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[bookmark: _Ref465244136]Introduction
From RAN4#102e meeting, perf part of 71G Ext WI started to discuss BS conformance testing and discussion still on going through #106. There is request for reduction of total test system MU number if anything can be done. This paper is to provide discussion from more study and analysis result on test system aspect in terms of re-evaluation on use of power sensor/meter for controlling power level (for EIS) and power measurement (for EIRP) for entire test system MU number reduction.   
Discussion
There is strong request to reduce total test system MU while straight forward calculation with using existing method makes larger value comparing lower frequency. Use of power sensor as power measuring equipment to study is proposed as method of MU reduction because power sensor has better accuracy in comparison with spectrum analyzer although there are limitations. Also, use of sensor for signal power level control on generator to reduce generator level uncertainty (for EIS) was discussed. 

Use of Power sensor for power measuring
For use of power measuring with 71 GHz extension case, we have explained limitations. Also to add and highlight, due to limited measurable power range, as well as broadband noise effect, it’s not applicable for TRP measurement but possibility is only for EIPR measurement without measurement bandwidth defined.
Regarding with broadband noise effect, this is because sensor can take signal power of frequency coverage of it and which is much wider than carrier bandwidth, limiting power to sensor by use of band pass filter is necessary. For example, with using -30 
dBm/MHz spurious limit as noise level for 10 GHz frequency range, which make total noise power as +10 dBm. Even 5 GHz which is equal to n264 (66~71 GHz) band total frequency range, +7 dBm. While reality is lower than these numbers, but there is still concern on broadband noise. Even 20 dB lower, it could be -10dBm (for taking 10G wide), -13 dBm (for taking 5 G wide).
With starting from EIRP full power in assumed devices which are +70 dBm ~ +40 dBm from device, when reaching this to power measuring equipment, it becomes +2.7 dBm ~ -27.3 dBm with our system assumption. Considering having enough signal to noise ratio, while lower end is still measurable range by spectrum analyzer, but there is no room to do additional calibration technique at least. And with considering having such possible broadband noise, there is not enough signal to noise ratio or even total noise could have higher power for sensor. we don’t believe power sensor is applicable even for EIRP and additional calibration technique. We propose to accept use of Spectrum Analyzer for EIRP measurement as for MU budget calculation.
	Table 1. Device EIRP based Tx link budget analysis
	Device output and array size
	Config A
32 x 32
	Config B 
16 x 16
	Config C
8 x 16
	Config D
8 x 4

	TRP (dBm)
	32.4
	26.4
	23.4
	17.4

	EIRP (dBm) 
	70
	58
	52
	40

	Pathloss @ 70 GHz for CATR 1.0m 
	69.3
	69.3
	69.3
	69.3

	Antenna Gain (dBi)
	13
	13
	13
	13

	Total cable loss (dB)
	11
	11
	11
	11

	Signal level without LNA at power measuring equipment (dBm)
	2.7
	-9.3
	-15.3
	-27.3



Observation 1, Use of power sensor as power measuring equipment or additional calibration technique, considering Tx link budget, those approach are not feasible even for EIRP transmit power measurement.
Proposal 1, we propose to accept use of Spectrum analyzer for EIRP measurement test system MU budget.

Observation 2, For EIRP transmit power with spectrum analyzer, even without LNA, signal level at equipment is in measurable range. 
Proposal 2, For EIRP measurement, remove LNA from MU budget table so that total system MU to be smaller

Use of Power sensor for controlling power level of generator (EIS)
For the case of controlling power level of generator (EIS), as long as signal at sensor falls into measurable range, this is possible. For test system design, it is necessary to ensure this (signal level at sensor input falls into measurable range).
Regarding with signal generator MU concerns, with power sensor/meter monitoring and controlling signal power level during testing, sensor MU can be used as generator MU for level accuracy. Please note that Mis-match towards power splitter should be part of sensor MU as Figure 1 below. Orange colored part should be part of sensor MU for power leveling. Power splitter unbalance should also be added as contributor to sensor MU in this case.
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Figure 1. Use of Power Sensor/Meter for monitoring signal level which requires feedback control for power level control. 
It is necessary to have sensor monitoring signal level during testing then feedback control on signal generator power level is required. Please note that use of sensor is not just during calibration phase.
Observation 3
· Use of sensor for signal generator power level monitoring and controlling, this is possible with signal level at sensor input falls into measurable range. 
· Use of sensor MU as replacement of generator MU, it is required for continuously monitoring and controlling signal level of generator by using feedback control to generator, not just calibration phase. 
· For MU calculation, mis-match towards splitter and splitter unbalance should be calculated as part of sensor MU

Proposal 3
· Use power sensor as monitoring and controlling equipment of generator (up converter) to reduce generator MU. This technical can be used for both wanted signal as well as interfering signal (modulated and CW)
Here is proposed value for signal generation with monitoring and controlling by power sensor
Proposed power sensor MU value, up to 75G, up to 110G, up to 142G (including mis-match and power splitter unbalance)
· Uncertainty of the RF Signal generator with power leveling by power sensor (modulated and CW) up to 75 GHz (in-band frequency)(numbers are 1sigma)
· 0.98 (~75 GHz for in-band and interfere near carrier) (1 sigma)
· Uncertainty of the RF Signal generator with power leveling by power sensor (CW) up to 110G, 142G
· 0.98 up to 142 GHz (1 sigma)


Link budget update for Rx
Here is further analysis on Rx link budget. This time, we looked at all Rx test cases and necessary signal level to see feasibility and applicability of power sensor monitoring approach described above.
Wanted signal level for in band testing, here is minimum and maximum level.
· Minimum number -115 dBm, which is lower end of Wide BS EISrefsense_50M + TT (120k scs)(From EIS for Wide BS lower limit)
· (note, in this calculation, just to come up very lower limit, TT=4 is used for calculation but which is not real however, shouldn’t affect much on this analysis)
· Maximum number -71 dBm, which is higher end of Local BS EISrefsnese_50M + 6 + TT (480/960k scs)(From ICS for local BS higher limit)
· (note, in this calculation, TT=6 for ICS is assumed just for calculation purpose, once TT set, this needs to be adjusted but shouldn’t affect much on this analysis)

			Table 2, Wanted signal level with link budget (CATR 1.0m) analysis for receiver tests
	Frequency = 70 GHz
For Wanted signal
	Lower end of necessary wanted signal level 
	Higher end of necessary wanted signal level 

	Wanted signal level at RIB (dBm)
	-115
	-71

	Pathloss@70 GHz (dB) 1.0 m focal length
	69.3
	69.3

	Measurement antenna gain (dBi)
	13
	13

	Power amplifier gain (dB) or attenuator (-dB)
	-20
	25

	Total Cable loss with various components including bandpass filter, power splitter etc.
	26
	26

	Signal level at SG or Up converter output (dBm)
	-12.7
	-13.7



For modulated interferer signal level
· Minimum number is -109 dBm, which is lower end of Wide BS EISrefsense_50M + 10 (ICS test for 120kscs)
· Maximum number is -53 dBm, which is higher end of local BS EISrefsense_50M + 33 (IBB test)
			Table 3, Modulated interferer signal level with link budget (CATR 1.0m) analysis 
	Frequency = 70 GHz
For modulated interferer signal
	Lower end of necessary signal level 
	Higher end of necessary signal level 

	Wanted signal level at RIB (dBm)
	-109
	-53

	Pathloss@70 GHz (dB) 1.0 m focal length
	69.3
	69.3

	Measurement antenna gain (dBi)
	13
	13

	Power amplifier gain (dB) or attenuator (-dB)
	-10
	40

	Total Cable loss with various components including bandpass filter, power splitter etc.
	26
	26

	Signal level at SG or Up converter output (dBm)
	-16.7
	-10.7




For OOB CW interferer, level at RIB is -65.4 dBm then making sure link budget works with pathloss increases with frequency increase.
				Table 4, OOB CW interferer signal level with link budget (CATR 1.0m) analysis
	Frequency = 110G and 142G
For CW interferer signal for OOB
	F=110 GHz
	F= 142 GHz 

	Wanted signal level at RIB (dBm)
	-65.4
	-65.4

	Pathloss@110/142 GHz (dB) 1.0 m focal length
	73.3
	75.5

	Measurement antenna gain (dBi)
	13
	11

	Power amplifier gain (dB) or attenuator (-dB)
	22
	25

	Total Cable or waveguide loss with various components including bandpass filter, power splitter etc.
	20
	10

	Signal level at SG or Up converter output (dBm)
	-10.1
	-15.9



With these are sample calculation to see if there is appropriate PA or attenuator available while signal level at generator (or up converter) is in reasonable level, and it is the case. There should not be problem, also, power sensor monitoring approach should work with choosing appropriate PA/attenuator used.
Observation 4
· With using power sensor for power monitoring and controlling on power level from generator, this approach is applicable for all of these signal generation use case for 71 GHz extension including OOB interferer. Appropriate PA (or attenuator whenever needed) should be used to maintain signal level within measurable range of power sensor.
Proposal 4
· We propose to use power sensor to control generator signal level for wanted and interferer signal so that power sensor and additional components MU can be used as replacement of generator MU

Summary
Observation 1, Use of power sensor as power measuring equipment or additional calibration technique, considering Tx link budget, those approach are not feasible even for EIRP transmit power measurement.
Proposal 1, we propose to accept use of Spectrum analyzer for EIRP measurement test system MU budget.

Observation 2, For EIRP transmit power with spectrum analyzer, even without LNA, signal level at equipment is in measurable range. 
Proposal 2, For EIRP measurement, remove LNA from MU budget table so that total system MU to be smaller
Observation 3
· Use of sensor for signal generator power level monitoring and controlling, this is possible with signal level at sensor input falls into measurable range. 
· Use of sensor MU as replacement of generator MU, it is required for continuously monitoring and controlling signal level of generator by using feedback control to generator, not just calibration phase. 
· For MU calculation, mis-match towards splitter and splitter unbalance should be calculated as part of sensor MU

Proposal 3
· Use power sensor as monitoring and controlling equipment of generator (up converter) to reduce generator MU. This technique can be used for both wanted signal as well as interfering signal (modulated and CW)
· Uncertainty of the RF Signal generator with power leveling by power sensor (modulated and CW) up to 75 GHz (in-band frequency)
· 0.98 (~75 GHz for in-band and interfere near carrier) (1 sigma)
· Uncertainty of the RF Signal generator with power leveling by power sensor (CW) up to 110G, 142G
· 0.98 up to 142 GHz (1 sigma)

Observation 4
· From Rx link analysis, with using power sensor for power monitoring and controlling on power level from generator, this approach is applicable for all of these signal generation use case for 71 GHz extension including OOB interferer. Appropriate PA (or attenuator whenever needed) should be used to maintain signal level within measurable range of power sensor.
Proposal 4
We propose to use power sensor to control generator signal level for wanted and interferer signal so that power sensor and additional components MU can be used as replacement of generator MU
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