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1	Introduction
[bookmark: _Hlk61608935]A new objective to study and define test methods for the 52.6 to 71 GHz frequency range was added to the scope of the Study on enhanced test methods for FR2 during RAN #92e [1]. 
In this contribution we provide discussion on the impacts on UE demodulation test methods and propagation channel modelling which is applicable to UE demodulation methods.
2	Discussion
2.1	Propagation conditions
The following agreement on channel propagation conditions for demodulation test methods was made in the previous meeting [2]: 
	Agreement: Define methodology for multi-path fading and static propagation conditions modelling for FR2-2
· Reuse FR2-1 static propagation conditions methodology for FR2-2
· Channel model parameters i.e. delay spread and Doppler spread need to be defined firstly.
· For multi-path fading channel modelling, further discuss Fsample value with candidate options as following
· Option 1: 2000MHz
· Option 2: 800MHz
· Option 3: 400MHz
· Other options not precluded


As captured in the above agreement, the multi-path fading channel model parameters need to be defined for further analysis. TDL-A channel model as defined in of TR 38.901 has been used by RAN1 for FR2-2 link-level evaluations [3]. The following typical RMS Delay Spread (DS) values have been assumed: 5ns, 10ns, 20ns. 3 km/h UE mobility has been agreed as a baseline assumption that corresponds to 167Hz Doppler frequency on 60GHz carrier frequency. Same time, higher UE mobility values should not be precluded as well.
However, channel model as well as channel model parameters such as delay spread, and Doppler spread for requirements definition should be defined at a later time in the NR FR2-2 WI Perf part stage. Current SI on test methods shall aim to cover the whole range of possible channel models, especially the worst-case assumptions from delay spread perspective (models with largest delay spread). Doppler spread does not have significant impact on testing methodology assuming normal speed conditions. Therefore, for analysis of test methods we recommend using typical set of propagation conditions assumed by RAN1. 
Proposal 1:	For analysis of FR2-2 test methodology definition for multi-path fading channels consider TDL-A channel model with RMS delay spread is in range of 5-20ns and with 3km/h UE mobility.
One of the important factors is a path delay grid modeling for channel models. The general methodology for path delay grid derivation is defined in TR 38.810 clause 8.2.2 and TS 38.101-4 B.2.1 for FR1 and FR2-2 [4]. This methodology can be also reused for FR2-2.
For FR2-1 sampling frequency Fsample equals to 200MHz that corresponds to sampling time ∆T less than 5ns. Same time, for FR2-2 the max channel bandwidth is substantially increased compared to FR2-1 and Fsample parameter may need to be adjusted to higher values. 
Below, we illustrate a frequency spectrum of TDL-A model with 10ns DS for the case of using 4000MHz, 2000MHz, 800MHz and 400MHz sampling frequency. 2GHz bandwidth was assumed for all cases. 
	TDLA10, 4000MHz Sampling frequency
	TDLA10, 2000MHz Sampling frequency
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	TDLA10, 800MHz Sampling frequency
	TDLA10, 400MHz Sampling frequency
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It can be observed that Fs will have an impact on Channel model characteristics. Channel spectrum with Fs as 400MHz is significantly different to channel spectrum with 4000MHz Fs due to an aliasing effect. Overall Fs shall be defined in a way to ensure no artefacts in channel modelling and ensure proper channel representation of the channel for different CBWs. 
Ideally, sampling frequency shall be considered as 2 x CBW. 2GHz CBW is the max CBW considered for FR2-2 at current stage. Therefore, sampling frequency of 4000MHz should be used to enable realistic channel modelling. 
Meantime, we acknowledge possible TE implementation issues. In case high sampling frequency is not feasible, certain relaxation of requirement on realistic modeling can be considered. Even for FR2-1 200MHz sampling frequency is used for channel model definition with channel bandwidth up to 200MHz. For FR2-2 we think that 2000MHz sampling frequency for channel bandwidth up to 2000MHz can be considered to provide modelling of fading conditions for large CBWs.
Proposal 2:	For multi-path fading channel modelling use Fsample = 2000MHz for channel bandwidth up to 2000MHz as long the value is feasible from TE implementation perspective.



2.2	Noc levels for FR2-2 UE demodulation testing
The following agreemnt was reached on Noc level definition for FR2-2:
	Agreement: Define Noc levels for FR2-2 UE demodulation testing based on FR2-1 methodology:
· Noc (PC_X, Band_Y) = RESFENSPCX, BandY -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
· FFS: Noc(PC_X, Band_Y) = -155 dBm/Hz + REFSENSPC_X, Band_Y, 100MHz – REFSENSPC3, n260, 100MHz
· Note: Further confirmation of used parameters is needed based on core requirements definition.


For FR2-2 two Noc definition equiations are used due to some historical reasons. However, they do not contradict to each other. Therefore, single Noc defition can be used for FR2-2 that will improve specification transparency compared to the case with multiple definitions. In this case we suggest considering only the first approach of Noc definition.
Proposal 3:	Define Noc levels for FR2-2 UE demodulation testing only based on the following definition:
· Noc (PC_X, Band_Y) = RESFENSPCX, BandY -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
Parameters used for Noc level definition should be further clarified. In Table 1 we summarized proposed values and clarification for each parameter. We propose to consider 100MHz CBW and 120 kHz SCS for REFSENS calculation for FR2-2. SNR at which REFSENS calculation is performed as well as ∆thermal value can be reused from FR2-1.
Table 1. Parameters for Noc level definition
	Parameter
	Clarification/Value

	REFSENSPCX, BandY
	The REFSENS value in dBm specified for Power Class X UE in band Y

	CBW for REFSENS
	100 MHz

	SCSREFSENS
	120 kHz

	PRBREFSENS
	NRB associated with subcarrier spacing SCSREFSENS for channel bandwidth used for REFSENS calcualtion

	SNRREFSENS
	-1 dB

	∆thermal
	An amount of dB that the wanted noise is set above UE thermal noise, giving a rise in total noise of ∆BB. ∆thermal = 6dB, giving a rise in total noise of 1dB



Proposal 4:	Consider parameters from Table 2 for Noc level definition.

2.3	Maximum SNR derivation
The following agreement has been reached on the previous meeting:
	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 methodology from TR 38.810 not precluded


TR 38.810 includes a methodology to derive the maximum SNR for FR2-1 as described in sections 7.2.1.3 and Annex B.3. The same methodology can be used to assess the FR2-2 characteristics. Informative assessment for FR2-1 was performed for different test methods as DNF, DFF, and IFF. Two CBWs were considered: 100MHz and 200MHz. For FR2-2 we suggest also considering different test methods and several CBWs. 
Proposal 5:	Consider DNF, DFF, and IFF test methods and 100, 400, 800, 1600, and 2000 MHz CBWs for maximum testable SNR derivation. 
Max testable SNR is different for each test method since it depends on test system parameters. For example, Figure 1 illustrates test system setup for DFF method for FR2-1. In this case, to perform informative assessment for FR2-2, inputs from TE vendors are required. 
The following aspects for each method are needed: TE amplifier 1dB compression, dBm; backoff from 1dB compression, dB; cable loss, dB; free space path loss, dB; TE DL absolute power setting uncertainty, dB; probe antenna gain, dB; beam peak search procedure/measurement error, dB.
Proposal 6:	Ask inputs from TE vendors on the following test system parameters to derive max testable SNR: 
· TE amplifier 1dB compression, dBm;
· backoff from 1dB compression, dB; 
· Cable loss, dB; 
· Free space path loss, dB; 
· TE DL absolute power setting uncertainty, dB; 
· Probe antenna gain, dB; 
· Beam peak search procedure/measurement error, dB.
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	Figure 1. Test Setup for DFF 



3	Conclusions
In this paper we presented our views on the FR2-2 OTA test methods for UE demodulation test methods and on propagation channel modelling. The following proposals have been made:

Proposal 1:	For analysis of FR2-2 test methodology definition for multi-path fading channels consider TDL-A channel model with RMS delay spread is in range of 5-20ns and with 3km/h UE mobility.
Proposal 2:	For multi-path fading channel modelling use Fsample = 2000MHz for channel bandwidth up to 2000MHz as long the value is feasible from TE implementation perspective.
Proposal 3:	Define Noc levels for FR2-2 UE demodulation testing only based on the following definition:
· Noc (PC_X, Band_Y) = RESFENSPCX, BandY -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
Proposal 4:	Consider parameters from Table 2 for Noc level definition.
Proposal 5:	Consider DNF, DFF, and IFF test methods and 100, 400, 1600, and 2000 MHz CBWs for maximum testable SNR derivation. 
Proposal 6:	Ask inputs from TE vendors on the following test system parameters to derive max testable SNR: 
· TE amplifier 1dB compression, dBm;
· Backoff from 1dB compression, dB; 
· Cable loss, dB; 
· Free space path loss, dB; 
· TE DL absolute power setting uncertainty, dB; 
· Probe antenna gain, dB; 
· Beam peak search procedure/measurement error, dB.
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