3GPP TSG RAN Meeting #91-e	 	R5-213806
Electronic Meeting, 17th May – 28th May 2021
Source:		Rohde & Schwarz
Title:	On the achievable SNR for demod test cases
Agenda Item:		5.3.2.17
Document for:	Discussion and Endorsement
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the last RAN5 meetings the testability of high SNR demod test cases has been discussed [1 –  7] and several working assumptions have been agreed. However, the maximum achievable SNR is not yet finalized since details such as the backoff from the 1dB compression point of the PA have not been concluded. In the meantime, a working assumption on the achievable SNR has been endorsed for FR2a in order to enable testing of low SNR test points. In this contribution, we analyze the impact of backoff on the EVM and propose values for the achievable DL power in the center of quiet zone at 1dB compression. Until the acceptable backoff due to fading has been decided, we propose achievable SNR values for the Rel-15 FR2 operating bands as interim solution. 
Discussion
At RAN5 #90-e the following working assumptions have been endorsed:
Proposal 1a: For the cable loss agree 6.3 dB for FR2a as a working assumption.
Proposal 1b: Apply highest Noc level among the bands of the respective frequency range for that frequency range for calculation of achievable SNR. 
Proposal 1c: Apply a backoff of 17.71 dB as working assumption. 
In the same meeting, action point #89e.23 has been updated to “Provide input on the impact to TxEVM (and consequently SNR) for higher probability of saturation of faded signal”.
	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#89e.23
	RF
	Provide input on acceptable clipping frequency due to fading and/or acceptable fading crest factor margin for FR2 Demod performance and CSI test cases Provide input on the impact to TxEVM (and consequently SNR) for higher probability of saturation of faded signal
	Qualcomm, Anritsu, Keysight, E///, R&S
	R5-206168, R5-205702
R5-211083
	RAN5#91e
	Open



In this contribution, we analyze the impact of gain compression of test systems power amplifier on the DL EVM. Since the EVM of a faded 5G signal cannot be directly measured, we perform our measurements with an 5G FR2 DL signal with 100 MHz channel bandwidth, SCS 120kHz,  QPSK modulation and without fading. For the determination of the compression characteristics of the PA a CW signal has been applied.
For an EVM of 6%, a backoff of 8 dB is required for the currently specified operating bands. In the case of 256QAM an EVM of 3% is required and the measured back off is in the range from 10.4 dB to 11.7 dB for the analyzed mid frequencies.
Observation 1: A backoff of approximately 12 dB from the CW 1dB compression point is required for an EVM of 3%.
Proposal 1: Take observation 1 into account in the determination of acceptable clipping frequency and the acceptable CREST factor margin.
At RAN5 #89-e the following proposals have been endorsed.
[bookmark: newp1]Proposal 1 : Calculate achievable SNR for each frequency range : FR2a/FR2b/FR2c.
In order to optimize the achievable SNR, we propose to change this agreement and to calculate the achievable SNR based on the mid frequencies of FR2 operating bands instead of frequency ranges. In this way, the Refsens value of the individual band can be taken into account. In order to document the testability aspect in TS 38.521-4 [8] introduce a table summarizing the applicability of each test point for each band based on the achievable SNR. 
Proposal 2: Derive the achievable SNR for the mid frequencies of FR2 operating bands instead of the frequency ranges FR2a/FR2b/FR2c.
Several figures in the achievable SNR calculator spreadsheet impact the available DL power in the center of quiet zone such as the antenna gain, cable loss, free space path loss etc. During the discussion at RAN5 #90-e it was requested to assess each figure for potential optimization. However, the values of the contributors are interrelated. For example, changing the gain of the feed antenna requires an adaption of the focal length of the reflector and this changes the free space path loss. Therefore, we feel that it will be difficult to reach an agreement for each and every contributor. Instead, we propose to replace the individual figures by the available DL power at the center of quiet zone when the PA is operated at its CW 1dB compression point. 
This fosters the finding of a compromise among TE vendors since only a the combined value needs to be discussed instead of the individual contributors. 
Accompanying CR [9] contains an update of the spreadsheet along these lines. 
Based on the discussion during the meeting, for n258/n257/n258 mid, the following compromise values in Table 1 are proposed for the achievable DL power at 1dB compression. 
Table 1: Proposed available DL power at QZ center
	Operating band and frequency range
	Test frequency  (GHz)
	Available DL power at center of quiet zone at CW 1dB compression (dBm)

	n258 mid
	25.875
	

	n257 mid
n261 mid
	28
27.925
	-32.8

	n260 mid
	38.5
	-36.4

	n259 mid
	41.5
	-39.4


Values for n260/n259 mid are for information only. 
Proposal 3: For n258/n257/n261 mid, apply the values in Table 1 in the calculation of the achievable DL SNR and update the spreadsheet calculator accordingly.
Based on the working assumption of a backoff of 17.71 dB of last meeting, this results in the maximum achievable SNR for 100MHz CHBW, IFF with 30cm QZ, PC3 and fading summarized in Table 2.
Table 2: Maximum achievable SNR for IFF with 30cm QZ, PC3 and fading
	Operating band and frequency range
	Test frequency  (GHz)
	Maximum achievable SNR
(dB)

	
	
	CHBW
50 MHz
	CHBW
100 MHz
	CHBW
200 MHz

	n258 mid
	25.875
	
	
	

	n257 mid
n261 mid
	28
27.925
	24.0
	20.8
	17.8

	n260 mid
	38.5
	17.7
	14.5
	11.4

	n259 mid
	41.5
	13.6
	10.3
	7.0


Values for n260/n259 mid are for information only. 
For the case without fading a backoff of 13 dB is assumed and the associated maximum achievable SNR for 100MHz CHBW, IFF with 30cm QZ, PC3 are summarized in Table 3.
Table 3: Maximum achievable SNR for IFF with 30cm QZ, PC3 without fading
	Operating band and frequency range
	Test frequency  (GHz)
	Maximum achievable SNR
(dB)

	
	
	CHBW
50 MHz
	CHBW
100 MHz
	CHBW
200 MHz

	n258 mid
	25.875
	
	
	

	n257 mid
n261 mid
	28
27.925
	28.7
	25.5
	22.5

	n260 mid
	38.5
	22.5
	19.3
	16.3

	n259 mid
	41.5
	18.4
	15.2
	12.1


Values for n260/n259 mid are for information only. 
The calculation is documented in the Excel sheet attached to the CR [9] associated with this paper.
Proposal 4: For n258/n257/n261 mid, use the values in Table 2 and Table 3 as interim working assumption of the maximum achievable SNR for 100MHz CHBW, PC3 and IFF with 30cm Quiet Zone. Enable testing of the test points with SNR less than or equal to these values for 100 MHz CHBW.
In the discussion so far, the fact that the wireless cable method has to be applied for demod test cases has not been considered. In this method the signal for one polarization also contains an additional signal in order to compensate for channel and UE cross talk of the other polarization. The power of the additional signal can impact the maximum achievable SNR and the latter needs to be analyzed. 
Proposal 5: Study the impact of wireless cable method on the maximum achievable SNR.
Once there is an agreement on the acceptable backoff and the impact of wireless cable method has been assessed, the maximum achievable SNR needs to be updated.
Proposal 6: Update the Demod SNR range calculator spreadsheet based on the outcome of the discussion of acceptable clipping and of the impact of wireless cable method in order to obtain the final maximum achievable SNR.
The maximum achievable SNRBB needs to be updated in TS 38.521-4 [8]. Currently the testability for demod test cases is captured in editor’s notes. However, summarizing this information in an applicability table makes the specification easier to conceive and to maintain. Therefore, we propose to introduce an applicability table in TS 38.521-4 specifying which test point shall be tested in a specific band. An example of such a table is contained in the Annex of this paper.
Proposal 7: Introduce a table in TS 38.521-4 summarizing the applicability of each test point for the FR2 operating bands.
Accompanying CRs [9] & [10] provide a documentation of the assumptions and limits in TR 38.903 [11] and an update in TS 38.521-4 [8], respectively. 
	Conclusion
In summary, the maximum achievable SNR of demod test cases has been discussed.
Observation 1: A backoff of approximately 12 dB from the CW 1dB compression point is required for an EVM of 3%.
Proposal 1: Take observation 1 into account in the determination of acceptable clipping frequency and the acceptable CREST factor margin.
Proposal 2: Derive the achievable SNR for the mid frequencies of FR2 operating bands instead of the frequency ranges FR2a/FR2b/FR2c.
Proposal 3: For n258/n257/n261 mid, apply the values in Table 1 in the calculation of the achievable DL SNR and update the spreadsheet calculator accordingly.
Proposal 4: For n258/n257/n261 mid, use the values in Table 2 and Table 3 as interim working assumption of the maximum achievable SNR for 100MHz CHBW, PC3 and IFF with 30cm Quiet Zone. Enable testing of the test points with SNR less than or equal to these values for 100 MHz CHBW.
Proposal 5: Study the impact of wireless cable method on the maximum achievable SNR.
Proposal 6: Update the Demod SNR range calculator spreadsheet based on the outcome of the discussion of acceptable clipping and of the impact of wireless cable method in order to obtain the final maximum achievable SNR.
Proposal 7: Introduce a table in TS 38.521-4 summarizing the applicability of each test point for the FR2 operating bands.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Assumptions

	ID
	Description
	Assumption

	#1
	Frequency ranges under consideration
	All Rel-15 FR2 bands for in-band measurements

	#2
	Size of QZ for IFF 
	30 cm

	#3
	UE power class
	PC3

	#5
	Temperature range of the test equipment
	20°C – 35°C

	#6
	Channel bandwidth
	100 MHz


Annex
Example of change to TS 38.521-4 to define the applicability of test requirements:
7.1.1_1	Applicability of test requirements due to maximum achievable SNR
Table 7.1.1_1-1 specifies the current assumption of maximum testable SNRBB.
Table 7.1.1_1-1: Current assumption of maximum testable SNRBB
	Operating Band / Frequency
	Maximum testable SNRBB (dB)

	n257 mid
	[21.3]

	n258 mid
	[21.6[

	n259 mid
	[10.3]

	n260 mid
	[14.5]

	n261 mid
	[21.3]



Based on the current assumption of maximum testable SNRBB, the applicability of test points is defined in Table 7.1.1_1-2.
Table 7.1.1_1-2: Current assumption of maximum testable SNRBB
	Test Case
	Test point
	SNR test requirement
	Test Point Applicability

	
	
	
	n257
	n258
	n259
	n260
	n261

	7.2.2.2.1_1
	1-1
	1.4
	x
	x
	x
	x
	x

	
	1-2
	3.6
	x
	x
	x
	x
	x

	
	1-3
	14.2
	x
	x
	-
	x
	x

	
	2-1
	5.8
	x
	x
	x
	x
	x

	
	2-2
	16.0
	x
	x
	-
	-
	x

	
	2-3
	15.7
	x
	x
	-
	-
	x

	
	2-4
	15.8
	x
	x
	-
	-
	x

	
	2-5
	16
	x
	x
	-
	-
	x

	
	2-6
	20.3
	x
	x
	-
	-
	x

	7.2.2.2.1_2
	3-1
	20.7
	x
	x
	-
	-
	x

	7.3.2.2.1
	1-1
	7.7
	x
	x
	x
	x
	x

	
	1-2
	4.3
	x
	x
	x
	x
	x

	7.3.2.2.2
	2-1
	3.2
	x
	x
	x
	x
	x

	
	2-2
	0.2
	x
	x
	x
	x
	x
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