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1. Introduction
At the last RAN4 meeting (RAN4#92 in Ljubljana) a contribution [1] with technical background information relevant for different filter technologies was presented.
Based on information from the extensive analysis in [1], key parameters have been extracted per example frequency. At the end of this contribution a text proposal for subclause 5.5.4 is attached for approval. The text proposal adds a table summarizing the key parameters associated with filters. 

2. Discussion
Based on the filter technical overview provided in [1], key parameters have been collected for example frequencies in Table 2-1.   
Table 2-1: Key parameters for filters 
	Example frequency
(GHz)

	Filter technology
	Guard
(MHz)
	Insertion loss
(dB)
	Suppression
(dB)
	Note

	10
	LTCC
	500
	4
	40
	A guard band of 0.2 GHz appears un-realistic for 10 GHz, for LTCC and PCB-integrated stripline filters regardless of passband bandwidth, due to the extreme requirements on frequency tolerance, and Q-value.

	15
	LTCC
	600
	3
	30
	

	20
	PCB, LTCC
	1500 to 2000
	4
	20-25
	



The information can be used as input during the requirement development in coming WIs, where new bands are introduced in the frequency range 7 to 24 GHz. 

3. Conclusion
In a companion contribution a thorough overview of different filter technologies have been conducted. In this contribution we have summarized key parameters relevant for requirement development. To be prepared when the WI is initiated, we suggest capturing the key filter parameters in TR 38.820, subclause 5.5.4. 
At the end of this contribution a text proposal is attached for approval. The text proposal adds a table with key filter parameters, to be used when requirements are defined in the WI phase. 
The key parameters can be used as input for exclusion zones for blocking and emission, etc.   
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[bookmark: _Toc18467469]5.5	Key parameters over the 7-24 GHz range
Editor’s note: Conclusions on ranges for some key parameters from a technology capability perspective (Output power, ACLR, noise figure etc.)
[bookmark: _Toc18467470][bookmark: _Toc5938253]5.5.1	Noise figure
Receiver Noise Figure (NF) is one of the essential metrics for determining receiver requirements. For determining typical NF value some fundamental principles should be considered:
· The NF is not given by the LNA alone, but also by bandwidth, linearity and dynamic range dependencies as there is a delicate balance which should be considered when future requirements are specified.
· A full RF receiver chain all the way up to radiating elements should be addressed as all parts in the chain would contribute to the overall receiver performance including switch (for TDD), routing and filter losses, etc.
· For some compact and highly integrated building practices with many transceivers and antennas, the power efficiency and heat dissipation in small area/volume is necessary needs to be considered. 
· As an example, in the context of NF, it might be possible to reduce the noise contribution from ADC by using more bits, but this would have significant implication in terms of power consumption and heat dissipation aspect as a single added bit to ADC would result in four times higher power consumption. In general the ADC power consumption is proportional to
BW2 · DRACD
      where DRACD is the ADC dynamic range. 
Table 5.5.1-1	Typical noise figure for 7 - 24 GHz example frequencies
	Example frequency (GHz)
	Typical NF values for NR BS (dB)
	Typical NF values for NR UE

	10
	7 
	TBD

	15
	8
	TBD

	20
	9
	TBD



[bookmark: _Toc18467471]5.5.1.1	NF Analysis for NR BS 
Considering recent state-of-the-art LNA only noise figure publications, figure 5.5.1.1-1 presents the LNA only noise figure for different semi-conductor technologies over frequency based on published data [x].
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Figure 5.5.1.1-1	LNA only NF trend over frequency
The typical noise figure values presented in table 5.5.x-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.
[bookmark: _Toc18467472]5.5.2x	Power amplifiers

[bookmark: _Toc18467473][bookmark: _Toc5938254]5.5.3x	Phase noise
5.5.4	Filter
Based on the filter technical overview in subclause 5.4.5, key parameters have been collected for example frequencies in table 5.5.4-1.   
Table 5.5.4-1: Key parameters for filters 
	Example frequency
(GHz)

	Filter technology
	Guard
(MHz)
	Insertion loss
(dB)
	Suppression
(dB)
	Note

	10
	LTCC
	500
	4
	40
	A guard band of 0.2 GHz appears un-realistic for 10 GHz, for LTCC and PCB-integrated stripline filters regardless of passband bandwidth, due to the extreme requirements on frequency tolerance, and Q-value.

	15
	LTCC
	600
	3
	30
	

	20
	PCB, LTCC
	1500 to 2000
	4
	20-25
	



The key parameters can be used as input for decision for numerous RF parameters relevant for exclusion zones for receiver blocking, emission and other requirements.



3GPP
image1.png
LNA noise Tigure vs. frrequency

< 45nmsol
O 65nm
90nm
130nm SOI
250nm SiGe
250nm GaN
150nm GaN
GaAs
GaN

0 20 40 60 80 100
Carrier frequency (GHz)




