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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 PLMN identity, gNB ID and Cell ID in NTN while considering NTN mobility.

Discussion

2.1 Introduction of Network identities
The following identities are used in NR in terrestrial network for identifying a specific network entity [3, 4, 6,7]:
-  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.
PLMN Identity consists of 3 digits from MCC followed by either:
- a filler digit plus 2 digits from MNC (in case of 2 digit MNC) or
- 3 digits from MNC (in case of 3 digit MNC).
-
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. 

2.2 Identification of a non-terrestrial network
Due to the different characteristics between terrestrial network and non-terrestrial-network, it is crucial to differentiate NTN from TN to facilitate differentiated solutions, procedures and operations etc. in NTN.

A simple way to differentiate NTN from TN is by PLMN id, more specifically, e.g. [8]: 

For a satellite or non-terrestrial-network, an MCC is allocated and assignment of MNCs are made by the Director of TSB and this resource is shared on the basis of MNCs being assigned to successful applicants. For the international telephone service, this shared identification resource can be associated with the corresponding ITU-T E.164 Country Code plus Identification Code (CC + IC).
Observation1: It is crucial to differentiate NTN from TN to facilitate differentiated solutions, procedures or operations etc. in NTN.

Proposal1: An indication is introduced to identify non-terrestrial network. The indication can be delivered via RRC signalling in an implicit or explicit way:

Opt1: Implicit indication: Specify values of PLMN ID are reserved for non-terrestrial network. An MCC is allocated and assignment of MNCs are made by the Director of TSB for a satellite or non-terrestrial-network.

Opt2: Explicit indication: Add a separate IE in SIB1 to indicate non-terrestrial network.

2.3 Discussion on logical RAN for non-GEO satellites

There are two alternatives for the allocation of gNB ID and cell ID/PCI for a non-GEO satellite cell:

Option1: gNB IDs and cell IDs/PCIs are associated with geographical area and satellite cells are continuously reconfigured with different gNB IDs and cell IDs according to satellites’ position so that gNB IDs and cell IDs are associated with geographical area.

Option2: gNB IDs and cell IDs/PCIs are associated with satellites’ cells and the foot print of the satellite beam will sweeping over the earth surface with the fixed gNB ID and cell ID/PCI.

The Option1 and option2 mentioned above are corresponding to the Stationary logical RAN(S-RAN) and Moving logical RAN(M-RAN) in [9], respectively. Pros and cons of S-RAN and M-RAN are analysed in the following.

S-RAN(option1) :

Pros: 

gNB IDs and cell IDs/PCIs are associated with geographical area, which is similar to the terrestrial network;

Some of the earth-stationary UEs may be served by the cells with unique gNB ID and cell ID/PCI;

Possible simple neighbouring cell relationship.

Cons: 

Geographical position based gNB ID and cell ID/PCI may lead to a sudden change of gNB ID and cell ID/PCI of a satellite cell.

Actually, cell ID is not just a logical ID but is used in physical layer to conclude cini of physical channel[10], e.g. PUSCH, PUCCH, DMRS for PUSCH/PDSCH/PBCH, PDSCH, PDCCH,PBCH, PSS and SSS, the worst impact of cell ID changing may be cell delete and cell re-establishment. 

More Handover is needed.

Handover is an effective way to switch the serving link from one cell to another when the quality of old link becoming worse or due to load balance etc.. But the risk of call drop is accompanied with the handover increase; unnecessary handover should always be avoided in wireless communication system.

The update of cell ID/PCI for a satellite cell is as similar as a handover procedure for those UEs served by the satellite cell before and after cell ID/PCI changing. The feasibility of such procedure need to be investigated.

Another alternative is that the UEs in RRC_CONNNECTED mode and served by the satellite cell with old cell ID need to be handovered to another cell or released before cell ID/PCI changing, which is complicated and need to be investigated. 

Agnostic UE behavior when Cell ID/PCI is suddenly changed,

E.g. how UE deal with historical measurement result and event-state after cell ID/PCI changing? It may be confused for those UEs performing cell measurement with different synchronizing timing before and after cell ID/PCI changing. 

Difficult gNB ID and cell ID/PCI planning globally

The satellite density may be different for different latitude, and higher density of satellites may be observed in higher latitude. So it is a great challenge to plan gNB ID and cell ID/PCI globally.

Potential PCI collision and inter-cell interference
A potential solution to determine gNB ID and cell ID/PCI is based on the position of nadir of satellite or the projection of beam centre on the earth surface. Any non-perfect planning will lead to potential PCI collision, i.e. two nearby cells share the same cell ID/PCI, which may bring serious inter-cell interference.

M-RAN(option2) :

Pros: 

Handover procedures in NR Uu interface can be re-utilized at most;

Minimum impact in UE including measurement, handover etc..

gNB ID or cell ID/PCI planning is simple and PCI collision can be avoided completely.

Cons: 

Dynamic neighbouring cell relationship

e.g. For the satellites in direct orbit and retrograde orbit will experience dynamic neighbouring cell relationship, which is predictable according to ephemeris.

Possible frequent TAU of UEs in idle mode

If TAI is associated with satellite, frequent TAU of UEs in idle mode may lead to periodical massive signalling.

Actually, if TAI is not associated with satellite but with geographical position, massive signalling of TAU can be avoided.

Proposal2: For a non-GEO network, especially for the global mobile-satellite systems, the architecture based on Moving logical RAN shall be prioritized;

Proposal3: In Moving logical RAN, geographical position-dependent TAI planning shall be prioritized.
Conclusion

In this contribution, the PLMN ID, gNB ID and cell ID in NTN is discussed with following observations and proposals 

Observation1: It is crucial to differentiate NTN from TN to facilitate differentiated solutions, procedures or operations etc. in NTN.

Proposal1: An indication is introduced to identify non-terrestrial network. The indication can be delivered via RRC signalling in an implicit or explicit way:

Opt1: Implicit indication: Specify values of PLMN ID are reserved for non-terrestrial network. An MCC is allocated and assignment of MNCs are made by the Director of TSB for a satellite or non-terrestrial-network.

Opt2: Explicit indication: Add a separate IE in SIB1 to indicate non-terrestrial network.

Proposal2: For a non-GEO network, especially for the global mobile-satellite systems, the architecture based on Moving logical RAN shall be prioritized;

Proposal3: In Moving logical RAN, geographical position-dependent TAI planning shall be prioritized.
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