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1.	Introduction
Many RF requirements for FR2 UEs are directional requirements (examples: EIRP, EIS), rather than parameters integrated over the whole sphere (example TRP). As frequency separation or aggregated BWs increase in CA, the conducted domain mechanisms (like PA nonlinearity) are joined by radiative mechanisms (like beam squint) in reducing a UE’s EIRP or EIS performance. Radiative domain mechanisms for wide BW need separate consideration, and discussion on how best to capture in the standard.  
2. 	Discussion 
Beam squint is a common phenomenon in phased arrays where the phase progression from element to element cannot be maintained over the entire signal BW. We alluded to this problem in [1], where we identified EIRP spherical coverage as needing consideration with wider CA BW.
Beam squint projects power in different frequencies in (slightly) different directions, rather than the same direction. The net result is that for a given observation antenna, different transmit antenna gains are perceived. 
The simplest kind of array is the linear array. Phased array theory informs that ideal linear arrays require element to element phase progression that is a function of frequency:

[image: ]Where:
d is the element to element spacing
l is the free space wavelength of signal
D is the electrical phase progression from element to element
q is the angle from zenith (radians)
Figure 2.0-1 shows the beam pointing angle as a function of frequency and electrical phase progression, for a linear array with d = l/2 spacing at nominal frequency. It is evident that even ideal arrays have a beam squint characteristic that gets worse with scan angle. From a given observation point (gNB), beams at different frequencies generated using the same electrical phase progression would seem to have different powers, depending on their beam width. As a primary effect one would expect that peak EIRP and peak EIS (refsens) would remain unaffected but spherical coverage metrics might be impacted. The assumption here is that peak values are determined where phase progression is zero.
Secondary effects further disrupt the gain levels across frequency. These include those of feedlines, amplifier gain imbalances, etc
2.1 	Beam squint analysis for PC3 
Beam squint is relevant to CA operation, where CC-edge to CC-edge frequency separation in FR2 can become a significant fraction of the nominal band frequency. The worst-case condition is for 2 CCs arranged at the very ends of the UE’s frequency separation capability. Figure 2.1-1 illustrates the corner case graphically.
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Figure 2.1-1: Effect of beam squint on system
The value of ‘x’ in the figure above depends on both, the separation between reference signal for beam management and the actual CC, and the basic directivity (pointiness) of the beam. We have estimated the value of ‘x’ for select cases, shown below in figure 2.1-2.
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Figure 2.1-2: Gain difference CDF examples
For the statistical analysis above, we gathered the gain difference due to beam squint for approximately 1.5 GHz of frequency separation, for all directions that would qualify as ‘meeting spherical coverage requirement’. We found that for lower frequency bands, greater than 80% of the qualifying directions (in terms of solid angle) have negligible loss, but some directions have as much as 3 dB. Similarly for the 39 GHz band, we found about 50% of the qualifying directions did not suffer significant degradation, but the other 50% had degradation that varied between 0 and 5 dB. It is also useful to point out that that directions with larger gain difference are off-peak, but that detail is lost in this statistical picture above.  More work is required to quantify this mechanism because it impacts measured power in the case of EIRP or measured EIS in the case of DL. 
2.2 	Standards impact 
We can subjectively generalize the finding in PC3 above to other power classes. Each power class will be characterized by different power difference CDFs in operation, owing to different inherent bema directivities. PC1 for example is expected to see the most impact, while PC3 the least. 
The beam squint mechanism comes from an analog phase shifter assumption, which is a common UE implementation. The loss in EIRP or EIS for CCs removed from the reference signal need due consideration. 
RAN4 may choose to insert this consideration either as additional MPR, or as an additive correction factor. MPR has traditionally been used to derive PA back off levels, and it would complicate this aspect of the standard to now add radiated non-idealities into conducted domain considerations. It is also difficult to replicate the degradation to DL requirements. Consequently, we think radiated requirements may benefit from the definition of radiative degradation factor, separate from conducted domain mechanisms like MPR, for wide frequency separations. This factor could be applied equally to UL and DL directional metrics to reflect its common source, the phased array antenna with analog beamforming.
Proposal: RAN4 to discuss how to capture consideration for radiative degradation mechanisms like beam squint for larger frequency separation.
3.0	Conclusion
We analysed the impact of increased CA BWs on directional metrics like EIRP and EIS. We found that antenna gain for CCs in CA can vary as a function of distance from the reference signal used for beam management.
RAN4 used conducted domain considerations for deriving MPRs in Rel-15, for example, because Rel-15 UL CA BW was limited to 800MHz. For Rel-16, this parameter is set to nearly double. On the UE Rx side too, edge to edge frequency separation is set to nearly double from 1.4 GHz to 2.4 GHz. These increases will impact directional performance of the UE and would need to be considered in determining expected performance. 
We believe that since the mechanism is radiative rather than conducted, RAN4 could consider a new relaxation factor which applies equally to UL and DL directional metrics
Proposal: RAN4 to discuss how to capture consideration for radiative degradation mechanisms like beam squint for larger frequency separation.
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