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[bookmark: _Ref54129494]Introduction

In RANP#86, a study item on support of NB-IoT and eMTC over NTN was approved [1], with the following objectives related to necessary specification changes for NB-IoT and eMTC:
This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
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]
NOTE 3: 	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. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

[bookmark: _GoBack]One of the KPIs for NB-IoT and one of the targets for eMTC is to support a battery lifetime of 10 years with a 5 Watt-hour battery, assuming daily transmission of a 200 byte UL message [4]. An IoT-NTN device should also be able to support this battery lifetime.
This document considers some of the issues in IoT-NTN that impact power consumption and battery lifetime.



Coverage enhancement level for IoT-NTN
The amount of coverage enhancement for IoT-NTN was considered in [5]. The supported physical layer data rates and expected numbers of repetitions required for eMTC are shown in Table 1, which is taken from [5]. This table shows that the data rates that are supported in the IoT-NTN UL are relatively low and a significant amount of repetition / coverage enhancement is required to compensate for the pathloss. The low data rates and significant coverage enhancement indicate that it will be a challenge to meet the battery lifetime requirements in TR45.820 [4].
[bookmark: _Ref61897076]Table 1 – Available SNR and transmission times for full-PRC eMTC transmissions in IoT-NTN constellations
	Constellation
	Available SNR
	PHY data rate
	Transmission time for 504 bit TBS
	# REP for eMTC

	GEO
	-16dB
	1500bps
	340ms
	256 to 512

	LEO-600
	-14dB
	3000bps
	170ms
	128 to 256

	LEO-1200
	-19.5dB
	600bps
	840ms
	1024



The good news is that both eMTC and NB-IoT are both able to meet the battery lifetime KPIs set out in TR45.820 even in extreme coverage situations, such as when the maximum coupling loss, MCL, of the link is 164dB. An interesting analysis of how eMTC meets the 5G IoT requirements is provided in [3].
Additional power consumption challenges of IoT-NTN
Compared to terrestrial eMTC and NB-IoT, there are additional challenges in IoT-NTN that mean that the power consumption of IoT-NTN has to be carefully considered.
The large round trip times in IoT-NTN systems, especially for GEO constellations, mean that the UE needs to be “on” for longer in order to communicate the same amount of data. It would hence be helpful if the UE could sleep for as long as possible during the round trip time in order to conserve power. This aspect has been considered in [5] and is summarized in section 4.
An IoT-NTN UE needs to make GNSS measurements prior to UL transmissions, since the UE needs to determine the timing advance and frequency compensation to apply. The UE should only make GNSS measurements when it definitely needs to transmit in the UL. The UE should not be required to make GNSS measurements “just in case” it is scheduled or paged. This issue was considered in [6] and is summarized in section 5.

[bookmark: _Ref61921849]Excess power consumption during the round trip time
The issue of excess power consumption during the round trip time is illustrated in Figure 1. The figure shows a typical GEO scenario (details are provided in [5]), and shows a power consumption profile for the UE. The figure shows that during a portion of the round trip time, the UE cannot be scheduled with UL data and could save power by going to sleep rather than unnecessarily monitoring MPDCCH. 
The figure shows a UE operating with 2 HARQ processes. Having transmitted 2 PUSCH in the UL, the UE cannot be scheduled with further PUSCH until a time equal to the RTT has elapsed since the end of the first PUSCH. However, the UE needs to monitor MPDCCH during this time just in case it is scheduled. While the UE could be scheduled with a DL grant during this time, such scheduling is unlikely as such a DL transmission would not be in response to the UL data that is being transmitted to the eNB in the earlier PUSCH (that PUSCH has not yet been received by the eNB). The yellow dashed portion of the power consumption profile in this figure is hence essentially wasted power as the UE might as well be in a sleep state until the end of the RTT, when the UE can be scheduled with a further UL grant.
The figure illustrates that the UE could reduce power consumption by going to sleep for portions of the round trip time in which it cannot be scheduled.
Observation: To reduce power consumption, it should be possible for a UE to sleep for portions of the round trip time in which it cannot be scheduled.
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[bookmark: _Ref61904818]Figure 1 - Excess power consumption from monitoring MPDCCH when UE is unlikely to be scheduled

[bookmark: _Ref61922187]Allowing time for UE to perform a GNSS measurement
A UE that is in a DRX / eDRX mode of operation monitors MPDCCH that may allocate a PDSCH with an associated PUCCH. Since the UE does not know whether it will be scheduled or not, it is wasteful of battery resources if the UE has to have a valid GNSS measurement prior to the DRX_ON location just in case the UE is scheduled with DL data. It is hence preferable if the UE can make a GNSS measurement once it has received MPDCCH / PDSCH. Allowing time to perform a GNSS measurement would delay the transmission of the PUCCH that is associated with the MPDCCH / PDSCH. 
This scenario is illustrated in Figure 2. The figure shows that at DRX_ON period “A”, the UE is not allocated MPDCCH / PDSCH. The UE did not make a GNSS measurement prior to “A” as it did not know whether it would be scheduled or not and by not making a GNSS measurement “just in case”, the UE did not unnecessarily use power. At DRX_ON period “B”, the UE is actually allocated PDSCH for which there is an associated PUCCH. Since the UE does not have a recent GNSS measurement, the UE delays transmission of the PUCCH by a time DT2 in order to make a GNSS measurement. Based on the GNSS measurement, the UE is able to correctly timing advance and frequency compensate the PUCCH transmission.
This figure shows the power saving that is possible in the power consumption profile at the base of the figure: the UE does not need to expend power making GNSS measurements before DRX_ON periods, such as “A” and “C” in which it is not scheduled.
[image: ]
[bookmark: _Ref61918092]Figure 2 - UE delays PUCCH transmission to perform GNSS measurement

Observation: The UE should not be required to make GNSS measurements “just in case” it is scheduled. Timing relationships should allow the UE to make GNSS measurements in a power efficient way only when required.

[bookmark: _Hlk47387515]Conclusions
Achieving the battery lifetime requirements for IoT-NTN will be challenging due to the large amount of coverage enhancement that will have to be applied and the low data rates that will be supported. It is hence important to aim for a power efficient design for IoT-NTN.
The power consumption of IoT-NTN is exacerbated by the long round trip times and the requirements to perform GNSS measurements.
This document makes the following observations:
Observation: To reduce power consumption, it should be possible for a UE to sleep for portions of the round trip time in which it cannot be scheduled.
Observation: The UE should not be required to make GNSS measurements “just in case” it is scheduled. Timing relationships should allow the UE to make GNSS measurements in a power efficient way only when required.
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