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1. Introduction
In this contribution, we have identified a potential conflict between the core requirement for REFSENS (peak EIS) and the metric used for OTA EIS verification. 
We propose a revised EIS metric for OTA measurement.
2. Discussion

For FR2, EIS is used to quantify the field-strength for which a certain link quality metric, like throughput or BLER is met. Once deployed, the incident field on the UE can be aligned in any direction. i.e polarization can take on any random angle, relative to the UE. It hence follows that the EIS requirement along any link angle direction needs to be polarization agnostic. 

Observation 1: EIS requirement along any link angle direction needs to be polarization agnostic.
At any given test link angle, a UE’s EIS can take on different values as a function of incident DL polarization, based on UE implementation. 
Question: How to assign an EIS value to a UE along a test direction, based on its EIS performance over all DL polarizations in that test direction?

The EIS metric chosen would ideally capture the range of EIS values in some form. In subsections below, we take a deeper look into possible UE EIS behaviour, and how EIS should be reported in context of testability.
EIS by polarization and UE Implementation

UE implementations may favour EIS for one incident polarization over another. To illustrate this point, we studied some reference receiver implementations, summarized in Table 2.1-1. The receivers were assumed to have ideal MRC combining across polarizations. EIS estimation assumed single-layer, linearly polarized DL signal. Other assumptions include similar spherical coverage for each receive polarization, and EIS is randomly chosen as -84dBm for a receiver with XdB noise figure.
	Reference UE Characteristic
	UE1
	UE2
	UE3

	Number of receivers, assuming one receiver per UE polarization axis
	2
	1
	2

	NFH
	X
	X
	X

	NFV
	X+3.0
	Receiver Not Present along V
	X


Table 2.1-1: EIS for example UEs 

We now present calculated EIS performance as a function of polarization angle along some random link angle, for different UE implementations. Figure 2-1 shows EIS as a function of polarization for a UE with a dual-pol MRC-combined receiver, and NFs that differ by 3dB along its two polarization axes (‘UE1’). 
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Figure 2-1: UE1 example EIS (dual-pol asymmetric receiver)
Figure 2-2 shows another example UE that has a single polarization receiver (‘UE2’). As expected, it has a strong preferred direction for best EIS, and poor performance in polarization direction orthogonal to that of best EIS.
[image: image2.emf]0

30

60

90

120

150

180

210

240

270

300

330

-84

-82

-80

-78

-76

EIS by Polarization


Figure 2-2: UE2 Example EIS (single pol receiver)
Figure 2-3 shows EIS distribution of a UE with a dual-pol MRC-combined receiver, and equal NFs along its two polarization axes (‘UE3’). As expected this UE is polarization agnostic.
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Figure 2-3: UE3 Example EIS (symmetric dual pol receiver)

It is useful to evaluate potential EIS metrics for these reference UEs.
EIS Metrics

EIST metric

There was agreement through [1] on the how EIS would be quantified at any field point:


[image: image4]
In this agreement, EIS is sampled in two mutually orthogonal directions, and an LTE-era formula TR37.544 is deployed to determine the EIS metric. While this method is good because it tries to consider performance in multiple polarizations, it has some limitations in an FR2 context. EIST is evaluated for the 3 reference UEs in Table 2.2-1. For the sake of this example, the DL 𝚹 axis is assumed to be aligned with UE H and DL 𝚽 with UE V in the polar plots:
	
	UE1
	UE2
	UE3

	EIS𝚹
	-84.0
	-84.0
	-84.0

	EIS𝚽
	-81.0
	inf
	-84.0

	EIST
	-85.8
	-84.0
	-87.0


Table 2.2-1: EIS for example UEs 
Observation 2: For UE1, the EIST is better than the EIS in its best direction.
Observation 3: UE2 gets no demerit for poor ‘polar-coverage’ of EIS

Observation 4: The composite EIS for UE3 is reported 3dB better than the EIS in any direction.

The observations above demonstrate that the EIST metric reports EIS incorrectly and optimistically, by assuming varying amounts of ‘polarization gain’. This polarization gain, which is added in post-processing by the EIST metric, does not have a physical basis in FR2 EIS. RAN4 EIS budgets already assume MRC combining across receiver polarizations, and is factored into the projected EIS𝚹 and EIS𝚽 numbers.
Observation 5: EIST reports EIS incorrectly and optimistically.

EISMAX, An Alternative EIS Metric 
From a network planning perspective, a guaranteed EIS value along any link angle is more valuable than a potential EIS value if the UE were confined to certain ‘optimal twist’ orientations. It follows then, that EIS for any link angle should be reported as the worst (maximum) EIS over all potential DL polarization angles. This type of reporting guarantees EIS performance for each link angle, without caveats and riders about UE polarization orientation (twist). 
EISMAX = MAXpolarization(EIS)
The EISMAX metric is added to EIS table 2.2-1 to illustrate the differences, see table 2.3-1.
	
	UE1
	UE2
	UE3

	EIS𝚹
	-84.0
	-84.0
	-84.0

	EIS𝚽
	-81.0
	inf
	-84.0

	EIST
	-85.8
	-84.0
	-87.0

	EISMAX
	-81.0
	Inf
	-84.0


Table 2.3-1: EIS for example UEs 

Observation 6: From a network planning perspective, EIS at any link angle should be reported as the worst EIS for that link angle over all DL polarization angles

There is however a test time concern with a thorough approach to sampling EIS in all DL polarizations for each link angle. 
Observation 7: EISMAX of proposal 1 requires lengthy test times that may render it impractical for testing spherical coverage.

EISM as a Metric

Considering observation 7, a testability compromise on EISMAX could be to test in only two mutually orthogonal DL polarization directions, rather than all DL polarizations. To borrow terminology from the EIST method, the proposed metric ‘EISM’ would rely on two mutually orthogonal DL polarizations, 𝚹 and 𝚽.
EISM = MAX ( EIS𝚹 , EIS𝚽)
This method approaches EIST in terms of test time. The disadvantage of this method is plainly obvious due to drastically reduced spatial sampling frequency: The captured EIS values will be a function of both, how the two DL test polarizations arrive relative to the receiver’s polarization axes, and any receiver asymmetry the UE may have. Table 2.4.1-1 shows EISM for two cases: 1. with UE H axis aligned with the DL 𝚹 polarization, and 2. with UE H axis skewed 45degrees from the DL 𝚹 polarization. 
	
	UE1
	UE2
	UE3

	EIS𝚹
	-84.0
	-84.0
	-84.0

	EIS𝚽
	-81.0
	inf
	-84.0

	EIST
	-85.8
	-84.0
	-87.0

	EISMAX
	-81.0
	Inf
	-84.0

	EISM (case 1)
	-81.0
	Inf
	-84.0

	EISM (case 2)
	-82.8
	-81
	-84.0


Table 2.3-1: EISM can show large variation for example UEs 

Observation 8: EISM of proposal 2 can be a strong function of relative orientations of the test DL polarizations, and the UE’s own polarization axes. This can lead to large variation in test results of some types of UE implementations, because tests do not regulate relative orientation of polarization axes of UE and DL signal respectively.
EIST (modified) as a Metric

Another avenue to a test-friendly EIS metric is to modify EIST. We noted earlier that the original EIST metric accords the UE with a post-processing ‘polarization gain’. The polarization gain is never lower than 3dB, relative to the EIS in the least favourable polarization angle. This fact can be verified for Table 2.3-1 by comparing rows corresponding to EISMAX and EIST. EIST could however be reused as the EIS metric by subtracting this minimum amount of post processing gain (3dB)
(modified) EIST = 2*[1/EIS +1/EIS]-1
This method retains the EIST metric’s sensitivity to relative orientations of the test DL polarizations, and the UE’s own polarization axes. The uncertainty due to misalignment is smaller than that faced by EISM, however, which may be preferable from a practical stand point. Additionally, this metric penalizes single pol receivers only mildly, compared to EISM.
Observation 8: The modified EIST above may be a practical metric for FR2 EIS.

We use observation 8 as a basis for our proposal

Proposal: The EIS requirement shall be verified with a modified EIST metric. 

(modified) EIST = 2*[1/EIS +1/EIS]-1
3. Conclusion
In FR2, we show that the EIST metric does not capture EIS correctly due to an effective polarization gain in post processing without a physical basis. 
From a network planning standpoint, we propose that the EIS value for each link angle should be representative of the minimum EIS performance in that link angle.i.e, EIS at any link angle should be reported as the worst EIS for that link angle over all DL polarization angles.
We however recognize testability considerations and propose a couple of ‘lighter’ EIS metrics, ‘EISM’ and a modified ‘EIST’. After discussion of the candidate metrics, we propose the modified EIST metric for EIS reporting:

Proposal: The EIS requirement shall be verified with a modified EIST metric. 

(modified) EIST = 2*[1/EIS +1/EIS]-1
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Establish a connection between the UE placed at the centre of the quiet zone and the gNB emulator with the downlink signal applied to the -polarization of the measurement&link antenna


Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction, i.e, UE and measurement antenna have angular relationship to each other of (RXpeak,TRXpeak,T)


Determine EIS for -polarization, i.e., the power level for the -polarization at which the throughput exceeds the requirements for the specified reference measurement channel


Switch the downlink to the -polarization of the measurement&link antenna


Determine EIS for -polarization, i.e., the power level for the -polarization at which the throughput exceeds the requirements for the specified reference measurement channel


Calculate the resulting EIS for the total component �EIST=[1/EIS +1/EIS]-1


Determine whether REFSENS meets/exceeds EIST
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