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[bookmark: _Toc43738118][bookmark: _Toc46354083]------------------------------ Modified section ------------------------------
[bookmark: _Toc43738060][bookmark: _Toc46354025]5.5.1.2	NF analysis for NR BS 
Considering recent state-of-the-art LNA-only noise figure publications in [22 – 27], figure 5.5.1.2-1 presents the LNA-only noise figure for different semi-conductor technologies over frequency based on published data.

[image: ]
Figure 5.5.1.2-1: LNA-only NF trend over frequency
The typical noise figure values presented in table figure 5.5.1.2-1 are based on assumption of pre-LNA noise figure of ~1.8 dB and per example frequency calculation of losses such as routing losses, etc.
ETSI has published an update of TR 101 854 [46] on fixed radio systems in April 2019, which contains a table on typical NF values and associated industrial margins (IMF) of the radio receivers. This table is extracted below in table 5.5.1.2-1. The IMF considers various performance variations of system elements over e.g. temperature extremes, voltage variations, or aging by capturing production spread of RF circuits.
Table 5.5.1.2-1: Typical Noise Figures (NF) and associated Industrial Margins (IMF)
	Frequency band
(GHz)
	Typical Noise Figure (NF)
(dB)
	Industrial margin (IMF)
(dB)

	1,3 - 3
	~4
	+3

	3 - 5
	~5
	+3

	6 - 15
	~5
	+3

	18 - 23
	~6
	+3

	26 - 28
	~7
	+3

	32
	~7
	+3

	38 - 42
	~8
	+3

	48 - 50
	~9
	+3

	52 - 55
	~10
	+3

	71 - 76
	~13
	+4

	81 - 86
	~13
		+4	


NOTE: 	The above ETSI originated Industrial Margins (IMF) shall not be confused with the Implementation Margins (IM) used in process of RAN4 conformance requirements derivation.
It can be seen from the table above that even though this TR is on fixed radio systems, the NF and IMF values of the radio receivers are similar to those that RAN4 has adopted for mobile radio systems (considering different margins for BS and UE). This would be explained by the fact that many underlying components would be the same in both fixed and mobile radio receiver. Since this TR has been officially published by ETSI, it is reasonable to use the data in the table above as references for the typical BS NF over the whole 7 – 24 GHz rang as shown in table 5.5.1.2-1. 
----------------------------- Next modified section ------------------------------

7.2.4	Array antenna model
In Table 7.2.4-1, the parameters used by the parameterized array antenna model are described. Based on AAS base station architecture in clause 7.2.1 (i.e. the BS type xFR-H and BS type xFR-O) and deployment scenarios envisioned for the 7 – 24 GHz range, different parameter sets are required to model an AAS base station.
Table 7.2.4-1: Parameters of the parameterized array antenna model
	Parameter
	Symbol
	Unit

	Front to back ratio
	Am
	dB

	Side lobe suppression
	SLAv
	dB

	Horizontal HPBW
	3dB
	Degrees

	Vertical HPBW
	3dB
	Degrees

	Array element peak gain
	GE,max
	dBi

	Array element loss
	LE
	dB

	Number of radiating elements rows and columns
	(M, N)
	Integer

	Horizontal element separation
	dh
	m

	Vertical element separation
	dv
	m

	Electrical down-tilt angle
	etilt
	Degrees

	Electrical scan angle
	escan
	Degrees



The parameterized antenna model is built around array antenna model where the element factor, array factor and linear phase progressing is characterized as described by equations in Table 7.2.4-2. 
Table 7.2.4-2: Array antenna model details
	Description
	Equation
	Unit

	Peak normalized element radiation pattern
	
	dB

	Peak gain normalized element radiation pattern
	

	dBi

	Element peak gain
	
, where the peak directivity DE,max is calculated from given values on 3dB, 3dB, dh and dv
	dBi

	


Composite array radiation pattern
	 
, where 


	



dBi



To conserve complexity the model is created so that the element is gain normalized, instead of the composite array pattern. As a consequence, parameters cannot be selected arbitrarily, since parameters are dependent on each other. The intension with the model is to model absolute gain patterns correctly without full pattern directivity normalization. To model absolute gain, parameters must be selected carefully, if not the model produces nonphysical and incorrect gain response. 
When array antenna parameters are selected for the array antenna model it is preferable to consider physical aspects such as the gain/area relation and gain/beamwidth relations by checking following aspects in given order:
1.	The considered deployment scenario and coexistence situation will give the appropriate coverage range requirement for the horizontal and vertical domain.
NOTE 1: 	For analysis of the NR deployment scenarios considered for the 7 – 24 GHz range, refer to clause 5.6.
2.	From the coverage ranges and deployment scenario the required antenna gain can be determined, from which the array antenna geometry can be determined in terms of number of rows (M), the number of columns (N).
3.	From the coverage ranges the array antenna steering capability can be determined in terms element separations (dv, dh).
NOTE 2:	 The element separations dv and dh is the distance between radiating elements in the array antenna. The RDN can be used to create sub-arrays to optimize coverage. When sub-arrays are modelled, parameters can be selected to model the sub-array as a radiating element, in this case dv and dh is the distance between sub-arrays in the antenna array.
4.	From the given array lattice the element parameters can be considered with respect to the given area for a single element. The element peak gain (GE,max) and half power beamwidth product (3dB and 3dB) depend on each other and must be selected together to maintain accurate model gain response. The element loss (LE) needs to be included when the element peak gain is determined. Select parameter values for beamwidth based on the following two parameters checks: 
a.	Check the peak element directivity (DE,max) with the unit area available for a single element in the array lattice, as described in Eq. 7.2.4-1. 
b.	Check the peak element directivity (DE,max) with the half-power beam width product (3dB and 3dB), as described in Eq. 7.2.4-2.
5.	The model gain is guaranteed by an element peak directivity normalization directivity (DE,max) described in Eq. 7.2.4-3. The peak element gain GE,max is calculated based on Eq. 7.2.4-4.

The peak element directivity (assuming no losses for a given antenna aperture area) can be expressed as:
		(Eq. 7.2.4-1)
Also, the peak element directivity for a given wide symmetrical beam can be approximated by:
		(Eq. 7.2.4-2)
, where K is a factor that depends on the element properties. For single elements with symmetrical large beamwidths, K = 52525 is appropriate, while for sub-arrays with narrower beamwidth characteristics, K = 32400 is more appropriate. Depending on the element characteristics the relation between element peak gain and the half power beam width product is different as described in [65]. 
To be exact it is recommended to select element parameters, where the peak element gain is determined by calculating the directivity from a given geometry including beam widths. The element directivity can be calculated based on the pattern described by Table 7.2.4-1 in dBi as:
		(Eq. 7.2.4-3)
, where Alin(,) is defined in linear scale as:
		(Eq. 7.2.4-4)
----------------------------- End of modified section ------------------------------
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