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1 Introduction
This contribution is aimed at providing a summary of contributions regarding the control plane aspects in IoT-NTN. The following 16 contributions with “Connected Mode Mobility, Tracking Area Update and Cell Selection/Re-selection” are summarized:
[1] R2-2100166, Discussion on connected mode mobility for IoT over NTN, OPPO		
[2] R2-2100167, Discussion on idle mode procedure for IoT over NTN, OPPO	
[3] R2-2100257, IoT NTN Observations and Proposals, Lockheed Martin.	
[4] R2-2100263, Improving Tracking Area Updates in IoT NTN,	MediaTek Inc, Eutelsat
[5] R2-2100264, On Cell Re-selection in IoT-NTN, MediaTek Inc, Eutelsat
[6] R2-2100266, Connected Mode Mobility in IoT-NTN,	MediaTek Inc, Eutelsat
[7] R2-2100338, Consideration on the control plane of IoT over NTN, ZTE Corp, Sanechips
[8] R2-2100541, Discussion on the service link discontinuity and affected procedures for NB-IoT NTN, Gatehouse, Sateliot	
[9] R2-2100738, Connected mode and idle mode mobility, Qualcomm Inc.	
[10] R2-2100807, Discussion on connected mode mobility in NB-IoT and eMTC NTN, Xiomi
[11] R2-2100808, Cell selection and reselection for IoT NTN, Xiomi
[12] R2-2101054, Discussion on Mobility and TA for NTN NB-IoT, Huawei, HiSilicon
[13] R2-2101131, Discontinuous coverage for IoT NTN, Lenovo, Motorola Mobility
[14] R2-2101132, RLF-based mobility for NB-IoT in NTN, Lenovo, Motorola Mobility
[15] R2-2101248, Discussion on the service link discontinuity and affected procedures for NB-IoT NTN, Gatehouse, Sateliot, Thales
[16] R2-2101555, Idle and connected mode mobility for IoT NTN, Ericsson
[17] R2-2100510, Mobility aspects for IoT-NTN, Nokia, Nokia Shanghai Bell.

[bookmark: _Toc497230267]2 Connected Mode Mobility in IoT-NTN
[bookmark: OLE_LINK3]In RAN2#112-e meeting, NB-IoT/eMTC support for NTN was discussed over email discussion, and the following agreements were made regarding the Connected Mode mobility:



[035] 16: RAN2 agrees to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. 
[035] 17: RAN2 will wait until agreements regarding handover, including Conditional Handover, solutions are made in the NR-NTN WI, discuss if it would be beneficial for eMTC over NTN, if adopted.
[035] 18: RAN2 should wait for RAN1’s input on supporting multiple beams per cell for eMTC/NB-IoT over NTN. 

As the handover process in NB-IoT and eMTC based NTN is quite different in the remaining part of this section, we summarize the contributions separately for eMTC-based NTN and NB-IoT based NTN.

2.1 Connected Mode Mobility for eMTC based NTN
In RAN2#112-e, handover trigger enhancements in NR NTN was discussed and the following agreements have been made.
Agreements via email - offline 105:
1. 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.
2. DAPS HO for NTN is de-prioritized in this release.
3. 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.
4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.

The intention of introduce location based measurement event and location based CHO triggering event is to improve handover robustness due to unclear difference in RSRP between cell edge and cell center in NR NTN. The contributions in R2-2100166 [1], R2-2100266 [6], R2-2100338 [7], R2-2100807 [10] and R2-2100510 [17] support these agreements and also proposed to use these agreements for enhancing connected mode mobility in eMTC. However, the contribution in R2-2101555 [16] suggested not to include Conditional Handover (CHO) in IoT-NTN to minimize additional network and UE complexity. 
Rapporteur’s Summary:
(6/16) contributions have provided proposals on connected mode mobility for eMTC-based NTN.  Among these 5 contributions, 5 contributions are in favor of using the NR-NTN agreements, made in RAN 2#112-e on CHO and measurement triggers.    
Hence based on the existing agreements made in RAN2#112-3 in NR-NTN WI and IoT-NTN SI, the rapporteur proposes the following proposal:
Proposal 1: eMTC based NTN will use the following connected mode mobility agreements made in NR-NTN:
(i) CHO can be used for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline.  
(ii) The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN.  
(iii) Time or timer based and 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.  
(iv) FFS on (a) how to configure the time and location based CHO triggering event and (b) how to estimate the feeder/service link switch timing.

2.2 Connected Mode Mobility for NB-IoT based NTN
During RAN2#112-e it was agreed to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. Enhancements on RLF-based mobility is already under discussions in Rel-17. R2-2100738 [9] and R2-2100510 [17] mention to use this Rel-17 RLF enhancement can be used as baseline to enhance RLF-based mobility in NTN. High speed of LEO satellites might result in fast radio link degradation between UE and the serving cell, thus triggering RLF faster than expected. Similar to handover based mobility management, R2-2100338 [7] and R2-2100807[10] mention enhancement of RLF by using satellite assistance information, broadcast by network. In a line similar to CHO, triggering of conditional RRC re-establishment before RLF is also suggested in R2-2101132 [14]. As traditional NB-IoT and eMTC transmission repetition increases link robustness, but generally requires a stable UE-eNB link (in terms of delay variation), the contribution in R2-2100257 [3] urges to discuss supporting simultaneous connected mode mobility and repetition for IoT-NTN.
Rapporteur’s Summary:
(6/16) contributions have provided proposals on connected mode mobility for NB-IoT based NTN.  Among these 6 contributions, 4 contributions are in favor of using RLF enhancements for RLF-based mobility in NB-IoT NTN. While two companies suggested to use Rel-17 RLF enhancement can be used as baseline, the other two suggested using of satellite assistance, broadcast by the network, for further enhancement of RLF-based mobility. 
Hence based on the existing agreements made in RAN2#112-3 in NR-NTN WI and IoT-NTN SI, the rapporteur proposes the following proposal:
Proposal 2: RAN2 will use Rel-17 RLF enhancement as baseline to enhance RLF-based mobility in NB-IoT based NTN. Further enhancements on RLF-based mobility can be considered, e.g. by using satellite assistance (ephemeris) information. 
3 Tracking Area Update in IoT-NTN
Idle mode mobility in IoT-NTN is broadly divided into two major parts: (1) Tracking Area Update (TAU) and (2) Cell Selection/Re-selection. As shown in the Table below, earth-fixed Tracking Area concept of NR-NTN was agreed for eMTC/NB-IoT NTN in RAN2#112-e. 
[035] 14: RAN2 will use earth-fixed Tracking Area concept of NR-NTN in eMTC/NB-IoT NTN.
[035] 15: RAN2 should wait until agreements regarding TAU are made in the NR-NTN WI, and use those for eMTC/NB-IoT over NTN, if applicable. 

Regarding the solutions for Tracking Area Update (TAU), R2-2100263 [4] suggests to use “soft-switch” method, with network maintaining a list of Tracking Area Codes (TAC). On the other hand, R2-2100338 [7] has proposed to use satellite-fixed tracking area. Finally, as NR NTN has not concluded yet on any solution, R2-2101054 [12] proposes to capture all the options in the IoT-NTN TR and wait for further progress in NR-NTN. 
Rapporteur’s Summary:
(3/16) contributions have provided proposals on Tracking Area Update in IoT-NTN. Among these 3 contributions, one contributions are in favor of using multiple TACs (soft-switch), one is in favor of satellite-fixed TA and the last one suggests capturing all the solutions and wait for further progress in NR-NTN. As paging capacity of the network is closely related to tracking rea sizes, the paging capacity needs to be evaluated to confirm that it can support large TA in GEO-NTN. As there is no clear preference, for the sake of progress of the SI, the rapporteur suggests the following proposal: 
Proposal 3: RAN2 will capture the different options for the signalling TAs in the TR and wait for progress in NR-NTN, with possible agreements during the WI (if approved). RAN2 will also evaluate paging capacity in IoT- NTN to check whether it can support large tracking area in GEO.
4 Cell Selection/Reselection in IoT-NTN
The following agreements were agreed on eMTC/NB-IoT NTN in RAN2#112-e.

[035] 11: RAN2 will discuss on providing satellite ephemeris data and other information using System Information (SI) message for eMTC/NB-IoT NTN.
[035] 12: RAN2 will use cell selection/reselection for NR-NTN as the baseline and discuss further about the detailed solutions in eMTC/NB-IoT NTN.

While it was agreed in RAN2#112-e that RAN2 will use cell selection/reselection for NR-NTN as the baseline and discuss further about the detailed solutions in eMTC/NB-IoT NTN, R2-2101054 [12] has called for an revision of the agreement by mentioning that cell selection/re-selection of NB-IoT are considered as a baseline and the enhancements introduced for NR NTN considered when applicable for IoT-NTN. Based on this the rapporteur would like to ask the following question:
Question 1: Do companies agree that the existing agreement, made in RAN2 #112-e needs to be revised as “cell selection/re-selection of NB-IoT are considered as a baseline and the enhancements introduced for NR NTN considered when applicable for IoT-NTN”?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



R2-2100167 [2], R2-2100264 [5], R2-2101054 [12] mention enhancements to the cell selection/re-selection procedure, by using satellite assistance information. 
Question 2: Do companies agree that cell selection/re-selection procedure in IoT-NTN should be enhanced by using satellite assistance information?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



The contributions in R2-2100264 [5], R2-2100541 [8], R2-2101131 [13] and R2-2101248 [15] mention the effect of coverage holes or discontinuous coverage in cell selection/re-selection in IoT-NTN. R2-2100264 [5] also suggests the usage of satellite assistance (e.g. ephemeris) to inform the UE about discontinuity.
Question 3(a): Do companies agree that RAN2 should study the effect of discontinuous coverage of IoT-NTN over cell re-selection?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Question 3(b): If the answer to Question 3(a) is “Agree” then do companies agree that satellite assistance (e.g. ephemeris) could be used as a possible solution to inform the UE about possible coverage discontinuity?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



R2-2100264 [5], R2-2100338 [7], R2-2100738 [9] and R2-2100808 [11] mention the use of legacy eMTC priorities and/or NB-IoT Qoffset to control cell re-selection between TN-NTN cells, LEO-GEO cells and earth-fixed and earth-moving cells. On the other hand, the contribution in R2-2100510 [17] prefer to exclude Idle mode mobility scenario between TN and NTN.
Question 4(a): Do companies agree that legacy eMTC priorities could be used to prioritize cell re-selection between LEO-GEO cells and earth fixed-earth moving cells?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Question 4(b): Do companies agree that Qoffset based method could be used for NB-IoT to prioritize prioritize cell re-selection between LEO-GEO cells and earth fixed-earth moving cells?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	





The effects of eDRX on cell reselection is discussed in R2-2100338 [7], R2-2100541 [8], R2-2100738 [9], R2-2100808 [11] and R2-2101248 [15]. While R2-2100338 [7] suggests to trigger cell selection procedure immediately at the beginning of PTW in an eDRX cycle, R2-2100808 [11] mentions usage of satellite assistance information, R2-2100541 [8] and R2-2101248 [15] propose study of eDRX and its effects with discontinuous coverage. On the other hand, R2-2100738 [9] suggests to wait for progress in RAN1 and RAN4 regarding this issue. 
Question 5(a): Do companies agree that RAN2 should evaluate eDRX with additional considerations of possible discontinuous coverage?
	Company
	Agree / Disagree
	Additional comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Question 5(b): If the answer to Question 5(a) is “Agree”, suggest possible improvements for cell re-selection during eDRX cycle?
	Company
	Agree / Disagree
	Additional comments
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4 Conclusion
Proposal 1: eMTC based NTN will use the following connected mode mobility agreements made in NR-NTN:
(i) CHO can be used for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline.  
(ii) The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN.  
(iii) Time or timer based and 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.  
(iv) FFS on (a) how to configure the time and location based CHO triggering event and (b) how to estimate the feeder/service link switch timing.

Proposal 2: RAN2 will use Rel-17 RLF enhancement as baseline to enhance RLF-based mobility in NB-IoT based NTN. Further enhancements on RLF-based mobility can be considered, e.g. by using satellite assistance (ephemeris) information. 

Proposal 3: RAN2 will capture the different options for the signalling TAs in the TR and wait for progress in NR-NTN, with possible agreements during the WI (if approved). RAN2 will also evaluate paging capacity in IoT- NTN to check whether it can support large tracking area in GEO.
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