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1
Introduction
In TR23.700-07 clause 8.1.2, one NOTE mentions:

-
Needed updates to find the correct source or target AMF and what are the applicable UE identities in the registration message will be determined in normative phase.

This contribution discusses the above and identifies a way forward 1) to identify the old AMF of the source network and to do so 2) which UE identity to indicate in the registration procedure

2
Background
A UE in state 5GMM-REGISTERED initiates the mobility and periodic registration update when it detects entering a TA not in the current registration area, and includes a UE identity as specified in TS24.501 i.e.

	The UE shall handle the 5GS mobile identity IE in the REGISTRATION REQUEST message as follows:

a)
if the UE is operating in the single-registration mode, performs inter-system change from S1 mode to N1 mode, and the UE holds a valid 4G-GUTI, the UE shall include the 5G-GUTI mapped from the 4G-GUTI as specified in 3GPP TS 23.003 [4] in the 5GS mobile identity IE. Additionally, if the UE holds a valid 5G‑GUTI, the UE shall include the 5G-GUTI in the Additional GUTI IE in the REGISTRATION REQUEST message in the following order:

1)
a valid 5G-GUTI that was previously assigned by the same PLMN with which the UE is performing the registration, if available;

2)
a valid 5G-GUTI that was previously assigned by an equivalent PLMN, if available; and

3)
a valid 5G-GUTI that was previously assigned by any other PLMN, if available; and

NOTE 3:
The 5G-GUTI included in the Additional GUTI IE is a native 5G-GUTI.

b)
for all other cases, if the UE holds a valid 5G-GUTI, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE.


If the mobility registration update procedure fails, the UE initiates the initial registration procedure and indicates the following UE identity(ies) as specified in TS24.501:

	During initial registration the UE handles the 5GS mobile identity IE in the following order:

a)
if:

1)
the UE:

i)
was previously registered in S1 mode before entering state EMM-DEREGISTERED; and

ii)
has received an "interworking without N26 interface not supported" indication from the network; and

2)
EPS security context and a valid 4G-GUTI are available;


then the UE shall create a 5G-GUTI mapped from the valid 4G-GUTI and indicate the mapped 5G-GUTI in the 5GS mobile identity IE. The UE shall include the UE status IE with the EMM registration status set to "UE is not in EMM-REGISTERED state" and shall include an ATTACH REQUEST message as specified in 3GPP TS 24.301 [15] in the EPS NAS message container IE.


Additionally, if the UE holds a valid 5G‑GUTI, the UE shall include the 5G-GUTI in the Additional GUTI IE in the REGISTRATION REQUEST message in the following order:

1)
a valid 5G-GUTI that was previously assigned by the same PLMN with which the UE is performing the registration, if available;

2)
a valid 5G-GUTI that was previously assigned by an equivalent PLMN, if available; and

3)
a valid 5G-GUTI that was previously assigned by any other PLMN, if available;
b)
if the UE holds a valid 5G-GUTI that was previously assigned, over 3GPP access or non-3GPP access, by the same PLMN with which the UE is performing the registration, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

c)
if the UE holds a valid 5G-GUTI that was previously assigned, over 3GPP access or non-3GPP access, by an equivalent PLMN, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

d)
if the UE holds a valid 5G-GUTI that was previously assigned, over 3GPP access or non-3GPP, by any other PLMN, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

e)
if a SUCI is available the UE shall include the SUCI in the 5GS mobile identity IE; and

f)
if the UE does not hold a valid 5G-GUTI or SUCI, and is initiating the registration procedure for emergency services, the PEI shall be included in the 5GS mobile identity IE.


.
Observation 1: The UE that is registered, performs mobility registration update when entering a TA that is not part of its Registration Area. If mobility registration update procedure fails, the UE initiates initial registration procedure. The UE provides suitable UE identity(ies) in order to assist the new AMF fetching the UE context from the source network.
3
Discussion

3.1
Registration procedure 

In Rel-17, UE may move between PLMN and SNPN or between SNPNs. It is proposed to follow the same behaviour as described in clause 2.1.1 i.e. a UE in state 5GMM-REGISTERED initiates the mobility and periodic registration update when it detects entering a TA not in the current registration area i.e. regardless whether it is in an SNPN or not.
Proposal 1: a UE in state 5GMM-REGISTERED initiates the mobility and periodic registration update when it detects entering a TA not in the current registration area i.e. regardless whether it is in an SNPN or not. If mobility registration update procedure fails, UE initiates initial registration procedure to the target network.
Proposal 2: a UE in state 5GMM-DEREGISTERED initiates the initial registration procedure, as specified.
3.2
5G-GUTI limitation
A 5G GUTI consists of GUAMI and 5G-TMSI – it is meant to be globally unique via uniquely identifying an “AMF” and the temporary identity assigned by this “AMF” to the mobile subscriber. 

The GUAMI (Globally Unique AMF ID) consists of MCC, MNC and AMF related information (i.e., AMF Region ID, AMF Set ID and AMF pointer). It aims at uniquely identifying an AMF on a global scale, with the underlying assumption that AMFs belong to PLMNs (as identified by MCC, MNC) i.e.

-
The AMF Region ID, AMF Set ID and AMF pointer allow to pinpoint one AMF within a network

-
The network is identified by MCC and MNC (i.e. PLMN ID)

An SNPN ID consists of a PLMN ID (MCC, MNC) and NID. Not only is the PLMN ID of an SNPN not required to be unique (as noted in clause 5.30.2.1 of TS23.501, see below), but the NID being also absent from the GUAMI definition means the GUAMI does not allow to uniquely identify an SNPN’s AMF.
	NOTE 1:
The PLMN ID used for SNPNs is not required to be unique. PLMN IDs reserved for use by private networks can be used for non-public networks, e.g. based on mobile country code (MCC) 999 as assigned by ITU [78]). Alternatively, a PLMN operator can use its own PLMN IDs for SNPN(s) along with NID(s), but registration in a PLMN and mobility between a PLMN and an SNPN are not supported using an SNPN subscription given that the SNPNs are not relying on network functions provided by the PLMN.


In addition, an AMF may not be able to recognize whether 5G-GUTI was assigned by an SNPN or not given the above note. Furthermore, if a PLMN operator uses its own PLMN ID for SNPNs, the the 5G-GUTI might not enable distinguishing PLMN subscriber and this PLMN’s SNPNs’ subscribers (unless the AMF identifiers are segregated i.e. coordinated between the PLMN and the SNPNs). 
Observation 2: the GUAMI does not allow to systematically and uniquely identify an SNPN’s AMF. As a result, the 5G-GUTI, when assigned by an SNPN, is not globally unique. Therefore, upon registration, an AMF may not be able to fetch the UE context solely relying on the 5G-GUTI if this 5G-GUTI was assigned by an SNPN.

To solve the above issues observed in Observation 2, the following proposal is made.
Proposal 3:
When including a 5G-GUTI assigned by an SNPN in the registration procedure to a network:

-
If this network is not the SNPN that assigned the 5G-GUTI, the UE also includes the NID of the SNPN ID of this SNPN in the registration procedure. The AMF of this network may then decide to
-
proceed to retrieve the UE context if the assignment mode of NID is coordinated assignment mode as specified in clause 5.30.2.1 of TS 23.501; or
-
request UE identity (the SUCI) as specified in steps 6 and 7 in clause 4.2.2.2.2 of TS 23.502.
-
Otherwise, if this network is the SNPN that assigned the 5G-GUTI, the UE need not include the NID. 
Proposal 3 works if the UE is aware that the network is able to detect a NID is indicated by the UE. If the UE does not know whether or not the network can do so or if the UE knows the network cannot do so, the UE does not include a 5G-GUTI assigned by an SNPN.

Proposal 4: The UE may only include the 5G-GUTI assigned by an SNPN and the NID of this SNPN at registration if the UE knows the network is able to decode a NID is included (e.g. by SIB indication
 when the UE is CM-IDLE). The UE does not include the 5G-GUTI (nor NID) assigned by an SNPN otherwise in which case it includes the SUCI instead if available.
3.3
Registration procedure
3.3.1
Initial Registration
3.3.1.1
To a PLMN

As seen above, the UE identity included by the UE upon initial registration follows the rules below:

	During initial registration the UE handles the 5GS mobile identity IE in the following order:

a)
if:

1)
the UE:

i)
was previously registered in S1 mode before entering state EMM-DEREGISTERED; and

ii)
has received an "interworking without N26 interface not supported" indication from the network; and

2)
EPS security context and a valid 4G-GUTI are available;


then the UE shall create a 5G-GUTI mapped from the valid 4G-GUTI and indicate the mapped 5G-GUTI in the 5GS mobile identity IE. The UE shall include the UE status IE with the EMM registration status set to "UE is not in EMM-REGISTERED state" and shall include an ATTACH REQUEST message as specified in 3GPP TS 24.301 [15] in the EPS NAS message container IE.


Additionally, if the UE holds a valid 5G‑GUTI, the UE shall include the 5G-GUTI in the Additional GUTI IE in the REGISTRATION REQUEST message in the following order:

1)
a valid 5G-GUTI that was previously assigned by the same PLMN with which the UE is performing the registration, if available;

2)
a valid 5G-GUTI that was previously assigned by an equivalent PLMN, if available; and

3)
a valid 5G-GUTI that was previously assigned by any other PLMN, if available;
b)
if the UE holds a valid 5G-GUTI that was previously assigned, over 3GPP access or non-3GPP access, by the same PLMN with which the UE is performing the registration, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

c)
if the UE holds a valid 5G-GUTI that was previously assigned, over 3GPP access or non-3GPP access, by an equivalent PLMN, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

d)
if the UE holds a valid 5G-GUTI that was previously assigned, over 3GPP access or non-3GPP, by any other PLMN, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

e)
if a SUCI is available the UE shall include the SUCI in the 5GS mobile identity IE; and

f)
if the UE does not hold a valid 5G-GUTI or SUCI, and is initiating the registration procedure for emergency services, the PEI shall be included in the 5GS mobile identity IE.


Proposal 5: Following Proposals 3 and 4, it is proposed to allow the UE to include a 5G-GUTI (with NID) assigned by an SNPN, when the UE has depleted all options to include a valid 5G-GUTI from a PLMN. This would apply at least in case the PLMN ID of the SNPN is the same as the PLMN ID of the PLMN the UE is registering to i.e. for networks in the same family (where e.g. some coordination could take place). This would need to be introduced between case d) and e) above as follows:
x)
if the UE holds a valid 5G-GUTI that was previously assigned by an SNPN with the same PLMN ID, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE and NID (if supported by the network).

3.3.1.2
To an SNPN

As defined in 23.502 clause 4.2.2.2.2 (Rel-16): When registering with an SNPN with 5G-GUTI as UE identity, the UE shall only use the 5G-GUTI previously assigned by the same SNPN.

The proposal below is therefore made based upon existing rules for initial registration to a PLMN.

Following Proposals 3 and 4, and existing rules for PLMNs, it is observed that

-
Case a) is not applicable: there is no interworking defined between EPS and SNPN. 

-
Case b) applies as is to SNPN i.e. replacing “PLMN” by “SNPN”, with omission of non-3GPP access.

-
Case c) is not applicable as there is no concept of equivalent SNPN in Rel-16 and Rel-17

-
Case d) is not applicable in view of the above rule. However it could be discussed whether the following is applicable i.e. when the 5G-GUTI belongs to the same family of networks i.e. with the same PLMN ID (e.g. some coordination is not unreasonable to assume between these networks). 
-
the 5G-GUTI was previously assigned by a PLMN of which the PLMN ID is the same as the PLMN ID of the SNPN the UE is registering to; or [marked “To be discussed” below]
-
the 5G-GUTI was previously assigned by an SNPN of which the PLMN ID is the same as the PLMN ID of the SNPN the UE is registering to. [marked “To be discussed” below]
Whether to apply case d) in other scenarios is unclear.
-
Case e) is applicable

-
Case f) is applicable if emergency services are supported by the SNPN the UE is registering to as per TR conclusions
Given this:

Proposal 6:
During initial registration to an SNPN, the UE handles the 5GS mobile identity IE in the following order:

a)
if the UE holds a valid 5G-GUTI that was previously assigned by the same SNPN with which the UE is performing the registration, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

b)
if the UE holds a valid 5G-GUTI that was previously assigned by a PLMN of which the PLMN ID is the same as the PLMN ID of the SNPN the UE is registering to, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE; [To be discussed]
c)
if the UE holds a valid 5G-GUTI that was previously assigned by an SNPN of which the PLMN ID is the same as the PLMN ID of the SNPN the UE is registering to, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE and the UE shall include the NID; [To be discussed]
d)
if a SUCI is available the UE shall include the SUCI in the 5GS mobile identity IE; and

e)
if the UE does not hold a valid 5G-GUTI or SUCI, and is initiating the registration procedure for emergency services, the PEI shall be included in the 5GS mobile identity IE
3.3.2
Mobility Registration
3.3.2.1
General
As per Proposal 1 a UE in state 5GMM-REGISTERED initiates the mobility and periodic registration update when it detects entering a TA not in the current registration area i.e. regardless whether it is in an SNPN or not. Three cases need to be specified i.e. from SNPN to PLMN, from PLMN to SNPN and from SNPN to SNPN.

Current rules as indicated above are:

	The UE shall handle the 5GS mobile identity IE in the REGISTRATION REQUEST message as follows:

a)
if the UE is operating in the single-registration mode, performs inter-system change from S1 mode to N1 mode, and the UE holds a valid 4G-GUTI, the UE shall include the 5G-GUTI mapped from the 4G-GUTI as specified in 3GPP TS 23.003 [4] in the 5GS mobile identity IE. Additionally, if the UE holds a valid 5G‑GUTI, the UE shall include the 5G-GUTI in the Additional GUTI IE in the REGISTRATION REQUEST message in the following order:

1)
a valid 5G-GUTI that was previously assigned by the same PLMN with which the UE is performing the registration, if available;

2)
a valid 5G-GUTI that was previously assigned by an equivalent PLMN, if available; and

3)
a valid 5G-GUTI that was previously assigned by any other PLMN, if available; and

NOTE 3:
The 5G-GUTI included in the Additional GUTI IE is a native 5G-GUTI.

b)
for all other cases, if the UE holds a valid 5G-GUTI, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE.


3.3.2.2
From SNPN to PLMN

Proposal 7: 
-
Similar to proposal 5 and following proposals 3 and 4, it is proposed in case a) above to allow the UE to include a 5G-GUTI (with NID) assigned by an SNPN, when the UE has depleted all options to include a valid 5G-GUTI from a PLMN (i.e. 1, 2, 3 above) This applies at least in case the PLMN ID of the SNPN is the same as the PLMN ID of the PLMN the UE is registering to. This would be case a.4).
-
Case b) is also applicable, and would follow Proposals 3 and 4.
3.3.2.3
From PLMN to SNPN

Proposal 8:

-
Case a) above is not applicable as there is no interworking between EPS and SNPN
-
Case b) is applicable as is
3.3.2.4
From SNPN to SNPN

Proposal 9:

-
Case a) above is not applicable as there is no interworking between EPS and SNPN
-
Case b) is applicable as per Proposal 3 (Note an SNPN can decode NID information).
4
Conclusions
Proposal 1: a UE in state 5GMM-REGISTERED initiates the mobility and periodic registration update when it detects entering a TA not in the current registration area i.e. regardless whether it is in an SNPN or not. If mobility registration update procedure fails, UE initiates initial registration procedure to the target network.

Proposal 2: a UE in state 5GMM-DEREGISTERED initiates the initial registration procedure, as specified.
Observation 1: The UE that is registered, performs mobility registration update when entering a TA that is not part of its Registration Area. If mobility registration update procedure fails, the UE initiates initial registration procedure. The UE provides suitable UE identity(ies) in order to assist the new AMF fetching the UE context from the source network.

Proposal 3:

When including a 5G-GUTI assigned by an SNPN in the registration procedure to a network:

-
If this network is not the SNPN that assigned the 5G-GUTI, the UE also includes the NID of the SNPN ID of this SNPN in the registration procedure. The AMF of this network may then decide to

-
proceed to retrieve the UE context if the assignment mode of NID is coordinated assignment mode as specified in clause 5.30.2.1 of TS 23.501; or

-
request UE identity (the SUCI) as specified in steps 6 and 7 in clause 4.2.2.2.2 of TS 23.502.
-
Otherwise, if this network is the SNPN that assigned the 5G-GUTI, the UE need not include the NID. 
Proposal 4: The UE may only include the 5G-GUTI assigned by an SNPN and the NID of this SNPN at registration if the UE knows the network is able to decode a NID is included (e.g. by SIB indication
 when the UE is CM-IDLE). The UE does not include the 5G-GUTI (nor NID) assigned by an SNPN otherwise in which case it includes the SUCI instead if available.
Proposal 5: Following Proposals 3 and 4, it is proposed to allow the UE to include a 5G-GUTI (with NID) assigned by an SNPN, when the UE has depleted all options to include a valid 5G-GUTI from a PLMN. This would apply at least in case the PLMN ID of the SNPN is the same as the PLMN ID of the PLMN the UE is registering to i.e. for networks in the same family (where e.g. some coordination could take place). This would need to be introduced between case d) and e) above as follows:

x)
if the UE holds a valid 5G-GUTI that was previously assigned by an SNPN with the same PLMN ID, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE and NID (if supported by the network).

Proposal 6:
During initial registration to an SNPN, the UE handles the 5GS mobile identity IE in the following order:

a)
if the UE holds a valid 5G-GUTI that was previously assigned by the same SNPN with which the UE is performing the registration, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE;

b)
if the UE holds a valid 5G-GUTI that was previously assigned by a PLMN of which the PLMN ID is the same as the PLMN ID of the SNPN the UE is registering to, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE; 

c)
if the UE holds a valid 5G-GUTI that was previously assigned by an SNPN of which the PLMN ID is the same as the PLMN ID of the SNPN the UE is registering to, the UE shall indicate the 5G-GUTI in the 5GS mobile identity IE and the UE shall include the NID; 

d)
if a SUCI is available the UE shall include the SUCI in the 5GS mobile identity IE; and

e)
if the UE does not hold a valid 5G-GUTI or SUCI, and is initiating the registration procedure for emergency services, the PEI shall be included in the 5GS mobile identity IE
Proposal 7: Mobility registration from SNPN to PLMN

-
Similar to proposal 5 and following proposals 3 and 4, it is proposed in case a) above to allow the UE to include a 5G-GUTI (with NID) assigned by an SNPN, when the UE has depleted all options to include a valid 5G-GUTI from a PLMN (i.e. 1, 2, 3 above) his applies at least in case the PLMN ID of the SNPN is the same as the PLMN ID of the PLMN the UE is registering to. This would be case a.4).

-
Case b) is also applicable, and would follow Proposals 3 and 4.
Proposal 8: Mobility registration from PLMN to SNPN
-
Case a) above is not applicable as there is no interworking between EPS and SNPN

-
Case b) is applicable as is
Proposal 9: Mobility registration from SNPN to SNPN
-
Case a) above is not applicable as there is no interworking between EPS and SNPN

-
Case b) is applicable as per Proposal 3 (Note an SNPN can decode NID information).
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� This indication may be any indication indicating some form of SNPN support (e.g. access using credentials owned by a separate entity, onboarding enabled indication)


� This indication may be any indication indicating some form of SNPN support (e.g. access using credentials owned by a separate entity, onboarding enabled indication)
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