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Discussion
This solution describe how it is possible to deliver paging notifications from a PLMN A where a USM is registered to a second PLMN B where a second USIM is registered for service but also the first USIM is registered for paging notifications only. The paging notifications are via UDM of the first USIM, on conditions that also PLMN A supports the feature. PLMN B needs not support the feature. This optimization works when both PLMNs support the 5GS.
The benefit of this solution is that the UE can then exploit possible further optimisations deriving all the USIMs of a UE are reachable in a single PLMN for MT services notifications and further optimizations can be attained by coordinating cell selection and paging occasions across USIMs.

Proposal
The following text is proposed to be added to TR 23.700-40 

[bookmark: _Toc26530993][bookmark: _Toc26530944][bookmark: _Toc26530894][bookmark: _Toc26520153]6.X	Solution #X: Notification via UDM in other USIM PLMN
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[bookmark: _GoBack]This solution addresses KI#2,3. It defines a mechanism whereby a first USIM UDM supports UDM-based notification in the PLMN where another USIM is registered. This requires no support in this second PLMN, but it requires support in the PLMN where the first UE USIM is registered for service. It however requires the UE to benefit of mechanisms of sharing the same cell across USIMs and paging coordination, which may reuse KI#2 solution like solution 15 to e.g. align the paging occasions in the PLMN so the UE wakes up in synch to read paging for all USIMs while in idle mode. It also benefits of schemes to indicate a pattern of availability when the UE is in connected mode and is available to receive notifications for other USIMs registered for notifications in the same PLMN. The HPLMN will provide to the serving PLMN handling the UE USIMs secondary registrations with subscription data limiting the services the UE can use for these USIMs. 
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This solution relies on the USIM 1 to register indicating explicitly it supports the feature and intends to use PLMN A as the primary PLMN and PLMN B as secondary PLMN, based on inspection of PLMN selected by USIM 2. Then if the PLMN A supports the feature and the UDM supports the feature, it receives confirmation the feature can be used in PLMN A and so UE for USIM 1 registers also in PLMN B so it can receive paging notifications from its UDM. At any time, if the USIM 1 becomes deregistered in PLMN 2, the UE registers in the primary PLMN A indicating no secondary PLMN. The UE USIM 1 also updates the registrations with PLMN A to provide the PLMN Id of the new secondary PLMN anytime the USIM 2 selects another PLMN, and also USIM 1 performs a registration on this other PLMN for paging notifications via its UDM.
The UDM of USIM 1 stores a primary registration for service as AMF address of PLMN A, this registration also bears an indication that a secondary registration exists for PLMN B. Then the UDM also stored the second registration in PLMN B (i.e. the address of PLMN B AMF where the USIM 1 is also registered. The UDM receives from AMF A indication of "primary registration for service" and the PLMN Id of PLMN B when the UE USIM 1 registers its primary registration as indicated above. 
The registration of USIM 1 in PLMN B is a normal registration. PLMN B is not aware that this is a special registration for USIM 1. PLMN B can be a non-supporting PLMN as the notifications can be encapsulated in e.g. a SoR container or a UE Parameters Update container, thus totally transparently handled by PLMN B. 
The AMF in PLMN A invokes any paging notification towards PLMN B only when UE for USIM 1 has indicated it is leaving the PLMN A.
The paging notification shall trigger an acknowledgement from the UE. the acknowledgement includes a positive acknowledgement from the UE, or a negative acknowledgment if the UE indicates it is busy. When the UE indicates positive acknowledgment, it is expected the UE performs a SR in PLMN A and returns to PLMN A.
In the event the UE with USIM 1 registered subsequently for primary registration in a non-supporting PLMN C, the UDM receives from this PLMN C AMF a normal update not including any additional information. Since the registered secondary PLMN ID in the Primary registration context is PLMN B, the UDM erases from primary registration the PLMN ID of PLMN B and considers PLMN C AMF as primary registration. The UDM cancels the registration for USIM 1 at the AMF of PLMN B also. 
[bookmark: _Hlk45810485]If the UE USIM1 reselects to PLMN B for service but has no opportunity to deregister from PLMN A, it just starts using PLMN B for service also (e.g. it can start establishing PDU sessions). The primary registration remains unaffected and still records PLMN B for paging notifications and PLMN A for service, unless the UE USIM 1 perform a primary registration in PLMN B without indicating a second PLMN, and PLMN B supports the feature. If so, and if any Mobile terminated event happens in PLMN A while USIM 1 has reselected PLMN B for service, as soon as PLMN A AMF considers USIM 1 unreachable in PLMN A, it will attempt a notification via UDM in PLMN B. Since the notification reaches the UE USIM 1 in PLMN B, USIM 1 will provide an indication PLMN B is now PLMN for service in the paging notification ACK. This causes the AMF to consider the UE deregistered from PLMN A and it informs the UDM the primary registration for AMF A is no longer valid. 
If the UE USIM 1 selects PLMN B for service as USIM 2, USIM 1 only registers once in PLMN B and does not activate the secondary registration.
6.X.3	Procedures
In figure 6.x.3-1 the UE creates a primary registration indicating the secondary PLMN ID. If the UDM and serving PLMN support the feature, then the UE can proceed to register a secondary PLMN for paging as it moves to that PLMN and leaves the current PLMN for primary registration.
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Figure 6.x.3-1: successful primary registration
1. The UE requests primary registration and indicates the secondary registration PLMN ID. The AMF, if it had no context for the UE or if the primary registration context for the Ue had no or a Different PLMN Id stored, updates the UDM.
2. The UDM has received from serving PLMN an indication of primary registration from the AMF, which both indicates the UE has requested the UDM to record a primary registration and also that the serving PLMN supports the feature. The UDM stores a primary registration and also the PLMN ID of secondary registration the UE has indicated.
3. the AMF acknowledges a successful primary registration and stores the secondary PLMN ID for paging to record this is successfully registered.

I figure 6.x.3-2 a normal registration is executed in the secondary PLMN for Paging Notifications only


Figure 6.x.3-2: secondary registration for paging notifications only

1. UE USIM 1 performs a normal registration in the secondary PLMN B. 
2. The UDM checks the PLMN Id of AMF B ad if it matches the secondary PLMN ID in the primary registration, it stores the address of AMF B. 
3. The registration is successful.

In figure 6.x.3-3 if the UE USIM 1 loses connection with the secondary registration PLMN AMF B, it issues a registration update in PLMN A AMF A for primary registration without indicating a PLMN ID for secondary registration. If the AMF A has a secondary registration PLMN ID in its context This clears this PLMN ID B in the UDM primary registration record.



Figure 6.x.3-3:  primary registration update following loss of secondary registration
1. The UE USIM 1 requests primary registration with aMF A but does not indicate the secondary registration PLMN ID. The AMF triggers interaction with UDM as it has in its context a secondary registration PLMN ID. This uses the Nudm-UECM_Registration operation
2. The UDM receives a primary registration from AMF A without PLMN ID of secondary registration so it clears the secondary registration PLMN ID in the UDM Primary registration.
3. The AMF acknowledges a successful primary registration but stores no secondary PLMN ID for paging.
Figure 6.x.3.-4 represents the end to end process of establishing a secondary registration after the UE leaves the primary registration PLMN









Figure 6.x.3-4: successful primary registration and secondary registration
Note that in step 2 it is not necessary that the PLMN B supports the feature. Also, AMF B is indicated for USIM 1 secondary registration but USIM 2 primary registration can be with another AMF in PLMN B.
In figure 6.x.3.-5 represents a paging notification on PLMN B assuming the Primary registrations for PLMN A were both successful and UE 1 was already reachable in PLMN B for paging notifications at AMF B.


Figure 6.x.3-5: successful paging notification for UE 1 in PLMN B. subsequently UE2 performs secondary registration to be reachable in PLMN A
Figure 6.x.3-6 depicts the case UE1 reports it is busy (will not respond to paging by SR in PLMN A) to PLMN A in the paging notification ACK.


Figure 6.x.3-5: paging notification for UE 1 in PLMN B. UE is busy in PLMN B

6.X.4	Impacts on existing entities and interfaces
UE: support primary/secondary registrations concept as outlined above
AMF: support primary/secondary registrations concept as outlined above
UDM: support primary/secondary registrations concept as outlined above
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