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1	Introduction
The SI on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 [1].  One of the topics included in [1] is the Multi connectivity involving NTN-based NG-RAN, (Section 5.4 in [1]) but was left as FFS. 
The interworking or combination of NTN based and terrestrial network (TN) based radio access would help in service scenarios such as users “in residential homes, in vehicles, in high speed trains or on-board airplanes”, to meet the target requirements as identified in [2]. It is to be noted that the SA2 document [2] outlines several 5G system requirements related to satellite access networks, such as:
· The 5G system shall support service continuity between 5G terrestrial access network and 5G satellite access networks owned by the same operator or owned by 2 different operators having an agreement.
· A 5G system with satellite access shall be capable of supporting simultaneous use of 5G satellite access network and 5G terrestrial access networks.
· A 5G system with satellite access shall be able to support both UEs supporting only satellite access and UEs supporting simultaneous connectivity to 5G satellite access network and 5G terrestrial access network.
· A 5G system with satellite access shall support mobility management of relay UEs and the remote UEs connected to the relay UE between a 5G satellite access network and a 5G terrestrial network, and between 5G satellite access networks.

One major outcome of the RAN2#104 email discussion #53 on “Performance requirements” was the selection of three NTN use cases to be studied in RAN2: 
a. Pedestrian UE (eMBB) 
b. Vehicular relay UE (eMBB) 
c. Stationary UE (eMBB) 

In this contribution we propose three NTN-TN use cases, based on the NTN reference scenarios agreed in [1] Section 4.2, in combination with above listed use cases agreed in [3], which we think are relevant for further study of NTN-TN mobility aspects in RAN2.
2	Scenario considerations
2.1 	Use cases and service types
The 104#53 email discussions [3] has agreed on three use cases to be addressed in RAN2 studies, potentially relevant also for RAN1 studies. These use cases can be ‘mapped’ to TN-NTN mobility use cases, following the description in [1].  From the requirements listed in [2], the support for 5G service continuity is one key requirement. Therefore, we propose to address 5G service continuity aspects in the selected 5G NR TN-NTN mobility use cases. 
Table 1 presents the proposed TN-NTN mobility use cases. In these TN-NTN use-cases, further consideration needs to be made based on frequency bands used and type of UE antenna to be assumed. These aspects are listed in Table 1 and further discussed in Section 2.2 and Section 2.3. It must be noted that, from RAN2 mobility investigations point of view, the “Machine UE – satellite (mMTC)” could be considered as a sub-case of the “Pedestrian UE (eMBB)” use case (considering UE characteristics and service throughputs assumed in Table 1). 
Figure 1 depicts the proposed TN-NTN service continuity use cases.
Proposal 1: RAN2 to discuss and agree on the need to address service continuity in the 5G NR TN-NTN mobility use cases.
Table 1 – RAN2 NTN use cases [3] and proposal for corresponding TN-NTN mobility use cases.
	NTN Use case [3]
	TN-NTN mobility use case
	GEO/LEO satellite scenario
	Comments and assumptions

	Pedestrian UE (eMBB) 
	Stationary UE
Pedestrian UE 
	Medium/high throughput LEO
Low throughput GEO
	The stationary/pedestrian UE is assumed to have TN and NTN connectivity capabilities.
The pedestrian UE has omni-directional antenna type applicable to both TN and NTN connectivity [3].
UE transmit power levels are set according to TN and NTN specifications [3].
The TN-NTN is supported in the sub-6GHz (FR1) frequency bands.

	Vehicular relay UE (eMBB) 

	Relay UE on vehicles or ships
Relay UE on high speed trains
Relay UE on board airplanes
	Medium/high throughput LEO
Low/medium throughput GEO
	The vehicular relay UE is assumed to have TN and NTN connectivity capabilities and provides service to the TN-only capable UEs inside vehicle or train/airplane, respectively.
The vehicular relay UE can have different antenna types for TN and NTN connectivity [3].
UE transmit power levels are set according to TN and NTN specifications [3].
The TN-NTN is supported in the sub-6GHz (FR1) and higher frequency bands.
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Figure 1 – Main TN-NTN mobility use cases based on the NTN use cases [3]. The primary (solid line) and secondary (dashed line) communication links are indicated for each use case

Observation 1: LEO satellite scenarios (C/D) are more likely for higher data rate eMBB services, when medium service interruption times are acceptable.

Observation 2: GEO satellite scenarios (A/B) are more likely for low data rate eMBB or mMTC services, when longer service interruption times are acceptable.


2.2 	Frequency bands
From frequency band point of view, we can distinguish two main cases:
a. NTN and TN operate in different frequency bands, e.g. 2 GHz vs. 28 GHz, or
b. NTN and TN operate in similar bands, e.g. 2 GHz or 28-30 GHz

The frequency band used is important for two main reasons: 
1) Expected coverage area/range of the TN,
2) Antenna types to be used at the UE (see also Section 2.3). 
Besides the obvious need for the NTN frequency bands to be configurable from RAN2 measurement point of view, the deployment differences between TN and NTN also results in large difference in the signal level received at the UE.
The TN-NTN use-cases listed in Table 1 need to be associated with the frequency bands combinations which are considered the most relevant and technically feasible.
Observation 3: The frequency bands in which the TN and NTN operate can be significantly different.

[bookmark: _Hlk785477]Observation 4: Signal level differences between TN and NTN cells as perceived at the UE can be much different compared to TN-only (or NTN-only) mobility scenarios due to relatively low NTN signal levels and smaller fading vs. time/location compared to the TN signals.

Proposal 2: Discuss and agree on the frequency band combinations which are considered the most relevant and technically feasible for TN-NTN mobility use cases.


[bookmark: _Hlk525978148]2.3 	User equipment antenna
The assumption that the same UE needs to support both TN and NTN radio access, immediately rises the problem of the type of antennas used.  The NTN reference scenarios are described in [1] Section 4.2. In all 6 scenarios (A, B, C1, D1, C2, D2) two types of NTN user equipment (UE) are considered, with: Omnidirectional antenna and Directive antenna. 
Typically, the TN radio access studies consider UEs with omni-directional antenna and/or for mmWave access also antenna panels.
The frequency bands (see Section 2.2) have also an impact on what type of UE antenna can be assumed for NTN and TN radio access.
The TN-NTN use-cases listed in Table 1 need to be associated with the UE antenna type (omni-directional or directive) combinations which are considered the most relevant and technically feasible.
Observation 5: Use of high-gain UE antenna in TN is questionable, or unlikely, while it is likely required for NTN radio access, especially when eMBB services are considered. 

Proposal 3: Discuss and agree on the UE antenna type (omni-directional or directive) combinations which are considered the most relevant and technically feasible for UE supporting TN-NTN mobility use cases.

2.4 	Service continuity use cases for RAN2 evaluation
The TN-NTN use cases listed in Table 1 should be understood as an initial starting point for the RAN2 discussions. We believe the number of TN-NTN use-cases to be evaluated from RAN2 perspective need to be further reduced, to possibly 3-4 different configurations only.
[bookmark: _Hlk447975]Proposal 4: Discuss and agree on the RAN2 TN-NTN mobility use cases listed in Table 1 as baseline.


3	Conclusions
Observation 1: LEO satellite scenarios (C/D) are more likely for higher data rate eMBB services, when medium service interruption times acceptable.

Observation 2: GEO satellite scenarios (A/B) are more likely for low data rate mMTC services, when longer service interruption times acceptable.

Observation 3: The frequency bands in which the TN and NTN operate can be significantly different.

Observation 4: Signal level differences between TN and NTN cells as perceived at the UE can be much different compared to TN-only (or NTN-only) mobility scenarios due to relatively low NTN signal levels and smaller fading vs. time/location compared to the TN signals.

Observation 5: Use of high-gain UE antenna type in TN is questionable, or unlikely, while it is likely required for NTN radio access, especially when eMBB services are considered. 

Proposal 1: RAN2 to discuss and agree on the need to address service continuity in the TN-NTN mobility use cases.
Proposal 2: Discuss and agree on the frequency band combinations which are considered the most relevant and technically feasible for TN-NTN mobility use cases.
Proposal 3: Discuss and agree on the UE antenna type (omni-directional or directive) combinations which are considered the most relevant and technically feasible for UE supporting TN-NTN mobility use cases.
Proposal 4: Discuss and agree on the RAN2 TN-NTN mobility use cases listed in Table 1 as baseline.
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