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Introduction
Following the discussion from the last plenary #91-e regarding the FR2 bands for consideration, companies emphasized the need to consider the frequency bands Ku, Ka, and Q/V as a part of FR2.

Given the discussions/agreements at the RAN#91-e meeting, and the WF agreed in [3],  the following   RAN-P decisions from [1] can be used in RAN4:

Proposal NTN-1.1: For frequencies above 10 GHz, any work can be limited to VSAT, ESIM service and terminals.
Proposal NTN-1.2: The Satellite Ka band refers to [17.3 – 20.2 GHz] on the downlink and [27.0 – 30.0 GHz] on the uplink as allocated by ITU-R to satellite services. Some of this range is designated as FSS and some as MSS.

From [2], “Issue 4-3: Allocated spectrum type for NTN“, it is clear that for the frequency ranges to be considered for NTN above 10 GHz refers to spectrum allocated by ITU to satellite services in which VSAT and ESIM terminals can operate. It includes the Satellite Ka band that refers to [17.3 – 20.2 GHz] on the downlink and [27.0 – 30.0 GHz] on the uplink. In particular, it may be noted that operation of Earth Stations In Motion (ESIM) are not limited in the Radio Regulations (RRs) to Ka-band, for example, ITU RESOLUTION 902 (WRC-03) allows earth station on vessels to operate in the 5925-6425 MHz and 14-14.5 GHz band.
From [4] ESIMs are described by the following paragraph Vehicle-Mounted Earth Stations (VMESs), and Earth Stations Aboard Aircraft (ESAAs), are collectively known as ESIMs. “…  the operation of ESIMs in the conventional Ka-band. Specifically, ESIMs may communicate with geostationary-orbit (GSO) FSS space stations operating in 18.3–18.8 GHz and 19.7–20.2 GHz (space-to-Earth), and 28.35–28.6 GHz and 29.25–30.0 GHz (Earth-to-space) frequency bands. Also, the conventional Ka-band similar to that which currently exists in the conventional C-band, the conventional Ku-band, and in portions of the extended Ku-band may be used by ESIMs [4]. 

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 provides discussion on handling of satellite FR2 bands, specifically Ku, Ka, and Q/V bands.

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
Observation 2
ITU satellite services in which VSAT and ESIM terminals can operate include the Satellite Ka band that refers to [17.3 – 20.2 GHz] on the downlink and [27.0 – 30.0 GHz] on the uplink.
Observation 3
Operation of earth stations in motion are not limited to the Ku and Ka band in the RRs, for example, ITU RESOLUTION 902 (WRC-03) allows earth station on vessels to operate in the 5925-6425 MHz and 14-14.5 GHz band.
It has been clarified throughout the SI and WI definition that NTN work would cover both VSAT and ESIMs/ESOMPs (which are a type of mobile VSATs operating in FSS spectrum). Hence, the frequency bands considered for 3GPP NTN RAN4 work should encompass them.

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.
	Frequency
	TN
	TN scenario
	NTN

	1
	27 GHz-30 GHz
	NR n258
	Dense urban
	GEO

	2
	27 GHz-30 GHz
	NR n258
	Dense urban
	LEO 600km

	3
	27 GHz-30 GHz
	NR n258
	Urban macro
	GEO

	4
	27 GHz-30 GHz
	NR n258
	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 [13], 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.
Observation 4
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 5
FR2 coexistence studies could be further down-scoped by deprioritizing NTN-NTN coexistence as well as dense urban scenarios.
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.
Proposal 1: As part of the Rel-17 NR-NTN WI, a technical study on Ka band for FR2 co-existence analysis will be carried out to identify further technical issues, associated to the deployment of NTN supported by NR (FDD mode) in the satellite Ka band. The normative work on Ka band and other bands >10 GHz can be carried out as a part of a release independent work item. For the Rel-17 technical study:
· RAN4 will use UL (27-30 GHz) frequency range of Ka band to do co-existence study in Rel-17 NR-NTN WI;
· Ka band/FR2 co-existence analysis can be started once the S band/FR1 co-existence analysis principles are stable enough;
· Other bands such as Ku and Q/V band will leverage the Ka band/FR2 co-existence study approach in the future.

[bookmark: _Hlk70616883]Proposal 2: For NTN coexistence study purposes, RAN should consider the uplink part of satellite “Ka band”, corresponding with the 27.0 – 30.0 GHz range, which includes both “FSS” and “MSS” denomination, since the provision of VSAT and ESIM services from GSO and NGSO is allowed in FSS as well as MSS denominated spectrum within said range, with different denomination depending on regional regulations, as regulated by ITU-R regulations and recently harmonized on a global basis by WRC Resolutions 156 [9], 169 [10] and 173 [11].  

Proposal 3: It has been clarified throughout the SI and WI definition that NTN covers both VSAT and ESIMs/ESOMPs (which are a type of mobile VSATs operating in FSS spectrum). Hence, the frequency bands considered for 3GPP NTN RAN4 work should include spectrum relevant to VSAT and ESIM/ESOMP operation.


Conclusions
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 study assessment approach in the future.

Proposal 1: As part of the Rel-17 NR-NTN WI, a technical study on Ka band for FR2 co-existence analysis will be carried out to identify further technical issues, associated to the deployment of NTN supported by NR (FDD mode) in the satellite Ka band. However, the normative work on Ka band and other bands >10 GHz can be carried out as a part of a release independent work item. For the Rel-17 technical study,
· RAN4 will use UL (27-30 GHz) frequency range of Ka band to do co-existence study in Rel-17 NR-NTN WI;
· Ka band/FR2 co-existence analysis can be started once the S band/FR1 co-existence analysis principles are stable enough;
· Other bands such as Ku & Q/V band will leverage the Ka band/FR2 co-existence study approach in the future.

Proposal 2: For NTN coexistence study purposes, RAN should consider the uplink part of satellite “Ka band”, corresponding with the 27.0 – 30.0 GHz range, which includes both “FSS” and “MSS” denomination, since the provision of VSAT and ESIM services from GSO and NGSO is allowed in FSS as well as MSS denominated spectrum within said range, with different denomination depending on regional regulations, as regulated by ITU-R regulations and recently harmonized on a global basis by WRC Resolutions 156 [8], 169 [9] and 173 [10].  

Proposal 3: It has been clarified throughout the SI and WI definition that NTN covers both VSAT and ESIMs/ESOMPs (which are a type of mobile VSATs operating in FSS spectrum). Hence, the frequency bands considered for 3GPP NTN RAN4 work should include spectrum relevant to VSAT and ESIM/ESOMP operation.
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