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1 Background
The radiative degradation mechanisms for larger frequency separation have been discussed in RAN4#94-e-bis, where the WF was approved [1]. The detailed simulation assumption for EIS spherical coverage was given:

· EIS spherical coverage: Sensitivity in CA is measured per CC
· Two CCs are assumed in the simulation (CC1 and CC2):
1. The codebook is optimized for CC1 while estimating the spherical coverage for CC2  spherical coverage 1
2. The codebook is optimized for CC2 while estimating the spherical coverage for CC2  spherical coverage 2
3. The degradation of the spherical coverage for CC2 shall be quantified
· degradation = spherical coverage 2-spherical coverage 1
· The degradation needs to be presented as a function of frequency separation between CC2 and CC1. 
1. The frequency separation between two CCs: 0 MHz to 5200 MHz (both CCs are below 30 GHz), 0MHz to 6400MHz (both CCs are above 37 GHz)

In this contribution, we share our further analysis on the EIS spherical coverage performance degradation due to the beam squint phenomenon for FR2 PC3 devices based on the agreed simulation. 
2 Discussion
For a phased array, the beam direction at different frequency points will change, a phenomenon 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. The beam squint may lead to a degradation on the spherical coverage performance of the PC3 UE when it needs to operate on multiple CCs simultaneously (CA), especially when common beam management (CBM) is adopted. An optimized precoding for the primary CC may lead to an offset of the beam peak direction of the secondary CCs (assuming the same the measurement directions for both CC). To our understanding, CBM will be used for intra-band CA and also inter-band CA when collocated for low band+low band and high band+high band cases. Therefore, the RF performance degradation due to beam squint need to 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 to the beam squint needs to be defined.

Observation 1: 	The radiative degradation due to the beam squint happens when CBM is adopted for collocated inter-band or intra-band CA operation.
2.1.1 Analysis of EIS spherical coverage degradation due to beam squint
The antenna model assumption on this spherical coverage degradation of EIS based on the setup as below, and the simulation steps follow the agreed flow in the WF [1]. 
· a 4*1 patch array is used in the simulation, where the inter-element distance is defined as 5 mm and the transmission lines are included in the model. The model can meet the spherical coverage requirement of PC3 UE. 
The following observation is obtained if we set the primary CC at 24 GHz or 37 GHz:
Observation 2: 	The following EIS spherical coverage degradation on secondary CC is obtained:
	Frequency separation (Fs)
	Fs < 1400 MHz
	1400 MHz < Fs < 2400 MHz
	2400 MHz < Fs < 5200 MHz

	Primary CC at 24 GHz
	0 dB - 0.2 dB
	0.2 dB - 1 dB
	1 dB -1.5 dB

	Frequency separation (Fs)
	Fs < 1400 MHz
	1400 MHz < Fs < 2400 MHz
	2400 MHz < Fs < 6400 MHz

	Primary CC at 37 GHz
	0 dB - 0.2 dB
	0.2 dB – 0.8 dB
	0.8 dB -2.1 dB


 
As we mentioned above, the beam squint caused the performance degradation for both intra-band and inter-band CA with CBM. In this case, if the DL reference signal would be configured on the primary CC, the beam squint would only affect the secondary CCs. Therefore, one way to account for the beam squint impact into the spec is to allow a relaxation on the secondary CC in this case. 
Currently, the spherical coverage for inter-band CA is under discussion, and thus we think it is important to take the beam squint into account. For the intra-band CA, if RAN4 would decide to define the spherical coverage requirement as well, same method can be applied.  
Proposal 1: 	For CBM inter-band CA spherical coverage, allowing X dB relaxation on the secondary CC, where X depends on the frequency separation between primary and secondary CCs. 
For the value of X, numbers in observation 2 can be taken as a baseline. 
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 the beam squint happens when common beam management is adopted for collocated inter-band or intra-band CA operation.
Observation 2: 	The following EIS spherical coverage degradation on secondary CC is obtained:
	Frequency separation (Fs)
	Fs < 1400 MHz
	1400 MHz < Fs < 2400 MHz
	2400 MHz < Fs < 5200 MHz

	Primary CC at 24 GHz
	0 dB - 0.2 dB
	0.2 dB - 1 dB
	1 dB -1.5 dB

	Frequency separation (Fs)
	Fs < 1400 MHz
	1400 MHz < Fs < 2400 MHz
	2400 MHz < Fs < 6400 MHz

	Primary CC at 37 GHz
	0 dB - 0.2 dB
	0.2 dB – 0.8 dB
	0.8 dB -2.1 dB



Proposal 1: 	For CBM inter-band CA spherical coverage, allowing X dB relaxation on the secondary CC, where X depends on the frequency separation between primary and secondary CCs. 
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