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1 Background
A new study item on supporting NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is outlined in [1]. 
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.
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]

NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
In this contribution, we provide our initial views on necessary cell planning and mobility enhancements to NB-IoT/eMTC over NTN.
2 Cell Planning and Mobility Enhancements: Motivation
In NTN, beams from the same satellite may use different frequencies. The “beam footprint” may also change over time (due to satellite mobility). This is particularly relevant for LEO satellites that have non-steerable (fixed) beams.
NB-IoT currently supports one “anchor carrier” (containing sync signals and SIBs) per Ncell. Without enhancements, a change in the best serving beam would always imply a cell reselection to another Ncell. Such frequent cell reselection may not desirable due to increased UE power consumption from having to read new SIBs frequently. Further, in connected mode, the UE may go through frequent Radio Link Failures (RLFs) (we note that NB-IoT does not support measurements in connected mode).
Similarly, in eMTC, the concept of a cell may be extended to cover multiple beams, e.g., by having a copy of the centre 6 PRBs in each satellite beam comprising the cell, and there being “narrowband groups” across different satellite beams in the cell. 
Observation 1: Over LEO satellites with non-steerable beams, a serving beam change would always imply a serving cell change, without additional enhancements.
· This would result in frequent SIB reads for IDLE cell reselection, and frequent RLFs/handovers in connected mode.
[image: ]
[bookmark: _GoBack]Figure 1: Beam footprint of a (moving) satellite over a geographical area 𝐴, at a given snapshot in time
3 Ncell with multiple anchor carriers
To mitigate the above issues, as a first step, we propose a Ncell to comprise multiple satellite beams, with one anchor carrier in each “carrier group” within a satellite beam. This proposal implies NB-IoT providing support for multiple anchor carriers in a Ncell. 
3.1 IDLE mode beam reselection

With this arrangement, across “carrier groups” within the same Ncell, IDLE mode satellite beam reselection may be supported without needing to perform a full SI read. This may be facilitated via SIBs that may be common across different carrier groups for the same Ncell. As a result, by accessing any anchor carrier in the Ncell, the UE can determine the SIBs and other carrier locations for the Ncell, for easier future reselection.
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Figure 2: A Ncell with multiple anchor carriers across multiple beams, facilitating IDLE mode reselection without requiring SIB reads.
Proposal 1: RAN1 to study support of a Ncell with multiple anchor carriers (e.g., one per satellite beam) for NTN.
3.2 Connected mode beam-switching

This structure of multiple anchor carriers for a Ncell in different satellite beams also lends itself to efficient connected mode mobility solutions, without having to trigger an RLF every time there is a change in the serving beam. Across carrier groups within the same Ncell, connected mode satellite beam switching, to reduce frequent RLF triggering, may be supported. This would require a mechanism to dynamically switch NB-IoT carriers in connected mode. Currently, NB-IoT carrier configuration is only possible by an RRC reconfiguration message. To enable this use case in NTN, connected mode “beam switching” may be facilitated by a DCI or MAC-CE.
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Figure 3: A Ncell with multiple anchor carriers across multiple beams, facilitating connected mode beam-switching without requiring RLF triggering.
Proposal 2: RAN1 to study DCI/MAC-CE based satellite beam-switching across different carriers (in different satellite beams) of a Ncell, in connected mode.

4 NPRACH preamble-based satellite beam sounding for NB-IoT
As mentioned before, NB-IoT does not support connected mode measurements. An alternate mechanism may therefore be needed for the network to know the channel condition of a satellite beam at the UE—in part, to facilitate a DCI/MAC-CE-based satellite beam-switching in connected mode, as described above. To this end, a simple solution may be as follows: The UE transmits an NPRACH preamble in a carrier of a satellite beam, so that the network can “sound” the beam condition at the UE—akin to an SRS in LTE/NR, facilitated here by an existing signal in the NPRACH. These NPRACH resources are different (e.g., in a different carrier) from those used for random access, and may be triggered by a NPDCCH order, or be configured on a periodic or semi-persistent basis. These NPRACH resources may be coordinated in time and frequency across beams for efficient sounding.
[image: ]
Figure 4: Example depiction of NPRACH resources for “beam sounding” across carriers in different satellite beams. The resources may be “coordinated”—as shown in this figure or be independently defined across different beams.
We note that, for eMTC, we don’t need this enhancement, since eMTC can support connected mode measurements.
Proposal 3: RAN1 to study NPRACH preamble-based satellite beam sounding, to facilitate connected mode beam-switching.
5 Conclusion
In this contribution we presented our initial views on necessary cell planning and mobility enhancements for NB-IoT/eMTC over NTN. We summarize our proposals below.
Observation 1: Over LEO satellites with non-steerable beams, a serving beam change would always imply a serving cell change, without additional enhancements.
· This would result in frequent SIB reads for IDLE cell reselection, and frequent RLFs/handovers in connected mode.
Proposal 1: RAN1 to study support of a Ncell with multiple anchor carriers (e.g., one per satellite beam) for NTN.
Proposal 2: RAN1 to study DCI/MAC-CE based satellite beam-switching across different carriers (in different satellite beams) of a Ncell, in connected mode.
Proposal 3: RAN1 to study NPRACH preamble-based satellite beam sounding, to facilitate connected mode beam-switching.
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