[bookmark: _Hlk6897498][bookmark: _Hlk3548187][bookmark: _Toc508617208][bookmark: _Hlk59524035]3GPP TSG-RAN5 Meeting #96-e	R5-225194
Electronic Meeting, 15th– 26th August 2022

Agenda item:	5.4.17
Source:	Ericsson
Title:	Discussion on TT and testability for FR2 EVM
Document for:	Discussion and Endorsement
1. Introduction
RAN5 are still discussing the MU and TT for the FR2 EVM test case. The EVM test case is critical for good network performance and have therefore traditionally had TT=0. Due to the high TT in relation to the core requirement for FR1 256QAM EVM, the principle that TT is non-zero if increased measured EVM due to MU is high was introduced. The same principle has been suggested for FR2 EVM since FR2 EVM also has a high EVM MU in relation to the core requirement [1, 2]. 
The MU has been agreed, but not the TT due to the large MU values and testability issues involved. If the TT becomes larger than 50% of the minimum requirement it is considered not testable. 
With the proposals from last meeting in [1] which is repeated in Annex A of this paper the most demanding modulation order 64QAM in the mandatory maximum Channel Bandwidth 200 MHz can barely be tested in FR2a (1 of 4 points) and cannot be tested at all in FR2b or FR2c.  
2. [bookmark: _Ref31104997]Discussion
2.1 MU
The total EVM MU as defined in TR38.903 consists of two MU factors which are RSS added to form the total EVM MU as follows:

1. MUnoise This is the increased EVM due to available SNR in the TE assuming a noise floor of -10.6 dBm/400 MHz for FR2a and worst case UE output power (marginal UE in terms of peakEIRP, MBR, MPR, T(MPR) all directly summed up). It is denoted residual EVM in previous papers. This MU factor is determined per test point and can be found in [R5-221625]. It can be calculated as 10(-SNR/20)
1. MUnoisefree This is the called TE EVM in addition to the accepted TE noise floor in previous papers. It is defined in TR38.903 Table B.12.2-3. 
1.  .  This is the total MU where the formula originates from [1] proposal 2

Observation 1: The EVM MU is derived assuming marginal UE in terms of peakEIRP, MBR, MPR, T(MPR), polarisation mismatch in all of the 10 subframes within the EVM measurement period all directly summed up. For CP-OFDM 64QAM this results in an expected power that is (MBR+MPR+T(MPR)+3) = 16.25 dB below the minPeakEirp level (6.15 dBm max output power in FR2a). 

It can be discussed if some of the tolerance factors in observation 1 can be considered uncorrelated and therefore RSS’ed instead of directly summed up. 

Proposal 1: RAN5 to study if all the tolerance factors from observation 1 are expected to be constant over time (10 subframes) and fully correlated or not. If not, the sum of the tolerances can be optimized.

Observation 2: If a UE has better output power than the worst-case assumption in the EVM MU, the test requirements become un-necessary relaxed leading to passing a non-conformant UE and a less relevant test case.

A similar situation where the TE noise is greatly affecting the MU in the test case has recently occurred in the ON/OFF time mask test. In this test, the Relaxation is made adaptive depending on the measured UE EIRP so that the testability can be improved. The same principle is justified in the EVM test case. 

2.2 TT
Due to the high TT in relation to the core requirement for FR1 256QAM EVM, the principle that TT is non-zero if increased measured EVM due to MU is high has been introduced. The same principle has been suggested for FR2 EVM since FR2 EVM also has a high EVM MU in relation to the core requirement [1, 2], but not yet agreed due to the large MU and TT.
For reference, the formulas for determining TT from [2] are repeated here:
We note that the value measured by the test equipment is the root sum square (rss) of the DUT EVM and the intrinsic TE EVM since the error vectors of UE and TE are statistically independent:
			(1)
In FR1, the TT has been calculated so that an UE complying with the minimum conformance requirement does not fail the test due to the intrinsic TE EVM:
[bookmark: _Hlk107429470]	(2)
where  is the minimum conformance requirement and  is the intrinsic EVM of the test system.
Due to the high MU in the EVM test cases, some test points will experience so high increased EVM (and consequently TT) that the test becomes irrelevant. It has been suggested that if TT>50% of core requirement it is deemed of no value to test [1].

Observation 3: If EVM TT can be optimized then testability can also be improved (if TT>50% of core requirement it is deemed of no value to test)
2.3 The impact on higher UE output power on the MU and TT
To show the sensitivity to UE output power in the test, let’s hypothetically assume that the UE instead of max power of 6.15 dBm in test ID 14 (FR2a 100MHz CP-OFDM 64QAM) is 10 dB better. This is still 6.25 dB below minPeakEirp and as such may not be unrealistically high, but it should be emphasized that we have no knowledge on the occurence of such UEs. For such a UE the TE SNR improves from 22.75 dB to 32.75 dB. MUnoise improves from 7.29% to 2.30%. MUtot improves from 8.91% to 5.61% (-3.3%).
The TT equation (2) above can be re-written as:



Marginal UE in EVM, marginal UE in output power:
EVM increase = sqrt(8^2+5.12^2+7.29^2) – 8 = 3.97% (This is equal to TT as suggested in [1])
Marginal UE in EVM, 10 dB better UE than allowed in output power:
EVM increase = sqrt(8^2+5.12^2+2.30^2) – 8 = 1.77 (2.2% improvement)
Observation 4: A hypothetical UE transmitting at higher power than the dimensioning level for MU will experience a lower EVM increase due to MU than what the test was designed for. This means that:
1) A UE with bad EVM but high power can pass the test.
2) A UE with high power might be able to test some test points otherwise deemed untestable due to too high EVM increase. 
Putting observation 4 bullet 1 into numbers, the hypothetical UE with 10 dB higher power but with non-compliant 10.6% EVM will get the same EVM increase as the marginal UE with 8 % EVM and therefore the same chance of passing test ID 14 (sqrt(8^2+5.12^2+7.29^2)  ≈ sqrt(10.6^2+5.12^2+2.30^2).
Putting observation 4 bullet 2 into numbers, for a UE with 10 dB higher power 5 of the 9 untestable test points for FR2a can be tested (c.f. Annex A). 64QAM modulation becomes fully testable for 200 MHz BW in FR2a and partly testable in FR2b.
Proposal 2: RAN5 to study how real UEs perform in the MPR test case to find if it is feasible to add output power specific TT in the test case. 
Proposal 3: To maintain the same likelihood of failing a non-conformant UE regardless of the output power, the TT should factor in the measured EIRP level in a similar way as done in ON/OFF time mask test case. Alternatively, using measured SNR. With this, testability can also be improved for certain UEs. Exactly how to perform this compensation in the TT is TBD.
3. Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: The EVM MU is derived assuming marginal UE in terms of peakEIRP, MBR, MPR, T(MPR), polarisation mismatch in all of the 10 subframes within the EVM measurement period all directly summed up. For CP-OFDM 64QAM this results in an expected power that is (MBR+MPR+T(MPR)+3) = 16.25 dB below the minPeakEirp level (6.15 dBm max output power in FR2a). 

Observation 2: If a UE has better output power than the worst-case assumption in the EVM MU, the test requirements become un-necessary relaxed leading to passing a non-conformant UE and a less relevant test case.

Observation 3: If EVM TT can be optimized then testability can also be improved (if TT>50% of core requirement it is deemed of no value to test)
Observation 4: A hypothetical UE transmitting at higher power than the dimensioning level for MU will experience a lower EVM increase due to MU than what the test was designed for. This means that:
1) A UE with bad EVM but high power can pass the test.
2) A UE with high power might be able to test some test points otherwise deemed untestable due to too high EVM increase. 
Proposal 1: RAN5 to study if all the tolerance factors from observation 1 are expected to be constant over time (10 subframes) and fully correlated or not. If not, the sum of the tolerances can be optimized.

Proposal 2: RAN5 to study how real UEs perform in the MPR test case to find if it is feasible to add output power specific TT in the test case. 

Proposal 3: To maintain the same likelihood of failing a non-conformant UE regardless of the output power, the TT should factor in the measured EIRP level in a similar way as done in ON/OFF time mask test case. Alternatively, using measured SNR. With this, testability can also be improved for certain UEs. Exactly how to perform this compensation in the TT is TBD.
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Annex A: EVM increase vs UE output power
Current (marginal UE in output power)
	Test ID
	Modulation
	RB alloc,
	50MHz
	100MHz
	200MHz
	400MHz

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full
	0,13%
	0,25%
	0,49%
	0,97%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	0,16%
	0,29%
	0,57%
	1,32%

	3
	DFT-s-OFDM QPSK
	Inner_Full
	0,22%
	0,42%
	0,83%
	1,61%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	0,27%
	0,49%
	0,96%
	2,18%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full
	0,43%
	0,79%
	1,53%
	4,29%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	0,51%
	0,87%
	1,67%
	4,29%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full
	1,06%
	1,97%
	3,61%
	9,75%

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	1,44%
	2,68%
	4,80%
	9,75%

	9
	CP-OFDM QPSK
	Inner_Full
	0,37%
	0,63%
	1,23%
	3,66%

	10
	CP-OFDM QPSK
	Outer_Full
	0,39%
	0,70%
	1,37%
	3,66%

	11
	CP-OFDM 16 QAM
	Inner_Full
	0,71%
	1,35%
	2,57%
	7,68%

	12
	CP-OFDM 16 QAM
	Outer_Full
	0,71%
	1,35%
	2,57%
	7,68%

	13
	CP-OFDM 64 QAM
	Inner_Full
	2,19%
	3,97%
	6,92%
	14,59%

	14
	CP-OFDM 64 QAM
	Outer_Full
	2,19%
	3,97%
	6,92%
	14,59%


Table A.1. EVM increase for EVM in PUSCH, PC3, FR2a. 9 test points are untestable (EVM increase >50% of core requirement)
	Test ID
	Modulation
	RB alloc,
	50MHz
	100MHz
	200MHz
	400MHz

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full
	0,21%
	0,39%
	0,78%
	1,51%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	0,29%
	0,54%
	1,08%
	2,50%

	3
	DFT-s-OFDM QPSK
	Inner_Full
	0,36%
	0,65%
	1,31%
	2,49%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	0,49%
	0,90%
	1,79%
	4,01%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full
	0,80%
	1,48%
	2,85%
	9,46%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	1,00%
	1,92%
	3,60%
	9,46%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full
	2,49%
	4,48%
	7,72%
	18,73%

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	3,35%
	5,91%
	9,96%
	18,73%

	9
	CP-OFDM QPSK
	Inner_Full
	0,72%
	1,42%
	2,73%
	8,42%

	10
	CP-OFDM QPSK
	Outer_Full
	0,81%
	1,58%
	3,04%
	8,42%

	11
	CP-OFDM 16 QAM
	Inner_Full
	1,72%
	3,25%
	5,92%
	15,90%

	12
	CP-OFDM 16 QAM
	Outer_Full
	1,72%
	3,25%
	5,92%
	15,90%

	13
	CP-OFDM 64 QAM
	Inner_Full
	4,91%
	8,41%
	13,77%
	26,94%

	14
	CP-OFDM 64 QAM
	Outer_Full
	4,91%
	8,41%
	13,77%
	26,94%


Table A.2. EVM increase for EVM in PUSCH, PC3, FR2b. 18 test points are untestable (EVM increase >50% of core requirement)




New proposal (example for 10 dB higher power than marginal UE)
	Test ID
	Modulation
	RB alloc,
	50MHz
	100MHz
	200MHz
	400MHz

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full
	0,11%
	0,20%
	0,40%
	0,80%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	0,11%
	0,19%
	0,37%
	0,77%

	3
	DFT-s-OFDM QPSK
	Inner_Full
	0,18%
	0,34%
	0,68%
	1,33%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	0,19%
	0,32%
	0,63%
	1,30%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full
	0,27%
	0,46%
	0,91%
	1,86%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	0,27%
	0,41%
	0,80%
	1,86%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full
	0,45%
	0,84%
	1,60%
	4,80%

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	0,60%
	1,16%
	2,19%
	4,80%

	9
	CP-OFDM QPSK
	Inner_Full
	0,20%
	0,29%
	0,58%
	1,54%

	10
	CP-OFDM QPSK
	Outer_Full
	0,20%
	0,33%
	0,65%
	1,54%

	11
	CP-OFDM 16 QAM
	Inner_Full
	0,29%
	0,55%
	1,08%
	3,51%

	12
	CP-OFDM 16 QAM
	Outer_Full
	0,29%
	0,55%
	1,08%
	3,51%

	13
	CP-OFDM 64 QAM
	Inner_Full
	0,94%
	1,77%
	3,28%
	7,55%

	14
	CP-OFDM 64 QAM
	Outer_Full
	0,94%
	1,77%
	3,28%
	7,55%


Table A.3. EVM increase for EVM in PUSCH, PC3, FR2a. 5 test points become testable as indicated in blue (EVM increase <50% of core requirement)

	Test ID
	Modulation
	RB alloc,
	50MHz
	100MHz
	200MHz
	400MHz

	1
	DFT-s-OFDM PI/2 BPSK
	Inner_Full
	0,16%
	0,28%
	0,57%
	1,10%

	2
	DFT-s-OFDM PI/2 BPSK
	Outer_Full
	0,16%
	0,29%
	0,60%
	1,20%

	3
	DFT-s-OFDM QPSK
	Inner_Full
	0,27%
	0,47%
	0,96%
	1,82%

	4
	DFT-s-OFDM QPSK
	Outer_Full
	0,28%
	0,50%
	1,01%
	1,98%

	5
	DFT-s-OFDM 16 QAM
	Inner_Full
	0,40%
	0,71%
	1,43%
	4,72%

	6
	DFT-s-OFDM 16 QAM
	Outer_Full
	0,44%
	0,86%
	1,66%
	4,72%

	7
	DFT-s-OFDM 64 QAM
	Inner_Full
	1,15%
	2,17%
	3,95%
	10,54%

	8
	DFT-s-OFDM 64 QAM
	Outer_Full
	1,58%
	2,93%
	5,23%
	10,54%

	9
	CP-OFDM QPSK
	Inner_Full
	0,32%
	0,62%
	1,22%
	4,03%

	10
	CP-OFDM QPSK
	Outer_Full
	0,35%
	0,70%
	1,36%
	4,03%

	11
	CP-OFDM 16 QAM
	Inner_Full
	0,77%
	1,49%
	2,83%
	8,38%

	12
	CP-OFDM 16 QAM
	Outer_Full
	0,77%
	1,49%
	2,83%
	8,38%

	13
	CP-OFDM 64 QAM
	Inner_Full
	2,39%
	4,33%
	7,49%
	15,69%

	14
	CP-OFDM 64 QAM
	Outer_Full
	2,39%
	4,33%
	7,49%
	15,69%


Table A.4. EVM increase for EVM in PUSCH, PC3, FR2b. 7 test points become testable as indicated in blue (EVM increase <50% of core requirement)

EVM increase (=TT) vs SNR curve for test ID 14

Figure A.1. EVM increase vs SNR for FR2a 100 MHz test ID 14. 
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