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Introduction

In RAN2#112 e-meeting[1], for NB-IoT/eMTC over NTN, the following agreements about technical applicability of TR 38.821[2] have been achieved:

	[035] 11: RAN2 will discuss on providing satellite ephemeris data and other information using System Information (SI) message for eMTC/NB-IoT NTN.

[035] 12: RAN2 will use cell selection/reselection for NR-NTN as the baseline and discuss further about the detailed solutions in eMTC/NB-IoT NTN.

[035] 13: RAN2 will discuss the impact of eDRX cycle on cell reselection procedure in eMTC/NB-IoT over NTN.

[035] 14: RAN2 will use earth-fixed Tracking Area concept of NR-NTN in eMTC/NB-IoT NTN.

[035] 15: RAN2 should wait until agreements regarding TAU are made in the NR-NTN WI, and use those for eMTC/NB-IoT over NTN, if applicable. 

[035] 16: RAN2 agrees to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. 

[035] 17: RAN2 will wait until agreements regarding handover, including Conditional Handover, solutions are made in the NR-NTN WI, discuss if it would be beneficial for eMTC over NTN, if adopted.

[035] 18: RAN2 should wait for RAN1’s input on supporting multiple beams per cell for eMTC/NB-IoT over NTN.


In later RAN#90e, the status report on NB-IoT/eMTC support for NTN gives summary on the remaining issues for RAN2 as below in[3], the control plane related objectives are highlighted with yellow and they will be discussed in this contribution:

	Second Objective
Aspects related to HARQ operation 

General aspects related to timers (e.g. SR, DRX, etc.) 

RAN2 aspects related to idle mode and connected mode mobility 

RLF-based mobility for NB-IoT

Handover-based mobility for eMTC

System information enhancements 

Tracking area enhancements 

Aspects related to random access procedure/signals [RAN1, RAN2] 

Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]


With reference to those agreements, we will discuss remaining control plane related issues and possible solutions for NB-IoT/eMTCover NTN and. 
Discussion

Aspects related to idle mode mobility 

The long eDRX cycle is important for power saving of NB-IoT/eMTC UE in the idle mode. As power saving is still one of requirements for NB-IoT/eMTC over NTN UEs, in last meeting, most companies agreed to discuss the impact of eDRX cycle on cell reselection procedure in eMTC/NB-IoT over NTN.

For eMTC, eDRX cycle value range starts from 5.12s (i.e., hfhalf, hf1, hf2, hf4, hf6…) up to a maximum of 2621.44s ( hf256, about 44 min). For NB-IoT, the eDRX cycle value range starts from 20.48s (i.e., hf2, hf4, hf6, hf8…) up to a maximum of 10485.76s (hf1024, about 3 hours). In 38.821[2], it has mentioned “Neglecting UE movement, a UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement.” It can be inferred that, under some condition, e.g., NTN LEO cell of diameter 50km and eDRX cycle larger than 6.61s (e.g., 10.24s and more), the serving cell and neighbor cells that the UE can measure before start of eDRX cycle would keep changing every one or several eDRX cycles , as illustrated in Figure 1. 
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Figure 1 Serving cell changes due to satellite movement in eDRX cycles

Observation 1: With eDRX configuration and quick satellite movement, the serving cell and neighbor cells that the UE can measure before start of eDRX cycle would keep changing every one or several eDRX cycles.

In general, UE can select next satellite by performing the neighbor cell measurement and cell reselection procedure. However, for the UE configured with eDRX cycle, the neighbor cells in an eDRX cycle may stop serving this area in the further eDRX cycle. As a result, the potential serving cell for the UE in further eDRX cycle might be totally different from the neighbor cells that are measured by the UE in a eDRX cycle. The neighbor cell measurement in an eDRX cycle doesn’t support any help for the UE to select to the next satellite in the further eDRX cycle and such neighbor cell measurement is useless. Considering that power consumption caused by the above issue, we think more stringent condition for triggering the neighbor cell measurement for UE configured with eDRX cycle would be needed, e.g., with intention to try to avoid invalid or unnecessary neighbor cell measurement .

Proposal 1: In NB-IoT/eMTC over NTN, more stringent condition for triggering the neighbor cell measurement for UE configured with eDRX cycle would be needed, e.g., with intention to try to avoid invalid or unnecessary neighbor cell measurement. 

When UE configured with eDRX cycle wakes up, the new cells that haven’t been detected before may be serving this area at the beginning of PTW in an eDRX cycle. Due to absence of the measurement results of these new cells, the legacy cell reselection procedure can’t help UE to find a suitable cell in a short time. In order to enable UE to camp on a cell as soon as possible to avoid paging message missing, the cell selection can be performed immediately at the beginning of PTW in an eDRX cycle.

Proposal 2: In NB-IoT/eMTC over NTN, UE configured with eDRX cycle can perform the cell selection procedure immediately at the beginning of PTW in an eDRX cycle. 

Moreover, NB-IoT and eMTC UE may be under the overlapping coverage of the NTN cell and TN cell. UE should make a choice between them for camping. Generally, the TN cell can provide more stable and less delay service. It is more prefer for UE to select the TN cell. 

As it has been agreed that “Cell selection / reselection in NR is the baseline in NTN idle mode procedure” and RAN2 also have agreed to use cell selection/reselection for NR-NTN as the baseline in eMTC/NB-IoT NTN, we understand priority based cell reselection rules would be used in NR-NTN and also can be considered for eMTC/NB-IoT over NTN to deal with the cell reselection issue between NTN cells and TN cells. 

In eMTC over NTN, priority based cell reselection mechanism is already supported and it can be re-used. But it’s not supported in NB-IoT in order to reduce the UE complexity. We think it may be not necessary to introduce the whole priority based cell reselection mechanism for NB-IoT over NTN. A simple method based on cell Qoffset may be feasible and simpler. For example, in the cell reselection rules, regardless of whether a NTN cell is the serving cell or neighbor cell, an offset (e.g., QoffsetNTN in the following example formula) can be always subtracted from the measurement result of this NTN cell to decrease its order in the ranking list. With introduction of such offset, it can guarantee that the TN cell is more easily to be selected than the NTN cell, when UE gets the similar RSRP values of them.

	TS 38.304

Rs =Qmeas,s +Qhyst -Qoffsettemp +QoffsetSCPTM - QoffsetNTN
Rn =Qmeas,n - Qoffset -Qoffsettemp +QoffsetSCPTM - QoffsetNTN

where:

QoffsetNTN
Offset temporarily applied to the cell if the cell is a NTN cell.




Proposal 3a: Priority based cell reselection mechanism can be re-used for eMTC cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Proposal 3b: An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.

RLF-Based mobility for NB-IoT
For NB-IoT UE over NTN in connected mode, RAN2 has agreed to use Rel-16 RLF-based NB-IoT mobility as a baseline. In legacy NB-IoT, eNB is stationary and UEs are generally with low mobility. The RLF is usually caused by fluctuation of radio condition, and UE has a certain probability to recovery from RLF. However, the situation in NB-IoT over NTN is a bit different. Due to the (LEO) satellite movement, the radio link between UE and the serving cell may get worse quickly. Once radio link failure occurs, there may be almost no chance to recovery from the RLF. 
Observation 2: Due to the satellite movement, the radio link between UE and the serving cell may get worse quickly. Once radio link failure occurs, there may be almost no chance to recovery from the RLF.

In current RLF, UE has to wait for expiration of T310 before it can trigger a RRC reestablishment procedure that brings more interruption time. Taking into account the Observation 2, we think the waiting time before triggering RRC reestablishment can be as short as possible. For example, after detecting radio link problem in the serving cell, the UE may not need to start T310 or can start a timer with shorter value instead. The UE can just try to find a suitable or available  neighbor cell. As soon as such neighbor cell is acquired, the UE can trigger RRC reestablishment procedure. Such process is beneficial for UE to select to a new serving cell as early as possible. Therefore, we suggest to discuss the enhancement for RLF in NB-IoT. 
Proposal 4: For NB-IoT over NTN, the enhancement of RLF about reducing waiting time before triggering RRC reestablishment can be considered.

Handover-based mobility for eMTC
Issue#1: Measurement

In last meeting[3], for NR NTN, RAN2 has agreed “The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded”. For eMTC over NTN, we think the measurement in connected mode are very similar as NR NTN, and therefore the existing measurement framework in legacy eMTC also can be used as baseline. Besides, whether new measurement are needed can be discussed after more progress are made in NR NTN.
Proposal 5: For eMTC over NTN, the existing measurement framework of eMTC is the baseline and new measurement might not be excluded.

For NR NTN, there were some discussion on the issue that, if the SMTC and measurement gap configuration don’t consider the propagation delay difference of satellites, the UE may miss the SSB/CSI-RS measurement window and thus be unable to perform measurements on the configured reference signals. Based on the discussion, some related agreements have been reached as below [1]:

	Agreements:

RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN.

SMTC and gap configuration in NTN are configured based on the timing of PCell

RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.

RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN

UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN

The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event


The measurement gap configuration in eMTC over NTN is similar as the SMTC and gap configuration in NR NTN, e.g., for UE to detect measurement signals of neighbor cells, hence, the similar problem would exist in eMTC over NTN. The above agreements might be also applicable for eMTC over NTN. If any detailed solution for SMTC configuration in NTN is introduced, we think they can be further considered for eMTC over NTN.
Proposal 6: For eMTC over NTN, RAN2 can discuss whether the above agreements for SMTC and measurement gap configuration improvements in NR NTN can be applicable/beneficial to eMTC over NTN.
Issue#2: Handover procedure

In NR NTN, the agreement “Reconfiguration with sync is the baseline for connected mode mobility in NTN” means the legacy NR handover is baseline for NR NTN. Thus, we think the legacy eMTC handover procedure can be workable and also can be used as baseline for eMTC over NTN.
Proposal 7: For eMTC over NTN, the legacy eMTC handover procedure is baseline.
For LEO NTN with earth-moving beams, due to the movement of satellite, frequent handover and handover for a large number of UEs may cause the heavy air interface signaling overload. And for GEO, due to the large propagation delay, too late handover may happen. These are the main obstacles affecting the handover performance in NTN. The conditional handover are being considered as the main tool to solve those problems.
Similar issues also exist in eMTC over NTN. Therefore, companies think the handover enhancement that are discussed in NR NTN may also need to be considered for eMTC over NTN. RAN2 finally agreed to wait for more progress regarding handover, including Conditional Handover, solutions are made in the NR-NTN WI and to see whether they would be beneficial for eMTC over NTN.

In order to deal with the issue that handover is difficult to be triggered due to small difference in RSRP between cell edge and cell center in NTN, some improvements on execution conditions for CHO in the NR-NTN have been agreed as below [3]:

	Agreements:
Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered

The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event


For Time or timer based CHO triggering event, it is easy to be performed and doesn’t cause much UE power consumption.  Moreover, in NR NTN, due to fast moving speed of the UE, it’s difficult for network to configure suitable value for the timer. But this is not big issue as the moving speed of an eMTC UE is usually not high. It would be  easier for gNB to configure this timerfor eMTC over NTN. Hence, this triggering event is also applicable for eMTC over NTN. For location based CHO triggering event, it is available for eMTC UE with GNSS capability. It can provide more accurate trigger but at the cost of increased complexity and more UE power consumption. 
In a summary, we think the above improvements on execution conditions for CHO can be considered for eMTC over NTN, and based on that, RAN2 can discuss to introduce CHO to eMTC over NTN.

Proposal 8: For eMTC over NTN, RAN2 can discuss to introduce the conditional handover.
Tracking area enhancements
In last meeting, RAN2 has had a high level agreement that earth-fixed Tracking Area concept of NR-NTN should be reused in eMTC/NB-IoT NTN [3]. In fact, another tracking area concept, satellite-fixed Tracking Area is also discussed in NR NTN. Compared with potential multiple TAIs per PLMN ID in earth-fixed Tracking Area, a NTN cell only have one TAI per PLMN ID in satellite-fixed Tracking Area, it also allows the gNB to reuse current NGAP procedure. Therefore, satellite-fixed Tracking Area is beneficial, and we think the satellite-fixed Tracking Area of NR-NTN also can be used in eMTC/NB-IoT over NTN.
But, in satellite-fixed Tracking Area, a stationary UE may see the TAI keeps changing, and perform tracking area update (TAU) frequently as the LEO satellite passes by. And some solutions are under discussion. We think the solutions can also be reused in eMTC/NB-IoT over NTN.

Proposal 9: RAN2 will use satellite-fixed Tracking Area of NR-NTN in eMTC/NB-IoT over NTN. The solutions to solve the frequent tracking area update in NTN can be reused in eMTC/NB-IoT over NTN.
Moreover, the contradiction between the size of tracking area and paging capacity may need to be considered for eMTC/NB-IoT over NTN The bigger size of the tracking area means less frequent tracking area update, but also requires larger paging capacity. For eMTC/NB-IoT over NTN, large number of UEs need to be supported, and thus, the paging capacity is very critical. Therefore, a trade-off between the size of the tracking area and paging capacity would be needed. RAN2 should evaluate paging capacity in eMTC/NB-IoT over NTN to check whether it can support large tracking area in GEO. 
Proposal 10: RAN2 should evaluate paging capacity in eMTC/NB-IoT over NTN to check whether it can support large tracking area in GEO.

Conclusions

In this contribution, we make the following observations and proposal:

Observation 1: With eDRX configuration and quick satellite movement, the serving cell and neighbor cells that the UE can measure before start of eDRX cycle would keep changing every one or several eDRX cycles.

Proposal 1: In NB-IoT/eMTC over NTN, more stringent condition for triggering the neighbor cell measurement for UE configured with eDRX cycle would be needed, e.g., with intention to try to avoid invalid or unnecessary neighbor cell measurement. 

Proposal 2: In NB-IoT/eMTC over NTN, UE configured with eDRX cycle can perform the cell selection procedure immediately at the beginning of PTW in an eDRX cycle. 

Proposal 3a: Priority based cell reselection mechanism can be re-used for eMTC cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Proposal 3b: An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.

Observation 2: Due to the satellite movement, the radio link between UE and the serving cell may get worse quickly. Once radio link failure occurs, there may be almost no chance to recovery from the RLF.

Proposal 4: For NB-IoT over NTN, the enhancement of RLF about reducing waiting time before triggering RRC reestablishment can be considered.

Proposal 5: For eMTC over NTN, the existing measurement framework of eMTC is the baseline and new measurement might not be excluded.

Proposal 6: For eMTC over NTN, RAN2 can discuss whether the above agreements for SMTC and measurement gap configuration improvements in NR NTN can be applicable/beneficial to eMTC over NTN.
Proposal 7: For eMTC over NTN, the legacy eMTC handover procedure is baseline.
Proposal 8: For eMTC over NTN, RAN2 can discuss to introduce the conditional handover.
Proposal 9: RAN2 will use satellite-fixed Tracking Area of NR-NTN in eMTC/NB-IoT over NTN. The solutions to solve the frequent tracking area update in NTN can be reused in eMTC/NB-IoT over NTN.
Proposal 10: RAN2 should evaluate paging capacity in eMTC/NB-IoT over NTN to check whether it can support large tracking area in GEO.
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