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[bookmark: _Toc27894883][bookmark: _Toc20204194][bookmark: _Toc20204637]*** First Change ***
[bookmark: _Toc26265226][bookmark: _Toc26525103][bookmark: _Toc26528708][bookmark: _Toc27898199][bookmark: _Toc26265228][bookmark: _Toc26525105][bookmark: _Toc26528710][bookmark: _Toc27898201][bookmark: _Toc26265229][bookmark: _Toc26525107][bookmark: _Toc26528712][bookmark: _Toc27898203][bookmark: _Toc26265294][bookmark: _Toc26525194][bookmark: _Toc26528799][bookmark: _Toc27898290]6.4	Solution #4: Support of UP path switch between SAT RAN and TER RAN
[bookmark: _Toc26265227][bookmark: _Toc26525104][bookmark: _Toc26528709][bookmark: _Toc27898200]6.4.1	Description
This is a candidate solution for Key Issue #7 – "Multi connectivity with satellite access".
As terrestrial network may have poor coverage in some areas, 5G system may also provide satellite access in those areas to promise service availability, especially for some real time services, e.g. IMS voice/video. Therefore, for a UE in the poor terrestrial network coverage, it shall be possible to simultaneously establish multi-connectivity with the 5G network via satellite access and terrestrial access to serve some real time services, so that the user data transmission can be switched from terrestrial access to satellite access if necessary.
NOTE 1:	This solution is not applied to the case where satellite access and terrestrial access are provided by same RAN.
No matter whether the satellite access and the terrestrial access are provided by same PLMN or different PLMNs, the UE can establish a multi-access PDU session to have multi-connectivity with the 5G network as described in TS 23.501 [6].
NOTE 2:	The MA-PDU session defined in TS 23.501 [6] is to be extended to support UP connections being established over terrestrial access network and satellite access network.
While data transmission is on-going over the UP connection of a MA-PDU session, the UE or the network can activate another UP connection over another RAN under the following conditions:
-	Loss of coverage of terrestrial access;
-	Notification from RAN; or
-	SMF decision.

6.4.2	Procedures
When a UE is accessing 5GC via SAT RAN and TER RAN, the UE may establish a MAPDU session as described in TS 23.501 [6]. However, at same time, the UE may only activate one UP connection for data transmission. Therefore, while the data transmission via terrestrial access is on-going, if the radio coverage of terrestrial access becomes poor or even being lost, the UE or network can activate the PDU session over satellite access, and then switch the data traffic.
[bookmark: _Toc26525106][bookmark: _Toc26528711][bookmark: _Toc27898202]6.4.2.1	Activating a MA-PDU session for path switching
The following figure 6.4.2.1-1 shows the procedure of activating the MA PDU session over different access.


Figure 6.4.2.1-1: Activating a MA-PDU session for path switching
1.	A UE established a MA PDU session in SAT RAN and Terrestrial RAN respectively. Some time later, the UE moves into an area with poor terrestrial network coverage, which makes the data transmission via terrestrial RAN not applicable or not available. As the result, the terrestrial RAN may notify UE and/or SMF that the QoS requirements on data transmission cannot be met, or release the AN resources for the UE due to radio link failure.
NOTE:	Step 1 is based on existing mechanisms.
2a.	In the case of RAN notification to UE, the UE determines whether to activate PDU session over satellite RAN. If yes, the UE initiates Service Request procedure via satellite RAN to activate the PDU session over satellite RAN. Once the PDU session over satellite access is activated, the SMF switches the data transmission path and the steps 2b-4 are not executed.
2b.	In the case of notification control or AN release, the SMF will be aware of the failure of data transmission via terrestrial RAN, then the SMF can request the UPF to release the N3 UP connection of the PDU session over terrestrial RAN and prepare to activate the PDU session over satellite RAN.
3.	The SMF sends N2 SM info containing UL CN tunnel info for satellite access to the AMF. In the case that SAT RAN and Terrestrial RAN are served by same AMF, the SMF shall also include a RAT type in the Namf_Communication_N1N2MessageTransfer message to indicate the AMF to send the N2 SM info to the corresponding RAN.
4.	The AMF receives the UL CN tunnel for satellite access and initiates Network Initiated Service Request procedure over satellite RAN. Once the PDU session over satellite access is activated, the SMF switches the data transmission path.
6.4.3	Impacts on existing nodes and functionality
Editor's note:	This is for further study.

*** Next Change ***
[bookmark: _Toc23400796][bookmark: _Toc26265266][bookmark: _Toc26525154][bookmark: _Toc26528759][bookmark: _Toc27898250]6.12	Solution #12: Satellite cells for 5G satellite access
[bookmark: _Toc26265267][bookmark: _Toc26525155][bookmark: _Toc26528760][bookmark: _Toc27898251]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 control 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 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 needs 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.


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 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 one country or with moving coverage can be also considered.
[bookmark: _Hlk41055294]Editor's note:	Mobility aspects regarding handover between satellite cells are FFS and depend on RAN WGs decisions.

*** Next Change ***

[bookmark: _Toc26265268][bookmark: _Toc26525158][bookmark: _Toc26528763][bookmark: _Toc27898254]6.12.2	Procedures
[bookmark: _Toc26525159][bookmark: _Toc26528764][bookmark: _Toc27898255]6.12.2.1	Mobility Procedures
Existing 5GCN procedures for mobility management in TS 23.502 [3] (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 geographical zones it is authorised to have access 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 routing 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.

*** End of Change ***
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