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For Perf part of 71G Ext WI started to discuss BS conformance testing, there is need for Rx test to consider in terms of link budget and feasibility. This paper is to provide calculation based on rough estimation and discussion on this topic. 
Discussion
In previous meeting, we started to provide initial study result on measurement system noise floor and link budget estimation for Tx testing. For this paper, similar calculation is done for Rx testing.
2-1 link budget estimation for test feasibility
For this calculation, we picked up mostly the same set of numbers with Tx test calculation.
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.
· 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
	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
Measurement equipment
Vector Signal Generator used with up converter (mixer) assumed. Mixer can be the model operationally integrated with Signal Generator (accuracy is provided as combination) or external (operationally independent) mixer which needs separate MU term. Also, as previous suggested, use of power meter for leveling is studied. 
· For wanted signal, up to 71 GHz, 5G NR modulated signal is needed with defined channel bandwidth
· For interferer, both NR modulated and CW are needed. 
· For out of band blocking testing, frequency up to 142 GHz which is the 2nd harmonic of upper edge, CW interferer is needed. This is very large frequency range to cover. And external mixer is required to cover this high frequency.
Cables and other components
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).
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 signal feed antenna gain, 20 ~ 24 dBi standard gain horn assumed, picked 24 dBi in this calculation.
For EISrefsens, picked up Wide area BS and local area BS number (upper edge) for this calculation. And BS antenna, largest and smallest are taken.
Table 1. expected signal level and necessity of power amplifier
	Frequency = 70 GHz
	Wide Area BS with worst pathloss (from 32x32 elements)
	Local area BS with best pathloss (smaller elemens 8x4)
	IFF (CATR) system Wide Area BS
	IFF (CATR) system Local area BS

	Higher end of EIS refsens (dBm)
	-90
	-80
	-90
	-80

	Pathloss@70 GHz (dB)
	82.2 
	54
	72.9
	72.9 

	Measurement antenna gain (dBi)
	24 
	24 
	24 
	24

	Cable loss 2.0m x 10dB/m = 20 dB 
(this loss includes other components such as power splitter for leveling, it’s not really 2.0m cable)
	20 
	20 
	20 
	20

	Signal level at Up converter output (dBm)
	-11.8
	-30
	-21.1
	-16.1

	Mixer for Up Conversion, conversion loss (dB)
	10 
	10 
	10 
	10

	IF cable and other loss (dB)
	10 
	10
	10 
	10 

	Signal from Signal Generator (higher level) (dBm)
	8.2
	-10
	-1.1
	8.9



From this table, there are cases which may need power amplifier. There are other necessary components which not included as detail in above but assumed those loss can be calculated as part of loss above, there are still some more careful consideration needed. 

Power leveling with use of power sensor
Considering use of Power meter for leveling Signal Generator output or Up Converter (mixer) output, following should be met as condition to use power sensor for good accuracy. Otherwise, not much value (improvement) but simply add complexity to system.
· Thermal power senser should be used which provide good accuracy
· Feedback loop should be implemented from sensor (power meter) to generator, which for continuously adjust signal generator’s level by measured power level. This is very important especially for the case of using up converter which could have larger power level drift than signal generator.
· Measurable power level range for thermal sensor is relatively limited between -30 dBm ~ +10 dBm, Signal level at the sensor should fall into this range otherwise level can’t be measured accurately.
· Because of 5G NR FR2-2 signal is TDD, not continuous signal, UL/DL ratio should be used for calculating correct level from measured level. For conformance testing, because of test model which has fixed UL/DL ratio, this is possible. However, if it’s not test model signal and not fixed ratio, measured level are not correct and not possible to adjust result.
· Averaging should be used for accuracy, especially because reason above.
· Power splitter and cables loss should be accurately calibrated.
While it’s true that use of power sensor is for providing better accuracy on signal level, however there are limitation as above, use of power sensor/meter for power leveling should not be mandated.

For Demod test link budget
For the case of demod testing, there is more complexity. Fading simulator needs to be inserted after signal generator before up conversion. Also, expected signal level of wanted signal is much higher than EIS refsens measurement.
Assuming maximum SNR is 20 dB (which is the same assumption made for FR2-1) and fader margin as 10 dB, total 30dB should be left upwards as wanted signal level. Mixer is needed to upconvert fader output.  Use of power amplifier and pre-amplifier (at IF level when needed) are also assumed. Choice of power amp and pre-amp should carefully done because P1dB of amplifier could become limiting factor for feasibility. For demod testing, AWGN level can be lower up to 15 dB which is not for test system reason but within this range of adjustment could be significant to make test system to meet requirement.
Based on existing FR2-1 AWGN level (such as +18 for 100MHz CBW, +24 for 400MHz CBW), assumption made as it will likely be +27 for 800MHz CBW, +30 for 1600 MHz CBW, +31 for 2000 MHz CBW.
With above, possible max wanted signal power level will be -28 dBm for local, -33 dBm for mid, -38 dBm for wider area BS including 30 dB (20 for SNR, 10 for fading margin) described above.

Table 1. expected signal level and necessity of power amplifier for demod testing
	Frequency = 70 GHz
	Wide Area BS with worst pathloss (from 32x32 elements)
	Local area BS with best pathloss (smaller elemens 8x4)
	IFF (CATR) system Wide Area BS
	IFF (CATR) system Local area BS

	Expected power level at RIB, this is from AWGN and SNR assumption
	-38
	-28
	-38
	-28

	Pathloss@70 GHz (dB)
	82.2 
	54
	72.9
	72.9 

	Measurement antenna gain (dBi)
	24 
	24 
	24 
	24

	Expected power level from amplifier (dBm)
	20.2
	2
	10.9
	20.9

	Power amplifier (dB)
	35
	35
	35
	35

	Cable loss 2.0m x 10dB/m = 20 dB 
(this loss includes other components such as power splitter for leveling, it’s not really 2.0m cable)
	20 
	20 
	20 
	20

	Signal level at Up converter output (dBm)
	5.2
	-13
	-4.1
	5.9

	Mixer for Up Conversion, conversion loss (dB)
	10 
	10 
	10 
	10

	IF cable and other loss (dB)
	10 
	10
	10 
	10 

	Signal from Fading simulator (after Signal Generator) (dBm)
	25.2 
	7.0
	15.9
	25.9 

	level of gain from pre-amp assumed after fader.  (assuming fading simulator gain is up to -10 dBm)
	+35
	+17
	+25
	+35







For Blocking interferer signal for out of band blocking
For out of band blocking, frequency up to 142 GHz is required. Comparing 70 GHz and 142 GHz, with using the same distance between Device Receiver and feeding antenna (assuming, no adjustment in distance during test), this frequency difference requires 6 dB more power @142G from feed antenna due to pathloss increase. For example, with 1.5m distance, FSPL is 72.9 dB for 70 GHz, 79 dB for 142 GHz. Depending on test setup (distance between device and feed antenna) there is likely not enough power unless placing feed antenna closer to device under test.


Summary
Observation: 
· Based on rough link budget calculation, there seems some cases need power amplifier to add more power from signal generator. This needs more careful estimation including all other necessary components and loss.
· Power sensor/meter can possibly be used for leveling signal generator or up converter output when it meets necessary condition of power sensor use. Otherwise, it’s just add complexity to system.
· Regarding with demod link budget estimation, expected power level seem too high then power amplifier required. For use of power amplifier, expected output level should below max power limit of amplifier.
· For out of band blocking source, it’s possible to see there is not enough power from generator/amplifier depending on test setup.

Proposal
· For MU budget table for Rx testing. MU term of up converter (mixer) and additional power amplifier should be added. 
· Use of power sensor/meter for signal leveling should not be mandated for test system setup because limited condition for use of sensor.
· For demod setup, consider using 15dB margin for lowering AWGN level. This reduces risk of not finding appropriate amplifier.
· For out of band blocking, further consider feasibility.
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