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1	Introduction 
One of the objectives of the Study on enhanced test methods for FR2 NR UEs [1] is to extend the applicability of the permitted test methods in TR38.810 to the FR2-2 frequency range. The following are the agreements on this topic from RAN4 #101 [2]:
	Maximum SNR derivation
Candidate options:
· Option 1: Derive max SNR for low frequency sub-range (~57GHz)
· Option 2: Derive max SNR for maximum frequency (~71GHz)
· Option 3: Derive max SNR at different portions of FR2-2 range (e.g., 57GHz, 71GHz)

Agreement: RAN4 to perform an informative assessment of testable DL SNR range for FR2-2 for maximum frequency (~71GHz) using TR38.810 methodology as starting point.
· Derivation of max testable SNR for other portions of FR2-2 range may be further performed
· Further refinement on the test methodogy from TR 38.810 not precluded



RAN4 also endorsed a running draft CR in [3], capturing the new band number for the frequency range (n263).
This contribution considers the extension of applicability of the demodulation test methodology in TR38.810 to FR2-2.
2	Discussion
Annex B.3 in TR38.810 describes the detailed calculations of the maximum achievable SNR by the demodulation test setup.  Although range length for the DFF setup is not a requirement for permitted methods, a reference value of 0.725m is used in the TR38.810 calculations.  Whether this reference value is applicable to FR2-2 should be further checked.
As agreed in RAN4 #101, the maximum achievable SNR value is to be calculated at the highest FR2-2 frequency as a starting point (f=71 GHz).  When calculating the path loss in the FR2-2 frequency range, it is a useful exercise to check whether atmospheric absorption can have an impact on maximum achievable SNR within the test chamber.  The atmospheric absorption spectrum is well documented by the ITU-R in [2].  Assuming an atmospheric pressure at sea level, normal temperature conditions (25º C), standard ground-level surface water vapor density, and the reference range value, the atmospheric attenuation spectrum over the entire FR2 frequency range is shown in Figure 1 below.

[image: ]
Figure 1: Specific attenuation due to atmospheric gases vs. frequency for d=0.725m
Using the reference range length of 0.725m we determine free space path loss at f=71 GHz, as shown in Figure 2 below.
[image: ]
Figure 2: Free space path loss vs. frequency for d=0.725m
[bookmark: _Toc68101039][bookmark: _Toc92665627][bookmark: _Toc92666473][bookmark: _Toc92667839]Observation 1:	Atmospheric attenuation has no impact on path loss at the range scales of an FR2 testing chamber.
[bookmark: _Toc92665628][bookmark: _Toc92666474][bookmark: _Toc92667840]Observation 2:	For 71 GHz and reference range length of 0.725m the path loss is 66.7 dB.
Another parameter in the SNR calculation which scales with frequency is cable loss per meter.  Using the datasheets from four different commercially available RF cables, which are rated up to at least 90 GHz, we calculate the average cable loss per meter (averaging performed in linear gain units), as shown in Figure 3 below.
[image: ]
Figure 3: Cable loss per meter vs. frequency
[bookmark: _Toc68101040][bookmark: _Toc92665629][bookmark: _Toc92666475][bookmark: _Toc92667841]Observation 3:	For 71 GHz the cable loss per meter is 10.3 dB.
We further note that the SNR calculation related to cable loss also includes connector losses and additional margin. Feedback from the test equipment vendor community can be helpful to determine whether it is reasonable to reuse these parameters for the calculations related to FR2-2.
The SNR calculation also includes two parameters which are taken from UE RF requirements:  REFSENS and multi-band relaxation.  Since no agreement has yet been reached for either of these requriements, we provide an example calculation in this contribution based on the Apple proposal in [4].  For REFSENS we use the value of -74.8 dBm/50 MHz, and for MBR we use 1.0 dB (as an example).  We note that the CBW of 50 MHz is used here just to match the existing TR38.810 calculations, and this calculation needs to be fine-tuned based on the finally agreed UE CBW for band n263.  Table 1 below summarizes the proposed parameters.
Table 1: Example demodulation test setup SNR calculation parameters for band n263
	Parameter
	Value
	Comment

	REFSENS
	-74.8 dBm/50 MHz
	Using REFSENS proposed in [4]

	Multi-band relaxation
	1.0 dB
	Provided as an example

	FS path loss
	-66.7 dB
	Atmospheric absorption can be neglected

	Cable loss
	-10.3 dB
	Connector insertion loss needs checking

	Probe antenna gain
	[12.0] dB
	Needs checking

	Backoff from P1dB
	[13.0] dB
	Needs checking



[bookmark: _Toc68101041][bookmark: _Toc92665630][bookmark: _Toc92666476][bookmark: _Toc92667842]Observation 3:	The values of probe antenna gain and backoff from P1dB need to be further checked with test equipment vendors to verify their applicability to band n263.
If the parameter values in Table 1 can be confirmed, then the maximum achievable SNR for the demodulation test setup can be summarized as shown in Table 2.
Table 2: Comparison of maximum SNR between TR38.810 and potential extension to band n263
	
	Channel Bandwidth
	Maximum SNR (n262)
	Maximum SNR (n263)

	Single band UE
	100 MHz
	15.2
	-0.6

	
	200 MHz
	12.2
	-3.6

	Multi-band UE (Note)
	100 MHz
	14.2
	-1.6

	
	200 MHz
	11.2
	-4.6

	Note:	A value of 1 dB is used an example for multi-band relaxation



[bookmark: _Toc61583395][bookmark: _Toc61600064][bookmark: _Toc61600098][bookmark: _Toc61602702][bookmark: _Toc68091225][bookmark: _Toc68101042][bookmark: _Toc92665631][bookmark: _Toc92666477][bookmark: _Toc92667843]Observation 4:	In general, a simple extension of the permitted methods up to FR2-2 does not appear to yield a system capable of achieving sufficient SNR for demodulation testing.
The SNR caluclations in Table 2 should be revisited once REFSENS and multi-band requirements are defined for band n263.  In addition, further discussion on how to achieve testable SNR ranges for band n263 is needed. 
[bookmark: _Toc92667844]Proposal 1:	Further discussion on how to achieve testable SNR ranges for band n263 is needed.
The principle of calculating maximum SNR for the RRM test setup is similar to the demodulation with the additional complexity of performing the calculation for different scenarios:  {beam peak with fine beams, off beam peak with fine beams, beam peak with coarse beams, off beam peak with coarse beams}.  These calculations further depend on the spherical coverage EIS and the related multi-band relaxation requirements.  It is recommended to perform these calculations once the band-dependent parameters in Table 2 are resolved and the corresponding core requirements are agreed.
3	Conclusions
This contribution provides our view on the extension of applicability to band n262 of the demodulation test setup.  We have made the following observation and proposal:
Observation 1:	Atmospheric attenuation has no impact on path loss at the range scales of an FR2 testing chamber
Observation 2:	For 71 GHz and reference range length of 0.725m the path loss is 66.7 dB
Observation 3:	For 71 GHz the cable loss per meter is 10.3 dB
Observation 3:	The values of probe antenna gain and backoff from P1dB need to be further checked with test equipment vendors to verify their applicability to band n263
Observation 4:	In general, a simple extension of the permitted methods up to FR2-2 does not appear to yield a system capable of achieving a sufficient SNR for demodulation testing.

Proposal 1:	Further discussion on how to achieve testable SNR ranges for band n263 is needed.
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