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1 Introduction
In the last meetings the WF’s [1] and [2] were approved with some agreed observation the Antenna array. This TP captures those agreements along with some background behind.
From [1]
· 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.
From [2]
· Further study the impact of supporting multi-bands with separate antenna array used for each band
· RAN4 have common observation as following:
· MB BS supporting about 26G+40G has possible solution (e.g. stacked patches) from antenna implementation perspective. The performance impact needs to be further studied.
· It is possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands.
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5.3.1	General
Antenna arrays are resonant structures. There is a frequency dependence on both the radiating element size (a dipole is nominally λ/2) and the array element separation. The required percentage bandwidth of the multi-band signal in table 5.1-1 is important therefore when looking at the feasibility of a broad band antenna. 
Solutions can be found for multiple band antennas by both extending the bandwidth of single band arrays and antenna elements while trading certain performance parameters, or by using multiple arrays which each cover lower percentage band widths (such as using stacked patches).

5.3.2	Single array bandwidth
It can be noted that for comparison FR1 multi-band fixed antenna arrays exist which cover form 1710MHz to 2690MHz a FBW of 44.5% (with VSWR of < 1.5:1). Fixed arrays however have more flexibility on element separation with values of up to 0.9λ being acceptable as the grating lobe is also fixed and can be attenuated with the element pattern.
The radiating element can trade frequency range against radiation performance. Short dipoles still radiate but the performance degrades the further from the ideal frequency they are operated at. Defining an exact “acceptable” level of radiation efficiency is for a broad band product is not straight forward as other aspects have to be considered, some radiation efficiency may be traded for other advantages of a broadband system. Also as the element becomes smaller its radiation patter becomes broader these negating its ability to act as a spatial filter for array grating lobes. 
The size of the radiating element and the element separation are also dependent as the elements cannot touch each other. The maximum separation (in terms of wavelength) the highest frequency therefore sets the maximum size of the element (which will be electrically shortest at the lowest frequency).
The maximum separation is also parameter which is difficult to agree as it depends on a number of things, a fixed array may have a separation of up to 0.9λ. It is generally assumed for our BS antenna simulations that a fully steerable array has a separation of 0.5-0.6λ to avoid grating lobes. 
For example, taking 0.5λ as a lower limit (this could be smaller if short dipoles were used), it then needs to be decided what an acceptable level of side lobe / grating lobe suppression is and also what range of steering is required.
3 examples below with similar grating lobe levels and different element spacing and steering can be seen:
· 0.7λ element separation with 30° steering
· 0.8λ element separation with 20° steering
· 0.9λ element separation with 10° steering
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Figure 5.3.2-1	 Array pattern: 0.7λ element separation with 30° steering, 0.8λ element separation with 20° steering, 0.9λ element separation with 10° steering
Each of these maximum separations equates to a percentage BW of 33%, 46% and 57% respectively and it is clear that grating lobe level and steering range can be traded against FBW. Once again selecting an exact set of conditions to estimate a maximum FBW is difficult as it depends on the product definition.
However, based on existing technology it has been agreed that 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. 
5.3.3	Stacked patches
If the required multi-band antenna bandwidth is too great to be handled by a single antenna (for the required steering range) it is also possible to use stacked patches.
Stacked patches can be designed with either a single dual band input or with separate input ports, as the bands are separated (for example 26GHz and 40GHz) it is possible to implement a diplexer to separate the bands for each of the antennas arrays if necessary.


[image: ]  
Figure 5.3.3-1: Multi-band PA with stacked single band arrays (single and dual input ports)
A number of papers have been identified [x1], [x2], [x3], and [x4] which have demonstrated the feasibility of operational stacked patch antennas in the range 26 to 40 GHz
· Paper [x1]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.
· Paper [x2] 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.
· Paper [x3] 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. 
· Paper [x4] 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. 
Dual band performance can be achieved by using multiple patches stacked on top of each other, for example in [x2] a simple stack with a high band and a low band patch with a single input port is shown, the antenna elements are constructed as follows:
[image: ]
Figure 5.3.3-2. Geometrical configuration of the proposed mm-Wave antenna element. (a) 3D view. (b) Sketch of the HB patch. (c) Sketch of the LB patch [x2]
Using these patches, a 2x2 array is demonstrated with acceptable levels of input match, boresight gain isolation and scanning angle. Although of course such small arrays are more suitable for a handset than a BS.
In [x4] a larger 8x4 array is demonstrated along with separate single band beam formers.
[image: ]
Figure 5.3.3-3. Block diagram of the 8×4 dual-band/dual-beam 5G array [x4]
As with the 2x2 array this is still small for BS purposes, however it demonstrates the scalability of such structures and that larger BS size arrays are technically feasible to implement.

<end of proposal>
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