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1 Introduction
In the last meeting the WF [1] was approved with some agreed observation the Antenna array. This TP captures those agreements along with some background behind.

· 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.

2 TP for TR 38.877
[bookmark: _Toc112318696]5.3	Wideband antenna architectures
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 fractional band width of the multi-band signal is important therefore when looking at the feasibility of a broad band antenna
Table 1: FBW of FR2-1 operating band (s)
	NR operating band
	Band
	Fractional bandwidth(FBW)

	n258
	24250 MHz – 27500 MHz
	12.6%

	n257
	26500 MHz – 29500 MHz
	10.7%

	n261
	27500 MHz – 28350 MHz
	3%

	n260
	37000 MHz – 40000 MHz
	7.8%

	n259
	39500 MHz – 43500 MHz
	9.6%

	n262
	47200 MHz – 48200 MHz
	2.1%

	24-29 GHz (includes n257/n258/n261)
	24250 MHz –29500 MHz
	19.5%

	37-48 GHz (includes n260/n259/n262)
	37000 MHz – 48200 MHz
	26.3%

	26+28 GHz (includes n258 + n261)
	24250 MHz – 29500 MHz
	19.5%

	28+39 GHz (includes n257/n261 + n260)
	26500 MHz – 40000 MHz
	40.6%

	26+40 GHz (includes n258 + n259/n262)
	24250 MHz – 48200 MHz
	66.1%

	28+40 GHz (includes n257/n261 + n259/n262)
	26500 MHz – 48200 MHz
	58.1%



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 broad band system. Also as the element becomes smaller its radiation patter becomes broader these negating its ability to act as a special filter for array grating lobes. However, taking FR1 as an example 45% seems feasible for element performance.
The size of the radiating element and the element separation are also somewhat 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, clearly 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 5.3-1	 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 FBW 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. 
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