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Introduction
In RAN#90, to address the minimum specifications for NB-IoT, the following objectives have been confirmed in RP-202689 for the detailed scope of the Rel-17 SI.
	RP-202689
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
· Bands of interest in sub 6 GHz
· Device type with PC3 or PC5 (LEO and GEO) 
· Satellite constellation orbit LEO and GEO 
· Transparent payload.
· Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.


Based on a recommendation from the rapporteur in RP-202689, the following discussion might be missing.
· the potential area of impacts on the NB-IoT specification.

Discussion
NB-IoT modifications to support the NTN deployment scenarios
There are five main challenges to support the NTN deployment scenarios:
· Motion of satellites
· Doppler: synchronization
· Altitude: long latency
· Duplex: regulatory 
· Cell size: differential delay

[bookmark: _Toc60667891]Motion of satellites
Motion of the space/aerial vehicles
LEO satellites move rapidly for any given UE location. As an example, on a 2-hour orbit, an LEO satellite is given a stationary UE from horizon to horizon for about 20 minutes. For LEO based NTN generating steerable beams (as known as an earth-moving beam), the time such a UE stays within a beam is typically for only a few minutes. The fast pace of change creates problems for paging as well as handoffs for a stationary UE as well as a moving UE.

 Delay variation
LEO systems feature a strong varying delay because satellite and UE are fast-moving and are not relatively static. In this case, the individual timing advances of the UEs may need to be dynamically updated and appropriate TA index values may be needed to solve the long strong delay in the overall distance of the propagation on the NTN link.
The delay variation measures how fast the round-trip delay (the function of UE-satellite-NTN gateway distance) varies overtime when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for the GEO scenario. The worst-case for an LEO satellite at an altitude of 600 km is up to +/- 40 µs/sec.

Doppler
The Doppler shift depends on the relative satellite velocity for the UE and the frequency band.
The worst-case for NTN systems corresponds to LEO systems, at the lowest altitude (i.e., 600 km), where the speed of the satellite is 7.5 km/s, and the NTN terminal velocity is 1000 km/h, e.g., for LEO in S-band (2 GHz): up to +/- 48kHz Doppler Shift in downlink for the whole satellite coverage.
If the frequency error robustness requirement is 5 ppm (i.e., 10kHz for S-band) for the PSS and SSS synchronization, it means that this worst-case described above is not covered by current 5G specifications.

[bookmark: _Toc60667892]Altitude: Long latency
Satellite systems feature much larger propagation delays than terrestrial systems. The one-way delay between the UE and the RAN may reach up to 272.4ms for GSO systems and is greater than 14.2ms for NGSO systems.
The worst propagation delay is determined based on a minimum gateway elevation angle of 5° (the elevation angle of the satellite from the gateway). While the minimum terminal elevation angle is typically 10°.

[bookmark: _Toc60667893]Duplex scheme: Regulatory
Most of the existing satellite systems operate in the frequency bands designated for FDD, with defined transmit direction. For Duplex-FDD, a guard time is necessary to prevent UE to simultaneously transmit and receive. This guard time directly depends on the propagation delay between UE and eNB.
Guard time would range between 14ms for LEO at 600 km and 540ms for GEO satellite access networks since NTN terminals can experience a one-way propagation time of
· 240ms at minimum and 270ms at maximum between UE and satellite base station for GEO
· 2ms at minimum and 7ms at maximum between UE and satellite base station for LEO at 600 km altitude
Such excessive guard time would lead to a very inefficient radio interface especially in GEO based access.
[bookmark: _Toc61594598]A need to support duplex-FDD may be the main difference between NTN NR and NB-IoT.

[bookmark: _Toc60667894]Cell size: Differential delay
NTN typically feature larger cells compared to cellular networks. These large cells especially at low operational elevation angles will create a significant differential propagation delay between a UE at the cell center and UE at the cell edge and the ratio of the differential increases as the altitude of the satellite decreases. 
The max differential delay within a cell is 10.3ms for GEO with 3500 km of the footprint size (edge to edge) and 3.12ms and 3.18ms for respectively 600km and 1200km altitudes with 1000 km of the footprint size.
This will impact contention-based access channels when the position of UEs is not known by the network.

Summary
Table 1 identifies the potential area of impacts on the NB-IoT specification. 
[bookmark: _Ref57037446]Table 1 Evaluation of NB-IoT impacts to support NTN
	NTN specifics
	Effects
	Impacted NB-IoT features
	Comment

	Motion of satellites
	Moving cell pattern
	Paging
	Fixed Tracking Area

	
	
	Radio Link Failure
	Enhancement for link switch, e.g., NW may trigger RLF with NW assistant information

	
	
	Early Data Transmission
	Enhancement for link switch, e.g., NW may trigger EDT to obtain UE information

	
	
	Preconfigured Uplink Resource
	Enhancement on RACH-less transmission

	
	Delay variation
	TA maintenance
	Delay variation indication 

	
	Doppler
	Random access
	UL autonomous frequency adjustment

	Altitude
	Long latency
	MAC/RLC Procedures
	Timers and RAR window

	
	
	UL scheduling (HARQ-ACK) 
	Scheduling offset enhancement

	
	
	Repetition 
	SIB1, Msg1, Msg3, and NPDCCH timing relationship enhancement

	
	
	Wake-up signal
	Relation with paging occasions

	Cell size
	Differential delay
	Random access
	UE autonomous TA adjustment

	
	
	Group wake-up signal
	Relation with paging occasions

	
	
	Resource reservation
	No conflict between NB-IoT and NR

	Duplex scheme
	Regulatory 
	Half-duplex FDD
	Scheduling offset enhancement


However, whether all NB-IoT features shall be supported is still unclear.
[bookmark: _Toc61594601]RAN1 shall determine certain priorities to evaluate all the NB-IoT features from Rel-14 to Rel-17. 

Conclusion
In this contribution, we have the following observations
Observation 1	A need to support duplex-FDD may be the main difference between NTN NR and NB-IoT.

Based on observations, the following proposals are made
Proposal 1	RAN1 shall determine certain priorities to evaluate all the NB-IoT features from Rel-14 to Rel-17.
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