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Introduction
In previous RAN4#104bise meeting, WF for Test Equipment MU was agreed [1] as well as list of MU terms [2]. This contribution is to explain some background and propose equipment and related MU values for FR2-2. 
Discussion
Regarding with power measurement equipment MU for FR2-2, there ware discussion about use of power sensor and as well as use of mixer (down converter) with Spectrum/Signal analyzezr. 
For the case of use of mixer (Down Converter, sometime named frequency extender unit), we are fine with considering combined equipment for test system MU term as “Power measurement equipment” as its already listed and used in test equipment MU terms in TR37.941. In order to allow to have combined “Mixer with Spectrum Signal Analyzer” it should provide derivation of combined MU value. 
One background is, for the case of mixer (downconverter as extender unit) is provided as part of Spectrum Analyzer although it is externally connected device (and controlled by spectrum analyer), data sheet provides combined equipment numbers. In this case, it is considered as one test equipment.  For the case of mixer (down convereter) is provided from different vender as independent mixer, this is the case described above to calculated and provides derivation.

Proposal1: For power measurement equipment MU, use of mixer should be allowed as one combined equipment (mixer + Spectrum Analyer) as well as single Spectrum/Signal Analyzer. For this case, delivation should be provided as individula mixer MU, mismatch term between mixer and Analuzer, and Spectrum Analuzer (IF) MU and calculation. 

Regarding with use of power sensor/meter, this was already part of flexibility of existing power measurement equipment MU term. Use of power sensor/meter should be allowed. However, because of limitation of power sensor/meter, which is,
· limited range of signal power can be measured, which is -30 dBm ~ +10 dBm for FR2-2 frequency range with accuracy
· It takes all of power inside supported frequency range so that it is NOT usable for test which,
· defines measurement bandwidth (OBUE, Spurious) as well as specified bandwidth (ACLR)
· timing sensitive measurement, which is Tx Off power
For considering taking power sensor/meter MU to represent power measurement equipment, for the case of power sensor/meter is used during actual measurement of testing (not just for calibration which already in part of current consideration), and power sensor/meter is feasible to cover all of possible case, it could be. 
However, with limitation listed above, possible use of power sensor/meter as power measurement equipment is limited to simple EIRP where beam points to receiver antenna and also shows signal level at power sensor is in the range shown above to meet covered power range of sensor. While we can’t tell if this signal level met in the supported signal level, we can NOT tell it’s always feasible.
Also, taking power measurement MU term from power sensor/meter eliminate use of Spectrum/Signal analyzer because power sensor/meter MU is smaller. Because of limitation described above, there is problem which power level can not be measured with defined system MU, this should be avoided.

Proposal 2: Use of power sensor/meter is already allowed as consideration of power measurement MU term however, we should take it as optional and only when it’s usable. MU value should be taken from Spectrum/Signal analyzer (with mixer combined) which has wider coverage of testing and usable when power sensor/meter can not be used. 


Mixer MU value;
Regarding is Mixer MU by itself, (as independent mixer), variation of conversion loss should be considered as mixer uncertainty. Variation of such are seen by;
· Temperature change from calibration time
· LO signal level drift. Please note that mixer output signal level is very sensitive with LO signal level
· Repeatability of convertion loss change by frequency change

Usually “conversion loss” is provided as specification of mixer, however variation cause by above are not usually provided but some data sheet provides such information. With taking some mixer (as component chip) data sheet which provides variation of conversion loss by temperature and LO signal level provided, we made analysis as following.
Regarding with temperature change, because number here is taken from component (chip) level, it is assumed to have +18C ~ +55C (delta 37C) in range. This is not directly of room environment temperature change, but chip level change which could be cause by continuous use as well as other heat from other devices such as amplifier internally inside the same unit. (please note that operating temperature range of these chip is much wider like -40 ~ +100C, so taking the descrived range is conservative assumption with having some heatsink attached)
From block diagram of mixer such as following mixer block diagram in Figure 1, which consists of LO input, LO multiplier, Power Amp (of LO signal), Mixer, Input and/or Output power amplifier. Some amplifier may be omitted if desired level of signal can be provided as input/output of mixer depending on required level.  It is important to have LO signal level stable and high enough to get good level of down converted signal.
[image: ]
							Figure 1. typical Mixer block diagram (simplified)

Please note that although calibration is done, repeatability of equipment is not 100% perfect so that sweeping larger range of frequency add some additional uncertainty even calibrated.
Here is calculation with numbers from some datasheet. 

Amplifier as component, used for following sample calculation. (variation by temperature)
· 0.023dB/C from Analog Device APDA7004 (40G ~ 80G), Die, 0.85dB (in range of +18C ~ +55C)
· 0.016dB/C from RF-Lambda RLNA75G110G (waveguide LNA module) as RF input, 0.59dB (in range of +18C ~ +55C)
Mixer as component (variation by temperature)
· ADMV7410, DownConverter Chip 71G~76G range, with 6x LO miliplier, 2dB delta between +25 and +85, 1.23 dB (in range of +18C ~ +55C)
Mixer as component (variation by LO level deviation which assumed +-1 dB range, which include multiplier+amp stability)
· ZMDB-653H-E+ (20 to 65G) frequency mixer module, mini-circuts
Conversion gain variation by LO drive level difference between +14 to +16 dBm (expected level is +15dBm), by sample measured result, largest deviation is about 1.5dB
Total Conversion Loss variation estimate which using these numbers, 
· Temperature variation and LO stability are not totally independent so that these variation numbers are simply summed together. LNA and PA numbers are combined by RSS
· RSS(LNA (0.59), mixer (2+1.5), PA (0.85), IF mismatch (0.6) ) = 3.70, 1sigma is 1.89
· Add repeatability on flatness variation estimate = 0.5dB 
· As total conversion loss variation (in 1 sigma) is 1.89 + (0.5/1.96) = 2.14
This is very similar with number we have already agreed and used up to 60 GHz spurious measurement which is 2.25. 
Although the number above is not covering all of frequency range up to 142 GHz, we can assume with some a little more margin to add for range between 110 ~ 142 GHz with higher IF frequency to maintain amount of LO multiplyer.

Proposal 3, for mixer MU (1 sigma), use following values
· From 60 GHz ~ 110 GHz, 2.25 (re-use existing numbers)
· From 110 GHz ~ 142 GHz, 2.35 (additional margin is estimated as increase 0.1, because no actual data available)

With using above numbers, power measurement equipment MU values are,
· For Spectrum/Signal Analyzer (IF), up to 20GHz IF value is 0.6 (as already used), up to 30 GHz IF value is 0.7 (as already agreed for power measurement MU for this frequency range)(IF up to 30G is for 75~142G mixing)
· IF mismatch between Spectrum/Signal Analyzer and Mixer (through short cable), for SWR, SA (1.7), cable (1.17), mixer (1.7), cable loss is .048, makes IF mismatch is 0.41
Proposal 4, combined measurement equipment MU are following (1 sigma numbers)
· From 52 ~ 71 GHz, 2.36
· From 71 ~ 110 GHz, 2.39
· From 110 ~ 142 GHz 2.49

Conclusion and Summary

Proposal1: For power measurement equipment MU, use of mixer should be allowed as one combined equipment (mixer + Spectrum Analyer) as well as single Spectrum/Signal Analyzer. For this case, delivation should be provided as individula mixer MU, mismatch term between mixer and Analuzer, and Spectrum Analuzer (IF) MU and calculation. 

Proposal 2: Use of power sensor/meter is already allowed as consideration of power measurement MU term however, we should take it as optional and only when it’s usable. MU value should be taken from Spectrum/Signal analyzer (with mixer combined) which has wider coverage of testing and usable when power sensor/meter can not be used. 

Proposal 3, for mixer MU (1 sigma), use following values
· From 60 GHz ~ 110 GHz, 2.25 (re-use existing numbers)
· From 110 GHz ~ 142 GHz, 2.35 (additional margin is estimated increase 0.1, because no actual data available)
Proposal 4, combined measurement equipment MU are following (1 sigma numbers)
· From 52 ~ 71 GHz, 2.36 (RSS of 0.6, 0.41, 2.25)
· From 71 ~ 110 GHz, 2.39 (RSS of 0.7, 0.41, 2.25)
· From 110 ~ 142 GHz 2.49 (RSS of 0.7, 0.41, 2.35)
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