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1 Introduction 
There were extensive discussions on the feasibility and performance of wideband RF and antenna architectures for BS covering multiple FR2 bands in the last RAN4 meetings. During RAN4 Meeting # 106-bis-e, the WF [1] was approved with the following agreed observation:
· It is not possible to independently steer beams in different directions in the different bands, and it may not even be feasible to steer the beams in the same directions for two separate bands if the bands are sufficiently far apart in frequency that the beamforming weights would need to be different for each band.

In this paper, we discuss the possible method for obtaining beam steering in the same direction for separate bands, hence the multiband BS implementation's feasibility.
2 [bookmark: _Ref178064866]Discussion
[bookmark: _Hlk134557678]As discussed in previous RAN meetings, the design of a multiband antenna array supporting about 26G+40G with a common radiating element is feasible. However, in paper [1], the challenges of directing beams in the same direction for wideband/multiband antenna arrays are pointed out. Many wideband beamformer ICs are available, but they provide single-phase shifted value over the entire operating range. If such phase shifts are applied at antenna elements ports, the beam at the upper band steers less than the beam at the lower band, creating an error. The relation between the main beam direction and the phase difference between antenna elements can be written as [2],   
                                         (1)
Here, β is a phase difference between elements, k is angular wavenumber (k = 2π/λ), and d is a separation between the antenna in terms of wavelength (λ) and θ beam steering angle from the axis perpendicular to the plane of the antenna. As the frequency separation between bands increases the pointing direction error increases.
In this paper, we have calculated the phases required at the antenna element ports to steer the beam in the same direction for two separate bands and tried to propose a possible solution.
2.1 Single direction beam steering in different time frames
[bookmark: _Hlk134557862]Here for a generic solution, FR2 bands with higher frequency separation 26+38 GHz: n258+n260 bands are targeted. The separation between antenna elements is taken as 0.5λ at the upper band to have a minimum scanning range of ±45º at both bands, as agreed in the paper [3]. From equation 1, the phase required at antenna elements to scan the beam in the same direction is calculated for two different bands and tabulated in Table 1. Five beam steering angles are considered, which are 0º, 10º, 20º, 30º, and 40º.





Table 2.1.1. Phase shifts required at different bands
	Beam steering Angle 
()
	Phase shifts between array elements (β)
	Phase difference 

	
	Lower band
(d = 0.34λ)
	Upper band
(d = 0.5λ)
	

	0º
	0º
	0º
	0º

	10º
	21º
	31º
	~ +10º

	20º
	42º
	62º
	~ +20º

	30º
	61º
	91º
	~ +30º

	40º
	79º
	118º
	~ +40º



Note: Here, written beam steering angles are from the plane of an antenna array. However, in the equation, the beam steering angles are from the axis perpendicular to the antenna array. So before putting them into the equation, they are converted.
It can be seen from the table; the antenna elements require additional phase shifts at the upper band to steer the beam in the same direction (for both lower and upper bands).

Observation 1: The required phase differences at antenna elements can be calculated for the different band combinations to steer the beam in the same direction. Upper band require an additional phase-shifted signal.

This problem could have been solved easily if the frequency-dependent phase shifters were used, but currently, they are not viable. However, if we can add the additional phase shifts calculated from equation 1 for upper bands, then the beam for different bands can be obtained in the same direction.
Here, we quote one example method of designing a phase shifter [4] that can be used along with wideband beamforming ICs, as shown in Figure 2.1.1. A switched line phase shifter is designed by employing delay arms between two direct paths, as the phase of any microstrip line is proportional to its length. Here, the PIN diodes are employed as electronic switches. Switching the bias current, the state of the diode can be switched to ON (under forward bias) and OFF (under forward bias). To generate phase shifts of 10º, 20º, 30º, and 40º delay arms with length l+nlλ+l10, l+nlλ+l20, l+nlλ+l30, and l+nlλ+l40, respectively are designed.
Note: nlλ corresponds to the addition of n times 360º phase shift.
The working of phase shifter can be explained by considering the following cases:
Case 1: For the lower band (any beam steering angle) and upper band to steer the beam at 0º, where no phase shifts are required, single will follow the straight path (i.e., D1, D2, D3, D4, D5 are switched ON).
Case 2: Upper band to steer the beam at 10º requires an additional 10º phase shift, which can be obtained by switching single to path l+nlλ+l10 (i.e., D6, D7, D3, D4, D5: ON).
Case 3: Upper band to steer beam at 20º requires an additional 20º phase shift, which can be obtained by switching single to path l+nlλ+l20 (i.e., D1, D8, D9, D4, D5: ON)
Case 4: Upper band to steer beam at 30º requires an additional 30º phase shift, which can be obtained by switching single to path l+nlλ+l30 (i.e., D1, D2, D10, D11, D5: ON)
Case 5: Upper band to steer beam at 40º requires an additional 40º phase shift, which can be obtained by switching single to path l+nlλ+l40 (i.e., D1, D2, D3, D12, D13: ON)
[image: ]
Figure 2.1.1. Switched line phase shifter 
Figure 2.1.1 shows the phase difference plot for different paths taken.

[image: ]
Figure 2.1.1. Phase difference plot for different paths at n261 band
In addition, phase shifters can be designed with a variety of switches such as single pole double throw, Field Effect Transistor, and micro-electro-mechanical systems. Also, many wideband variable phase shifters are available that can be used directly along with beamforming ICs required phase shifts can be added at the upper band.
With this method, frequency selective phase shifted signals can be obtained, and the beam can be steered in the same direction for both bands at different time intervals, but not in the same time frame.

Observation 2: If we can add the additional phase shifts for the upper band, then the beam for different bands can be obtained in the same direction, at least at different time frames. The solution is viable by using a simple switched line phase shifter or variable phase shifter along with wideband beamforming ICs.
[bookmark: _Hlk126189439]
3 Summary
The possible method for obtaining beam steering at same direction for separate bands has been studied in this paper and the following observations are made:

Observation 1: The required phase differences at antenna elements can be calculated for the different band combinations to steer the beam in the same direction. Upper band require an additional phase-shifted signal.

Observation 2: If we can add the additional phase shifts for the upper band, then the beam for different bands can be obtained in the same direction, at least at different time frames. The solution is viable by using a simple switched line phase shifter or variable phase shifter along with wideband beamforming ICs.
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