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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in Error! Reference source not found.. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· 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

Note:
· This new study item does not address regulatory issues.





In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

In this paper, we discuss tracking area management and update for NTN.

[bookmark: _Ref178064866]Discussion
After RAN2#103bis, the complete list of 6 scenarios in TR 38.821 is:
Scenario A – GEO, transparent satellite, Earth-fixed beams;
Scenario B – GEO, regenerative satellite, Earth fixed beams;
Scenario C1 – LEO, transparent satellite, Earth-fixed beams;
Scenario C2 – LEO, transparent satellite, Earth-moving beams;
Scenario D1 – LEO, regenerative satellite, Earth-fixed beams;
Scenario D2 – LEO, regenerative satellite, Earth-moving beams.

Further, in RAN3#101bis, the TR was updated to discuss tracking area and paging in Sections 8.1 and 8.3. For eSection 8.3, we did not copy the whole section as it includes a solution option that is rather long. From TR 38.821:
[bookmark: _Toc527965855]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.

[bookmark: _Toc527965857]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.


The main observation is that Section 8.1 states that tracking area corresponds to a fixed geographical area and Section 8.3 states that tracking area sweeps over earth. It is assumed that for now, the NTN SI considers both options.

[bookmark: _Toc528870199]As current TR 38.821 includes sections for both earth fixed tracking area and earth sweeping tracking areas, it is assumed that NTN SI considers both.

Tracking area management for NTN scenarios
In this section we discuss from tracking area perspective which scenarios are similar and which require different approach or solutions.
In both GEO scenarios have earth fixed beams as the height of the satellite if in the order of 35000km.
In non-GEO scenarios, the beams can be fixed on ground of sweeping earth. Both of these scenario types have different assumption as when combined with LTE/NR, it results that the reference signals, where PSS/SSS represent the PCI, also stay fixed or sweeps the ground. 

Scenarios A and B – GEO satellites
The earth diameter that can be covered by one GEO satellite beam can be up to 1000km. In NR, each cell broadcasts the TAC in SIB1 and also the paging channel is broadcasted to the whole NR cell. It should be discussed whether the NR principle of paging within an NR cell can be applied to GEO satellites. This discussion is actually related to a more general discussion on how signals are in practice transmitted from a GEO satellite. In NR, the NR-PSS/SSS/PBCH are also broadcasted such that these RS cover the NR cell.
A related discussion is the capacity of an NR cell, with respect to paging, but also with respect to the number of RACH preambles. However, under this AI, we should check the available paging capacity and consider if 1000km NR cell radius is feasible from that perspective.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc528870202]RAN2 to study the available NR paging capacity and consider if 1000km NR cell radius is feasible from that perspective.
[bookmark: _Toc528870203]RAN2 to study whether NR cell level paging is suitable for GEO NTN

Scenarios C1 and D1 – non-GEO satellites with earth fixed beams

Here the beams and therefore reference signals of the NR cell are fixed on earth location. Also, the UEs served via the previous covering satellite should “transfer” to be served via the new satellite. RAN2 should discuss what would this “transfer” look like from NR perspective tracking area perspective. The following aspects should be clarified for the transfer:
· Is the signal coming via the new satellite going to be from the same or different gNB?
· Is the signal coming via new satellite covering simultaneously the same earth area?
· What is the TAI broadcasted via each satellite?

[bookmark: _Toc528870204]RAN2 to discuss the above listed issues



Scenarios C2 and D2 – non-GEO satellites with earth moving beams

In case of earth moving beams, the NR cells transmitted via the satellite(s) will sweep the earth. TA can be assumed to fixed on earth or to move with the cells. If TA is assumed fixed on earth, there need to be network side updates for the identities either very close to satellite gateway or at further nodes. TA can also be assumed to be moving with the satellites in which case UE needs to update TAI frequently. In order to understand each option better it is proposed that RAN2 studies the pros and cons of moving and fixed TAI for Scenario C2 and D2 perspective.

[bookmark: _Toc528870205]RAN2 to study the pros and cons of moving and fixed TAI for Scenario C2 and D2 perspective.


Conclusion
We made the following observations:
Observation 1	As current TR 38.821 includes sections for both earth fixed tracking area and earth sweeping tracking areas, it is assumed that NTN SI considers both.

We propose the following:
Proposal 1	RAN2 to study the available N RAN2 studies the pros and cons of moving and fixed TAI for Scenario C2 and D2 pesrpective.R paging capacity and consider if 1000km NR cell radius is feasible from that perspective.
Proposal 2	RAN2 to study whether NR cell level paging is suitable for GEO NTN
Proposal 3	RAN2 to discuss the above listed issues
Proposal 4	RAN2 to discuss the above listed issues
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