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VAMOS III RBER Analysis
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.
Four companies, Intel Corporation, Com-Research GmbH, MediaTek Inc. and Ericsson, have submitted proposals for VAMOS III performance figures. At GERAN#62, a working agreement on the formula to compute the dBm or dB values at required FER performance figures was reached ([2]). As a consequence, the CR to 3GPP TS 45.005 ([3]) was agreed with the dBm and dB values computed using the formula. According to the work plan, there is a need to reach agreement on the Class 1b and Class 2 RBER values for the speech channels at the agreed dB and dBm values at 1% FER.
The latest VAMOS III performance spreadsheet v21 [4] contains RBER figures from all four contributing companies. This document analyses those figures and proposes final figures to be agreed.
2. analysis

2.1 RBER Comparison in Simulation

In order to understand the impact of receiver modification on the RBER values at 1% FER, it is worthwhile to run simulations with VAMOS II and VAMOS III receivers at different SCPIR settings and interference scenarios. In order to limit the simulation effort, only TCH/HS, TCH/AHS7.4 and TCH/AHS4.75 codecs are used. SCPIR values of 4, 0, -4 and -8 dB are used in sensitivity simulations and 0 dB for VDTS simulations. Antenna correlation and antenna gain imbalance are assumed to be zero. The plots below summarise the results of both VAMOS II and VAMOS III receivers simulated in this study.
We can see from the plots that 
· The RBER of both Class 1b and Class 2 bits at 1% FER vary very little over different scenarios for the same codec. 

· The figures for VAMOS II and VAMOS III are comparable.
· In almost half the cases VAMOS III RBER figures are better than VAMOS II figures. There is no clear superiority of VAMOS II or VAMOS III with respect to RBER. 

Therefore, using the VAMOS II RBER figures to specify corresponding RBER figures for VAMOS III is deemed acceptable from speech quality point of view. However, it is necessary to see if enough margins are already applied in the current RBER specifications for VAMOS II so that the values would not cause failure in VAMOS III conformance testing.   
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2.2 Graphical Comparison of Contributed Values
Attached excel file “VAMOS III Performance Spreadsheet v21 RBER Analysis VAMOSIIRef.xls” and  “VAMOS III Performance Spreadsheet v21 RBER Analysis Average.xls” show some analysis of the RBER values in sheets RBER1bCompPlots, RBER2CompPlots, RBER1bCompTables and RBER2CompTables in each excel file. 
The first file shows analysis by copying the VAMOS II RBER specification figures as final figure and the second file uses the average RBER from the proposed RBER figures from all four companies as the final figure.

The analysis in both files shows plots with proposed figures from the individual companies along with the corresponding figures from VAMOS II specification. Below a few of the plots are provided for illustration.
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It has been observed that in a number of cases RBER 1b values are 0 in Ericsson and Intel’s contributions perhaps due to shorter simulation duration. MediaTek proposed single RBER figure for each codec irrespective of propagation profile, frequency band, antenna configuration or SCPIR. There are 8 different codecs in VAMOS specifications, so MediaTek proposed 8 different RBER figures. In general, each of these 8 RBER figures is the largest RBER figure from VAMOS II specification for the corresponding codec across all scenarios. There are a few exceptions with small differences. 

Following observations can be made from the plots above:

1) There is a variation of RBER figures across different scenarios in the VAMOS II requirement. The proposed RBER figures for both Class 1b and Class 2 bits by different companies show similar variation.

2) Figures from none of the companies are better than VAMOS II specification figures in all scenarios.

3) Averaging the proposed figures from all of the four companies results in figures close to VAMOS II RBER specification figures in case of VDTS but in case of sensitivity, average figures are in general slightly higher than VAMOS II RBER specification figures due to large values from Ericsson and MediaTek. 
Note that only the non-zero RBER values are included in the averaging process.
2.3 Difference between individual company’s proposals and proposed VAMOS III RBER figures
Table 1 below shows the summary of difference between individual company’s proposals and proposed VAMOS III RBER figures. The proposed VAMOS III RBER values are taken from the VAMOS II RBER specification figures in the upper table and from the average figures of all companies in the lower table.
Table 1 Average difference over proposed figures
	Percentage of cases individual RBER figures are above VAMOS II RBER specification figures

	
	Intel
	Com-Research
	MediaTek
	Ericsson

	Class 1b, Ant Corr.=0.0, AGI=0dB
	50.26
	32.31
	87.18
	13.33

	Class 1b, Ant Corr.=0.7, AGI=-6dB
	55.90
	36.41
	87.18
	28.21

	Class 2, Ant Corr.=0.0, AGI=0dB
	57.14
	44.76
	91.43
	18.10

	Class 2, Ant Corr.=0.7, AGI=-6dB
	61.90
	49.52
	91.43
	26.67

	Overall
	55.33
	38.83
	88.67
	21.33

	Percentage of cases individual RBER figures are above average RBER figures of 4 companies

	
	Intel
	Com-Research
	MediaTek
	Ericsson

	Class 1b, Ant Corr.=0.0, AGI=0dB
	48.72
	18.46
	95.38
	10.26

	Class 1b, Ant Corr.=0.7, AGI=-6dB
	46.67
	13.33
	85.13
	25.13

	Class 2, Ant Corr.=0.0, AGI=0dB
	45.71
	30.48
	95.24
	11.43

	Class 2, Ant Corr.=0.7, AGI=-6dB
	44.76
	24.76
	97.14
	13.33

	Overall
	46.83
	20.00
	92.33
	15.83


We can see that there are more cases of individual company’s RBER figures being above the final values if the final values are taken from VAMOS II RBER specification figures than the average of all 4 companies’ figures. Overall, in 59% of the cases VAMOS II RBER specification figures are more stringent than the respective averages of all 4 companies’ figures.
Table 2 below shows the percentage of cases for which one or more companies’ individual RBER figures are higher than the final RBER figures. The figure also compares the two methods of computing the final figures – one from the VAMOS II specification and the other by averaging the figures from all companies.
Table 2 Percentage of failing cases
	 
	Final figures copied from VAMOS II specification
	Final figures are average of 4 comps’ figures

	1 company having larger RBER than final figure
	22.33 %
	33.67 %

	2 company having larger RBER than final figure
	36.41 %
	58.05 %

	3 company having larger RBER than final figure
	27.53 %
	8.78 %

	All companies having larger RBER than final figure
	7.14 %
	0.00 %

	All companies having smaller RBER than final figure
	7.53 %
	0.00 %


2.4 Average Improvement over VAMOS II

The average improvements over VAMOS II specification figures are summarised in Table 3 below. The differences between the RBER figures provided by the individual companies and the corresponding VAMOS II RBER figures specified in TS 45.005 are averaged over all radio conditions, speech codecs and SCPIR values. The overall negative figures indicate that VAMOS II RBER specification figures are stricter, though slightly (i.e. in the range 0.01…0.13 %), than the average of the proposed figures from the four contributing companies.
Table 3 Average improvement over VAMOS II specification (in difference of percentage RBER)
	
	Intel
	Com-Research
	MediaTek
	Ericsson
	Overall

	Class 1b, Ant Corr.=0.0, AGI=0dB
	0.01
	0.02
	-0.12
	0.07
	-0.01

	Class 1b, Ant Corr.=0.7, AGI=-6dB
	0.00
	0.02
	-0.12
	-0.01
	-0.04

	Class 2, Ant Corr.=0.0, AGI=0dB
	-0.11
	0.18
	-0.91
	0.68
	-0.04

	Class 2, Ant Corr.=0.7, AGI=-6dB
	-0.14
	0.17
	-0.91
	0.38
	-0.13


3. Proposal
It is expected that VAMOS III MS offers same level of speech quality as VAMOS II MS but at significantly lower C/I or Es/N0. The C/I and Es/N0 values at which 1% FER can be reached are already specified. From the above analysis, it is clear that at 1 % FER, VAMOS III MS cannot always offer better RBER than VAMOS II MS. The VAMOS II RBER specification figures are sufficiently mature and proven to yield good speech quality. Thus, in order to preserve the link level gain in C/I and Es/N0 for VAMOS III MS over VAMOS II MS without compromising the speech quality, same levels for FER and RBER should be used for specification. Therefore, the most appropriate step is to apply VAMOS II RBER specification figures in order to specify RBER figures for VAMOS III MS.
The above analysis has also shown that the calculated average RBER figures for VAMOS III based on the proposals of the contributing companies are sufficiently close to the VAMOS II RBER specification figures. This indicates that the VAMOS II RBER specification figures are expected to be within the margin assumed by different companies while proposing the VAMOS III RBER figures.

Proposal: Use VAMOS II RBER specification figures to specify RBER figures for VAMOS III MS.
The proposed formulas are applicable for both low and high bands.
4. conclusion

Based on the above analysis, it is proposed that VAMOS II RBER specification figures are used to specify the final RBER figures for VAMOS III MS for adoption in TS 45.005. The corresponding CR is submitted to GERAN#63 in [5].
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