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In RAN#86, a new SI on NB-IoT/eTMC support for NTN was proposed and the first objective of this study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including [1]:
-	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 [2].
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
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.

In this contribution, we provide analysis on the power consumption and battery life for NB-IoT UEs with GNSS, and discuss some power consumption related issues in IoT over NTN scenarios.

Discussion
Interaction between GNSS and IoT
GNSS capability is assumed for IoT NTN terminals in this SI, which facilitates mobility management and physical layer procedure. For the purpose of continuous tracking, in terrestrial networks, GNSS is typically implemented as an independent module with dedicated memory and processor, thus IoT module and GNSS module can handle service requests simultaneously. However in this SI, to further reduce power consumption and cost of NTN-IoT devices, an integrated architecture can be adopted with shared hardware resource between IoT module and GNSS module.
[image: ]
Figure 1 GNSS reception and IoT signal transmission
For integrated architecture, the interaction between GNSS module and IoT module needs to be studied further, as the GNSS search can take minutes depending on the signal strength, it may disrupt IoT-related service, e.g. paging/data transmitting, and vice versa. 
Two power saving mechanisms are adopted in NB-IoT: power saving mode (PSM) and extended discontinuous reception (eDRX). In PSM, a terminal enters a deep sleep mode by switching off most of its circuitry while staying registered to the network, but is unreachable by the network. Upon generation of UL data, it can wake up and monitor the control channel for an UL grant. In eDRX, devices enter an inactive state, deactivate monitoring the control channel for a defined period, and re-enter the active state periodically to receive a paging message from the network for possible incoming data. To achieve a long battery life with NTN-IoT, its system should utilize more eDRX and PSM modes, arranged such that GNSS signals during periods without any IoT activity.
Proposal 1: How to schedule the time for GNSS signal reception needs further study.
Battery life with GNSS capability
When GNSS capability is assumed in NTN, the power consumption of GNSS will reduce the battery life of IoT devices. For calculating timing and frequency offset, the GNSS receiver need to be started before a report is being sent. There are three types of GNSS starts including hot start, warm start and code start and the time duration needed for the positioning various from several seconds to tens of minutes.  
The decay of battery life caused by reception of GNSS signals is evaluated in this section based on the NB-IoT’s parameters for the evaluation of power consumption or battery life. The flow of signal transmission and reception with GNSS is shown in Table 1. The main difference to the terrestrial NB-IoT communication is that a UE has to start the GNSS module and receive the GNSS signals to obtain its location. With the information of relative position between UE and satellite, timing and frequency offset of service link part can be calculated and compensated for the UL transmissions. To exemplify the battery life decay with GNSS reception, the power of different operating mode in [3] is used and given in the appendix. The assumed current and voltage of GNSS module is 60mA and 3.6V, respectively, i.e. power of 21mW. With GNSS, the protocol flow and corresponding power consumption for each report is given in Table 1.  As a side note, integrated PA is assumed for UL transmission and the mode of standby is used when UE is not in the active mode. The actual batter life will be shorter with some duration of sleep mode, whose power is 3mw. 
Table 1 Protocol flow assumptions and power consumption for NTN IoT
	Protocol flow assumptions
	Duration(ms)/each report
	Power(mW)
	Power consumption(mWh)

	GNSS signal reception 
	X
	216
	216X/36e5

	NPSCH(DL)
	291
	70
	0.00566

	NPBCH(DL)
	10
	60
	0.00017

	NPRACH(UL)
	40
	500
	0.00556

	NPDCCH(DL)
	30
	60
	0.0005

	NPUSCH(UL, 50bytes)
	320(50bytes)
	500
	0.04444 (50bytes)

	NPDCCH(DL)
	30
	60
	0.0005

	NPDCCH(DL)
	30
	60
	0.0005

	NPDSCH(DL)
	100
	60
	0.00167

	NPUSCH(UL)
	40
	500
	0.00556

	NPDCCH(DL)
	30
	60
	0.0005

	NPDCCH(DL, monitor)
	120
	60
	0.002

	Standby
	7200000
	0.015
	0.03



[image: ]
Figure 2 Battery life with and without GNSS signal reception
Figure 2 shows the battery life decay with different duration of GNSS signal reception when the assumed packet size is 50bytes. For example, with 5s duration of GNSS signal reception and pact size of 50byte with 2hour report periodicity, the battery life is reduced from 11.7 years to 3 years.
Observation 1: GNSS may cause serious battery life degradation for IoT NTN devices.
Proposal 2: Power consumption with GNSS capability for IoT NTN devices need further analysis.
Enhancement to power saving
It is reasonable to reuse power saving schemes in NB-IoT including PSM and eDRX, however, there is still room for further improvements. In terrestrial IoT network, both PSM/eDRX cycle consist of periodic active state and sleep state, while the state-switching depends the configured timer. In NTN, as the constellation topology is time-varying, the terminal switching to active state based on pre-configured period may not be able to access any satellite, as shown in figure 3:
[image: ]
Figure 3 Misalignment between terminal active-cycle and satellite visible window
Thus prediction-based enhancement can be considered with help of ephemeris data, terminals shall initiate state-switching based on both PSM/eDRX cycle and satellite trajectory predictions. 
Proposal 3: How to optimize the PSM/eDRX cycle needs further study.
Conclusions
In this contribution, we discuss some power-saving-related issues for IoT over NTN. The following observations and proposals are presented:
Observation 1: GNSS may cause serious battery life degradation for IoT NTN devices.
Proposal 1: How to schedule the time for GNSS signal reception needs further study.
Proposal 2: Power consumption with GNSS capability for IoT NTN devices need further analysis.
[bookmark: _GoBack]Proposal 3: How to optimize the PSM/eDRX cycle needs further study.
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Appendix

Table 7.3.6.4-1: Power consumption assumptions for NB-CIoT energy consumption analysis[3]
	Operating mode
	
	Power (mW)
	Notes

	Transmit
(+23 dBm)
	Integrated PA
	500
	+23 dBm with 45% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	
	External PA
	460
	+23 dBm with 50% PA efficiency for class B (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.

	Receive
	Synchronization (PSCH)
	80
	Accounts for more complex digital processing during synchronization, using FFT based cross-correlation for PSS detection.

	
	Normal
(PBCH, PDCCH, PDSCH)
	70
	Includes FFT based OFDM demodulation, based on sampling rate of 240 kHz.

	Sleep
	
	3
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Standby
	
	0.015
	Common assumption.
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