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[bookmark: _Toc116995841]Introduction
In Rel-17, support for NB-IoT and eMTC over NTN was studied in [1] and defined in RAN1, RAN2, and RAN3 under the Work Item described in [2].  For continuing the work, a WI for enhanced NB-IoT/eMTC operation in NTN was also approved [3]. The discussions on this WI were started in RAN4 #106-bis and the way forward was captured in [4]. This contribution aims at discussing the requirements for some of the features introduced in this WI.

[bookmark: _Toc116995842]Discussion
Measurements across multiple satellites in NGSO
Previously, in RAN4, it was agreed to postpone discussion until the group could reach agreements regarding the neighbor cell measurements. Our opinion is that, once agreements were reached in previous meeting for the Release independent work item, we shall continue in this WI the discussion for mobility requirements. RAN4 has also previously agreed that the number of NGSO satellites that the UE must be capable of reading is currently equal to two.
[bookmark: _Toc135062611]It has been previously agreed that the “total number of satellites” the UE shall measure is equal to two for each frequency layer, including the serving satellite.
When the UE is configured to measure more than one inter-frequency layer or intra- and inter- frequency layers, the requirements for “at least” two satellites will apply for each frequency layer. It is unclear from the previous agreement, though, whether the satellites to be measured in each layer are required to be the same. 
[bookmark: _Toc135062612]RAN4 to clarify that the neighbor satellite for inter-frequency measurements that the UE shall be capable to measure in each frequency layer in NGSO scenarios are not necessary the same.

Neighbor cell measurements in Connected mode
In the previous meeting, one of the topics discussed was Neighbor Cell measurements in connected mode. In special issue 3-1 in [4], which regarded whether to define requirements for t-service triggered neighbor cell measurement before RLF.  
 
	· For quasi-earth fixed cell for NB-IoT, RAN4 to discuss whether to define requirements for t-service triggered neighbour cell measurement before RLF. FFS the following options:
· Option 1: The NB-IoT UE shall start the intra/inter-frequency measurements at least before time T1 before start of t-Service, where T1 is the time required to perform one measurement. 
· Option 2: RAN4 to define time-based connected mode measurement initiation condition in core spec. The details such as exact measurement starting time should wait further progress of RAN2. 
· Option 3: not to define.
· Other options are not precluded.




Options 1 and 2 share similarities, as both want to introduce a point in time before t-service to initiate the measurements. The subject is under discussion in RAN2 and the indication by the serving cell of the “initial point in time” where the neighbor satellite will be present has received major support from companies in the last round of email discussion. 
	From [8]:

Proposal 3 (10/13): For fixed cell, the cell start time of the neighbor cell is broadcast.




This indication is a much more reliable and optimized than the indication of T1 of option 1 reference point in time for the UE to initiate neighbor cell measurements. 
[bookmark: _Toc135062613]Support neighbor cell measurements initiated before t-service before RLF and wait for RAN2 definition on the indication of the “start time” of neighbor satellite to decide the point in time where the measurements are initiated. 
In the previous RAN2 meeting, some other agreements were made as well under the umbrella of mobility enhancements objective for this WI. Among these agreements we highlight the following:
	Mobility Enhancements

· For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)
· For eMTC NTN, for fixed cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN)
· For eMTC NTN, for moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode
· SIB3 is extended to include the reference location and distanceThresh




Regarding the first agreement, it says “the UE can derive the trajectory of serving cell with rough accuracy (…) with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time”  of serving cell.”. It is also very clear from the set of agreements that RAN2 intends to apply the location-based triggers for cell reselection purpose also for NTN. 
This indicates that in the earth-moving cell scenario, the UE must follow distanceThresh requirements that are propagated (moved) over time because of the satellite movement. 
[bookmark: _Toc135062614]RAN4 to discuss how to define the requirements for the propagation of the referenceLocationh based on the satellite movement. 

GNSS operation enhancements
RAN2 has also reached further agreements regarding the GNSS operation enhancements. Some of the agreements are highlighted by us in the box below, as they have impact in RAN4 measurement procedures:
	GNSS operation enhancements
Agreements:
· RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS





For complying  with RAN2 agreements, RAN4 needs to capture in the RLM requirements that when a UE is measuring the GNSS in a GNSS measurement gap, RLM is suspended. 
[bookmark: _Toc135062615]Capture in specification that when a UE is measuring the GNSS in a GNSS-MG RLM monitoring is suspended. FFS on the impact on RLM requirements. 



[bookmark: _Toc116995848]Conclusion
The paper has discussed the work item on enhancements of IoT/eMTC NTN deployments in special in what regards mobility aspects. The following observations and proposals are presented as an outcome of the discussions above:

Observation 1: It has been previously agreed that the “total number of satellites” the UE shall measure is equal to two for each frequency layer, including the serving satellite.
Proposal 1: RAN4 to clarify that the neighbor satellite for inter-frequency measurements that the UE shall be capable to measure in each frequency layer in NGSO scenarios are not necessary the same.
Proposal 2: Support neighbor cell measurements initiated before t-service before RLF and wait for RAN2 definition on the indication of the “start time” of neighbor satellite to decide the point in time where the measurements are initiated.
Proposal 3: RAN4 to discuss how to define the requirements for the propagation of the referenceLocationh based on the satellite movement.
Proposal 4: Capture in specification that when a UE is measuring the GNSS in a GNSS-MG RLM monitoring is suspended. FFS on the impact on RLM requirements.
[bookmark: _Toc116995849]
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