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1 Introduction
The SID in [1] lists the following objectives for RAN3:

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]

· Paging: procedure adaptations in case of moving satellite foot prints or cells
In this document, we present concepts for the Tracking Area (TA) management and tracking approaches, e.g. necessary for paging, to support all different NTN scenarios. The already state of the art approach for Tracking Area management is used as basis in order to minimize the impact caused by the integration of NTNs into the terrestrial system. In addition to that a text proposal for [6] is given.
2 Tracking Areas Management for Non-Terrestrial Networks
Location management (LM) is a function of mobile cellular networks, which allows the network to locate the user. Especially when the UE is not active, this function ensures the knowledge of the rough position of the UE to establish the connection for an incoming call to the UE (paging), if needed.

Regardless of the particular location management approach, LM is in general based on defining specific areas, in which the UE moves freely without updating the network about its current position. In mobile cellular systems, this area corresponds typically to a cluster of cells as shown exemplarily in Figure 1. The sizes of these areas can be chosen arbitrarily and are subject to the optimization criterion of the network operator. Note, that these areas may also be overlapping. In the 3GPP mobile communication systems, the areas are known as:

· Location areas in GSM

· Routing areas in UMTS

· Registration areas (RA) in LTE and New Radio.

The Core Network and Terminals (CT1) Specification in [2] defines registration areas in the 5G Systems (5GS):

Within the 5GS, the registration area is managed independently per access type, i.e., 3GPP access or non-3GPP access. The AMF assigns a registration area to the UE during the registration procedure. A registration area is defined as a set of tracking areas and each of these tracking areas consists of one or more cells that cover a geographical area. Tracking areas cannot overlap each other. 

A tracking area is identified by a TAI which is broadcast in the cells of the tracking area. The TAI is constructed from a TAC and a PLMN identifier. In case of a shared network, one or more TAC and multiple PLMN identifiers are broadcast.

The effective location management is realized by providing each UE with its specific registration area (RA) in form of a tracking area identity list (TAI list). The TAI list is generated by the core network, considering a UE specific context. 

The RA is the pendant of the location area in conventional location management, i.e. within the RA, no update of the location needs to be communicated by the UE to the CN or the RAN.

Figure 1 shows the concept of list-based LM for the case of an overlaying satellite network using a different PLMN. Here, UEx is located in TA1 (corresponding to TAC #1 in PLMN A) and UEy in TA3 (corresponding to TAC #3 in PLMN A). The core network assigns to UEx the RAx and to UEy the RAy, each list containing different TAIs and, thus, defining different RAs, respectively. 
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Figure 1: Concept of list-based location management

Similar to conventional LM, the UE is able to detect whenever it leaves the assigned RA by comparing the entries in the TAI list and the received broadcast TAIs. This event triggers the UE to request a tracking area update. The CN assigns subsequently a new TAI list to the UE.

Considering the currently discussed scenarios for NTN, we distinguish in the following between GEO satellites (regardless whether these are transparent or regenerative, A, B), LEO satellites with temporary Earth fixed beam footprint (regardless whether these are transparent or regenerative, C1, D1) and LEO satellites with moving beam footprint (regardless whether these are transparent or regenerative, C2, D2).

2.1 Tracking Area Management for GEO Satellites (Scenario A, B)
In case of GEO satellites the beam footprint is stationary. Hence we can apply the same concept as in the terrestrial case. The only difference is the size of the cells and as result of that the size of the tracking areas. In case of two different PLMNs (discussed in SA2 in [3]) the tracking areas are independent and in consequence non-overlapping. In case of a shared PLMN in [3] between the terrestrial network and GEO satellite network there is an issue with the current definition of tracking areas, since tracking areas are not supposed to overlap.
Observation 1: In case of a two different PLMNs for terrestrial and non-terrestrial systems, the tracking areas are independent and non-overlapping, which is in line with the current definition of TAs.

Observation 2: In case of a shared PLMN for terrestrial and non-terrestrial systems, overlapping of the different TAs needs to be allowed, which is in contrast to the current definition of TAs

Observation 3: Tracking area management does not need to be adapted for GEO satellites, scenarios A and B.
2.2 Tracking Area Management for LEO Satellites with Temporary Earth Fixed Beam Footprint (Scenario C1, D1)

In case of LEO satellites with temporary Earth fixed beam footprints, the beam footprints are stationary for a certain amount of time before they change their focus area. Due to the temporary stationary coverage areas it is possible the assign each focus area to a different tracking area. This would require the satellite to change its broadcast tracking area code accordingly.
Observation 4: Tracking area management for LEO satellites with temporary Earth fixed beam footprint, scenarios C1 and D1, requires the possibility to change the broadcast TAC over time.

2.3 Tracking Area Management for LEO Satellites with Moving Beam Footprint (Scenario C2, D2)

In order to support LEO satellites with moving beam footprints, the above-mentioned approach needs to be adopted. Unlike the terrestrial cells (and hence the TAs) that are fixed on ground the satellite beams provided by the LEO satellites are moving and thus covering different areas over time.
2.3.1 Time Window Based Approach
In the following, we consider to broadcast a unique ID per satellite beam (replacing the TAC) following the same concept as in the terrestrial case with the main difference that the registration area would be defined using additional validity window information for each ID as described in [4] and [5].

Without having validity information, the problem arises that even stationary UEs will see many IDs varying over a short time provided by the different LEO satellites. To avoid the need for frequent TAI list updates, TAIs with “validity widows” are necessary to safe data and power resources of the UE.
	TAI list
	Validity Window

	#
	PLMN
	TAC
	

	1
	PLMN A
	TAC #1
	

	2
	PLMN A
	TAC #3
	

	3
	PLMN B
	S-TAC  #1
	t1 – t2

	4
	PLMN B
	S-TAC #3
	t3 – t4


Table 1: Concept of a Tracking Area Identity List with validity information
Table 1 shows an example of a TAI list with additional validity information. In case of a TAC the entry in the validity window is empty, like seen for TAC #1 and TAC #3. S-TAC denotes the satellite related TAC which identifies the satellite beam in contrast to the TAC that corresponds to a fixed area on ground. We assume that the S-TAC is broadcast by the satellite in a similar way like the TAC in the terrestrial case.
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Figure 2: Concept of list-based location management with NTN
Figure 2 shows an example in the case of an overlaying satellite network using a different PLMN. Here, UEx is located in TA1 (corresponding to TAC#1 in PLMN A) and UEy in TA3 (corresponding to TAC#3 in PLMN A). In addition to the terrestrial network there are three satellite beams, each beam broadcasting its individual S-TAC.
Proposal 1: Consider validity windows with time durations for each TAI in the TAI list to support moving base stations/LEO satellite beam footprints, scenario C2 and D2.
2.3.2 Multi-Tracking Area ID Broadcast
Instead of broadcasting a single TAI, the satellite could broadcast a list of TAIs of covered TAs, in order to allow for TAs to be a subset of the satellite beam coverage area. The satellite could then adopt the list of TAIs with respect to its beam coverage area. In case of transparent satellites, the CN would need to instruct the NTN gateway to change the list of TAIs to be broadcast by the satellites either in time or ahead of time. In case of regenerative satellites, the CN may also instruct the satellite directly either in time or ahead of time. The instruction to adapt the TAI list broadcast ahead of time could be realized for example using validity time window information for each TAI list entry in a similar manner as described in 2.3.1. 
The advantage of this approach is that the Tracking Area (TA) definition as non-overlapping areas on the ground is still valid and the current paging mechanisms can be reused. 

Figure 3 shows an example with countries that are equivalent to tracking areas. Four TAs are defined: TA1: Germany, TA2: Austria, TA3: Switzerland and TA4 Liechtenstein (Note that it is also possible to define multiple TAs per country). Three satellites (red, green and blue) are covering parts of the area shown as red beam, green beam and blue beam. In the top figure the red satellite broadcasts three TAIs, i.e. TAI2, TAI3 and TAI4 as its beam footprint is covering TA2, TA3, and TA4. Similarly, the green satellite broadcasts TAI1 and TAI3, while the blue satellite broadcasts TAI1, TAI2, TAI3 and TAI4. The bottom figure shows the same TAs, while the satellites and their respective coverage areas moved. Hence the list of broadcasted TAIs for the red and green satellites changed, but stayed the same for the blue satellite.
Proposal 2: Consider multi tracking area identity broadcast to support moving base stations/LEO satellite beam footprints, scenario C2 and D2.
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Figure 3: Illustration of the solution using country areas as exemplary tracking areas (two exemplary time instances are shown from top to bottom).

3 Summary

The above section shows the challenges and proposes solutions of Tracking Areas for moving base stations.

The following observations and proposals are described in this document on list based location management: 
Observation 1: In case of a two different PLMNs for terrestrial and non-terrestrial systems, the tracking areas are independent and non-overlapping, which is in line with the current definition of TAs.
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Observation 2: In case of a shared PLMN for terrestrial and non-terrestrial systems, overlapping of the different TAs needs to be allowed, which is in contrast to the current definition of TAs
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Observation 3: Tracking area management does not need to be adapted for GEO satellites, scenarios A and B.

Observation 4: Tracking area management for LEO satellites with temporary Earth fixed beam footprint, scenarios C1 and D1, requires the possibility to change the broadcast TAC over time.
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Proposal 1: Consider validity windows with time durations for each TAI in the TAI list to support moving base stations/LEO satellite beam footprints, scenario C2 and D2.


Proposal 2: Consider multi tracking area identity broadcast to support moving base stations/LEO satellite beam footprints, scenario C2 and D2.
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Issues and related solutions for NG-RAN architecture and interface protocols

Editor’s note: to be drafted by RAN3

- For each deployment scenario, recall the possible architectures and discuss the related issues and solutions

- The study may consider only the most critical scenarios for a given RAN feature or constraint (e.g. for Delay, it is sufficient to address the worst case scenario which GEO transparent).

8.1
Tracking area management (FFS)
The concept of Registration and Tracking areas pertains in the context of Non-Terrestrial networks, and is similar to NR based cellular system in following aspects:

· a tracking area corresponds to a fixed geographical area.

· tracking areas (TA) is utilized for UE access control, location registration, paging and mobility management.

· a registration area encompasses one or several tracking areas.

The objective is to track the UE, in order to minimize the use of radio resources for paging.

· For scenarios A, B, C1 and D1, the NTN cells are fixed on the ground. Hence a tracking area may correspond to one or several NTN cells. The 3GPP-defined tracking area management and paging procedures can apply as is.

· For scenarios C2 and D2, the NTN cells move on the ground as the satellites move on their orbital planes. This requires some adaptations to the TA management and paging procedure.

Note: For scenarios C1, the TA list and paging messages could be sent by the same gNB to the NTN cell via all satellites covering this NTN cell.

Note: For scenarios D1, the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.

Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.

The main idea is to decouple the TA management from the NTN cell pattern. In that case, registration and tracking areas are arbitrary geographical areas defined by the operator. (FFS)

It is assumed that not all UEs are capable of positioning.

8.2
Connected mode mobility (FFS)

There are different types of hand-overs in Non-Terrestrial networks:

· Intra-satellite hand-over (between cells served by same satellite)

· Inter-satellite hand-over (between cells served by different satellite)

· Inter-access hand-over (between cellular and satellite access)

It is FFS the applicable procedures (Inter or Intra gNB hand-over)

An inter-access hand-over (between cellular and satellite access) is considered by utilizing an inter gNB procedure via the 5GCN (e.g. for Satellite with on board processed payload) or via the Xn (e.g. for satellite with transparent payload).

It is assumed that not all UEs are capable of positioning.

8.3
Registration Update Paging Handling

In Non-Terrestrial non-GEO Network, the satellites moves across the geographical area of interest, its antenna beams will cover different portions of that area. In a NTN beam foot print moving on earth, there is a fixed association between the non-GEO NTN beam and TAI, as in the terrestrial RAN, there is no one-to-one correspondence between moving NTN beams and geo-area on Earth, i.e., the TAIs broadcasted by the Non-GEO satellite will sweep over Earth. A stationary UE will see different NTN beams/TAC over the time. With current Registration Update procedure, the stationary UE has to keep performing Registration Updates upon the change of NTN beam. This brings a challenge to current Registration Update and Paging. In the following, we study possible solutions based on whether the UE can determine its location or not.

8.3.1
Option 1: UE is capable to determine its location

In the following it is assumed that the UE has the capability to determine its location (e.g. by GNSS). In this case the satellite can page the UE based on UE’s location information.
8.3.2
Option 2: UE is not capable to determine its location

In the following, it is assumed that the UE has no capability to determine its location.
8.3.2.1
Solution 1: Timing window based Registration update and paging

The satellite can page the UE based on RA.

The following is one possible solution (details are FFS).
In this option, the Tracking Area is associated with the timing information for how long it is valid related to a geo-area. For example, a geo-area will be served by NTN beam#1 with TAC#1 during 10:01 – 10:10, NTN beam#2 with TAC#2 during 10:11 – 10:20, etc. an example call flow is shown as below:
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Figure 8.3.2-1: UE Registration procedure (example)

· Step 1: at 10:05, UE initiates Registration procedure. The REGISTRATION REQUEST message is sent to AMF. Just like normal initial access, the CU provides the TAC#1 to AMF with current NGAP procedure. 

· Step 2: AMF replies with REGISTRATION ACCEPT message. The AMF determines the UE’s location will be covered by TAC#1 during 10:01-10:10, TAC#2 during 10:11-10:20, etc. The determination is based on 

· the ephemeris information of the satellites, i.e. the information as to which NTN beam covers a specific location.

· The location of the UE, in terms of TAC/NTN beam ID of UE’s current or last 3GPP access. The UE may include its location information in the NAS REGISTRATION REQUEST message, or other NAS message. 

The determination may be performed by querying a database. 

The REGISTRATION ACCEPT message includes enhanced Registration Area information, consisting of a list of TAIs with timing information (in this example, AMF would like the UE to initiate a Registration Update 10-min later)

+ TAC#1 with (10:05 – 10:10)

+ TAC#2 with (10:11 – 10:15)

Later, UE enters RRC_IDLE. 

Case 0: UE did not move during 10:05 – 10:11

· At 10:11, NTN beam#1 moved out of the UE’s area. The UE’s area is now covered by NTN beam#2 with TAC#2. The UE detected the TAC of the serving cell is changed to TAC#2. UE checks the TAC#2 against the enhanced Registration Area received in Step 2 (see Figure X). TAC#2 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), and the timing information match (i.e. TAC#2 only for 10:11-10:15), this means the UE is still in the Registration Area, thus no need to perform Registration Update. 

NOTE: This reuses the current Registration Update trigger. 

Case 1: at 10:12, the UE is paged. 

· Step 3 (see Figure 8.3.2-1): at 10:12, a DL data is received for the UE. AMF determines the target tracking area based on the UE’s last location (i.e. TAC#1 at 10:05), and the Tracking area information for this area (i.e. TAC#1 during 10:01-10:10, and TAC#2 during 10:11-10:20). In this example, AMF knows the UE’s last location and will be served by NTN beam#2 with TAC#2 during 10:11-10:20. AMF sends the Paging message with TAC#2 to the NG-RAN. 

Normal Service Request procedure is performed. 

Case 2: at 10:13, the UE move out of the Registration Area

· Step 4 (see Figure X): at 10:13, the UE detects current NTN beam broadcasting TAC#1. Even TAC#1 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), but the timing information does not match (i.e. TAC#1 only for 10:01-10:10, but not for 10:13), this means the UE is moving out of current Registration Area. So the UE initiates a Registration Update procedure. 

Advantage for this option is:

· Reuse current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAIs of the serving cell (see TS 37.340 [31]) is not in the list of TAIs that the UE has received from the network;”

· Reuse current TAC broadcast mechanism, i.e. NTN beam always broadcasts the same TAC.

· Less changes to RAN and CN.

8.3.2.2
Solution 2: Multi-Tracking Area ID based Registration update and paging
Instead of broadcasting a single TAI, the satellite could broadcast a list of TAIs of covered TAs, in order to allow for TAs to be a subset of the satellite beam coverage area. The satellite could then adopt the list of TAIs with respect to its beam coverage area. In case of transparent satellites, the CN would need to instruct the NTN gateway to change the list of TAIs to be broadcast by the satellites either in time or ahead of time. In case of regenerative satellites, the CN may also instruct the satellite directly either in time or ahead of time. The instruction to adapt the TAI list broadcast ahead of time could be realized for example using validity time window information for each TAI list entry in a similar manner as described in 8.3.2.1. 
The advantage of this approach is that the Tracking Area (TA) definition as non-overlapping areas on the ground is still valid and the current paging mechanisms can be reused.
Figure 8.3.2-X shows an example with countries that are equivalent to tracking areas. Four TAs are defined: TA1: Germany, TA2: Austria, TA3: Switzerland and TA4 Liechtenstein (Note that it is also possible to define multiple TAs per country). Three satellites (red, green and blue) are covering parts of the area shown as red beam, green beam and blue beam. In the top figure the red satellite broadcasts three TAIs, i.e. TAI2, TAI3 and TAI4 as its beam footprint is covering TA2, TA3, and TA4. Similarly, the green satellite broadcasts TAI1 and TAI3, while the blue satellite broadcasts TAI1, TAI2, TAI3 and TAI4. The bottom figure shows the same TAs, while the satellites and their respective coverage areas moved. Hence the list of broadcasted TAIs for the red and green satellites changed, but stayed the same for the blue satellite.
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Figure 8.3.2-X: Illustration of the solution using country areas as exemplary tracking areas (two exemplary time instances are shown from top to bottom).
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