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[bookmark: _Toc116995841]Introduction
Enhanced RRM aspects for NB-IoT/eMTC operation were introduced in the IoT_NTN_enh WI [1], which included mobility enhancements and other aspects related to the GNSS operation. The work related to the core part of RRM requirements was finalized in RAN4 #109 [2], but several aspects were left open for discussion in the maintenance phase. 
The aim of this contribution is to discuss some of these open issues and advance their specification by means of contributed proposals. 

[bookmark: _Toc116995842]Discussion
GNSS-MG impact on mobility measurements
In RAN4#109, 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 following agreements were reached:
	Sub-Topic 1-4: GNSS re-acquisition gap in connected mode  
Issue 1-4-1: GNSS-MG spec impact
Agreement:
· Add generic description that the measurements are suspended when UE is performing GNSS measurement during GNSS measurement gap. Wording to be discussed directly in the CR. 
· For NB-IoT, UE shall restart the cell measurement when the interval between two samples are larger than 5000 ms.
· For eMTC, the modification for the case that GNSS-MG is larger than the eDRX cycle can be further study in the maintenance phase. 

Issue 1-4-2: For eMTC, GNSS-MG overlapping with MG
Agreement:
· When GNSS gap overlaps with MG, MG applies if GNSS-MG is terminated earlier than MG and after RA procedure.




In this contribution we would like to discuss the two items highlighted in blue above. 

The issue with the initial agreement lies in its failure to specify the duration of the measurements. This would not pose a problem if the configuration and triggering of GNSS-MG were anticipated to occur rarely or infrequently. However, since GNSS-MG may be frequently configured and triggered, option 1 would lead to a situation where the RLM often has no applicable requirements.
[bookmark: _Toc163500148]As GNSS-MG are expected to be frequently configured and triggered, current specification would ensue in frequently having non-applicable requirements for RLM. 
 
Besides, there duration of the eDRX cycle has to be taken into consideration when compared to the length of the GNSS-MG window. For example, 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: _Toc163500149]In many situations, when eDRX is configured, there is no need to have additional time for the UE to enlarge the RLM measurement delay. 
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Figure 2. Example of the case where the GNSS-MG is smaller than the eDRX Conn Cycle
[bookmark: _Toc163500150]Refine the specification text such that, 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 in such scenarios:
[bookmark: _Toc163500151]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. 
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[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. 
For the second highlighted sentence, we would like to evaluate the scenario where the GNSS-MG is larger than the eDRX cycles. When a UE is configured with eDRX_Conn cycle, it 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: _Toc163500152]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.

Connected Mode Measurements
Time-based measurement initiation for NB-IoT
In the last meeting, RAN4 has not reached consensus whether the exact time for UE to start measurements should be captured in specifications. 
	Issue 1-2-2: For NB/eMTC, time-based triggering, the exact time for UE to start the measurement 
no consensus to capture the exact time for UE to start measurement in RAN4 spec



 
Likewise, the following correspondence was received from RAN2:
	RAN2 would like to inform RAN4 about the following relevant agreements made during RAN2#124 on mobility enhancements for IoT NTN UEs:

1. For NB-IoT NTN, it is up to UE implementation which frequencies to be measured/prioritized in RRC_CONNECTED
2. eMTC UEs in NTN should use MeasObject(s) for performing measurements based on time/location criteria.

RAN2 kindly asks RAN4 to take the information above into consideration.




Because of this, we need to revise the specification text in order to capture the RAN2 decision that it is up to UE implementation which frequencies to be “measured/prioritized” in RRC_Connected. 
[bookmark: _Toc163500153]Capture in specification that for NB-IoT it is up for UE implementation which frequencies to be measured/prioritized in RRC_CONNECTED. 
Therefore, it is important for RAN4 to decide whether there will be or not a exact time for starting the measurements,  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.  
So, a potential idea to circumvent this limitation would be to choose a second point in time X seconds before t-service. It is not possible to choose a point such that the factor “X” is defined in function of the time needed to complete measurements. The reason is that the formula provided in Clause 8.14A.6.4 depends on variable measurement opportunities that are leveraged on a “best-effort” approach by the UE. It is not possible to determine beforehand when the measurements will be completed. 
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:
· If t-serviceStart is provided, the UE knows not to start the measurement before t-serviceStart, and if t-serviceStart is close enough to t-service (not to trigger very early measurements), the UE should start measurements already at t-serviceStart.
· However, if t-serviceStart is provided, but a long time before t-service, in order to save UE power, the determination of the measurement initiation might be based on the number of DRX cycles before t-service:

[bookmark: _Toc163500154]NB-IoT UE shall start time-based neighbor cell measurements:
a. [bookmark: _Toc163500155]If no t-serviceStartNeigh is provided, [Y] DRX Cycles before t-service
b. [bookmark: _Toc163500156]If t-serviceStartNeigh is provided for the neighbor cells, measurements shall start at tinitiate_inter = min( [Y] DRX Cycles, tService-tServiceStartNeigh) before t-service

Idle Mode Measurements
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][bookmark: _Toc163500157]When a UE starts intra-frequency 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][bookmark: _Toc163500158]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][bookmark: _Toc163500159]The S-Criterion is still met by the serving cell, according to the most recent measurements on the serving cell. 
e. [bookmark: _Toc149938148][bookmark: _Toc163500160]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. 

Likewise, for inter-frequency measurements, there is no benefit for the UE to perform measurements in a soon-to-disappear cell related to the current serving satellite. 
[bookmark: _Toc163500161]When a UE starts inter-frequency neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), and the inter-frequency neighbor cells associated to the same satellite are also configured with t-Service, then the UE is not required to measure these cells. 



[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: As GNSS-MG are expected to be frequently configured and triggered, current specification would ensue in frequently having non-applicable requirements for RLM.
Observation 2: In many situations, when eDRX is configured, there is no need to have additional time for the UE to enlarge the RLM measurement delay.
Proposal 1: Refine the specification text such that, for the cases where the GNSS-MG is smaller than the eDRX cycle, the RLM requirements are still applicable.
Proposal 2: 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.
Proposal 3: 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.
Proposal 4: Capture in specification that for NB-IoT it is up for UE implementation which frequencies to be measured/prioritized in RRC_CONNECTED.
Proposal 5: NB-IoT UE shall start time-based neighbor cell measurements:
a.	If no t-serviceStartNeigh is provided, [Y] DRX Cycles before t-service
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 6: When a UE starts intra-frequency 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.
Proposal 7: When a UE starts inter-frequency neighbor cell measurements based on time-based measurement initiation (e.g. Ttrigger before t-service), and the inter-frequency neighbor cells associated to the same satellite are also configured with t-Service, then the UE is not required to measure these cells.
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