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1	Introduction
[bookmark: _Ref178064866]In RAN#86, a SI was approved to determine and evaluate the minimum necessary specification updates to introduce NB-IoT/eMTC support for non-terrestrial networks (NTN), The description for the SI was updated in RAN#90 [1] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. The objectives of this study are as follows: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]





The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.




In RAN#91-e, an email discussion [4] took place with the purpose to review the roadmap of the work on IoT NTN in Rel-17. The discussion also included aspects on NTN work in general in Rel-17. In RAN2#113bis-e, the following were endorsed:
· Enhancements to ra-ResponseWindow and mac-ContentionResolutionTimer are essential. R2 assume that design can follow NR NTN agreements as baseline. 
· Enhancements to HARQ-RTT-Timer and UL-HARQ-RTT-Timer are essential. R2 assume that design can follow NR NTN agreements as baseline.
· Enhancements to sr-ProhibitTimer are essential. R2 assume that design can follow NR NTN agreements as baseline.  
· Enhancements to RLC SN and PDCP SN are not essential. 
· Enhancements to tracking area management are essential. 
· Provisioning of ephemeris is essential. NR NTN agreements can be used as the baseline.
· 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. 
· Enhancements to UL scheduling for latency reduction are not essential. 
· Enhancements to PUR are not essential. Enhancement to pur-ResponseTimer is needed and feasibility of PUR in GEO and LEO scenarios needs to be checked by RAN1.  
· 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.





In this contribution we continue to discuss the essential functionality to be considered in IoT NTN in Rel-17.
2	Background
3GPP has actively worked on machine type communication related improvements for LTE since Release 8. Delay-tolerant access radio resource control (RRC) establishment was introduced in LTE in Release 10. It allows the network to deprioritize connection requests from delay tolerant UEs. In Release 11, enhanced access barring (EAB), which allows barring of delay tolerant UEs in an overload scenario was specified. In Release 12 power-saving mode (PSM) feature was introduced. It allows a UE to remain registered to a network when it is powered down, i.e., in deep sleep. Together with extended DRX (eDRX) feature, which was introduced in Release 13, PSM allows UEs to optimize the time spent in power efficient RRC Idle mode.  
In Release 13, 3GPP specified eMTC and NB-IoT to support the massive machine type communications (mMTC) use case. The use case is characterized by requirements such as support of a massive number of UEs, low UE complexity to facilitate low UE cost, long UE battery life to limit the need for battery charging and replacement, and coverage enhancements to provide ubiquitous coverage. 
2.1	eMTC
3GPP Release 12 initiated the work on eMTC, also often referred to as LTE-M [3], and specified the first low-complexity UE category 0 (Cat-0). Cat-0 supports a reduced peak data rate of 1 Mbps, single antenna and half‑duplex frequency‑division duplex (HD‑FDD) operation.
In Release 13 the work accelerated with the introduction of the Cat-M1 UE category. It supports a further reduced complexity, and coverage enhanced (CE) operation. The additional cost reduction came from a reduced transmission and reception bandwidth of 1.08 MHz, equivalent to six 180 kHz physical resource blocks (PRBs). The introduction of a lower UE power class of 20 dBm, in addition to the 23 dBm power class, further facilitates a lower UE complexity.
A new narrowband physical downlink control channel, the MTC physical downlink control channel (MPDCCH), was introduced as a substitute for the wideband legacy physical downlink control channel (PDCCH) and the Enhanced PDCCH (EPDCCH) due to the reduction in bandwidth. Cat-M1 UEs monitor MPDCCH in a narrowband (NB), which is defined by 6 adjacent PRBs.
eMTC supports an MCL that is 20 dB larger than the normal MCL of LTE. This is achieved mainly through time repetition and a relaxed acquisition time of the physical channels and signals. The primary and secondary synchronization signals (PSS and SSS) are fully reused from LTE and extended coverage is achieved by means of increased acquisition time.
For the physical broadcast channel (PBCH), the MPDCCH, the physical uplink control channel  (PUCCH) and the data channels, that is, the physical uplink shared channel (PUSCH) and physical downlink shared channel (PDSCH), the desired coverage enhancement is achieved through so-called time repetition of a transmission block. 
In LTE Releases 14 and 15, eMTC was further enhanced to support a more diversified set of applications and services. A new UE category Cat-M2 was specified. Note that the performance of eMTC Release 15 meets the IMT-2020 5G requirements for the massive IoT use case. The work in 3GPP on eMTC continued in Release 16 and is further evolved also in Release 17.
2.2	NB-IoT
The work on NB-IoT‑ started in Rel-13 [3] and compared to eMTC the target was to achieve even lower UE complexity, and a design facilitating high deployment flexibility.
This resulted in a system design that in short can be described as a narrowband version of LTE. A NB-IoT downlink carrier is defined by 12 OFDM sub-carriers, each of 15 kHz, giving a total baseband bandwidth of 180 kHz. This design gives NB-IoT a high deployment flexibility: The system can operate standalone, in the guardband of an LTE carrier or within an LTE carrier. 
Similar to eMTC, NB-IoT makes use of increased acquisition times and time repetitions to extend the system coverage. The repetitions can be seen as a third level of retransmissions added at the physical layer as a complement to those at MAC HARQ and RLC ARQ.  
NB-IoT supports anchor and non-anchor carriers. The anchor carrier supports synchronization to the downlink frame structure, system information transmissions and mobile terminated and originated system access in addition to control and data transmissions. The system capacity may be increased through the deployment of non-anchor carriers. These support control and data transmissions and since Release 14 mobile terminated and originated system access.
To support power efficient UE operation, NB-IoT supports uplink transmissions using 1, 3, 6 or 12 sub-carriers. The single-subcarrier modulation supports a close to constant-envelope waveform which enables power efficient operation. The small scheduling granularity also supports a high uplink capacity when the system is operating in extended coverage.
3	IoT NTN Roadmap
3.1	Essential functionality 
Use case of intermittent delay-tolerant small packet transmissions should be considered for detailed study to capture solutions addressing essential functionality for GEO and NGSO scenarios. Other cases should not be precluded unless it is clear that significant effort is required for detailed study. One important criterion to consider is the use cases for what NB-IoT and LTE-M are designed for. For example, mobility and support for certain services such as voice are two of those aspects. Therefore, one needs to be careful when considering limiting the use cases and referring to “small” data as a means to limit the scope. Nevertheless, it is not clear yet whether such measures will reduce the work significantly enough to reduce the time it takes to compete the study.

[bookmark: _Toc71594279]It is not clear whether use cases other than intermittent delay-tolerant small packet transmissions require significant effort.

[bookmark: _Toc71594300]Use cases that can be addressed with minimal effort should not be excluded.

3.1.1	HARQ 
[bookmark: _Hlk61217631]The enhancements required for HARQ operation in NTN were discussed in detail during the SI phase for NR NTN in Rel-16. The issue is due to the large HARQ RTT in NTN scenarios, which ranges from a few milliseconds to hundreds of milliseconds depending on the satellite orbit. Without any modifications to the legacy HARQ procedure, large RTT will considerably reduce the link throughput. To address this issue, different solutions have been proposed for NR NTN including disabling the HARQ feedback and increasing the number of HARQ processes that can be supported. 

[bookmark: _Toc61566827][bookmark: _Toc71594280]The main motivation for introducing enhancements for HARQ operation in NR NTN is to address throughput stalling due to the large HARQ RTT.

For mobile broadband and low latency applications, high throughput is a critical characteristic. Nonetheless, the IoT use cases are typically delay tolerant, requiring small and infrequent data transmissions. Therefore, the rationale considered for enhancing HARQ for NR NTN is not directly applicable to IoT NTN. However, RAN WGs should study what sort of reduction is acceptable for link throughput in the context of IoT NTN especially considering the data rates required for the UE to support services such as voice. Note that RAN2 has agreed that whether number of HARQ processes should be increased is in RAN1’s scope, whereas it is up to RAN2 to decide if disabling HARQ feedback is supported.

[bookmark: _Toc61566861][bookmark: _Toc71594301]The necessity of HARQ enhancements for IoT NTN should be studied considering the reduction in link throughput.

3.1.2	UE power consumption, coverage and spectral efficiency
In RAN1#104-e, the following agreement was made: “Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4)”. RAN1 also agreed to study the potential impact of NTN SIB carrying the satellite assistance information such as ephemeris information on UE power consumption. To what extent any requirements determined can be fulfilled in IoT NTN, and whether/what enhancements would be needed and justified depends on the evaluation results from the studies mentioned above.
In RAN1#104bis-e, the following related agreements were made:
[bookmark: _Hlk71284838]Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A

Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.

Reducing the UE power consumption has been the objective of many study and work items within the context of various features in Release 17 and earlier. Even though there may be an impact on UE power consumption due to, e.g., GNSS position fix, whether any enhancements are needed for UE power consumption within the context of IoT NTN depends on cases specific to NTNs. These cases could be due to not only but including the following:
· it is more likely that UE would need to acquire SIB when it wakes up to monitor for paging since cell switches would be quite frequent due to moving satellites
· how frequently satellite assistance information needs to be updated requiring the device to reacquire. Note that RAN1 has concluded that required power consumption to read the SIB that contains satellite assistance information is not significant the short sporadic connections use case
· how frequently UE would need to perform a TAU depends on the tracking area concept that will be adopted. Note that this may also have an impact on power saving mechanisms such as PSM, e.g., UE may not be able to go to deep sleep if active timer is configured with a long enough value during which a TAU is required.

[bookmark: _Toc71594281]There is no need for generic enhancements for UE power consumption, e.g., to compensate for power consumption due to GNSS, only cases specific to IoT NTN may need to be addressed depending on the adopted concept.  

[bookmark: _Toc71594302]If enhancements are needed for UE power consumption, it should not be generic but rather justified case by case with a study to conclude whether it would be beneficial to address a particular case specific to IoT NTN.

Similar arguments apply to coverage and spectral efficiency functionalities although it is more likely that those can be considered as non-essential regarding the need for enhancements in Rel-17.


[bookmark: _Toc71594303]Enhancements to coverage and spectral efficiency functionalities are not essential.

3.1.3	Mobility 
For idle mode mobility, cell selection/re-selection mechanisms of NB-IoT and LTE-M are used as baseline. Connected mode mobility is only supported for LTE-M and in addition to the legacy handover mechanism potential enhancements are to be considered also for conditional handover for both moving cell and fixed cell scenarios. For NB-IoT, legacy radio link failure (RLF) mechanism is assumed to be the baseline in the study.
New mobility mechanisms that can improve the performance in IoT NTN may not be studied in Rel-17, however RAN2 should make sure that existing mechanism does not suffer unnecessarily in performance. Therefore, minor adjustments to existing mobility mechanisms, such as a new parameter, parameter values, timers, timing etc. should still be considered essential to adapt functionality to NTN.
In RAN2#113bis-e, the following agreement was made:

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

We assume that minor enhancements are minor adjustments to existing mechanisms, such as introducing a new parameter, parameter values, timers, timing etc. which can still be considered essential to adapt functionality to NTN.
RAN2 also discussed whether RLF which is followed by RRC connection re-establishment can be triggered based on prediction, for example using satellite assistance information such as ephemeris information. Within that context software upgrade scenario was brought up which some companies think it may be good to address. Latency should not be a concern for this use case and current mechanisms, e.g., higher layer protocols, should be able to make sure that data is received in the downlink eventually with no loss even though it may take a bit longer to complete the whole transmission. Note that software upgrade is something that is expected to happen very rarely. Therefore, this would not justify any enhancements to the existing RLF and RRC re-establishment mechanisms especially considering that the traffic for IoT devices is delay tolerant and it is not clear whether significant gains can be achieved that may have an impact on overall UE power consumption. Once basic functionality, in general, is specified for IoT NTN, this may be discussed to be considered in future releases.

[bookmark: _Toc71594304]Minor adjustments to existing mobility mechanisms, such as a new parameter, parameter values, timers, timing etc. are considered essential enhancements to adapt functionality to NTN.

[bookmark: _Toc71594305]No new mobility mechanisms or major enhancements to existing mechanisms are introduced in Rel-17 for IoT NTN.

4	Conclusion
In this contribution we have discussed the outcome from the email discussion and the essential functionality to be considered in IoT NTN in Rel-17. In the previous sections we made the following observations: 

Observation 1	It is not clear whether use cases other than intermittent delay-tolerant small packet transmissions require significant effort.
Observation 2	The main motivation for introducing enhancements for HARQ operation in NR NTN is to address throughput stalling due to the large HARQ RTT.
Observation 3	There is no need for generic enhancements for UE power consumption, e.g., to compensate for power consumption due to GNSS, only cases specific to IoT NTN may need to be addressed depending on the adopted concept.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Use cases that can be addressed with minimal effort should not be excluded.
Proposal 2	The necessity of HARQ enhancements for IoT NTN should be studied considering the reduction in link throughput.
Proposal 3	If enhancements are needed for UE power consumption, it should not be generic but rather justified case by case with a study to conclude whether it would be beneficial to address a particular case specific to IoT NTN.
Proposal 4	Enhancements to coverage and spectral efficiency functionalities are not essential.
Proposal 5	Minor adjustments to existing mobility mechanisms, such as a new parameter, parameter values, timers, timing etc. are considered essential enhancements to adapt functionality to NTN.
Proposal 6	No new mobility mechanisms or major enhancements to existing mechanisms are introduced in Rel-17 for IoT NTN.
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