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Abstract of the contribution: Proposes a new new solution for delivering paging.
1
Background
For UE’s camped on same PLMN for both the USIMs of the device the major issues observed in field are:

1. Even though there is a direct NAS signalling connection to the UE(for USIM-2 in connected state). Network will end up doing paging using traditional broadcast mechanism consuming the RAN resources unnecessarily.
2. Worst is: The UE may decide not to respond to paging (e.g. due to a paging cause, the UE implementation deems this paging ‘lower priority.’) This will lead to retransmission of the page by the PLMN. Based on paging strategy, the paging can get escalated. This will use significant network resources.
3. UE has to keep switching the RF on paging occasions to see if paging message is received to the UE for USIM-1 which will:
a. Impact data throughput of the UE’s USIM-2 as data transfer is effected when UE tunes its RF to check for paging of USIM-1.
b. Battery is consumed when UE continuously switches the RF to just check if there is a paging message available for the UE’s USIM-1.
This issue is mainly because network have no idea that UE context of both the USIM’s belongs to same device. Thus its proposed to educate network with this information. Network can optimize its paging resources, by not paging the UE when one of the USIM is already in connected mode but rather directly send NOTIFICATION message over connected mode N1 signaling connection. 
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With following proposed changes, key issue#1 and key issue#2 are resolved for same PLMN case:

· Enhancing AMF’s knowledge that MUSIM’s belong to the same UE; and
· Instead of blindly sending paging using broadcast mechanism sending NOTIFICATION message over the connected mode N1 signalling connection;
* * * * Start of Change * * * *
6.X
Solution #X: Procedure for providing paging cause to the UE when more than one USIM of the UE are registered with same PLMN. 
6.X.1
Introduction
The solution applies to Key Issue 1: Handling of Mobile Terminated service with Multi-USIM device
6.X.2
Functional Description
The solution is applicable if more than one USIM’s registers with same PLMN. i.e. if both the USIMs of the UE camp on the same PLMN in number of occasions, (hereafter USIM-1 stack of the MUSIM UE is referred to as UE-1 and USIM-2 stack of the MUSIM UE is referred as UE-2) for example:

-
Both the UE-1 and UE-2 of the MUSIM UE in roaming area may camp on common roaming partner.

-
UE-1 may be in HPLMN, UE-2 may be in roaming area. Both camp on the same PLMN. etc  
Following changes are proposed to resolve, key issue#1 and key issue#2 for same PLMN case:

-
Enhance AMF’s knowledge that both UE-1 and UE-2 belong to the same MUSIM UE; and

-
Instead of blindly sending paging using broadcast mechanism sending NOTIFICATION message over the connected mode N1 signalling connection;
NOTE 1:
Whether the linkage between USIMs needs to be controlled based on policy or subscription will be determined.
This procedure is applicable to both 5GS and EPS. Respective mobility management nodes needs to be replaced with EPS nodes.
NOTE 2:
This solution is applicable only if both the UE’s register with same AMF.
Editor's note:
The handling for the case of different AMF and if there is any impact due to mobility restriction is FFS.
6.X.3
Procedures

6.X.3.1
Procedure for enhancing AMF’s knowledge of two USIM’s belong to same UE. 
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Figure 6.X.3.1-1: Procedure for informing network two USIMs belongs to same UE
1)
The UE-1 executes the registration procedure as specified in 3GPP TS 23.502 sub-clause 4.2.2.2. Network allocates GUTI-1 to the UE-1.
2)
The UE-2 sends REGISTRATION REQUEST message. The REGISTRATION REQUEST message includes an indication that GUTI-1 allocated to the UE-1 (for example by including GUTI-1) is for the same MUSIM UE. 
NOTE:
If any security issues arise due to above step will be determined by SA3.
3)
The AMF may execute Registration with AMF re-allocation(as specified in 3GPP TS 23.502) based on local policy and understands that 5GMM context of UE-1 and 5GMM context of UE-2 belongs to the same MUSIM UE and thereafterwards maintains this link information in the implementation dependent mechanism.

4)
The AMF in REGISTRATION ACCEPT message confirms to the UE-2 that both the context of UE-1 and UE-2 are in the same AMF. After this information the MUSIM UE will not read the paging channel if any one of the UEs of same MUSIM UE are in CM_CONNECTED state.
6.X.3.2
Procedure for providing paging cause in CM_IDLE state for USIM-1 when USIM-2 is in CM_CONNECTED state.
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Figure 6.X.3.1-1: Procedure for providing paging cause in CM_IDLE state
1)
The UE-2 is in CM_CONNECTED state and UE-1 is in CM_IDLE state.
2)
The conditions to initiate network triggerred service request procedure for downlink data or signalling over the 3GPP access are met for UE-1 as specified in 3GPP TS 23.502 sub-clause 4.2.3.3.

3)
If the AMF knows UE-1 and UE-2 are part of the same MUSIM UE and the UE-2 is in CM-CONNECTED state, the AMF shall send the NAS NOTIFICATION message over N1 NAS signalling connection of UE-2. The NAS NOTIFICATION messsage includes:

a)
a paging cause parameter indicating the type of the traffic pending to be delivered to the UE.

b)
an indication that this message is the paging delivery for UE-1 (for example by including GUTI-1 allocated to the UE-1).

NOTE 1:
The mechanism to derive the paging cause parameter values by the AMF is described in solution #1.
4)
The UE-1 may choose to respond the NAS Notification message based on the paging cause by executing service request procedure as described in 3GPP TS 23.502 sub-clause 4.2.3.3
5)
If the UE-1 decides not to respond to NAS Notification message based on the paging cause value then the UE shall send NAS NOTIFICATION RESPONSE message to the AMF indicating that UE will not be able to respond for the MT service on UE-1 using N1 signaling connection of UE-2.
NOTE 2:
The above solution describes the flow when the UE-2 is in CM_CONNECTED state and UE-1 is in CM_IDLE state. The same logic is applicable for vice-versa case.
6.X.4
Impacts on existing entities and interfaces

For 5GS:

UE:

-
UE provides GUTI-1 (allocated to the UE-1) during registration procedure of UE-2 to inform network that both USIMs belong to same MUSIM UE.
-
If AMF confirms that both the UE-1 and UE-2 are in the same AMF, MUSIM UE will not monitor the paging channel when one of the UE is in connected mode.
AMF
-
When AMF receives a GUTI during registration procedure, it will check if that GUTI context is available with it. If its available it confirm to the MUSIM UE that both UE-1 context and UE-2 context belongs to same AMF. 
-
When downlink data/signaling is received for one UE (for example UE-1) and another UE (for example UE-2) is in connected mode then, AMF will send notification message for UE-1 over NAS N1 signaling connection of UE-2 instead of triggering paging procedure for UE-1. There by eliminating a need for paging over UE-1.
For EPS:

Same impacts as 5GS. Replace AMF with MME.
* * * * End of Change * * * *
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