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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
In RAN3#103 first discussion on handling of network identities in NTN took place [1][2][3][4]. Whereas RAN3 discusses the principles of handling network identities, RAN2 is responsible for the value range of the RRC parameters. This document gives an overview of the NR specifications related to multiple PLMN identities and discusses the restrictions for NTN.
Additionally, a text proposal for the TR 38.821 is provided. 
2. Discussion 
A Public Land Mobile Network (PLMN) is uniquely identified by its PLMN identifier. A PLMN-Identity consists of 
· Mobile Country Code (MCC) which presents the country and 
· Mobile Network Code (MNC) which identifies the network operator [5]. 
The network periodically broadcasts the PLMN identifier via SIB1 over the entire cell area. If radio access network (RAN) is shared, the PLMN identifiers of all available core network operators shall be broadcasted via plmn-IdentityList in SIB1 [6]. The total number of PLMN identities in the plmn-IdentityList is limited by maxPLMN which is specified by a number of 12 in case of NR [8].
Considering the large coverage of a satellite beam foot print, the limitation should be discussed in detail for NTN.
In [7], NTN reference scenarios are captured in Table 4.2-1 as in the following table:
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



The maximum beam foot print diameter for GEO satellite systems is specified by 500km, for LEO satellite systems it is specified by 200km [7]. Therefore, the coverage area of a GEO as well as of a LEO satellite is multiples larger than that of a terrestrial RAN. Several regions, countries or continents can be covered with one single satellite. 
Services provisioning across several countries may require different policies to be applied in the different countries e.g. for legal interception. Such policies must be applied at least for RRC Connected UEs. This can be realized by country specific PLMNs with the same or different core networks. Nevertheless, even within a country multiple PLMNs may be served according to SA2 [9].
Considering a 5G Multi-Operator Core Network (MOCN), one of the three specified satellite access class scenarios [9], the satellite access network is shared between multiple core networks. For each of these core networks, the PLMN should be broadcasted in the plmn-IdentitiyList. If the satellite beam covers several countries, the number of PLMN identifiers easily exceeds the maximum number of PLMN identities in the plmn-IdentityList which is declared as maxPLMN and specified with a value of 12 in [8]. A proposal to support MOCN in GEO based non-terrestrial access networks with regenerative satellite(s) is to increase maxPLMN.
Proposal 1:	For GEO and LEO based non-terrestrial access networks the maximum number of broadcasted PLMNs maxPLMN should be increased.
In order to determine a reasonable value for maxPLMN, we have to define a worst case scenario. Looking to Europe, a coverage area with a diameter of 500km may cover 6 or even 7 countries. For example, if a circle with a radius of 250km is created around Skopje, the capital of Macedonia, the coverage area includes parts of the countries Macedonia, Albania, Greece, Bulgaria, Kosovo, Serbia and Montenegro, see Figure 1. Assuming two operators per country, we end up with a need of 2 ∙7 = 14 PLMN identities. With four or six operators per country, there are 28 or 42 PLMN identities needed, respectively.
[image: F:\03-ESA\02-3gpp_output\RAN2_105bis_Xian\Screenshot_20190325_091819.png]
[bookmark: _Ref4401953][bookmark: _Ref4401935]Figure 1 Coverage area of a circle with a radius of 250km around Skopje, Macedonia[10]
Another example in Europe is the coverage area with Interlaken in Switzerland as circle centre, see Figure 2. Operators of Switzerland, France, Germany, Austria, Liechtenstein and Italy could share the satellite access network. If there are two operators per country sharing the access network, 12 PLMN identities are needed. With four or six operators per country, there is a need of 24 or 36 PLMN identities, respectively.
Observation: 	Assuming a satellite beam foot print with a diameter of 500km, the coverage area may cover parts of 6 or 7 countries in Europe.
Proposal 2: 	For non-terrestrial access networks the maximum number of broadcasted PLMNs maxPLMN should be in the range between 14 and 42. The final number shall be determined during stage 3.

[image: F:\03-ESA\02-3gpp_output\RAN2_105bis_Xian\Screenshot_20190325_095856.png]
[bookmark: _Ref4401966]Figure 2 Coverage area of a circle with a radius of 250km around Interlaken, Switzerland [10]


3. Conclusion and Proposals
In this document we analyzed multiple PLMN identities in NTN. We conclude that the maximum number of broadcasted PLMNs maxPLMN should be increased for the scenarios with regenerative satellites. The following observations and proposals are made:
Observation: 	Assuming a satellite beam foot print with a diameter of 500km, the coverage area may cover parts of 6 or 7 countries in Europe.

Proposal 1:	For GEO and LEO based non-terrestrial access networks the maximum number of broadcasted PLMNs maxPLMN should be increased.
Proposal 2:	For non-terrestrial access networks the maximum number of broadcasted PLMNs maxPLMN should be in the range between 14 and 42. The final number shall be determined during stage 3.
4. Proposed text 
Chapter 7.3 in 3GPP TR 38.821 [7] captures the control plane enhancements of the study item on solutions evaluation for NR to support NTN. We propose the following section on network identities for agreement. 

* * * Start of changes * * * * (NEW TEXT)
[bookmark: _Toc530645506][bookmark: _Toc527965845][bookmark: _Toc530645507]7.3 		Control plane enhancements 
7.3.x Network Identities
7.3.x.1 Multiple PLMN Identities
Problem statement
The coverage area of a satellite access network is significantly larger than that of a terrestrial RAN. Several regions, countries or continents can be covered with one single satellite. 
If access network is shared, the PLMN identifiers of all available core network operators shall be broadcasted via plmn-IdentityList in SIB1 [TS 23.251]. The total number of PLMN identities in the plmn-IdentityList is limited by maxPLMN which is specified by a number of 12 in case of NR [TS 38.331] 
Considering a 5G Multi-Operator Core Network (MOCN), the number of PLMN identities may increase 12. 
Possible Solution
For satellite based non-terrestrial access networks with regenerative satellite(s) the maximum number of broadcasted PLMNs maxPLMN should be increased to support MOCN.

* * * End of changes * * * * (NEW TEXT)
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