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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 testing.
2	Discussion
2.1 Maximum SNR derivation
The following agreement has been reached on the previous meeting:
	· Prioritize IFF method for the testable DL SNR assessment
· Assume backoff from 1dB compression as [] following the latest conclusion in RAN5 for FR2-1 as starting point value for further assessment
· Assume reference range length as [0.725m] for IFF method.
· Provide the following remaining test system parameters next meeting: TE amplifier 1dB compression, cable loss, free space path loss, TE DL absolute power setting uncertainty, probe antenna gain. 
· Add the parameter "Connector insertion loss," to the TR 38.810 DL SNR assessment methodology for FR2-2 assessment with the value to be further checked by the next meeting


Below we present an initial SNR calculation for demodulation test cases.
As a starting point, test systems parameters as probe antenna gain and TE DL absolute power setting uncertainty can be reused from FR2-1 study. Free space path loss value and cable loss value were proposed as -66.7 dB and -10.3 dB respectively [2]. 
For demodulation test cases Mode 1 (external noise source and fading) RAN5 TR 38.903 consider backoff from 1dB compression point as -17.7 dB. Same time RAN4 assumption for FR2-1 SNR assessment was -13 dB.
At this stage we will not consider additional connector insertion loss, that is subject to be checked with TE vendors.
On the previous RAN4 meeting, UE REFSENS value for band n263 was agreed for 400MHz CBW as -73dBm (in square brackets) [3]. Multi-Band Relaxation (MBR) factor was not yet specified so for simplicity we calculate DL SNR only for a single band UE. 
Table 1 summarizes assumed parameters:

Table 1. Parameters for max DL SNR assessment
	Parameter
	Value

	
	

	REFSENS
	[-73 dBm/400MHz]

	TE amplifier 1dB compression
	23 dB

	Backoff from P1dB
	-17.7 dB and -13 dB (RAN5 and RAN4 assumptions)

	Cable loss
	10.3 dB

	Connector insertion loss
	0

	FS path loss
	66.7 dB

	TE DL absolute power setting uncertainty
	+/-6 dB

	Probe antenna gain
	12 dB

	Beam peak search procedure error
	0.5 dB



Based on these values the maximum achievable DL SNR for the demodulation test setup can be summarized as shown in Table 2. 
Table 2. Max achievable DL SNR band n263
	
	CBW (MHz)
	IFF Test method

	
	
	-13 dB Backoff from P1dB
	-17.7 dB Backoff from P1dB

	Single band UE
	100
	8.8
	3.1

	
	400
	1.1
	N/A

	
	800
	-6
	N/A

	
	1600
	N/A
	N/A

	
	2000
	N/A
	N/A



Observation #1: Sufficient DL SNR for FR2-2 demod testing cannot be achieved with FR2-1 test system setup parameters.
Previous meeting it was suggested to adjust ∆thermal value in Noc setting methodology that will increase max achievable DL SNR. ∆thermal is the actual difference between UE thermal noise level and wanted noise level. The difference between these levels leads to the difference between baseband SNR and SNR at the reference point. According to the FR2-1 SNR calculation methodology, 6 dB ∆thermal is used that corresponds to 1 dB SNR difference. 
In Table 3 we provided evaluations how ∆thermal impacts DL SNR. For simplicity we re-calculate ∆thermal value to allowed SNR difference (allowed noise increase). 400 MHz CBW and -13 dB backoff from P1dB were selected for the analysis. We need to point out that at 3 dB allowed noise increase, Noc level becomes the same as UE thermal noise level.  
Table 3. Allowed noise increase vs max achievable DL SNR
	Allowed noise increase, dB
	1
	2
	3

	[bookmark: _Hlk95731290]∆thermal, dBm/Hz
	6.1
	2.6
	0.1

	Max DL SNR BB, dB
	1.1
	5
	6.8


As we see, simple decreasing of ∆thermal does not allow to substantially increase max achievable DL SNR during the test. 
Observation #2: Only decreasing of ∆thermal value does not allow to achieve sufficient DL SNR in FR2-2 demod tests with FR2-1 test system setup parameters.
Minimum FR2-1 DL radiated performance requirements are specified for up to Rank 2. The required SNR point is 14.4 and 18.6 dB for 16QAM and 64QAM respectively for 100 MHz and 120 kHz CBW/SCS combination. Roughly, we can expect that SNR will not dramatically change for higher CBWs as 400MHz. Same time, some margin on phase noise impact at higher carrier frequency should be considered. For instance, 16 and 20 dB SNRs can be assumed. Such SNR targets require adjustments of TE parameters. In Table 4 we summarize required wanted signal + headroom budget to reach 16 and 20 dB DL SNR. The parameters from Table 1 are assumed with RAN4 assumption on backoff from P1dB.
Table 4. Wanted signal + headroom budget vs max achievable DL SNR
	Target DL SNR, dB
	16
	20

	wanted signal + headroom, dBm/ Ch BW
	35.8
	39.8



Wanted signal + headroom budget can be increased by adjustment of power amplifier 1dB compression point and/or probe antenna gain. Feedback from TE vendors is needed whether TE parameters can be adjusted for FR2-2 to meet obtained values in Table 4. 
Proposal 1:	Ask inputs from TE vendors on possible adjustment of TE parameters to increase max achievable DL SNR during the demod test.
Another option how to allow testing of high CBW is to restrict max PRB allocation size within the CBW. As we see from Table 2, 66 PRB allocation size (100 MHz) leads to 7.7 dB max SNR increase compared to 264PRBs in 400 MHz.
To summarize the following ways can be used to increase max achievable DL SNR:
1) Decrease ∆thermal value
2) Adjust TE parameters (e.g., power amplifier 1dB compression point, probe antenna gain)
3) Restrict allocation size within CBWs
Proposal 2:	Discuss the following ways how to increase max achievable SNR for demod testing:
1) Decrease ∆thermal value
2) Adjust TE parameters (e.g., power amplifier 1dB compression point, probe antenna gain)
3) Restrict allocation size within CBWs
Based on the performed study, even for 400 MHz CBW it is hard to achieve sufficient DL SNR during the test and some changes of methodology or TE parameters are required. In this case we suggest deprioritizing CBWs higher than 400MHz at this stage and perform analysis whether sufficient DL SNR can be achieved in up to 400 MHz CBW.

2.2	Propagation conditions
The following agreements on channel propagation conditions for demodulation test methods were made in the previous meeting: 
	· Consider TDL-A channel model with RMS delay spread as in range of 5-20ns and with 3km/h UE mobility as starting point for the analysis
· Path delay grid
· Max applicable channel bandwidth:
· Option 1: 2GHz
· Option 2: Smaller than 2GHz
· Sampling frequency:
· Option 1: 2GHz
· Option 2: 800/400MHz


Based on the analysis performed in section 2.1 we suggest considering 400 MHz max applicable channel bandwidth and 400 MHz sampling frequency for FR2-2 channel propagation conditions. 400MHz can be considered as a baseline assumption and if sufficient DL SNR will be achieved in higher CBWs, revision of this value can be performed.
Proposal 3:	Consider 400MHz as a baseline assumption on max applicable CBW and sampling frequency for definition of multi-path fading channel model.  
Below we present how 400MHz sampling frequency impact the original channel model. TDL-A channel model with RMS Delay Spread (DS) from range of 5-20ns was agreed for the FR2-2study. For the path delay grid analysis, it is better to consider the smallest RMS DS value as 5ns. As an example, only the first 10 Taps are considered for illustration.
Original power delay profile for TDL-A with 5ns DS is presented in Table 5.
Table 5. Original power delay profile
	Tap k
	Power  σk2 (linear)
	Delay τk [ns]

	[bookmark: _Hlk95586799]1
	
	0

	2
	
	1.91

	3
	
	2.01

	4
	
	2.93

	5
	
	2.31

	6
	
	2.69

	7
	
	3.35

	8
	
	2.88

	9
	
	3.81

	10
	
	7.69



With the assumption of ∆T = 1/(400 MHz) =2.5 ns the taps from Table 5 are mapped onto an equidistant delay grid as shown in Table 6.
Table 6. Power delay profile after mapping to delay grid
	Tap k
	Power  σk2 (linear)
	Delay τk [ns]

	1
	
	0

	2
	
	2.50

	3
	
	2.50

	4
	
	2.50

	5
	
	2.50

	6
	
	2.50

	7
	
	2.50

	8
	
	2.50

	9
	
	5.00

	10
	
	7.50



Since multiple taps share the same delay, those taps need to be combined into a single tap as shown in Table 7.
Table 7. Resulting delay profile
	Tap k
	Power  σk2 (linear)
	Delay τk [ns]

	1
	
	0

	2
	
	2.50

	3
	
	5.00

	4
	
	7.50


As we see, 400MHz sampling frequency does not allow to accurately model propagation conditions. Same time, to alleviate TE implementation, it can be considered for testing of FR2-2 products.  
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:	Ask inputs from TE vendors on possible adjustment of TE parameters to increase max achievable DL SNR during the demod test.
Proposal 2:	Discuss the following ways how to increase max achievable SNR for demod testing:
1) Decrease ∆thermal value
2) Adjust TE parameters (e.g., power amplifier 1dB compression point, probe antenna gain)
3) Restrict allocation size within CBWs

Proposal 3:	Consider 400MHz as a baseline assumption on max applicable CBW and sampling frequency for definition of multi-path fading channel model.  
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