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Introduction
In the RAN2#115-e meeting, CP impact for IoT over NTN were discussed and some agreements were made. There are still several FFSs left as follows:
	Cell selection / reselection procedures for NB-IoT and LTE-M in TN is the baseline in NB-IoT/LTE-M NTN.
RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.
Wait for the progress in RAN1 before discussion on whether satellite assistance information is broadcast in a separate information block.
The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. FFS details. 
The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation.
The UE determines the Tracking Area based on the broadcast information (the use of other information is not excluded).
When the network stops broadcasting a TAC, the UE needs to know it. FFS how this is done. 
UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN. FFS which CE Mode(s) to apply
No procedural update is required to support connected mode mobility for LTE-M.
Rel-16 RLF / connection re-establishment mechanisms are supported in IoT NTN assuming that minor adjustments to UE specific timers and constants would be sufficient.
FFS if Satellite assistance information for neighbour cell(s) is provided to UE for cell selection/reselection (justification would be needed). 
The value range for parameter t304 is not extended with larger values.
Send an LS to RAN4 to inform that RRM impacts for supporting CHO should be taken into consideration.
Postpone the discussion on whether specific timers and constants for RLF and RRC connection re-establishment procedures require extended value range and/or new behaviour till next meeting.
System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals)

· 


In this contribution, we aim to provide a convincing illustration on such issues and propose corresponding solutions.
Discussion
Per above agreement, how to let UE know the information when the network stops broadcasting a TAC is still FFS:
· The UE determines the Tracking Area based on the broadcast information (the use of other information is not excluded). When the network stops broadcasting a TAC, the UE needs to know it. FFS how this is done.
Although in NR NTN topic, some agreements have been achieved as follows: 
	1. When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)
2. RAN2 assumes UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
3. RAN2 confirms that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.
4. Change in TAC in SIB1 triggers SI update notification procedure as legacy behaviour. It is FFS whether broadcasting TAC update time can also be considered
5. In rel-17, other enhancements like virtual tracking area concept might be considered with low priority at the end of the WI.



However, the cost KPI of the eMTC/NB-IoT UEs is more critical than that of the regular UEs, hence, the reduction of frequent signalling should be avoid to the great extent for the eMTC/NB-IoT UEs. Therefore, in the soft TAI update scheme, it is beneficial to allow eNB to not trigger the SI update when the list of broadcast TACs changed. This means our preference is to utilize the implicit manner to let the UE be aware of the network stops broadcasting a TAC. For example, since it is not necessary for the UE staying in the same cell to know whether a new TAC is added or an existing TAC is deleted from the TAC list due to the satellite movement. Therefore, to seek for power saving of the NTN-IoT devices without the paging missing due to TA change, the possible approach is as follows:
· The UE only to receive and decode a SI update information for TAU when it’s position is changing, i.e. a stationary UE can ignore the a SI update information for TAU;
· CN only paging the UE according to the TAC mapping to the UE’s actual geographical location, not the TAs advertised in the SIB; meanwhile, the UE can determine whether to update the TA to CN via deriving the overlapped TA from at least two TA lists in SIB advertised in different time occasions.
Observation1: the cost KPI of the eMTC/NB-IoT UEs is more critical than that of the regular UEs, hence, the reduction of frequent signalling should be avoid to the great extent for the eMTC/NB-IoT UEs.
Proposal 1: it is proposed to prefer the implicit manner to let the UE be aware of the network stops broadcasting a TAC.
Proposal 2: The possible approach is as follows:
· The UE only to receive and decode a SI update information for TAU when it’s position is changing, i.e. a stationary UE can ignore the a SI update information for TAU;
· CN only paging the UE according to the TAC mapping to the UE’s actual geographical location, not the TAs advertised in the SIB; meanwhile, the UE can determine whether to update the TA to CN via deriving the overlapped TA from at least two TA lists in SIB advertised in different time occasions.
Regarding the mobility, to reduce the cost and considering the NB-IoT UEs are always stationary or in low mobility, NB-IoT UEs do not support handover, mobility is only based on RLF and RRC connection re-establishment procedure. Most of the issues identified in NR NTN and corresponding enhancements are purely related to the handover procedure which is not applicable to NB-IoT UEs. 
However, as in NR NTN, the 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 even for stationary UEs. As mentioned in TR 38.821, “Neglecting UE movement, a UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement.” Additionally, the larger propagation delay in NTN will introduce additional latency to RLF-based mobility procedures, while may further increase the frequency of RRC re-establishment, although the UEs are stationary.
In RAN2#112 e-meeting, RAN2 has agreed to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. And in RAN2#113 e-meeting, RAN2 further agreed Rel-17 RLF enhancements in NB-IoT can be considered in NB-IOT NTN, if applicable. Further enhancements on RLF-based mobility can be considered, e.g. by using satellite assistance (ephemeris) information.
In the special NTN scenarios, the usage of satellite assistance (ephemeris) information is obviously beneficial to address the above issues. However, RAN2 need further study how to use the information.
As RAN2 agreed that for eMTC in NTN, 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. 
(i) The existing measurement framework for CHO (e.g. measurement configuration, execution) is the baseline. 
(ii) The existing eMTC measurement criteria and event can be used in NTN. Support for new measurement would need justification, but is not precluded, e.g. for enh coverage. 
(iii) Time or timer based and Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, can be introduced for both moving cell and fixed cell scenarios. Support for new triggering events is not precluded. 
Similarly, in our understanding, the conditional RRC connection re-establishment procedure which configure the procedure triggering condition and target cells (instead of traditional cell selection after RLF) to the UE beforehand, based on the pre-configured satellite tracking information per the ephemeris information and UE’s location, can also been introduced to address the extremely frequent RLF and re-establishment procedure in NTN network, which can be clarified as the following conditions to trigger the RRC connection re-establishment procedure as for CHO:
· Time, timer or time range based C-Re-establishment triggering event
· Location based C-Re-establishment triggering event
Otherwise, NB-IoT UEs select target cell for RRC connection re-establishment just based on existing cell selection procedure upon frequent RLF, NB-IoT UEs need to scan and measurement all neighbor cells or cell list in the history information to find a suitable cell to camp on, which increases UE's power consumption and network access delay. As we know, power consumption is a critical KPI for NB-IoT devices. Moreover, it is agreed that Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN.
Observation 1: The mobility challenges for NR NTN including long transmission latency, frequent signal strength variation and cell change due to the fast satellite switching are impact on the RLF-based mobility for NB-IoT in NTN.
Proposal 3: it is proposed to introduce the conditional RRC connection re-establishment procedure which configures the procedure triggering condition and target cells to the UE beforehand.
Proposal 4: the conditional RRC connection re-establishment condition setting and execution, can base on the ephemeris information and UE’s location, which can be clarified as the following conditions to trigger the RRC connection re-establishment procedure as for CHO:
· Time, timer or time range based C-Re-establishment triggering event
· Location based C-Re-establishment triggering event
On the other hand, frequent cell switching could happen for a large amount of UEs in a short period due to satellite movement. Thus, the group Re-establishment mechanism as for group HO is required to study for NB-IoT UEs as well. For example, some signalling and information that are common to all the UEs can be notified to the UEs through broadcast as studied in SI to avoid signalling storm.
Proposal 5: the group Re-establishment mechanism as for group HO is required to study for NB-IoT UEs as well. 

Conclusions
Observation1: the cost KPI of the eMTC/NB-IoT UEs is more critical than that of the regular UEs, hence, the reduction of frequent signalling should be avoid to the great extent for the eMTC/NB-IoT UEs.
Proposal 1: it is proposed to prefer the implicit manner to let the UE be aware of the network stops broadcasting a TAC.
Proposal 2: The possible approach is as follows:
· The UE only to receive and decode a SI update information for TAU when it’s position is changing, i.e. a stationary UE can ignore the a SI update information for TAU;
· CN only paging the UE according to the TAC mapping to the UE’s actual geographical location, not the TAs advertised in the SIB; meanwhile, the UE can determine whether to update the TA to CN via deriving the overlapped TA from at least two TA lists in SIB advertised in different time occasions.
Proposal 3: it is proposed to introduce the conditional RRC connection re-establishment procedure which configures the procedure triggering condition and target cells to the UE beforehand.
Proposal 4: the conditional RRC connection re-establishment condition setting and execution, can base on the ephemeris information and UE’s location, which can be clarified as the following conditions to trigger the RRC connection re-establishment procedure as for CHO:
· Time, timer or time range based C-Re-establishment triggering event
· Location based C-Re-establishment triggering event
Proposal 5: the group Re-establishment mechanism as for group HO is required to study for NB-IoT UEs as well. 
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