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1. Introduction

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

	· [035] 1: The challenges associated with the expiry of MAC timers in NR-NTN remain the same in eMTC/NB-IoT NTN and high RTT of NTN is the primary cause of this.

· [035] 2: An offset will be used to delay (adjust) the start of ra-ResponseWindow and mac-ContentionResolutionTimer in eMTC/NB-IoT NTN, similar to NR-NTN. Further discussion is needed for the SR-Prohibit timer. Offset estimation process and the offset value are FFS.

· [035] 3: It is assumed that If the start of the ra-ResponseWindow is accurately compensated and no extension of repetition is required, there is no need to extend the ra-ResponseWindowSize for eMTC over NTN, similar to NR-NTN.

· [035] 4: RAN2 assumes that PRACH capacity in eMTC/NB-IoT over NTN will be evaluated to check whether it can support the large cell size of GEO/LEO. However, RAN2 believes this is more of a RAN1 topic and thus recommends companies to submit their contributions in RAN1.

· [035] 5: RAN2 should wait for RAN1’s decision on TA in eMTC/NB-IoT NTN.

· [035] 6: It is FFS whether there is any need to disable HARQ feedback in eMTC/NB-IoT NTN.

· [035] 7: RAN2 assumes to reuse NR-NTN agreements as baseline for the starting of HARQ-RTT-Timer and UL-HARQ-RTT-Timer in eMTC/NB-IoT NTN.

· [035] 8: Unlike NR-NTN, as latency is not a critical performance requirement in NB-IoT devices, UL scheduling enhancement for delay reduction is not necessary for NB-IoT over NTN.

· [035] 9: It is FFS if there is any need to extend RLC t-Reordering timer in eMTC/NB-IoT NTN.

· [035] 10: There is no need to extend RLC and PDCP SN length for eMTC/NB-IoT NTN, similar to NR-NTN.

· [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 RAN2#113 e-meeting, the following agreements have been further achieved:

	· NTN IoT connected to 5GC is assumed, in addition to EPC (but there seems to be consensus that 5GC has lower urgency/priority).
· From RAN2 point of view, support for NB-IoT multi-carrier and single-carrier operations are both assumed as a baseline.

· No of HARQ processes is R1 scope

· Enable / disable HARQ feedback is R2 scope

· Modify sr-ProhibitTimer for larger values to support IoT NTN. Alignment to NR NTN can be considered. 

· Extend the value range of t-Reordering to support IoT NTN. 
· From RAN2 point of view, assume that all IoT features up to R16 are supported, and can consider differently case by case when/if problems are found.


In RAN2#113bis e-meeting, the following agreements have been further achieved:

	· The following points are endorsed

(24/24) Enhancements to ra-ResponseWindow and mac-ContentionResolutionTimer are essential. R2 assume that design can follow NR NTN agreements as baseline. 

(21/21) Enhancements to HARQ-RTT-Timer and UL-HARQ-RTT-Timer are essential. R2 assume that design can follow NR NTN agreements as baseline.

(21/21) Enhancements to sr-ProhibitTimer are essential. R2 assume that design can follow NR NTN agreements as baseline.  

(23/23) Enhancements to RLC SN and PDCP SN are not essential. 

(24/24) Enhancements to tracking area management are essential. 

(24/25) Provisioning of ephemeris is essential. NR NTN agreements can be used as the baseline.

· (22/25) There is significant interest for Power saving in idle mode for NTN IOT devices, e.g. there is significant interest for enhancements to eDRX/PSM (discontinuous coverage) and to relaxed monitoring, SI acquisition and WUS. 

· The following points are endorsed

(19/23) Enhancements to UL scheduling for latency reduction are not essential. 

Enhancements to PUR are not essential (19/23). Enhancement to pur-ResponseTimer is needed and feasibility of PUR in GEO and LEO scenarios needs to be checked by RAN1.  

(18/23) Enhancements to RLC t-Reordering timer are essential. There is no need for further study as design can follow NR NTN agreements.

· Chair: Most companies think Enhancements for power saving in connected mode are not essential for NTN IOT devices.

· Observation: R2 has (so far) not identified any issue in order to support CHO for Cat-M UEs with EPC. 

· (modified P1) For handling of coverage holes or discountinous satellite coverage in a power efficient way R2 assumes that Sattelite assistance information, e.g. ephemeris info, can be used. 

· (modified P2) The NR-NTN agreements, where the network may broadcast more than one TACs per PLMN in a cell is considered for IoT NTN (other options not excluded for now)

· (modified P3) For enhancements to CHO, e.g. location and time based triggering events related to CHO in eMTC-based NTN should follow NR-NTN.

· For Connected mode, for both NB-IoT and eMTC, Legacy RLF and reestablishment procedures can be used (minor enhancement can be considered).


With reference to these agreements, we will discuss some additional essential aspects for IoT over NTN and give our proposals. 
2. Discussion

2.1. IoT features applicable for NTN
In RAN2#113-e meeting, RAN2 has made a general assumption that all IoT features up to R16 are supported and the cases can be further discussed if problems are found. In RAN2#113bis-e meeting, RAN2 has endorsed necessity of enhancement to some aspects, e.g., some timers in RACH process, some timers in HAQR process etc. RAN2 have also confirmed significant interest on enhancements to eDRX/PSM (discontinuous coverage) and relaxed monitoring, SI acquisition and WUS etc.
In the following sections, we will further discuss some other IoT features whose applicability and enhancements we think also essential to IoT over NTN. Moreover, for a few other features, we think it’s also essential to discuss its non-applicability to IoT over NTN.
2.1.1. Coverage enhancement 

Whether the coverage enhancement should be supported in NB-IoT/eMTC over NTN is still under discussion in RAN1. From RAN2 perspective, we think the issue of multiple CE levels needs discussion.

Firstly, in TN NB-IoT/eMTC, multiple CE levels are supported (e.g. at most 20dB coverage enhancement is supported for NB-IoT). UE can determine the CEL for random access based on the comparison between measured RSRP and the configured RSRP thresholds. However, according to TS 38.821, in NTN deployments, the RSRP/RSRQ value difference between satellite cell center and satellite cell edge may be very small. Therefore, we need to consider whether RSRP can still be used to determine the coverage level of UE in NTN. 
Secondly, considering that GNSS capability is assumption in Rel-17 IoT over NTN SID, this implies that NB-IoT/eMTC over NTN may be mainly used in the outdoor scenario (e.g., where GNSS signals can be received). The necessarily of supporting several CELs may be not so strong.
Thirdly, in NB-IoT and eMTC TN cell, once the CEL changes, network needs to reconfigure the Rmax-PDCCH for UE. Such process may be not easy to perform due to large RTT in LEO.

Therefore, if coverage enhancement is supported in NB-IoT/eMTC over LEO NTN, considering the large RTT and possible difficulty on CELs differentiation, whether multiple CELs are supported for the cell should be discussed.
Proposal 1: From RAN2 perspective, if coverage enhancement is supported for IoT over NTN, it’s essential to discuss whether and how multiple CELs can be supported.
2.1.2. SON report

In R16 NB-IoT specification, SON report is supported, e.g. the UE can report to network the measurement results of the strongest cell, the RACH performance and the RLF event. All these SON reports would be beneficial to the network coverage optimization. However, for the moving cell over LEO NTN, the network coverage keeps changing with the satellite movement that may cause that the SON report at T1 time cannot be referred at T2 time. Thus, RAN2 should discuss whether the current SON report is still useful for NB-IoT moving cell over LEO NTN

Proposal 2: It’s essential to evaluate whether the current SON report mechanism is still useful for NB-IoT moving cell over LEO NTN.

2.1.3. Channel quality report
In R14 NB-IoT specification, anchor carrier measurement report in Msg3 has been supported. In R16 NB-IoT, non-Anchor carrier measurement report in Msg3 and measurement in RRC_CONNECTED are also supported. And in R16 eMTC, measurement report in Msg3 and in RRC_CONNECTED have also been supported. These channel quality report functions are mainly used for optimization on radio parameter configuration and scheduling in RRC_CONNECTED. Considering the large RTT and quick movement of LEO satellite, whether these channel quality reports are still applicable/useful for UE in RRC_CONNECTED in IoT over LEO NTN should be evaluated.

Proposal 3: It’s essential to discuss whether the channel quality reports in Msg3 and in RRC_CONNECTED state is still applicable/useful for UE in IoT over LEO NTN.

2.2. Support for cell beam
In NT NB-IoT, NW capacity evaluation is about 1000000 device per km^2. It is assumed that the cell radius is 500m with three cell sectors, that means dense cells layout are used for large NW capacity. 
However, for NB-IoT/eMTC over NTN, especially for NB-IoT/eMTC over GEO, since the satellite orbit is at 35,786 km above the Earth's equator, the satellite coverage will be very large. Since one satellite may include several satellite beams, and one beam footprint size may span hundreds or thousands km range [2], if one satellite is mapped to one cell, the network capacity will be limited. So, to let one satellite beam, not one satellite be mapped to one cell may be more suitable to GEO case.

However, to let one satellite beam to be mapped to one cell may be not suitable to LET case. Since the LEO satellite moves quickly, and UE may switch satellite beam frequently (e.g. switch once per 7~8 seconds ), such mapping impacts not only the mobility performance for RRC_CONNECTED UE (e.g. the HO latency and the service interruption time are very large, and the UE need to read the target cell’s SI during HO procedure, which cost UE power) but also the cell reselection performance for RRC_IDLE UE (e.g. the access performance will be impacted when the UE triggers RRC establishment during cell re-selection procedure).

Observation 1a: If one satellite is mapped to one cell, the network capacity will be limited; if one satellite beam is mapped to one cell, the UE mobility performance and access performance will be negatively impacted.

In NR NTN, one cell can be mapped to one satellite, and SSB of the cell can be mapped to satellite beam. Since handover or cell reselection procedure will not happen when UE moves from one SSB beam to another in one cell, one cell can comprise a plurality of cell beams which can enlarge the cell capacity. Thus, cell capacity and mobility issue can be compromised when UE switch between satellites beams frequently. 

Observation 1b: In NR NTN, cell beam (e.g. NR SSB) can deal with the contradiction between the mobility performance and cell capacity.

With reference to NR NTN, in order to resolve the similar issue in NB-IoT/eMTC over NTN, it is suggest to also support cell beam (e.g. similar NR SSB) for IoT over NTN.

Proposal 4: It’s essential to discuss whether and how to support cell beam (e.g. similar NR SSB) for IoT over NTN.

Once cell beam can be introduced into NB-IoT/eMTC over NTN, the following information should be provided in System information:

· The cell beam related time/frequency information that are used for UE to determine which cell beam it is located in.

· The mapping relationship between cell beam and PRACH resource that are used for network to determine which cell beam the UE is located in.

Proposal 5: If cell beam can be supported for NB-IoT/eMTC over NTN, RAN2 need to further consider how to provide the cell beam related information in system information.

Based on the observations and proposals, we provide the Text Proposal for TS 36.763[6].

3. Conclusions

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

Observation 1a: If one satellite is mapped to one cell, the network capacity will be limited; if one satellite beam is mapped to one cell, the UE mobility performance and access performance will be negatively impacted.

Observation 1b: In NR NTN, cell beam (e.g. NR SSB) can deal with the contradiction between the mobility performance and cell capacity.

Proposal 1: From RAN2 perspective, if coverage enhancement is supported for IoT over NTN, it’s essential to discuss whether and how multiple CELs can be supported.
Proposal 2: It’s essential to evaluate whether the current SON report mechanism is still useful for NB-IoT moving cell over LEO NTN.

Proposal 3: It’s essential to discuss whether the channel quality reports in Msg3 and in RRC_CONNECTED state is still applicable/useful for UE in IoT over LEO NTN.

Proposal 4: It’s essential to discuss whether and how to support cell beam (e.g. similar NR SSB) for IoT over NTN.
Proposal 5: If cell beam can be supported for NB-IoT/eMTC over NTN, RAN2 need to further consider how to provide the cell beam related information in system information.
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5. ANNEX
Text proposal for TS 36.763
Start of the change

5.3
IoT NTN features

It is assumed that all cellular IoT features specified up to Rel-16 are supported for IoT NTN except that:
· How many coverage enhancement levels are supported and/or how to determine the UE’s coverage enhancement level should be evaluated for IoT over LEO NTN.

· The SON report feature should be evaluated for IoT over LEO NTN.
· The channel quality report feature is not supported for IoT over LEO NTN.
Editor's Note: the above assumption is from a RAN2 perspective and may be revisited on a case by case basis when/if problems are found.

It is assumed that both NB-IoT multi-carrier operation and NB-IoT single-carrier operation are supported as a baseline.

Editor's Note: the above assumption is from a RAN2 perspective.
To balance the NW capacity and mobility performance issue, it is assumed that cell beams (e.g. similar NR SSB) can be supported for IoT over NTN.
End of the change


