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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 it has been agreed [1] to support the delivery of ephemeris information using two ephemeris formats, state vectors and orbital elements, for Rel-17 NTN enabling UEs to compute and adjust timing advance and frequency for the serving link. In this document, we will refer to this ephemeris information as “ephemeris information (EI)” to avoid any ambiguity with this term. 
In addition, in RAN2, it has been agreed that satellite assistance information will be used by the UE for predicting coverage discontinuity, though the details of such assistance information are FFS [1]. In this document, we will refer to this information as “satellite assistance information (SAI)” to avoid any ambiguity with this term.
In this technical document we propose a solution in line with the proposals in [2] and encompassing the agreements outlined in [2] as well as a set of parameters to be used for SAI for NGSO systems with Earth-moving cells.

2. Problem Statement
In NGSO scenarios with Earth-moving satellite cells and discontinuous coverage, UEs may consume excessive power and radio resources due to e.g., performing cell search/selection routines while being out of coverage, or because mobile originating (MO)-traffic communication is initiated at a low CNR in delay-tolerant cases where the CNR might have been more favorable moments later.
We define the following subproblems:
1. UE prediction of coverage-end of a currently serving satellite cell.
2. UE prediction of coverage-gaps between a set of satellite cells.
3. UE prediction of optimal time for transmission within the coverage of a satellite cell.
Without any loss of generality but for the sake of clarity in the descriptions and provided figures, we will assume a satellite configuration with a single beam, corresponding to a single satellite cell.


3. Discussion
3.1. UE prediction of coverage-end of a currently serving satellite cell
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Figure 1 – Coverage of a serving satellite cell. A: Satellite path. B: Satellite beam coverage.
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Figure 2 - Example of antenna gain drop-off.



Monitoring the evolution of CNR measurements may not be accurate enough for a UE to determine when coverage of a synchronized satellite cell will be lost because the CNR measured by the UE drops-off in a non-linear fashion due to the antenna gain drop-off as depicted in Fig. 2. Additionally, shadowing and fading contribute to making coverage-end predictions from CNR measurements unreliable. Therefore, having some means other than CNR for predicting the end of the satellite cell coverage may be beneficial.
As illustrated in Fig. 1, predicting the coverage-end of a serving satellite cell requires predicting (A) the satellite path and predicting (B) the satellite cell coverage from those positions, i.e., projecting a coverage area in the UE ground-plane based on some sort of beam information.
In this respect, the EI, which is broadcast by the serving cell and used by the UE for uplink synchronicity and could be also used for (A). And for (B), some information about the beam characteristics would be needed to be made available at the UE. A simple sort of beam-information would be the definition of a GEO-fence around nadir or a minimum elevation angle. Another sort of beam-information could be based on the radio characterization of the coverage of the satellite beam and allow for estimations of UL and DL link-budgets, unevenness between UL and DL (as depicted in Fig. 3) and variation between non-standard satellite payloads and UE modems.

Observation 1: UEs need both positional- and beam information to predict when coverage ends in a cell.
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Figure 3 - Example heatmap for the link-budget (Received CNR) of the smallsat system defined in [3].
Uplink is depicted for single-tone 3.75kHz.

3.2. UE prediction of coverage for a set of satellites
Let us consider that a UE need to start an MO data transfer after losing the coverage of given satellite cell and must predict the duration of the coverage gap until another satellite cell of the constellation, which is likely be a different one from the latest serving cell, becomes visible. Predicting such coverage gap for the very next to come satellite requires the UE to be able to predict the coverage of a set of satellites cells.
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Figure 4 – Coverage gap between two satellites.
Considering that each satellite cell broadcast only its own IE, the UE may have not collected EI from all the satellites in this set, or the previously EI collected from a given satellite may be no longer valid because it is too old. Notice that EI is based on instantaneous orbit information, which is not so accurate for long-term orbit prediction [4], meaning that the UE should be able to “refresh” such EI information from all satellites in the set, which may be not feasible. 
Therefore, in addition to EI in each serving cell, other orbital information for every other satellite cell in the set should be made available at the UE in advance to predict coverage gaps in such scenarios. Additionally, some type of beam information is required to project a coverage area from the satellite positions as per observation 1.

Observation 2: A UE will need orbital- and beam-information for a set of satellites to predict coverage gaps between satellites in the set.

3.3. UE prediction of optimal time for transmission
As a satellite approaches a UE, the UE will enter its coverage area finding itself in poor channel conditions. The channel conditions improve rapidly as the satellite moves closer to the UE before the channel starts deteriorating again as the satellite starts moving away from the UE.
A UE in this scenario might waste power and system capacity by transmitting in suboptimal channel conditions or initiating the transmission of a message sequence such as ‘MSG1-6/DoNAS’ or ‘NAS attach’ and failing to finish the entire message exchange.

Observation 3: A UE may use excessive radio resource and would therefore waste power and system capacity on a poorly timed transmission attempt in poor channel conditions.


4. Solution Proposal
4.1. SAI Contents
SAI should include, at least:
· Satellite orbital elements, for satellite position prediction. 
· Satellite beam characterization, for more accurate prediction of the coverage footprint shape. 

4.2. Satellite orbital elements
Given that a serving satellite is going to broadcast EI for UL pre-compensation, the same EI could be used for predicting the next satellite pass. However:
· Prediction based on instantaneous orbital parameters such as EI is not so accurate as prediction based on the use of e.g., average/mean orbital information such as TLEs for SGP4 orbit propagation. 
· In a constellation of satellites, the next satellite to fly over a given device is likely to be different from the last serving satellite of the device, so a long period of time could happen between the IoT device needs to communication with the same satellite from which it acquired the EI information, further increasing the error of the prediction when only using EI.
Moreover, to address the ‘prediction of coverage gaps in a constellation or set of satellites’, the UE needs to keep information about all the satellites or a potential set of upcoming satellites once it has been in contact with a given satellite. This means that: 
· The UE keeps orbital information for all the satellites of the constellation (a sort of almanac) that shall not be refreshed much often and provides more accuracy than the EI for long-term prediction (e.g., TLEs of satellite constellation). 
· A satellite cell provides orbital information about upcoming satellites, which needs only to be received once by a UE per satellite visit. The broadcast list of upcoming satellites could include the next immediate satellites to cover the area, or a set of satellites that are spread out in their visit times.

Proposal 1: The SAI should include, at least, average orbital parameters, such as TLE or equivalent, for a set of satellites for the purpose of predicting coverage gaps.




4.3. Satellite Beam Characterization 
For the prediction of the satellite coverage area, beam information could be in the form of: (1) Geometrical definition of the beam and/or (2) RF parametrization of the beam. 
A geometrical definition of the beam could for example be a geofence given in terms of a radius, elevation angle, contour coordinates relative to nadir or satellite subpoint, or similar. 
An RF parametrization of the beam could for example be a beam direction, beam bandwidth and beam gain. Table 1 depicts the potential size of such parameters for different resolutions indicating the potential size of RF parameterized beam information in SAI.
	Metric
	Antenna / Beam

	
	Direction 
	Direction

	HPBW 

	HPBW 

	Gain

	Range
	0-90
	0-90
	0-180
	0-180
	(-10)-100

	bits
	Integer
	7
	7
	8
	8
	7

	
	1 decimal
	10
	10
	11
	11
	11

	
	2 decimals
	14
	14
	15
	15
	14


Table 1 – Required bits for the transmission of beamform parameters at various resolutions and ranges.

Resolution of parameters is FFS. But as an example, per the template values in table 1, a full set of beamform parameters can be transmitted in 37 bits with integer resolution or 53 bits for 1 decimal resolution.
In relation to proposal 1; In cases where the beamforms of satellites in a set are alike the beam information may only need to be transmitted once. 

Proposal 2: In addition to orbital parameters, the SAI should allow for the transmission of optional beam information. This could be a set of geometrical and/or RF parametrization parameters configurable at will by the satellite network operator. 


4.4. SAI delivery
SAI could basically consist of information valid for a long-term (i.e., usable for days or weeks), so it may be delivered at a much lower rate than EI (e.g., a TLE has a size of 138bytes and can provide accuracies of a few seconds over a period of days [5]; moreover, beam coverage characterization parameters may not be subject to change in weeks or months). 
Fig. 5 identifies three potential options for SAI delivery:
· Option (1). The SAI may be broadcast as a SIB like the EI, 
· Option (2). The SAI may be delivered to specific UEs in RRC messaging
· Option (3). The SAI is retrieved over the data plane from a “SAI function” via a new standardized reference point “Sx”, following an approach similar to that of Access Network Discovery and Selection Function (ANDSF) and S14 interface in TS 23.401.
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Figure 5 - Three potential options for delivery of SAI.
 
Proposal 3: At least one SAI delivery method shall be standardized.




5. Solution Proposal
5.1. Observations
Observation 1: UEs need both positional- and beam information to predict when coverage ends in a cell.

Observation 2: A UE will need orbital- and beam-information for a set of satellites to predict coverage gaps between satellites in the set.

Observation 3: A UE may use excessive radio resource and would therefore waste power and system capacity on a poorly timed transmission attempt in poor channel conditions.

1. 
2. 
3. 
4. 
5. 
5.1. 
5.2. Proposals
Proposal 1: The SAI should include, at least, average orbital parameters, such as TLE or equivalent, for a set of satellites for the purpose of predicting coverage gaps.

Proposal 2: In addition to orbital parameters, the SAI should allow for the transmission of optional beam information. This could be a set of geometrical and/or RF parametrization parameters configurable at will by the satellite network operator. 

Proposal 3: At least one SAI delivery method shall be standardized.
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