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1. Introduction
In the RAN2#113 meeting, contribution [1] (“Summary for Control Plane Procedures in IoT-NTN”) summarized the agreed Control Plane Procedure proposals for IoT-NTN as part of the IoT NTN SI work [2]. Summary proposals 2-7 were agreed. This document continues on proposal 5-7 as listed below.

	
Proposal 5: RAN2 will use cell selection/re-selection mechanism of NB-IoT/eMTC as a baseline. Enhancements introduced for cell selection/re-selection mechanism in NR NTN will be considered if applicable to IoT-NTN.

Proposal 6: Cell selection/re-selection mechanism in IoT-NTN can be enhanced by using satellite assistance (e.g., ephemeris) information (similar to NR-NTN). RAN2 will wait for RAN1’s progress about the details of satellite ephemeris information.

Proposal 7: RAN2 will continue discussion on the effect of discontinuous coverage of IoT-NTN over cell re-selection.




The main motivation for this contribution is to describe solution elements related to the proposals, taking into account the effect of discontinuous coverage. This is a continuation of work in contribution [3] (“Discussion on the service link discontinuity and affected procedures for NB-IoT NTN”) and are applicable to any low-density LEO constellations under which IoT devices will not always have a reachable satellite to detect/communicate with.

The previous proposals, as formulated in contribution [3] (“Discussion on the service link discontinuity and affected procedures for NB-IoT NTN”):
	Cell-Selection
Proposal #1: RAN2 to evaluate how system information (including ephemeris data in a new type of SIB) can support a system with discontinuous service link.

Cell-reselection
Proposal #2: RAN2 to evaluate the applicability of cell-reselection in context of a system with discontinuous service link.

Extended Discontinuous Reception (eDRX) and paging
Proposal #3: RAN2 to evaluate eDRX and paging concept in context of a system with discontinuous service link.
Power Saving Mode (PSM)
Proposal #4: RAN2 to evaluate how PSM mode can be adapted to support a system with discontinuous service link.




In the following chapters, elements are discussed and explained that should guide towards possible further analysis and solutions. In particular:
Chapter 2: 
Description of the problem statement for discontinuous coverage. Illustrative numbers for access and coverage gap durations are provided for a low-density LEO constellation. 
 
Chapter 3: 
Description of the necessary adaptations for energy-efficient cell-search and paging under discontinuous coverage. 
[bookmark: _heading=h.b7o2235vbhbz]2. Discontinuous coverage: Problem Statement
Coverage gaps will appear during the rollout of NTN NB-IoT constellations. Additionally, coverage gaps occur in low density constellations as well as in deployed constellations that e.g., experience satellite outage. 
In case coverage gaps are not handled, UEs will waste power searching for cells to monitor scheduled paging occasions that coincide with coverage gaps, and on cell searches when the UE has data to transmit. In the worst case, the UE may be unreachable from the network’s point of view because scheduling occasions occur in coverage gaps. Furthermore, the UE may be disconnected from the network and attempt cell-selection and registration (NAS attach) all over.
Observation #1: Discontinuous coverage is inherent in NTN NB-IoT and shall be handled to avoid service degradation and extraneous UE power consumption.
A UE that wishes to transmit or has been scheduled to monitor paging within a coverage gap will find itself unable to receive from a cell and therefore attempt to find a new cell and reattach.
Observation #2: To mitigate discontinuous coverage, the UE and network must be aware of gaps in coverage.
[bookmark: _heading=h.e6kaiwanxoux]
[bookmark: _heading=h.wowr98kgou4v]2.1 Example of LEO Low Density Constellation
As established in [4] (“Discussion on scenarios applicable to NB-IoT NTN“) and [5] (“Discussion on NB-IoT NTN scenarios with small satellites / CubeSats“), some networks are planned to be established with low density LEO satellite constellations.
In a low-density LEO constellation the service link will only be available for the time the UE is within coverage of one of the satellites. Only rarely – if ever – a UE will be in coverage by more than one satellite. The time for which the service link is available (e.g., “access duration”) may be of only several tens to a few hundreds of seconds and the time in-between coverage (i.e., “gap duration” or “revisit time”) may extend up to several hours.  This is illustrated in Figure 1. Remarkably, consecutive access opportunities are likely to involve different satellites. 
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Figure 1: Illustration of a sequence of access opportunities as seen by an IoT device located at a fixed position.

For the sake of illustrating the time dynamics of service discontinuity, estimations for access duration and gap duration are provided for a reference 16-satellite Walker constellation with four orbital planes (4 satellites in each plane) and SSO orbits at 550 km of altitude (see Figure 2). Results have been computed over a grid of locations spread regularly from latitudes between +80º and -80º in steps of 12º. Simulation time is one month. With respect to the satellite coverage footprint, three distinct elevation angles are considered in the study: 45, 30 and 25 degrees.
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Figure 2: Reference 16-satellite Walker constellation used for the estimation of access durations and gap durations.


Figure 3 shows the estimated access durations for the different latitudes between -80 and 80 degrees (x-axis) and for the three configurations of the satellite visibility cones (45, 30 and 25 degree elevation angles).  Satellite passes with access duration less than 60 seconds have not been accounted for. For instance, it can be seen that access durations, regardless of latitudes, stay within average and maximum values of ~180 and ~235 seconds when considering an elevation angle of 30 degrees for the satellite coverage footprint.   
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Figure 3: Access duration estimations 

Likewise, Figure 4 shows the estimated gap durations. In this case, gap durations vary with the latitude. For instance, at the lower latitudes (+/- 6 degrees), minimum, average, and maximum values are in the order of, respectively, ~1500, ~4000 and ~10000 seconds for satellite elevation angles of 30 degrees.   
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Figure 4: Gap duration estimations 

3. Discontinuous coverage: Needed functionality
This chapter discusses the functionality needed for support of discontinuous coverage.
3.1. Delivery of ephemeris of the constellation to UEs
The orbit of a satellite can be described by a set of orbital parameters and initial conditions. An almanac contains the coarse orbit and is valid for scheduling purposes days after issuance. This is documented for TLE formats based on on-board GNSS in LEO [7]. A short-term ephemeris takes into account instantaneous perturbations and is used for uplink synchronization. The short-term ephemeris is valid for a relatively short period of time compared to the almanac and could be given in the form of two subsequent position broadcasts or the broadcast of position and velocity. 
Proposal #1: Transmit an almanac for scheduling purposes and a short-term ephemeris for synchronization purposes. This can be an optional feature for operators to support discontinuous coverage (SIBx).
Proposal #2: The short-term ephemeris should be broadcast as minimum at a rate allowing UEs on the edge to receive and decode the short-term ephemeris within the UEs access window. Since the window size will depend on the constellation, it should be a constellation dependent parameter.
Observation #3: The almanac could be broadcast at a lower rate, but also at least once per access window.

[bookmark: _heading=h.lo3e807ynvz7]3.2 Cell-search
Cell-search is fundamental to cell-selection. In this section we discuss the effect of coverage gaps on cell search.
 
[bookmark: _heading=h.ctlsfx3oqy4d]3.2.1 No ephemeris knowledge at UE
Consider a situation where the UE has not been provisioned with or otherwise informed of the almanac/short-term ephemeris and must ‘blindly’ search for a cell. 
The fastest and most efficient method for finding a cell appears to be simply searching at regular intervals, where the interval length is less than the satellite visibility window (taking into account the time it takes to detect NPSS/NSSS and read system information including osculatory parameters).
Let the number of cell search trials before the UE has successfully found a cell be denoted .
In Figure 5 the distribution of has been plotted for worst-case deterministic search in the Walker constellation of Figure 2; 60 sec visibility window and 9000 sec revisit time. The mean number of trials before success is for a maximum of .

[image: ]
Figure 5. Distribution of for deterministic search for a cell 
      search interval of 29.5s for 60s visibility window.

[bookmark: _heading=h.m2d68ihg65zg]3.2.2 Ephemeris knowledge at UE
[bookmark: _heading=h.2et92p0]Consider a situation where the UE has almanac information, which it either was provisioned with or has obtained from an earlier camp on the network - and it is not obsolete. In this case the search window can be reduced by means of orbital prediction. For instance, a reduced search window in the former example of 5 min instead of 2.5 hours results in an average number of trials before success of for a maximum of .

Observation #4: It is possible to reduce UE energy consumption for searching significantly by using almanac based predictions.

[bookmark: _heading=h.3qxwsvtsm9il]3.2.3 Energy Consumption
The PSS/NSS detection is dependent on the SNR. In this analysis, we assume that the period for detection of PSS/NSS and reading MIB/SIB is 1s and that the power consumed by a UE in RX state is 76 mW, as in [3GPP, TR 45.820]. 

A UE will have to perform cell search for cell-selection or re-selection over a band of size BW and is able to search a window FW. So, a UE must perform  searches per cell search trial.
So the energy consumed during cell search is .
Observation #5: The number of cell search trials can be 100s compared to typically 1 in terrestrial NB-IoT depending on the coverage scenario, which results in relatively large energy consumption. 
Proposal #3: The cell search process should be optimized for energy consumption in NTN.
[bookmark: _heading=h.fl5amv1xdh2b]3.3 Paging
The network schedules paging occasion for UEs. In the time between paging occasions the network may apply a power saving scheme on the UE e.g., iDRX or PSM. 
Observation #6: A UE waking up to receive paging while in a coverage gap will unnecessarily consume energy.
Observation #7: A UE for which scheduled paging occasions coincide with coverage gaps will be unreachable by the network.
Observation #8: The network may plan paging occasions for UEs to coincide with satellite coverage of tracking areas (TA)s.
Proposal #4: The network and UEs should agree upon the timing of paging occasions such that they coincide with satellite coverage.
Proposal #5: 3GPP to further study how to adapt iDRX and PSM for discontinuous coverage and cell-reselection.
 
[bookmark: _heading=h.8d1bktreltub]3.3.2 Power Save Mode
Power saving may extend for up to two weeks in terrestrial NB-IoT (T3412). The UE will then receive pagings for time specified by T3324. 
Proposal #6: Re-use the current PSM scheme adjusting only the timers with the wait-time until the next satellite covers the UE.
This means the network shall expect UE wake-up after PSM to be T3412 + (time to next visibility window). E.g., the UE shall be expected to be awake upon the next coverage period after PSM wake-up time. T3324 may be re-defined to start at this time; T3324 may start when the UE has found a cell and on the network-side as the time the UE is expected to be in coverage after T3412 expires.
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[bookmark: _heading=h.17vk7a4ac9u]4. Summary and Conclusions
In this contribution, we discuss the opportunity for 3GPP to support discontinuous service links as part of the IoT NTN SI work. The relevance was justified, and characteristics provided. Procedures which are affected and falling in the RAN2 scope were listed with associated proposed study items.
The following observations and proposals are made:

Observation #1: Discontinuous coverage is inherent in NTN NB-IoT and shall be handled to avoid service degradation and extraneous UE power consumption.
Observation #2: To mitigate discontinuous coverage, the UE and network must be aware of gaps in coverage.
Proposal #1: Transmit an almanac for scheduling purposes and a short-term ephemeris for synchronization purposes. This can be an optional feature for operators to support discontinuous coverage (SIBx).
Proposal #2: The short-term ephemeris should be broadcast as minimum at a rate allowing UEs on the edge to receive and decode the short-term ephemeris within the UEs access window. Since the window size will depend on the constellation, it should be a constellation dependent parameter.

Observation #3: The almanac could be broadcast at a lower rate, but also at least once per access window.
Observation #4: It is possible to reduce UE energy consumption for searching significantly by using almanac based predictions.
Observation #5: The number of cell search trials can be 100s compared to typically 1 in terrestrial NB-IoT depending on the coverage scenario, which results in relatively large energy consumption. 
Proposal #3: The cell search process should be optimized for energy consumption in NTN.

Observation #6: A UE waking up to receive paging while in a coverage gap will unnecessarily consume energy.
Observation #7: A UE for which scheduled paging occasions coincide with coverage gaps will be unreachable by the network.
Observation #8: The network may plan paging occasions for UEs to coincide with satellite coverage of tracking areas (TA)s.
Proposal #4: The network and UEs should agree upon the timing of paging occasions such that they coincide with satellite coverage.
Proposal #5: 3GPP to further study how to adapt iDRX and PSM for discontinuous coverage and cell-reselection.
Proposal #6: Re-use the current PSM scheme adjusting only the timers with the wait-time until the next satellite covers the UE.
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