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Introduction
In the RAN4#107 meeting, a WF [1] on UE RF requirements for NR NTN enhancement was approved without the agreements on whether to differentiate UE types from mobility perspective, i.e. mobile and fixed NTN UEs. In last meeting, after some investigations, companies provided the evidences [2] [3] [4] that it’s necessary to distinguish mobile and fixed NTN UEs from regulations perspective. In this paper, we’d like to further discuss this topic. In addition, the noise figure of NTN UE was discussed in last meeting, we’d like to provide our technical investigation and observations for this issue in this paper.
Discussion on the regulation differences for NTN UEs
Frequency range differences
Based on ITU radio regulations [2], there are two basic kinds of satellite services, i.e. fixed-satellite service (FSS) and mobile-satellite service (MSS). The definitions for two kinds of satellite services are shown below.
	1.21 fixed-satellite service: A radiocommunication service between earth stations at given positions, when one or more satellites are used; the given position may be a specified fixed point or any fixed point within specified areas; in some cases this service includes satellite-to-satellite links, which may also be operated in the inter-satellite service; the fixed-satellite service may also include feeder links for other space radiocommunication services.



	1.25 mobile-satellite service: A radiocommunication service:
– between mobile earth stations and one or more space stations, or between space stations used by this service; or
– between mobile earth stations by means of one or more space stations.
This service may also include feeder links necessary for its operation.



For fixed-satellite service, the earth stations are at given positions which may be a specified fixed point or any fixed point within specified areas.
For mobile-satellite service, mobile earth stations are movable.
Observation 1: mobile and fixed NTN UEs belong to two different services referring to ITU radio regulations.
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We just copy one segment of frequency range allocation for different services in Ka band UL part. Mobile-satellite service are allowed to be used in frequency range 29.5~30GHz, but Fixed-satellite service are allowed to be used in frequency range 27.5~30GHz.
Observation 2: The allocated frequency range for mobile and fixed satellite service are different from regulations’ perspective.
Referring to the WF [3] in RAN4#106 meeting, band n511 and n510 were agreed to be used for exemplary bands. However, ESIM operation are not included for band n510. That’s why two different bands (band n511 and n510) are arranged based on FCC 47 CFR part 25.
In total, frequency range which are basic RF requirements are different for mobile and fixed NTN UEs referring to ITU and other regional regulations. Thus, it’s necessary to design some mechanisms to distinguish mobile and fixed NTN UEs. At least, RAN4 need to specify two sets of frequency range requirements for fixed and mobile NTN UEs respectively.

Satellite orbit differences
In ITU and other regional regulations, geostationary-satellite orbit (GSO) VS non-geostationary satellite orbits (NGSO) is another key difference. Referring to ITU Satellite issues [4]: WRC-19 has the following agreement for ESIM communicating with geostationary (GSO) space stations.
	WRC-19 agreed on the regulatory and technical conditions under which the frequency bands 17.7‑19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) can be used by the three types of ESIM communicating with geostationary (GSO) space stations in the fixed-satellite service (FSS).



Observation 3: referring to WRC-19 agreements, frequency bands 17.7‑19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) can be used by the three types of ESIM communicating with geostationary (GSO) space stations in the fixed-satellite service (FSS).
Referring to the WF [3] in RAN4#106 meeting, band n512 were agreed to be used for exemplary band considering ECC Decision(05)01 [5] and ECC Decision (13)01. In ECC Decision (13)01 [6], the purpose of this ECC Decision is to:
	[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\80982E65-6926-4FC5-99BE-99BC3E0EC475.png]



Observation 4: In ECC Decision (13)01, the purpose of this ECC Decision is to harmonise the use and allow the free circulation and exemption from individual licensing of ESOMPs of geostationary satellite networks operating within the frequency bands 17.3~20.2 GHz (receive band) and 27.5~30 GHz (transmit band).
Thus, for mobile NTN UEs which operate in FSS frequency range, only geostationary satellite networks are allowed by some regional regulations.
Proposal 1: it’s necessary to design some mechanisms to distinguish mobile and fixed NTN UEs, since some regulations only allow mobile NTN UEs to operate in FSS frequency range with geostationary satellite networks. At least, RAN4 need to specify two sets of frequency range requirements for fixed and mobile NTN UEs respectively.
Discussion on the noise figure for NTN UE
Actually, RAN4 has studied and discussed the noise figure over the 7~24GHz range in one Rel-16 SI [7]. All the outcomes were captured into the TR 38.820 [8]. In the clause 5.5.1 of TR 38.820, RAN4 has investigated the key parameter noise figure over the 7 ~ 24 GHz range. Some high level general aspects for noise figure are copied below.
	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. 
For UE, the typical NF values considering the usage of similar technologies as for BS, should be similar but slightly higher to allow more flexibility in the implementation and taking to account the size limitations.



Observation 5: 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.
Observation 6: 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.
Observation 7: 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.
In addition, ETSI has published an update of TR 101 854 [9] 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 3-1. 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 3-1: 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.
Observation 8: Referring to ETSI TR 101 854, the typical noise figure in frequency range 18 – 23GHz is 6 dB.

Finally, we investigated the some IEEE published papers. In paper [10], the performances of state-of-the-art LNA-only were summarized below.
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In paper [11], the Performance Summary and Comparison for LNA-only were summarized below.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\92A717FA-243C-44C3-8B9A-71436F439ACA.png]
In paper [12], the Performance comparison of recently published LNAs were summarized below.
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In paper [13], the Performance comparison with other LNAs were summarized below.
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Referring to published papers from IEEE, the value range of noise figure given by LNA alone at 17GHz is about 2.2dB ~ 6 dB. If we consider the whole Rx chain, the noise figure for the receiver is worse than the value given by LNA alone. When NTN UE Rx requirements are discussed, at least RAN4 need to assume noise figure as 6 dB considering the outcomes in 7~24GHz SI, ETSI TR 101 854 and IEEE published papers.
In companies’ contribution [17], the following NTN UE terminal reference architecture was proposed for above 10GHz. It’s observed that the implementation with common antenna architecture with duplexer is not precluded. If companies follow this kind of implementation, the duplexer will bring additional insertion loss at least 3dB considering worst case. In addition, Ka band NTN UE may need to implement filter architecture to immigrate the blocking interference due to the complex electromagnetic environment on earth, so such kind implementation will result addition insertion loss which means worse noise figure performance for Ka band NTN UE.
Observation 9: Referring to R4-2309717, it’s observed that the implementation with common antenna architecture with duplexer is not precluded. That means the duplexer will bring additional insertion loss for Rx chain of Ka band NTN UE.
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Proposal 2: When NTN UE Rx requirements are discussed, at least RAN4 need to assume noise figure as 6 dB considering the outcomes in 7~24GHz SI, ETSI TR 101 854 and IEEE published papers. If the implementation with duplexer and common Tx&Rx antenna is not precluded, the insertion loss should be considered additionally.
Summary
Observation 1: mobile and fixed NTN UEs belong to two different services referring to ITU radio regulations.
Observation 2: The allocated frequency range for mobile and fixed satellite service are different from regulations’ perspective.
Observation 3: referring to WRC-19 agreements, frequency bands 17.7‑19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) can be used by the three types of ESIM communicating with geostationary (GSO) space stations in the fixed-satellite service (FSS).
Observation 4: In ECC Decision (13)01, the purpose of this ECC Decision is to harmonise the use and allow the free circulation and exemption from individual licensing of ESOMPs of geostationary satellite networks operating within the frequency bands 17.3~20.2 GHz (receive band) and 27.5~30 GHz (transmit band).
Proposal 1: it’s necessary to design some mechanisms to distinguish mobile and fixed NTN UEs, since some regulations only allow mobile NTN UEs to operate in FSS frequency range with geostationary satellite networks. At least, RAN4 need to specify two sets of frequency range requirements for fixed and mobile NTN UEs respectively.
Observation 5: 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.
Observation 6: 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.
Observation 7: 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.
Observation 8: Referring to ETSI TR 101 854, the typical noise figure in frequency range 18 – 23GHz is 6 dB.
Observation 9: Referring to R4-2309717, it’s observed that the implementation with common antenna architecture with duplexer is not precluded. That means the duplexer will bring additional insertion loss for Rx chain of Ka band NTN UE.
Proposal 2: When NTN UE Rx requirements are discussed, at least RAN4 need to assume noise figure as 6 dB considering the outcomes in 7~24GHz SI, ETSI TR 101 854 and IEEE published papers. If the implementation with duplexer and common Tx&Rx antenna is not precluded, the insertion loss should be considered additionally.
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TABLE I. PERFORMANCES OF STATE-OF-THE-ART LNAS AND THIS WORK
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TABLE 1 : Performance Summary and Comparison|
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TABLE 11
PERFORMANCE COMPARISON OF RECENTLY PUBLISHED LNAs
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TABLEL (COMPARISION WITH OTHER LNAS
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DECIDES

1. that the purpose of this ECC Decision is to:

a. harmonise the use and allow the free circulation and exemption from individual licensing of ESOMPs
o_operating within the frequency bands 17.3-20.2 GHz (receive band)

and 27.5-30 GHz (transmit band);

b. apply the technical conditions necessary to ensure harmful interference is not caused by ESOMPs to
stations of the FSS, FS and other services;




