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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]. Details are found below:

In this contribution we provide discussion on the impacts on UE demodulation test methods and propagation channel modelling which is applicable to both RRM and UE demodulation methods.7.	Study and define the over the air (OTA) test methods for UE RF, RRM, and demodulation requirements for the 52.6-71 GHz frequency range:
-	Extend the applicability of the FR2 OTA UE RF/RRM/demodulation test methods defined in TR 38.810, TR 38.884, and TS 38.508-1 whenever possible
-	Identify any changes needed, including general testing and calibration, permitted test methods, multi-path fading propagation conditions, measurement applicability criteria, channel models considered, etc.
-	Consider possible test time reduction techniques
-	Consider practical upper frequency limit for spurious emission measurements
-	Establish applicable frequency range for system
-	Determine whether the test system needs to test different frequency bands in the same test system
-	Target device types
-	First priority: Handheld UE, laptop, tablet, vehicular UE, and FWA
-	Focus on devices prioritized in the NR > 52.6 GHz WI [UID 860041]
-	Utilize free space testing configuration for test methods definition
-	Study the preliminary measurement uncertainty
NOTE: unfinished UE testability aspects, if any, do not impact setting UE core requirements and completing the NR > 52.6 GHz WI [UID 860041]

2	Discussion
2.1	Propagation conditions
In RAN4 #100e meeting the following agreements on propagation conditions were made [2]:
	For multi-path fading propagation conditions, additional channel models in terms of delay and Doppler spread may be required and are subject to the discussion in RRM and Demodulation sessions (e.g., reduce Delay spread comparing to FR2-2). While general methodology can be reused for Path Delay grid for channel models, further discussion is needed on the modification of fixed quantization grid for the tap delay modeling.

Path delay grid for channel models
Options for Fsample parameter
· Option 1: 2000 MHz
· Option 2: 800 MHz
· Option 3: 400 MHz

Agreement: Continue discussing in the next RAN4 meeting. Further feedback from TE vendors on the maximum feasible Fsample is encouraged.



For UE RRM testing methodology and UE Demodulation and CSI testing methodology, FR2 test methods support the following propagation conditions [3]:
· [bookmark: _Hlk85469761]Static propagation conditions
· Multi-path fading propagation conditions

Proposal #1: Define methodology for multi-path fading and static propagation conditions modelling for FR2-2

Static propagation conditions
The existing static propagation conditions modelling methodology described in TR 38.810 is very simplistic and can be reused without any modifications.
Proposal #2: Reuse FR2-1 static propagation conditions methodology for FR2-2

Multi-path fading propagation conditions
For multi-path fading propagation conditions TR 38.810 Option 1 single probe channel modelling methodology can be used similar to FR2-1. Additional channel models in terms of delay and Doppler spread may be required and are subject to the discussion in RRM and Demodulation sessions. We expect that for FR2-2 RRM and demodulation requirements shall be defined for TDL channel models with RMS delay spread from 5ns to 60ns, which are more typical for this frequency range [4]. 
Observation 1: TDL channel models with 5ns to 60ns RMS delay spread are expected to be used for FR2-2 RRM and Demodulation requirements

The general methodology for path delay grid derivation in TR 38.810 clause 8.2.2 and TS 38.101-4 B.2.1 can be reused for FR2-2. Further discussion is needed on the modification of fixed quantization grid for the tap delay modelling. For FR2-1 Fsample = 200MHz and ∆T ≤ 5 ns. For FR2-2 the max channel bandwidth is substantially increased compared to FR2-1 and Fsample parameter may need to be adjusted up to higher values. Below, we illustrate the TDLA model with 10ns DS for the case of using 0.5ns, 1ns and 5ns sampling time derived based on the methodology described in TS 38.101-4 B.2.1 and non-quantized model. It can be observed that Fs will have an impact on CIR characteristics. 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 and sampling frequency shall be considered as 2 x CBW. Therefore, to enable realistic modelling ideally sampling frequency of 4000MHz should be considered. Meantime, we acknowledge possible TE implementation issues and recommend making the decision based on TE implementation. In case high sampling frequency is not feasible, certain restriction on max CBW for fading channel testing can be considered. For instance, we think that either 2000MHz 800MHz sampling frequency should be considered to provide modelling of fading conditions for larger CBW (800MHz or 400MHz).
	TDLA10, Non-quantized
	TDLA10, Fs = 2000MHz

	[image: ]
	[image: ]

	TDLA10, Fs = 800MHz
	TDLA10, Fs = 400MHz
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Proposal #3: For multi-path fading channel modelling use Fsample = 2000MHz or 800MHz ns as long the values is feasible from TE implementation perspective.

2.2	SNR definition and Noc levels
Simulations for UE demodulation and CSI are normally run at baseband, with results expressed as SNRBB, and do not take into account the noise of the UE RF front end. The following approach below has been agreed for FR2-1 and can be reused for FR2-2 [2]
-	Set wanted noise to give 1dB difference between Reference point SNR and Baseband SNR, using agreed UE requirements, so SNRRP = SNRBB + 1dB
Like in FR2-1, Noc power levels need to be defined for UE demodulation and CSI testing for the SNR emulation. The FR2-1 Noc levels are defined in TS 38.101-4 as follows:
[image: ]
The FR2-1 methodology for Noc derivation is described in TR 38.810 7.2.1.3 and TS 38.101-4 4.5.3

	The Noc values are based on REFSENS for the operating band and on the UE Power class, and taking a baseline of UE Power Class 3 in band n260.
Noc = RESFENSPC3, n260, 50MHz -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
where:
-	REFSENSPC3, n260, 50MHz is the REFSENSvalue in dBm specified for Power Class 3 UE in band n260 for 50MHz channel bandwidth in TS 38.101-2 [16] Table 7.3.2.3-1, [dBm/Hz]
-	SCSREFSENS is a subcarrier spacing associated with NRB for 50MHz in TS 38.101-2 [16] Table 5.3.2-1, chosen as 120kHz. 
-	PRBREFSENS is NRB associated with subcarrier spacing 120kHz for 50MHz in TS 38.101-2 [16] Table 5.3.2-1 and is 32.
-	12 is the number of subcarriers in a PRB
-	SNRREFSENS = -1 dB is the SNR used for simulation of REFSENS 
-	∆thermal is the 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.
The calculated Noc value for the baseline of UE Power class 3 in Band n260 is rounded to -155dBm/Hz.
The following methodology to define the minimum Noc level for power class X (PC_X) and operating band Y (Band_Y) is used for the single carrier case and a single band device:
Noc(PC_X, Band_Y) = -155 dBm/Hz + REFSENSPC_X, Band_Y, 50MHz – REFSENSPC3, n260, 50MHz
where REFSENS values are specified in TS 38.101-2 [16] Table 7.3.2.3-1.




The same methodology can be used for FR2-2 once the REFSENS values are identified and one of the following approaches can be considered:

Noc (PC_X, Band_Y) = RESFENSPCX, BandY -10log10(SCSREFSENS x PRBREFSENS x 12) - SNRREFSENS + ∆thermal
Noc(PC_X, Band_Y) = -155 dBm/Hz + REFSENSPC_X, Band_Y, 100MHz – REFSENSPC3, n260, 100MHz  

Proposal #4: Define Noc levels for FR2-2 UE demodulation testing based on FR2-1 methodology

2.3	Maximum SNR derivation
In accordance with FR2-1 agreements UE Demodulation and CSI requirements can be defined for any SNR range. Meanwhile, the test system shall be able to determine whether it can provide the SNR necessary for a specific test case. If the required SNR is larger than the SNR upper bound that can be emulated by test system, the corresponding requirement testing can be skipped. The respective max SNR values that can be emulated by test system are widely used to define the demodulation performance requirements as a guidance on the maximum SNR range and typical RAN4 requirements aim to be defined within the testable SNR range. TR 38.810 includes a methodology to derive the maximum SNR as described in sections 7.2.1.3 and Annex B.3. The same methodology can be used to assess the FR2-2 characteristics. Overall, the max SNR derivation mainly serves the information purpose and exact derivation can be left up to test system vendors. Meantime, we suggest performing an example max SNR assessment as a part of the SI work once the respective test system parameters are finalized taking into account practical TE constraints (max power, probe antenna gains, test method, path loss, etc) and once the UE RF characteristics are agreed (REFSENS).
In RAN4 #100e meeting the following agreements on the maximum SNR derivation for UE demodulation and CSI were made [2]:
	Candidate options for frequency used in maximum SNR derivation:
· 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: Continue the discussion in RAN4 #101e



From our point of Option 2 can be used as a starting point to ensure the testing of the full range.

Proposal #5: RAN4 to perform an example assessment of testable DL SNR range for FR2-2. Use TR38.810 methodology to assess the max SNR level. Derive max SNR for maximum frequency (~71GHz)

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 observations and proposals have been made:

Proposal #1: Define methodology for multi-path fading and static propagation conditions modelling for FR2-2
Proposal #2: Reuse FR2-1 static propagation conditions methodology for FR2-2
Observation 1: TDL channel models with 5ns to 60ns RMS delay spread are expected to be used for FR2-2 RRM and Demodulation requirements
Proposal #3: For multi-path fading channel modelling use Fsample = 2000MHz or 800MHz ns as long the values is feasible from TE implementation perspective.
Proposal #4: Define Noc levels for FR2-2 UE demodulation testing based on FR2-1 methodology
Proposal #5: RAN4 to perform an example assessment of testable DL SNR range for FR2-2. Use TR38.810 methodology to assess the max SNR level. Derive max SNR for maximum frequency (~71GHz)
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Table 4.5.3.2-1: Noc power level for different UE power classes and frequency bands

Operating band UE Power class
1 2 3 4
n257 -166.8 -161.3 -157.6 -166.3
n258 -166.8 -161.3 -157.6 -166.3
n260 -163.8 -155.0 -164.3
n261 -166.8 -161.3 -157.6 -166.3
Note 1:  Noc levels are specified in dBm/Hz





