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1
Introduction
In “WF on FR2 test methodology enhancement” [1], one of objectives is “Objective 2: EIRP measurement”. Furthermore, an informal email discussion and offline conference call meeting were arranged before RAN4#94-e (Feb, 2020).

In this paper, we further share our view and proposal after prior progresses.

2
Discussion

 “UE maximum output power test” shall capture the real maximum output power of the UE, not only for Min requirement (“Min peak EIRP” & “Min spherical EIRP”; lower bound) judgement, but also for Max requirement (“Max TRP” & “Max EIRP”; upper bound) judgement. Hence, how to make the test procedure can well capture the UE real possible maximum output power is important for MOP relative tests.
8 enhancement methods were proposed by companies in RAN4#93. We classify these 8 methods to 5 method types and add short description based on our understanding for reference, as Table 1.

	method
	source
	method type
	description

	1
	R4-1913674
	(1) H & V simultaneous operation
	H&V simultaneous operation with 2-port CSI-RS beam management by TE

	2
	R4-1913674
	(2) Test Procedure
	Keep H&V non-simultaneous operation by TE, but change test procedure to Link_V → Link_H → UE_Beam_Lock → Measurement_V → Measurement_H

	3
	R4-1913674
	(3) Polarization sweep
	H&V non-simultaneous operation by TE with additional 45 deg link

	4
	R4-1913960
	
	Different approach for calculating total EIRP 

	5
	R4-1911503
	
	Polarization sweep of the DL signal

	6
	R4-1911503
	(4) Circular/Elliptical polarization (CP/EP)
	The use of CP for the DL signal and UL signal measurement 

	8
	R4-1914795
	
	The use of Elliptical Polarization (EP) for the DL

	7
	R4-1916177
	(5) Test mode
	Test mode for certification purpose to force the UE to transmit on both polarizations


Table 1. Prior proposals from companies for EIRP test enhancement
After the informal email discussion and offline conference call meeting before RAN4#94-e, we further propose our ideas for EIRP enhancement as below.
In real network deployment, both “2-port CSI-RS beam management” and “TPMI (Transmitted Precoding Matrix Indicator)” may be applied. Hence, both of the mechanisms shall be included in test procedure to guarantee the real possible maximum output power of the UE can be well captured for both “Min & Max EIRP” requirement compliance judgements.

Proposal1: 2-port CSI-RS shall be provided in EIRP test procedure.

There are different Pros/Cons from facility complexity and test time perspectives between apply simultaneous or sequent 2-port CSI-RS, as Table 2. Moreover, either one doesn’t have impact on test result actually. Hence, either simultaneous or sequent 2-port CSI-RS is acceptable.
	2-port CSI-RS
	facility complexity
	test time

	simultaneous
	more complex
	better (shorter)

	sequent
	simpler
	worse (longer)


Table 2. Pros and Cons of simultaneous and sequent 2-port CSI-RS
Proposal2: 2-port CSI-RS can be simultaneous or sequent.

Moreover, compared to just use dummy TPMI to trigger UE 2-polarizations, practical TPMI that reflects real channel situation is more promising. 
Proposal3: Practical TPMI shall be provided in EIRP test procedure.

3
Technical judgement: the issue if without 2-port CSI-RS
As illustration in Fig 1, gNB would have dual-polarization antenna array, and has capability to transmit DL signals to UE simultaneously.
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Fig 1. gNB would have dual-polarization antenna array, and has capability

to transmit DL signal to UE simultaneously.

The channel model between UE and gNB can be lumped as below H matrix:
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Noted that, the practical channel model components for “UE and gNB H-pol (hvh, hhh)” and “UE and gNB V-pol (hvv, hhv)” are not the same; hence, 1-port CSI-RS information is not enough for UE to decide the best beamforming setting. In short, it means that the measured UE EIRP would be underestimated.

4
Technical judgement: the issue if without practical TPMI

For a practical dual-polarization antenna array design, the two polarizations wouldn’t be perfect orthogonal. It also means that one of polarizations would actually have higher EIRP because of higher antenna array gain. However, if test facility doesn’t provide practical TPMI information, UE would only apply conservative mechanism during test to make the two polarization signals can at least be sum-up to avoid out-of-phase situation. It means that the measured EIRP will be less than practical UE achievable EIRP in this case. The situation will be more extreme if we further consider single-pol antenna array for 2-layer application.

The two examples are summarized in Table 3 for reference. In short, it means that the measured UE EIRP would be underestimated, if practical TPMI is not provided in test procedure. 
	antenna array architecture 
for 2-layer application
examples
	antenna array gain of one polarization

	
	achievable performance 
in real field 
(with TPMI)
(A)
	expected measured result
if w/o TPMI
(B)
	delta 
(B)-(A)
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this case. However, if TE only provides “1-port CSI-RS without DCI (download control
channel)” information, UE only can apply conservative mechanism to make sure the
two polarization at least can be sum-up like a orthogonal case. It means that the

measured array gain is less than practical array gain. We use single-polarization
antenna array (Fig2) to highlight the situation by Table 4. The difference between
practical hardware capability and measured result is much larger.
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Fig 1. Practical dual-pol 1x4 antenna array polarizations are not perfect orthogonal.
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	practical dual-pol 
1x4 antenna array
 (not perfect orthogonal)
	> 6 dB
	6 dB
	- TBD dB
(Case by case)
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	single-pol 
1x8 antenna array
	9 dB
	6 dB
	- 3 dB


Table 3. Examples about with and without TPMI
5
Conclusion
To well capture UE achievable performance in real filed for both “Min EIRP” and “Max EIRP” requirement compliance check. Three proposals are listed:
Proposal1: 2-port CSI-RS shall be provided in EIRP test procedure.
Proposal2: 2-port CSI-RS can be simultaneous or sequent.

Proposal3: Practical TPMI shall be provided in EIRP test procedure.
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