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1	Introduction
To support NB-IoT/eMTC over non-terrestrial networks, the study item description [1] defined the following second objective. 
	The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	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]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]


In this contribution, we provide some observations relates to NB-IoT/eMTC over NTN, to identify which conclusions in the studies performed for NR NTN [2] can be re-used or not re-used for NB-IoT/eMTC support for NTN. We also provide some observations related to additional study/analysis required for NB-IoT/eMTC functionalities which are not part of NR-NTN scope.
2	NB-IoT/eMTC features for NTN
NB-IoT/eMTC systems evolved from Rel-13 until now upto Rel-16 with various features introduced focusing on enhancements for energy consumption, coverage and network operation aspects. Many of these features may not applicable and are not available in NR. For some features the way the feature is implemented are different from the NR implementations. Hence we propose the study also identify and analyse the NTN applicability of NB-IoT/eMTC specific features.
The basic functionality for NB-IoT/eMTC devices introduced in Rel-13 are power saving and coverage enhancements. 
For power saving, extended DRX and power saving functionality with UE entering into deep sleep mode without any network monitoring for long time was supported.  In addition, the idle mode RRM measurements are further relaxed to reduce the power consumption.  
Extended coverage is supported with blind physical layer transmissions for all the channels. For common channels such as PBCH and System Information maximum repetitions applicable for extended coverage are used. For other channels number of repetitions based on the coverage condition of the UE is applied with additional blind decoding attempts.  The maximum repetitions associated with each coverage level are configurable via system information. For connected mode operation, the number of repetitions is controlled via dedicated signalling. UE assistance information about coverage level may be required to fine tune the number of repetitions.
Further releases of NB-IoT/eMTC enhances the basic functionality to further improve the power saving, network efficiency and operational enhancements. Below table provides the brief list of NB-IoT/eMTC features introduced up to Rel-16.
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Proposal 1: IoT-NTN study should include the impact analysis and applicability of existing IoT features for NTN.
Proposal 2: RAN2 to discuss and conclude on the base 3GPP Release of NB-IoT/eMTC for feature analysis for NTN applicability.
Depending on the scenario analysis, if it is concluded that IoT over NTN need to support only small data packets and lesser single user throughput, the IoT functionalities relevant for these aspects can be included. As the energy consumption is key feature for IoT over NTN, the features also expected to be applicable for NTN-IoT. Depending on the applicable data rate the number of HARQ process needs to be supported also can be modified.
For example, Early data transmission functionality minimises the energy consumption for small data packet transmission. WUS reduces the energy consumption related to downlink monitoring. But detailed analysis on UE and network impacts are required when these features works over NTN. 
Proposal 3: Features relevant for connectionless small data transmission should be considered as priority features for applicability for IoT over NTN
3. 	Applicability of NR-NTN Study for IoT-over-NTN
As the IoT device behaviour in idle mode and connected mode differs from NR, the applicability of study outcome or agreements of NR-NTN needs to be analysed on case by case. For this purpose, the IoT device functionality can be classified based on the UE state.  Following table summarises the key functions of IoT device for each of the UE state and similarity/difference to NR-NTN functionality.


	Functionality
	State
	Applicability of NR-NTN outcome

	Cell Selection 
	Idle mode
	Yes

	Idle mode RRM measurements
	Idle mode
	Relaxed serving cell measurements are not applicable for NR idle mode.
Impact of relaxed measurements on UE cell reselection between NTN and TN network requires further analysis

	System Information acquisitions
	Idle mode
	Energy consumption related to system information changes due to satellite movement for IoT devices is critical factor. This is not major issue for NR-NTN

	RACH Access
	Idle mode
	Partially applicable. Agreements related to timing offset adjustment prior to start of access is applicable as such. Further analysis needed related to RACH repetitions handling.

	Idle mode Extended DRX
	Idle mode
	Not applicable for NR-NTN. Impact of GNSS operation prior to PO /PTW of eDRX operation requires further analysis.

	Idle mode cell reselection 
	Idle mode
	Inclusion of TN neighbours in system information and cell reselection priority between TN and NTN requires further analysis.

	Tracking Area Update procedure
	Idle mode
	Applicable. 

	HARQ Operation 
	Connected mode
	Applicable with some changes

	RLC/PDCP Impacts
	Connected mode
	Applicable with some changes

	UL scheduling enhancement
	Connected mode
	Applicable with some changes



3.1	Idle mode Aspects: Random Access 
As mentioned in the SI [1], GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. 
For NB-IoT and eMTC UE, PRACH repetitions and PUSCH repetitions are supported to achieve coverage enhancement with up to 20dB gain. Based on assumption that all UEs have timing pre-compensation capability, for UE in RRC idle, UE can do pre-compensation estimation and apply the estimated TA at least in first PRACH transmission. However, during the interval of PRACH repetition transmissions and the following Msg3 as well as data transmission, it is not clear whether UE can estimate the TA for the rest of PRACH repetitions and PUSCH repetitions, as it was mentioned in SI that simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. Considering satellite is moving in LEO and long repetition duration (e.g. in NB-IoT uplink, the transmission periods is up to 40 seconds), the TA between different repetitions may change a lot.
Proposal 4: RAN2 to clarify, based on the assumption in SI description, whether NB-IoT and eMTC UE can estimate and pre-compensate timing offset during the interval of PRACH repetitions and PUSCH repetitions in LEO.
For the assumption regarding GNSS usage: “UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission”, if the UE is indoor where the GNSS performance may be severely degraded because of coverage, while the PRACH/PUSCH/PDSCH coverage is good enough via repetitions, the UE may not feasible to estimate and pre-compensate timing for UL transmission based on GNSS.
Proposal 5: RAN2 to clarify, whether the case where GNSS and IoT channels have different coverage should be considered.
Due to the long RTT in NTN, the start of RA response window and mac-ContentionResolutionTimer should be adapted for NB-IoT and eMTC UE to avoid timer extension if possible. In NR over NTN WI, RAN2 reached the following agreements concerning the offset of the ra-ResponseWindow and the ra-ContentionResolutionTimer.
Agreements via email - from offline 107
1. From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.
1. An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.
The NR WI agreements can be applied to IoT over NTN as well. For example, if UE is an eMTC UE, UE starts RA Response window at the subframe that contains the end of the last preamble repetition plus three and the offset subframes. Additionally, the solution on how to decide the value of offset is still ongoing in NR WI, thus we think IoT over NTN should revisit the offset determination solution after NR WI.
Proposal 6: RAN2 agree to apply an offset to start RA response window and mac-ContentionResolutionTimer for IoT over NTN, where how to decide the offset value is FFS.
In NR NTN WI, 2-step random access procedure, which can be helpful in mitigating the impact of the transmission delay, has been identified to be beneficial in NTN. RAN2 agreed both 2-step and 4-step RACH are supported in Rel-17 NTN. However, as the 2-step is only applicable to NR which means it is not supported in LTE for eMTC or NB-IoT, there will have high specification impact to support 2-step RACH for NB-IoT or eMTC. Furthermore, as the IoT service is not assumed time critical, the motivation to support 2-step RACH for NB-IoT/eMTC is not strong enough.
Proposal 7: NR solution to support 2-Step RACH in NTN is not applied to NB-IoT/eMTC over NTN.
Mobile originated early data transmission (EDT) is supported in Rel-15 for both NB-IoT/eMTC, which allows for early UL data transmission in Msg3. Mobile terminated EDT is supported in Rel-16, with both control plan and user plane optimization. For small data packet transmission, early data transmission (EDT) functionality can improve transmission efficiency and minimise the energy consumption, which is assumed to be beneficial to IoT over NTN.
Proposal 8: Support MO EDT and MT EDT for NB-IoT/eMTC over NTN should be considered to minimise UE’s power consumption.

3.2	Idle mode Aspects: System information enhancements 
For stationary or low mobility IoT devices in terrestrial deployments, the idle mode power consumption related to system information acquisition is minimum as the device does not change its cell hence re-acquisition of system information due to cell reselection is not applicable. As the system information changes in the serving cell is infrequent the power consumption impact is very minimum. 
For IoT-NTN device, even though it is stationary due to the movement of NTN cells over geographical coverage, the stationary UE may see change of cell as part of its idle mode monitoring. Every cell change will also involve re-acquisition of system information of new cell. Depending on the cell change frequency, the impact of this activity on overall battery lifetime also varies. Hence we propose to analyse additional enhancements for system information enhancements to minimise the power consumption impact to stationary NTN-IOT devices.
Proposal 9: IoT-NTN study should consider system information enhancements to minimise the impacts to stationary IoT devices.

3.3	Idle mode Aspects: Tracking area enhancements
The fixed TA solution agreed as part of NR-NTN can also be considered for IoT-NTN. Out of the two solutions proposed for tracking area enhancements, soft-switching of tracking area is preferred for IoT-NTN as it will minimise the impact of system information acquisition. Further analysis on the tracking area enhancements needed considering the system information change impact to IoT-NTN devices.
 Proposal 10: Tracking area enhancements of NR-NTN should be applicable for IoT-NTN with additional changes to minimise the UE impact for system information re-acquisition.

3.4	Idle mode Aspects: Cell Reselection 
In case of IoT-NTN devices deployed for transportation related scenarios, the UE may also be in the coverage of Terrestrial IoT network coverage during mobility. Whether the IoT-NTN device can continue to camp on the NTN layer or switching needed towards terrestrial network depending on the overall power consumption needed for NTN access and access via terrestrial network. For NTN access, if the GNSS based pre-compensation is pre-requisite for uplink transmission, cell reselection to terrestrial network cell is preferred to minimise the overall energy consumption. If the UE can trigger random access procedure based on the timing offset broadcasted in the system information of NTN cell, in that case the cell reselection to terrestrial network layer depends on the actual coverage of NTN and TN cells. In this case it can follow the current cell reselection mechanism based on radio condition.
Proposal 11: RAN2 to discuss and conclude on the support for idle mode cell reselection between NTN and TN.
If idle mode cell reselection between NTN and TN is supported for IoT-NTN, the NTN cells may need to include terrestrial network cells as part of system information. As the NTN cells are sweeping across different geographical areas, the system information contents may also require frequent changes. This will also impact the stationary NTN-IoT devices in the network. NTN system information may consider only including the frequency information without actual cell-list in this case. Inclusion of NTN cell information in TN cells may also have the same impact due to moving neighbour-cells for fixed terrestrial cell.
Proposal 12: Impact of frequent change in list of terrestrial network neighbours on system information acquisition at IoT-NTN device needs to be factored in as part of supporting NTN-TN idle mode mobility.
When the UE is configured with eDRX of longer duration, due to satellite mobility, whenever the UE monitors the downlink for PTW of eDRX it may have reselected to new cell due to NTN cell mobility. In this case prior to downlink synchronisation with new cell, the UE may need frequency/timing pre-compensation. Further analysis is needed on whether GNSS operation is needed prior to cell reselection or not for eDRX configuration. If GNSS operation is needed prior to idle mode cell change, it will further impact the power consumption.
Proposal 13: RAN2 to analyse the dependency on GNSS based pre-compensation for idle mode cell reselection and other idle mode operations as part of NTN-IoT study.

3.5	Connected mode Aspects: HARQ operation 
Due to long RTT in NTN, the issue of HARQ stalling will happen. For eMBB traffic, the large RTT can reduce the throughput significantly as the number of HARQ processes are much smaller than the RTT (e.g. 16 HARQ processes are available in NR while the RTT in NTN will up to 541ms). To overcome this issue, RAN2 agreed that, for DL, HARQ feedback can be enabled/disabled in Rel-17 NR over NTN WI. 
In IoT over NTN, the minimum throughput requirements and delay requirement is not identified yet, which should be studied in this SI. Generally, IoT services do not require high throughput and are delay tolerant (e.g. asset tracking, smart meter, sensors). This make IoT services well-suited for NTN. For instance, in NB-IoT and eMTC, the latency requirement is 10 seconds for a UE to connect to the network and successfully transmit a report. If the expected IoT over NTN service do not require high thought and are delay tolerant, it seems legacy HARQ mechanism can be re-used. However, there are still Software update/reconfiguration as defined in TR45.820 E.2 which may need high throughput for large payload sizes to complete software updates. The HARQ feedback disabling is helpful to avoid HARQ stalling to provide higher throughput and avoid UE’s power consumption.
On the other hand, UE’s throughput can be improved if UE support multiple HARQ processes. The more HARQ processes UE supported, the more HARQ stalling will be mitigated.  
Proposal 14: The throughput and latency requirement should be addressed first to facilitate HARQ operation design for IoT NTN.
Proposal 15: Disabling HARQ feedback for DL, increasing HARQ number or other enhancements can be considered to avoid HARQ stalling in IoT NTN.

3.6	Connected mode Aspects: RLC/PDCP 
For IoT over NTN, the RLC t-PollRetransmit timer value should at least cover not only the RTD of NTN (up to 541ms in GEO) but also the duration of DL transmission repetitions and UL transmission repetitions of a HARQ.  The required repetition number for IoT over NTN depends on the maximum MCL to be supported in NTN scenario, which should be studied in RAN1. In eMTC, the maximum configurable expiration time for t-PollRetransmit timer is 4000ms which may need value range modification after RAN1 decides the maximum supported repetition numbers of MPDCCH, MPDSCH, MPUSCH for NTN. For NB-IoT, the maximum value of T-PollRetransmit-NB is 300,000 ms which seems no modification is needed for NTN. Similarly, the maximum configurable expiration time for t-StatusProhibit timer is 2400ms which may need value range modification as well.
Proposal 16: RAN2 to study the value range modification on RLC t-PollRetransmit timer and t-StatusProhibit timer for eMTC over NTN, taking into account both RTD and number of channel repetitions.
In PDCP, the transmitting PDCP entity shall discard the PDCP SDU when the discardTimer expires for a PDCP SDU or when a status report confirms the successful delivery. The discardTimer can be configured between 10 ms and 1500 ms for eMTC and between 0 and 81,920ms for NB-IoT, or it can be switched off by choosing infinity. The value of the discardTimer should be configured based on the QoS requirement associated with a service. In NR NTN WI, the discussion on the modification of discardTimer is ongoing, IoT over NTN can follow the same way-forward after NR solution concluded.
Proposal 17: The modification on PDCP discardTimer for IoT over NTN can follow the way-forward of NR over NTN.

3.7	Connected mode Aspects: UL scheduling enhancement
Uplink scheduling enhancements/scheduling options as below are studied and captured in TR38.821[2] for NR NTN with the motivation to reduce scheduling latency. In RAN2-111e meeting, it was agreed that at least Configured grant and BSR over 2-step RACH should be studied.
	Scheduling option
	Pros
	Cons
	Delays*

	SR-BSR procedure
	- Low resource overhead required
	- Large delays
	At least 2 RTTs of delay

	Sending large grant in response to SR
	- Potentially low resource overhead
	- Still takes 2 RTTs before UE has the BSR
- Might be a waste in terms of resources since network is still not aware of the buffer situation of the UE
	1 – 2 RTTs

	Configured grant
	- Low latency with right configuration
	- Large overhead
- Trade-off between latency and overhead
	0 – 1 RTT**

	BSR-indication in SR
	- Low latency with correct configuration
	- Large spec-impact
- Resource overhead impact unclear, larger than SR
	1 RTT

	BSR over 2-step random access
	- Low latency
- Low overhead
	- RACH resources required
	0 – 1 RTT**

	* the number of RTTs before full scheduling based on BSR can begin.
** if configured grant/2-step allocation is large enough and data can be transmitted in the grant.


For IoT over NTN, latency is not the critical performance requirement, so options that target for latency reduction are not very necessary. (e.g. Configured grant, BSR-indication in SR as well as BSR over 2-step random access). To minimise the impact of the specification, it seems reasonable to take the legacy SR-BSR procedure as the baseline.
Proposal 18: The UL scheduling enhancements for delay reduction are not necessary for IoT over NTN.

3.8	Connected mode Aspects: Mobility 
In the current specification, NB-IoT does not support functionalities such as handover. Generally, it is assumed that the UE can complete its data transmission while being served from one cell because UE is almost stationary, therefore, a handover procedure during RRC_CONNECTED is not needed. In IoT over NTN, e.g. the LEO satellite is moving, which means the serving time of one satellite is limited. With the assumption that LEO satellites move at rather high speed (7.5 km/s), a cell diameter of 100 km will lead to cell reselections every 13 seconds or more often (38.821 section 7.3.2.1.4). However, the NB-IoT UL transmission time will reach 40.96 seconds (e.g. NPUSCH format 1, 128 repetitions, 10 resource units, 1 subcarrier allocated with 3.75KHz SCS), which may result in cell/satellite change during UE's data transmission. If such a cell/satellite change would be required, the UE has to go to the RRC_IDLE state first and re-select to another cell, which may interrupt the data transmission.
Proposal 19: RAN2 to study possible data transmission interruptions due to cell changes caused by satellite movements.
4	Conclusion
[bookmark: _GoBack]Based on the discussion, the following proposals have been made. 
Proposal 1: IoT-NTN study should include the impact analysis and applicability of existing IoT features for NTN.
Proposal 2: RAN2 to discuss and conclude on the base 3GPP Release of NB-IoT/eMTC for feature analysis for NTN applicability.
Proposal 3: Features relevant for connectionless small data transmission should be considered as priority features for applicability for IoT over NTN
Proposal 4: RAN2 to clarify, based on the assumption in SI description, whether NB-IoT and eMTC UE can estimate and pre-compensate timing offset during the interval of PRACH repetitions and PUSCH repetitions in LEO.
Proposal 5: RAN2 to clarify, whether the case where GNSS and IoT channels have different coverage should be considered.
Proposal 6: RAN2 agree to apply an offset to start RA response window and mac-ContentionResolutionTimer for IoT over NTN, where how to decide the offset value is FFS.
Proposal 7: NR solution to support 2-Step RACH in NTN is not applied to NB-IoT/eMTC over NTN.
Proposal 8: Support MO EDT and MT EDT for NB-IoT/eMTC over NTN should be considered to minimise UE’s power consumption.
Proposal 9: IoT-NTN study should consider system information enhancements to minimise the impacts to stationary IoT devices.
 Proposal 10: Tracking area enhancements of NR-NTN should be applicable for IoT-NTN with additional changes to minimise the UE impact for system information re-acquisition.
Proposal 11: RAN2 to discuss and conclude on the support for idle mode cell reselection between NTN and TN.
Proposal 12: Impact of frequent change in list of terrestrial network neighbours on system information acquisition at IoT-NTN device needs to be factored in as part of supporting NTN-TN idle mode mobility.
Proposal 13: RAN2 to analyse the dependency on GNSS based pre-compensation for idle mode cell reselection and other idle mode operations as part of NTN-IoT study.
Proposal 14: The throughput and latency requirement should be addressed first to facilitate HARQ operation design for IoT NTN.
Proposal 15: Disabling HARQ feedback for DL, increasing HARQ number or other enhancements can be considered to avoid HARQ stalling in IoT NTN.
Proposal 16: RAN2 to study the value range modification on RLC t-PollRetransmit timer and t-StatusProhibit timer for eMTC over NTN, taking into account both RTD and number of channel repetitions.
Proposal 17: The modification on PDCP discardTimer for IoT over NTN can follow the way-forward of NR over NTN.
Proposal 18: The UL scheduling enhancements for delay reduction are not necessary for IoT over NTN.
Proposal 19: RAN2 to study possible data transmission interruptions due to cell changes caused by satellite movements.
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