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FIRST CHANGE
[bookmark: _Toc26265212][bookmark: _Toc26525089][bookmark: _Toc26528694][bookmark: _Toc27898185][bookmark: _Toc45198765]6.1.1	Description
This is a candidate solution for Key Issue 1, 2 and 6.
As illustrated in figure 6.1.1-1, 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


Figure 6.1.1-1: 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 are fixed with respect the surface of Earth. For NGSO satellites, as time goes, the mapping between gNB and satellite beams will change (e.g. for transparent case due to feeder link switch). For geostationary-satellites (GEO), satellite beams are fixed and generate a fixed radio coverage pattern on Earth. Earth-fixed tracking areas can also be ensured with moving beams/cells as described in TR 38.821 [7].
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.
It is assumed that a radio cell cannot be smaller than the beam size and that a radio cell either consists of a single beam or multiple beams, as described in TR 38.821 [7] and RAN WG2 LS R2-2004266.
NOTE:	If a beam/cell covers a larger area than can be tolerated due to e.g. regulatory requirements for beam/cell coverage across country borders, a complementary solution is needed. Such complementary solutions are addressed under Key Issue#10.
This principle is illustrated in Figure 6.1.1-2. 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 from moving beams.
This definition shall take into account the accuracy of the position estimate system used by the satellite access to locate the UEs.


Figure 6.1.1-2: Satellite beams for Geostationary and Non-Geostationary satellites, cells and tracking areas
Figure 6.1.1-3 (Non-Geostationary Satellite with beam steering) 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 controlled 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 shall be 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.
In the case if steerable beams, 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.


Figure 6.1.1-3: Non-Geostationary Satellite Beam steering and Handover
B - Principle for the mobility registration update
Mobility
-	The UE makes radio cell selection based on similar procedures as for terrestrial NG-RAN. Based on the selected radio cell, the UE determines the Tracking Area it is located in. The AMF determines Registration Area as per existing specification.
NOTE:	Cell selection and beam selection aspects 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.

NEXT CHANGE (2)
[bookmark: _Toc26265252][bookmark: _Toc26525131][bookmark: _Toc26528736][bookmark: _Toc27898227][bookmark: _Toc45198807]6.9.1	Description
This is candidate solution for Key Issue #2 - "Mobility Management with moving satellite coverage areas" and for Key Issue #6 -"RAN mobility with NGSO regenerative-based satellite access".
Consider a satellite network with a constellation of NGSO satellites. Since this is an NGSO constellation, the satellites will be moving with respect to Earth and the UEs using this satellite access will be connected to different satellites over time. If each of the (moving) satellites has its own (moving) TA, the mobility of the satellites will be equivalent to the mobility of the UEs and hence a solution needs to be found for handling this (mass) mobility.
In this solution, it is assumed that satellite networks are designed as terrestrial ones when dealing with service accessibility (see TS 22.011 [8]).
This solution is taking the following approach to the situation: it assumes that from the point of view of a UE the constellation (satellites(s) and ground station) acts as a single gNB, which is called a distributed gNB which has a single TA which is stationary (as far as the UEs are concerned). The solution assumes that the NGSO satellite constellation and ground stations can support multiple distributed gNBs and the corresponding distinct stationary TAS The distributed gNB will consist of:
-	NGSO satellites covering a certain area of the earth (and their - stationary - TA). The NGSO constellation is of a single satellite operator and a single vendor who are capable of realizing stationary TAs using beam forming and beam steering techniques as well as the knowledge of ephemeris and satellite positions at each time instant. Therefore there is no need for a 3GPP standardized interface between the satellites of the constellation;
-	The Inter-Satellite Links (ISL) between the NGSO satellites;
-	A Ground Station;
-	The feeder link between the Ground Station and (one or more of) the NGSO satellites.
The concept of the distributed gNB is illustrated in figure 6.9.1-1. The NGSO satellites used in this solution possess on-board processing (OBP) capabilities to allow for use of ISLs. The solution assumes that within one TA a single CellID is broadcasted.


Figure 6.9.1-1: Distributed gNB with stationary Tracking Area TA
The distributed gNB is connected to 5G Core Network (in particular to one or more AMFs, and to one or more UPFs) over the standard N2 and N3 interfaces and the UEs connect via the N1 interface over the distributed gNB to an AMF, and the UE will have an NR interface to the distributed gNB. From the point of view of the UEs and from the point of view of the 5G Core Network the distributed character of the gNB will not be visible: the distributed gNB is a purely NGSO satellite solution.
Note that the satellite constellation is moving with respect to Earth so any (stationary) UE will be connecting to different satellites depending on their vicinity to the UE. In this solution it is assumed that the beams that the NGSO satellites project in order to serve a stationary TA are moving depending on the location of the satellites. Once a serving satellite would become out of reach it will switch off the beam related to the given TA. To ensure continuity of service, the TA would be served by a new satellite already in reach of the TA. In this process TAs appertaining to a PLMN will not cross the boundaries of that PLMN. Each satellite may have multiple beams so it may project multiple (disjunct) TAs. Satellites that are out of reach of a ground station could make use of Inter Satellite links in order to connect (indirectly) to the ground station. If a UE moves from one to another static TA a tracking area update will occur.
This solution further assumes that, if this is possible, each of the beams (from different satellites) that are related to the same TA are using the same radio characteristics, i.e. the same radio frequencies, the same cell information, the same SIB, etc. This implies that the UE will not be aware of which satellite it is connected to.
The solution also assumes that a single NGSO satellite constellation with its Ground Stations can support multiple distributed gNBs, so each satellite and also the Ground Station will support the distributed gNBs in a virtualized way. This virtualization is not visible to UEs and the 5G Core Network. Two distributed gNBs implemented in the same set of NGSO satellite may make use of different Ground Stations, so e.g. the first distributed gNB will be supported by the first Ground Station and the second distributed gNB will be supported by the second Ground Station. However both distributed gNBs may be supported by the same set of satellites.
The solution assumes that the point at which the contact between the distributed gNB and the Core Network is established is kept fixed. The 5G Core Network can see multiple distributed gNBs via the same physical Ground Station. If one the primary Ground Station ('master') experiences unfavourable radio propagation conditions (e.g. rain, clouds, etc.) the distributed gNB can be 'reconfigured' to make use of another secondary Ground Station ('slave'). The switching among the Ground Stations occurs transparent to 3GPP layer and can be considered as a transport network implementation. The 3GPP interface end points (N2, N3) do not change.
In the proposed solution moving NGSO satellites cover a static TA. Note that a distributed gNB is implemented by a satellite operator/vendor and is out of scope of 3GPP. Usage of ISLs might increase the overall delay and consequently introduce RAN QoS limitations. Consequently, QoS profiles and 5QI values that require low latency might not be considered if ISLs are used. Handling of such a situation is described in Solution#2 and Solution#3.
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