3GPP TSG-RAN WG3 Meeting #103
R3-191030

Athens, Greece, February 25th- March 1st, 2019

Title:
NR-NTN: Tracking Area Management
Source: 
Fraunhofer IIS, Fraunhofer HHI, Ericsson, Thales

Document for:
Agreement
Agenda Item:
20.2.3. Paging
Introduction

pCRr, TS 38.821 v0.3.0, Rel-16, Cat. 
CB: # 69_TAmgmt

-  capture discussion / agreement as necessary

- merge from 808,899 if agreeable

(Fh)

Rev in R3-191030
In this proposal, the discussion and agreements of the following contributions are made:
· Fraunhofer IIS/HHI: R3-190178: Tracking Area Management [1]

· Ericssion: R3-190808: Are Tracking Areas Stationary or Not? [2]

· Thales: R3-190899: Response to R3-190808, Thales [3]

In [1], two solutions for tracking area management for LEO satellites with moving Beam Footprint (Scenario C2, D2) have been introduced.

Solution 1 introduces an approach with moving identifiers on ground introducing validity timers attached to the TAIs in the RA list.

The new solution introduces an approach with stationary identifiers on ground. This requires dynamic adjustment of the identifiers that are broadcast by the satellite. In this special case, multiple identifiers are distributed to reduce unnecessary TAUs, e.g. at country boarders.

A TP is given to be included in 3GGP TR 38.821 Technical Specification Group Radio Access Network; Solutions for NR to support non-terrestrial networks (NTN) [4].
In [2] also the two options of stationary and moving TAs are mentioned as two general solutions. In addition, a TP for [4] is given.
In the response from Thales [3], a table is listed in order to provide answers to the questions from Ericsson:

	Organisation
	Answer

	Thales
	It is recommended that

· the TA (Tracking Area) be fixed on earth in order to minimise the frequency of TAU (Tracking Area Update).

· The Cells, which are logical entities, should also be fixed on earth and therefore the fixed association with the TA is respected.

Furthermore

· The NG-RAN should support UE location determination to determine the TA in which the UE sits.

· However satellite beams which are physical ressources may move or not with respect to the earth.

· The association of satellite beams and TA/cells by the NG-RAN is for implementation




Agreement:
It could be possibly agreed that for tracking area management in general both options:
1. Stationary identifiers on ground, and

2. Moving Identifiers on ground
are technically possible and the observations and proposal of both options should be captured in the TR 38.821 [4].
Observations and Proposals
The following observations and proposals are described in [1] 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.

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.

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.

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.

The following observations and proposals are described in [2] on list based location management: 

Observation 1: Current TR 38.821, Tracking Area is mentioned as being both fixed and moving with respect to the ground.

Proposal 1: Further discuss and confirm whether the real issue is that the TA always needs to be uniquely associated to its set of cells, regardless of whether they move or not.

Proposal 2: Further discuss the case of moving TA fixed to moving cells, and how to differentiate it with respect to stationary / terrestrial TAs; agree the enclosed TP.
Proposal 3: Liaise SA2 and RAN2 if the issues above are acknowledged, to receive their feedback.
The following observations and proposals are described in [3] on list based location management: 

Proposal 1: It is recommended that

· the TA (Tracking Area) be fixed on earth in order to minimise the frequency of TAU (Tracking Area Update).

· The Cells, which are logical entities, should also be fixed on earth and therefore the fixed association with the TA is respected.

Furthermore

· The NG-RAN should support UE location determination to determine the TA in which the UE sits.

· However satellite beams which are physical ressources may move or not with respect to the earth.

· The association of satellite beams and TA/cells by the NG-RAN is for implementation
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START OF CHANGES
--- unchanged parts are omitted ---
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. In case of C1 and D1, the LEO satellites generate beams with temporary Earth fixed footprints. In other words, the beam footprints are stationary over a given NTN cell on ground for a certain amount of time before they change their focus area over another NTN cell. It is possible the assign each NTN cell to a tracking area. This requires the satellite to change the broadcasted tracking area code between two successive NTN cell covered.
· 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.

It is worth noting that, as long as the TA is always uniquely coupled with the relevant cell(s), it may still be possible to apply legacy core network procedures (e.g. paging) even to a moving TA. In such case, however, it seems beneficial to differentiate such a TA from a fixed / “non-NTN” TA. In principle, this could be done by reserving a range of identifier(s) for TAs associated with NTN moving cells. However, this might restrict the possible TA address space and might not be desirable from the operator’s point of view.

Another alternative would be to extend the TAC IE signaled over NGAP and XnAP with a TA Type IE, defined as e.g. ENUMERATED(NTN, NTN with moving cells, ...) so that the receiving node can identify that the cells associated with this TA are related to a NTN, and/or are not stationary with respect to the ground. Alternatively, this indication may be at cell level or gNB level. 
The non-terrestrial and terrestrial networks could be assigned either same or different PLMNs.

· In case of two different PLMNs for terrestrial and non-terrestrial networks, both tracking area layouts can be independently defined preventing overlaps between tracking areas of a given layout. This would be in line with the current definition of TAs.
· In case of a shared PLMN, there might be a problem due to the overlapping of tracking areas, which requires further study.
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.

--- unchanged parts are omitted ---
8.3.2.X
Solution X: 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 gNB on the ground may be preconfigured with the list of TAIs to be used. In case of regenerative satellites, the network node on the satellite may be preconfigured with the list of TAIs to be used, for example by 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.
In the example, a UE located in Austria (TAI2), would be paged within both blue and red satellite beams according to the upper figure. According to the lower figure, it would be paged within both blue and green satellite beams.
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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).
--- unchanged parts are omitted ---
END OF CHANGES
