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1. Introduction
During the 3GPP TSG RAN4 #75, the MIMO OTA WF was agreed [1]. This contribution discusses the “Methodology-specific MU elements”. In particular, the Measurement Uncertainty budget for the MVG’s MPAC solution is presented and the differences between the MU elements in the TR 37.977 [2] and agreed on the CTIA MUSG are highlighted. The aim is to have a common Measurement Uncertainty budget for the MPAC between 3GPP and CTIA.
2. Measurement Uncertainty budget for MVG’s MPAC solution
The excel sheet in Figure 1 does report the MU budget for the MVG’s MPAC implementation. This is based on the MU elements which were agreed to be included in the TR 37.977 v. 12.1.0.
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Mismatch of transmitter chain (ie_ Between probe antenna and base station

simulator 0.000
Insertion Loss of transmitter chain 0.000
Influence of the probe antenna cable 0.000
Uncertainty of the absolute antenna gain of the probe antenna 0.000

Base station simulator - Uncertainty of the absolute output power level 0.462 rectangular data sheet
Throughput measurement: output level step resolution 0.144 calculated 0.5 dB power step
Statistical Uncertainty of throughput measurement 0.000

Channel Flatness within LTE BAND 0.000 average path loss used
Fading channel emulator output uncertaint 0.866 rectangular data sheet

Channel Model Implementation 0.000

Measurement Distance 0.000

Qualtty of quiet zone

0,500 standard uncertainty

estimated worst case

DUT sensitiity drift 0.000
Uncertainty related to the use of phantoms 0.000
‘Sampling grid 0.000

Random Uncertainty (Repeatability)
Stage 2, Calibration measurement, network analyzer method, TR 25914 [11]
figure 7.5 Sub Totaled > 111

0.068 standard uncertainty measured

17 Uncertainty of network analyzer 0.125 rectangular data sheet (combined)
Mismatch in the connection of transmitter chain (ie_Betuween probe antenna

18 and vector network analyzer 0342 u shaped calculated - u shaped distribution

19 Insertion Loss of transmitter chain 0.000

20 Mismatch in the connection of the calibration antenna 0.000

21 Influence of the calibration antenna feed cable 0.000

22 Influence of the probe antenna cable 0.000

23 Uncertainty of the absulte antenna gain of the probe antenna 0.000

24 Uncertainty of the absolute gain/radiation eficiency of the calibration antenna 0440 standard uncertainty dipole - Measurement uncertainty

25 Measurement Distance 0.000

26 Qualtty of quiet zone (Range Ref Antenna Ripple) 0.289 rectangular/calculated dipole
TOTAL UNCERTAINTY (Root Sum Square) 1.283 Instrument Data Sheet 064
Coverage Factor for 95% Confidence Level 2000

"EXPANDED UNCERTAINTY. 2.567 dB.





The MU budget has been calculated for the combination RnS CMw500 (radio Communication Tester) and Anite F-series (channel emulator). We don’t expect any big variation in the MU budget for different combinations such as Anritsu MT8820C (Radio Communication Tester) and Spirent VR5 (channel emulator).

3. MU elements – Differences between TR 37.977 and CTIA MUSG
In the following section, the MU elements agreed in the CTIA MUSG are highlighted.
It has to be considered that the MU elements from CTIA MUSG have been determined for SIR controlled environment measurements while the 3GPP ones are for UE noise limited measurements. We do expect that the CTIA MU elements are also representative of UE noise limited measurements.
[image: image2.png]UNCERTAINTY BUDGET

Anite F32 & Rohde & Schwarz CMWS500

Tems Standard Uncerainty Evalustion Method and Comments
Uncertainty Elements for Path Loss Cabration
T Mismatch - Input Calbration 078
Output Calibraton terms 2- 9
2 Mismaich1 0ot u shaped calculated - u shaped distribution
3 Mismaicn? 0037 u shaped - -
4 Mismaicn3 0027 u shaped -
5 Mismaicnd 007 u shaped -
6 Mismaicn§ 0.005 u shaped -
7 Mismaich§ 0033 u shaped -
8 Mismaich7 0032 u shaped -
9 Additional insertions 0.000 NA-all accounted
10 Receiver and Source - VNA 0260 rectangular data sheet (combined) Keysight 5071
11 Receiver- VA - calibration prior o measurement 0027 rectangular data sheet Keysight 5071
12 Gain of Referecs Antemna 0410 standard uncertinty dipole - Measurement uncertainty
13 Renge Ref Antenna Ripple 0289 rectangularicalculated dipole
14 Phase Center Offset 0.000 using cipole - phase center @ center
Uncertainty Elements for Measurement Sub Totaled -> 062
15 Mismaich 0.000 setup same as cal
16 Source - CE absolute level 0.000 conrected based o calibration procedure
17 Receiver- CE autoset nearly - cal vs measure 0.000 same power level fo cal and measure
18 Source - CE output signal stability 0370 rectangular data sheet - includes 2 terms including =
temperature variation
19 Source - Absolute Power - RCT 0462 rectangular data sheet cMWs00
Source - CMW CW vs modulated signal rectangular (combined) absolute output level is the same for CW and CMWS00.
2 0116 modulated - adding fneariy and repeatabilty
21 Signal Source - Absolute Power - AWGN 0750 normal data sheet F2
22 Signal Source Linearty - CE - AWGN 0.000 using CE
23 Signal Source Stabilty - CE - AWGN 0.000 using CE
2 PowerStep 04 calculated 0.5 dB power step
25 Rigle 0500 standard uncertinty estimated worst case
26 Measurement Setup Repeatabilt 0058 standard uncertinty measured
27 EUT positioning releative o phantoms 0.000 Free Space
2 Average SNR over BW 0.000 NA
29 Test System Frequency Flatness Uncertain 0.000 average path loss used
Uncertainty terms for Measurement Anenna
30 Antenna Cable Factor 0.000 [noting changed betueen Range Reference and EUT measurements
31 Mismaich 0.000 captured curing range reference measurement / calbration -set up same
Measurement Set uo
Blocking effect on Measurement antenna ftoo close
2 _-VSWR 0.000 calculated
33 Chamber Standing Wave 0.000 calculated
3% Temperawe 0.000 calculated
35 Miscellaneous 0.000 calculated NA
Extemal amp
3 Stabilty 0.004 measured - standard uncertinty
37 Linearty 006 measured - standard uncertainty
38 Noise Fiigue 0.000 calculated using measured data
39 Mismaich 0.000 et up same betueen cal and measurement
40 Gan 0.000 measured during calibration therefore NA
TOTAL UNCERTAINTY (Root Sum Souare 1259 103
Coverage Factor for 95% Confidence Level 2000

"EXPANDED UNCERTAINTY.
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The major differences are related to:

1. uncertainty contributors related to the Channel Emulator 

a. the CE linearity and stability is missing in the TR 37.977

2. uncertainty contributors related to external amplifiers rack

a. those uncertainty contributors are missing in the TR 37.977
3. the mismatch terms are not explicitly highlighted in the TR 37.977 

The 3GPP MU elements have been determined early in Nov 2013. It would be beneficial to review them taking as a reference the MU elements defined in CTIA MUSG.
4. Conclusions and Next steps
In this contribution the MU budget has been calculated for the MVG’s MPAC implementation. The MU elements are from the TR 37.977 Annex B section B.1 [1].
These MU elements have been also compared with the CTIA MUSG ones. The MU budget for the MVG’s MPAC has been calculated also in this case.

We do think that it would be beneficial to review the MPAC uncertainty contributors in 3GPP in order to align them with the MU elements defined in CTIA MUSG.
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