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1. Introduction
In RAN4 #94-e-bis meeting, the WF [1] was approved to define MPR for PC1.5 UL MIMO and Tx diversity in Rel-16. In this contribution, we provide our initial EVM measurement results and propose new MPR valuesanalysis of MPR and EVM based on reverse IMD for PC1.5 UL-MIMO.
2. Measurement assumptions for MPR
The following measurement assumptions for MPR have been captured in [1].· Antenna isolation of 10 dB
· Post PA loss of 4 dB
· Two 26 dBm Tx chains (NR)
· Equal Power on both transmit chains
· Various channel and allocation BWs, with focus on “worst case” allocations
· RB size, allocation position, waveform, and modulation should be the same between two transmitters
· Results for both CP-OFDM and DFT-S-OFDM are welcome, with the priority being CP-OFDM because it is expected to be worst case
· Determine back-off required to meet OOBE, ACLR and EVM specifications
· Goal is to take data from multiple sources and define A-MPR curves for PC1.5 UL MIMO and Transmit diversity accommodating different implementations

3. Measurement results
We’ve been trying to measure EVM in UL MIMO operation between two n41 PAs and it is very challenging to do EVM measurements. Instead of doing EVM measurements, we have adopted a method in [2] to check MPR and EVM in UL-MIMO for PC1.5. Basically, fFixed 10dB antenna isolation is used and equal power back-off is applied to each RAT for thisour EVM measurement [2]. Our initial EVM measurement results for PC1.5 UL-MIMO are provided in this section. Additionally, we did some EVM measurements for PC2 and PC3 UL-MIMO.
Observation 1: It is very challenging to do EVM measurement in UL-MIMO for PC1.5 and we need to further verify MPR in real EVM measurement.

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (270RB@0)
	Inner RB allocations (135RB@67)

	DFT-s-OFDM
	Pi/2 BPSK [30%]
	-
	+ 0.75
	+ 0.65

	
	QPSK [17.5%]
	-
	+ 0.65
	+ 1.18

	
	16 QAM [12.5%]
	-
	+ 0.5
	+ 0.26

	
	64 QAM [8%]
	+ 0.37
	+ 0.97
	+ 0.48

	
	256 QAM [3.5%]
	-
	+ 0.62
	+ 0.56


Table 1 PC1.5 EVM measurement results of DFT-s-OFDM by using 3GPP MPR (Table 6.2.2-2)

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (273RB@0)
	Inner RB allocations (137RB@68)

	CP-OFDM
	QPSK [17.5%]
	-
	+ 0.14
	+ 1.93

	
	16 QAM [12.5%]
	-
	+ 0.5
	+ 1.08

	
	64 QAM [8%]
	+ 0.39
	+ 0.73
	+ 1.18

	
	256 QAM [3.5%]
	-
	+ 0.29
	+ 0.59


Table 2 PC1.5 EVM measurement results of CP-OFDM by using 3GPP MPR (Table 6.2.2-2)

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0) 
	Outer RB allocations (270RB@0) 
	Inner RB allocations (135RB@67)

	DFT-s-OFDM
	Pi/2 BPSK [30%]
	-
	+ 0.07
	+ 0.33

	
	QPSK [17.5%]
	-
	-
	+ 0.41

	
	16 QAM [12.5%]
	-
	-
	-

	
	64 QAM [8%]
	-
	-
	-

	
	256 QAM [3.5%]
	-
	+ 0.24
	+ 0.03


Table 3 PC1.5 EVM measurement results of DFT-s-OFDM by using 3GPP MPR (Table 6.2.2-2) with additional MPR relaxation values

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (273RB@0)
	Inner RB allocations (137RB@68)

	CP-OFDM
	QPSK [17.5%]
	-
	-
	-

	
	16 QAM [12.5%]
	-
	+ 0.1
	+ 0.09

	
	64 QAM [8%]
	-
	-
	-

	
	256 QAM [3.5%]
	-
	+ 0.19
	+ 0.08


Table 4 PC1.5 EVM measurement results of CP-OFDM by using 3GPP MPR (Table 6.2.2-2) with additional MPR relaxation values

Observation 2: Our initial EVM measurements for PC1.5 can be found in Table 1, 2, 3, and 4.
Observation 3: For all RB allocations (edge, outer, and inner), EVM has been considered and one of main observations has been found that there is impact of EVM to all RB allocations (edge, outer, and inner).
Proposal 1: Additional MPR relaxation values due to EVM should be considered for all RB allocations (edge, outer, and inner) for PC1.5 UL-MIMO.
Observation 4: There are also other limitations (ACLR, OOBE, and SEM) to be accounted for additional MPR relaxation.
	　
	Total Relaxation

	Edge RB allocations
	3dB

	Inner RB allocations
	2dB

	Outer RB allocations
	3dB



Table 5 Additional MPR relaxation values due to EVM, ACLR, OOBE, and SEM for PC1.5 UL-MIMO

Proposal 2: Based on the observation 1 and 2, it is proposed to take Table 6 as MPR for PC1.5 UL-MIMO.

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 

	Pi/2 BPSK
	≤ 6.5
	≤ 3.5 
	2

	
	QPSK
	≤ 6.5
	≤ 4
	2

	
	16 QAM
	≤ 6.5
	≤ 5
	≤ 3

	
	64 QAM
	≤ 6.5
	≤ 5.5

	
	256 QAM
	≤ 7.5

	CP-OFDM 

	QPSK
	≤ 6.5
	≤ 6
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 6
	≤ 4

	
	64 QAM
	≤ 6.5

	
	256 QAM
	≤ 9.5


Table 6 Proposed MPR for PC1.5 UL-MIMO

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (270RB@0)
	Inner RB allocations (135RB@67)

	DFT-s-OFDM
	Pi/2 BPSK [30%]
	-
	+ 0.42
	+ 0.2

	
	QPSK [17.5%]
	-
	+ 0.13
	+ 0.24

	
	16 QAM [12.5%]
	-
	+ 0.61
	+ 0.05

	
	64 QAM [8%]
	+ 0.29
	+ 0.37
	+ 0.21

	
	256 QAM [3.5%]
	-
	+ 0.07
	+ 0.16


Table 7 PC2 EVM measurement results of DFT-s-OFDM by using 3GPP MPR (Table 6.2.2-2)

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (273RB@0)
	Inner RB allocations (137RB@68)

	CP-OFDM
	QPSK [17.5%]
	-
	+ 0.95
	+ 0.34

	
	16 QAM [12.5%]
	-
	+ 0.91
	+ 0.55

	
	64 QAM [8%]
	+ 0
	+ 0.84
	+ 0.39

	
	256 QAM [3.5%]
	-
	+ 0.02
	+ 0.37


Table 8 PC2 EVM measurement results of CP-OFDM by using 3GPP MPR (Table 6.2.2-2)

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (270RB@0)
	Inner RB allocations (135RB@67)

	DFT-s-OFDM
	Pi/2 BPSK [30%]
	-
	+ 0.1
	0

	
	QPSK [17.5%]
	-
	-
	0

	
	16 QAM [12.5%]
	-
	-
	0

	
	64 QAM [8%]
	+ 0.04
	+ 0.09
	+ 0.22

	
	256 QAM [3.5%]
	-
	0
	+ 0.04


Table 9 PC2 EVM measurement results of DFT-s-OFDM by using 3GPP MPR (Table 6.2.2-2) with additional MPR relaxation values

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0) 
	Outer RB allocations (273RB@0) 
	Inner RB allocations (137RB@68) 

	CP-OFDM
	QPSK [17.5%]
	-
	+ 0.2
	0

	
	16 QAM [12.5%]
	-
	0
	0

	
	64 QAM [8%]
	+ 0
	+ 0.23
	0

	
	256 QAM [3.5%]
	-
	0
	0


Table 10 PC2 EVM measurement results of CP-OFDM by using 3GPP MPR (Table 6.2.2-2) with additional MPR relaxation values

Observation 5: Our initial EVM measurements for PC2 can be found in Table 7, 8, 9, and 10.

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (270RB@0)
	Inner RB allocations (135RB@67)

	DFT-s-OFDM
	Pi/2 BPSK [30%]
	-
	+ 0.15
	+ 0.31

	
	QPSK [17.5%]
	-
	+ 0.09
	+ 0.12

	
	16 QAM [12.5%]
	-
	+ 0.23
	+ 0.2

	
	64 QAM [8%]
	+ 0.23
	+ 0.19
	+ 0.17

	
	256 QAM [3.5%]
	-
	0
	+ 0.24


Table 11 PC3 EVM measurement results of DFT-s-OFDM by using 3GPP MPR (Table 6.2.2-1)

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (273RB@0)
	Inner RB allocations (137RB@68)

	CP-OFDM
	QPSK [17.5%]
	-
	+ 0.03
	+ 0.3

	
	16 QAM [12.5%]
	-
	+ 0.72
	+ 0.54

	
	64 QAM [8%]
	0
	0
	+ 0.73

	
	256 QAM [3.5%]
	-
	+ 0.07
	+ 0.08


Table 12 PC3 EVM measurement results of CP-OFDM by using 3GPP MPR (Table 6.2.2-1)

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0)
	Outer RB allocations (270RB@0) 
	Inner RB allocations (135RB@67) 

	DFT-s-OFDM
	Pi/2 BPSK [30%]
	-
	+ 0.03
	0

	
	QPSK [17.5%]
	-
	0
	0

	
	16 QAM [12.5%]
	-
	0
	+ 0.11

	
	64 QAM [8%]
	0
	+ 0.09
	+ 0.07

	
	256 QAM [3.5%]
	-
	0
	+ 0.03


Table 13 PC3 EVM measurement results of DFT-s-OFDM by using 3GPP MPR (Table 6.2.2-1) with additional MPR relaxation values

	Modulation
	Increased EVM due to RIMD3 [%]

	
	Edge RB allocations (1RB@0) 
	Outer RB allocations (273RB@0) 
	Inner RB allocations (137RB@68) 

	CP-OFDM
	QPSK [17.5%]
	-
	0
	0

	
	16 QAM [12.5%]
	-
	+ 0.56
	+ 0.1

	
	64 QAM [8%]
	0
	0
	+ 0.17

	
	256 QAM [3.5%]
	-
	0
	+ 0.1


Table 14 PC3 EVM measurement results of CP-OFDM by using 3GPP MPR (Table 6.2.2-1) with additional MPR relaxation values

Observation 6: Our initial EVM measurements for PC3 can be found in Table 11, 12, 13, and 14.
Observation 7: Based on our EVM measurement results for PC2 and PC3 UL-MIMO, additional relaxation is needed due to EVM.
Proposal 3: RAN4 needs to further verify whether the additional relaxation due to EVM based on RIMD is needed or not for PC3 and PC2 UL-MIMO.
Still, there is on-going discussion about the emission requirements of UL-MIMO in Rel-15 and Rel-16 and the requirements can possibly be changed in RAN4#95-e or future meetings. Therefore, the current UL-MIMO requirements have been used for our MPR measurement and additional relaxation could be considered with tightened emission requirements of UL-MMIO in the future.
Observation 8: The current UL-MIMO requirements have been used for our MPR measurement.
Proposal 4: If there is a change for the emission requirements of UL-MIMO in Rel-15 and Rel-16, then RAN4 should verify whether additional relaxation for MPR is needed or not.

Table 1. A result of MPR and EVM based on measured RIMD
[bookmark: _GoBack]Since we are still gathering data, Table 1 will be added after our analysis is done.
4. Conclusion
Observation 1: It is very challenging to do EVM measurement in UL-MIMO for PC1.5 and we need to further verify MPR in real EVM measurement.
Observation 2: Our initial final analysis of MPR and EVM measurements for PC1.5 based on measured RIMD can be found in Table 1, 2, 3, and 4.
Observation 3: For all RB allocations (edge, outer, and inner), EVM has been considered and one of main observations has been found that there is impact of EVM to all RB allocations (edge, outer, and inner).
Observation 4: There are also other limitations (ACLR, OOBE, and SEM) to be accounted for additional MPR relaxation.
Observation 5: Our initial EVM measurements for PC2 can be found in Table 7, 8, 9, and 10.
Observation 6: Our initial EVM measurements for PC3 can be found in Table 11, 12, 13, and 14.
Observation 7: Based on our EVM measurement results for PC2 and PC3 UL-MIMO, additional relaxation is needed due to EVM.
Observation 8: The current UL-MIMO requirements have been used for our MPR measurement.
Proposal 1: Additional MPR relaxation values due to EVM should be considered for all RB allocations (edge, outer, and inner) for PC1.5 UL-MIMO.
Proposal 2: Based on the observation 1 and 2, it is proposed to take Table 6 as MPR for PC1.5 UL-MIMO.
Proposal 3: RAN4 needs to further verify whether the additional relaxation due to EVM based on RIMD is needed or not for PC3 and PC2 UL-MIMO.
Proposal 4: If there is a change for the emission requirements of UL-MIMO in Rel-15 and Rel-16, then RAN4 should verify whether additional relaxation for MPR is needed or not.
Reference
[1] R4-2005190, “Way Forward on MPR for PC1.5 UL MIMO and Tx div,” T-Mobile USA
[2] R4-2001547, “[29dBm] EVM Impact of Reverse IMD3 on UL MIMO modulation order capability,” Skyworks
