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1. Introduction
In this contribution, we present Rx and Tx Beam data from a PC3 UE. This data gives a good window into the mechanics of the agreed methodology to establish beam correspondence capability for PC3 UEs. 
2. Discussion

There was agreement in RAN4 on the general method to establish beam correspondence (BC) for PC3 devices [1]. We present some UE measurements towards proving the feasibility of verification of BC capability for PC3 devices.

The methodology 

The DL signal was linearly polarized. At each test link angle used in our experiment, the UE measured RSRP for each of its Rx beams, and then chose a Tx beam based on most favourable RSRP report. The resulting EIRP along the test direction was recorded as a data point. A constant step size spherical grid with > 2700 points was used to determine test link angles. Statistics were derived by post processing data to account for the non-uniform collection grid. The test was performed twice, once each for two mutually orthogonal DL test polarizations, named ‘H’ and ‘V’.  
The DUT UE 
Our test PC3 UE consists of a glass screen and a plastic back cover. It has two outward facing arrays, one under the user-interface screen and one under the plastic back cover. Each array consists of 4 dual-pol patches arranged in a 2x2 pattern. The UE is a single band device operating in n261. The UE nominally has a corresponding Tx beam for every Rx beam, which in theory should give identical Rx and Tx statistics. The twin receivers in the UE are nominally similar.
Beam Coverage Statistics
Beam coverage study was analysed using CDFs. Figures 2.3-1 shows data from DL field oriented in some random polarization angle ‘H’, and figure 2.3-2 shows data from DL field oriented in direction orthogonal to H, termed ‘V’. Data is presented as a superposition of 3 CDFs: 

The Orange curve (RSRP) represents the CDF statistics of normalized RSRP reports as a function of link angle. Normalization is achieved by subtracting peak RSRP from RSRP data. The Rx peak gain direction hence corresponds to 0dB. This curve is the closest representation of pure antenna gain.
The blue curve (EIRP) represents the CDF statistics of normalized EIRP generated by Tx beams chosen based on Rx beam metrics. It is a measurement of EIRP generated from ‘corresponding beams’ over all link angles. Normalization is achieved by subtracting peak EIRP (best EIRP) from EIRP data. The Tx peak EIRP direction corresponds to 0dB.

The red curve (BestBeam) represents statistics determined from Tx beams that were chosen based on best performance along each test direction, rather than using an Rx beam based metric. This curve is also normalized like EIRP. 
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.

To verify BC for PC3 one must ensure that EIRP (blue) curve, which captures the statistics of ‘corresponding Tx beams’, meets spherical coverage requirements. In this example, the EIRP CDF shows an unacceptable drop from peak at the 50th %ile point.
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Figure 2.3-1: UE CDF for BC Parameters, H pol DL
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Figure 2.3-2: UE CDF for BC Parameters, V pol DL
BC verification has revolved around 2 general approaches, with PC3 adopting the ‘second’ approach. The ‘first’ approach involves comparing the EIRP from the chosen beam to the EIRP of the best beam. The figure above does shed light on the statistical picture of the comparison between the EIRP(blue) and Best Tx(orange) curves. The data must however be analysed in more detail to evaluate the ‘first’ approach. Figure 2.3-2 shows the difference between best Tx beam and Tx beam chosen based on Rx metrics (corresponding beam).
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Figure 2.3-2: EIRP difference between best Tx beam and corresponding Tx beam

This type of data would be used to verify BC using the ‘first’ approach.

Some Observations
Observation 1: The data represented in figures 2.3-1 and 2.3-2 confirm feasibility of the method to verify BC for PC3. 
Observation 2: The data represented in figures 2.3-1 and 2.3-2 show similar EIRP CDF behaviour for DL fields oriented in each of two mutually orthogonal directions. 
Observation 3: ‘BestBeam’ CDF curve (best Tx beam chosen for each direction) is marginally better than the ‘EIRP’ CDF curve (corresponding Tx beam chosen).

The degradation in obs.3 could be attributed to how Rx and Tx beams are paired-up inside the UE.
Observation 4: Both Tx curves, the ‘EIRP’ and ‘Best Tx’ have the anticipated degradation in CDF statistics compared to the ‘RSRP’ curve. 
The degradation noted in obs. 4 can be attributed to Tx beam distortion at extreme scan angles, and the PA’s sensitivity to mutual interaction. This mechanism of beam distortion is not expected to play a role on the Rx side.  
Observation 5: Rx beams provide better spherical coverage than Tx beams.

For PC3 in our example UE, Rx coverage is 1.7dB and 1.0dB better at the 50th%ile point, for DL ‘H’ and ‘V’ pols respectively. This gap is likely to increase in implementations where impairments in Tx beam forming become more prominent.
3. Conclusion
We shared PC3 UE-level measurements of Rx and Tx beam coverage and concluded that the core requirement for PC3 BC is indeed testable.
We also noted some features of the CDFs collected per agreed method for PC3.
4. Reference

[1] R4-1811805, ‘WF on beam correspondence’, Qualcomm, Sony, RAN WG4 #88, Gothenburg, Sweden, Aug 2018 
[2] R4-1811803, ‘FR2 beam correspondence second adhoc minutes’ Apple, RAN WG4 #88, Gothenburg, Sweden, Aug 2018
[3] R4-1811020, “Draft CR to 38.101-2: FR2 EIRP and Beam Correspondence Requirement,” Qualcomm, RAN WG4 #88, Gothenburg, Sweden, Aug 2018

[4] R4-1809790, “Draft CR to TS 38.101-2: Introduction of the requirement on beam correspondence,” Apple Inc, RAN WG4 #88, Gothenburg, Sweden, Aug 2018
1
2

