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1.
Introduction
As previously introduced at the RAN4/5 meeting [1][2], there is a testability issue with low PSD test cases in FR2 because of a combination of severe core requirements and an influence of huge free space path loss. 
In this contribution, we introduce our latest result of the study and propose a relaxation of test requirements with these low PSD test cases.
2.
Discussion
2.1
Assumption of test setup
Figure 2.1-1 and 2.1-2 shows our assumption of setups for in-band and spurious tests. [3] 
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Figure 2.1-1: Block diagram for in-band test setup
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Figure 2.1-2: Block diagram for spurious test setup

 Assumptions of these setups are as follows. Note these assumptions are not agreed in RAN5 yet but based on our study. For assumption of Rx spurious test setup, refer to the actual calculation table shown in clause 2.3 below.
Table 2.1-1: Assumption of test setup for in-band test case

	Items
	Assumptions

	Path loss (Free space path loss + antenna gain)
	52 dB @ 29.5 GHz

	Loss (Antenna to LNA)
	10 dB

	Noise figure (NF) of 1st LNA
	3 dB


2.2
Commercially available LNA
Table 2.2-1 shows an example of commercially available LNA in a market.
Table 2.2-1: Example of LNA in a market

	Model (SAGE Millimeter)
	Frequency
	Gain
	NF
	P1dB
	n257
	n258
	n259
	n260
	n261

	SBL-1834034030-KFKF-S1
	18-40GHz
	40dB
	3.0dB
	+10dBm
	X
	X
	
	X
	X

	SBL-3634632535-2F2F-S1
	36-45.5GHz
	25dB
	3.5dB
	+10dBm
	
	
	X
	X
	

	SBL-4036033080-1919-S1
	40-60GHz
	30dB
	9dB
	-
	For spurious test


	SBL-4034533540-2F2F-S1
	40-45GHz
	35dB
	4dB
	-
	

	SBL-5037533550-1515-E1
	50-75GHz
	35dB
	5dB
	+8dBm
	


From samples above, we expect that we can assume NFs as follows.
3.0 dB from 18 to 40 GHz

5.0 dB from 40 to 60 GHz

Other frequency ranges from 60 GHz and above are FFS.

2.3
Calculation results of SNR for low PSD test cases
 Table 2.3-1 to Table 2.3-5 show our calculation result of SNR based on the assumptions and data above.
Table 2.3-1: SNR of Minimum output power at 29.5 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	52
	10
	3
	1

	Signal level [dBm] 
	-13
	-65
	-75
	
	

	Noise level / 400 MHz
	-88
	-88
	-88
	-85
	-84

	SNR [dB]
	
	
	13
	10
	9


Table 2.3-2: SNR of Off power at 29.5 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	52
	10
	3
	1

	Signal level [dBm] 
	-35
	-87
	-97
	
	

	Noise level / 400 MHz
	-88
	-88
	-88
	-85
	-84

	SNR [dB]
	
	
	-9
	-12
	-13


Table 2.3-3: SNR of On/Off time mask at 29.5 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	52
	10
	3
	1

	Signal level [dBm] 
	-30
	-82
	-92
	
	

	Noise level / 400MHz
	-88
	-88
	-88
	-85
	-84

	SNR [dB]
	
	
	-4
	-7
	-8


Table 2.3-4: SNR of In-band emission at 29.5 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	52
	10
	3
	1

	Signal level [dBm] 
	-31.1
	-83.1
	-93.1
	
	

	Noise level / 400MHz
	-88
	-88
	-88
	-85
	-84

	SNR [dB]
	
	
	-5.1
	-8.1
	-9.1


Table 2.3-5: SNR of Rx spurious from 6 to 20 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	48.6
	7
	3
	1

	Signal level [dBm] 
	-47
	-95.6
	-102.6
	
	

	Noise level / 1 MHz
	-114
	-114
	-114
	-111
	-110

	SNR [dB]
	
	
	11.4
	8.4
	7.4


Table 2.3-6: SNR of Rx spurious from 20 to 40 GHz

	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	54.6
	4
	5
	1

	Signal level [dBm] 
	-47
	-101.6
	-105.6
	
	

	Noise level / 1 MHz
	-114
	-114
	-114
	-109
	-108

	SNR [dB]
	
	
	8.4
	3.4
	2.4


Table 2.3-7: SNR of Rx spurious from 40 to 60 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	58.2
	0.15
	5
	2

	Signal level [dBm] 
	-47
	-105.2
	-105.35
	　
	　

	Noise level / 1 MHz
	-114
	-114
	-114
	-109
	-107

	SNR [dB]
	
	
	8.7
	3.7
	1.7


Table 2.3-8: SNR of Rx spurious from 60 to 87 GHz
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	61.4
	0.3
	6
	12

	Signal level [dBm] 
	-47
	-108.4
	-108.7
	　
	　


	Noise level / 1 MHz
	-114
	-114
	-114
	-108
	-96

	SNR [dB]
	
	
	5.3
	-0.7
	-12.7


Table 2.3-9: SNR of spurious emission for UE co-existence (e.g. DC_1A_n77A to Protected band n257)
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	52
	
	
	30

	Signal level [dBm] 
	-5
	-57
	-57
	　
	

	Noise level / 100 MHz
	-94
	-94
	-94
	-94
	-64

	SNR [dB]
	
	
	37
	37
	7


Table 2.3-10: SNR of spurious emission for UE co-existence (e.g. n257 to Protected band n260)
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	54.6
	
	
	30

	Signal level [dBm] 
	-2
	-56.6
	-56.6
	　
	

	Noise level / 100 MHz
	-94
	-94
	-94
	-94
	-64

	SNR [dB]
	
	
	37.4
	37.4
	7.4


Table 2.3-11: SNR of spurious emission for UE co-existence (e.g. DC_2A_n66A to Protected band n257)
	
	DUT out
	FSPL+GAIN
	ANT to LNA
	1st AMP NF
	Black Box NF

	Loss and NF [dB]
	
	52
	
	
	30

	Signal level [dBm] 
	-50
	-102
	-102
	　
	

	Noise level / 1 MHz
	-114
	-114
	-114
	-114
	-84

	SNR [dB]
	
	
	12
	12
	-18


From the calculation results above, we can see most of low PSD test cases have low SNR such as below 10 dB. Thus these requirements need a relaxation in test requirements to obtain lower measurement uncertainties.
Observation 1: Low PSD test cases such as minimum output power, off power and Rx spurious emission need a relaxation in their test requirements.
Proposal 1: Apply a relaxation to low PSD test cases in their test requirements at least a level to achieve enough SNR larger than 10 dB. 
Taking above calculation into account, table 2.3-12 shows proposed test requirements for each test case.

Table 2.3-12: Proposed test requirements for low PSD test cases
	Test case
	Estimated SNR [dB]
	Difference from SNR 10dB [dB]
	Core requirement [dBm]
	Proposed test requirement [dBm]
	Remarks

	Minimum output power at 29.5 GHz
	9
	1
	-13
	-12
	　

	Off power at 29.5 GHz
	-13
	23
	-35
	-12
	Note 1

	On/Off time mask at 29.5 GHz
	-8
	18
	-30
	-12
	　

	In-band emission at 29.5 GHz
	-9.1
	19.1
	-31.1
	-12
	Note 2

	Rx spurious (6 to 20 GHz)
	7.4
	2.6
	-47
	-44.4
	　

	Rx spurious (20 to 40 GHz)
	2.4
	7.6
	-47
	-39.4
	　

	Rx spurious (40 to 60 GHz)
	1.7
	8.3
	-47
	-38.7
	　

	Rx spurious (60 to 87 GHz)
	-12.7
	22.7
	-47
	-24.3
	　

	UE co-existence (1)
	7
	3
	-5
	-2
	Note 3, 4

	UE co-existence (2)
	7.4
	2.6
	-2
	0.6
	Note 4, 5

	UE co-existence (3)
	-18
	28
	-50
	-22
	Note 6

	Note 1: TBD if actual test is really necessary since current proposed requirement is same level with the minimum output power.

	Note 2: General=-55.1 dBm/1RB. (NRB=256 at SCS= 120 kHz) 
           -55.1+10*log (256)= -31.1 dBm/ 400 MHz

	

	Note 3: e.g. DC_n260 to Protected band n257

	Note 4: In a case if carrier frequency is close to n257 such as n260, there can be a testability issue with LNA. FFS if actual test is practically feasible.

	Note 5: e.g. n257 to Protected band n260 

	Note 6: e.g. DC_2A_n260A to Protected band n257. Firstly, the core requirement value in TS 38.101-3 (6.5B.3.4.1) is not aligned with the value in TS 38.101-2 (6.5.3.1). 


Proposal 2: Apply proposed values in table 2.3-12 as test requirements and capture them in TR 38.521-2/3. 
FFS for relaxation of requirements around 40 GHz other than listed above.   



3. Conclusion
In this contribution, we introduced our result of the study and proposed a relaxation of test requirements with low PSD test cases such as minimum output power, off power and Rx power, etc.
Observation 1: Low PSD test cases such as minimum output power, off power and Rx spurious emission need a relaxation in their test requirements.
Proposal 1: Apply a relaxation to low PSD test cases in their test requirements at least a level to achieve enough SNR larger than 10 dB. 
Proposal 2: Apply proposed values in table 2.3-12 as test requirements and capture them in TR 38.521-2/3. 
FFS for relaxation of requirements around 40 GHz other than listed above.  
To complete the activities to derive MU values for each test case by October and November, we need to decide our policy in this meeting. Otherwise the work plan to complete the activity will be affected. 
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