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Abstract of the contribution: Solution evaluation section is added. 
1. Discussion

Solution#9 introduces a concept of distributed gNB that applies to Key Issue #2 - "Mobility Management with moving satellite coverage areas" and Key Issue #6 - "RAN mobility with NGSO regenerative-based satellite access" .

This contribution evaluates the proposed solution in appended Section 6.9.4  

2. Proposed changes

6.9
Solution #9: Distributed gNB for NGSO satellites

6.9.1
Description

This solution applies to Key Issue #2 - "Mobility Management with moving satellite coverage areas" and Key Issue #6 - "RAN mobility with NGSO regenerative-based satellite access" .

Consider a satellite network with a constellation of NGSO satellites. Since this is a NGSO constellation the satellites will be moving and the UEs using this satellite access will be connected to different satellites over time. If each of the (moving) satellites has its own TA, then 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.

This solution is taking a different approach to the situation: it assumes that from the point of view of a UE the constellation - as a whole - is acting 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 distributed gNB will consist of:

-
NGSO satellites covering a certain area of the earth (their - stationary - TA);

-
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.
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Figure 6.9.1-1: Distributed gNB with stationary Tracking Area TA1

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 distribute 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 the earth so any (stationary) UE will be connecting to different satellites depending on their vicinity to the UE and in most case there could be multiple satellites that are connected simultaneously to the UE. In this solution it is assumed that the beams that the satellites project in order to create a stationary TA are moving depending on the location of the satellites. Once a satellite is out of reach it will switch off the beam related to the given TA, and once (another) satellite becomes in reach it will switch on the beam for this TA. 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.

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/how many satellites it is connected to.

Editor's note:
While covering a given TA with a single satellite at a time is feasible, the feasibility of covering a given TA by multiple beams created by several different satellites without UE impact is FFS.

Editor's note:
Handling of UEs in border situations between TAs is FFS.

The solution also assumes that a single NGSO satellite constellation with their Ground Stations can support multiple distributed gNBs, so each satellite and also the Ground Station will support the distributed gNBs in a virtualized way. Also 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 multiple 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. But both distributed gNBs may be supported by the same set of satellites.

Editor's note:
Some details of the solution are out-of-scope of 3GPP, whereas other details of the solution need further specification; which details are out-of-scope and which details need further specification.

Editor's note:
In-scope details about the mechanism via which the distributed gNB realizes stationary TAs for a constellation of moving satellites with multiple moving beams are FFS.

Editor's note:
In-scope details about the mechanism for handling multiple (possibly overlapping) TAs are FFS.

Editor's note:
In-scope details about regulatory aspects (such as emergency calls and LI) for TAs that span multiple regulatory domains are FFS.

6.9.2
Procedures

The solution does not require new or changed procedures in either UE or 5G Core Network.

The solution does not require changes in the functionality and or procedures of the 3GPP gNB concept.

The solution does require the NGSO satellite constellation (including the associated Ground Stations) to implement the distributed gNB concept, but this implementation is out-of-scope of 3GPP.

Editor's note:
Due to the potentially extra delay caused by ISL signalling, there may be a need for a new RAT (sub)type; the need and usage of the new RAT (sub)types is FFS.

6.9.3
Impacts on existing nodes and functionality

This solution does not impact existing 3GPP nodes and functionality.

The RAN aspects of this solution are described in TR 38.281 [7] as follows:

-
Doppler compensation is described in clause 6;

-
Timing advance management is described in clause 6 and clause 7;

-
Tracking area management, Registration Update and Paging Handling, and Connected Mode Mobility are described in clause 8.

Editor's note:
The update of the document will point to more specific clauses of TR 38.281 [7] to explain how the proposed solution is supported by elements studied by RAN groups.

	*** Start of change ***


6.9.4
Solution Evaluation

In this solution an NGSO constellation, inter satellite links and a ground station form a distributed gNB with a corresponding Earth fixed tracking area (TA). The same constellation, ISL and ground stations can create numerous, disjunct static TAs in a virtualized fashion. 
Distributed gNBs are implemented by a single satellite operator/vendor and need not require introduction of new procedures or adaptation of existing procedures neither for UE nor for 5G Core Network.
This solution requires the usage of satellites with on board processing in order to accommodate for the usage of ISLs. NGSO satellites used in this solution should be capable of beam steering and beamforming in order to create static Earth fixed TAs.
The usage of static TAs that fall within the perimeter of a PLMN and the assumption that TAs act as defined in 3GPP TS 22.201 is part of a solution for solving national regulatory issues related to e.g. emergency calls and LI. 
	*** End of change ***
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