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1	Introduction 
[bookmark: _Hlk85036404]
In RAN#97, the revised SID on NR BS RF requirement evolution was approved [1]. And RAN4 reached the following consensus regarding feasibility of FR2-1 multi-band BS in RAN4#104-bis-e meeting [2]. In this contribution, we want to share some consideration on the multi-band operation in FR2.
	· RAN4 reached consensus on below observations:
· Multi-band beamformer IC with common active RF components with 19.5% FBW in frequency range 24-29 GHz which includes n257/n258/n261 is feasible.
· For RF front-end, commercially available TRX chips cover 24-29.5GHz. 27-41GHz RX is implemented. A harmonic-selection technique is proposed to extend the receiver’s operating bandwidth up to 24.25-71GHz.
· [bookmark: _Hlk118713453]Multi-band AA (Antenna Array) with common radiated element with 19.5% FBW in frequency range 24-29 GHz which includes n257/n258/n261, or with 26.3% FBW in frequency range 37-48 GHz which includes n260/n259/n262 is feasible at least from antenna array aspect; other aspects FFS.
· Multi-band frequency selective phase shifter might not be soon commercially available but should not be excluded specifically at this stage
· Multiple single band frequency selective phase shifter with common PA is possible while the impact to requirements/performance needs further study.




2	Discussion
2.1	Frequency range/groups
As explained by many contributors in RAN4#104-e, the feasibility of multi-band BS is highly dependent on Fractional Bandwidth (FBW) [3],[4]. For example, FBW of n258 + n261 combination is 15.6%. but in case of n258+n259, FBW reaches 56.8%. It is quite difficult to configure the multi-band RIB supporting across different frequency group like as n258 + n259 band combination.
A large FBW poses many challenges. For example, PA linearity and antenna wideband matching and so on. However, even if FR1, these issues are existed for multi-band base station which supports broadband frequency range. On the other hand, we need to consider that mmWave requires using array antennas to achieve required communication distance. Array antenna has mainly two issues. The first one is that directivity deviation increases when array antennas are shared by different bands. And another problem is the beam direction by sharing phase shifter with two or more bands across wide frequency range. From the viewpoint of impact on communication distance, the inability to properly perform beamforming might be the most significant issue.
As the consensus of the previous RAN4#104-bis-e meeting, multi-band Antenna Array (AA) with common radiated element is feasible for 19.5% FBW in frequency range 24-29 GHz or 26.3% FBW in frequency range 37-48 GHz. And the other components of RF front-end such as PA, phase shifter are feasible to support up to 19.5% FBW in frequency range 24-29 GHz which includes n257/n258/n261. Though RAN4 has not reached the consensus that these components can support 26.3% FBW, it is likely to reach the consensus through further study. From the above, there is the possibility that multi-band BS with common active RF components is feasible for the same frequency groups, but difficult to support across the different frequency group with common active RF components.

2.2	Multi-band phase shifter
From the above, phase shifter is one of the big issue to realize FR2 multi-band BS. As Nokia mentioned, one method to solve this problem is to use frequency-selective Phase Shifter (PS) [5]. As RAN4 agreed, it might not be soon commercially available. But on the other hand, RAN4 reached the following consensus.
	· Multiple single band frequency selective phase shifter with common PA is possible while the impact to requirements/performance needs further study.



So we investigated this configuration. In this case, RF front-end is consist of frequency-selective PS, common PA and multi-band array antenna. A frequency-selective PS is in front of common PA, and multi-band AA is after common PA. As RAN4 agreed, multi-band AA is feasible for the same frequency groups of 24-29 GHz and 37-48 GHz. But it seems difficult to support different frequency group with common radiated element considering the frequency deviation.
On the other hand, in case of UE, multi-band AA supports different frequency bands by using stack patch antenna design. It is represented as two different antennas in the functional block diagram, but it looks like a single antenna element visually. The following figure is the described above configuration as a function block diagram. If this stack patch multi-band AA could be defined as common active RF components, there is a possibility that the following multi-band BS is feasible supporting the different frequency group.
[image: ]
Figure 1. Block diagram of Multi-band BS with frequency selective PS.

2.3	Analog filtering technology
In case of this configuration, a diplexer is required between multi-band AA and common PA to divide each band’s signal. So we studied to design this diplexer and present its overview. Figure 2 shows the simulation results of a diplexer for n257/258 and n260 multi-band combination. The insertion loss is about 1dB, and the attenuation is over 50dB.
[image: ]
Figure 2. n257/n258-n260 Diplexer simulation.

The dimensions of this diplexer are 4.0 mm x 1.8 mm or less in LTCC substrate, and its dielectric constant is 6.4. Most of the current base station supports dual polarization, so the required area for diplexer implementation is doubled and it is 4.0mm x 3.6mm. For example, in case of n258+n260 combination, 0.5λ at the center frequency is 4.67mm. when antenna element interval is 0.5λ or larger, it is possible to implement diplexer below each antenna elements.
It shows that if an insertion loss of about 1dB could be accepted, the configuration of figure 1 can be realized as a multi-band BS which supports different frequency groups band combination. Of course, the feasibility of frequency-selective PS and common PA which supports across the different frequency group needs further investigation to design multi-band BS.

Observation 1:	To support different frequency group with Multiple single band frequency selective phase shifter with common PA, a diplexer is required between antenna and PA.

Observation 2:	Possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands.

Observation 3:	The feasibility of frequency-selective PS and common PA which supports across the different frequency group needs further study. So we recommend that Rel-18 Study Item focus on the multi-band RIB within the same frequency group.


3	Conclusions
This contribution provides our view on the multi-band BS architecture.

Observation 1:	To support different frequency group with Multiple single band frequency selective phase shifter with common PA, a diplexer is required between antenna and PA.

Observation 2:	Possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands.

Observation 3:	The feasibility of frequency-selective PS and common PA which supports across the different frequency group needs further study. So we recommend that Rel-18 Study Item focus on the multi-band RIB within the same frequency group.
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