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1.
Introduction
TX EVM for UL MIMO is specified as measured separately for each port when UE is configured with 2-layer transmissions. This creates a problem by imposing a requirement for the UE implementation that is not justified by system needs.  
This paper is resubmission of [3]. A proper discussion did not happen in RAN4#92 since the TX diversity discussion took most of the attention. UL MIMO TX EVM is separate issue since it is tested with two layers and two logical antenna ports and all the noted comments were positive, mostly just discussing issue from BS perspective and proposed change is UE requirement change. 
2. 
Discussion
The requirement as written in 6.4D.2.2 of 38.101-1 is as follows:
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2-1 which is defined in subclause 6.4.2.2 apply at each transmit antenna connector. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. 

Configuration referred in the last sentence is TPMI index 0 of the 2-layer table which means 1/SQRT(2)  [1 0, 0 1]T . In a live operation, UE is equipped with antennas that have finite coupling between each other. In MSD calculations 3GPP default antenna coupling between main and diversity antenna has been 10 or some more rare cases 15 dB. For BS receiver this is not a problem since it can cancel the finite layer isolation as part of channel equalizing process. 
Observation 1: UL MIMO in a network can manage finite antenna isolation in the UE

In conformance test, EVM is measured from each antenna connector separately. If there were a finite coupling between the antennae, EVM test done like this would fail since the other layer would be interference for the layer under test. This assumes layers are mapped to physical antenna connectors. In practice, there is a coupling between the two branches through many routes such as PA pin to pin coupling, trace coupling and antenna connectors themselves. This coupling will cause EVM to fail in some cases. Below is a budget for 256 QAM UL EVM from [1] appended with finite isolation. 
Table 1 EVM budget when PCB isolation is 60 dB and antenna connector isolation is 35 dB. 

	Non-linearity source
	256QAM
	 
	 

	
	%
	C/N
	 
	 

	PA
	1.50%
	36.5
	 
	 

	Transmitter nonlinearity
	1.34%
	37.4
	 
	 

	LO Phase noise
	1.78%
	35.0
	 
	 

	IQ Image
	2.24%
	33.0
	 
	 

	 
	 
	 
	 
	 

	Pout per PA
	 
	 
	20
	dBm

	PA output power at the input of victim PA
	 
	
	-40
	dBm

	PA Gain 
	 
	 
	20
	dB

	Interference from PA1 output to PA2 input
	1.00%
	40
	 
	 

	PA output at the victim output
	 
	 
	-15
	 

	Interference from PA1 input to PA2 input
	1.78%
	35
	 
	 

	 
	 
	 
	 
	 

	Transmitter total
	4.05%
	27.9
	 
	 


Table 1 shows how EVM would fail with antenna connector isolation of 35 dB. This puts new requirements for the implementation just because of this test since in the conformance test antennas are detached so this antenna isolation originated interference is not present and EVM is deteriorated by underlying coupling which are not a problem in real network operation. Our proposal is to change the requirement definition so that it allows for realistic implementations. The needed change is one of the following: 

1) Change the description so that each layer is tested separately not from each connector.
2) Configure UE for 1-layer at a time 

Other possibilities is to relax EVM requirement for UL MIMO or then not test EVM for UL MIMO and higher order modulations, 64 or 256 QAM but these are not our preference since they imply these features are not supported.
In 1) layers are separated in the TE and possible couplings are accounted for. In last meeting some infra vendor claimed that this would not be realistic scenario since BS receiver can not cancel the PCB originated inter-layer interference but this is not true and none of the BS vendor provide any analysis to support the claim even last meeting was the second meeting this was discussed. For BE receiver to receive 2-layer signal it needs to find inverse of the channel matrix. If received signal is y and transmitted signal is x:

[ y1;   =    [ A    B;   *   [x1;

     y2]           C    D]        x2];

2-layer MIMO reception can be supported if channel matrix [ A B; C D] is invertible and receiver has to have means to find the inverse matrix. In does not matter what is the origin of the inter-channel interference i.e. the coefficients in the matrix. Therefore, BS receiver cancel for the UE internally originated coupling and the test method 1) is valid as proposed in [2]. 

The method 2) is equally applicable and the problem is solved. We have provided a CR for this change in [4]. 
Conclusion
We discussed the unnecessarily stringent requirement set by the test condition for TX EVM for UL MIMO and presented a way to change the requirements to solve the problem.
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