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Abstract of the contribution: Editor’s Notes and Solution Evaluation are proposed for Solution Evaluation are proposed for Solution 1 (Position-based and fixed TA satellite access). The definition of the TAs which is adopted is proposed to be similar to the definition adopted for terrestrial networks rather than introducing a specific definition for satellite networks. 
Discussion

In order to minimise the impact on the CN and on the RAN, it is proposed not to introduce any modification to the definition of the TAs and cells, and in particular to avoid any geographical dependence in the definition of the TAs. The description of the solution 1 is therefore reviewed so as to ensure that TAs are considered as fixed with respect to Earth, as a set of cells. Cells  are fixed with respect to Earth. 

As satellite generate beams which size can vary due to the performance of the satellite payloads but also to the distance of the satellite with respect to Earth (non-geostationary satellite or geostationary-satellite), satellite beams can include one or more cells.  As satellite beams size increase, they could also encompass more than one country with different regulatory regimes.
Should satellite beams include several cells, a UE position determination scheme (whether implemented by the RAN or externally to the RAN for instance through a GNSS system, inertial position, etc.) has to be implemented in order to detect the change of TA or RA, in idle mode, or cell in connected mode. It is assumed that the RAN position determination process is implemented by the RAN.
Proposal
	*** START OF CHANGE #1 ***


6.1
Solution #1: Position-based and fixed TA Satellite Access

6.1.1
Description

This solution is applicable for Key Issue 1, 2 and 6.
As illustrated in figure 6.1.1-A , it is assumed that the satellite(s) whether Non-Geostationary (NGSO) or geostationary (GEO) are connected to a gNB (located on ground on the figure). The gNB is connected to a CN.  Aspects relating to motion of the satellite(s), beam steering, etc, are addressed in the RAN.
For non-geostationary-satellites, with moving platforms which satellite orbits are accurately determined and anticipated, satellites beams generate a fixed pattern on ground thanks to a tracking scheme so as to generate a fixed radio coverage towards the UE. This can be implemented with combined electronic and/or mechanical steering of the antennas, as this is already in operation for some satellites.
The size of the beam increases with the altitude of the satellite as the antenna diameter of the satellites is limited by technology. The beam radius can range for instance from tens of kilometres  for LEO satellite, to hundreds of kilometres for MEO or GEO satellites.
NOTE: As this solution relates to the coverage of the satellite, it does not make any assumption on whether the gNB is located on-board the satellite or on-ground. Interconnection of the satellites with ISLs is also possible
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Figure 6.1.1-A: Satellite integration in the RAN
A - Principle of the fixed Tracking Areas (TAs) - 
As for terrestrial networks, Tracking Areas are defined as a set of cells. TAs as well as Cells are fixed with respect the surface of Earth  For NGSO satellites, as time goes, the mapping between gNB and satellite beams will change. 
For geostationary-satellites (GEO), satellite beams are fixed and generate a fixed radio coverage pattern on Earth.
In both the GEO & NGSO satellite case, there is thus no need to update the CN (AMF) with new mappings between cells/TAs and gNBs.

Should the beam size be larger than an a cell size, a complementary position determination scheme has to be introduced to locate the UE in the correct cell, and associated TA.
. This principle is illustrated in Figure 6.1.1-B. In this particular example, TA #1 and TA #2 are defined with respect to the case of beam spots of a fixed (GEO) satellite system: for each of these TA's, a number of fixed cells and satellite beams are associated with a TA. On the same figure are shown (smaller) moving beam spots from a  non-geostationary moving satellite. In this case, it does not impact the definition of TAs, as TAs are independent of moving beams.

This definition shall take into account the accuracy of the position estimate system used by the satellite access to locate the UEs.
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Figure 6.1.1-B: Satellite beams for Geostationary and Non-Geostationary satellites, cells and tracking areas
Figure  6.1.1-C illustrates also the handover mechanism from one satellite to another one to guarantee the continuity of service for moving gNBs when embarked on  non-geostationary satellites. As the ephemerides of the satellites are mastered by the satellite operator, it is possible to guarantee, thanks to an optimised design of the satellite constellation of the payload, that cells and TAs are always served by at least one active beam. This implies that during handover period, a cell is visible by at least two satellites at the same time. This also implies that whilst for a geostationary-satellite a TA will be served by the same satellite, a TA may be served by different NGSO satellites.
The operating mode is such that when a satellite is not in the position to serve a cell through its steerable beams, there shall be as a minimum another incoming satellite to replace this outgoing satellite, serving the corresponding cell.
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Figure 6.1.1-C: Non-Geostationary Satellite Beam steering and Handover
B - Principle for the mobility registration update - the position of a UE in CM-IDLE and CM-CONNECTED modes would be estimated on a periodic basis. The UE position is used the following way.




Mobility

-
The position of the UE is estimated at switch-on and is used to select a tracking area and a registration area. The position can be determined either through a beam and cell selection process. Should the beam size be too large to discriminate cells and TAs,  the position of the UE is estimated via a dedicated position determination mechanism by the RAN.. On the basis of the knowledge of the position of UE,  the corresponding cell / TA /RA to which the UE belongs is determined by the RAN.
-
In CM-IDLE and CM-CONNECTED modes, the UE position is re-estimated at regular intervals.
-
.



Note: Should this solution be selected,  the UE position estimation and its use to trigger the mobility procedure updates should be specified by TSG RAN.
.

C - Principle for CN Paging - The 5GC still pages UE in CM-IDLE within the allocated Registration Area, i.e. a list of TAs. 
6.1.2
Procedures


No changes are identified to procedures.
6.1.3
Impacts on existing nodes and functionality

Note: If needed, the specific UE position determination mechanism should be specified during the normative phase by TSG RAN. 
6.1.4
Solution evaluation

This solution is applicable for Key Issue 1., 2 and 6
In this solution, the NG-RAN is assumed to handle all aspects with respect to the motion of the satellite (including beam steering with the motion of non-geostationary satellites).
This solution proposes an approach which does not modify the definition of TAs and RAs. No impacts are identified on the CNs procedures or functional elements. 
A position determination mechanism may be needed for mobility management should the beam size of the satellite be larger than the cell size. This mechanism would be used to determine the cell and associated TA, and would be transparent to the mobility management procedures. 
	*** END OF CHANGE #1 ***
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