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This paper discusses the meaning of equivalent PLMN in SA2 and the PLMNs in registration area and equivalent PLMNs list at NAS level, and also it’s the impact on Registration Area and Service Restriction Area allocation and NSSAI. 
Introduction
Following are some highlighted text copied from various specifications that shows the meaning of the terms and lists in scope of this DP.
1. Current description and definition of the Equivalent PLMN list and PLMNs in TAI list.
TS 23.122 has following description:

4.4.3
PLMN selection

…..

The Mobile Equipment stores a list of "equivalent PLMNs". This list is replaced or deleted at the end of each location update procedure, routing area update procedure, GPRS attach procedure, tracking area update procedure, EPS attach procedure, and 5GS registration procedure. The list is deleted by an MS attached for emergency bearer services after detach. The stored list consists of a list of equivalent PLMNs as downloaded by the network plus the PLMN code of the registered PLMN that downloaded the list. All PLMNs in the stored list, in all access technologies supported by the PLMN, are regarded as equivalent to each other for PLMN selection, cell selection/re-selection and handover.
When the MS reselects to a cell in a shared network, and the cell is a suitable cell for multiple PLMN identities received on the BCCH or on the EC-BCCH the AS indicates these multiple PLMN identities to the NAS according to 3GPP TS 44.018 [34], 3GPP TS 44.060 [39], 3GPP TS 25.304 [32] and 3GPP TS 36.304 [43]. The MS shall choose one of these PLMNs. If the registered PLMN is available among these PLMNs, the MS shall not choose a different PLMN. 
4.5.2
Initiation of Location Registration

An LR request indicating Normal Updating is made when, in idle mode,

-
the MS changes cell while the update status is "NOT UPDATED"; (for MS capable of GPRS and non-GPRS services when at least one of both update statuses is "NOT UPDATED") 

-
the MS detects that it has entered a new registration area, i.e., when the received registration area identity differs from the one stored in the MS, and the LAI, TAI or PLMN identity is not contained in any of the lists of "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs" respectively, while being in one of the following update statuses:

-
UPDATED;

-
NOT UPDATED;

-
ROAMING NOT ALLOWED. 
-
the MS detects that it has entered a registration area that has the same identity as the one stored in the MS, while the update status is "ROAMING NOT ALLOWED", and the LAI, TAI or PLMN identity is not contained in any of the lists of "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs" respectively.
-
the Periodic Location Updating Timer expires while the non-GPRS update status is "NOT UPDATED" (triggers Location Updating);

-
the Periodic Routing Area Update timer expires while the GPRS update status is "NOT UPDATED" (triggers Routing Area Update);

-
the Periodic Tracking Area Update timer expires while the EPS update status is "NOT UPDATED" (triggers Tracking Area Update);
-
a manual network reselection has been performed, an acceptable cell of the selected PLMN is present, and the MS is not in the update status "UPDATED" on the selected PLMN; or

-
emergency bearer services over packet services are requested by upper layers.
An MS which is attached for PS services and enters a new PLMN shall perform a routeing area update or a tracking area update or an MS which is registered via NG-RAN and enters a new PLMN shall perform a registration update if the following conditions are fulfilled:
-
if the MS is in S1 mode, the currently stored TAI list does not contain the TAI of the current serving cell;

-
the LAI, TAI or PLMN identity of the current serving cell is not contained in any of the lists "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs", or the MS has a PDN connection for emergency bearer services;
-
the current update state is different from "Idle, No IMSI"; and

-
the MS is configured to perform the attach procedure with IMSI at PLMN change (see "AttachWithIMSI" leaf of the NAS configuration MO in 3GPP TS 24.368 [50] or USIM file NASCONFIG in 3GPP TS 31.102 [40]) and the new PLMN is the registered PLMN or an equivalent PLMN; or

Editor's note: It is FFS whether an MS can be configured to perform registration via NG-RAN at PLMN change.

-
the MS is not configured to perform the attach procedure with IMSI at PLMN change.
If the new PLMN the MS has entered is neither the registered PLMN nor an equivalent PLMN, an MS which is attached for PS services and configured to perform the attach procedure with IMSI at PLMN change (see "AttachWithIMSI" leaf of the NAS configuration MO in 3GPP TS 24.368 [50] or USIM file NASCONFIG in 3GPP TS 31.102 [40]) shall perform an attach procedure using IMSI as mobile identity.

TS 24.501 (same as TS 24.301 and 24.008) has following description:

5.3.14
List of equivalent PLMNs

The UE shall store a list of equivalent PLMNs. These PLMNs shall be regarded by the UE as equivalent to each other for PLMN selection and cell selection/re-selection. The same list is used by 5GMM, EMM, GMM and MM (see 3GPP TS 24.301 [15] and 3GPP TS 24.008 [12]) except for the case when the UE operates in dual-registration mode (see subclause 4.8.3).

The UE shall update or delete this list at the end of each registration procedure. The stored list consists of a list of equivalent PLMNs as downloaded by the network plus the PLMN code of the registered PLMN that downloaded the list. When the UE is switched off, the UE shall keep the stored list so that it can be used for PLMN selection after switch on. The UE shall delete the stored list if the USIM is removed or when the UE registered for emergency services enters the state 5GMM-DEREGISTERED. The maximum number of possible entries in the stored list is 16.
8.2.7
Registration accept
8.2.7.1
Message definition
The REGISTRATION ACCEPT message is sent by the AMF to the UE. See table 8.2.7.1.1.

Message type:
REGISTRATION ACCEPT
Significance:

dual

Direction:


network to UE

Table 8.2.7.1.1: REGISTRATION ACCEPT message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Extended protocol discriminator
	Extended protocol discriminator

9.2
	M
	V
	1

	
	Security header type
	Security header type

9.3
	M
	V
	1/2

	
	Spare half octet
	Spare half octet

9.5
	M
	V
	1/2

	
	Registration accept message identity
	Message type

9.7
	M
	V
	1

	
	5GS registration result
	5GS registration result

9.11.3.6
	M
	LV
	2

	2C
	5G-GUTI
	5GS mobile identity

9.11.3.4
	O
	TLV
	13

	4A
	Equivalent PLMNs
	PLMN list

9.11.3.45
	O
	TLV
	5-47

	54
	TAI list
	5GS tracking area identity list

9.11.3.9
	O
	TLV
	9-114


10.5.1.13
PLMN list

The purpose of the PLMN List information element is to provide a list of PLMN codes to the mobile station.

The PLMN List information element is coded as shown in figure 10.5.13/3GPP TS 24.008 and table 10.5.13/3GPP TS 24.008.

The PLMN List is a type 4 information element with a minimum length of 5 octets and a maximum length of 47 octets.

	8
	7
	6
	5
	4
	3
	2
	1
	

	
	PLMN List IEI
	octet 1

	Length of PLMN List contents
	octet 2

	MCC digit 2, PLMN 1
	MCC digit 1, PLMN 1
	octet 3

	MNC digit 3, PLMN 1
	MCC digit 3, PLMN 1
	octet 4

	MNC digit 2, PLMN 1
	MNC digit 1, PLMN 1
	octet 5

	
	
	

	
	
	

	
	
	

	MCC digit 2, PLMN 15
	MCC digit 1, PLMN 15
	octet 45

	MNC digit 3, PLMN 15
	MCC digit 3, PLMN 15
	octet 46

	MNC digit 2, PLMN 15
	MNC digit 1, PLMN 15
	octet 47


Figure 10.5.13/3GPP TS 24.008 PLMN List information element
	MCC, Mobile country code (octet 3, octet 4 bits 1 to 4)

The MCC field is coded as in ITU-T Rec. E212, Annex A. 

MNC, Mobile network code (octet 5, octet 4 bits 5 to 8).

The coding of this field is the responsibility of each administration but BCD coding shall be used. The MNC shall consist of 2 or 3 digits. For PCS 1900 for NA, Federal regulation mandates that a 3-digit MNC shall be used. However a network operator may decide to use only two digits in the MNC over the radio interface. In this case, bits 5 to 8 of octet 4 shall be coded as "1111". Mobile equipment shall accept MNC coded in such a way.




Table 10.5.13/3GPP TS 24.008: PLMN List information element

9.11.3.9
5GS tracking area identity list

	8
	7
	6
	5
	4
	3
	2
	1
	

	0

Spare
	Type of list
	Number of elements
	octet 1

	MCC digit 2
	MCC digit 1
	octet 2

	MNC digit 3
	MCC digit 3
	octet 3

	MNC digit 2
	MNC digit 1
	octet 4

	TAC 1
	octet 5

	TAC 1 (continued)
	octet 6

	TAC 1 (continued)
	octet 7

	MCC digit 2
	MCC digit 1
	octet 8*

	MNC digit 3
	MCC digit 3
	octet 9*

	MNC digit 2
	MNC digit 1
	octet 10*

	TAC 2
	octet 11*

	TAC 2 (continued)
	octet 12*

	TAC 2 (continued)
	octet 13*

	…
	

	…
	

	MCC digit 2
	MCC digit 1
	octet 6k-4*

	MNC digit 3
	MCC digit 3
	octet 6k-3*

	MNC digit 2
	MNC digit 1
	octet 6k-2*

	TAC k
	octet 6k-1*

	TAC k (continued)
	octet 6k*

	TAC k (continued)
	octet 6k+1*


Figure 9.11.3.9.4: Partial tracking area identity list – type of list = "10"

2. Service Area Restriction.

TS 24.501 has following description:
5.3.5
Service area restrictions
Service area restrictions are applicable only to 3GPP access.

The service area restrictions consist of either an allowed area, or a non-allowed area. The allowed area can contain up to 16 tracking areas or include all tracking areas in a PLMN. The non-allowed area can contain up to 16 tracking areas. The network conveys the service area restrictions to the UE by including either an allowed area, or a non-allowed area, but not both, in the Service area list IE of a REGISTRATION ACCEPT message or a CONFIGURATION UPDATE COMMAND message.

If the network does not convey the service area restrictions to the UE in the Service area list IE of a REGISTRATION ACCEPT message, the UE shall treat all tracking areas in the registered PLMN and its equivalent PLMN(s) as allowed area and delete the stored list of "allowed tracking areas" or the stored list of "non-allowed tracking areas" for the registered PLMN and its equivalent PLMN(s).
3. NSSAI.

TS 23.501 has following description:
3.1
Definitions

Allowed NSSAI: NSSAI provided by the Serving PLMN during e.g. a Registration procedure, indicating the S-NSSAIs values the UE could use in the Serving PLMN for the current registration area.

Configured NSSAI: NSSAI provisioned in the UE applicable to one or more PLMNs.

5.15.2.1
General

An S-NSSAI identifies a Network Slice.

An S-NSSAI is comprised of:

-
A Slice/Service type (SST), which refers to the expected Network Slice behaviour in terms of features and services;

-
A Slice Differentiator (SD), which is optional information that complements the Slice/Service type(s) to differentiate amongst multiple Network Slices of the same Slice/Service type.

An S-NSSAI can have standard values (i.e. such S-NSSAI is only comprised of an SST with a standardised SST value, see clause 5.15.2.2, and no SD) or non-standard values (i.e. such S-NSSAI is comprised of either both an SST and an SD or only an SST without a standardised SST value and no SD). An S-NSSAI with a non-standard value identifies a single Network Slice within the PLMN with which it is associated. An S-NSSAI with a non-standard value shall not be used by the UE in access stratum procedures in any PLMN other than the one to which the S-NSSAI is associated.

The S-NSSAIs in the NSSP of the URSP rules (see TS 23.503 [45] clause 6.6.2) and in the Subscribed S-NSSAIs (see clause 5.15.3) contain only HPLMN S-NSSAI values.

The S-NSSAIs in the Configured NSSAI, the Allowed NSSAI (see clause 5.15.4.1), the Requested NSSAI (see clause 5.15.5.2.1), the Rejected S-NSSAIs contain only values from the Serving PLMN. The Serving PLMN can be the HPLMN or a VPLMN.
5.15.4
UE NSSAI configuration and NSSAI storage aspects

5.15.4.1
General

5.15.4.1.1
UE Network Slice configuration

The Network Slice configuration information contains one or more Configured NSSAI(s). A Configured NSSAI may either be configured by a Serving PLMN and apply to the Serving PLMN, or may be a Default Configured NSSAI configured by the HPLMN and that applies to any PLMNs for which no specific Configured NSSAI has been provided to the UE. There is at most one Configured NSSAI per PLMN.

NOTE 1:
The value(s) used in the Default Configured NSSAI are expected to be commonly decided by all roaming partners, e.g. by the use of values standardized by 3GPP or other bodies.

The Default Configured NSSAI, if it is configured in the UE, is used by the UE in a Serving PLMN only if the UE has no Configured NSSAI for the Serving PLMN.
The Configured NSSAI of a PLMN may include S-NSSAIs that have standard values or PLMN-specific values.

The Configured NSSAI for the Serving PLMN includes the S-NSSAI values which can be used in the Serving PLMN and may be associated with mapping of each S-NSSAI of the Configured NSSAI to one or more corresponding HPLMN S-NSSAI values.
The Default Configured NSSAI may be pre-configured in the UE.

4. Observations of Equivalent PLMN list and Possible PLMNs in the TAI list and the impacts on RA, SA and NSSAI
a. Registration Area allocation

According to the definition of Registration Area in 24.501 (and TAI list in 24.301), it’s allowed to include TAIs from different PLMNs in the Registration Accept/ Attach Accept or TAU Accept message. 

When such configuration happens, PLMN change during Service Request procedure is allowed. However, there is no AMF or MME change allowed during Service Request procedure currently in SA2. This means in case of TAIs from different PLMNs, all these PLMNs are supported (or served) by the AMF. 
If a cell/TAI from different PLMN, but still part of the TAI list, is selected by UE at RRC resume procedure, shall the new selected PLMN be provided to RAN and RAN shall forward the new PLMN/ULI to AMF? 
· As long as the AMF allocates TAIs from different PLMNs in the TAI list, it means AMF is not interested in the PLMN change.

Observation 1: If AMF or MME wants to allocate TAIs from different PLMNs in the Registration Area or TAI list. All the PLMNs/TAIs shall be supported/served by the current AMF or MME.
The Equivalent PLMN list, that provided by AMF or MME to UE in the Registration Accept/Attach Accept or TAU accept, is to facilitate the cell (re-)selection procedure at the UE side (e.g. save battery by avoiding the PLMN selection procedure). There is no requirement that a PLMN in the equivalent PLMN list shall be supported by the current AMF or MME, e.g. 2 PLMNs has totally separate core network (but supports communication, e.g. with N14/S10 or N26) can still consider each other as equivalent PLMN.
Observation 2: When AMF or MME include a PLMN in the equivalent PLMN list, it can either be a PLMN that is supported by the current AMF or MME, or a PLMN that is not supported by the current AMF or MME. 
Observation 3: The PLMNs in the Equivalent PLMN list and the PLMNs in the Registration Area are not logically bundled to each other. A PLMN which is part of TAI list shall normally be included in the Equivalent PLMN list. But a PLMN in the Equivalent PLMN list is not necessary be part of the TAI list. It’s not clearly in current SA2 if it refers to PLMNs in the TAI list or the PLMN in the Equivalent PLMN list when term “Equivalent PLMN” is used in SA2 TSs.
b. Impact on the Service Restriction Area

The Service Restriction Area is provided to UE at every Registration Accept message and UE Configuration Update Command. Lacking of such info means no service restriction area is provided and any stored info in UE related to service restriction area shall be removed.
Observation 4: UE will get Service Restriction Area information at every Registration procedure if there is any. No need to provide Service Restriction Area info outside the current Registration Area.
Observation 5: In case of Registration Area includes TAIs from different PLMNs, it shall be possible to provide Service Restriction Area info from different PLMNs which are part of the current Registration Area (TAI list). 
c. Impact on the NSSAI 

Based on the current SA2 and CT1 specification, when AMF sends allowed NSSAI, configured NSSAI and rejected NSSAI, it is only related to the serving PLMN. However, in case of Registration Area with multiple PLMNs, NSSAI shall include all PLMNs included in the Registration area.
Observation 6:  The Allowed NSSAI includes S-NSSAIs supported by the serving PLMN, and PLMNs the UE allowed to access in the TAI list of the Registration Area. 
Observation 7: The configured NSSAI includes S-NSSAIs supported by the serving PLMN, i.e. current assumption is that it is only applicable to one serving/registered PLMN e.g. it does not consider PLMNs in the TAI list of the Registration Area. 
Proposal: If possible, optimize the PLMNs the Configured NSSAI applies to e.g. make it applicable to all PLMNs of the Registration Area and/or optionally AMF may send also the configured NSSAI for other PLMNs than the registered/serving PLMN (e.g. also the PLMNs in the equivalent PLMNs).
Observation 8: The Rejected S-NSSAI only includes the S-NSSAIs relevant in this current registration, i.e. if the TAI list includes TAIs from different PLMNs, then the S-NSSAIs requested by UE but are not supported by these PLMNs will be included in the rejected S-NSSAI.
Proposal

1. clarify “equivalent PLMN” term used in Service Area Restriction and Registration Area (i.e. TAI list) description. See CR in S2-1810242.
2. Clarify multiple PLMNs possibility in Configured/Allowed/Rejected NSSAI. See CR S2-1810243.

3. Reply to CT1 LS accordingly, i.e. see draft LS out in S2-1810238.
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