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1.	Introduction
Discussions on a clarification of the EVM measurement condition for UL-MIMO are continued from last year [1] and several contributions were provided since then (e.g. [2]-[6]). However looking at discussions in the last #95-e meeting [7], there are occasions where it is questionable that companies are aligned with assumptions of the words “per layer/ each layer/ each connector” with regards to a reference point for EVM calculation, variety of codebook, number of layers to be measured simultaneously, and mapping of logical antenna port and physical antenna connector. 
In this contribution we discuss a necessity of the common assumption in the group with factors above. We also introduce our view on the reference point of EVM calculation in FR2 from a viewpoint of the antenna XPD in the OTA test system for information.      

2.	Discussion
2.1 Assumptions need to be aligned within the group
 As mentioned above, there are cases that we face a difficulty in judging assumptions with regards to following conditions when we read descriptions for EVM measurement in the existing specifications, CRs and discussion papers even with the case in which the same word “layer” is used
· Reference point of EVM calculation 
· Number of configured layers for test/ Codebook
· Number of layers to be measured simultaneously
· Mapping between logical antenna port and physical antenna connector
For example it was unclear with the CR (R4-2006777) [3] whether the proposed changes were trying to define same configuration so called alternative UL MIMO configuration for FR2 EVM measurement case, or to define a different method to cancel the influence of impairments from RF front end circuit also with different reference point for EVM calculation. To avoid unnecessary confusion in the group, creating a common assumption is preferred.
Observation 1: There is a concern that companies are not aligned with assumptions of the words “per layer/ each layer/ each connector” with regards to a reference point for EVM calculation, variety of codebook to be applied, number of layers to be measured simultaneously, and mapping of logical antenna port and physical antenna connector.
Proposal 1: Align an assumption of EVM measurement for UL-MIMO in a group 
Proposal 2: Clarify assumptions in TS38.101-x from viewpoints of a reference point of EVM calculation, number of configured layers for test, numbers of layers to be measured simultaneously and mapping between logical antenna port and physical antenna connector once the consensus has been created in the group.
 Apart from the mapping between logical antenna port and physical antenna connector, Table 2.1-1 shows our understanding on the EVM measurement conditions for UL-MIMO. Also a diagram to show reference points for EVM measurements is shown in Figure 2.1-1.
Table 2.1-1: Anritsu’s assumption on the EVM measurement conditions for UL-MIMO
	Method
	Type of EVM measurement 
	Reference point for EVM calculation
	Num. of configured layers for test
	Other measurement conditions / remarks
	Related paper/ Specs

	1
	Definition of current FR1 EVM spec for MIMO.
	UE antenna connector
	2
	EVM of two layers are measured simultaneously. UE RF front end impairments are included in the calculated EVM. 
	TS38.101-1 [10]

	2
	New proposal of EVM test for each layer 
	Layer / UE antenna port
	2
	EVM of two layers are measured simultaneously by MIMO receiver in the TE. UE RF front end impairments are cancelled by estimating unbiased symbols which are derived utilizing DM-RS.
	[4][6][8]
Not clear if [3] applies.

	3
	Similar definition with current FR2 EVM spec. for MIMO
	UE antenna connector
	1
	Test is carried out in series by configuring each layer separately. 
UE RF front end impairments are included in the calculated EVM.
	TS38.101-2 [11]
[5] with a compromise.
Not clear if [3] applies.
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Figure 2.1-1: Reference points for FR1/2 EVM measurements

2.2 Mapping between logical antenna port and physical antenna connector
 Next we discuss the mapping between logical antenna port and physical antenna connector. As agreed in the previous WF [9], the latest assumption of maximum number of Tx antenna connectors is 2 while we allow the Tx diversity feature implemented in a UE. Therefore we assume that the mapping of logical antenna port and physical antenna connector is 1:1 during the MIMO operation and each layer is transmitted from one associated antenna connector. 
Observation 2: We assume that the mapping of logical antenna port and physical antenna connector in a UE is fixed 1:1 during the MIMO operation 

2.3 Consideration on an impairment of FR2 OTA test system when we measure two layers simultaneously
As can be seen in the Table 2.1-1, Method 3 is the current definition of EVM measurement condition for UL-MIMO in FR2, which we measure the EVM of UE by configuring only one layer during the test. This method was chosen as alternative UL MIMO configuration since the current FR2 OTA test system does not equip a feature to measure both horizontal and vertical polarization signals simultaneously. However final goal of the conformance test in FR2 is to measure two MIMO layers simultaneously because it represents the actual MIMO transmission condition in the field. 
 Now we notice an impairment of FR2 OTA test system when we measure two layers simultaneously at the UE antenna as the reference point to measure EVM. When we calculate the EVM based on the obtained data at the UE antenna as the reference point, the measured EVM includes all the RF impairments of UE RF front end circuit (e.g. cross talk of UE antennas, interference between PAs, etc.) and also the characteristics of RF paths in the test equipment. Then since the current common assumption of the XPD with FR2 test antenna is -25 dB, there is a cross talk between vertical and horizontal antenna. And this means that measurement result of EVM includes approximately 5.6% (= 100* 10^(-25/20)) of deterioration with the current FR2 OTA test system while two layers transmitted simultaneously. 
Observation 3: Calculated EVM at the UE antenna as a reference point includes at least 5.6% impairments of measurement antenna caused by XPD in FR2 OTA test system. 
Considering the required EVM for 256QAM, which is approximately 3% or less, the 5.6% of impairment by FR2 measurement antenna is not acceptable for the EVM test in a case of higher modulation and thus it is not appropriate to define UE antenna as the reference point when we measure 2 layers simultaneously. Then the remaining reference point would be the UE antenna port.
Observation 4: As a final goal of EVM measurement for 2-layer UL-MIMO, reference point of EVM calculation should be at UE antenna port when measuring 2 layers simultaneously.

3. Conclusion
In this contribution we discussed a necessity of the common assumption in the group with regards to the conditions to calculate EVM for UL-MIMO.
Observation 1: There is a concern that companies are not aligned with assumptions of the words “per layer/ each layer/ each connector” with regards to a reference point for EVM calculation, variety of codebook to be applied, number of layers to be measured simultaneously, and mapping of logical antenna port and physical antenna connector.
Proposal 1: Align an assumption of EVM measurement for UL-MIMO in a group 
Proposal 2: Clarify assumptions in TS38.101-x from viewpoints of a reference point of EVM calculation, number of configured layers for test, numbers of layers to be measured simultaneously and mapping between logical antenna port and physical antenna connector once the consensus has been created in the group.
Observation 2: We assume that the mapping of logical antenna port and physical antenna connector in a UE is fixed 1:1 during the MIMO operation 
Observation 3: Calculated EVM at the UE antenna as a reference point includes at least 5.6% impairments of measurement antenna caused by XPD in FR2 OTA test system. 
Observation 4: As a final goal of EVM measurement for 2-layer UL-MIMO, reference point of EVM calculation should be at UE antenna port when measuring 2 layers simultaneously.
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