about 0.5dB). See the yellow highlighted cells in RefSensCompPlots and RefIntfCompPlots sheets. In the second excel file (2nd least stringent, Proposal 2), we can see that at least 3 companies meet the final figures in all the cases. In the third excel file (average of the average and the 2nd least stringent, Proposal 3), we see slightly stricter figures than those from Proposal 2 in almost all scenarios accept in VDTS-4 where we see slight relaxation compared to Proposal 2. However, there is a considerable increase in the number of cases where 2 companies fail to meet the requirements, although the 2nd company would fail very marginally.
The other attached excel file “Proposal Comparison.xlsx” shows comparison of different proposals. The plots are given here in different scenarios showing the comparison between Proposal 1, Proposal 2, Proposal 3 and VAMOS II.
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From the above plots we can observe the following: 
· The final figures computed by all proposals provide significant gain over the VAMOS II figures. 

· There is very little difference between the three proposals in most cases. 

· In case of VDTS-1 and VDTS-3, the averaging method (Proposal 1) is better than the 2nd least stringent method (Proposal 2) because the averaged values are affected by significantly stringent proposed figures from Ericsson. Figures computed by Proposal 3 are generally in between the figures computed by Proposal 1 and Proposal 2.
· In case of VDTS-4, on the other hand, Proposal 2 provides better performance than both Proposal 1 and Proposal 3 because the averaged values are affected by MediaTek’s proposed figures. 

· In case of Sensitivity with antenna correlation, Proposal 1 results in better performance due to stringent figures from Com-Research.
4.2 Average Improvement over VAMOS II

The average improvements over VAMOS II figures are summarised in the table below. The table also includes the average improvement that could be achieved using the least stringent values and the proposal given in [3] at GERAN#61.
Table 1 Average improvement over VAMOS II in dB (Lo band)
	 
	 
	Least stringent
	Proposal at GERAN#61
	Prop 1: Average
	Prop 2: 2nd least stringent
	Prop 3: Avg of Prop 1,2

	Sensitivity
	Corr.=0
	2.9
	5.1
	5.1
	4.1
	4.5

	
	Corr.=0.7
	0.4
	0.4
	1.9
	0.8
	1.3

	VDTS-1
	Corr.=0
	9.5
	11.9
	13.0
	12.4
	12.5

	
	Corr.=0.7
	7.5
	8.6
	9.9
	8.7
	9.2

	VDTS-2
	Corr.=0
	5.9
	6.9
	6.9
	6.7
	6.7

	
	Corr.=0.7
	5.4
	6.1
	6.1
	5.8
	5.9

	VDTS-3
	Corr.=0
	8.0
	10.9
	11.5
	10.6
	10.9

	
	Corr.=0.7
	6.0
	7.6
	8.8
	7.4
	8.0

	VDTS-4
	Corr.=0
	5.0
	10.9
	10.3
	10.9
	10.5

	
	Corr.=0.7
	3.9
	8.0
	8.1
	8.1
	7.9

	Overall improvement
	Corr.=0
	6.3
	8.9
	9.3
	8.7
	8.9

	
	Corr.=0.7
	4.4
	5.6
	6.6
	5.7
	6.1


We can see from the table above that the gain over VAMOS II using the formula in Proposal 2 would be reduced by less than 1 dB compared with the gain using formula in Proposal 1. However, the gain in Proposal 3 is reduced by about 0.5 dB compared with the gain of Proposal 1. Therefore, when comparing against VAMOS II figures, Proposal 1 provides us the most gain, followed by Proposal 3 and Proposal 2.
4.3 Failing Cases

Number of cases where individual company’s figures will fail to meet the final figures would be significantly high if we use the formula in Proposal 1. This is also summarised in Table 2. The table also includes the values for the least stringent formula and the formula used in [3] at GERAN#61.
It is clear that two companies will fail to meet the final figure if we use the averaging method (Proposal 1) in about 70% of the cases. In a few cases (<3%) with very large spread, three companies will fail. However, no more than one company will fail to meet the final figure if we use the 2nd least stringent method (Proposal 2).
Going from Proposal 2 to Proposal 3, we see that number of cases where two companies fail increases again, but not to the level of Proposal 1. It is also observed that, using Proposal 3, the 2nd company fails very marginally. 
Note that in case of averaging method (Proposal 1) there are a number of cases where all companies’ figures are passing the final figure due to spread less than 2 dB in those cases.

Table 2 Percentage of Failing cases (Lo band)
	 
	 
	Least stringent
	Proposal at GERAN#61
	Prop 1: Average
	Prop 2: 2nd least stringent
	Prop 3: Avg of Prop 1,2

	1 company fails to meet the final figures
	Corr.=0
	0%
	54%
	34%
	93%
	52%

	
	Corr.=0.7
	0%
	45%
	12%
	77%
	32%

	2 companies fail to meet the final figures
	Corr.=0
	0%
	42%
	62%
	0%
	44%

	
	Corr.=0.7
	0%
	17%
	78%
	0%
	61%

	3 companies fail to meet the final figures
	Corr.=0
	0%
	0%
	0%
	0%
	0%

	
	Corr.=0.7
	0%
	0%
	3%
	0%
	0%

	All companies meet the final figures
	Corr.=0
	100%
	4%
	4%
	7%
	4%

	
	Corr.=0.7
	100%
	37%
	6%
	23%
	8%


4.4 Average Margin from Final Proposed Figures

Table 3 shows the average margin from final figures computed by each of the 3 proposals mentioned above. Margins are given for each company separately. A positive margin for a company means, the figures proposed by that company is better than the final figures and a negative margin means the figures are worse than the final figures.

As in the case of gain over VAMOS II, we see the smallest margins with Proposal 1 and the largest margins with Proposal 2, while the margins with Proposal 3 are in between Proposal 1 and 2.

Table 3 Average margin from final proposal in dB (Lo band)
	 
	 
	Intel
	Com-Research
	MediaTek
	Ericsson

	 
	 
	Prop 1
	Prop 2
	Prop 3
	Prop 1
	Prop 2
	Prop 3
	Prop 1
	Prop 2
	Prop 3
	Prop 1
	Prop 2
	Prop 3

	Sensitivity
	Corr.=0
	-1.1
	-0.1
	-0.4
	2.7
	3.7
	3.3
	-2.1
	-1.1
	-1.5
	1.5
	2.6
	2.2

	
	Corr.=0.7
	-1.2
	-0.1
	-0.5
	2.5
	3.6
	3.2
	-1.4
	-0.3
	-0.8
	0.7
	1.8
	1.4

	VDTS-1
	Corr.=0
	-0.6
	0.0
	-0.2
	1.2
	1.8
	1.6
	-3.5
	-2.9
	-3.0
	3.7
	4.3
	4.1

	
	Corr.=0.7
	-1.2
	0.0
	-0.5
	0.3
	1.5
	1.0
	-2.4
	-1.2
	-1.7
	4.0
	5.2
	4.7

	VDTS-2
	Corr.=0
	0.7
	0.8
	0.8
	1.3
	1.5
	1.5
	-0.9
	-0.7
	-0.7
	0.7
	0.8
	0.8

	
	Corr.=0.7
	0.3
	0.6
	0.5
	1.5
	1.8
	1.7
	-0.6
	-0.3
	-0.4
	0.6
	0.9
	0.8

	VDTS-3
	Corr.=0
	-0.8
	0.1
	-0.3
	2.4
	3.3
	3.0
	-3.5
	-2.6
	-2.9
	2.7
	3.6
	3.3

	
	Corr.=0.7
	-1.4
	0.0
	-0.6
	1.1
	2.5
	1.9
	-2.8
	-1.4
	-2.0
	3.8
	5.2
	4.5

	VDTS-4
	Corr.=0
	0.9
	0.3
	0.7
	3.2
	2.6
	3.0
	-5.3
	-5.9
	-5.5
	2.4
	1.8
	2.2

	
	Corr.=0.7
	0.2
	0.2
	0.3
	2.7
	2.7
	2.9
	-4.1
	-4.1
	-3.9
	1.7
	1.7
	1.8

	Overall margin
	Corr.=0
	-0.4
	0.1
	0.0
	2.1
	2.6
	2.5
	-3.0
	-2.4
	-2.6
	2.3
	2.9
	2.7

	
	Corr.=0.7
	-0.8
	0.1
	-0.3
	1.6
	2.5
	2.1
	-2.2
	-1.2
	-1.6
	2.2
	3.1
	2.8


5. conclusion

In order to complete the work item before Release-12 deadline, an agreement based on some compromise is needed. Based on the above analysis, it is propsed that the formula described in Proposal 3 is chosen to compute the final figures. It is a compromise between the most and the least stringent proposed figures, but it provides following benefits:

· VAMOS III MS would still provide considerably better performance compared with VAMOS II MS in all cases.
· Number of cases where proposed figures from any company failing the final figures is not excessively high. Similarly, the average margins from the most stringent proposals are not very high (2 to 3 dB on average).
· The feature can be in the field sooner within reasonable cost because of inclusion of most companies’ figures in most of the cases.

Therefore, it is expected that the formula given in Proposal 3 will be agreed by all companies.
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