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1.	Introduction
Latest version of TR38.903 ([1] + [2]) still has square brackets on amplifier uncertainty terms for MOP and REFSENS test cases. Additionally, one discussion paper ([3]) was already presented during TSG-RAN WG5 Meeting #4-5G-NR Ad-hoc discussing temperature range and showing measurement results for amplifier gain variation with temperature. This contribution provides company views on these topics and makes proposals to conclude this discussion.
2.	Discussion
2.1	Temperature range to be considered for RF conformance test systems
In [3], the following observation was made:
	Observation 3: To decide the amplifier uncertainties, we need to decide how we define a temperature range to apply to the stability factor.
Option 1: Apply an operating temperature range which is specified to the conformance test system. 
(e.g. 25 +/- 5℃)
Option 2: Apply possible variation of ambient temperature in a test environment on condition that we assume the test system is placed in the temperature controlled room. (e.g. +/- 3℃ ) 


According to our view, measurement uncertainties for an RF conformance test system should be defined for an environment whose temperature could vary at least ±5ºC around room temperature (Option 1). Otherwise (Option2), RF conformance test system customers would need a temperature control system equivalent to the ones used in calibration laboratories if they want to ensure the system performance and this is not the most common case for wireless laboratories.
Proposal 1: Define an operating temperature range for RF conformance test system of at least ±5ºC around room temperature. Whether use 23ºC or 25ºC as room temperature is implementation dependent.

2.2	Temperature range to be considered for amplifier gain variation with temperature
The temperature of the amplifiers needed in the RF conformance test system will depend on:
- The temperature of the environment where the RF conformance test system is located
- The operating point of the amplifier
- The power heat sink (in case any) used with the amplifier
- The internal temperature control system used in the device where the amplifier is located
- The technology used for the amplifier: connectorized vs SMD 
Typically, the temperature range of the amplifier is much wider than the one for RF conformance test system environment. 
Observation 1: Amplifier(s) temperature range does not typically match with total RF test system temperature range.

2.3	Amplifier gain variation over temperature
Requirements for the RF conformance test system amplifier(s) are really challenging considering FR2 frequency range, P1dB as well as high gain needed.
Some mmWave amplifiers available in the market have been analysed to determine what can be achieved in terms of amplifier gain variation over temperature:
· There are amplifiers manufacturers not providing the gain variation with temperature (not clear if due to competitive disadvantage)
· The ones specifying gain variation with temperature only specify typical values (refer to table 1 below)
Table 1: Examples of amplifier gain variation with temperature at mmWave frequencies
	Manufacturer
	Model
	Amplifier type
	Frequency range [GHz]
	Output P1dB [dBm]
	Gain [dB]
	Temperature operating range [ºC]
	Gain variation with temperature in the operating range 

	RF-Lambda
	RLNA26G40GB
	Connectorized
	20-40
	(15, 22)
	(37, 45) 
	(-45, +55)
	± 3 dB
	± 0.03 dB/ºC

	RF-Lambda
	RFLUPA20G47GA
	Connectorized
	20-47
	(22, 24)
	(31, 38)
	(-45, +85)
	± 3 dB
	± 0.023 dB/ºC

	Analog Devices
	HMC5805ALS
	SMD part
	DC-40
	(19, 24.5)
	(9, 12.5)
	(-40, +85)
	 ± 3.125dB
	± 0.025 dB/ºC

	Analog Devices
	HMC943APM5E
	SMD part
	24-34
	(29, 33)
	(20.5, 23)
	(-40, +85)
	± 5 dB
	± 0.04 dB/ºC

	Keysight Technologies
	83050A
	Connectorized
	2-50
	13
	21
	(0, 55)
	± 4.95 dB
	± 0.09 dB/ºC


(Gain variation in bold are the ones provided in manufacturer datasheet. Linear behaviour has been assumed to determine dB/ºC when those values were not provided)
Considering high market pressure to reduce the MUs (refer to discussions related to [4]), it is proposed to consider:
1. A temperature range for the amplifier of 18ºC to 55ºC (assuming that minimum amplifier temperature will be RF conformance test system minimum temperature and giving some range on maximum test system temperature to consider other aspects listed in section 2.2 in this paper or a potential worse performance for amplifiers that match requirements but don’t have a gain variation with temperature defined or the need of considering more than one amplifier in the path)
2. An amplifier gain variation with temperature of 0.0565 dB/ºC (average between min and max of the values in Table 1).
Which leads to an amplifier uncertainty of 2.1 dB (0.0565 dB/ºC * (55-18)ºC).
Proposal 2: Define amplifier uncertainties for in-band UL measurements (including SEM and ACLR) as 2.1 dB.

3. Conclusion
In this contribution, we provided company views on temperature range for RF conformance test system, temperature range to be considered in amplifier gain variation with temperature.
The following observations and proposals were done:
Proposal 1: Define an operating temperature range for RF conformance test system of at least ±5ºC around room temperature. Whether use 23ºC or 25ºC as room temperature is implementation dependent.
Observation 1: Amplifier(s) temperature range does not typically match with total RF test system temperature range.
Proposal 2: Define amplifier uncertainties for in-band UL measurements (including SEM and ACLR) as 2.1 dB.
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