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1. [bookmark: _Ref18181]Introduction
In RAN#86 meeting, the SI for IoT over NTN is approved to investigate the feasibility on IoT service via satellite [1]. According to the scope, it can be found that similar aspects are expected to be studied as the NR-NTN, e.g., link budget, timing relationship, synchronization, mobility, etc. However, with consideration on the unique needs of IoT, more aspects, e.g., power consumption and capacity, should also be studied as critical features to enable the potential commercial usage.
In this contribution, detailed analysis on these two aspects are elaborated and corresponding issues for future study have also been identified. 
1. Power consumption in IoT-NTN
The IoT techniques are widely deployed with booming market. For achieving the requirements to provide the service with battery life for years, a lot of evaluation/enhancements have been done in past study for terrestrial network [2]. In this SI, with consideration on characteristic of new scenario (i.e., over satellite with extended coverage, high mobility and requirements on pre-compensation), detailed discussion on the power consumption is expected. 
1. Methodology on the power consumption evaluation
Traditionally, for evaluating the overall power consumption of one UE, the life-cycle for each transmission is categorized in to different parts according to the UE state transition. For example, except for the traffic transmission/reception, the state transition is as shown in Figure 1 with each numerical labels defined in Table 1 [3]. 
[image: state transition]
[bookmark: _Ref54080763]Figure 1 An example of UE state transition
[bookmark: _Ref54079012]Table 1 Definition of each label
	Label
	Timer
	Description

	1
	RRC inactivity Timer
	Enter idle mode at the expiry.

	2
	TAU timer T3412
	Start when entering idle mode, and trigger TAU at the expiry. Value range 0-35712000s

	3
	PSM timer T3324
	Start when entering idle mode, and trigger PSM at the expiry. Value range 0-11160s.

	4
	eDRX inactivity timer
	Enter connected eDRX (c-eDRX) at the expiry. Value range 0-65536 PDCCH subframe.

	5
	On duration timer
	UE monitor PDCCH before the expiry. Value range 1-65536 PDCCH subframe.

	6
	c-eDRX cycle
	UE won’t monitor PDCCH at the expiry of on duration timer in each cycle. Value range 0.256-9.216s.

	7
	i-eDRX cycle
	UE won’t perform paging at the expiry of paging time window in each cycle. Value range 20.48-10485.76s.

	8
	Paging time window
	UE perform paging in the time window. Value range 2.56-40.96s.


Moreover, following the methodology in [2], the average power consumption of a UE is estimated by accumulating the time length of each state (it should be noticed that as shown in Figure 1, a timer doesn’t mean that the UE will keep transmitting or receiving during the time window.). As example of power consumption estimation in [4], the power consumption to report an uplink packet of 50 bytes and 200 bytes are calculated with corresponding results shown in Table 2.
[bookmark: _Ref54079887]Table 2 Examples for the energy consumption in CL of 164 dB [4]
	
	Time(ms)
	Power(mJ)

	Tx (50 bytes)
	1752
	954.84

	Tx (200 bytes)
	4608
	2511.36

	Rx
	2257
	203.13

	Idle
	23085
	69.255


It can be found that within the analysis, impacts due to the traffic model, configuration of timer and repetition number should be considered for each CL (coupling loss) assumption. Then, for IoT-NTN, in order to achieve the accurate estimation on power consumption, same methodology should be followed with corresponding parameters according to the link budget for NB-IoT over NTN needs as well as the traffic model (which is related to the target commercial usage of this new scenario). 
Proposal 1: The methodology in [2] for power consumption evaluation with the updated parameters, e.g., link budget, traffic model, should be taken as baseline for IoT over NTN
1. [bookmark: _GoBack]Power consumption of GNSS
In addition to the previous aspects for power consumption analysis, in this SI, the GNSS-capable UE is assumed to enable the pre-compensation for UL transmission, which is also needed for DL reception [5]. In this way, the UE needs to estimate its position or calibrate its clock based on its GNSS implementation. Then, corresponding power consumption of GNSS should also be taken into account. In this section the reception of GPS is considered as the example for detailed analysis.
The GPS signal consists of three components, i.e., C/A code, P code and navigation message [6]. Usually, an UE is expected to perform positioning or timing based on the reception of C/A code and navigation message as defined below:
· C/A code: Every satellite has its own C/A code. And it is a gold code of length 1023 with chip rate of 1.023 MHz
· Navigation message: It includes the GPS time, ephemeris of this satellite and almanac for the whole satellite network. The structure of navigation message is as shown in Figure 2.
[image: GPS_FrameStructure]
[bookmark: _Ref54080721]Figure 2 The structure of navigation message
The ephemeris has the validity time of 4 hours and the almanac has the validity time of 160 days. A UE needs to measure its distance to the GPS satellites based on valid ephemeris and C/A code. The measurement time will be short if the UE already has valid ephemeris in memory. According to the knowledge of the UE, different time consumption is required to get a UE position, which can be categorized as following situation:
· Cold start: 
In this state, the UE has no knowledge on almanac or ephemeris. It needs to firstly obtain the almanac before performing positioning. Since the almanac is transmitted repeatedly with a periodicity of 12.5 minutes, the cold start needs a long time for positioning, e.g., 15 minutes [7].
· Warm start: 
In this case, the UE is expected to have the almanac but without ephemeris. It needs to first obtain the ephemeris. Generally a GPS chip can concurrently receive the signals of multiple satellites. 
· Hot start: 
In this case, we can assume that the UE has valid almanac, ephemeris, and the error of previous timing/positioning result is not large, then the UE can rapidly acquire the GPS signal for positioning. 

The required time for warm/hot start may vary up to the production implementation. Some typical values are provided in Table 3, as recommendation, the 30 s and 1s can be taken as baseline in evaluation for warm and hot start, respectively.
[bookmark: _Ref20064][bookmark: _Ref20042]Table 3 The exemplified positioning time of several GPS chips
	Chip Name
	Warm Start
	Hot Start

	Erinome-II
	28s
	1s

	GM-A023
	30s
	1s

	SE868 V3
	23s
	1.1s

	A2235-H
	32s
	1s

	FMP3312
	33s
	1s


Generally a GPS chip has a constant power consumption when it is turned on. The rated powers of several GPS chips are presented in Table 4. The energy consumption for each positioning can be calculated based on the positioning time length and the given rated power.
[bookmark: _Ref54081042]Table 4 The exemplified power of several GPS chips
	Chip Name
	Rated Power

	Sony CXD5610GF
	6-9mW

	Sony CXD5610GG
	7-11mW

	GNS41xsLP
	22.5mW

	M10478-A1
	10mW


Since the validity time of almanac is very long, for the usage of GNSS in IoT-NTN, we can take the warm start and hot start as the baseline for analysis, which may be assumed for the UE in connected mode or eDRX/PSM, respectively. One exemplified assumption on the corresponding power consumption for each locating can be 600mJ for a warm start and 20mJ for a hot start. 
Proposal 2: Investigation on the power consumption due to the additional reception of GNSS should be conducted.
1. NPRACH Capacity
As one target on IoT device, massive connection in the wider coverage is expected to support the various usage e.g., environment monitoring, logistic, etc. In the existing design, the corresponding capacity of channel to satisfy the requirements is based on the cell deployment on in the terrestrial network, e.g., ISD = 1732 m. However, in NTN case, even one beam per cell is considered, much large coverage is expected comparing to terrestrial cell. Therefore, the capacity of each channel in NTN case needs to be investigated. In this section, the NPRACH is taken as one example.
In NB-IoT, the number of NPRACH opportunities per second can be calculated as:

,



where  is the NPRACH resource periodicity and  is the number of sub-carriers allocated to NPRACH. Besides, the number of sub-carriers allocated to contention based NPARCH is denoted by. The possible value ranges of the parameters are defined in [3] and are presented as follows:
Table 5 The NPRACH parameters for different NPRACH formats 
	
	
(ms)
	

	


	FDD-format 0,1
	40-2560
	12-48
	8-48

	FDD-format 2
	40-5120
	36-144
	24-144

	TDD
	80-10240
	12-48
	8-48





Therefore the maximal value of  is. However, if the repetition number is configured to be large for coverage enhancement, the preamble may be longer than 40 ms. Then the network needs to configure a larger periodicity, which means that the NPRACH opportunity number  will be reduced.
According to Annex E.2 of [2], the random access of IoT device is mainly triggered by periodic UL reports of Mobile Autonomous Reporting (MAR) and network command. The periodicity of the two events are assumed to be 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). But only 50% of the network commands will cause UL report. Assume for each UL report, the NPRACH attempt number is 1. Then the number of NPRACH attempts per second per UE can be assumed to be 1.9444e-04.

As shown in [8], given a constraint for NPRACH preamble collision probability, the arrival rate of random access in an NPRACH resource should be no more than  which is calculated as follows:

,

where M is the number of configured access opportunities per second, and  is the constraint for collision probability. After Rel.14, the non-anchor carriers can also be used to transmit NPRACH preamble. An NB-IoT cell can be configured to have no more than 16 carriers. The supported user densities UE density is thus given by:




Given the maximal value of  and , the supported UE densities of different cell sizes are listed in Table 6.
[bookmark: _Ref54083000]Table 6 The supported UE density of different NTN scenario
	
	Coverage (km2)
	Supported UE density 
(single carrier)
	Supported UE density 
(16 carriers)

	GEO
	650000 (hex with r=500km)
	~0.2863 UE/km2
	~4.5803 UE/km2

	
	162500 (hex with r=250km)
	~1.1451 UE/km2
	~18.3212 UE/km2

	LEO
	26000 (hex with r=100km)
	~7.1567 UE/km2
	~114.5 UE/km2

	
	6500 (hex with r=50km)
	~28.63 UE/km2
	~458.03 UE/km2




[image: ]
[bookmark: _Ref54345432]Figure 3 The terrestrial cell site sectors
For a terrestrial network with inter-site Distance (ISD) = 1732 m as shown in Figure 3, the area of a cell site sector is 0.86 km2. Therefore the supported UE density for single carrier is 216370 UE per km2. Moreover, by assuming the number of carriers for NPRACH is configured to be 16, the supported UE density is up to 3461920 UE per km2. It is obvious that the supported UE density in NTN is much smaller than that of the terrestrial network and also not comparable to the actual UE density [9].
Then, in NTN case, in order to support the typical UE density for IoT, potential enhancements on the channel, e.g., NPRACH, capacity is needed. 
Proposal 3: Investigation on the NRPACH capacity in IoT-NTN is needed with corresponding enhancements.
1. Conclusions
In this contribution, detailed analysis on the power consumption and NPRACH capability for NB-IoT NTN is conducted with following proposal:
Proposal 1: The methodology in [2] for power consumption evaluation with the updated parameters, e.g., link budget, traffic model, should be taken as baseline for IoT over NTN
Proposal 2: Investigation on the power consumption due to the additional reception of GNSS should be conducted.
Proposal 3: Investigation on the NRPACH capacity in IoT-NTN is needed with corresponding enhancements.
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