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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During the last RAN4 meeting, a question was raised how to combine MU elements, specifically whether combination of MU values, mathematically calculated with the root sum square (RSS) method, should take into account the dB or linear values [1, 2]. As the combined MU can yield significant differences, it is important to harmonize on the approach on how to combine MU elements [3, 4]. 
Traditionally, OTA test plans [5, 6, 7] have used the dB values for the RSS calculations. This contribution aims to analyze the impact of the applied methods on the total uncertainty and to propose which method shall be applied for the calculation of measurement uncertainties. Specifically, this paper investigates the combination of uncertainties expressed in dB, linear power units, and linear voltage units. 
Discussion
2.1 Background
In TS 36.521-1, Annex F.1.2, root sum square with weighting factors is applied on dB values. Canonical examples are the test system uncertainties of TC 6.7 Transmit intermodulation (see Figure 1) and of TC 7.5 Adjacent Channel Selectivity (see Figure 2). 
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Figure 1: Excerpt of the uncertainty table in TS 36.521-1
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Figure 2: Excerpt of the uncertainty table in TS 36.521-1
Another more general reference is [8] (specifically Section 5.2 entitled Combining individual standard uncertainties in different units), where the case of combining uncertainties for cascaded RF measurements is considered. The document states:
“To use formula 5.1 (note: formula 5.1 corresponds to the typical RSS equation) for standard uncertainties of individual contributions which combine by multiplication, logarithmic terms only i.e. dB should be used as they can then be combined by addition. This is essential for the RSS combination to be valid where uncertainty multiplication occurs. This is the case where gains and/or losses (i.e. attenuators, amplifiers, antennas, etc.) are involved as well as under mismatch conditions where modules (i.e. attenuators, cables, RF measuring instruments, etc.) are interconnected in RF measurements. If all parameters and their associated standard uncertainties in a measurement are in the same unit and combine by addition, the RSS method can be applied directly.”
Observation 1: For uncorrelated quantities RSS with appropriate constant weighting factors is applied on individual contributions which are expressed in dB.
Observation 2: Uncertainties due to systematic effects are added arithmetically to the RSS value of uncorrelated contributions.
Proposal 1: The method to combine uncertainties is root square sum of values expressed in dB for quantities which are represented by a product of individual quantities expressed in linear units. 

Summary
The combining of uncertainty contributions in the derivation of test system uncertainty has been discussed.
Observation 1: For uncorrelated quantities RSS with appropriate constant weighting factors is applied on individual contributions which are expressed in dB.
Observation 2: Uncertainties due to systematic effects are added arithmetically to the RSS value of uncorrelated contributions.
Proposal 1: The method to combine uncertainties is root square sum of values expressed in dB for quantities which are represented by a product of individual quantities expressed in linear units. 
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6.7 Transmit intermodulation

+26dB,f<3.0GHz
+36dB, 3.0GHz <f<42GHz

Overall system uncertainty
comprises four quantities:

1. Wanted signal setting error
2. CW Interferer level error

3. Wanted signal meas. error
4. Intermodulation product
measurement error

The relative level of the wanted
signal and the CW interferer
has 2 x effect on the
intermodulation product.

Items 1,2, 3 and 4 are
assumed to be uncorrelated so

can be root sum squared to
provide the combined effect

Test System uncertainty =
SQRT [(2 x SQRT (Wanted
setting_error? +
CW_level_error?))2+
Wanted_level_meas error? +
Intermodulation product
measurement error?]

£<3.0GHz
Wanted signal setting + 0.7dB
CW Interferer level + 1.0dB
Wanted signal meas + 0.7dB
Intermodulation product
measurement error + 0.7dB
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7.5 Adjacent Channel
Selectivity (ACS)

ACS value +1.1 dB, f < 3.0GHz
+1.5dB, 3.0GHz < f £ 4.2GHz
Uplink power measurement 0.7 dB, f < 3.0GHz
+1.0 dB, 3.0GHz < f < 4.2GHz

Overall ACS uncertainty
comprises three quantities

1. Wanted signal level error
2. Interferer signal level error
3. Additional impact of
interferer ACLR

Items 1 and 2 are assumed to
be uncorrelated so can be
foot sum squared to provide
the ratio error of the two
signals. The interferer ACLR
effect is systematic, and is
added arithmetically.

Test System uncertainty =
[SQRT (wanted_level_error? +
interferer_level_error?)] +
ACLR effect.

f<3.0GHz

‘Wanted signal level + 0.7dB
Interferer signal level + 0.7dB
3.0GHz <f<42GHz
‘Wanted signal level + 1.0dB
Interferer signal level + 1.0dB

f<42GHz
Impact of interferer ACLR
0.1dB





