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1 Introduction
In RAN#90, a revised 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 last meeting, the exemplary band(s) on NTN were discussed widely in RAN4, but no agreement was reached. In order to move progress for this topic, we’d like to present our views in this paper.
2 Discussion on exemplary bands for satellite service
Based on the contribution [2], the regulatory landscape was presented clearly for satellite service. L band and S band are allocated for Mobile satellite service (MSS). If RAN4 can consider these frequency bands as NR NTN, there is no regulatory risks. It’s noted that S-band is also allocated for terrestrial IMT in some countries, e.g. n65 and n66. It means that we can’t use the S-band as a global band for NTN satellite service. As for Ka-band, it’s used for fixed satellite service (FSS), which means that the given position may be a specified fixed point or any fixed point within specified areas. If UEs move out of the specified areas, it may have a regulatory risk. Companies may propose that ESIM can be considered for Ka band. However, the ESIM is strictly limited in certain scenarios. Based on the WRC-19 decision, the Ka band can be used by the three types (ESIM on aircraft (aeronautical ESIM), ESIM on ships (maritime ESIM) and ESIM on land vehicles (land ESIM)) of ESIM communicating with geostationary (GSO) space stations in the fixed-satellite service (FSS). However, sharing and compatibility between ESIM with non-GSO FSS systems and other primary services in the frequency bands 17.7-18.6 GHz, 18.8-19.3 GHz and 19.7-20.2 GHz (s-e) and 27.5-29.1 GHz, 29.5-30.0 GHz (e-s) in the fixed satellite service are still under study in WRC-23. Therefore, it’s unnecessary to specify the Ka-band in 3GPP at this stage considering the co-existence issue and regulatory risks.
Observation 1: In order to reduce the regulatory risk, RAN4 can start the work with a frequency band in which MSS is used without incumbent service.
Except for the regulatory considerations, we can summarize the Pros and Cons for these three bands listed below based on the discussion of recent meetings.
Table 1 The Pros and Cons for candidate bands

	Frequency bands
	Pros
	Cons

	L-band
	1. It’s a traditional MSS band for satellite. The industry chain can be reused.
2. The lower path loss can be achieved.

3. There is no regulatory risks

4. In RAN4, all of the commercial FDD frequency bands are below 3GHz.
	1. There is an in-device co-existence issue between GNSS and NTN.

2. The available channel bandwidth is not enough.

	S-band
	1. It’s a traditional MSS band for satellite. The industry chain can be reused.

2. The lower path loss can be achieved.
3. In RAN4, all of the commercial FDD frequency bands are below 3GHz.
	1. The frequency range overlapped with band n65.

2. The available channel bandwidth is not enough.

	Ka-band
	This frequency band can provide large available channel bandwidth.
	1. Based on the NR NTN WID, RAN4 can only consider the NTN operating bands in FR1 or FR2 ranges. The Ka-band is neither FR1 nor FR2, so it’s out of the WID’s scope.
2. The frequency span between UL and DL is about 13GHz. Considering the relative channel bandwidth, it’s very difficult to use the same Antenna for both Tx and Rx. The solution of separate antennas will increase the satellite’s weight and cost.
3. Currently, only GEO can be used for this band. The larger output power is needed for both satellite and UE transmitter. In addition, we need to improve the isolation between Tx and Rx link in high frequency range, so it’s very challenge to implement such RF chain. Larger propagation delay should be considered.
4. The UL frequency range overlapped with n257 and n261. The two systems cannot be synchronized. The cross link interference need to be checked.
5. There are a lot of co-existence issues and regulatory risks since Ka-band is used for FSS.


After trade-off for candidate bands, it’s necessary to choose a sub-3GHz frequency range as NTN exemplary bands at this stage. If so, it’s very helpful to reuse IMT industry chain. Considering the large propagation distance, regulatory risk and path loss between satellite and UE, we’d better to use the low frequency range. In total, it’s proposed to choose L bands as a NTN exemplary band in order to make this topic forward. 

Proposal 1: It’s proposed to choose L band as exemplary band for NTN topic.
3 Discussion on exemplary bands for HAPS

In RAN#90, a clarification about HAPS is added in the justification clause of the WI NR-NTN-solutions the following sentence:

•
In the context of this work item, HAPS refers to a high altitude platform system for which at least the service link (HAPS – UE) operates a 3GPP specified NR mobile service in allocated spectrum which regulation allows. If needed, the terminology “HAPS” may be revisited.
Thus, RAN4 can further discuss the exemplary bands for HAPS based on the operators’ input.

Observation 2: RAN4 can further discuss the exemplary bands for HAPS based on the operators’ input.
4 Summary

Based on the discussion, all the observations and proposals are listed below:
Observation 1: In order to reduce the regulatory risk, RAN4 can start the work with a frequency band in which MSS is used without incumbent service.
Proposal 1: It’s proposed to choose L band as exemplary band for NTN topic.
Observation 2: RAN4 can further discuss the exemplary bands for HAPS based on the operators’ input.
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