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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 on going through #103e. This paper is to provide discussion from more study result on noise floor and link budget estimation which we provided in previous meeting with some input provided in the meeting. And also provide measurement feasibility consideration for FR2-2 OTA test system and suggestion for further analysis.
Discussion
In previous meeting, we provided initial study result on measurement system noise floor and link budget estimation with using some rough number to calculate idea on measurement test system feasibility and showed some potential risk on feasibility. In the calculation, it was considering test system noise floor only.
We received input on device size, more specifically number of antenna element and array configuration to consider, and some other test system related suggestion.
2-1 link budget estimation for test feasibility
Here is the assumption and numbers used for calculation which we provided in previous meeting (R4-2209141), also additionally for this time, input from previous meeting on device size (R4-2208542) in addition to configuration used (which picked up from TR38.808)
Frequency
Three frequencies are picked up for this calculation. This is the same as previous 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.
· 142GHz used for out of band emission test system which is upper max spurious frequency to measure
Path loss assumption
· In addition to largest example 32x32 from TR38.808 BS array antenna as worst case, all three cases listed used this time with one additional (8x4 element) from suggestion in previous meeting used for calculation. Here is power and pathloss table from (R4-2208542) for 71 GHz (please note that pathloss difference between 70 GHz and 71 GHz are negligible)
Table 2.3-2: BS output and array size characteristics (from R4-2208542)
	BS array 
configuration

	TRP
(dBm)
	EIRP
(dBm)
	Physical size 
at 52.6 GHz, 
height x width
(mm)
	Physical size 
at 71.0 GHz, 
height x width
(mm)
	Test range 
FSPL
(dB)

	A
	32.4
	70.0
	91.3 x 91.3
	67.6 x 67.6
	82.2

	B
	26.4
	58.0
	45.6 x 45.6
	33.8 x 33.8
	70.1

	C
	23.4
	52.0
	22.8 x 45.6
	16.9 x 33.8
	66.1

	D
	17.4
	40.0
	22.8 x 11.4
	16.9 x 8.5
	54.0


				
· Pathloss by for CATR (IFF) system, using 1.5m distance as example, which makes 72.87 dB pathloss for 70 GHz
Power measurement equipment, use the same assumption on typical noise floor as following
· 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, add filter switch as necessary components which has 3dB loss. With the same 10 dB included as above two, this makes -62 dBm/MHz
· The case of use of mixer under 110 GHz is also calculated from noise floor point view similar with the case as above 110 GHz. 
Cables and other components
[bookmark: _Hlk111043378]Previously in our paper (R4-2209141), we used 1.5 m of 10dB/m loss (for 70 GHz) cable as assumption for cable loss. This was too optimistic. In FR2-1 analysis, 4~5m cable length in total were mostly assumed and also with other components used, such as switch, filter etc. These are not separately calculated but included in this cable loss assumption in our calculation done previously. While actual requirement of cable length varies by each individual test system, this time, uses 2.0m (20 dB) but still optimistic so that more insertion loss possibly needed (this also include other components loss).
[bookmark: _Hlk111043413]Amount of insertion loss used in calculation is 10 dB per meter for 70 GHz, 13.4 dB per meter for 110 GHz, and for waveguide, use 3.3 dB/m below 110 GHz and 4.6 dB/m above 110 GHz used. For the case mixer use is 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.
LNA
In our previous rough estimation, we proposed to use of LNA at measurement receiver end to improve feasibility. This improves measurable lower signal level and looks necessary from noise floor based calculation. This time, wanted signal (in-channel power) is also looked at. On this point, it turned out that, on period signal level can exceed max input power level of LNA so that LNA needs to be bypassed by use of switch to avoid saturating LNA for the case of on period power goes into receive path. For TRP, measuring beam direction should bypass LNA however for all other direction, should use LNA to improve measurable level. This method doesn’t work for EIRP.
For Tx Off power measurement, use of LNA is not possible because of too high in power during ON period. So that as it was assumed during FR2-1 discussion, the same antenna gain as ON period should be assumed for OFF period. This makes possible to do Tx off power measurement with EIRP but not TRP as FR2-1. It is still tight for some cases in terms of meeting measurable noise floor.

Observation-1, LNA should be used however, need switch to bypass (or add attenuator) for not to saturate input when measuring direction which ON period carrier power comes in. (for TRP)
Observation-2, For FR2-2 Tx off power measurement. the same assumption of FR2-1 Tx off power should be used, which is to use Tx On antenna gain applied for off period. Use EIRP rather TRP for measurement.

	Table 1. Necessary additional gain for measuring required emission level (ACP abs and Tx off power)
	Frequency = 70 GHz
	DFF system 32x32 element
	DFF system 16x16 
	DFF system 8x16
	DFF system 4x8
	IFF (CATR) system

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

	Cable loss 2.0m x 10dB/m = 20 dB
??Cable loss 3.0m x10dB/m = 30 dB??
	20 
	20
	20 
	20 
	20

	Measurement antenna gain (dBi)
	24 
	24 
	24 
	24 
	24

	Pathloss@70 GHz (dB)
	82.2 
	70.1 
	66.1
	54 
	72.9 

	Measurable signal (lower level) (dBm/MHz) before LNA
	5.2
	-6.9  
	-10.9 
	-23
	-4.1

	Necessary LNA Gain to clear -20dBm/MHz limit
	25.2
	13.1
	9.1
	No need
	15.9

	Tx Gain (assume for Off period as well)
EIRP – TRP
	37.6
	31.6
	28.6
	22.6
	37.6 ~ 22.6

	Necessary Gain to clear -36dBm/MHz limit (for Tx off power measurement) with Tx Gain (column above) in calculation
	3.6
	No need
	No need
	No need
	No need except smallest


Note, for IFF, with 4x8 element Ant, because of relatively smaller gain, it won’t be enough lower to clear limit however, because of relatively smaller ON period power, with having appropriate gain LNA, it seems it’s possible to clear limit

Table 2. Calculation on link budget for 110 GHz and 142 GHz (with IFF)
	
	F = 110 GHz
IFF system
	F=110 GHz 
IFF system with use of mixer
	F = 142 GHz
IFF system

	Equipment noise floor (dBm/MHz)
	-55
	-62
	-62

	Wave Guide 1m x 3.0dB/m with 1m co-ex cable loss 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
	16.4 dB
	

6.6 dB
	

6.6 dB

	
	
	
	

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

	Measurement antenna gain 
	24 dBi
	24 dBi
	24 dBi

	Pathloss@F110 GHz or 142 GHz
	76.8 dB
	76.8 dB
	79.0 dB

	Measurable signal (lower level)
	-30.8 dBm/MHz
	-32.6 dBm/MHz
	-30.4 dBm/MHz


Note, for IFF with equipment, LNA gain is increased to improve measurable level to compensate co-ex cable loss.

With this calculation, mixer scenario is better for noise floor however, mixer has larger MU and operational difficulty to remove spurious generated from mixer by itself from actual measured signal. Both seems valid approach.

Measurement Equipment MU
While we are still working on for getting values on these frequencies, there are re-usable MU numbers from TR documents for UE. TR38.903 shows UE spurious measurement system MU budget table up to 80 GHz and power measurement equipment (clause B.2.26) and network analyzer (clause B.2.2.14) numbers.
· Power measurement equipment, 1 sigma number from 40.8 GHz to 80 GHz is 2.00 
· Network analyzer, 1 sigma number from 40.8 GHz to 80 GHz is 0.85
Because these equipment are the same for both BS and UE, up to 80 GHz, these should be used. For above 80 GHz, we still need more time but will not be smaller than these number. 
While above number for power measurement (for spurious), numbers for other measurement such as channel power, Tx off power are FFS. Because of wider channel bandwidth, there could be more contribution from flatness of measurement receiver could affect more than existing bands in lower frequency. 
Also, for the case of external mixer is used, mixer MU number (1 sigma) used for BS spurious test up to 60 GHz is 2.25. For the case of FR2-2, this number becomes a little larger because of wider range of frequency coverage. Actual number is FFS for now.

Observation: 
· Overall, tight for link budget, therefore much shorter cable still assumed. 
· For DFF system, FS Path loss could be limiting factor which means potentially limit measurable Antenna array size.  
· LNA should be used for improving measurable lower level signal, however, need switch to bypass (or add attenuator) for not to saturate input when measuring direction which ON period carrier power comes in. (for TRP)
· For FR2-2 Tx off power measurement. the same assumption of FR2-1 Tx off power should be used, which is to use Tx On antenna gain applied for off period. Use EIRP rather TRP for measurement.
· 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.
· Considering use of mixer, use of mixer could improve noise floor however add more MU. So in either case, larger MU number should be picked up and used for calculating total test system MU.


Summary
Proposal
· For FR2-2 Tx off power measurement, as it was agreed for FR2-1, assume On antenna gain used for Off period gain and use EIRP rather TRP for measurement.
· Use of LNA should be in MU budget for FR2-2 except Tx off power measurement.
· For equipment MU number up to 80 GHz, because these already exist as agreed number, use numbers used in budget for UE. These are;
· Power measurement equipment for spurious, 1 sigma number from 40.8 GHz to 80 GHz is 2.00 
· Network analyzer, 1 sigma number from 40.8 GHz to 80 GHz is 0.85
· 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, both use or not to use mixer case to consider and then pick larger MU case to use for calculating total test system MU. For above 110 GHz up to 142 GHz, mixer should be assumed and used for MU budget calculation like FR2-1 spurious emission.

References
[1] R4-2209141, about FR2-2 BS conformance test system, Keysight 
[2] R4-2208542, On general aspects related to FR2-2 base station OTA conformance testing, Ericsson
[3] TR38.808 v17.0.0 	
[4] TR38.903 V16.12.0 (2022-06), Derivation of test tolerances and measurement uncertainty for User Equipment (UE) conformance test cases


