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Abstract of the contribution: This contribution proposes a new solution for support of 5G satellite access based on use of  the definition cells adapted in the context of 5G satellite access.
1.
 Introduction

A new solution is proposed to support access, mobility management and regulatory services (key issues 1, 2 and 10) for satellite access in 5G. The solution is consistent with and an extension of Solution #1 and provides details showing how the objectives of Solution #1 (namely use of fixed cells and TAs to avoid new 5GCN impacts) can be realized in an efficient and feasible manner for support of both mobility and regulatory services. 
2.
Proposed Changes to TR 23.737
**** FIRST CHANGE ****
NOTE: THE FOLLOWING TEXT IS ALL NEW
6.12
Solution #12: Satellite cells for 5G satellite access
6.12.1
Description

This is a candidate solution for Key Issues 1, 2 and 10.
The main objectives of this solution are as follows.

-
Minimize 5GCN impact by presenting UE access as being provided from fixed cells and TAs similar to existing access for NR and LTE
-
Confine mobility aspects of satellite access caused by movement of NGSO satellites to the NG-RAN

-
Enable satellite access using NR or other radio access techniques (e.g. CDMA) with minimal impacts to 5GCN – similar to support of both LTE and NR access via NG-RAN

-
Support regulatory requirements (e.g. emergency services, lawful intercept (LI) and wireless emergency alerts (WEA) in the same manner as for terrestrial 3GPP access from the perspective of 5GCN and external clients
- 
Support operational requirements (such as charging) in the same manner as for terrestrial 3GPP access from the perspective of 5GCN
-
Ensure that the UE uses the Core Network of the country in which the UE is physically located.
The solution envisages satellite operation which is transparent or regenerative and where ground stations controls UL and DL transmission. Figure 6.X.1-1 shows the assumed architecture. Here, a Satellite Node B (sNB) in the NG-RAN provides the N2 interface to one or more AMFs. An sNB can include either a single ground station or several (or many) ground stations which act as DUs using an sNB central unit (sNB-CU). Note that an sNB is not the same as a gNB though some functions may be common and a gNB might be enhanced to also act as an sNB. Note also that a ground station need not be dedicated to 5G NR access only and could support other types of satellite communication and broadcast.
This solution is valid for 5G satellite access with large or moving radio coverage.
NOTE:  
Large coverage is defined in the context of this solution as satellite beam radio coverage spanning more than one country.
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Figure 6.12.1-1: Architecture for support of 5G Satellite Access with large or moving coverage
Assuming 5G satellite access using NR with minimal change to accommodate the higher latency and possibly narrower bandwidth, 5G satellite access may either be treated as a new sub-type of NR or, alternatively, as a new RAT (e.g. as described for Solution 2). The solution envisaged here can support either alternative. 
The solution assumes that the UEs can determine their own position and that this position can be also determined by the NG-RAN. Further, the satellite coverage would be mapped with satellite cells as close as technically feasible to the national borders of countries.
Two different approaches for this solution are envisioned:
· a first approach, based on “virtual cells”, with a regular mapping of the satellite coverage, possibly with adjustments of this mapping as close as technically feasible to the national borders of countries. For this approach, additional cell description would be broadcast on the SIB.
· a second approach, based on “geographical zones”, with an irregular mapping of the satellite radio coverage, as close as technically feasible to the national borders of countries and allowing for variable sizes of  satellites cells. UEs would have to be aware of the zone descriptions (as a vertex of latitude and longitude). The description of the zones could be stored in the UEs and could be updated as needed by the PLMN
These approaches are described in the following sub-clauses.

NOTE:
It is expected that TSG-RAN will select and specify in details the appropriate approach for definition of cells during the normative phase.
Both approaches assume that cells in different countries use different Tracking Area Identifiers (e.g. different TA Codes and/or different PLMN IDs).
For both approaches, satellite beam sizes can vary and the case of one cell per satellite with varying beam size for a beam spanning more than country or with moving coverage can be also considered.
6.12.1.1 
Virtual Cells approach
In the description below, treatment as a new sub-type of NR is assumed (although most of the description applies when one or more new RATs are defined).
PLMN operators divide a coverage area (e.g. for an entire country, a region or multiple countries) into fixed cells with well-defined geographic boundaries just as for normal cellular operation. The cells are virtual and do not correspond to actual RF coverage from any satellites or to existing cells for terrestrial NR access. The cells may be defined with reference to an array of grid points, as shown in Figure 6.12.1.1-1 for a rectangular array defining square or rectangular cells and in Figure 6.12.1.1-2 for a hexagonal array (with alternately staggered rows and columns) defining hexagonal cells. A serving cell for any UE would then be defined by the cell associated with the grid point which is closest to the current UE location. The definition of the cells may be closely aligned to the national borders of a country. 
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Figure 6.12.1.1-1: Virtual Cells defined by a rectangular array of grid points 
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Figure 6.12.1.1-2: Virtual Cells defined by a hexagonal array of grid points 

Virtual cells are preferred to reuse of existing cells (for existing terrestrial NR coverage) because the coverage areas for existing cells may be difficult to precisely define in a simple manner, will typically overlap with one another and will not normally exist for areas outside a PLMN operator licensed coverage area. Similarly, while virtual cells might be defined without grid points (e.g. by defining two sets of parallel lines in two different (e.g. orthogonal) directions to define cell boundaries), use of grid points is preferred due to simplicity and conciseness of definition and ability to determine a serving cell for any UE using just one simple test.

Virtual cells can be grouped into virtual TAs which include only virtual cells or may be assigned to existing terrestrial TAs in areas where these are defined. A benefit of virtual TAs is that paging of a UE in CM IDLE state can be restricted to either sNBs and satellites only or terrestrial gNBs only when the current TA for a UE is either a virtual TA or an existing terrestrial TA, respectively. A benefit of existing terrestrial TAs is that a UE in CM IDLE state can camp on either a 5G satellite or terrestrial gNB, and can move from one to other, without needing to reregister with the 5GCN. It is thus proposed that both alternatives be allowed with a PLMN operator deciding which type(s) to deploy.
Grid point locations (e.g. lat/long) are broadcast by satellites (e.g. using a new Satellite System Information Block (SSIB)) together with their associated cell IDs, TAIs and PLMN IDs (MCC, MNC). The information can be compressed when inter-grid point spacing and orientation remains fixed and when cell IDs and TAIs (in the case of virtual TAs) change in simple predictable ways (e.g. where cell IDs change by fixed increments between adjacent grid points). 
A UE periodically updates its location and determines a serving virtual cell by association with the closest grid point. Due to the necessity for good satellite signal reception, UEs will normally be outdoors and able to use accurate GNSS based location – though can supplement this using inertial sensors and RAT dependent location including from NR, LTE and future (to be developed) 5G satellite positioning. When a UE is close to an international border, the UE may first determine the country (e.g. if additional information is broadcast by a satellite defining the locations of an international border) and then determine the closest grid point in the same country. This two step process can be reduced to one step if extra grid points are assigned to each virtual cell on either side of a border (e.g. grid points on either side of and equidistant from a border at say 100-500 meter intervals). In this case, the closest grid point to a UE will generally be in the same country as the UE. The grid points and associated virtual cells and TAs can be extended to cover international areas such as oceans and polar regions. The virtual cells and TAs in the international case may be associated with a nearby country and/or with the home country of any UE (e.g. using special MCC-MNC code to signify the home PLMN of any UE). Virtual cells and virtual TAs can also be associated with several PLMNs just as for real 5G cells and TAs, to permit sNB sharing by multiple PLMNs. Because different PLMNs may prefer to use different cell IDs and TAIs, sharing of multiple PLMNs may follow one of these options.
-
Option 1: A common set of virtual cells and virtual TAs (with associated common cell IDs and TAIs) is shared by all PLMNs with only the PLMN MNCs (and possibly MCCs) being different.
-
Option 2: A common set of virtual cells (defined by grid points) is shared by all PLMNs but cell IDs and/or TAIs are different for each PLMN.
-
Option 3: Each PLMN has its own set of virtual cells (defined by distinct sets of grid points) and associated own sets of cell IDs and TAIs.

UE access and mobility can still be supported as described here, but for options 2 and 3, a UE would first need to select a PLMN prior to determining a current serving cell and TA. Since all three options appear feasible and operators may have different preferences, it may be useful to support all three. However to reduce impacts, Option 1 seems most worth supporting followed by Option 2.
Each satellite (when providing coverage to a supported PLMN area) can have radio access to a single ground station for one sNB or to several ground stations for one or more sNBs, directly or using ISL. This association can be fixed for GEO satellites and dynamic for NGSO satellites with sNBs interacting to manage the transfer of each satellite between ground stations and sNBs. Each satellite broadcasts (e.g. in an SSIB) its currently associated sNB identity or identities, the locations of ground stations for the sNB(s) which are accessible from the satellite, and a list of the TAs and corresponding PLMNs which are currently in coverage from the satellite. (Note that to avoid providing sensitive ground station location data, a ground station location can be defined approximately via a virtual cell ID.) For any satellite, a PLMN operator may choose to indicate coverage of TAs which are wholly or mostly included in the current satellite radio footprint and exclude TAs which are not included or mostly not included (e.g. as shown by the example for TAs 1-3 in Figure 6.X.1-2). For an NGSO satellite, this information will change as the satellite moves and is recalculated periodically by an sNB based on satellite orbital data. A UE accessing the NG-RAN via 5G satellite coverage for the first time finds an available satellite, receives data on virtual cells, virtual TAs, sNBs and PLMNs. The UE then determines its current serving virtual cell, TA and a preferred PLMN and selects the sNB for the selected PLMN with the closest accessible ground station to the UE (since minimal distance to a ground station also maximises the probability of combined coverage by one satellite). The UE then performs registration with the selected PLMN via the selected sNB. Note that information for the virtual cells and their TAs only needs to be received once, which will restrict latency impacts to just the first access.
While the UE remains in CM CONNECTED state, the UE can perform intra-sNB handovers between satellites under the control of the serving sNB, which is transparent to the 5GCN. This can operate in a similar manner to cellular handover for NG-RAN. The UE provides periodic measurements of visible satellites and possibly different beams for each satellite to the serving sNB. Measurements for terrestrial gNBs may also be provided. The serving sNB then determines a new satellite or a new satellite beam for the UE based on the following objectives for the new satellite or new satellite beam:
-
Improved signal reception at the UE compared to a previous satellite or previous satellite beam;
-
For a new NGSO satellite, favourable coverage for the current UE location at current and later times, based on known satellite orbital data, as the satellite (or satellite beam) coverage footprint moves across the current UE location; and
-
Ability to access a new satellite from a ground station for the serving sNB (as well as from the UE).
For a GEO satellite, only the first objective generally needs to be evaluated. For an NGSO satellite, all objectives should be evaluated since failure to support any one of them could lead to effective loss of UE coverage. As an example, a UE in a valley or next to a hill or large building might fail to receive coverage from a satellite which only satisfied the second and third objectives. The handover support can be extended by including UE measurements for terrestrial gNBs and by supporting handover between an sNB and terrestrial gNB.
When the UE goes into CM IDLE state, the UE camps on any satellite (and satellite beam) with good signal reception, where the satellite indicates coverage for the current TA (or at least one TA in the current set of allowed TAs). The UE is allowed to camp on any new satellite or any new satellite beam due to movement of the UE or satellite without network interaction as long as the new satellite (or new satellite beam) indicates coverage for the current TA (or at least one TA in the current set of allowed TAs). The UE periodically determines its current virtual cell as described above. A UE performs a new registration when moving into a new TA. In order to page a UE in CM IDLE state, the serving AMF sends a paging request to all sNBs supporting the current UE TA. Each of these sNBs broadcasts the paging request via all satellites with coverage of this TA. As an option, a PLMN could allow a UE to assume being in the same TA even when the UE physically moves out of the TA without needing to re-register with the PLMN – except when a periodic registration time expires. With this option, the PLMN can still page the UE using the previous TA as long as the UE remains camped on a satellite with coverage for this TA. However, to support WEA and movement into coverage of a different PLMN or different country, a UE still needs to periodically determine its current virtual cell.
When the UE enters a TA for a new PLMN, the UE registers with the new PLMN and disconnects from the old PLMN. The UE may also change from one satellite beam to another if there is a requirement that any satellite beam is only used within one country.

SNBs track NGSO satellite movement and change of virtual cell and TA coverage and update the list of sNB IDs, ground station locations, TAs and PLMNs broadcast by the satellite.

To support UEs which do not have an accurate location capability and to reduce initial NG-RAN access delay for a UE with accurate positioning capability, a serving sNB may position a UE and determine a current virtual cell and TA. With this arrangement, a UE selects a satellite with good signal reception which provides access to a preferred PLMN, and establishes a signalling connection with an sNB associated with this PLMN and accessible from this satellite. The sNB then positions the UE (e.g. using measurements of timing advance to the current satellite and/or others and measurements of received signal power and/or AOA at the UE and/or at the sNB). The positioning only needs to determine a current TA for the UE initially, although cellular accuracy may be useful or necessary later for some regulatory services. The sNB then returns the TA to the UE, allowing the UE to perform an initial or new registration. While the UE remains in CM CONNECTED state, the sNB can control UE handover to new satellites as described above. When the UE enters CM IDLE state, the UE can assume that it remains within the current TA even if that is not the case, since the current TA is mainly used to determine when to reregister and to page the UE, both of which continue to work even when the UE leaves the current TA. When the UE again establishes a signalling connection with an sNB (e.g. to reregister), the sNB can again position the UE and assign a new TA. However, in order to support WEA and determine if a UE has moved into a new PLMN area or new country, a UE without positioning capability would need to establish an association (e.g. signalling connection) with an sNB periodically in order to have the sNB determine the current UE location and associated virtual cell ID and TA. However, such interaction could be reduced for UEs well within a country and PLMN serving area and would only need to be frequent for UEs close to the border of a PLMN or country.
The approach as described above supports UE mobility in the same manner as for terrestrial NR cellular access from the perspective of a 5GCN, which minimizes new 5GCN impacts. In addition, the approach can support regulatory services the same as for NG-RAN cellular access as follows.
6.12.1.2
Geographical Zones approach
This approach is based on the following principle:

· From reference [1], a cell is defined as a “Radio network object that can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area from one UTRAN Access Point. A Cell is either FDD or TDD mode”

· A Satellite beam radio coverage can be larger than what is acceptable when considering a coverage in particular when considering operational or regulatory requirements;

· Several cells would be transmitted in the same satellite beam.
· Geographical zones are defined with geographical borders (with vertices for instances), and their size can be of much smaller size than satellite beam coverage. Zones borders can therefore match operational / regulatory constraints of PLMNs. Each PLMN would define a set of geographical zones to which a UE would be authorized to have access to (a country, areas within this country for instance).
· UEs are provided with the information of the Geographical Zones geographical definition. This information may already be available to an UE at log on, or a UE be provided with updates of this information by the PLMN.

· The cell / selection process within a satellite access is based the existing procedure, as for terrestrial networks, and thus on the broadcast on SIB of the cells that are available (including the PLMN information)  (all with the same quality since they are in the same satellite radio coverage), as well as on the location of the UE : 

· The UE determines its own location

· Based the on the knowledge of its location and the definition of the set of geographical zones that are authorized, the UE would select the it can have access to.. 

· For NG-RANs embarked on NGSO satellite constellations: 

· The proposed approach is  not influenced by the nature of the NG-RAN.
· For NG-RAN backhauled by satellite transport link:

· The same principle would apply for backhauling with a 3GPP satellite access.
As cells are fixed, Transfer of N1/N2/N3 reference points between NG-RANs and 5CNs would be based on the association of cells with TAs and RAs (with an Inter-satellite Link transport for 5CNs out of reach of NG-RANs). An example of the approach is provided in the figure below 6.X.1-1:

· 3 PLMNs (U,V,W) are each and respectively serving Countries A,B and C. The radio coverage of the beam used by the PLMNs used to provide coverage over these countries cover these three countries at the same time.

· The radio coverage of the PLMNs within the satellite beam of concern has been planned as follows:

· Cells #U1, #U2 provide coverage for country A and PLNM U,

· Cells #V1, #V2, #V#3 provide coverage for country B and PLMN V,

· Cell #W1, #W2 provide coverage for country C and PLMN W. 

· As a direct mapping can be made between the Cell & the PLMN, it is possible for a satellite Earth station providing connectivity to the satellite access to transfer the N1 (as well as N2/N3 interface for NG-RANs embarked on satellites) towards the adequate NG-RAN (5CN for embarked NG-RANs).
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Figure 6.12.1.1-1: Example of cell allocations for a supranational satellite radio beam coverage

The following figure illustrates how UE located in country C would be served by PLMN#W serving country C:
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Figure 6.12.1.1-2: Architecture of PLNMs using the same satellite access and radio beam supra national coverage

6.12.2
Procedures

6.12.2.1 Mobility Procedures

Existing 5GCN procedures for mobility management in 3GPP TS 23.502 (e.g. including Registration, Service Request, Paging and Handover) should be reusable for 5G satellite access without new impacts at a NAS level. From a 5GCN perspective. an NG-RAN coverage area is extended by a new set of satellite  cells (e.g. according to one of the approaches previously described) which the 5GCN can treat as normal NR cells. 

NG-RAN procedures applicable to a UE and sNB would be impacted to support the following:

-
Cell, TA and PLMN selection by a UE

-
Handover of an NGSO satellite between sNBs

-
Handover of a UE from one satellite to another satellite with or without change of a serving sNB

-
Optional Cell and TA determination for a UE by a serving sNB
In addition, according to the selected approach (virtual cell or geographical cell approach), the following is considered:
- 
In both cases: 
- 
A UE would be able to determine its position;
- 
For certain regulatory services, e.g. emergency services and LI, the sNB would have to determine the location of the UE as well; 
- 
For the Virtual cell approach:

-  
new types of broadcast data would need to be supported for each satellite (e.g. in a SIB or SSIB)

-
Fixed Virtual Cell and TA Data (e.g. grid point locations and associated cell IDs, TAIs and PLMN IDs)

-
Fixed (GEO) or Dynamic (NGSO) satellite association with TAs, sNBs and ground station locations
- 
For the Geographical Zones approach:

- 
Geographical Zones should be defined with geographical vertex by the PLMN
- 
UEs shall be provided and store the corresponding the corresponding geographical zones it is authorised to have access to to.
- 

The cell/selection procedure should be modified to account for the UE position and the zones geographic definition.
In addition, mechanisms are needed to overcome any AMF that allocates multi-country TAI lists without authorisation of all the involved countries:

1) In idle mode, at every RRC Connection Establishment (both for Service Request and Registration) and every RRC Resume/Re-establishment, the NG-RAN checks whether the “new cell’s” country matches the country associated with the AMF Set ID and AMF Pointer fields within the 5G-S-TMSI.

When a mis-match is found, the new N2 connection is routed to an AMF in the new country. The new AMF should then treat the situation as any other unknown 5G-S-TMSI and e.g. perform identification and authentication procedures.

2) In CONNECTED mode, before performing “intra Earth Station” handover for a moving UE, the NG-RAN functionality in the Earth Station detects if this involves a PLMN or country change. If the handover would lead to such a change, the Earth Station can be configured to either attempt N2 handover to the new cell (which should lead to inter-PLMN, inter-AMF handover in the core networks), or, to trigger N2 and Uu release (with a new N2 cause value such as “UE moved across a national border”) anticipating that the UE will reselect a cell in the new PLMN and perform a Registration Update from IDLE.

3) The Core Network operators sharing the Earth Station may need to co-ordinate so that they use 5G-S-TMSIs with distinct AMF Set IDs/Pointers.
Editor’s Note: solutions for when the UE is in an aeronautical or maritime location are FFS.

Editor’s Note: how to enable per-country, UE specific prohibition of NTN access when the Satellite System is using the same MCC+MNC in multiple countries is FFS.
To support the correct routeing of emergency calls:

4) At every N2 connection setup (and in other N2-AP messages), the NG-RAN provides the UE’s current cell ID to the Core Network. The Cell ID should be associated with a sufficiently small geographic area to allow configuration data within the core network to correctly select a PSAP.

6.12.2.2
Emergency Calls

It is anticipated that existing “network provided UE location” functionality can be reused provided that the Cell ID sent in N2 signalling procedures is associated with a sufficiently small geographic area to allow configuration data within the core network to correctly select a PSAP.

Once RRC Security has been established, other 3GPP (and/or Over The Top and/or SMS-based) positioning techniques and signalling can be used to determine the UE’s position more accurately.
In addition, in case of satellite cells (whether associated with virtual cells or geographical zones), a UE would include the current satellite serving cell ID in a SIP INVITE request sent to an IMS in the serving PLMN. The IMS can use the satellite serving cell ID to route the emergency services call to a local PSAP and as an initial approximate UE location. A PLMN operator can arrange for virtual cell areas to be small enough to be normally contained within the serving area of one PSAP – thereby defining the routing. 

6.12.2.3
Lawful interception by the UE’s visited country

Provided that the NG-RAN/Earth Station can guarantee that the UE is always using the core network associated with the country where the UE is located, then existing LI functionality should be able to be reused.

As a basic approach, as intra-country, intra-Earth-Station mobility would not normally be reported to the AMF, and the Earth Station’s coverage may represent a very large geographic area, it can be anticipated that extra location reporting to the core network is required. Two potential solutions are:

a) The AMF uses “RAT-Type = satellite” to trigger location reporting of all cell changes (for all UEs) to the AMF;

b) The Earth Station is configured to automatically send location reports for all cell changes (for all UEs) to the core network.
In case of satellite cells (whether associated with virtual cells or geographical zones), , a 5GCN can include a satellite cells (whether associated with virtual cells or geographical zones),  ID as part of the LI data collected for a UE which will enable an LI client to treat data collected for 5G satellite access the same as data collected for NR or LTE access. Triggers can also be set up for LI based on UE change of virtual serving cell ID or entry into or exit from an area of interest composed of a number of satellite cells (whether associated with virtual cells or geographical zones). For example, the NGAP Location Reporting Control procedure in 3GPP TS 23.502 can be used between a serving AMF and serving sNB to collect LI related location data for a UE.

6.12.2.4
Public Warning System

The NG-RAN functionality in the Earth Station is expected to need extension to operate with different geographically distinct PWS messages coming from different CN nodes.

For WEA, a 5GCN can assign WEA messages that are received from a Government or other authority to one or more satellite cells (whether associated with virtual cells or geographical zones) in the same way as WEA messages are assigned to real cells for NR and LTE access. The WEA messages can then be broadcast in a SIB or SSIB in association with the assigned cells. Three options for broadcast would be possible.

-
Option A: A SIB or SSIB is broadcast by a satellite for each cell in each TA within the current coverage area of the satellite. This cell associated SIB contains one or more WEA messages that have been assigned to the cell.

-
Option B: A single SIB or SSIB broadcasts all WEA messages for all TAs within the current coverage area of the satellite. Each WEA message includes the specific cell IDs for which it is applicable.

-
Option C: All WEA messages are broadcast one time only in a common SIB (or SSIB) with a reference ID for each WEA message. For each cell, there is a separate broadcast (e.g. SSIB) containing the WEA reference IDs applicable to that cell.

Option A is analogous to current WEA support for real cells but is inefficient. Option B is more efficient but may increase UE impacts. Option C is in between.
6.12.2.5
Charging / Customer Notifications

Incorporation of Cell ID and RAT Type on the CDRs and in signalling messages used for on-line charging may be sufficient for customer charging.

The use of distinct TA Codes for terrestrial and satellite-based coverage should, if needed, enable existing APIs to be used to generate appropriate SMS message to inform customers.
6.12.3
Impacts on existing nodes and functionality
In addition to the impacts highlighted above, for both approaches the following impacts are needed:
UE:

-
Satellite, cell, TA and PLMN selection for 5G satellite access based on current UE location
-
UE shall have the capability to locate itself
NOTE:
For the solution associated with geographical zones, the UE shall have the capability to store the definition of geographical zones associated with PLMNs.
sNB:
-
Handover of NGSO satellites between sNBs
-
Handover of a UE between satellites

-
Control of UL/DL satellite transmission for both ground stations and UEs

-
Dynamic assignment of TAs to NGSO satellites
-
Position determination of UEs for trusted location service for some services.
AMF:
-
No new impacts at a NAS level for mobility management
NOTE:
For the solution associated with geographical zones, the AMF shall have the capability to provide the geographical zones associated with the UE.
6.12.4
Solution evaluation
This Candidate solution is proposed for 5G satellite access with large or moving radio coverage.
This solution introduces the definition and usage of Satellite cells and the support needed from UEs and sNBs. Satellite Cells are defined as Virtual Cells, or standard cells in association with the use of geographical zones that are stored with UEs. In both cases the main assumption is that the UE has access to its position.
In addition, sNBs need to contain mobility management functions related to the management of satellites, particularly NGSO satellites, and the support of mobility management for UEs. While sNBs may be added to NG-RAN, procedures in 3GPP TS 23.502 (and 3GPP TS 38.300) will need to differ from an NG-RAN and UE perspective.
The solution has the following benefits.
-
Mobility Management procedures are not impacted at a NAS level.
-
Support for regulatory services (emergency calls, LI and WEA) is aligned with that for NR and E-UTRA connected to 5GCN from the perspective of a UE, 5GCN and external client.
-
Impacts to the UE and NG-RAN are restricted to managing new types of handover for NGSO satellites, mapping satellite coverage to Satellite cells and TAs and cell, TA and PLMN selection for UEs. 
The solution supports and resolves key issues #1, #2 and #10.
For key issue #1, the solution supports 5G satellite access and mobility management with large satellite coverage areas as described above.  Answers to points 1-10 in clause 5.1.1 are as follows.

1.
Whether existing Connection Management mechanisms can be reused for a UE accessing 5GC via satellite 3GPP access?

Answer: Yes as described above.
2.
How is UE reachability (paging) handled within the large satellite coverage area?

Answer: paging is handled as for a normal terrestrial TA as described above.
3.
What is the relation between satellite coverage areas and the 5G system Tracking/Registration Area?

Answer: a satellite coverage area can include all or part of new Satellite TAs or existing terrestrial TAs.
4.
Whether a UE can access 5GC via satellite access and terrestrial access simultaneously? And how?

Answer: not explicitly addressed but the treatment of 5G satellite access as an extension to 3GPP NG-RAN access would allow simultaneous 5G satellite access and WLAN access. Simultaneous 5G satellite access and terrestrial NR or LTE access also seems possible – e.g. if 5G satellite access is assigned a new RAT (or RATs).
5.
How does a UE select between satellite and terrestrial access within a PLMN?

Answer: not explicitly addressed, but could be similar to selection between terrestrial NR and LTE.
6.
How is idle mode mobility between satellite and terrestrial access performed?

Answer: partially addressed – the UE camps on an accessible 5G satellite serving a current TA and can move to camping on a terrestrial gNB supporting the same TA. The reverse type of transfer is also supported.
7.
How is connected mode mobility between satellite and terrestrial access performed?

Answer: partially addressed – a serving sNB controls handover between satellites and from an sNB to a gNB. A gNB could support handover to an sNB or to a satellite accessible from the gNB if enhanced with sNB capability.
8.
Which country specific regulatory requirements affect the architecture design, and how are they enforced?
Answer: country specific regulatory requirements can be supported in the same way as for terrestrial NR access. Verification (e.g. of a current UE location) might need to be an additional network function. As indicated in the geographical cell description, this could be performed through the sNB of the NG-RAN providing a trusted location function of UEs.
9.
Whether any changes are needed for charging in roaming situations?

Answer: not addressed and can be evaluated separately.
For key issue #2, the solution supports 5G satellite access and mobility management with moving satellite coverage areas as described above. Answers to the points in clause 5.2.1 are as follows.

-
Whether existing Connection Management mechanisms can be reused for a UE accessing 5GC via satellite 3GPP access?

Answer: yes, as described.
-
What are the functional impacts on the 5G CN when considering a satellite access with moving coverage areas and on-board gNBs?

Answer: on-board satellite gNBs are not needed and were not evaluated. Functional impacts to the 5G CN with separate sNBs can be zero or very low at a NAS level for mobility management.
-
What are the impacts on the definition and on the management of Tracking Areas and Registration Areas as well as on mobility management when considering a satellite access with mobile coverage areas and on-board gNBs?

Answer: existing TAs can be extended to include new Satellite cells, Alternatively, new Satellite TAs can be defined composed of Satellite cells. Management of these by the 5G CN can be the same as for existing terrestrial TAs. 
-
What are the requirements on the satellite access with mobile coverage areas and on-board gNBs to limit the impact on the 5G CN and on the UE?

Answer: on-board satellite gNBs are not needed and were not evaluated. The solution limits 5G CN and UE impacts for mobility management. However, new UE impacts are needed to manage Satellite cell selection and reselection.
-
How is UE reachability (paging) handled in case of moving satellite access coverage areas and on-board gNBs?

Answer: The solution supports UE reachability via paging as described above. Paging can be supported with zero (or very low) new impact to the 5G CN.
-
What are the impacts to idle mode mobility with moving satellite coverage areas and on-board gNBs?

Answer:  The solution supports UE idle mode mobility as described above – which does require some new UE impacts.
-
What are the impacts to connected mode mobility with moving satellite coverage areas and on-board gNBs?

Answer: The solution supports UE connected mode mobility as described above – and with impacts to an sNB.
-
Whether a UE can access 5GC via satellite access and terrestrial access simultaneously? And how?
Answer: not explicitly addressed but the treatment of 5G satellite access as an extension to 3GPP NG-RAN access would allow simultaneous 5G satellite access and WLAN access. Simultaneous 5G satellite access and terrestrial NR or LTE access also seems possible – e.g. if 5G satellite access is assigned a new RAT (or RATs).
The solution addresses key issue #10 by supporting regulatory services in the same way as for terrestrial NR access. Answers to the points in clause 5.10.1 are as follows.

a)
When required, how to ensure that the UE is using a core network of the country in which the UE is physically located?


Answer: the solution requires and enables UE access to a PLMN in the same country as the UE. This can be enforced via UE location from an sNB or PLMN on initial access, reregistration or when a regulatory service is invoked. Moreover, the cells in the different countries can use different Tracking Area Identifiers (e.g. different TA Codes and/or different PLMN IDs).
b)
How to select a core network when the UE is in an aeronautical or maritime location?


Answer: The solution supports access from international maritime areas. Aeronautic access was not considered but should be possible in a similar manner to terrestrial access. 
c)
If the satellite system is using the same MCC+MNC in multiple countries, how to enable per-country, UE specific prohibition of satellite access?


Answer: the solution can provide country specific information to UEs in association with Satellite cells or TAs. Countries which prohibit satellite access could have no Satellite cells assigned to them. A UE which determines not being located in any Satellite cell would then not perform 5G satellite access.
d)
How to route an emergency call to the correct PSAP?


Answer: This is enabled via the serving Satellite cell as described above.

e)
How to handle Lawful Interception?


Answer: supported as described above.

f)
How to address Public Warning System?


Answer: supported as described above.
g)
How to handle charging and tariff notifications?


Answer: not evaluated but would be possible based on serving Satellite cells and/or Satellite TAs.
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