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From RAN4#102e meeting, Perf part of 71G Ext WI started to discuss BS conformance testing. This paper is to provide discussion from study on noise floor and link budget estimation and measurable level for FR2-2 OTA test system and suggestion on further consideration and possible options. 
Discussion
For FR2-2 test system, we made rough link budget estimate to see feasibility, there is difficulty because of higher pathloss, larger loss by cables, etc. and higher noise floor in comparison with FR2-1 system.
In order to make estimated link budget calculation, there are some numbers taken from various data sheet and also made assumption on pathloss calculation and system configuration.

Frequency
Three frequencies are picked up for this calculation.
· For In-band test system, used 70 GHz for calculation
· For out of band emission test system, picked up 110 GHz as separation point which is max frequency of 1.0mm connector co-ax cable and lower end of D-band (110 G ~ 170 G) waveguide range.
· Also 142GHz used for out of band emission test system which is possible upper max spurious frequency to measure

Path loss assumption
With using example from TR38.808 BS array antenna of 32x32 element, 
· Pathloss by FF distance for DFF system is 82.18 dB @70 GHz (32x32 element case from TR38.808 from our previous paper [1])
· (D=96.9mm, FF=4.38m, with Freq=70G makes 82.18 dB FS pathloss)
· Pathloss by for CATR (IFF) system, using 1.5m distance as example, which makes 72.87 dB pathloss for 70 GHz
For DFF system, because pathloss is relatively large number, this could become limiting factor of test feasibility. Also, for higher frequency (for out of band emission), it’s quite possible for not to meet requirement limit number.

Power measurement equipment
Power Measurement equipment (Signal/spectrum analyzer) typical noise floor looked at for these frequencies. With considering defined accuracy, measurable lower signal level is with +10 dB on equipment noise floor.
· At 70 GHz, typical number is -143 dBm/Hz, convert this to 1 MHz measurement bandwidth, -73 dBm/MHz with 10dB included for accuracy.
· At 110 GHz, typical number is -125 dBm/Hz, convert this to 1 MHz measurement bandwidth, -55 dBm/MHz with 10dB included for accuracy.
· For 142 GHz, use of mixer with measurement equipment assumed for frequency down conversion, so that noise floor in this case could be lower. In this calculation, -150 dBm/Hz picked up. However, conversion loss needs to be added in link budget calculation. Also, filters are needed for use of mixer. For this sample calculation, use 10 dB as mixer conversion loss and 5 dB as filter insertion loss. With the same 10 dB included as above two, this makes -65 dBm/MHz
· Because of use of mixer increases MU, up to where it’s not necessary (up to 110 GHz), non-mixer configuration assumed.

Cables and other components
Even with this rough estimation, it becomes obvious that LNA needed at measurement receiver end to support test feasibility. In this calculation, gain of 20 ~ 35 dB with NF = 5 dB LNA assumed. (in this cases, 35 dB gain assumed to meet feasibility)
For cables, amount of insertion loss is significant, 7~10 dB per meter for 70 GHz, 13.4 dB per meter for 110 GHz, and D-band waveguide above 110 GHz which 4.6 dB/m loss used. For the case of above 110 GHz, because use of mixer assumed, IF cable loss also added which is 2.0 dB/m used in this calculation. 
For measurement receiver antenna gain, 20 ~ 24 dBi standard gain horn assumed, picked 24 dBi in this calculation.
In this rough calculation, insertion loss by other components are considered as part of cable loss number.

Calculation on link budget for 70 GHz
	Frequency = 70 GHz
	DFF system 32x32 element
	IFF (CATR) system

	Equipment noise floor dBm / MHz
	-73 dBm/MHz
	-73 dBm/MHz

	Cable loss 1.5m x 10 dB/m = 15 dB 
	15 dB
	15 dB

	Low Noise amplifier (gain – NF)
	30 dB
	30 dB

	Measurement antenna gain 
	24 dBi
	24 dBi

	Pathloss@70 GHz
	82.2 dB
	72.9 dB

	Measurable signal (lower level)
	-29.8 dBm/MHz
	-39.1 dBm/MHz



Calculation on link budget for 110 GHz and 142 GHz
	
	F = 110 GHz
IFF system
	F = 142 GHz
IFF system

	Equipment noise floor with +10dB for accuracy
	-55 dBm/MHz
	-65 dBm/MHz

	Cable loss 1.5m x 13.4 dB/m for 110 GHz
Waveguide total 1m x 4.6dB/m with 1m IF cables (2.0dB/m loss) for 142 GHz
	20.1 dB
	
6.6 dB

	Low Noise amplifier (gain – NF)
	30 dB
	30 dB

	Measurement antenna gain 
	24 dBi
	24 dBi

	Pathloss@F110 GHz or 142 GHz
	76.8 dB
	79.0 dB

	Measurable signal (lower level)
	-12.2 dBm/MHz
	-33.4 dBm/MHz




Observation: 
· Overall, tight for link budget, therefore much shorter cable assumed. More detail analysis could lead more difficulty. Especially for DFF@70GHz which shows potential problem. 
· For DFF system, FS Path loss could be limiting factor which means potentially limit measurable Antenna array size.  For the case of FF distance too long, too much of pathloss causes feasibility problem
· Due to larger pathloss and cable loss, LNA is required even though this makes total test system uncertainty increases
· Because of limited room for cable loss and component loss, there will be limitation on use of other components such as switch for test automation. This makes more manual process needed for changing configuration from calibration to actual measurement as example. This potentially leads to increase on systematic error term on MU budget.
· There is trade off between Link budget/Noise floor and system MU for spurious system for higher frequency.
· Use of Mixer makes budget table as FR2-1 spurious measurement setup (actual values need adjustment). Use of mixer increases MU value of test system.
· Eliminating Mixer reduces test system MU, this is possible up to 110 GHz, however, above 110 GHz up to 142 GHz, mixer should be assumed.

Proposal
· Because of large pathloss, especially for DFF system, system feasibility study with link budget calculation needs pathloss assumption. As of now, largest sample from TR38.808 is used.
· Use of LNA should be in MU budget for FR2-2
· Out of band emission measurement
· Consider two configurations for out of band spurious measurement system below 110 GHz and above up to 142 GHz
· For out of band spurious measurement system, to reduce MU number, it’s possible to eliminate Mixer below 110 GHz, however, above 110 GHz up to 142 GHz, mixer should be assumed and used for MU budget calculation like FR2-1 spurious emission.
· Overall, tight in link budget even with these rough calculation, however it looks like feasible up to 142 GHz. Though because of more manual operation needed including handling of waveguide, increase of systematic error term should be considered.


Conclusion and Summary
Proposal
· Because of large pathloss, especially for DFF system, system feasibility study with link budget calculation needs pathloss assumption. As of now, largest sample from TR38.808 is used.
· Use of LNA should be in MU budget for FR2-2
· Out of band emission measurement
· Consider two configurations for out of band spurious measurement system below 110 GHz and above up to 142 GHz
· For out of band spurious measurement system, to reduce MU number, it’s possible to eliminate Mixer below 110 GHz, however, above 110 GHz up to 142 GHz, mixer should be assumed and used for MU budget calculation like FR2-1 spurious emission.
· Overall, tight in link budget even with these rough calculation, however it looks like feasible up to 142 GHz. Though because of more manual operation needed including handling of waveguide, increase of systematic error term should be considered.
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