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1 Introduction
In this contribution, we share our view on additional enhancements for NR NTN and IOT NTN in R18.

2 Consideration on additional enhancements for NR NTN in R18

Smartphone in NTN
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Smart phones can achieve global NR operation anywhere on earth through NTN network access, which is a very valuable application scenario. It can expand the application scenarios of NTN network. However, there is a certain difference between handheld UE characteristics for system level simulations in [1] and smartphone. For smart phone, it is assumed up to -5dbi antenna gain, which is up to 5 dB less compared to handheld UE in NTN. For smartphone in NTN, with realistic -5dBi TX antenna gain, there is a large coverage gap that needs to be compensated, especially for UL transmission. Furthermore, the battery capacity of smartphone is much less than the handheld UE in NTN. Therefore, some power saving scheme need to be considered for smartphone in NTN.
Table 6.1.1.1-3: UE characteristics for system level simulations
	Characteristics
	VSAT (Note 2)
	Handheld
	Other (Note 1)

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	S band (i.e. 2 GHz)
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear : +/-45°X-pol
	Linear : +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	TBD dBi per element

	Antenna temperature
	150 K
	290 K
	TBD K

	Noise figure
	1.2 dB
	7 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBD dBi per element

	Note 1: Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
Note 2: VSAT terminal characteristics could be implemented with phased array antenna



Proposal 1: The scenario where the smartphone is connected via satellite needs to be supported in R18 NR NTN.

UE capability
[bookmark: OLE_LINK9][bookmark: OLE_LINK11]R17 NR NTN prioritize the scenario that GNSS-equipped UEs with capability to perform timing and frequency pre-compensation [2]. However, there may be potential scenarios where GNSS capability cannot used for timing and frequency pre-compensation as following,
· Indoor scenario
· In-accurate GNSS information.
RAN1 needs to define some solutions with forward compatibility for above scenarios where GNSS capability cannot used for timing and frequency pre-compensation in R18. Other scenarios where GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization based on their GNSS capabilities together with additional information signaled by the network should be further identified in RAN1.
Proposal 2: Enhancements on GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization should be considered in R18 NR NTN.

Regenerative payload
A satellite can embark a transparent payload or a regenerative payload (as shown in Figure 1) telecommunication transmitter. As we know, R17 NTN WI only focuses on transparent payload. In the case of transparent payload, one way propagation delay is the sum of feeder link propagation delay and service link propagation delay, thus the propagation delay between Gateway and UE. In the case of regenerative satellite, one way propagation delay is the satellite to UE propagation delay. Therefore, for regenerative payload, UE only needs to handle the RTT of service link, which can reduce the processing complexity on the UE side and the signaling overhead. Furthermore, compared with transparent payload, regenerative payload has more advantages in transmission delay.


[image: ]
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 1: Non-terrestrial network typical scenario based on regenerative payload
Proposal 3: Regenerative payload needs to be supported in R18 NR NTN.

3 Consideration on additional enhancements for IOT NTN in R18
In RAN#91e, the follow proposal on IOT over NTN had been achieved [3]. It can be seen that we should focus on the limited scenarios and essential functionality in Rel-17. The potential solutions for enhancements targeting potential optimization of IoT NTN should be considered in later releases.
	· The study on IoT over NTN should target the following by RAN#92
· Detailed study of solutions addressing essential functionality for GEO and NGSO scenarios, prioritizing at least the use case of intermittent delay-tolerant small packet transmissions 
· Prioritization of potential enhancements for the functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI for the considered scenarios and use case(s) in the study
· Recommendations on specification changes needed at least for essential functionality (to be determined by working groups targeting Rel-17), for the considered scenarios and use case(s)  
· Note: Additional enhancements on at least the following can be considered by the working groups as candidates for non-essential functionality in Rel-17.
· HARQ 
· Latency 
· Power consumption 
· Spectral efficiency 
· Coverage 
· Mobility 
· RLF and re-establishment handling 
· Time permitting, at least a high-level description of the potential solutions for enhancements targeting potential optimization of IoT NTN in later releases can be captured in TR 36.763, when feasible.


In this section, we will share our view on additional enhancements for IOT NTN in R18

Cell and beam planning in IOT NTN
In RAN1#102e, it was agreed that one-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for R17 NR NTN [4].
	Agreement:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs



Due to the rapid movement of satellites, the UE needs to perform frequent cell handover within the either connected or idle mode with larger overhead and power consumption, especially in the scenario of LEO. In legacy NB-IOT, connected mobility (e.g., handover and measurement report) is not supported in the existing specifications. Therefore, for IOT terminals, frequent cell handovers need to be avoided as much as possible. In general, large cell coverage can alleviate frequent cell handover problems to a certain extent.
Furthermore, in NB-IOT, the duration for PRACH/PUSCH/PDSCH transmission is very long, especially with large repetition number. In LEO scenario, serving cell handover may occur frequently during the transmission time interval if the cell coverage is small. From this point of view, in order to avoid handover during one transmission time interval as much as possible in IOT NTN, a large cell coverage is the best choice. 
In NR NTN deployment, the larger coverage of a NTN cell can be implemented by multiple satellite beams. Therefore, multiple satellite beams in one cell should be supported in IOT NTN.


Figure 2: Multiple beams per cell.
[bookmark: OLE_LINK10][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: _GoBack]Proposal 4: Multiple satellite beams in one IOT NTN cell should be supported in R18.

Beam management in IOT NTN
For multiple beams per cell, beam management should be considered in IOT NTN. In the existing specifications, one NB-IoT cell can operate with multiple NB-IoT carriers allowing to support simultaneously a number of different IoT use cases. A simple beam management mechanism is to achieve beam switching through carrier switching, i.e., different beams correspond to different carriers. 
In addition, since an IOT NTN cell contains multiple beams, and the number of UEs in the coverage area of each beam is large, some enhancements on multi-carrier operation should also be considered, e.g., increase the number of carriers in one cell and/or one beam corresponds to multiple carriers , etc.


Figure 3: Example of carrier configurations in an IOT NTN cell.
Therefore, potential enhancement to enable the beam management for IOT NTN should be considered in R18.
Proposal 5: Potential enhancement to enable the beam management for IOT NTN should be considered in R18.

4 Conclusion
As summary, we have the following proposals.
· Proposal for R18 NR NTN
Proposal 1: The scenario where the smartphone is connected via satellite needs to be supported in R18 NR NTN.
Proposal 2: Enhancement on GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization should be considered in R18 NR NTN.
Proposal 3: Regenerative payload needs to be supported in R18 NR NTN.

· Proposal for R18 IOT NTN
Proposal 4: Multiple satellite beams in one IOT NTN cell should be supported in R18.
Proposal 5: Potential enhancement to enable the beam management for IOT NTN should be considered in R18.

5 Reference
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