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1. Introduction
In this contribution, we present Rx Beam data from a PC3 UE in the form of Rx spherical coverage statistics. We compare this data to EIRP spherical coverage statistics collected as part of a beam correspondence test methodology verification exercise. We use this comparison to examine the feasibility of using aspects of EIRP spherical coverage requirements for EIS. 
We also propose a framework for EIS spherical coverage requirement.
2. Discussion

Requirements for EIS spherical coverage for FR2 UEs have not yet been completed by RAN4. There was agreement in [1] that EIS spherical coverage requirement ‘for each power class shall be specified at the same statistically specified direction as EIRP, in addition to peak direction’. Here, ‘statistically specified direction’ refers to the point on the CDF curve where EIRP is specified, in addition to peak value. For brevity, we will refer to this point of specification on the CDF as the ‘spherical coverage point’, or SCP. For example, referring to the PC3 maximum power spec. (reproduced below) the SCP for PC3 EIRP is 50th%ile, and the EIRP requirement at the SCP is 11.5dBm in n261.
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Some companies have proposed reusing EIRP degradation allowance between peak and SCP as the EIS degradation from peak to SCP [2],[3]. One company proposed to loosen (increase) degradation allowance for EIS at SCP, compared to EIRP degradation from peak to SCP citing ‘form factor de-sense’ [4]. 
In this paper, we share UE level data Rx spherical coverage data. In a separate contribution [5], we examined beam correspondence verification methodology. Also included  in [5] are relevant UE details and test methodology. As in [5], the DL signal was linearly polarized. The test was performed twice, once each for two mutually orthogonal DL test polarizations, named ‘H’ and ‘V’. 

We overlaid CDFs of normalized spherical coverage data, which are reproduced here for convenience. 
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Figure 2-1: UE CDFs for BC Parameters, H and V pol DL respectively

One of the observations made in [5] is reproduced here:

Observation 1: Rx beams provide better spherical coverage than Tx beams.

The observation was made on the basis that RSRP coverage (orange) has a ‘tighter’ CDF than the CDF belonging to ‘Corresponding Tx Beams’ (blue). The degradation in Tx spherical coverage can be attributed to Tx beam distortion at extreme scan angles, and the PA’s sensitivity to mutual interaction with other members in the array. These mechanisms do not contribute significantly to Rx side beam distortion, which in turn results in better Rx spherical coverage.
EIS Spherical Coverage
We used SNR, measured after the ADC in the receiver chain of the UE as a stand-in for EIS. We normalized the post-processed SNR data by shifting it, so the peak SNR in our data set was set to 0dB. This choice of arbitrary shifting along the x-axis is useful only because it allows an SNR CDF shape comparison with normalized RSRP CDF. Figure 2.1-0 illustrates this overlay. 
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Figures 2.1-1: UE CDF Overlay of RSRP and SNR

The figures illustrate there is excellent shape agreement between SNR statistics and RSRP statistics, for modules with similar performance. Deviation from this similarity assumption is up to UE implementation, and is not precluded.
Observation 2: RSRP and SNR CDF curves are very similar in shape for a UE using modules with similar performance.

Combining Observations 2 with the fact that RSRP coverage is expected to be better than corresponding beam EIRP coverage (observation 1), it is easy to see that an EIRP CDF provides natural margin to the SNR CDF curve, when appropriately normalized to allow direct comparison. Owing to one-to-one relationship between SNR and EIS, we can extend this observation as follows:
Observation 3: A Normalized EIRP CDF provides natural margin to the normalized EIS CDF curve.

We hence propose that EIS degradation allowance at SCP be the same as EIRP degradation allowance at SCP.
Proposal 1: For FR2 UEs, EIS degradation allowance at SCP shall be the same as EIRP degradation allowance at SCP.
As in [5], a couple of notes on the data:

A quick note on the 0dB point: The CDFs do not extend to include the 0dB point due to the post processing step described in the methodology above – this peak direction error manifests itself when the set of grid points used for compiling statistics do not contain the peak direction for that parameter. While it is important to perform this step from a conformance point of view, in context of this exercise of comparing normalized CDF shapes, we leave it up to the reader to mentally fill in the CDFs to 0dB.

A second note, on the quality of spherical coverage – one may note that the 50%th ile coverage point shows higher drop than the standard allows. The DUT UE is currently limited to a subset of all its possible beams, and this spherical coverage shortfall was expected.
How to specify EIS Spherical Coverage

It is recognized there are varying views on how to specify EIS spherical coverage requirements in the core specification. One suggestion is to use CCDF, rather than CDF, and specify requirements at (1-SCP) on the CCDF. 
An alternative method is to calculate a new parameter Margin_To_REFSENS (‘MTR’ for brevity) based on a UE’s measured EIS data as:

MTR = REFSENS_requirement – measured_EIS_values

Where:

REFSENS_requirement = the reference sensitivity requirement as prescribed by the standard for the test condition (tables 7.3.2.x in TS38.101-2)

measured_EIS_values = Set of EIS values measured over the test sphere around a UE for the test condition

MTR is a data set that represents EIS performance, while also lending itself well to CDF analysis, by having stronger numbers at the top %iles, just like EIRP spherical coverage CDF. Note that MTR values can be positive for a given test direction if the UE exceeds REFSENS requirements in that direction. 
The MTR CDF can directly be overlaid on EIRP spherical coverage degradation allowance (which in turn, is merely EIRP spherical coverage normalized to peak EIRP requirement), as listed in table 2.1-1 above. Figures 2.2-1 show this overlay, for example a couple of hypothetical EIS data sets. In this overlay:

1. the blue crosses represent allowable EIS degradation determined per proposal 1. (shown for n261)
2. MTR CDF is plotted in orange from EIS data sets
3. normalized EIRP from corresponding beams is shown in blue and is provided for reference only. 

MTR CDF would have to lie to the right of the blue crosses for the UE to meet EIS spherical coverage requirement. MTR provides a good graphical representation of EIS spherical coverage, and how it relates to spec requirement.
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Figures 2.2-1: UE CDF Overlay of RSRP and SNR

We propose MTR be used to compile EIS CDF statistics, for convenient comparison to Tx side coverage requirements.

Proposal 2: MTR, as defined in the equation below, shall be used to quantify EIS performance for the purposes of compiling CDF statistics.
MTR = REFSENS_requirement – measured_EIS_values

Proposal for EIS Spherical Coverage Requirement Framework
We expand on our proposals by creating an EIS spherical coverage requirement for PC3, as a first example:

Note that in section 6.2.1.3 of TS38.101-2, the SCP is the 50%th ile point for PC3 and EIRP degradation allowance is as tabulated below in Table 2.3-1:

	 Operating band
	Allowable EIRP degradation between peak and SCP (dB)

	n257
	10.9

	n258
	10.9

	n260
	12.6

	n261
	10.0


Table 2.3-1: (Calculated) Allowable EIRP degradation between peak and SCP for PC3

EIS spherical coverage requirements for PC3 can be derived in terms of MTR from table 2.3-1 as:

	Operating band
	MTR @ 50th%ile point of CDF (dB)

	n257
	>= -10.9

	n258
	>= -10.9

	n260
	>= -12.6

	n261
	>= -10.0


Table 2.3-2: EIS Spherical Coverage Requirement for PC3

Similarly, the EIS spherical coverage requirement for PC1 is derived from section 6.2.1.1 of TS38.101-2 in table 2.3-3:

	Operating band
	MTR @ 85th%ile point of CDF (dB)

	n257
	>= -8.0

	n258
	>= -8.0

	n260
	>= -8.0

	n261
	>= -8.0


Table 2.3-3: EIS Spherical Coverage Requirement for PC1
3. Conclusion
We shared PC3 UE-level measurements of Rx beam coverage and concluded that:
Observation 3: A Normalized EIRP CDF provides natural margin to the normalized EIS CDF curve.

We defined SCP as the agreed point of specification on the CDF of the relevant spherical coverage parameters (EIS and EIRP), and proposed:

Proposal1: For FR2 UEs, EIS degradation allowance at SCP shall be the same as EIRP degradation allowance at SCP.
We propose the creation of an intermediate (calculated) parameter ‘MTR’, and that it be used to compile EIS CDF statistics, for convenient comparison to Tx side coverage requirements.

Proposal 2: MTR, as defined in the equation below, shall be used to quantify EIS performance for the purposes of compiling CDF statistics.

MTR = REFSENS_requirement – measured_EIS_values

Finally we showed examples of how the EIS spherical coverage spec would look per our proposals above. We plan to bring a draftCR with formalized wording to the next meeting.
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      UE maximum output power for power class 3


The following requirements define the maximum output power radiated by the UE for any transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at least one sub frame (1ms). The values listed on the table below are for handheld UE, defined as minimum peak EIRP. The requirement is verified with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).


Table 6.2.1.3-1: UE minimum peak EIRP for power class 3


Operating band�
Min peak EIRP (dBm)�
�
n257�
22.4�
�
n258�
22.4�
�
n260�
20.6�
�
n261�
22.4�
�
NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance�
�
:


:


The minimum EIRP at the 50th percentile of the distribution of radiated power measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 6.2.1.3-3 below. The requirement is verified with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).


Table 6.2.1.3-3: UE spherical coverage for power class 3


Operating band�
Min EIRP at 50t%-tile CDF (dBm)�
�
n257�
11.5�
�
n258�
11.5�
�
n260�
8�
�
n261�
11.5�
�
NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance


NOTE 2:	The requirements in this table are only applicable for UE which supports single band in FR2�
�
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