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1 Introduction 
There were extensive discussions on the feasibility of FR2 multi-band BS in the last RAN4 meeting. A WF [1] was agreed. As per antenna array, RAN4 reached consensus on the following observation:
· 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.
In this contribution we collect some IEEE research and further discuss the antenna array of FR2 multi-band BS.
2 [bookmark: _Ref178064866]Discussion
To implement compact mmW MB-BS product, wideband antenna is one of the most important factors. As discussed in our previous paper [2], for multi-band antenna array, one way is to design and optimize antenna elements for each band, separately, and another way is to design a wideband array element covering multi-bands. 
For a dual-band/multi-band antenna array, there is always a trade-off between the antenna element spacing and array performance. If the antenna element space is around λ/2 at lower frequency band , the element spacing in the higher band is greater thanλ/2 , and grating lobes will be generated. While if the element space is chosen to be about λ/2 at higher band, the mutual coupling in the lower band will increase.
It is noted that wideband array antennas covering about 26GHz and 40GHz are widely investigated in recent years. Following are some examples which can be potential candidate for antenna of mmW MB-BS.
2.1 27.48-28.50/36.94-40.43 GHz 2×2 antenna array
The paper [3] proposed a 28/38 GHz dual-band dual-polarized array antenna with three stacked patches. The lower band is achieved by using the lower large patch. While the upper band is achieved by using the middle and upper patches.
[image: ]
Figure 1.in [3] (a) Stackup of the proposed AiP structure. (b) 2x2 antenna array package layout.
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Figure 2. in [3] Dual-band dual-polarized antenna element. (a) 3D view of the proposed AiP structure. (b) Feed via and feed shift structure.
Figure 1(a) shows the AiP structure, and Figure 2 shows the 3D view of the array antenna element. 
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Figure 3. in [3] Simulated gain for the AiP element. (a) Lower band. (b) Upper band.
As shown in Figure 3, the simulated -12 dB bandwidths of the antenna element are 27.48-28.50 GHz and 36.94-40.43 GHz for the two bands, respectively. The in-band gains are over 6 dBi / 4 dBi. Additionally, the isolation between the vertical and horizontal polarization is lower than -20 dB. For the 2×2 antenna array, the element distance is 4.65mm in both x- and y-direction 0.44λ at 28 GHz, and 0.60λ at 38.6GHz. The simulated boresight gain is larger than 8.5 dBi and 10 dBi, respectively.
Observation 1: Paper [3]showed a 27.48-28.50/36.94-40.43 GHz 2×2 dual-band dual-polarized array antenna, the simulated boresight gain is larger than 8.5 dBi and 10 dBi, and isolation between the vertical and horizontal polarization is lower than -20 dB.
2.2 24-28/36-42 GHz 2×2 Antenna Array
The Paper [4] showed a 24-28 GHz and 36-42 GHz dual-band antenna array. The simulated maximum gain value of the antenna element is 5.8 dBi at 28 GHz and 6.2 dBi at 39 GHz. The beam scanning angles of the antenna array are about ±60◦ and ±45◦ in the LB and the HB, respectively. 
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Figure 4. in [4] Geometrical configuration of the proposed mm-Wave antenna element. (a) 3D view. (b) Sketch of the HB patch. (c) Sketch of the LB patch.
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Figure 5. in [4] Measured S-parameters of the proposed antenna. (a) Reflection coefficient. (b) Isolation.
Table 1. in [4] Comparison between the Proposed Design and Other Reported Works.
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Although this antenna array was proposed for 5G mobile terminal applications, similar decoupling approach can be referenced by base stations.
Observation 2: Paper [4] showed a 24-28 GHz and 36-42 GHz dual-band antenna array. The simulated maximum gain value of the antenna element is 5.8 dBi at 28 GHz and 6.2 dBi at 39 GHz.The beam scanning angles of the antenna array are about ±60◦ and ±45◦ in the LB and the HB, respectively. 
2.3 23.3-31.7/42.5-46.5 GHz 2×2 Antenna Array 
Paper [5] presented a prototype of dual-band dual-polarized antenna array. Both the upper and lower gridded patch arrays are formed by four antenna elements that are arranged as 2×2 placement. For the upper patch array, each antenna element contains 4×4 subpatches, while for the lower patch array, it contains 2×2 subpatches.
For both orthogonal polarizations, the −10 dB bandwidth covers 23.3–31.7 and 42.5–46.5 GHz with average gains of 12 and 13.1 dBi, respectively. A 3 dB beam scanning angle from −51◦ to 43◦ at 27 GHz and −28◦ to 30◦ at 45 GHz was obtained. 
[image: ]

Figure 6. in [5] Structure and simulated results of the antenna element. (a) 3-D exploded view, (b) feeding structure, and (c) simulated S-parameters, which indicates that two different resonant modes are excited around 27 and 45 GHz to achieve dual-band performance.
Table 2 in [5] Performance Comparison of Millimeter-wave Antennas
[image: ]

Observation 3: Paper [5] presented a prototype of 2 × 2 23.3-31.7/42.5-46.5 GHz dual-band and dual-polarized antenna array with average gains of 12 and 13.1 dBi, respectively. A 3dB beam scanning angle from −51◦ to 43◦ at 27 GHz and −28◦ to 30◦ at 45 GHz was obtained. 
2.4 26-28.5/37-41 GHz 8×4 Phased-Array
Paper [6] presented a 5G 8×4-element transmit /receive (TRX) phased-array which had independent dual beams with orthogonal linear polarizations at the 28 and 39 GHz bands. The array is based on commercial SiGe 2x2 beamformer chips and printed dual-band stacked patch antennas. It demonstrated a measured EIRP of 40 dBm at P1dB with 3-dB bandwidths of 26-28.5 GHz and 37-41 GHz. The array is capable of scanning ±55° in azimuth plane and ±40° in elevation plane at both frequencies. 
[image: ]
Figure 7. in [6] Block diagram of the 8×4 dual-band/dual-beam 5G array

[image: ]

Figure 8 in [6] Photos of the fabricated dual-band dual-beam array. The inner chips are the F5390 (39 GHz) and the outer chips are the F5280 (28 GHz).
[image: ]

Figure 9 in [6] Measured EIRP versus frequency of both beams. Similar results are obtained when both beams are turned on together.
Observation 4: Paper [6] presented a 26.5-29 GHz and 37-41 GHz 8×4 dual-band dual-beam TRX phased-array based on commercial SiGe 2×2 beamformer chips and printed dual-band stacked patch antennas. It demonstrates a measured EIRP of 40 dBm. The array is capable of scanning ±55° in azimuth plane and ±40° in elevation plane at both frequencies. 
3 Summary
Wideband array antennas covering about 26GHz and 40GHz are widely investigated in recent years. In this contribution, we collect some recent IEEE literature, and have the following observations:
Observation 1: Paper [3]showed a 27.48-28.50/36.94-40.43 GHz 2×2 dual-band dual-polarized array antenna, the simulated boresight gain is larger than 8.5 dBi and 10 dBi, and isolation between the vertical and horizontal polarization is lower than -20 dB.
Observation 2: Paper [4] showed a 24-28 GHz and 36-42 GHz dual-band antenna array. The beam scanning angles of the antenna array are about ±60◦ and ±45◦ in the LB and the HB, respectively.
Observation 3: Paper [5] presented a prototype of 2 × 2 23.3-31.7/42.5-46.5 GHz dual-band and dual-polarized antenna array with average gains of 12 and 13.1 dBi, respectively. A 3 dB beam scanning angle from −51◦ to 43◦ at 27 GHz and −28◦ to 30◦ at 45 GHz was obtained. 
Observation 4: Paper [6] presented a 26.5-29 GHz and 37-41 GHz 8×4 dual-band dual-beam TRX phased-array based on commercial SiGe 2×2 beamformer chips and printed dual-band stacked patch antennas. It demonstrates a measured EIRP of 40 dBm. The array is capable of scanning ±55° in azimuth plane and ±40° in elevation plane at both frequencies. 
Although the above antenna arrays are 2×2, 8×4 ,which is less than BS antenna array scale, and some of them was proposed for 5G mobile terminal applications, the achieved promising performance and similar approach can be extended to base stations with large scale antenna array.
Proposal 1: MB BS supporting about 26G+40G has feasible solution from antenna implementation perspective.
4 References
[1] R4-2217451,WF on feasibility of FR2-1 multi-band BS，RAN4#104bis，Huawei, Hisilicon 2022.10.
[2] R4-2216242, Discussion of mmWave multi-band BS feasibility, RAN4#104-bis, Huawei, Hisilicon 2022.10
[3] 28/38 GHz Dual-band Dual-polarized Highly Isolated Antenna for 5G Phased Array Applications, Chenhao Chu et.al, University College Dublin, IEEE IWS 2019: Sixth IEEE MTT-S International Wireless Symposium, Guangzhou, China, 19-22 May 2019 https://researchrepository.ucd.ie/bitstream/10197/11051/2/Antenna%20for%205G%20Phased%20Array_IWS2019_CChu.pdf
[4] A Compact Dual-Band and Dual-Polarized Millimeter-Wave Beam Scanning Antenna Array for 5G Mobile Terminals，Yuqi He et.al，Xidian University, https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9500212
[5] Dual-Band Dual-Polarized Microstrip Antenna Array Using Double-Layer Gridded Patches for 5G Millimeter-Wave Applications, Wangyu Sun et.al, IEEE Transactions On Antennas And Propagation, Vol. 69, No. 10, October 2021
[6]A 32-Element 28/39 GHz Dual-Band Dual-Beam 5G Phased-Array with 40 dBm EIRP and Simultaneous 64 QAM Operation, Shufan Wang et al., University of California San Diego, USA, 2022 IEEE/MTT-S International Microwave Symposium, https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9865316
	1/7	
image3.png
Gain (dBi)

Gain (dBi)
EHELENERS

th

38 39
Frequency (GHz)

(b)




image4.png
—
A - High band antenna

/> Prepreg layer (PP)

é—' Low band antenna

~C -

Capacitive Feed

Parasmc Strips





image5.png
Magnitude (dB)

Magnitude (dB)

[~ Measureas11]

e Measured|$22|
—4— Measured| 833

—— Measured|s44|

24 26 28 36 38
Frequency (GHz)
(a)

T
0 42 44 46

W

| {-v- Measured 13|

[-A— Measured|$12]

|8~ Measured|
|- Measurg |

=== Measured s34

24 26 28 36 38 40 42 44 46

Frequency (GHz)
(b)




image6.png
BW Beam
Freq. Ant. Size
Ref. (LB/LB) Pol. Scanning
(GHz) (mm)
(GHz) (LB/HB)
Single
[12] 3739 2 15.6%1.8%0.89 +50°
linear
Single
[13] 2428 4 47.1x8.0x0.8 . +60°
linear
27.6-30.8 Single
[14] 3216 | 489x1.0x356 | /
36.8-38.4 linear
Dual
[16] 28-33 5 20.0x3.50%5.3 . +40°
linear
Single
[22] 2122 1 110%55.0x0.7 . +75°
linear
24-28 Dual +60°/
Prop. 4/6 18.2x4.1x1.07
3642 linear +45°

Ref.: Reference; Freq.: Frequency; BW: Bandwidth; Ant.: Antenna; Pol.:
Polarization; Prop.: Proposed.
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A Element . Size Height  Peak gain - Average 3B scanning range
Ref. number Bandwidth () (%) (dBi) Polarization efficiency SC: g 2
[14] 1x16 24.4-31.1 GHz (24.4%)  1.42x8.07 0.10 19.88 Single-Linear ~86% -49°~59° @26 GHz

23.7-29.2 GHz (20.7%) . - ~80%
[30] 1x1 367411 Ghs (1137 082082 0.18 72109 Single-Linear o0 b N.ML*
31 1x4 21%76-3%48%1;1417((152;20)) 058x2.54  0.06 10.1/10.2  Single-Linear ~75.8% NM.
1.6 GHz (3.8%) i >92%
[32] 222 3 GHy (0.7%) 2.15%2.15 0.07 160174 Single-Linear (50 N.M.
27.1-29.5 GHz (8.4%) I ~86.5% -18°~18°@28 GHz
[45] 2x2 36.1.38.3 GH (5.9%) 3.07x3.25 0.34 13.1/13.2  Dual-Linear (simulation) 8187 @38 Gl
[49] 2x2 §:§EZ§ g:f E }iggj; 1.61x1.61 0.20 145/16.5  Dual-Lincar ~80% NM.
TG < -91.2% -51°~43°@27 GHz
Proposed 22 233317 GHz 0.5%)  pg.198 016 14.8/14.1  Dual-Linear

42.5-46.5 GHz (9.0%)

( simulation )

-28°~30°@45 GHz

*J, is the free-space wavelength at the starting frequency. **N.M.: Not Mentioned.
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