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1 Introduction
mmWave UE REFSENS requirement defined at peak EIS beam direction has been tentatively agreed in last RAN4 meeting [1]. One remaining concern is whether the EIS CDF similar to EIRP CDF should also be captured to ensure receiver spatial coverage as collecting EIS CDF is a relatively time-consuming test process. While there were different views on the necessity of taking EIS CDF, it was generally consented that if transmit and receive beam reciprocity can be maintained, EIRP CDF shall also represent the EIS spherical coverage. In his contribution, we would like to share our view on EIS versus EIRP spherical coverage and propose that beam reciprocity should be guaranteed by UE design which would be indirectly verified in EIRP CDF measurement.

2 Discussion
The necessity of taking EIS CDF to ensure receiver spatial coverage has been rigorously discussed in last RAN4 meeting [1]. In [2] it was proposed that mmWave UE REFSENS defined at EIS peak gain direction should be sufficient and additional CDF points for spatial coverage are not needed as collecting EIS CDF is a relatively time-consuming test process, yet the spatial coverage can already be verified by EIRP CDF. However, the counter-argument was that if transmit and receive beam reciprocity could not be assured, EIRP CDF may not guarantee the EIS spherical coverage and therefore EIS CDF may still be needed.

Though the essential for beam reciprocity has been brought up in January NR#1 ad hoc meeting [3], the associated requirement and verification procedure has yet been defined. Nevertheless, it is our understanding that beam reciprocity should be guaranteed by UE design which can be indirectly verified in EIRP CDF measurement, as is elaborated below.

Figure 2-1 illustrates a conceptual EIRP/EIS test system where DUT is located at the center of a spherical chamber which can be freely rotated along the ( and  angles, and the test antenna is situated at a fixed center-top position of the chamber.
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Figure 2-1 A conceptual EIRP/EIS test system
In EIRP test, it is generally assumed that the tester would not feedback the measured EIRP power level to UE for it to adjust beam angles to maximize its directivity. Therefore, UE would only rely on its own receiver to measure the beam direction from tester (light-green beam in Figure 2-1) and use that information to direct its transmit beam (yellow beam in Figure 2-1) towards tester antenna. That being said, if UE beam reciprocity cannot be guaranteed by design, the measured EIRP performance likely would be worse than simulations where perfect or near perfect beam directivity had been assumed for all beam angles. Since UE power class and EIRP CDF requirements would basically be defined based on simulations, UE may fail the EIRP test if beam reciprocity cannot be assured.             

Observation 1: UE beam reciprocity is inherently required to meet the EIRP CDF requirement. 

Based on the above assessment, we can assert that EIS CDF is essentially not required to ensure receiver spatial coverage as it is already verified by EIRP CDF. For REFSENS and all blocking tests, the EIS peak gain direction can be obtained from EIRP CDF data as already recorded by the tester.

Observation 2: EIS CDF is essentially not required to ensure receiver spatial coverage as it is already verified by EIRP CDF.
Observation 3: For REFSENS and all blocking tests, the EIS peak gain direction can be obtained from EIRP CDF data as already recorded by the tester.       
While EIS CDF should be avoided to save substantial testing time, there might still be consideration to measure EIS at a lower EIRP CDF percentage point as a sanity check for spherical coverage. Our point is that this further test may not add much value from system link budget perspective as to our understanding the coverage range would mostly be limited by UL. Having REFSENS defined and tested at EIS peak gain direction should be sufficient as it is essentially to verify receiver’s noise figure.
Considering the above observations, this contribution is concluded with the following proposals:

Proposal 1: Beam reciprocity should be guaranteed by UE design which can be indirectly verified by EIRP CDF measurement.

Proposal 2: mmWave UE REFSENS is defined only at EIS peak gain direction without needing additional CDF percentage points for spatial coverage verification.   

3 Conclusion
In this contribution, we share our view on EIS versus EIRP spherical coverage and conclude with the following proposals: 
Proposal 1: Beam reciprocity should be guaranteed by UE design which can be verified by EIRP CDF measurement.

Proposal 2: mmWave UE REFSENS is defined only at EIS peak gain direction without needing additional CDF percentage points for spatial coverage verification.
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