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Introduction
In Rel-17, support for NB-IoT and eMTC over NTN was studied in [1] and defined in RAN1 and RAN2 under the Work Item described in [2]. RAN4 requirements will be defined in a release-independent manner in Rel-18. The work was initiated in the RAN 4 #104e meeting and must be continued following the WF [3]  from that meeting and the WID [4].   

Idle Mode Mobility
NSGO Cell Reselection and t-service
DRX Cycles
In RAN 4 #104e, several aspects related to the cell reselection procedure, that were captured in the Way Forward discussions. Some of them were left as open issues or items for further investigation, such as “eDRX/DRX cycles to exclude due to the impact of Tservice (cell stop time) for serving cell and neighbour cell measurements in LEO.”  [3]. 
 
One of the main argument for excluding eDRX/DRX cycles for earth-moving cells is that using long DRX cycles will extend the detection time for a period where the Earth-moving cell footprint in the LEO satellite may move significantly away from UE coverage range. This would make very difficult for the UE to comply with the cell-reselection requirements. The issue was extensively discussed during standardization of NR over NTN [6].
Observation 1: No reason has been identified for removing long e-DRX cycles for quasi-Earth fixed scenarios. 
Besides, in RAN 2 #116e meeting, it was decided that the t-service signalling applicability is limited to quasi-Earth fixed scenarios. 
	Agreement from RAN 2 #116e [7]:

Broadcast of the timing information on when a serving cell is going to stop serving the area is only applicable to quasi earth fixed cell (not to moving cell).




Observation 2: Broadcasting of t-service is only applicable for quasi-earth fixed cell
Considering the problem of the e-DRX cycles is limited to earth-moving cells, and that t-service is not broadcasted for earth-moving cell, we propose:
Proposal 1: Do not consider the impact of t-service for excluding requirements for eDRX/DRX cycles. 
Proposal 2: RAN 4 to not specify any other requirements regarding t-service for Earth-Fixed cell scenarios. 
Cell-Stop time based cell reselection. 
In the previous meeting [3], in Issue 2-2-2, it was decided that the RAN4 will specify cell reselection base on cell-stop time (t-service). 
The parameter t-service was designed in RAN2 to provide assistance information for UE in respect to the “switch off” time of a cell footprint due to satellite movement, as it cannot be anticipated by RF measurements. 
Observation 3: t-service was created because in Earth-fixed scenarios, UE cannot anticipate switch-off times of cell footprints based on RF measurements. 
There are several aspects covered by the designing of the t-service signalling and functionality in RAN2. Such as:
	Agreements R2 #115e [8]
· The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. 

Agreements R2 #116e [7]
· For quasi-earth fixed cell, UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e the time when the serving cell stops covering the current area, and the exact time to start measurements (inter and intra-frequency) is up to UE implementation. FFS to what extent this need to be covered in the TS. 
Agreements R2 #117 [9]
· UE shall perform neighbour cell measurement of higher priority inter-frequency or inter-RAT frequencies regardless of the remaining serving time.



 
 From the agreements above, t-service represents a point in time where there is no more cell coverage. In other words, the UE should not expect successful measurements nor continuity of coverage from the serving cell. 
Observation 4: There is no more radio coverage from serving cell afer t-service. 
Therefore, from the point of view of the serving cell measurements, the UE should treat t-service as if the UE has evaluated the serving cell as not suitable. In other words, t-service is similar to failing the S criterion and should be treated as the same. 
Proposal 3: From the serving cell measurements point of view, the UE should treat t-service as if the S criterion is not met. 
The specifications for NB1 cell reselection describes UE behavior towards the measurement and evaluation of the serving cell:
	TS 36.133 V.17.7.0
4.6.2.1 Measurement and evaluation of serving NB-IoT cell for UE category NB1 in normal coverage

If the UE is not configured with eDRX_IDLE cycle and has evaluated according to Table 4.6.2.1-1 in Nserv_NB -NC consecutive DRX cycles that the serving NB-IoT cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving NB-IoT cell, regardless of the measurement rules currently limiting UE measurement activities. If the UE is configured with eDRX_IDLE cycle and has evaluated according to Table 4.6.2.1-2 in Nserv_NB-NC consecutive DRX cycles within a single PTW that the serving NB-IoT cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving NB-IoT cell, regardless of the measurement rules currently limiting UE measurement activities.

If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency and inter-frequency information indicated in the system information during the time T, the UE shall initiate cell selection procedures for the selected PLMN as defined in [1], where T=40 s if the UE is not configured with eDRX_IDLE cycle, and T=MAX(40 s, one eDRX_IDLE cycle) if the UE is configured with eDRX_IDLE cycle.




Therefore we propose:
Proposal 4: The UE shall initiate measurements of all neighbour cells indicated by the serving NB-IoT cell before t-service is reached, regardless of the rules currently limiting the UE measurement activites.
Proposal 5: UE shall initiate cell selection procedures, provided the UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first. 

Discontinuous coverage
In the previous meeting [3], in Issue 2-1, it was decided that RAN4 should define “the requirements based on the assumption that the UE is able to predict the coverage.” 
The discontinuous coverage support was agreed in RAN 2 and created a new functionality for the UE compared to legacy cell Reselection procedures. It changes several aspects on UE cell search procedures, in order to save power, and relaxes cell reselection mechanisms. Some of the agreements of RAN2 are:
	Agreements R2 #116e [7]
· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.
Agreements R2 #117e [9]
· RAN2 will use a new SIB to share the ephemeris information for Discontinuous Coverage with the UEs. Sharing the information using dedicated RRC signalling is FFS.
· While Out of Coverage in Discontinuous Coverage deployment (in Idle Mode or PSM mode) the UE is not required to perform any cell search and may deactivate its AS functions to optimize the power consumption. The remaining UE behaviour is left to UE implementation. FFS whether anything need to be specified for ASNAS interaction. 
Agreements R2 #118e [9]

· 8: Once a UE receives a SIB32, the UE is allowed to estimate out of coverage and to not do Idle mode tasks when out of coverage.





From the third point on the box above, if the UE can reasonably be assumed to predict the coverage, then the expectations are that this UE does not perform cell search measurements when out of coverage. 
Proposal 6: The UE may skip cell search procedures when estimated out of coverage. 
The SIB32 was created to provide assistance information about neighbor cell information assisting the UE to estimate the “out-of-coverage” scenario. Those are:
· t-serviceStart-r17: The start time of incoming satellite coverage for Quasi-Earth Fixed cells
· Additionally (optionally): a reference point and/or cell radius for Quasi-Earth Fixed cells
· Additionally (optionally): An elevation angle and/or radius for Earth-Moving cell case. 
As previously discussed in RAN2 references, those parameters provide reasonable range of assumption for the UE about the prediction of coverage after the current cell coverage has elapsed. 
Proposal 7: A UE provided with a valid SIB32 can be assumed to predict coverage. FFS: If UE capability is needed. 

Observation 5: If the UE is provided with t-serviceStart-r17 for the target cell and with t-service for the serving cell, it is reasonable for the UE to assume there will be discontinuous coverage between both points, which means a UE in PSM or idle mode is not required to do cell search between both points. 
Assuming the UE is not expected to perform cell search between the two points, then if the S_criterion or the t-service conditions discussed in Section 2.1 of this document are triggered, the UE may skip the cell search procedures until t-serviceStart-r17 is reached. 
Proposal 8:  If the UE is provided with t-serviceStart-r17 and the UE does not find any new suitable cell after T seconds from S-Criterion or after t-service, the UE may delay cell search until after t-serviceStart-r17 is reached. 
Proposal 9: FFS if there is a maximum “waiting period” the UE can wait between t-service and t-serviceStart-r17 before initiating the cell search. 
Besides t-serviceStart-r17, the UE may also refine its understanding of the coverage by the incoming satellite based on “a reference point and cell radius” or “an elevation angle and cell radius”. 
Observation 6: It is an objective assessment if the UE location is within “the cell radius” of distance of a given point in time
Observation 7: It is an objective assessment if the UE location is within “the cell radius” of distance of the point defined by the elevation angle and the satellite ephemeris at a given point in time. 

Proposal 10: The UE may optionally delay cell search until it finds itself within the area determined by the “cell radius” parameter on SIB-32, assuming the cell reference point: 
· The reference point in SIB-32 for Quasi-Earth fixed cells.
· The point determined by the satellite ephemeris and/or the elevation angle of the cell intersecting the Earth. 

Proposal 11: FFS whether to modify requirements for paging interruption for UEs in discontinuous coverage. 
 
Connected Mode Mobility
M1 Handover. 

For the handover of UEs in category M1 connected to a cell broadcast by a Satellite Access Network (SAN), the legacy requirements for Handovers in TN must be the baseline, except when other NTN specific characteristics demand specific requirements. 
There are two requirements for HO in NTN that attend this demand for updated requirements: the handover delay and the interruption time in the handover procedure.  
The timer associated 
	T317
NOTE1
	Upon acquisition of SystemInformationBlockType31
	
	In RRC_CONNECTED mode, initiate acquisition of SystemInformationBlockType31 in accordance with 5.3.3.21.



The reason is related to additional delays forcibly introduced in the handover execution in NR as the UE prepares for the transmission in the target cell caused by the validity timer of the satellite assistance information for the target cell. 

This is caused by the following aspects:
1. A UE that does not have a validity timer running towards the target cell, is assumed out-of-sync and cannot perform UL transmissions. 
	From 3GPP TS 36.331 [11]
1>	if the UE is NTN capable:
2>	if schedulingInfoList indicates that SystemInformationBlockType31 (SystemInformationBlockType31-NB in NB-IoT) is present:
3>	immediately before establishing, resuming or re-establishing an RRC connection; or
3>	if in RRC_CONNECTED and T317 is not running:
4>	acquire SystemInformationBlockType31 (SystemInformationBlockType31-NB in NB-IoT);




2. T317 (validity timer) can only be initiated at the epoch time provided in the satellite assistance information.
	From 3GPP TS 36.331
Upon receiving SystemInformationBlockType31 (SystemInformationBlockType31-NB), the UE shall:
1>	start or restart timer T317 with the duration ul-SyncValidityDuration from the subframe indicated by epochTime.




3. It has not been decided if the UE will be able to maintain more than one instance of T317 running at the UE side. If the agreements are as followed by RAN 2 in NR, there will be only one instance of the timer T317 running at the UE side – and it is associated to the serving cell. The UE is not expected to have running validity timer towards the target cell. 
	From RAN 2 #119 agreements:
“RAN2 does not need to capture T430 for neighbour cells in all RRC states, and it is up to UE implementation on how to re-acquire SIB19 for neighbour cells (e.g. maintain one or multiple timers for serving cell and neighbour cells). UE needs to know information about neighbour cell’s”




4. Again, it was not decided the UE actions upon receiving the HO command, but if the specifications in RAN2 follows the NR reasoning, the UE must:
a.  stop the running T430 in the serving cell 
b. then start the new T430 for the target cell before performing the Random Access procedure.


In short, the UE does not have a validity timer running for the target cell until it receives the HO command. And the transition between 4a and 4b is not instantaneous, as the UE must follow the satellite assistance information for the target cell to initiate the HO procedure. Regardless when the HO command is received by the UE, the new T430 can only be initiated when the epoch time for the target cell is reached. 

Observation 8: Upon receiving the HO command, the UE must stop T317 and wait until the epoch time of the target cell is reached to initiate a new T317. 

Observation 9: In the NTN HO, additional delay and/or interruption time is introduced by the waiting time until epoch time is reached. 

Observation 10: In some cases, the epoch time of the target cell falls within the handover processing time (20 ms), and no additional action is needed by the UE. 
 
Therefore, based on the observations above, we propose:

Proposal 12: RAN4 to decide how to introduce the forced additional delay on HO due to the acquisition of valid ephemeris towards the target cell.  

Proposal 13:   If the UE can initiate a valid T317 within the processing interval of the HO delay, then no additional action is needed.  
-  If the UE cannot initiate a valid T317 within the processing interval of the HO delay, then the requirements for HO delay and HO interruption time must be relaxed to encompass the epoch time. 

Conclusion
Based on the discussion above, we therefore propose RAN4 to take into account the observations below and adopt the following proposals.
Observation 1: No reason has been identified for removing long e-DRX cycles for quasi-Earth fixed scenarios. 
Observation 2: Broadcasting of t-service is only applicable for quasi-earth fixed cell
Observation 3: t-service was created because in Earth-fixed scenarios, UE cannot anticipate switch-off times of cell footprints based on RF measurements. 
Observation 4: There is no more radio coverage from serving cell afer t-service. 
Observation 5: If the UE is provided with t-serviceStart-r17 for the target cell and with t-service for the serving cell, it is reasonable for the UE to assume there will be discontinuous coverage between both points, which means a UE in PSM or idle mode is not required to do cell search between both points. 
Observation 6: It is an objective assessment if the UE location is within “the cell radius” of distance of a given point in time
Observation 7: It is an objective assessment if the UE location is within “the cell radius” of distance of the point defined by the elevation angle and the satellite ephemeris at a given point in time. 
Observation 8: Upon receiving the HO command, the UE must stop T317 and wait until the epoch time of the target cell is reached to initiate a new T317. 

Observation 9: In the NTN HO, additional delay and/or interruption time is introduced by the waiting time until epoch time is reached. 

Observation 10: In some cases, the epoch time of the target cell falls within the handover processing time (20 ms), and no additional action is needed by the UE. 

Proposal 1: Do not consider the impact of t-service for excluding requirements for eDRX/DRX cycles. 
Proposal 2: RAN 4 to not specify any other requirements regarding t-service for Earth-Fixed cell scenarios. 
Proposal 3: From the serving cell measurements point of view, the UE should treat t-service as if the S criterion is not met. 
Proposal 4: The UE shall initiate measurements of all neighbour cells indicated by the serving NB-IoT cell before t-service is reached, regardless of the rules currently limiting the UE measurement activites.
Proposal 5: UE shall initiate cell selection procedures, provided the UE did not find any new suitable cell, after T seconds from S-Criterion or after t-service, whichever comes first. 
Proposal 6: The UE may skip cell search procedures when estimated out of coverage. 
Proposal 7: A UE provided with a valid SIB32 can be assumed to predict coverage. FFS: If UE capability is needed. 
Proposal 8:  If the UE is provided with t-serviceStart-r17 and the UE does not find any new suitable cell after T seconds from S-Criterion or after t-service, the UE may delay cell search until after t-serviceStart-r17 is reached. 
Proposal 9: FFS if there is a maximum “waiting period” the UE can wait between t-service and t-serviceStart-r17 before initiating the cell search. 
Proposal 10: The UE may optionally delay cell search until it finds itself within the area determined by the “cell radius” parameter on SIB-32, assuming the cell reference point: 
· The reference point in SIB-32 for Quasi-Earth fixed cells.
· The point determined by the satellite ephemeris and/or the elevation angle of the cell intersecting the Earth. 

Proposal 11: FFS whether to modify requirements for paging interruption for UEs in discontinuous coverage. 
Proposal 12: RAN4 to decide how to introduce the forced additional delay on HO due to the acquisition of valid ephemeris towards the target cell.  

Proposal 13:   If the UE can initiate a valid T317 within the processing interval of the HO delay, then no additional action is needed.  
-  If the UE cannot initiate a valid T317 within the processing interval of the HO delay, then the requirements for HO delay and HO interruption time must be relaxed to encompass the epoch time. 
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