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1 Background 
During RAN4#80bis it was discussed which Noise figure should be considered for the Way forward on UE and BS NF for mm-waves and ITU-R related work [1]. After discussion a minimum and maximum value were agreed for the co-existence simulations purpose. This contribution gives a technical background to estimate the system Noise Figure value for mmWave frequencies on the UE side.
2 Noise Figure estimation
Receiver Block Diagram

The noise figure system has been defined using the receiver architecture shown in Figure 1. The highest values for the NF comes from the RF front end, where the main contributors are the RF switch, the routing losses and the low noise amplifier (LNA). It can be seen in equation (1) that that the major factor affecting the Noise Figure is RF front end until the LNA, therefore these three element are considered with their respective parameters in section 3.
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Figure 1. Simplified RF+IF reference archhitecture [2]
Noise Figure of cascade networks
The equation (1) is used to estimate the NF of the system for cascade connection stages and it can be seen that the major factor affecting the Noise Figure is the first stage, in this contribution the RF end to the LNA. 
In the equation the Fi value refers to the noise factor and Gi is the noise gain at each stage. The NF is expressed in decibels and is defined as [image: image3.png]NF [dB] = 10log,, F
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3 System Noise figure values

Both Table 1 and Table 2 provide the calculated system values based on the trace losses, gain and noise figure of each component. The first stage is the RF block, which begins with the antenna, followed by the switch, the LNA and ends with the phase shifter. Since the phase shifter is located after the LNA, it contributes a small amount in the system NF. After the RF block, the rest of the chain includes combiners, phase shifters, down conversion mixers and BB.

Table 1 and Table 2 give the system NF at 28 GHz and at 39 GHz, respectively. The first column in both tables show the trace of the component, the second column is the gain of each component, the third column adds the gain to the previous trace loss, the fifth column is the NF of each component and the sixth column S Gain is the addition of the current gain with the previous gain. The last column gives the total noise figure including the noise figure of the previous stages. 
The number in red are the NF of route loss to the antenna, RF switch and LNA
Table 1. System NF at 28 GHz

	 
	Component Name
	Tr
[dB]
	G [dB]
	G + prev Tr [dB]
	NF [dB]
	NF + prev Tr [dB]
	S Gain 
[dB]
	NF + 

[dB]

	RF
	Routing loss from antenna 
	0.35
	-2.5
	-2.5
	2.5
	2.5
	-2.5
	2.5

	
	RF SW1
	0.2
	-1.8
	-2.15
	1.8
	2.15
	-4.65
	4.65

	
	LNA
	0.1
	21
	20.8
	4.1
	4.3
	16.15
	8.95


Table 2. System NF at 39 GHz

	
	Component Name
	Tr [dB]
	G
[dB]
	G + prev Tr [dB]
	NF 
[dB]
	NF + prev 
Tr [dB]
	Gain +
[dB]
	NF +
[dB]

	RF
	Routing loss from antenna
	0.35
	-1.8
	-1.8
	1.8
	1.8
	-1.8
	1.8

	
	RF SW1
	0.2
	-2.1
	-2.45
	2.1
	2.5
	-4.25
	4.3

	
	LNA 
	0.1
	19
	18.8
	6.0
	6.2
	14.45
	10.6


As we mentioned before, the main contributor of the NF are the three first components on the RF front end. In order to calculate the complete system NF in both tables we have to consider the NF of the rest of the receiver chain, which adds around 2 dB. This number is aligned with the considered value of the rest of the receiver chain given in [3].
This concludes that we have a system NF of 10.95 dB for 28 GHz and 12.6 dB for 39 GHz. With a similar calculation the system NF expected at 70 GHz is around 15 dB. 
4 Conclusion
Noise Figure system for 28 GHz and 39 GHz have been shown as examples for mmWave system NF estimation. Based on these results we can concluded that the values for the WF  on UE and BS NF for mm-waves and ITU-R related work should consider for the UE side 11 dB for 30 GHz, 13 dB for 45 GHz, 15 dB for 70 GHz. 

Proposal: We propose to adopt the NF values of 11 dB for 30 GHz, 13 dB for 45 GHz, 15 dB for 70 GHz for the UE in the ITU-R related work related coexistences simulations.
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