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[bookmark: _Ref165266342]Introduction
A new work item “NB-IoT/eMTC support for Non-Terrestrial Networks” [1] has been approved. In the WID, one of the objectives is to enhance mobility and tracking area for UE, shown as below.
	-	Mobility and Tracking Area:
-	Enhancements to tracking area management using the earth-fixed TA concept, considering both hard-switch and soft-switch options, where in the soft-switch option the network may broadcast more than one Tracking Area Code per PLMN.
-	Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	Support of legacy (Rel-16) Handover and RLF/reestablishment mechanisms without major enhancements. For eMTC, Rel-16 LTE CHO procedure can be considered without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.


In this contribution, we provide our views on connected mode mobility for NB-IoT/eMTC NTN.
[bookmark: OLE_LINK1]Discussion
Handover-based mobility
At RAN2#112e and RAN2#113e meeting [2] [3], the following agreements for NR NTN on CHO have been achieved:RAN2#112e:
· 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.
RAN2#113e
· Support A4 event for NTN CHO. FFS whether other triggers needs to be combined with this.

In WID [1], it has been recommended to consider (Rel-16) LTE CHO for eMTC NTN. In eMTC 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. So, it may be too late if network provides handover command after receiving measurement reporting from UE. 
CHO is an efficient method to deal with such large propagation delays in eMTC NTN, because of a high degree of handover control and handover robustness. Network can send handover command in advance, and when the handover trigger condition is met UE starts handover execution automatically. Therefore, CHO will be beneficial to eMTC NTN. Similar to NR NTN, Rel-16 LTE CHO procedure should be the baseline for CHO in eMTC NTN.
Proposal 1: CHO can be used for eMTC NTN and Rel-16 LTE CHO procedure should be the baseline for eMTC NTN.
As mentioned in WID, minor enhancements for CHO can be considered in eMTC NTN. In NR NTN, A4 event has been supported for CHO. Network can configure appropriate candidate target cells for UE based on ephemeris information and UE location information. When the A4 is satisfied, UE can initiate handover procedures and access to the target cell. Introducing A4 for CHO in eMTC NTN does not need to add new events, and the existing A4 event configuration can be reused, with less impact on the spec. So, A4 event can be considered. 
Proposal 2: Minor enhancements for CHO can be considered in eMTC NTN, such as supporting A4 event for CHO. 

RLF-based mobility
In WID, legacy (Rel-16) RLF/reestablishment mechanisms have been supported without major enhancements for IoT NTN mobility. In the legacy RLF trigger, upon receiving N310 consecutive out-of-sync indications from lower layers, UE shall start timer T310. Upon receiving N311 consecutive in-sync indications from lower layers, UE shall stop timer T310. If T310 expiry, RLF will be detected and RRC reestablishment procedure will be initiated or UE will go to RRC_IDLE. Legacy mechanisms are robust and reliable, which can avoid needless RLF. So, legacy (Rel-16) RLF/reestablishment mechanisms can be the baseline for IoT NTN mobility.
Proposal 3: Legacy (Rel-16) RLF/reestablishment mechanisms can be the baseline for IoT NTN mobility. Minor enhancements can be considered.
However, satellites in non-GEO orbits move with high speed relative to a fixed position on earth, leading to short serving time of satellite cells and frequent handover or RLF for both stationary and moving UEs in connected mode. 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 [4]:
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56 
	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



For NB-IoT UE, the value of T310 can be up to 8s, as follow:
		t310-r13				ENUMERATED {ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000}
But, the maximum serving time is about 6.6s when the cell diameter size is 50km. For UE, if the end time of serving cell is passed, there is no possibility for the UE to maintain the RRC connection and receive "in-sync" indications from lower layers. So, recovery of physical layer problems will not happen. Furthermore, if the value of T310 is too long, reestablishment failure is more likely to occur. So, the value of T310 should be less than the remaining service time of the serving cell. 
[bookmark: _GoBack]Proposal 4: When configuring T310, the value of T310 should be less than the remaining service time of the serving cell in IoT NTN.
Conclusions 
In this contribution, we have discussed connected mode for NB-IoT/eMTC NTN and provide some proposals as following: 
Proposal 1: CHO can be used for eMTC NTN and Rel-16 LTE CHO procedure should be the baseline for eMTC NTN.
Proposal 2: Minor enhancements for CHO can be considered in eMTC NTN, such as supporting A4 event for CHO.
Proposal 3: Legacy (Rel-16) RLF/reestablishment mechanisms can be the baseline for IoT NTN mobility. Minor enhancements can be considered.
Proposal 4: When configuring T310, the value of T310 should be less than the remaining service time of the serving cell in IoT NTN.
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