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1 Introduction
In RAN#86, a New WID [1] on solutions for NR to support non-terrestrial networks (NTN) was approved. The objective related to RF are listed below.

•
Study and identify which bands may be potentially relevant to NTN including: 

o
Analysis of regulations in the spectrum considered

o
Adjacent channel co-existence 

•
Considering the potential bands to be used as example for the WID:

•
Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements.

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite
In this paper, we’d like to discuss how to handle this NTN topic.
2 Discussion on regulations
Currently, some frequency bands are allocated to satellite networks in different ITU regions. Some of the frequency bands are used for Mobile satellite service (MSS) and others are only used for fixed satellite service (FSS). Firstly, we need to distinguish the different satellite service for the certain frequency band in order to comply with laws and regulations. If 5G NTN solution mainly provide the mobile satellite service, not sure whether the frequency bands which are only allocated for FSS can be considered as the example bands in NTN topic.

Observation 1: RAN4 should consider the frequency band which are allocated for MSS as the example band firstly. And RAN4 can focus on the MSS scenario when co-existence study is performed.
After that, we need to carefully consider the technical difference between the original technology of MSS or FSS and NTN solution. If the technical condition has changed such as transmitter power, antenna form and gain, REFSENS, spurious emission and so on, we are not sure whether the current regulations can be applicable to the incumbent services. Especially for the co-channel co-existence with other incumbent services, RAN4 never perform the co-channel co-existence study. It may have a risk from the regulation aspect. In order to reduce the regulation risk, we can start the work with a frequency band in which there is no incumbent service except for MSS.
Observation 2: In order to reduce the regulation risk, we can start the work with a frequency band in which there is no incumbent service except for MSS.
Based on the current ITU radio regulation, frequency bands 1920~1980 and 2110~2170 are allocated as global terrestrial IMT service. Thus, it will have a regulation risk if the frequency bands 1920~1980 and 2110~2170 are considered as NTN example bands. Based on the TR 36.861 [2], some countries of region 3 are taking frequency bands 1980-2010 MHz and 2170-2200 MHz into account to use for terrestrial IMT. As a result, band 65/n65 is specified in RAN4’s specification as a terrestrial IMT band. We can’t simply reuse band n65 as NTN example band because of the different requirements and lack of co-existence study with terrestrial IMT system. If band 65/n65 is considered as a NTN example band, at least it has a risk from regulation aspect in frequency band 1920~1980 and 2110~2170.
Observation 3: Band 65/n65 is specified in RAN4’s specification as a terrestrial IMT band instead of MSS. RAN4 can’t simply reuse band n65 as a NTN example band because of the regulation risk.

Based on the NTN WID [1], the FDD is assumed for core specification work for NR-NTN. In RAN4, all of the commercial FDD frequency bands are below 3GHz. Thus, it’s necessary to choose a sub-3GHz frequency range as NTN example bands. If so, it’s very helpful to reuse IMT industry chain. Considering the large propagation distance and path loss between satellite and UE, we’d better to use the low frequency range. In total, it’s proposed to choose 1.6GHz L bands as a NTN example band. 
Proposal 1: It’s proposed to choose 1.6GHz L band as example band for NTN topic.
3 Discussion on RF requirements about NTN
3.1 Satellites transparent payload
Referring to the latest WI, the FDD band is assumed to address the large time delay issue. RAN4 haven’t specify and discuss satellite RF requirements any more. It can be foreseen that the product form and specific RF requirements are totally different from the base station. The environmental conditions are extremely harsh for satellite. RAN4 not only need to consider the core RF requirements for satellite, but also need to study the test environment, methods, conditions and cases for satellite. Considering the high satellite altitude and propagation distance, larger transmitter power or antenna gain is needed. ACLR and ACS depends on the co-existence study. The unwanted emission requirements in the space should meet the regulations. Because of the weak reception signal from the UE, it means that satellite need higher REFSENS to extract the wanted signal.
Observation 4: The RF requirements of satellite are different from the base station considering the large propagation distance between UE and satellite.
Referring to SM.329 [3], the spurious domain emission limits category A is used for space services, which is shown below.


Comparing to the IMT’s requirements, the spurious emissions for space service are different. Besides, land mobile service (mobiles and base stations) may reach the category B spurious emissions limits in some cases.
3.2 UE requirements for NTN system

Referring to the TR 38.821 [4], there are two kinds of UE, VSAT and handheld UE. VSAT is the Very Small Aperture Terminal (fixed or mounted on moving platforms) with large transmit power, antenna gain and low noise figure. Handheld UE is similar with 3GPP power class 3 UE. The RF requirements of VSAT are different from the traditional 3GPP UE. Larger antenna gain and lower noise figure may be further studied for VSAT. For handheld UE, the general UE RF requirements can be considered as baseline. However, the additional spurious emission may be considered after investigating the regulations. And ACLR/ACS can be derived based on the co-existence study. 
Observation 5: RF requirements of VSAT is totally different from the traditional 3GPP UE. For handheld UE, the general UE RF requirements can be considered as baseline.
4 Summary

Based on the discussion, all the observations are listed below:
Observation 1: RAN4 should consider the frequency band which are allocated for MSS as the example band firstly. And RAN4 can focus on the MSS scenario when co-existence study is performed.
Observation 2: In order to reduce the regulation risk, we can start the work with a frequency band in which there is no incumbent service except for MSS.
Observation 3: Band 65/n65 is specified in RAN4’s specification as a terrestrial IMT band instead of MSS. RAN4 can’t simply reuse band n65 as a NTN example band because of the regulation risk.

Observation 4: The RF requirements of satellite are different from the base station considering the large propagation distance between UE and satellite.

Observation 5: RF requirements of VSAT is totally different from the traditional 3GPP UE. For handheld UE, the general UE RF requirements can be considered as baseline.
Proposal 1: It’s proposed to choose 1.6GHz L band as a NTN example band.
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