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Introduction
This contribution provides update on MU value of LNA used in BS test system MU budget table of FR2-2 frequency range.

Discussion

71GHz extension BS conformance discussion made great progress in previous RAN4#106 meeting, however, there are remaining issue to clarify further regarding with Tx MU budget table for FR2-2 which described in WF [1]. 

This contribution proposes update on LNA MU value which we spend effort to find information about stability of amplifiers from datasheet and research papers.
Stability of amplifier which affects gain variation

· Amplifier gain is sensitive to temperature change. 

· Even with strong temperature control capability built with OTA chamber, we should assume some level of temperature change on amplifier from the timing when calibration performed and during measurement performed. Measurement takes very long time because of wider frequency range (up to 142 GHz) of spurious emission measurement as example.
Observation-1

· Amplifier gain is sensitive to temperature change and measurement takes long time. Practical measurement point of view, it should be assumed some level of temperature variation on amplifier.

Proposal-1

· It is reasonable to assume ±10℃ temperature variation on amplifier, then use this for calculating LNA MU values.
Amplifier Gain variation by temperature change
There is information from product data sheet regarding with amplifier gain variation by temperature change. There is also other vender’s information very close to following numbers (not shown here).
Please note that these four devices are GaAs devices.



Table 1, Referenced amplifier information [2]
	Manufacture
	Model
	Frequency range
	Typical gain
	Number of stages
	Gain variation 
by temperature
	Gain variation per 
one amplifier stage

	Analog Devices
	HMC8325
	71 ~ 86 GHz
	21 dB
	4
	0.02 dB/℃
	0.005 dB/℃/stage

	Analog Devices
	ADL7003
	50 ~ 90 GHz
	14 dB
	4
	0.02 dB/℃
	0.005 dB/℃/stage

	Analog Devices
	HMC-AUH312
	60 ~ 80 GHz
	9 dB
	2
	0.016 dB/℃ (appx. typ. graph)
	0.008 dB/℃/stage

	MACOM
	MAAL-011186
	20 ~ 60 GHz
	19 dB
	4
	0.06 dB/℃
	0.015 dB/℃/stage


From these four devices, average of gain variation (per temperature, per one amplifier stage) is 0.00825, with this value to calculate number in range of ±10℃ temperature variation, gain variation per one amplifier stage is 0.165 dB (±0.0825 dB) in ±10℃
From link budget analysis, there are assumed gain for each frequency 71GHz, 110GHz, 142GHz which are 31 dB, 43 dB, 38 dB respectively. Assuming one device is to have 4 stages (which makes 14 dB ~ 21 dB gain per actual device), and cascaded connection to meet these assumed gain from link budget, also inserting 6 dB attenuator (for matching) in between, following are assumed

· @71 GHz, 37 dB by 8 stage (assume 2 devices in series connection with attenuator in between)

· @110 GHz, 55 dB by 12 stage (assume 3 devices in series connection with attenuator in between)

· @142 GHz, 50 dB by 12 stage (assume 3 devices in series connection with attenuator in between)

With using “per one stage value” multiplied by number of stages, following gain variation can be assumed for each of these frequencies,

· @71 GHz, ±0.66 dB
· @110 GHz, ±0.99 dB
· @142 GHz, ±0.99 dB
Because these numbers are taken from data sheet, take these as 2 sigma number then 1 sigma are as following in proposal-2.
Proposal-2

· Proposed LNA MU values (1 sigma) are 

· @71 GHz, ±0.34 dB 
· @110 GHz, ±0.51 dB
· @142 GHz, ±0.51 dB
Please also note that it is known that, with using the same device material, supported frequency range doesn’t affect gain variation by temperature change. 

From information available in PA Survey site, GaAs device can support up to 400 GHz so that it is reasonable to assume GaAs device coverage up to 142 GHz. 

Proposal 

Observation-1

· Amplifier gain is sensitive to temperature change and measurement takes long time. Practical measurement point of view, it should be assumed some level of temperature variation on amplifier.

Proposal-1

· It is reasonable to assume ±10℃ temperature variation on amplifier, then use this for calculating LNA MU values.
Proposal-2

· Proposed LNA MU values (1 sigma) are 

· @71 GHz, ±0.34 dB 
· 71G ~ 110 GHz, ±0.51 dB
· 110G ~142 GHz, ±0.51 dB
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