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[bookmark: _Toc510607461]* * * * First Change * * * *
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 22.822: "Study on using satellite access in 5G".
[3]	3GPP TS 23.502: "Procedures for the 5G System (5GS)".
[4]	3GPP TS 38.413: "NG-RAN; NG Application Protocol (NGAP)".
[5]	3GPP TR 23.793: "Study on access traffic steering, switch and splitting support in the 5G system architecture".
[6]	3GPP TR 23.501: "System architecture for the 5G System (5GS)".
[7]	3GPP TR 38.821: "Solutions for NR to support non-terrestrial networks (NTN)".
[8]	3GPP TS 22.011: "Service Accessibility".
[9]	3GPP TS 38.300: "NR; Overall description; Stage-2".
[10]	3GPP TS 23.122: "Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode".
[xx]	3GPP TS 23.003: “Numbering, addressing and identification”.

* * * * Next Change * * * *
3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and in TS 23.501 [6] apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1], or in any other specifications.
ALM	Additive Layer Manufacturing
CDN	Content Distribution Network
CE	Coverage Enhancement
FIFO	First In First Out
gNB-CU	gNB-Centralized Unit
gNB-DU	gNB-Distributed Unit
GEO	Geostationary satellite Orbit 
HEO	Highly-Eccentric-Orbit
HPA	High Power Amplifier
ISL	Inter-Satellite-Link
LEO	Low-Earth Orbit
LFU	Least Frequently Used
LRU	Least Recently Used
MEO	Medium-Earth Orbit
MOCN	Multi-Operator Core Network
NGSO	Non-Geostationary Satellite Orbit
NTN	Non Terrestrial Network
OBP	On-Board Processor
PDB	Packet Delay Budget
PSAP	Public Safety Answering Point
RTT	Round Trip Time
SAT	Satellite 
sNB	satellite Node B.
SRI	Satellite Radio Interface
SV	Space Vehicle
TER	Terrestrial
TTC	Telemetry, Tracking, and Command 
WCRTT	Worst Case RTT


* * * * Next Change * * * * All new text
6.B	Solution #B: PLMN Access and Mobility within a Country
6.B.1	Description
This is a candidate solution for Key Issues #13, #X and #Y. The solution is intended to complement Solution #A though might be adapted (less preferably) when Solution #A is only partially supported – e.g. with regenerative SVs with a non-split architecture.
6.B.1.1	Initial PLMN Access
It is normally required that when a UE initially accesses a country specific PLMN that the PLMN is in the same country as the UE. A solution to support this is shown in Figure 6.B.1.1-1 and is based on existing PLMN initial access procedures as described in 3GPP TS 38.300 [9] and 3GPP TS 23.502 [3]. Parts which are different to existing procedures are shown in red. The main differences are use of a UE location capability to provide a current UE location to an sNB or sNB-CU and an ability of an sNB or sNB-CU to determine whether the UE location is inside the country supported by the sNB or sNB-CU. 


Figure 6.B.1.1-1: Initial PLMN Access in the same country as the UE
1.	The UE starts off in EMM-DEREGISTERED and RRC IDLE states.
2.	The sNB or sNB-CU broadcasts (via an SV) supported country specific PLMNs (MCC-MNC) in each radio cell. The sNB or sNB-CU may also indicate in a SIB whether UE location will be needed at step 8 (or may provide conditions for inclusion of location such as for initial PLMN access) and may include security information described below for step 6 such as public key(s) and an indication of ciphering algorithm(s). 
NOTE 1:	For a radio cell well inside the interior of any country, UE location need not be requested unless needed to determine the TA and serving cell (e.g. at step 9).
NOTE 2:	An indication of location requirement at step 2 will provide more time for a UE to obtain a location than an indication at step 6.
3.	The UE determines the UE location (e.g. via GNSS) if location capable and may determine the corresponding country. This step may continue if needed up until step 8.
4.	The UE selects a radio cell (and an associated SV) which supports a preferred PLMN and the UE country if already known (e.g. if determined at step 3).
5.	The UE sends an RRC Setup Request to the sNB or sNB-CU to request an RRC signaling connection.
NOTE 3:	The UE could include a confidential location at step 5 if the RRC Setup Request can be extended. This would reduce signalling in the case that the UE is not in the correct country, although it would also require broadcasting all of the security information at step 2. 
6.	The sNB or sNB-CU returns an RRC Setup message. If the radio cell being accessed by the UE has a coverage area which spans more than one country (e.g. crosses an international border) or if location is needed to determine the TA and serving cell for the UE, the sNB or sNB-CU includes a request for the location of the UE and provides security information if not provided at step 2 that includes a public ciphering key and an indication of a ciphering algorithm.
7.	The UE is configured to select a country specific PLMN only and selects a preferred PLMN from among the PLMNs indicated at step 2.
NOTE 4:	It is assumed that a radio cell can only support one country. In that case, the UE assumes it is in the country for the PLMN(s) supported by the radio cell and selects a preferred PLMN for this country. Radio cells supporting more than one country would preferably require UE country determination by the sNB or sNB-CU prior to step 7 – e.g. by including UE location at step 5 as described for NOTE 3.
8.	The UE sends an RRC Setup Complete message indicating the selected PLMN and including a NAS Registration Request. If location was requested at step 6 or indicated at step 2, the UE includes the location determined at step 3. The location is included in a confidential form by ciphering using the public ciphering key and ciphering algorithm indicated at step 2 or step 6. 
NOTE 5: The details of the encoding of confidential location will be defined by SA WG3.9.	If a location was requested (at step 2 or step 6) and included at step 8, the sNB or sNB-CU deciphers the confidential location received at step 8 using a private key (corresponding to the public key used by the UE). If country verification is needed, the sNB or sNB-CU maps the location to a country and verifies the country is supported by the sNB or sNB-CU and matches the country for the selected PLMN. The sNB or sNB-CU may also or instead map the UE location to a Cell ID and TAI for the selected PLMN (e.g. if the sNB or sNB-CU has been configured with cell and TA information). When UE location is not provided at step 8, the sNB or sNB-CU may use the radio cell coverage area for the UE as an approximate location (e.g. in order to determine a TA or to forward a location at step 10).
10.	If the UE country determined at step 9 is not supported by the sNB or sNB-CU (or does not march the country for the selected PLMN), the sNB or sNB-CU returns an RRC Release to the UE and includes the country determined at step 9. The UE may then restart PLMN selection at step 4.
11.	If the UE is in the correct country, the sNB or sNB-CU forwards the Registration Request to an AMF for the selected PLMN and includes the Cell ID and TAI if obtained at step 9 or the location obtained at step 9 otherwise.
12.	If no Cell ID and TA were included at step 11, the AMF (or an associated LMF) determines a cell ID and TAI from the location received at step 11.
13.	The AMF returns one or more allowed TAIs to the UE and geographic definitions of the associated TAs and constituent cells (e.g. using grid points). A Registration flag may also be included to indicate if the UE is required to perform location tracking.
NOTE 5:	With location tracking, a UE is required to periodically map its current location to a TA based on the TA geographic definitions received at step 13 and perform a new registration if no longer within an allowed TA. Without location tracking, a UE need not determine a current TA periodically and can assume presence in an allowed TA so long as the UE can access a radio cell that supports at least one allowed TA. This option enables the AMF to page the UE (via an allowed TA) even when the UE moves out of an allowed TA and reduces the amount of location support needed from the UE. For a UE which is not location capable, the geographic definitions of the TAs and constituent cells would not need to be provided by the AMF at step 13.
14.	The UE stores the TA and cell geographic definitions (if provided) to allow later determination of a current TA and current serving cell (e.g. to enable registration in a new TA and regulatory services dependent on a current serving cell).
6.B.1.2	UE Behaviour in CM IDLE state
In CM IDLE and RRC IDLE states, a UE can select and camp on any suitable radio cell which indicates support for an allowed TA for the registered PLMN. Selection of a new radio cell for a different SV and/or different sNB or sNB-CU may occur (e.g. when coverage by a previous radio cell starts to disappear) so long as the new radio cell supports an allowed TA.
Paging operates as before with an AMF sending a paging message to one or more sNBs (or sNB-CUs) which broadcast the paging message over all radio cells which support the TAs allowed for the UE.
If location tracking is not required (see step 14 of clause 6.B.1.1), a UE can continue to access a radio cell for a serving PLMN which advertises support for at least one allowed TA for the UE.
If location tracking is required (see step 14 of clause 6.B.1.1), a location capable UE periodically obtains a current UE location and verifies presence in an allowed TA. As described for Solution #A, TA boundaries can be precisely aligned with the border of a country or can simply be defined within a country to ensure that when a UE verifies being inside an allowed TA, the UE is also located inside the associated country.  
If the UE is no longer in an allowed TA (and therefore possibly no longer in a previous country) or cannot access a radio cell supporting an allowed TA, the UE performs a new registration which may use the same procedure as in Figure 6.B.1.1-1 or a subset of this procedure.
6.B.1.3	Radio Cell Selection Assistance 
This section proposes assumptions to RAN functionality.
With NGSO SVs, radio cell coverage will support any fixed location for only around 6-130 seconds as shown in TR 38.821 (clause 7.3.2.1.4) [7]. With a steerable SV antenna which maintains radio cell coverage over the same area as long as this is within SV coverage, these times could increase to around 5-15 minutes maximum.
To assist UEs to know when a cell change or handover will be needed due to movement of an NGSO SV, each radio cell could broadcast (in a SIB) a time at which radio cell coverage of a currently supported location will cease. This can apply when a steerable antenna is used to maintain radio cell coverage over the same geographic area and then to move the coverage to a different geographic area at some predetermined time. A UE can then perform a cell change or prepare to perform a handover some time in advance of the time at which radio cell coverage will cease. A similar indication can be broadcast in the case of a moving radio cell with a non-steerable antenna indicating for each TA supported by the radio cell when coverage (or partial coverage) of this TA will cease.
Radio cells could also broadcast information to help a UE acquire another radio cell (e.g. from another SV) whose radio coverage will move into the area supported by the current radio cell. Such radio cells might not be detected by a UE in advance because their radio coverage would not yet support the current location of the UE. However, if a UE knows when the coverage will start (e.g. by being provided with a list of radio cells that will support or partially support a particular TA and the times at which the coverage will start), the UE can attempt to acquire one of these radio cells after the coverage is expected to start. 

* * * * End of Changes * * * *
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