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Introduction

The following Satellite 5G NR (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);

From Article 5 of the ITU Radio Regulations (RR) the mobile operation of ESIMs is also described in the following footnotes,
· 5.527A The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). (WRC-15)
· 5.517A The operation of earth stations in motion communicating with geostationary fixed-satellite service space stations within the frequency bands 17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) shall be subject to the application of Resolution 169 (WRC-19). (WRC-19)  

This contribution therefore provides material for discussion on how to handle satellite FR2 bands as part of NTN Rel-18 WI.



Discussion
[bookmark: _Toc493127338]2.1 Allocated satellite frequency bands in between FR1, FR2
The current 3GPP NR Band range is defined as following:
· FR1 with the 410 MHz – 7125 MHz frequency range;
· FR2 with the 24250 MHz – 52600 MHz (24.25 GHz – 52.6 GHz) frequency range.

Observation 1: Based on the current range, some part of the satellite service allocated frequency bands for both GEO and NGSO fall outside of the FR1 and FR2 range. As shown in the diagram below, these include:
· Ka Band DL
· Ku Band UL and DL
Ka UL

Figure 1. Illustration of FR1, FR2, bands

From the previous discussion we conclude that studies for NTN may include satellite service allocated frequency bands for both GEO and NGSO that may, or may not, fall outside of the FR1 and FR2 range. While an exemplary Ka band has been agreed for co-existence studies, other satellite bands such as the Ku and Q/V bands will follow a similar development for studies in the future.
2.2 NTN-TN Ka band coexistence analysis for FR2

The harmonized Satellite Ka band refers to [17.7 – 20.2 GHz] on the downlink and [27.5 – 30.0 GHz] on the uplink.
This harmonized Ka satellite band is further proposed for NTN coexistence analysis with TN n258.
Observation 2: The harmonized Satellite Ka band refers to [17.7 – 20.2 GHz] on the downlink and [27.5 – 30.0 GHz] on the uplink.
Proposal 1: RAN4 shall consider FDD harmonized Satellite Ka band (17.7 – 20.2 GHz on the downlink, and 27.5 – 30.0 GHz on the uplink) for coexistence analysis with TDD TN n258 (24.250 - 27.5 GHz).
Proposal 2: RAN4 shall focus on FDD UL 27.5 – 30.0 GHz NTN coexistence analysis with TDD TN n258 (24.250 - 27.5 GHz).


For co-existence studies in Ka band the following table may be considered,
Table 1 - TN-NTN coexistence scenarios in adjacent bands for Ka-band
	No.
	NTN Frequency
	TN Frequency
	TN scenario
	NTN

	1
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Dense urban
	GEO

	2
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Dense urban
	LEO@600km

	3
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Urban macro
	GEO

	4
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Urban macro
	LEO@600km



Proposal 3: RAN4 shall focus on Ka coexistence analysis using dense urban and urban macro scenarios.
Proposal 4: RAN4 shall focus on Ka coexistence analysis with LEO 600km and GEO constellations.
Proposal 5: RAN4 shall consider the following table for co-existence studies in Ka band:
Table x. TN-NTN coexistence scenarios in adjacent bands for Ka-band
	No.
	NTN Frequency
	TN Frequency
	TN scenario
	NTN

	1
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Dense urban
	GEO

	2
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Dense urban
	LEO@600km

	3
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Urban macro
	GEO

	4
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Urban macro
	LEO@600km












The co-existence examples are further illustrated by the following figure,
[image: cid:image010.png@01D71744.932A31F0]
Figure 2. Different interference scenarios in Ka adjacent bands between NTN 5G NR and TN 5G NR 
As illustrated in Figure 2 (see also [1]), the interference scenarios in adjacent bands are identified as follows:
· i1: DL TN 5G NR to UL NTN 5G NR
· i2: UL NTN 5G NR to DL TN 5G NR
· i3: UL NTN 5G NR to UL TN 5G NR
· (i4): UL TN 5G NR to UL NTN 5G NR
Please also note that interference types i1 and i2 in adjacent bands are UL-DL (since NTN networks are FDD while TN networks are TDD), while interference types i3 and i4 in adjacent bands are UL-UL. Moreover, interference type i4 can be further down-scoped from coexistence cases.








Proposal 6: RAN4 shall consider the following figure for co-existence studies in Ka band:
[image: cid:image010.png@01D71744.932A31F0]
Figure x. Different interference scenarios in Ka adjacent bands between NTN 5G NR and TN 5G NR 

Observation 3: It can be noted that for FR2, coexistence scenarios will be much simpler than for FR1, because the NTN-TN scenarios for FR2 are limited only to i1 (DL TN in UL NTN), i2 (UL NTN in DL TN), i3 (UL NTN in UL TN).
Observation 4: FR2 coexistence studies could be further down-scoped by deprioritizing NTN-NTN coexistence as well as dense urban scenarios.

Conclusions
Observation 1: Based on the current range, some part of the satellite service allocated frequency bands for both GEO and NGSO fall outside of the FR1 and FR2 range. As shown in the diagram below, these include:
· Ka Band DL
· Ku Band UL and DLKa UL

Figure 1. Illustration of FR1, FR2, bands

Observation 2: The Harmonized Satellite Ka band refers to [17.7 – 20.2 GHz] on the downlink and [27.5 – 30.0 GHz] on the uplink.

Proposal 1: RAN4 shall consider FDD harmonized Satellite Ka band (17.7 – 20.2 GHz on the downlink, and 27.5 – 30.0 GHz on the uplink) for coexistence analysis with TDD TN n258 (24.250 - 27.5 GHz).
Proposal 2: RAN4 shall focus on FDD UL 27.5 – 30.0 GHz NTN coexistence analysis with TDD TN n258 (24.250 - 27.5 GHz).
Proposal 3: RAN4 shall focus on Ka coexistence analysis using dense urban and urban macro scenarios.
Proposal 4: RAN4 shall focus on Ka coexistence analysis with LEO 600km and GEO constellations.
Proposal 5: RAN4 shall consider the following table for co-existence studies in Ka band:
Table x. TN-NTN coexistence scenarios in adjacent bands for Ka-band
	No.
	NTN Frequency
	TN Frequency
	TN scenario
	NTN

	1
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Dense urban
	GEO

	2
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Dense urban
	LEO@600km

	3
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Urban macro
	GEO

	4
	27.5 GHz-30 GHz
	NR n258 (24.250 - 27.5 GHz)
	Urban macro
	LEO@600km



Proposal 6: RAN4 shall consider the following figure for co-existence studies in Ka band:
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Figure x. Different interference scenarios in Ka adjacent bands between NTN 5G NR and TN 5G NR 
Observation 3: It can be noted that for FR2, coexistence scenarios will be much simpler than for FR1, because the NTN-TN scenarios for FR2 are limited only to i1 (DL TN in UL NTN), i2 (UL NTN in DL TN), i3 (UL NTN in UL TN).
Observation 4: FR2 coexistence studies could be further down-scoped by deprioritizing NTN-NTN coexistence as well as dense urban scenarios.
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