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1 
Introduction
Brief evaluations of solutions for KI#1 were agreed at SA2#140E. New solutions #23, #24, #25, #26 were agreed in the TR23.761 at SA2#140E pertaining to KI#1 that are yet to be evaluated. This contribution provides evaluations of these solutions, and sums up for all solutions whether the two main aspects of KI#1 (service interruption, waste of resources) are mitigated. A way forward is proposed as part of conclusions to KI#1.
2
Solutions assessment vs. main aspects of KI#1

	Solutions
	Comments

	1
	Paging Cause

Evaluation: See TR 23.761
	(Potential) Service interruption due to:
· Paging message reception: unchanged
· Paging response: mitigated
Resource waste (e.g. paging escalation): 
· Not mitigated
Other:

· RAN2/SA3 dependencies

	2
	Negotiated Short Period Absence
Evaluation: See TR23.761
	(Potential) Service interruption due to: 
· Paging message reception: ~unchanged
· Paging response: Not mitigated
Resource waste (e.g. paging escalation): 

· Mitigated
Other:

· AS solution only – RAN2 to evaluate+conclude

	3
	Busy Indication

Evaluation: See TR23.761
	(Potential) Service interruption due to:

· Paging message reception: unchanged
· Paging response: Not mitigated (enforced by busy indication)
Resource waste (e.g. paging escalation):
· Mitigated

Other:
· RAN2/SA3 dependencies

	7
	Push Notification

Evaluation: See TR23.761
	(Potential) Service interruption due to:

· Paging message reception: none
· Paging response: Not mitigated
Resource waste (e.g. paging escalation):
· Mitigated
Other:
· SA3 dependencies

	8
	MT Service Notification through N3IWF
Evaluation: See TR23.761
	(Potential) Service interruption due to:

· Paging message reception: none
· Paging response: Not mitigated1 
NOTE 1: If UE decides to switch to USIMB for responding. If UE decides to stay with USIMA, NAS notification response is sent over USIMA UP towards USIMB (~ solution #3)
Resource waste (e.g. paging escalation):
· Mitigated

Other:
· N3IWF access not restricted to non-3GPP access in the solution

	9
	IMS Voice service with different paging causes
Evaluation: See TR23.761
	(Potential) Service interruption due to:
(dependent on Solution#1)
· Paging message reception: unchanged
· Paging response: Mitigated
Resource waste (e.g. paging escalation): 

· Not mitigated

Other: 
· Added complexity and user interaction

	10
	Paging Filtering

Evaluation: See TR23.761
	(Potential) Service interruption due to:

· Paging message reception: unchanged
· Paging response: Not fully mitigated
Resource waste (e.g. paging escalation):
· Not mitigated
Other: 
· Showstopper: this solution results in the MUSIM UE being unreachable for some services over some/all USIMs (rules apply at all times).

	11
	Upper bound timer (Busy indication)
Evaluation: See TR23.761
	(Potential) Service interruption due to:
(dependent on Solution#3)
· Paging message reception: unchanged
· Paging response: Not fully mitigated (timer provides bounded opportunities to respond)
Resource waste (e.g. paging escalation)
· Mitigated

Other:

· Should be generic for paging response

	12
	Push notification via SMS (when no paging response)
Evaluation: See TR23.761
	(Potential) Service interruption due to:

· Paging message reception: none
· Paging response: Not mitigated
Resource waste (e.g. paging escalation):

· Mitigated

Other:

· SA3 dependencies

· Timing (SMS)

	13
	MT service via ePDG/N3IWF
Evaluation: See TR23.761
	(Potential) Service interruption due to:

· Paging message reception: none
· Paging response: Mitigated
Resource waste (e.g. paging escalation):

· Mitigated

Other:

· This solution routes SIP Signalling + IMS voice through ePDG/N3IWF via another PLMN’s 3GPP access. Using the least efficient data path for voice traffic is counter-intuitive, especially as additional overhead is introduced. However this solution does NOT impose that the entire set of signaling and media be routed this way i.e. the UE can activate 3GPP access on the corresponding USIM as necessary e.g. once the SIP INVITE is received. 

	23
	N3GPP for MUSIM service concurrency

Not evaluated
It is assumed the UE shall initiate path switch (3GPP>N3GPP) on USIMA prior responding to paging on USIMB 3GPP access
Dependent on ATSSS support and subject to its limitations and restrictions
	(Potential) Service interruption due to:

· Paging message reception: unchanged
· Paging response: Mitigated
Resource waste (e.g. paging escalation):

· Mitigated
· Unused leg to be kept alive

Other: 
· Only applicable when ATSSS is supported and services can be delivered over non-3GPP access
· Not applicable to 3GPP access only operation

	24
	Paging cause when MUSIMs in same PLMN
Not evaluated
Paging via notification

Restricted to same PLMN operation, and addressing a corner case within this scenario (same AMF). Requires additional system complexity to restrict operation to this corner case.
	(Potential) Service interruption due to:
(dependent on Solution#1)
· Paging message reception: unchanged
· Paging response: Not mitigated1
NOTE 1: If UE decides to switch to USIMB for responding. If UE decides to stay with USIMA, NAS notification response is sent over USIMA UP towards USIMB (~ solution #3)

Resource waste (e.g. paging escalation):

· Mitigated (within corner case only)
Other: 
· Applicability to corner case only

· Additional system complexity to restrict operation to corner case
· SA3 dependencies

	25
	NAS notification via non-3GPP access
Not evaluated
The solution requires dual registration over both 3GPP and NGPP access, in both USIMs (Same PLMN)
If 3GPP access in USIMA is busy, paging for USIMB is carried out via NAS notification over USIMB N3GPP access. 
However following Rel-15 definition, a “3GPP indication” would be provided as part of NAS notification which indicates the access on which the Service Request is to take place i.e. service interruption ensues.
Resource waste is mitigated by avoiding paging over 3GPP access, but it does not solve the problem when only 3GPP access is supported.
	(Potential) Service interruption due to:

· Paging message reception: none
· Paging response: Not mitigated
Resource waste (e.g. paging escalation):

· Mitigated via non-3GPP access (within corner case only)
Other: 

· Applicability to corner case only

· Only applicable when non-3GPP access is supported
· Not applicable to 3GPP access only operation



	26
	MT service delivery when MUSIMs in same PLMN

Not evaluated

Restricted to same PLMN operation. Providing paging via notification does not solve the problem in KI#1 of service interruption due to paging response during ongoing service. If the UE receives on USIMA a Notification for USIM B, the paging response is still expected on USIM B
	(Potential) Service interruption due to:

· Paging message reception: none

· Paging response: Not mitigated
Resource waste (e.g. paging escalation):

· Mitigated (within corner case only)
Other: 

· Applicability to corner case only
· SA3 dependencies


3
Proposal
Based on the above the following proposals are made to resolve KI#1. Solutions to KI#1 in the TR that are not listed below, except AS-only solutions, are proposed not to proceed into normative work.
The rationale for this proposal is the collective ability of the related solutions to reliably address the issues at hand in all scenarios, with minimum additional complexity, with no constraint on the operation of the system and with no additional feature dependency. 

Proposal 1a: Addition of a Paging Cause in paging message (AS/NAS) to proceed into normative work, according to Solution #1. Dependency: RAN2/SA3 

Proposal 1b: The Paging Cause allows distinguishing misc. incoming "calls" including MMTel Voice, MMTel Video, SIP Signalling, NAS Signalling, SMS over NAS Signalling and Other data
Proposal 2: In addition to Proposal 1(a, b), the Busy Indication to proceed into normative work according to Solution #3 including upper bound timer according to Solution #11 (the upper bound timer should not be restricted to NAS Busy Indication). An AS-triggered alternative may be specified instead depending on feedback from RAN groups. Use of the Busy Indication is on a best effort basis from the UE. Dependency: RAN2/SA3
Proposal 3: Solution #13 with ePDG/N3IWF to proceed into normative work as an optional optimization. Both ePDG and N3IWF should be supported with a single solution for each. When to fully resume 3GPP access on the “paging” USIM is left up to UE implementation.
A pCR is provided hereafter.

pCR 23.761
7
Evaluation

7.1
Evaluation of Solutions for Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device

Table 7.1-1
	[…]
	[…]

	Solution #23
	This solution uses ATSSS MA PDU Sessions to enable path switch between 3GPP and N3GPP accesses on one USIM depending on 3GPP/N3GPP access requirements of another USIM, thus avoiding limitations inherent to the UE’s inability to operate both USIMs over 3GPP access concurrently. This allows to prevent service interruption on one USIM when responding to paging on another USIM and in so doing to avoid paging escalation.

The solution introduces additional feature dependency i.e. ATSSS and the related complexity. Even with ATSSS supported, it is restricted to PDU Sessions that can be multi-access, and requires successful path switches. This solution required repeated path switches, associated signalling and related latency. 

The solution has UE and core network impacts.

	Solution #24
	This solution applies only to the scenario when USIMs in the same device are registered in the same PLMN and in the same AMF. It allows to mitigate resource waste in this scenario only, by providing paging through notification and in so doing avoiding paging escalation. It is dependent on Solution #1. Either additional system complexity is imposed to restrict the UEs operation to the above scenario (not described in the solution) or the solution is otherwise unreliable esp. due to mobility events. The solution does not prevent service interruption due to paging response.

The solution has UE and core network impacts. The solution may also have AS impacts (to restrict operation in the above scenario).

	Solution #25
	This solution uses non-3GPP Access connectivity in a PLMN, and applies only when both USIMs are registered in the same PLMN. The solution consists in issuing paging via NAS notification and in so doing avoiding paging escalation. The solution does not mitigate service interruption induced by paging response over 3GPP access. 

The solution has UE and core network impacts. 

	Solution #26
	This solution applies only to the scenario when USIMs in the same device are registered in the same PLMN. It allows to mitigate resource waste in this scenario only. The solution does not prevent service interruption due to paging response.

The solution has UE and core network impacts.


8
Conclusions

8.1
Conclusions for Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device

Based on the evaluation in clause 7.1 the following conclusions are agreed for the baseline functionality:

-
Addition of a paging cause in paging message (AS/NAS). The paging cause allows the UE to distinguish between MT calls including MMTel Voice, MMTel Video, SIP Signalling, NAS Signalling, SMS over NAS Signalling and Other data. The determination and setting of the paging cause is as described in Solution #1.

Editor’s note: RAN2 and SA3 to determine the feasibility of Solution #1 from both AS and security standpoints.

-
A Busy Indication is introduced as a paging response over one USIM when the UE (for this USIM) is unable to initiate a Service Request as a response to an incoming page. The transmission of the Busy Indication by the UE is on a best-effort basis only.
Editor's note: Whether a NAS-triggered or AS-triggered Busy Indication is to be supported is FFS, subject to RAN2 determining whether and AS-triggered Busy Indication is feasible (at the AS). SA3 to determine the feasibility of the Busy Indication from a security standpoint.
-
A network-controlled UE timer is introduced to control the time before which the UE is expected to respond to a page.
-
As an optional optimization, MT service delivery is to be supported as described in Solution #13, for both N3IWF and ePDG. It is left up to UE implementation when to resume direct 3GPP access on the "paging" USIM (e.g. after SIP INVITE is received) i.e. switch from the ePDG/N3IWF routed path to direct path.
-
In order to address UE implementation limitations with regards to operating concurrent 3GPP accesses for multiple USIMs, non-3GPP access (e.g. WLAN) can be used, if supported, relying on existing mechanisms i.e. no new mechanism need to be specified.
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