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Introduction

It is agreed to start the study item of “Study on solutions evaluation for NR to support Non Terrestrial Network” in RAN meeting #80 in La Jolla, USA.

The objectives of this study item are based on the outcomes of the TR 38.811, to study a set of necessary features/adaptations enabling the operation of NR protocol in non-terrestrial networks for 3GPP Release 16 with a priority on satellite access.
For layer2 and above and RAN architecture:

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
This document addresses the NTN tracking area identity by considering NTN mobility in non RRC_CONNECTED state.

Discussion

2.1 Introduction of Network identities
Base station in NTN is different from the one in traditional terrestrial network, where satellite moving with high speed leads to frequent handover, cell reselection or location area/track area update for an earth stationary UE.

The following identities are used in NR in terrestrial network for identifying a specific network entity [3, 4, 6]:
-  PLMN identifier

A Public Land Mobile Network is uniquely identified by its PLMN identifier. PLMN-Id consists of Mobile Country Code (MCC) and Mobile Network Code (MNC).

-
PLMN-Id = MCC || MNC
The allocation and assignment of Mobile Country Codes (MCCs) is administered by the ITU. The current assignment is available on ITU web site (https://www.itu.int/en/ITU-T/inr/Pages/default.aspx).

The assignment of Mobile network Codes (MNC) is the responsibility of each national numbering plan administrator. MNCs under MCC ranges 90x are administered by the ITU.
-
AMF Identifier: used to identify one or more AMF. 
The AMFI shall be constructed from an AMF Region ID, an AMF Set ID and an AMF Pointer. The AMF Region ID identifies the region, the AMF Set ID uniquely identifies the AMF Set within the AMF Region, and the AMF Pointer identifies one or more AMFs within the AMF Set.
<AMF Identifier> = <AMF Region ID><AMF Set ID><AMF Pointer>
AMF Region ID shall be of 8 bits length.

AMF Set ID shall be of 10 bits length.

AMF Pointer shall be of 6 bits length
-
NR Cell Global Identifier (NCGI): used to identify NR cells globally. The NCGI is constructed from the PLMN identity the cell belongs to and the NR Cell Identity (NCI) of the cell.


< NCGI> = < PLMN-Id > <NCI>




NCI shall be of 36 bit length including gNB ID and Cell ID.

-
gNB Identifier (gNB ID): used to identify gNBs within a PLMN. The gNB ID is contained within the NCI of its cells.

-
Global gNB ID: used to identify gNBs globally. The Global gNB ID is constructed from the PLMN identity the gNB belongs to and the gNB ID. The MCC and MNC are the same as included in the NCGI.

-
Tracking Area identity (TAI): used to identify tracking areas. The TAI is constructed from the PLMN identity the tracking area belongs to and the TAC (Tracking Area Code) of the Tracking Area.


The Tracking Area Identity (TAI) consists of a Mobile Country Code (MCC), Mobile Network Code (MNC), and Tracking Area Code (TAC)
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The TAI is composed of the following elements:

-
Mobile Country Code (MCC) identifies the country in which the PLMN is located. The value of the MCC is the same as the three digit MCC contained in the IMSI;

-
Mobile Network Code (MNC) is a code identifying the PLMN in that country. The value of the MNC is the same as the two or three digit MNC contained in the IMSI;

-
Tracking Area Code (TAC) is a fixed length code (of 2 octets for EPS and 3 octets for 5GC, respectively) identifying a Tracking Area within a PLMN. This part of the tracking area identification shall be coded using a full hexadecimal representation. The following are reserved hexadecimal values of the TAC.

-
Single Network Slice Selection Assistance information (S-NSSAI): identifies a network slice.
-   RNAU:RNA update is only applicable for RRC_INACTIVE state,

RRC_INACTIVE is a state where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF.



A UE in the RRC_INACTIVE state can be configured with an RNA, where:

-
the RNA can cover a single or multiple cells, and shall be contained within the CN registration area;

-
a RAN-based notification area update (RNAU) is periodically sent by the UE and is also sent when the cell reselection procedure of the UE selects a cell that does not belong to the configured RNA.

There are several different alternatives on how the RNA can be configured:

-
List of cells:

-
A UE is provided an explicit list of cells (one or more) that constitute the RNA.

-
List of RAN areas:

-
A UE is provided (at least one) RAN area ID, where a RAN area is a subset of a CN Tracking Area or equal to a CN Tracking Area. A RAN area is specified by one RAN area ID, which consists of a TAI and optionally a RAN area Code;

-
A cell broadcasts a RAN area ID in the system information.

NG RAN may provide different RNA definitions to different UEs but not mix different definitions to the same UE at the same time. UE shall support all RNA configuration options listed above.
The RRC_IDLE state and RRC_INACTIVE state tasks can be subdivided into three processes:

-
PLMN selection;

-
Cell selection and reselection;

-
Location registration and RNA update.

2.2 Challenges in NTN TA planning
Due to high speed movement of satellite, the serving satellite/beam/cell for an earth stationary UE will be changed every tens of minutes in a LEO network, which may lead to massive tracking area update or RNA update for UEs in RRC_IDLE state and RRC_INACTIVE state if the TA strategy of terrestrial network, i.e. TA is associated with base station, is used in NTN as well. Fig.1 illustrate the update of global beam identifier evolution based on the best Rx signal level of the satellite beam of P1 in Fig.2(a), where 1200km altitude is considered with 16 orbits, 36 satellites per orbit and 16 beams per satellite. The update rate of best beam is proportional to the TAU update rate given TA strategy.
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Figure 1 Evolution of update of global beam identifier based on best Rx signal level and TN strategy

Observation1: the TA strategy in terrestrial networks is not efficient in non-terrestrial networks, e.g. LEO, due to massive TAU/RNAU even for earth-stationary UEs.

Proposal1: Tracking area identity is planned and associated with geographical position, i.e. static on earth.
Considering proposal1, the TAI broadcast by a satellite NR cell should be updated when satellite flies to another TA planning area different from the previous one.

Proposal2: the TAI broadcast by a satellite NR cell should be updated according to the planned tracking area identity associated with geographical position.
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(a)  TAI Planning
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 (b) Beam Coverage                   (c) TAI coverage

Figure 2 TAI Planning- Beam Coverage- TAI coverage
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(a) Evolution of TAI identifier update of P1        (b) Evolution of TAI identifier update of P2
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(c) Evolution of TAI identifier update of P3

Figure 3 Evolution of TAI identifier update

In terrestrial network, TA/TA list is planned and broadcast to the UEs by Network in order to balance the load of TAU signalling and paging, where base station is usually mounted on a stationary tower, building or some infrastructures. But in NTN, e.g. LEO, the coverage of a satellite beam is tremendous larger than terrestrial mobile networks and the high-speed movement of satellite leads to frequent TAI updating broadcast based on TA planning, therefore different UEs in different geographical position will experience different TA update frequency. Usually TA list is used to decrease the TAU frequency, especially for those UEs in the border of TAs. In NTN, e.g. LEO, some of UEs may only observe one TA for all time, and others may experience specific evolution of TA update supposing only one TAI in the TA list. A unified TA list may not suitable for a moving satellite cell: larger TA list will lead to unnecessary paging load and smaller TA list will lead to higher TAU load.

As shown in Fig.2, (a) is the TAI planning map and the TAI broadcast by satellite cell is based on this map, with P1,P2 and P3 being highlighted; (b) is the beam coverage map considering Tx antenna pattern; (c) is the TAI coverage map, where each position is associated with a TAI based on the best cell;

As shown in Fig.3, (a) ~ (c) is the evolution of update of best cell TAI identifier for P1, P2 and P3, respectively shown in Fig.1-(a), and TA list of each UE can be determined based on each UE’s (in P1 P2 and P3) observation.

Based on the simulation results above, some observations are as follows:

Observation2: Even if TA planning is based on geographic position of satellite nadir, actual coverage of a TA is not a strict or static area on earth.
Observation3: Different UE in different position may observe different evolution of TA update, some of them are with static TA, and the others are with time-variant TA. 
Observation4: For those UEs with time-variant TA, TAs are limited to a limited group, which is relevant to TA planning.

Observation5: Beam coverage is much larger than cell coverage in a non-terrestrial network, i.e. 30000km2~780000km2, so TA list based on UE measurement/observation shall be considered as an effective approach to optimize UE-position-dependent TA list by which the paging load can be decreased tremendously.
Proposal3: UE assistant information, i.e. a TA list based on UE measurement/observation, shall be reported and utilized in non-terrestrial network.

Conclusion

In this contribution, the NTN Network tracking area identity is discussed with following observations and proposals 

Observation1: the TA strategy in terrestrial networks is not efficient in non-terrestrial networks, e.g. LEO, due to massive TAU/RNAU even for earth-stationary UEs.

Observation2: Even if TA planning is based on geographic position of satellite nadir, actual coverage of a TA is not a strict or static area on earth.
Observation3: Different UE in different position may observe different evolution of TA update, some of them are with static TA, and the others are with time-variant TA. 
Observation4: For those UEs with time-variant TA, TAs are limited to a limited group, which is relevant to TA planning.

Observation5: Beam coverage is much larger than cell coverage in a non-terrestrial network, i.e. 30000km2~780000km2, so TA list based on UE measurement/observation shall be considered as an effective approach to optimize UE-position-dependent TA list by which the paging load can be decreased tremendously.
Proposal1: Tracking area identity is planned and associated with geographical position, i.e. static on earth.
Proposal2: the TAI broadcast by a satellite NR cell should be updated according to the planned tracking area identity associated with geographical position.

Proposal3: UE assistant information, i.e. a TA list based on UE measurement/observation, shall be reported and utilized in non-terrestrial network.
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