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*************** First change ***************
[bookmark: _Toc26525160][bookmark: _Toc26528765][bookmark: _Toc27898256]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. Unless the NG-RAN determines the UE position or the Cell ID, the Core Network should be made aware that the Cell ID received via N2 is UE-provided location information. 
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.

*************** Next change ***************

[bookmark: _Toc26525161][bookmark: _Toc26528766][bookmark: _Toc27898257]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. This should not rely on UE based positioning mechanisms. 
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 the case of satellite cells (whether associated with virtual cells or geographical zones), a 5GCN can include 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. For cases where the Cell ID is not verified or determined by the NG-RAN (e.g. by using some UE positioning mechanism or via association with a radio cell), the NG-RAN needs to inform the Core Network that the Cell ID provided via N2 is UE-provided. 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 TS 23.502 [3] can be used between a serving AMF and serving sNB to collect LI related location data for a UE.

*************** Next change ***************

[bookmark: _Toc26525163][bookmark: _Toc26528768][bookmark: _Toc27898259]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. For cases where the Cell ID is not verified or determined by the NG-RAN (e.g. using UE positioning mechanism), the NG-RAN needs to inform the Core Network that the Cell ID provided via N2 is UE-provided.
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.

*************** Next change ***************

[bookmark: _Toc26265269][bookmark: _Toc26525164][bookmark: _Toc26528769][bookmark: _Toc27898260]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.
-	Ability to inform 5GC whether the Cell ID provided by NG-RAN over N2 contains UE-provided or network-provided information
-	AMF:
-	No new impacts at a NAS level for mobility management.
- 	5GC general (AMF, SMF, PCF, charging system etc):
-	Handling of Cell ID as a UE-provided location information. 
NOTE:	For the solution associated with geographical zones, the AMF shall have the capability to provide the geographical zones associated with the UE.

*************** Next change ***************

[bookmark: _Toc26265270][bookmark: _Toc26525165][bookmark: _Toc26528770][bookmark: _Toc27898261]6.12.4	Solution evaluation
This Candidate Solution is proposed for 5G satellite access with large or moving radio coverage.
This Candidate 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 TS 23.502 [3] (and TS 38.300 [9]) will need to differ from an NG-RAN and UE perspective.
The solution has the following benefitsproperties:
-	Mobility Management procedures are not impacted at a NAS level;
-	Support for regulatory services (emergency calls, LI and WEA) can beis aligned with that for NR and E-UTRA connected to 5GCN from the perspective of a UE, 5GCN and/or external client;, 5GCN and external client
- 	Cell ID provided from Satellite RAN to the 5GC may be selected by the UE and would then need to be treated as UE-provided location information, unless it can be verified by NG-RAN. This may have impacts on how the 5GC treats the Cell ID and how regulatory services (e.g. LI) are provided. Additional mechanism(s) are then needed to achieve NW-provided UE location information;
-	In order to apply Mobility Restrictions (Forbidden Area, Service Area Restrictions) to Cells/TAs, the network may need to be able to verify that the Cell/TA selected by the UE and not verified by the NG-RAN is correct, e.g. by positioning the UE;
-	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.
[bookmark: _GoBack]-	5GC impacts to treat a Cell/TA as UE provided may be avoided if the NG-RAN can verify or assign a cell/TA.
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.

*************** End of changes ***************

