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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In this document we explain regulatory aspects and constraints to be considered for coexistent GEO and non-GEO satellite systems. 
A short text proposal to be added to (TR38.821, 2019) is given at the end of the document.
2. Discussion
In the ITU Radio Regulations (ITU, 2016) the interference to any GEO network caused by a NGSO system is strictly constrained. One restriction to the system is that a NGSO system shall not cause unacceptable interference into any GEO network in the fixed satellite service for uplink and downlink in the same frequency (in-line interference), shown in Figure 1. For that reason, (ITU, 2016) limits the maximum equivalent power flux densities (EPFD) of the NGSO system to values which are not sufficient to enable satellite communication. 
This document will focus on both the service uplink from the UE to the NGSO system (interfering the receiver on board of a GEO satellite) and the service downlink from the NGSO system to the UE (interfering a GEO receive station on earth).
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Figure 1: In-line interference caused by NGSO systems (MEO or LEO)

Service uplink from UE to NGSO satellite:
Satellite specific user terminals are partly equipped with a dish antenna to reach high signal gains, due to its high directivity. Especially for frequencies in the FR2 and the use of satellite specific user terminals on ground with high directive antennas the problem of in-line interference arises for the service uplink in satellite system.
We look at a scenario in which the UE uses a directive antenna to communicate with a NGSO satellite. It may further be able to track the movement of the NGSO satellite with its antenna. Given the high directivity it is possible that the UE will glare a GEO satellite that is located in the same direction as the NGSO from the UE’s perspective. As the uplink transmission power could exceed the ITU regulatory constraints for in-line interference of the protected GEO satellites, this issue has to be addressed already in the initial and random access phase. In the following we assume that the UE is aware of its position as well as the network.
The problem with a heavy deployment of NGSO systems arises with so-called in-line interference. This type of interference occurs, whenever a NGSO satellite crosses the line of sight path of an Earth station and a GEO satellite as depicted in Figure 1.
To avoid that the cell of the NGSO satellite has to be switched off completely, only the UE’s with highly directive antennas, which are pointing towards the GEO satellite should be disabled or hand over to other NGSO satellites.

Service downlink from NGSO satellite to UE:
In this case, the downlink signal from a NGSO satellite is interfering a GEO receive station on earth. The satellite beam pointing towards the GEO ground station has either to be steered to another direction or has to be switched off completely. The GEO receive station especially for FR2 are already deployed and protected by ITU regulations.

Observation 1: In-line interference between NGSO and GSO satellite systems might occur especially when highly directive antennas are used in NTN scenarios.  
Proposal 1: Solutions to comply with the ITU regulatory constraints for in-line interference shall be studied for both uplink and downlink.
3. Conclusion
This documents describes regulatory constraints from ITU to avoid interference between GSO and NGSO satellite systems. The observations and proposals are as follows:

Observation 1: In-line interference between NGSO and GSO satellite systems might occur especially when highly directive antennas are used in NTN scenarios.  
Proposal 1: Solutions to comply with the ITU regulatory constraints for in-line interference shall be studied for both uplink and downlink.

4. References
ITU. (2016). ITU Radio Regulations 2016 Vol1. 
TR38.821. (2019). Solutions for NR to support non-terrestrial networks (NTN) (Release 16), v0.6.0. 3GPP.

5. Text Proposal for TR 38.821 v0.6.0
START OF CHANGES

C.1		Regulatory Aspects
In the ITU Radio Regulations (ITU, 2016) the interference to any GEO network caused by a NGSO system is strictly constrained. One restriction to the system is that a NGSO system shall not cause unacceptable interference into any GEO network in the fixed satellite service for uplink and downlink in the same frequency (in-line interference), shown in Figure 1. For that reason, (ITU, 2016) limits the maximum equivalent power flux densities (EPFD) of the NGSO system to values which are not sufficient to enable satellite communication. 
This document will focus on both the service uplink from the UE to the NGSO system (interfering the receiver on board of a GEO satellite) and the service downlink from the NGSO system to the UE (interfering a GEO receive station on earth).
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Figure 1: In-line interference caused by NGSO systems (MEO or LEO)

Service uplink from UE to NGSO satellite:
Satellite specific user terminals are partly equipped with a dish antenna to reach high signal gains, due to its high directivity. Especially for frequencies in the FR2 and the use of satellite specific user terminals on ground with high directive antennas the problem of in-line interference arises for the service uplink in satellite system.
We look at a scenario in which the UE uses a directive antenna to communicate with a NGSO satellite. It may further be able to track the movement of the NGSO satellite with its antenna. Given the high directivity it is possible that the UE will glare a GEO satellite that is located in the same direction as the NGSO from the UE’s perspective. As the uplink transmission power could exceed the ITU regulatory constraints for in-line interference of the protected GEO satellites, this issue has to be addressed already in the initial and random access phase. In the following we assume that the UE is aware of its position as well as the network.
The problem with a heavy deployment of NGSO systems arises with so-called in-line interference. This type of interference occurs, whenever a NGSO satellite crosses the line of sight path of an Earth station and a GEO satellite as depicted in Figure 1.
To avoid that the cell of the NGSO satellite has to be switched off completely, only the UE’s with highly directive antennas, which are pointing towards the GEO satellite should be disabled or hand over to other NGSO satellites.

Service downlink from NGSO satellite to UE:
In this case, the downlink signal from a NGSO satellite is interfering a GEO receive station on earth. The satellite beam pointing towards the GEO ground station has either to be steered to another direction or has to be switched off completely. The GEO receive station especially for FR2 are already deployed and protected by ITU regulations.

As a conclusion, in-line interference between NGSO and GSO satellite systems might occur especially when highly directive antennas are used in NTN scenarios and solutions to comply with the ITU regulatory constraints for in-line interference shall be specified for both uplink and downlink.
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