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Abstract of the contribution: This technical document proposes a solution to the Mobility Management Key Issue #1 (large satellite coverage areas), and Key Issue #2 (satellite with moving coverage)
Discussion

The general principle of Mobility Management for a UE in CM-IDLE mode is that 
· a UE gets a Registration Area, which is a list of Tracking Areas (TA). 
· each TA is itself assigned a list of cells (for a satellite, a satellite cell could be a beam spot on the Earth surface, or a radio cellular management unit). 
As long as a UE stays within a Registration Area, no mobility location update is needed. A UE in CM-IDLE mode performs a registration procedure when it moves out of a Registration Area.
Tracking areas are used in several ways.

· the AMF maintains a list of gNB’s that operate cells that broadcast a given TA. Hence, when the Core Network has a packet to deliver to a particular UE, the AMF knows to which gNB it has to request a paging procedure in order to the reach UEs.
· Since, in a terrestrial deployment, gNBs are usually fixed at the surface of Earth, a TA corresponds to a fixed set of locations, and the Registration Area is the granularity of the UE location the CN is aware of, for UEs in CM-IDLE.

There is thus a trade-off between the size of the Registration Areas and the amount of paging signalling to be generated. This trade-off depends among others on UE mobility and geographical area. That is, depending on UE mobility estimate, the AMF could tailor the Registration Area of each UE.
For the use case of satellite access to the 5G system, two cases are considered below.
1. Satellite with large coverage area
In such a case, it could be very power-consuming (at satellite level) and thus inefficient, to page a UE in each and every cell, if a unique Registration Area is defined for the entire satellite coverage. Since power is a very scarce and expensive resource on board a satellite, the satellite coverage will have to be divided into a number of Registration Areas.
A solution would be to follow an approach similar to that of terrestrial networks. In this case, it should be possible to define as many tracking areas as countries covered by the satellite system.
A UE would detect a change of Registration Area based on its position, and would perform a RAU. A mechanism for a periodic UE position estimate would therefore be an assumption.
2. Satellite with moving coverage
When considering non-GEO-satellite access network, the satellite-beam spots are moving along time, with the satellites orbiting the Earth. UEs can be handed over from spot to spot, generated by a single satellite or by two different satellites. The rate of satellite-beam spot change can span seconds to minutes, depending on the satellite altitude and beam width. With such a level of beam-spot change, the correspondence between the Tracking Area / Registration Area and the actual satellite-beam spots to be used on the satellites would be difficult to maintain, for each UE, and for all UEs to being managed by the network
The proposed scheme is thus the following A and B
A) To define various areas to be considered
· 
· Tracking Areas are areas that are geographically defined and fixed with respect to Earth. Tracking Areas can encompass for instance several beam spots of a satellite system (as for case 1), or can be defined independently from the moving beam spots of case 2.
· Registration Areas are groups of Tracking Areas.
Fig.6.X.1 illustrates these different areas. In this way, these Tracking / Registration Areas will remain fixed, as seen by the 5G Core Network.
B) To define the way TA/RA are assigned to users
· In CM-IDLE and CM-CONNECTED mode, the UE position should be periodically estimated and compared to a map of Tracking Areas 

· When the a change in TA/RA is detected from the position estimate, a mobility registration procedure would performed. 
In this way 

the mobility registration procedure would not be triggered only by coverage, but also by the location of the UE. 
The location of the UE would have to be determined by the UE or the RAN periodically with a rate configured by the RAN operator.
3. Overall 
The solution imagined for satellites with moving coverage (2) also meets the needs of satellites with large coverage (1). It is thus proposed as general solution for the definition of Tracking Areas and Registration areas, as well as a TA/RA update principle.  
This proposed solution
· generally works as the usual terrestrial networks do;
· is aimed at having no impact on the 5G CN;
· assumes a position estimation function in the Satellite RAN or the UE, the accuracy and update rate of which has to be commensurate with the definition of the Tracking Areas;
· may require update of the process for the cell selection/reselection process as described in TS 25.304 [User Equipment (UE) procedures in idle mode and procedures for cell reselection in connected mode], taking into account the position estimation process accordingly as well as taking into account the specifics of the 3GPP satellite RAT,
· requires no change on the UE if the position of the UE is determined within the RAN, 
· would need new requirements on the UE, if it has to determine its own position 
· 
· 
As the TAU process is not modified from the 5G CN point of view, the standard process should allow the same 5G CN as for a terrestrial access. 
This solution has RAN dependencies, that need assessment by RAN working groups.
Proposal
**** Start of Changes ****
6.X
Solution #X:  Position-based and fixed TA Satellite Access 
6.X.1
Description
A – Principle of the fixed TA’s – Each of the Tracking Areas (TA’s) is defined as an area that is fixed at the surface of Earth.. The shape and location of these TA’s is defined by the operator of the satellite RAN. This is illustrated in Fig. 6.X.1 below. 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 beam spots are associated with a TA. On the same figure are shown (smaller) moving beam spots from a (LEO) moving satellite RAN. In this case, it does not impact the definition of TA’s, as TA’s are independent of moving spot spots. 
This definition shall take into account the accuracy of the position estimate system used by the satellite access to locate the UE.


[image: image1]

Fig. 6.X.1 – illustration of the various areas to be considered in this solution. Fixed tracking areas, fixed satellite-beam spots, moving satellite-beam spots. 
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. 
Initialisation

· The Satellite RAN operator defines a set of Earth-fixed Tracking Areas e.g. with the (lat., lon.) coordinates of their vertices.
· 
Mobility
· The position of the UE is estimated at switch-on and is used to select a tracking area and a registration area.

· In CM-IDLE and CM-CONNECTED modes, the UE position is re-estimated at regular intervals.

· If comparison to a TA/RA map shows that the new position is in a new tracking/registration area, a mobility registration update is triggered.  

Editor's note: The average UE position re-estimation period required for the solution in case of moving satellite should be documented in order to estimate the UE and RAN battery consumption. 

Editor's note: Whether the comparison of the position to the TA map is performed in the UE or in the satellite is FFS. 
Editor's note: The UE position estimation and its use to trigger mobility procedure updates should be specified by RAN working groups. 
Editor's note: Aspects impacting RAN need to be investigated and analysed by RAN groups.. 



6.X.2 Procedures
Editor's note: This clause captures impacts on existing 3GPP procedures.


6.X.3 Impacts on existing nodes and functionality






Editor's note: This clause captures impacts on existing 3GPP nodes and functional elements.
6.X.4 Solution Evaluation

Editor's note: This clause provides an evaluation of this solution.
**** End of Changes ****
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