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1.	Introduction
As frequency separations increase in CA, conducted domain mechanisms (like PA nonlinearity) are joined by radiative mechanisms (like beam squint) in reducing a UE’s EIRP or EIS performance. 
WF[1] outlined the problem definition. We analyze beam squint towards determining if, or how beam squint could be specified.
2. 	Discussion 
The beam squint mechanism projects antenna gains (‘beams’) in different frequencies in different directions, rather than the same direction. The net result is that for a given observation antenna, different transmit antenna (array) gains are perceived at different frequencies for some AoAs. See figure 2.0-1
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Figure 2.0-1: Effect of beam squint on system
The beam squint mechanism is expected to affect the following parameters in compliance testing.
1. EIRP: EIRP in CA is measured as the total power received over all CCs. The UE is assumed to select its UL beam using beam correspondence principles, and measurements made on a reference signal in the DL. Impact to EIRP is hence equivalent to impact to beam correspondence metrics.
2. EIS: Sensitivity in CA is measured per CC
These two different criteria guide discussions on how to quantify beam squint.
2.1 	PC1  
To study this effect, we looked at OTA gain of a CC, in each direction, as a function of separation from the reference signal used for beam management. In terms of the representation in figure 2.0-1, we studied the gain of the blue CC as the RS (green) was progressively moved away in frequency from the blue CC. In the study, the reference coordinate system is oriented so the z-axis or the theta=0 direction is perpendicular to the plane of the array.
2.1.1 	Intra-band scenario 
The antenna gain change experienced at a CC location due to beam squint is shown in the CDF, as the frequency separation to the beam management reference signal grows. For PC1, we blanked off data below 50 degrees elevation because coverage in those directions are not mandated by the standard.
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Figures 2.1.1-1: Network impact of beam squint in PC1
This statistical data is better interpreted with data that paints a more complete picture of how the network is affected. Below are examples of how the antenna gain as seen by a CC changes as RS location is moved away from the CC
[image: ][image: ]
Figures 2.1.1-2: Gain reduction in AoA due to beam squint in PC1

Ideally, the gain change would be zero irrespective of RS location (no beam squint). This data shows that the 0 dB ideal gain change contour gets ‘punctured’ due to bad beam choice decisions attributable to beam squint. In field operation, the gNB can expect to see as much as 3 dB of reduction for some angles inside the spherical coverage region of a PC1 device. 
For an EIRP perspective we estimated antenna gain in any direction after averaging gain over all CCs for each test angle. CA gain (normalized to peak) CDFs are below:
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Figures 2.1.1-3: CA mode EIRP impact due to beam squint in PC1
The reference condition is the CA antenna gain assuming a hypothetical independent beam management capability for each CC. The CDFs suggest negligible degradation in the top 15% directions, even when the frequency separation approaches 3 GHz. Note that for Rel-16, maximum frequency separation is 1.4 GHz. Evidently, the gain change parameter that captures beam squint manifests itself more subtly in CA EIRP compliance requirements, somewhat obscuring impact to network.
For an EIS perspective (per CC) we looked at the impact on spatial distribution of antenna gain as a function of RS separation:
[image: ][image: ][image: ]
Figures 2.1.1-4: CA mode EIS impact due to beam squint in PC1
In Rel-16, it is envisioned that the enhanced DL spectrum capability of the UE will be as high as 2.4 GHz. We find that for 3 GHz separation, we observe < 1 dB of CDF degradation at the 85th %ile point. We do not see appreciable degradation with RS separation of 2 GHz or less. 
2.1.2 	Inter-band common beam management scenario 
This scenario is merely an extension of the intra-band case, characterized by larger frequency separation between RS and CC. CA mode EIRP perspective is estimated in figures 2.1.2-1
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Figures 2.1.2-1: CA mode EIRP impact due to beam squint in PC1
For RS to CC separation of >5 GHz, we see ~1 dB of loss in CA EIRP at the 85th %ile point. This data point however is academic for Rel-16, because inter-band CA is limited to DL.
An EIS perspective shows ~5 dB degradation to spherical coverage at the 85th %ile point for PC1, for > 5 GHz frequency separation between RS and CC. The REFSENS value is unaffected because beam squint manifests itself progressively more and more as the phase progression itself increases.
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Figures 2.1.2-2: CA mode EIS impact due to beam squint in PC1
Our (preliminary) estimated beam squint impact for PC1 can be summarized as:
	PC1, worst frequency separation between RS and CC
	EIRP degradation at 85th %ile (dB)
	EIS degradation at 85th %ile (dB)

	 0.8 GHz
	0 (baseline)
	-

	> 0.8 GHz,  1.4 GHz
	0
	0 (baseline)

	> 1.4 GHz,  2.4 GHz
	N/A
	1

	> 2.4 GHz
	N/A
	5



The (baseline) labels represent the starting point derived from Rel-15 specification, where no explicit accounting for beam squint is present.
2.2 	PC3  
CA EIRP gain degradation is shown in figures 2.2-1
[image: ][image: ][image: ]
This data suggests there is negligible reduction for frequency separation of 1.4 GHz or less.
CA mode EIS spherical coverage impact, captured as antenna gain change, is shown in figures 2.2-2
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Figures 2.2-2: CA mode EIS impact due to beam squint in PC1
The analysis suggests that EIS spherical coverage degrades negligibly at the 50th %ile for frequency separation of about 1.5 GHz, and ~ 3 dB for frequency separation of 3.0 GHz and higher.
Our (preliminary) estimated beam squint impact for PC3 can be summarized as:
	PC3, worst frequency separation between RS and CC
	EIRP degradation at 50th %ile (dB)
	EIS degradation at 50th %ile (dB)

	 0.8 GHz
	0 (baseline)
	-

	> 0.8 GHz,  1.4 GHz
	0
	0 (baseline)

	> 1.4 GHz,  2.4 GHz
	N/A
	1

	> 2.4 GHz
	N/A
	3



We aim to continue refining our degradation estimates for the next meeting.
2.2 	Standards impact 
While our estimates are preliminary, trends in beam squint-related degradations start to manifest. CA EIRP metrics (both, peak and spherical coverage point) seem to not degrade for either PC1 or PC3, for frequency separation no greater than 1.4 GHz.
REFSENS does not suffer degradation either, primarily because REFSENS tends to be in boresight direction where there is minimal phase progression between element antenna feeds.
EIS spherical coverage however does get impacted. The degradation seems to be a function of both, antenna gain of the UE type, and frequency separation. Both dependencies are expected intuitively. 
Based on the basic difference in EIRP and EIS/REFSENS criteria, beam squint manifests differently for Rx and Tx. Consequently, Rx and Tx radiated metrics cannot use the same relaxation factor. 
Observation 1: The impact from beam squint to EIRP and EIS in CA mode differ, due to differences in Rx and Tx CA metrics 
While the actual beam squint phenomenon can be explained by data in figures 2.1.1-1 and -2, the parameter used to quantify it is not of direct relevance to compliance tests. The beam squint effect can alternatively be captured as a degradation in EIS spherical coverage CCDF.
Proposal: Degradation due to beam squint to be specified as relaxation in the spherical coverage CCDF requirement of EIS of a CC, as a function of frequency separation of the DLCA configuration.
This proposal is in line with the agreed problem statement in [1]:
[image: ]
2.3 Field operation implications
In field operation, and possibly during compliance testing, closed loop power control may introduce an imbalance in conducted power per CC to compensate for different OTA gains at each frequency. Now, MPRs are specified under the assumption of constant PSD per CC, so even in the case of equal sized CCs, the network may configure the UE away from the nominal condition for MPR. This aspect also must be considered during operation. 

3.0	Conclusion
The beam squint mechanism is expected to affect the following parameters in compliance testing.
1. EIRP: EIRP in CA is measured as the total power received over all CCs. 
2. EIS: Sensitivity in CA is measured per CC
Observation 1: The impact from beam squint to EIRP and EIS in CA mode differ, due to differences in Rx and Tx CA metrics 
EIRP and REFSENS metrics were insensitive to beam squint in the scope of this study, but beam squint did impact EIS spherical coverage. While the actual beam squint phenomenon can be explained by data in figures 2.1.1-1 and -2, the parameter used to quantify it is not of direct relevance to compliance tests. The beam squint effect can alternatively be captured as a degradation in EIS spherical coverage CCDF.
Proposal: Degradation due to beam squint to be specified as relaxation in the spherical coverage CCDF requirement of EIS of a CC, as a function of frequency separation of the DLCA configuration.
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* Problem statement: Given CC1 and CC2 separated by Af and
assuming the UE uses the codebook entry optimized for CC1,
what is the degradation of CC2 spherical coverage?




