Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 Meeting #106	 R4-2300033
[bookmark: _Hlk125967566]Athens, Greece, February 27 – March 03, 2023

[bookmark: _Hlk125967580]Source: 	IIT Delhi, IIT Jodhpur, IIT Madras, IIT Bhilai, Reliance Jio
Title:  	Discussion on mmWave multi-band BS massive MIMO antenna systems
Agenda Item:	9.4.2
Document for:	Discussion and decision
1 Introduction 
There were extensive discussions on the feasibility of FR2 multi-band BS in the last RAN4 meetings. 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 further discuss the feasibility of antenna implementation for FR2 multi-band BS from massive MIMO antenna system prospective.
2 [bookmark: _Ref178064866]Discussion
An antenna array is needed to provide increased gain to improve both the capacity and reliability of mmWave transmission to overcome the substantial path loss at mm-wave frequencies. As discussed in previous papers [2] and [3], multi-band antenna arrays can be designed to achieve wide beam scanning at both frequency bands.
To further enhance the capacity and reliability of data transmission significantly without additional power requirements, the base stations (BSs) utilize massive multiple-input-multiple-output (MIMO) antenna technology. Commonly, uniform phased antenna arrays in multiple panels spanning beam in two-dimensions (2D) are employed at BSs, to serve multiple users within the same time-frequency resource via spatial beamforming across the azimuth and elevation domains. 
The short wavelengths associated with mmWave frequencies enable a large number of antenna elements to be packed in a small physical size. However, MIMO performance needs to be ensured for closely spaced antenna elements for both lower and higher frequency bands as mutual coupling can greatly affect the performance. The MIMO performance metrics are isolation (between antenna elements) and diversity performance parameters like envelope correlation coefficient (ECC), diversity gain (DG), etc. When various phased antenna arrays are employed in multiple panels, the isolation between panels’ adjacent antenna elements needs to be ensured. The ECC enumerates the correlation between the beams transmitted/received by different panels while DG shows the improvement in the signal-to-noise ratio of the MIMO antenna system over the single panel. These parameters need to be within the practical limit to ensure good diversity performance. Additionally, a common ground plane is necessary for practical MIMO antenna systems for providing a common reference plane for received signals. 
In this paper, we designed and developed a wideband massive MIMO antenna system supporting 26G+40G, and presented their performance metrics. The designed massive MIMO antenna system can be a suitable for mmWave multi-band BS.

2.1 Wideband 26.2-40 GHz Massive MIMO Antenna system Architecture
Figure 1 shows the structure of a wideband Yagi-Uda-based phased antenna array. The designed antenna array consists of 16-element Yagi-Uda antennas arranged in a 4×4 arrangement with conductor walls between the elements. Each Yagi-Uda antenna is composed of four conductor strips: one driven element, one reflector element, and two director elements. A wide dipole of length half-wavelength is used as a driven element and two wide conductor strips of different dimensions are used as director elements. The antenna array is designed and analyzed in a three-dimensional electromagnetic simulator CST Microwave Studio.
Figure 2 shows the S-parameters of the 4×4 phased antenna array. The designed Yagi-Uda antenna has operating bandwidth of 42.2% ranging from 26 to 40 GHz, which supports n257/n261+n260. If the spacing between the Yagi-Uda antenna elements is taken as 0.5λ at 26 GHz, the spacing becomes 0.73λ at 38 GHz which results in a limited scanning range. When the element spacing is taken as 0.5λ at 38 GHz, a good scanning range can be attained but mutual coupling in the lower limit will significantly increase as the corresponding spacing for the lower limit is only 0.34λ at 26 GHz.
To balance the performance and avoid the mutual coupling over wideband/multiple bands, closely spaced antenna elements with a decoupling structure can be designed. Here, the spacing of approximately 0.5λ at a higher limit is taken and a vertical metal wall is used between the Yagi-Uda antenna elements. The isolation between the antenna elements is more than 17 dB.
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Figure 1. Structure of wideband Yagi-Uda based 4×4 phased antenna array with decoupling structure.
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(3) (b)
Figure 2. S-parameters of wideband Yagi-Uda based 4×4 phased antenna array. (a) return loss, and (b) isolation.

Figures 3 and 4 show the elevation and azimuth beam scanning performance of the 4×4 phased antenna array at 26 GHz and 38 GHz, respectively. The main beam is able to scan up to a minimum of ±40º with sidelobes lower than 9.4 dB. The cross-polarization levels are below -60 dB over the entire operating bandwidth. Figure 5 shows the peak gain in the broadside (i.e., at 0º in both elevation and azimuth planes) direction. The peak gain is more than 17 dB over the entire operating bandwidth with its value of 17 dB and 20 dB at 26 GHz and 38 GHz, respectively.
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                         (a)                                           (b)
[bookmark: _Hlk126165355]Figure 3. Beam scanning performance of the 4×4 phased antenna array at 26 GHz (a) elevation plane, and (b) azimuth plane.
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                         (a)                                           (b)
Figure 4. Beam scanning performance of the 4×4 phased antenna array at 38 GHz (a) elevation plane, and (b) azimuth plane.
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Figure 5. Peak gain of the 4×4 phased antenna array corresponding to broadside (0º, 0º) direction.
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Figure 6. Beam patterns of the 4×4 phased antenna array for 2-D multi-beam scanning in 3-D view. (a) 26 GHz, and (b) 38 GHz.
Figure 6 demonstrates the 3-D views of 25 beams scanning from -40º to +40º in the elevation plane and -40º to +40º in the azimuth plane at 26 GHz and 38 GHz. Each beam is labelled with the direction of maximum radiation and peak gain.
Figure 7 shows the structure of an 8-panel massive MIMO antenna array system for BSs. Each panel consist of the 4×4 phased antenna array designed previously. It uses spatial multiplexing transmission and reception for more users, improving spectral efficiency and reliability.
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Figure 7. Structure of an 8-panel (each consisting of a 4×4 phased antenna array) massive MIMO antenna array system.
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Figure 8. Isolation between panels’ adjacent antenna elements.

The isolation between the panels’ adjacent antenna elements is plotted in Figure 8. For the designed massive MIMO antenna array system, the isolation remains more than 17 dB over the entire FBW. Figure 9 demonstrates the 2-D multi-beam scanning of an 8-panel massive MIMO antenna system with different beam scan angles at 26 GHz and 38 GHz.
In MIMO antenna systems, the coupling between each panel and the amount of correlation between the beams transmitted/received by different panels are evaluated in terms of envelope correction coefficient (ECC), which is calculated from the complex 3D radiated field pattern. Here, ECC values are calculated in CST microwave studio’s far-field results using radiated far-field equation (1) given in [4]. Diversity gain (DG) shows the improvement in the signal-to-noise ratio of the MIMO antenna system over the single panel. It is calculated from ECC using formula (2) given in [4]. Practically, the ECC values of 0.5 and DG values close to 10 dB are widely acceptable.
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                                              (2)
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(a)                                       (b)
Figure 9. Demonstration of 2-D multibeam scanning of an 8-panel massive MIMO antenna array system in 3-D view (a) 26 GHz. (b) 38 GHz

Here different use cases are considered when one panel steers the beam at different angles with respect to other panels’ main beam in a fixed direction.

Case 1: When Panel 1 (AA1) radiates the field in the azimuth plane at (40º,0º) and Panel 2 (AA2) steers the beam at different angles i.e. -40º, -20º, 0º, 20º, and 40º in the azimuth plane.
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                         (a)                                            (b)
Figure 10. Diversity performance of an 8-panel massive MIMO antenna array system when beam steered in azimuth plane (a) ECC, and (b) DG.
Figure 10 shows the diversity performance of the massive MIMO antenna array system when panel 1 radiates field in azimuth plane at (40º,0º) and panel 2 steers at different angles i.e. -40º, -20º, 0º, 20º, and 40º in the azimuth plane.

Case 2: When Panel 1 (AA1) radiates the field in the elevation plane at (0º, 20º) and Panel 3 (AA3) steers the beam at different angles i.e. -40º, -20º, 0º, 20º, and 40º in the elevation plane. 
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                          (a)                                           (b)
Figure 11. Diversity performance of an 8-panel massive MIMO antenna array system when beam steered in elevation plane (a) ECC, and (b) DG.
Figure 11 shows the diversity performance of the massive MIMO antenna array system when panel 1 radiates field in elevation plane at (0º,20º) and panel 3 steers at different angles i.e. -40º, -20º, 0º, 20º, and 40º in the elevation plane.

Case 3: When Panel 1 (AA1) radiates field at (20º, 20º) and Panel 4 (AA4) steers beam at different angles i.e. (-40º, -40º), (-20º, -20º), (0º, 0º), (20º, 20º), and (40º, 40º). 
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                          (a)                                           (b)
Figure 12. Diversity performance of 8-panel massive MIMO antenna array system when beam steered diagonally (a) ECC, and (b) DG.
Figure 12 shows the diversity performance of the massive MIMO antenna array system when panel 1 radiates field at (20º,20º) and panel 4 steers beam at different angles i.e. (-40º, -40º), (-20º, -20º), (0º, 0º), (20º, 20º), and (40º, 40º).
For all considered cases the ECC values are below 0.007 and DG greater than 9.9997 dB over entire operating bands.

Observation 1: A 8-panel massive MIMO antenna array system is designed for a wide FBW of almost 42.2% supporting n257/n261+n260 bands. It achieves a peak gain of a minimum of 17 dB and a scanning range of ±40º with sidelobes lower than 9.4 dB. The minimum isolation of 17 dB is achieved between the adjacent antenna elements with the use of a decupling vertical metal wall. The diversity parameters ECC and DG remain better than 0.007 and 9.9997 dB, respectively, over the entire operating bandwidth showing a good MIMO performance.
[bookmark: _Hlk126189439]
Proposal 1: Implementation of massive MIMO antenna systems for MB BS supporting 26G+40G has a feasible solution. It can serve multiple users via spatial beamforming across the azimuth and elevation domains with good diversity performance over multiple bands. 
3 Summary
[bookmark: _Hlk124617292]Wideband/multi-band massive MIMO antenna systems covering 26G+40G have been designed and analyzed. The following observations are made:

[bookmark: _Hlk125968588]Observation 1: A 8-panel massive MIMO antenna array system is designed for a wide FBW of almost 42.2% supporting n257/n261+n260 bands. It achieves a peak gain of a minimum of 17 dB and a scanning range of ±40º with sidelobes lower than 9.4 dB. The minimum isolation of 17 dB is achieved between the adjacent antenna elements with the use of a decupling vertical metal wall. The diversity parameters ECC and DG remain better than 0.007 and 9.9997 dB, respectively, over the entire operating bandwidth showing a good MIMO performance.

Proposal 1: Implementation of massive MIMO antenna systems for MB BS supporting 26G+40G has a feasible solution. It can serve multiple users via spatial beamforming across the azimuth and elevation domains with good diversity performance over multiple bands.
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