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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 #108 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

Idle Mode Measurements
t-serviceStart
In the previous meeting, agreements were reached in RAN4 and the discussion has progressed in order to obtain idle mode mobility requirements that are in line with the discussions from Release 17 and that are in harmony with the latest agreements this Release 18 work item. 
One of the discussions was pertinent to the effects of the configuration of the t-serviceStart. This parameter indicates whether a neighbor cell from a different satellite is available of not. This means that, if any measurement is conducted before t-serviceStart for that cell, it is unlikely that the UE will receive any signal. Therefore, it is a waste of UE energy to perform such measurements. RAN2 agreements, when introducing t-serviceStart also indicate the intention that the UE could skip measurements until t-serviceStart
 
[bookmark: _Toc146734728]If t-serviceStart is configured for a neighborCell, then the UE is not required to perform neighbor cell measurements on that cell until t-serviceStart is reached.
a. [bookmark: _Toc146734729]As a consequence, based on the configured t-serviceStart, if no cells on a target satellite is available at a given point in time, the UE is not required to perform neighbor cell measurements for this satellite and the value of Ksatellite  is not incremented by this satellite. 

Clarification on Ksatellite
In the previous meeting, RAN4 has agreed on discuss the clarifications for the Ksatellite factor.
	Issue 1-0: Clarification on K_satellite
FFS how clarify the value of K_satellite.
· Option 1: For each inter-frequency carrier 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
· Other options are not precluded.




The Ksatellite factor is used to scale the measurement requirements, accounting for the number of satellites the UE effectively has to monitor. That depends on the number of configured satellites, the UE capabilities and the availability of neighbor satellites:
a) If the UE is not configured to measure more than one satellite, or if there is not more than one satellite available, Ksatellite must be equal to 1. 
b) In default scenarios, where there is one neighbor satellite configured for measurements plus the serving satellite, Ksatellite must be equal to 2.
c) If a UE has the capability to measure more than 2 satellites and more than one neighbor satellite is configured by the network, then K_satellite is equal to the number of satellites configured for measurement (and available) or the number of satellites the UE is capable of monitoring, whichever is lower. 
[bookmark: _Toc146734730]For each frequency layer, Ksatellite is defined by the number of satellite configured and available for neighbor cell measurements, such that:
b. [bookmark: _Toc146734731]Ksatellite = 1, if there is only one satellite configured and available for neighbor cell measurements 
c. [bookmark: _Toc146734732]Ksatellite = 2, if there are two or more satellites configured and available for neighbor cell measurements.
[bookmark: _Toc146734733]The clarification for Ksatellite is valid for both: idle and connected mode requirements.
However, based on “c” above, multiple satellites might be configured for neighbor cell measurements by the serving cell, in this case, the requirements, in each frequency, will only apply for one set of cells belonging to the same satellite.  It is important that in such scenarios it is clear to both, UE and network, which subset of satellites are to be measured by the UE.  One possible way to achieve that is to indicate intrinsic priorities to each satellite for load balancing purpose in addition to legacy cell and frequency priorities:
[bookmark: _Toc146734734]When more than 2 satellites are available for measurement in a given frequency layer, the requirements apply for the two satellites with highest priority in a given frequency layer, where the priorities might be given by
d. [bookmark: _Toc146734735]Send an LS to RAN2 to provide neighbbor cell priorities when more than 2 cells are configured for measurements; or
e. [bookmark: _Toc146734736]Assume implicit priorities based on the order of configuration

If no priorities are provided, there might be some ambiguity in the set of satellites to be chosen by the UE. Based on previous RAN4 agreement highlighted before, this may be the case for different frequencies. Assuming that RAN4 agreed that the subset of satellites are not always the same, this can be used to have a applicability of the measurement requirements:
[bookmark: _Toc146734737]RAN4 to discuss whether the availability of high priority frequency layers in a given satellite might be used to decide which satellite to measure in all frequency layers, when there is no difference in priority between the satellites. 

Time-based measurement initiation
RAN2 has recently decided to fasten the procedures for the UE to land on a different cell, when t-service expires and the current serving cell is not available anymore:
	Agreements on RAN2 #122
2.	If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage




The idea from RAN2 is that the UE can fasten the process by knowing that the current serving cell is not available after t-service. 
[bookmark: _Toc146734738]RAN 2 has identified that the UE shall not focus 4 requirements can assist RAN2 design in aiding the UE to camp on a new cell when t-service expires. 
Regardless of whether the conditions of the serving cell right before t-service are good or bad, the UE knows (by the configuration of t-service) that the serving cell will disappear at t-service. Based on the average scenario it is even more likely that the conditions on the serving cell are good before the cell is discontinued.  Any last effort to collect serving cell measurements are not unnecessary, but it might hurt the timely cell reselection. This scenario is depicted in Figure 1.  In this figure, we show a scenario where the neighbor cell measurements are triggered by Ttrigger. The received power level from the serving cell is still in good conditions, and might even be above any of the neighbor cells (as depicted). If that’s the case, the UE will not perform cell reselection upon t-service, as the UE will rank the serving cell as very high. Only Tevaluate seconds after the last sample before t-service the UE will be required to perform the cell reselection. 
[image: ]
Figure 1 The presence of good serving cell measurements (blue), better than neighbor cell measurements (green), before t-service, will delay the cell reselection at the UE side, even though the UE has full knowledge of the disappearance of the serving cell.

Based on this analysis, if the neighbor cell measurements is not triggered by radio conditions (S-criteria), but the measurements are initiated by the time-based trigger (t-service), the UE should not required to perform measurements towards the serving cell, whenever this leads to a smaller value of K_satellite (no other cells are configured for measurement on the same serving satellite). This would cause the UE to trigger a faster cell reselection or a faster cell search. 
[bookmark: _Toc146734739]When a UE starts neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), the UE skips the serving cell measurements when the following side conditions are met:
f. [bookmark: _Toc146734740]When skipping serving cell measurements reduces the value of Ksatellite (i.e. no neighbor cell is configured for measurements in the same satellite as the serving cell)
g. [bookmark: _Toc146734741]The S-Criterion is still met by the serving cell, according to the most recent measurements on the serving cell. 
h. [bookmark: _Toc146734742]If those conditions are met, the UE is allowed to use the last value for the serving cell measurements for cell reselection  purpose until t-service is reached. 

Location-based measurement initiation in earth moving cells
In Rel-17, the location-based measurement initiation for cell reselection was introduced, with the basic functionality described in TS 36.304. The applicability of the concept was limited to earth-fixed cells, as a fixed reference location on Earth was assumed. For Rel-18, one of the enhancements introduced was to have the measurement initiation based on location also extended for Earth moving cells. 
	Agreements on RAN2 #122
RAN2#122
1.	Extend the neighbour cell information in existing SIBs (not SIB31) to include satellite ID
2.	The system Information modification procedure is not triggered for an update of new SIB on neighbor-cell assistance information.
4.	In RRC IDLE, how to (re-)acquire neighbour cell assistance information is up to UE’s implementation.
1.	Reference location and distanceThresh in SIB31. A change of reference location does not trigger SI modification. A UE does not need to get a new reference location as long as ephemeris and Epoch time are valid (in Connected mode the UE relies on T317)
3.	The distance between the UE and a second reference location (e.g. within a neighbour cell) is not taken into account.
4.	R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.




Similar aspects are currently being discussed as well for NR in the WI, NR_NTN_enh. The most important difference introduced by RAN 2 to enable this concept for Earth moving cells is related to the propagation of the reference location. 
[bookmark: _Toc146734743]The enabler by location-based measurement initiation for earth-moving cells is the assumption that the UE is capable of performing the propagation of the location information. 
[bookmark: _Toc146734744]When a location-based measurement initiation trigger is configured for a cell, which is an Earth-Moving Cell, the UE shall:
i. [bookmark: _Toc146734745]Propagate the reference location over time, such that the angle between the reference location and the satellite position given by the ephemeris remains constant at all times.
j. [bookmark: _Toc146734746]Initiate neighbor cell measurements when the distance between the UE updated location and the updated reference location is larger than the distance threshold.

Connected Mode Measurements
Time-based measurement initiation for NB-IoT
In the last meeting, RAN4 has agreed that, a NB-IoT UE shall initiate neighbor cell measurements in connected mode depending on time-based triggers.	The most obvious time-based trigger is given by t-service, but as RAN2 indicates in their agreements, measurements shall be initiated before t-service, as it is already too late to start measurements when the serving cell is gone (RLF procedure is triggered). Therefore, the measurements should be started before t-service, but not too early, to avoid UE wasting its power.  
However, as previously discussed, it is convenient to consider the adoption of t-serviceStart as a reference point to start the neighbor cell measurements, in order to avoid waste of UE power. 
[bookmark: _Toc146734747]NB-IoT UE shall start neighbor cell measurements, for cells whose neighbor cell information has been provided to the UE according to the following rules:
k. [bookmark: _Toc146734748]For NGSO UEs, and intra-satellite measurements, the neighbor cell measurements shall start at tinitiate_intra= max([30]s, [X] DRX Cycles) before t-service
l. [bookmark: _Toc146734749]For NGSO UEs, and inter-satellite measurements or inter-frequency measurements, the neighbor cell measurements shall start at: tinitiate_inter = max([30]s, [Y] DRX Cycles before t-service), if t-serviceStart is not configured or tinitiate_inter = max([30]s, [Y] DRX Cycles, tService-tServiceStart) before t-service, if t-serviceStart is configured and happens before t-service. 
i. [bookmark: _Toc146734750]In clause b, t-serviceStart represents the first t-serviceStart for any cell in the target satellite in a given frequency layer.
[bookmark: _Toc146734751]FFS on whether the initiation of inter-frequency measurements shall be scaled by K_satellite or by the number of frequency layers to be measured.  
[bookmark: _Toc146734752]FFS on which radio triggers adopt for initiate measurements for NB-IoT UEs in connected mode. 
m. [bookmark: _Toc146734753]Initiate neighbor cell measurements if the NRSRP for the serving cell fall below the threshold [X].
Time-based measurement initiation for eMTC
For eMTC measurements in NGSO (where time-based triggers are applicable) the UE might not be capable to initiate the following set of measurements:
· Inter-frequency measurements
· Intra-frequency measurements in a neighbor satellite. 
The reason is that in both cases, the UE requires Measurement Gaps to perform these measurements. 
[bookmark: _Toc146734754]For eMTC, time-based measurement initiation is only applicable for the cases where the UE does not require a MG (e.g. intra-frequency measurements, for cells in the same satellite, if any is configured). 
For inter-frequency measurements and intra-frequency measurements in neighbor satellites, the measurement initiation depends on the configuration of measurement gaps. But, it seems that the intention of RAN2 is to establish that a further time-based trigger might be used to achieve optimized measurement initiation. 
[bookmark: _Toc146734755]For eMTC, a UE configured with measurement gaps might postpone intra-frequency measurements associated to a neighbor satellite and/or inter-frequency measurements until the first t-serviceStart is reached for any cell on a given satellite. 

Location-Based Reconfiguration Trigger
In previous meeting, RAN4 has discussed location-based measurement initiation and the following requirements were reached:
	Issue 2-3: Location-based triggering Neighbour cell measurements in connected mode
· For NB-IOT NTN and eMTC NTN, quasi-earth fixed cell and earth-moving cell, RAN4 to define location-based connected mode measurement initiation condition in core spec.
· UE should perform intra/inter-frequency measurements when the criteria for location is met.




First of all, this agreement needs to be amended. The location-based trigger in connected mode designed by RAN2 is dependent on the configuration of the condEventD1:
	Agreements (RAN2 #120):

For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold. (similar to condEventD1 in NR)




It is not possible to configure the condEventD1 to a NB-IoT, as this type of UEs do not support measurement events/objects. Therefore, we have to revise the agreements from previous meeting:
[bookmark: _Toc146734756]Location-based reconfiguration trigger is only applicable for eMTC UEs in connected mode.
[bookmark: _Toc146734757]Locatoin-based trigger cannot be configured to NB-IoT UEs in connected mode. 
For the applicability of the reconfiguration trigger, the RAN2 specification is clear:
[bookmark: _Toc146734758]A UE configured with an independent location based trigger for reconfiguration, shall perform the conditional handover when the location condition is met. A UE configured with condEventD1 associated to an additional conditional event for radio measurements shall perform the reconfiguration (HO) when both conditions are met. 
The proposal above shall be applicable for both, earth-moving cells and quasi-earth fixed cells. The difference depends only on how the UE interprets the referenceLocation.
[bookmark: _Toc146734759]For a QEF cell, the UE shall consider the location condition condEventD1 met when the distance between UE position and the reference location is above the configured threshold. For an EMC, the UE shall consider this condition met, when the distance between the UE position and the updated reference location is above the configuration threshold.
n. [bookmark: _Toc146734760]The UE shall be capable to update the reference location on EMC by propagating the reference location,  according to the ephemeris information, accounting for the satellite movement and the time elapsed between the epochTime and the end of the current subframe.



GNSS-MG Impact on mobility measurements
RAN1 has recently agreed when defining the GNSS measurement gap that the GNSS position fix time duration can be up to 31 seconds and therefore we see a need to discuss how the GNSS measurement interacts with NTN mobility procedures. 
	RAN1#113Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] 
· FFS: other component values


In NTN scenarios, 31 seconds is a very large time gap to be considered “away from the 3GPP measurement procedures”. It affects not only RLM, but also RRM measurements towards neighbor cells, it has a tight interplay with RLF triggers, especially when expiring after t-service and it might also affect the re-acquisition of validity timers. The whole service continuity and RRM requirements are not built to deal with such large gaps in special in NTN. 
It will be good to further clarify that if the UE is performing a GNSS measurement and the t-service expires during the measurement, the UE shall complete the GNSS measurement and then skip the RLF procedure and start the re-establishment procedure towards a new cell. That is, the agreements below shall also apply in this case of a long GNSS measurement. 
	RAN2 #122 Agreement
· If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage

· RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

RAN2#123
4. Capture the following NOTE in Stage 2 (can further fix the wording):
      NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap.
      FFS whether we need to state something about AS resumption




Based on the RAN2 design, we can design requirements to address the behavior of the UE when configured with long GNSS-MGs:
[bookmark: _Toc146734761]When t-service expires during a GNSS-MG, the UE shall complete the acquisition of GNSS, and upon returning from GNSS-MG, the UE skips RLF procedure and start cell search/re-establishment procedures.  
[bookmark: _Toc146734762]RLM evaluation period is extended by the duration of the GNSS-MG. 
o. [bookmark: _Toc146734763]If there is an early termination on the GNSS-MG, the RLM evaluation period is extended by the duration of the shortened GNSS-MG.

[bookmark: _Toc146734764]If the UE is performing neighbor cell measurements when a GNSS-MG becomes activated, the UE should still be capable to keep the measurements for evaluation purposes. However, if the GNSS-MG becomes too large, the measurements will quickly become outdated, given the dynamic nature of NTN. Therefore, if the GNSS-MG lasts for a large period of time, the UE shall discard any neighbor cell measurements or serving cell measurements and re-start the evaluation. 
[bookmark: _Toc146734765]If the GNSS-MG lasts for more than [5] s, the UE shall discard any neighbor cell measurements or serving cell measurements and re-start the evaluation.  
Finally, in the previous meeting, RAN4 also discussed how to deal with the collision between GNSS MG and the traditional MGs. But this has already been addressed by RAN2:
[bookmark: _Toc146734766]MGs associated to intra-frequency or inter-frequency measurements are dropped when colliding with the GNSS-MG. 


[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:
Proposal 1: If t-serviceStart is configured for a neighborCell, then the UE is not required to perform neighbor cell measurements on that cell until t-serviceStart is reached.
a.	As a consequence, based on the configured t-serviceStart, if no cells on a target satellite is available at a given point in time, the UE is not required to perform neighbor cell measurements for this satellite and the value of Ksatellite  is not incremented by this satellite.
Proposal 2: For each frequency layer, Ksatellite is defined by the number of satellite configured and available for neighbor cell measurements, such that:
a.	Ksatellite = 1, if there is only one satellite configured and available for neighbor cell measurements
b.	Ksatellite = 2, if there are two or more satellites configured and available for neighbor cell measurements.
Observation 1: The clarification for Ksatellite is valid for both: idle and connected mode requirements.
Proposal 3: When more than 2 satellites are available for measurement in a given frequency layer, the requirements apply for the two satellites with highest priority in a given frequency layer, where the priorities might be given by
a.	Send an LS to RAN2 to provide neighbbor cell priorities when more than 2 cells are configured for measurements; or
b.	Assume implicit priorities based on the order of configuration
Proposal 4: RAN4 to discuss whether the availability of high priority frequency layers in a given satellite might be used to decide which satellite to measure in all frequency layers, when there is no difference in priority between the satellites.
Observation 2: RAN 2 has identified that the UE shall not focus 4 requirements can assist RAN2 design in aiding the UE to camp on a new cell when t-service expires.
Proposal 5: When a UE starts neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), the UE skips the serving cell measurements when the following side conditions are met:
a.	When skipping serving cell measurements reduces the value of Ksatellite (i.e. no neighbor cell is configured for measurements in the same satellite as the serving cell)
b.	The S-Criterion is still met by the serving cell, according to the most recent measurements on the serving cell.
c.	If those conditions are met, the UE is allowed to use the last value for the serving cell measurements for cell reselection  purpose until t-service is reached.
Observation 3: The enabler by location-based measurement initiation for earth-moving cells is the assumption that the UE is capable of performing the propagation of the location information.
Proposal 6: When a location-based measurement initiation trigger is configured for a cell, which is an Earth-Moving Cell, the UE shall:
a.	Propagate the reference location over time, such that the angle between the reference location and the satellite position given by the ephemeris remains constant at all times.
b.	Initiate neighbor cell measurements when the distance between the UE updated location and the updated reference location is larger than the distance threshold.
Proposal 7: NB-IoT UE shall start neighbor cell measurements, for cells whose neighbor cell information has been provided to the UE according to the following rules:
a.	For NGSO UEs, and intra-satellite measurements, the neighbor cell measurements shall start at tinitiate_intra= max([30]s, [X] DRX Cycles) before t-service
b.	For NGSO UEs, and inter-satellite measurements or inter-frequency measurements, the neighbor cell measurements shall start at: tinitiate_inter = max([30]s, [Y] DRX Cycles before t-service), if t-serviceStart is not configured or tinitiate_inter = max([30]s, [Y] DRX Cycles, tService-tServiceStart) before t-service, if t-serviceStart is configured and happens before t-service.
i.	In clause b, t-serviceStart represents the first t-serviceStart for any cell in the target satellite in a given frequency layer.
Proposal 8: FFS on whether the initiation of inter-frequency measurements shall be scaled by K_satellite or by the number of frequency layers to be measured.
Proposal 9: FFS on which radio triggers adopt for initiate measurements for NB-IoT UEs in connected mode.
a.	Initiate neighbor cell measurements if the NRSRP for the serving cell fall below the threshold [X].
Proposal 10: For eMTC, time-based measurement initiation is only applicable for the cases where the UE does not require a MG (e.g. intra-frequency measurements, for cells in the same satellite, if any is configured).
Proposal 11: For eMTC, a UE configured with measurement gaps might postpone intra-frequency measurements associated to a neighbor satellite and/or inter-frequency measurements until the first t-serviceStart is reached for any cell on a given satellite.
Proposal 12: Location-based reconfiguration trigger is only applicable for eMTC UEs in connected mode.
Observation 4: Locatoin-based trigger cannot be configured to NB-IoT UEs in connected mode.
Proposal 13: A UE configured with an independent location based trigger for reconfiguration, shall perform the conditional handover when the location condition is met. A UE configured with condEventD1 associated to an additional conditional event for radio measurements shall perform the reconfiguration (HO) when both conditions are met.
Proposal 14: For a QEF cell, the UE shall consider the location condition condEventD1 met when the distance between UE position and the reference location is above the configured threshold. For an EMC, the UE shall consider this condition met, when the distance between the UE position and the updated reference location is above the configuration threshold.
a.	The UE shall be capable to update the reference location on EMC by propagating the reference location,  according to the ephemeris information, accounting for the satellite movement and the time elapsed between the epochTime and the end of the current subframe.
Proposal 15: When t-service expires during a GNSS-MG, the UE shall complete the acquisition of GNSS, and upon returning from GNSS-MG, the UE skips RLF procedure and start cell search/re-establishment procedures.
Proposal 16: RLM evaluation period is extended by the duration of the GNSS-MG.
a.	If there is an early termination on the GNSS-MG, the RLM evaluation period is extended by the duration of the shortened GNSS-MG.
If the UE is performing neighbor cell measurements when a GNSS-MG becomes activated, the UE should still be capable to keep the measurements for evaluation purposes. However, if the GNSS-MG becomes too large, the measurements will quickly become outdated, given the dynamic nature of NTN. Therefore, if the GNSS-MG lasts for a large period of time, the UE shall discard any neighbor cell measurements or serving cell measurements and re-start the evaluation.
Proposal 17: If the GNSS-MG lasts for more than [5] s, the UE shall discard any neighbor cell measurements or serving cell measurements and re-start the evaluation.
Proposal 18: MGs associated to intra-frequency or inter-frequency measurements are dropped when colliding with the GNSS-MG.
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