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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].  Further agreements were reached in RAN4#108-bis, whose WF is provided in [5], This contribution aims at discussing the requirements for some of the core features of this WI as well as addressing some open issues from previous meetings. 

[bookmark: _Toc116995842]Discussion

Idle Mode Measurements

Clarification on the applicability of Ksatellite when multiple satellites are configured for measurements.
In the previous meeting, RAN4 has agreed on discuss the clarifications for the Ksatellite factor.
	Agreement: 
· For Idle mode, each frequency carrier
· Ksatellite =2, if there are at least two NGSO satellites (including UE serving satellite) to be monitored by UE in this frequency carrier
· Ksatellite =1, if there is only one NGSO satellite to be monitored in this frequency carrier
· For Connected mode, each frequency carrier
· Ksatellite =2, if there are at least two NGSO satellites (including UE serving satellite) to be monitored by UE in this frequency carrier
· Ksatellite =1, if there is only one NGSO satellite to be monitored in this frequency carrier




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. 

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: _Toc149938141]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. [bookmark: _Toc149938142]Send an LS to RAN2 to provide neighbbor cell priorities when more than 2 cells are configured for measurements; or
b. [bookmark: _Toc149938143]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: _Toc149938144]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 speed up the process by knowing that the current serving cell is not available after t-service. 
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 be 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: _Toc149938145]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:
c. [bookmark: _Toc149938146]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)
d. [bookmark: _Toc149938147]The S-Criterion is still met by the serving cell, according to the most recent measurements on the serving cell. 
e. [bookmark: _Toc149938148]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. 


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.	These agreements were captured as follows:
	Agreement: 
· [bookmark: _Hlk146909403]NTN NB-IoT inter-frequency measurement in connected mode, update Tdetect_inter NB1-NC  and Tmeasure _inter NB1-NC as
·  ms
·  ms
Issue 3-2-1: Time-based triggering Neighbour cell measurements in connected mode for NB-IoT - requirement
Agreement:
· For NB-IoT, time-based (t-Service) measurement initiation requirements apply to earth fixed cell.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.
· For earth moving cell, UE shall initiate the measurement before losing its coverage and this needs to reflected in RAN4 requirements.
· RAN4 understand that the exact time for UE to start the measurement is up to UE implementation according to RAN2.
· FFS whether to capture the exact time for UE to start the measurement in RAN4 requirements.




A few considerations need to be made here regarding the first agreement:
· The formula provided is not very precise and cannot be used, as it leads to potential errors. It does not capture the situations where K_Satellite is different for different frequency layers. 
· The time to detect, and time to measure can only be set as a requirement if the point in time where the UE shall start the measurements is known. For legacy NB-IoT operations, the conditions are applicable at the moment the serving cell quality drops below a certain threshold. But for time-based measurement initiation, the requirements can only be applicable when a point in time has been decided for the measurements to start. 
[bookmark: _Toc149938149]If no time-based trigger is used for starting the measurements, the requirements for time-based measurement initiation are not applicable. 
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. The absence of useful triggers when t-serviceStartNeigh is not provided, on the other hand, makes very difficult to establish a point in time where the UE should start the measurements. 
[bookmark: _Toc149938150]NB-IoT UE shall start time-based neighbor cell measurements:
f. [bookmark: _Toc149938151]If no t-serviceStartNeigh is provided, it is up for UE implementation
g. [bookmark: _Toc149938152]If t-serviceStartNeigh is provided for the neighbor cells, measurements shall start at tinitiate_inter = min( [Y] DRX Cycles, tService-tServiceStartNeigh) before t-service
For the location-based measurement initiation, which was left as an FFS from the previous meeting, RAN4 has agreed to discuss whether it would derive requirements for this operation. However, it is not possible to establish a point in time where the UE will lose coverage from the serving cell, without adopting rules that are too speculative. 
[bookmark: _Toc149938153]Do not define a point in time for UE to initiate measurements before losing its coverage on Earth Moving Cell scenarios (for both NB-IoT and eMTC). 


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: _Toc149938154]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). 

One of the agreements tried to establish a time trigger for the UE to start the connected mode measurements:
	Agreement: 
· Trigger is defined as Max (Tidentify_intra_UE cat M1, Tidentify_inter_UE cat M1)




However, assuming inter-frequency measurements cannot be performed in the absence of MGs, then:
[bookmark: _Toc149938155]Revise the agreement for T trigger, to include only the measurements where a MG is not needed. 
[bookmark: _Toc149938156]Discuss the effect of t-serviceStartNeigh on Ttrigger

Location-based measurement initiation for eMTC
One of the previous agreements was to further discuss the application of location-based connected mode measurement initiation. But the same considerations made for the time-based measurement initiation are still valid: a eMTC UE cannot perform certain types of measurements if MGs are not provided. Therefore, similarly, we propose:
[bookmark: _Toc149938157]For eMTC, location-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). 

Measurement gap considerations in the absence of neighbor cell. 

When an eMTC UE is configured with a MeasObj, it has to perform measurements in the measurement gaps provided for that object. However, it might be that, in NTN, the UE knows beforehand that the neighbor cell will not be present for measurements before a certain point in time (t-ServiceStartNeigh). This issue was captured in previous RAN4 WF:
	Issue 3-5 (new): Time-based triggering Neighbour cell measurements in connected mode for eMTC – impact on measurement gap
Discuss until the next meeting: 
· If t-ServiceStartNeigh is provided, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStartNeigh.




It is our opinion, that this is a sensible proposal, in order to save UE power, and we think it is an enhancement that shall be considered by RAN4:
[bookmark: _Toc149938158]If the UE is provided with MG for neighbor cell measurements, if t-serviceStartNeigh is provided for a given frequency, the UE is allowed to drop the MGs for that frequency. The MG might be used for measurements in different frequencies. 


GNSS-MG impact on mobility measurements
In the previous meeting, RAN4 has discussed the impact of the GNSS-MG on the radio link monitoring and in RRM measurements reported by both eMTC and NB-IoT UEs. The impact was caused because RAN2 has previously agreed that RLM activities are suspended for the duration of the GNSS-MG, and RAN1 has agreed that the duration of the network-configured GNSS-MG has a significantly wild range going from 1 second to 31 seconds.
	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

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




The RAN4 discussion was left for further investigation as different options were considered:
	Issue 5-1&5-2: GNSS gap, spec impact
Discuss the following options until next meeting.
· Option 1: add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
· Option 2: The measurement delay requirements are extended by the duration of the GNSS-MG. 
· When the UE triggers an early termination of the GNSS-MG, the measurement delay requirements are extended by the duration of the early-terminated GNSS-MG.
· Option 3: The measurement delay requirements are suspended until the termination of the GNSS-MG.




The problem with option 1 is that it does not characterize how long the requirements will be when a GNSS-MG is configured. This wouldn’t be a problem if the configuration & triggering of GNSS-MG were expected to be rare or infrequent. However, as GNSS-MG might be frequently configured & triggered, option 1 would result in a scenario where frequently, there are no requirements applicable for the RLM. 
[bookmark: _Toc149938159]As GNSS-MG are expected to be frequently configured & triggered, option 1 would ensue in frequently having non-applicable requirements for RLM. 
Besides, in some situations, there is no need to have additional time for the UE to enlarge the RLM measurement delay. 
Consider the case where UE is configured with an eDRX_Conn cycle of 5.12 seconds. By the requirements presented in clause 7.19.2.2 in TS 36.133, the time for the UE to evaluate this cell is relative to a given number of eDRX cycles. If this UE is configured with a GNSS-MG of 4 seconds, it might be the case that most of the GNSS-MG will fall within the sleeping/inactive period of a eDRX_Conn cycle. This scenario is represented in Figure 2, observe that it is unlikely that the presence of GNSS-MG will disturb the UE capacity to perform RLM measurements within the Tevaluate period. 
[bookmark: _Toc149938160]In some scenarios, the full duration of a GNSS-MG is confined withing one eDRX_Conn_cyle. 

[image: ]
[bookmark: _Ref149643279]Figure 2. Example of the case where the GNSS-MG is smaller than the eDRX Conn Cycle
[bookmark: _Ref149858660][bookmark: _Toc149938161]For the cases where the GNSS-MG is smaller than the eDRX cycle, the RLM requirements are still applicable. 
It might be that in certain cases the GNSS MG might collide with the “on duration” part of the DRX Cycle, as depicted in Figure 3. For such cases, the UE might not be able to collect measurements in the colliding DRX Cycle, and a new cycle might be needed to collect the same amount of measurements related to the earlier requirements. Because of that,  it might be reasonable to extend the duration of the evaluation time by one DRX cycle:
[bookmark: _Toc149938162]When the GNSS-MG is shorter than the (e)DRX cycle and it collides with the on Duration part of one (e)DRX cycle, the time to evaluate requirements might be extended by one (e)DRX cycle. 

[image: ]
[bookmark: _Ref149643583]Figure 3. In case (a) there is no overlap between the GNSS-MG and the On Duration part of the DRX Cycle, whereas in case (b) the GNSS-MG collides with what would be the on duration part of a DRX Cycle. 
Regardless whether Option 2 or Option 3 are selected,  a UE configured with eDRX_Conn cycle might take a significant amount of time to evaluate the cell on top of a potentially large GNSS MG. Consider for example, a UE configured with a eDRX Cycle of 5.12 seconds. The total time to evaluate for this UE according to clause 7.19.2.2 is 26 seconds. If the GNSS-MG is 25 seconds, the UE might take up to 51 seconds to evaluate the serving cell in an environment that is changing dynamically.  Such long evaluation time is clearly problematic and therefore the UE shall be configured to perform a faster serving cell evaluation after completing the GNSS-MG. This can be achieved by defining a shorter DRX cycle applies. Therefore, we propose: 
[bookmark: _Toc149938163]When the UE is configured with eDRX cycle, and the GNSS-MG is larger than the eDRX cycle, the requirements applicable right after the GNSS-MG shall be corresponding to a DRX cycle of [1.28] s.
The proposals above and the scenario depicted, indicate that Option 3 is not a good candidate for handling the RLM situation in the presence of GNSS-MG. Option 3 implies that all measurements shall be discarded when the UE applies a GNSS-MG, and the measurement activity is re-started after the gap. An additional problem with Option 3 is that it might lead to the larger reporting intervals for the RLM monitoring among the 3 options. Consider the situation where the quality of the serving cell drops before the start of a GNSS-MG; if the UE discards the measurements collected before the GNSS-MG and starts again after the GNSS-MG, then the UE will take more time to re-start the evaluation of the cell whose condition was already degraded before the GNSS-MG. The situation is aggravated when eDRX_conn cycles are configured at the UE side.


[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: 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 2: 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.
Proposal 3: 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 1: If no time-based trigger is used for starting the measurements, the requirements for time-based measurement initiation are not applicable.
Proposal 4: NB-IoT UE shall start time-based neighbor cell measurements:
a.	If no t-serviceStartNeigh is provided, it is up for UE implementation
b.	If t-serviceStartNeigh is provided for the neighbor cells, measurements shall start at tinitiate_inter = min( [Y] DRX Cycles, tService-tServiceStartNeigh) before t-service
Proposal 5: Do not define a point in time for UE to initiate measurements before losing its coverage on Earth Moving Cell scenarios (for both NB-IoT and eMTC).
Proposal 6: 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 7: Revise the agreement for T trigger, to include only the measurements where a MG is not needed.
Proposal 8: Discuss the effect of t-serviceStartNeigh on Ttrigger
Proposal 9: For eMTC, location-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 10: If the UE is provided with MG for neighbor cell measurements, if t-serviceStartNeigh is provided for a given frequency, the UE is allowed to drop the MGs for that frequency. The MG might be used for measurements in different frequencies.
Observation 2: As GNSS-MG are expected to be frequently configured & triggered, option 1 would ensue in frequently having non-applicable requirements for RLM.
Observation 3: In some scenarios, the full duration of a GNSS-MG is confined withing one eDRX_Conn_cyle.
Proposal 11: For the cases where the GNSS-MG is smaller than the eDRX cycle, the RLM requirements are still applicable.
Proposal 12: When the GNSS-MG is shorter than the (e)DRX cycle and it collides with the on Duration part of one (e)DRX cycle, the time to evaluate requirements might be extended by one (e)DRX cycle.
Proposal 13: When the UE is configured with eDRX cycle, and the GNSS-MG is larger than the eDRX cycle, the requirements applicable right after the GNSS-MG shall be corresponding to a DRX cycle of [1.28] s.
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