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1 Background
The radiative degradation mechanisms for larger frequency separation have been discussed in RAN4#94-e, where the WF was approved [1]. 

· For any FR2 UE power class of interest, companies are encouraged to:
· Share estimated impact to RF performance. Some examples:
· CA EIRP
· CA Refsens and spherical coverage EIS
· CA beam correspondence
· Impact of closed loop power control on MPR
· Identify how to capture in standard
· Preserve backward compatibility with Rel-15
· Identify sub-sections that may be affected
· Identify parameters or methods to quantify effect, including dependencies. 
· For example of dependency, in intra-band CA case: frequency separation
· For LB+LB/HB+HB inter-band CA: frequency separation 
· Side conditions, like location of beam-management reference signals in relation to CA configuration

In this contribution, we share our understanding and preliminary analysis on the performance degradation due to the beam squint phenomena for FR2 PC3 devices. 
2 Discussion
For a phased array and a constant phase shift, the beam direction at different frequency points will change, which is known as beam squint. The beam squint occurs since the array factor varies with frequency across a wide bandwidth with the constant phase shift (precoding) in the frequency domain. Beam squint may lead to a degradation on the spherical coverage performance of the PC3 UEs when operating on multiple CCs simultaneously, especially when common beam management is adopted. The optimized precoding for primary CC can veer the beam peak direction of the secondary CCs offset from the measurement direction. To our understanding, common beam management is currently assumed for intra-band CA and also inter-band CA for low band + low band and high band + high band cases. Therefore, the RF performance degradation due to beam squint need be studied for both intra-band and inter-band CA.

On the other hand, if independent beam management would be used, then the UE shall be able to adjust the beam peak direction of the secondary CCs towards the measurement point. Thus, no degradation on the RF performance due the beam squint needs to be defined.

Observation 1: 	The radiative degradation due to beam squint happens when common beam management is adopted for inter-band and intra-band CA operation.




2.1 Beam squint with frequency separation
Some preliminary illustration of beam squint on inter-band CA operation has been given in [2]. In this document we offer a more complete picture: An example of array factors with different inter-element distances is shown in Fig. 2. The array factor is calculated based on a 4×1 linear array, and the inter-element distance varies from 0.4 wavelengths (λ) to 0.75λ. If we assume the 0.5λ inter-element distance is defined according to 28 GHz, then the same physical distance with 0.4λ is roughly at 24 GHz, 0.65λ is approximately around 37 GHz, and 0.75λ is around to 43 GHz.  
Taking 0.5λ as the reference case, it can be observed that the point error (point direction bias away from 0.5 λ case) goes higher when the frequency separation becomes larger. However, for the small frequency separation, e.g., below 1400MHz, the point error seems neglectable. 
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Fig. 2. The array factor with different inter-element distances in terms of the wavelength (λ).
2.2 Preliminary analysis of spherical coverage degradation due to beam squint
To get an overall picture of the spherical coverage degradation due to beam squint, some studies from the last RAN4 meeting provided quantified results [3]-[5].  Here, we also offer our preliminary simulations on this spherical coverage degradation based on the setup as below: 
· A 4×1 patch array is used in the simulation, where the inter-element distance is defined as 5 mm.
· Two frequency points (each representing the center frequency of a CC) are used in the simulation with varying frequency separation (Fs). 
· The angle-of-arrival is assumed to be the same for both CCs.
· The progressive linear precoding scheme is adopted for the beamforming, and the optimal codeword is selected based on the lower CC. 
· The same codeword is also used to generate the beam for the higher CC, and the corresponding spherical coverage of the higher CC is calculated. 
· The spherical coverage of the higher CC when it operates alone is also calculated as the reference case (optimal precoding for the higher CC).
· The EIRP degradation at 50% spherical coverage of the higher CC is given as the final result. 

The following observation is obtained if we set the lower CC at 24 GHz:



Observation 2: 	The following spherical coverage degradation on secondary CC is obtained if we assume the primary CC operates at 24 GHz:
	<1400
	1400<Fs<2400
	2400<Fs<6000

	0 dB - 0.4 dB
	0.4 dB - 0.8 dB
	0.8 dB -1.5 dB


 
The phone integration is not considered here since the additional spherical coverage loss comparing to a single CC operation shall mainly come from the non-optimal codeword. The impact due to the quantization and frequency drift of phase shifter is not included in this simulation either, which may need to be further studied.We think RAN4 should align the simulation model in order to obtain harmonized results of the beam squint impact. 

Proposal 1: 	RAN4 shall align the simulation setup and define the radiation performance degradation due to beam squint for inter-band CA and intra-band CA with common beam management. 
3 Conclusion
In this contribution, we share our views on the radiative degradation mechanisms for larger frequency separation due to beam squint. The following observations and proposals have been given: 
Observation 1: 	The radiative degradation due to beam squint happens when common beam management is adopted for inter-band and intra-band CA operation.

Observation 2: 	The following spherical coverage degradation on secondary CC is obtained if we assume the primary CC operates at 24 GHz:
	<1400
	1400<Fs<2400
	2400<Fs<6000

	0 dB - 0.4 dB
	0.4 dB - 0.8 dB
	0.8 dB -1.5 dB



Proposal 1: 	RAN4 shall align the simulation setup and define the radiation performance degradation due to beam squint for inter-band CA and intra-band CA with common beam management. 
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