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1 Introduction

In RAN#86 e-meeting, the SI of “New Study WID on NB-IoT/eTMC support for NTN” was approved and following objectives were identified [1]: 
Considering the SI will reuse as much as possible the conclusions of the studies performed for NR NTN, we will discuss connected mode mobility in NB-IoT/eMTC NTN based on the progress of the NR NTN.

2 Discussion
RAN2 aspects related to connected mode mobility includes RLF-based for NB-IoT and Handover-based for eMTC. We will discuss these two aspects separately below.
2.1 RLF-based for NB-IoT
In RAN2#112 e-meeting [2], RAN2 has agreed to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. But in NTN, TR [3] indicated that satellites in non-GEO orbits move with high speed relative to a fixed position on earth, leading to frequent and unavoidable handover or cell reselection for both stationary and moving UEs. According to different cell diameter size, UE speed, satellite speed, the maximum time a UE can remain in an NTN cell (i.e. the UE connects immediately at cell edge and leaves at the opposite cell edge) is listed in the table below:
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56 (NOTE 1)
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28


Generally speaking, unlike TN system, NB-IoT terminals without movement will face frequent and unavoidable RLF and cell reselection due to satellite movement in NTN system. Upon detecting RLF, NB-IoT terminals select target cell for RRC connection re-establishment based on cell selection/reselection procedure. Therefore, NB-IoT terminals need to scan all neighbour cells to find a suitable cell to camp on, which increases UE's power consumption and network access delay. The power of NB-IoT terminals will face a big challenge due to frequent power consumption.
Observation 1: RLF-based mobility for NB-IoT in NTN may face a big challenge due to frequent and unavoidable RLF and cell reselection. 
Given the deterministic movement of satellites, the network may be able to predict the target cell according to ephemeris information and the location of NB-IoT terminal. And the NB-IoT terminal can initiate the RRC re-establishment procedure to access the target cell. The location information can be obtained by NB-IoT terminal report or inferred from historical cells accessed by the NB-IoT terminal.
Observation 2: In NTN system, the target cell which NB-IoT terminal will access to by RRC re-establishment procedure can be predicted by network.
Before the RLF occurs, the network can provide assistance information related to the target cell. So, upon detecting RLF, NB-IoT terminal can directly access the target cell through RRC re-establishment procedure without cell reselection.
Proposal 1: Before the RLF occurs, assistance information related to the target cell should be provided to NB-IoT terminals, which is beneficial to RLF-based mobility for NB-IoT in NTN system. 
Assistance information related to the target cell can include frequency information, PLMN, PCI, synchronization signal configuration and so on. Considering reducing the signalling overhead and the deterministic movement of satellites, it is an efficient way to broadcast the common assistance information to NB-IoT terminals, which have same target cell.
Proposal 2: Common assistance information can be provided to NB-IoT terminals in a broadcast manner.

2.2 Handover-based for eMTC
For eMTC, the connected mobility should be considered. In TR [3], the connected mode mobility enhancements were studied for NR NTN, such as the enhancement to conditional handover. In NTN, the propagation delays are much longer than TN, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. CHO is an efficient method to deal with such large propagation delays in NTN，because of a high degree of handover control and handover robustness. 
At RAN1#112e meeting, CHO has been introduced in NR NTN. The following agreements on CHO have been achieved [2]:
For Handover-based for eMTC, introducing CHO will be beneficial for the improvement of robustness.  The above agreements on CHO in NR NTN can be reused for eMTC NTN, thus we have the following proposal:

Proposal 3: Conditional handover should be introduced in eMTC NTN system, and the agreements on CHO achieved in RAN2#112e meeting should be reused for eMTC NTN.
3 Conclusions 
In this contribution, we have discussed connected mode mobility for NB-IoT/eMTC NTN and provide some observations and proposals as following: 
Observation 1: RLF-based mobility for NB-IoT in NTN may face a big challenge due to frequent and unavoidable RLF and cell reselection. 
Observation 2: In NTN system, the target cell which NB-IoT terminal will access to by RRC re-establishment procedure can be predicted by network.
Proposal 1: Before the RLF occurs, assistance information related to the target cell should be provided to NB-IoT terminals, which is beneficial to RLF-based mobility for NB-IoT in NTN system.
Proposal 2: Common assistance information can be provided to NB-IoT terminals in a broadcast manner.

Proposal 3: Conditional handover should be introduced in eMTC NTN system, and the agreements on CHO achieved in RAN2#112e meeting should be reused for eMTC NTN.
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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.





The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 


NTN specific CHO execution condition can be further discussed.


Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.


Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
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