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Background
Key Issue 2 includes the following aspect:
-
How the system can enable operation when the paging associated with the 3GPP RATs and systems in which the Multi-USIM device is in Idle state or RRC_Inactive state (for 5GS) overlap in time?

NOTE 1:
The exact timing of paging on the radio interface is managed by RAN, therefore coordination with the RAN Groups will be necessary.

-
Whether and how the network needs to be aware of specific UE communication constraints (e.g. Single Rx) in order to enable the Multi-USIM device to receive paging for each of the registered USIMs?

The following solution addresses KI#2 according to the KI mapping; Solution 7, 12, 14,15,16,17,18,19,20, and 21.
Solution 7: A Paging Server is used when the UE is unable to monitor paging while being active in another network (Not addressing KI#2, but it works also for overlapping PO since the network after failing to reach the UE will send a push notification to the device via another network). This introduces a waste of paging resources and the time between the start of downlink data and the UE’s reception of the push notification (i.e. the “page”) can be relatively long.
Solution 12: Similar to solution 7, but SMS is used to carry the paging notification. This also introduces a waste of paging resources and the time between the start of downlink data and the UE’s reception of the push notification (i.e. the “page”) can be relatively long. 

Solution 14: UE requests a new 5G-GUTI when detecting overlapping PO, either in a new registration or during the registration procedure. 5GC only proposal.
Solution 15: UE request to use alternative UE-ID during registration. The PO will become fixed in time, allowing the UE to optimize the location of the POs in the systems. Works for both EPS and 5GS.
Solution 16: MuSIM device requests to use an offset to the IMSI. EPC only proposal.
Solution 17: UE sends MuSIM assistance information during registration. The IE may include Alternative UE-ID as in sol.15 or only an indication which the network uses to e.g change the number of paging repetitions or the periodic UE reachability. 
Solution 18: AMF/MME first page with single paging attempt. Then, if UE does not respond, the AMF/MME pages again with multiple paging attempt. In this case the UE needs to perform alternative PO monitoring in the two or more networks. MuSIM indication, including the number of USIMs, is needed from the UE. This introduces a risk of wasting paging resources and delay in the paging message reaching the MuSIM device.

Solution 19: UE implementation using e.g. round Robin. No network solution is needed, but this solution does not avoid paging collisions and thus introduces a waste of paging resources.

Solution 20: Same as solution 14, but with the simplification that UE only request a new 5G-GUTI in a new registration. 5GC only solution.

Solution 21: The scenario addressed in solution 21 is related to the second part of the KI#2 and in particular when the UE is active in one network and needs to negotiate gaps on AS level to monitor the PO in another network. The solution proposed has no CN impact and will therefore not require any normative work in SA2. 
Table 1: Comparison of the available solutions for KI#2
	Solution
	UE Impact
	CN Impact
	RAN impact
	Efficiency
	Network support

	7
	Request paging service.

Registration with paging service (new NF).

Receive notification that trigger SR by other UE
	New NF

Provide the NF’s IP@/FQDN to UE

AMF to trigger NF to send UE2 a notification
	None
	Delayed paging notification as the network waits until detecting UE state is non-reachable before sending the notificating
	EPC and 5GC

	12
	Request paging service via SMS.

Receive SMS that trigger SR by other UE in the device
	AMF to send device trigger request to NEF when failed paging.
NEF requests to the SMS-SC to send SMS contains Push Notification.
	None
	Delayed paging SMS as the network waits until detecting UE state is non-reachable

Or no delay if both direct page and SMS is in parallel. Paging in two networks always.
	EPC and 5GC

	14
	Determines whether the newly assigned 5G-GUTI creates PO collisions and requests another 5G-GUTI and provides Assistance Information to the AMF
	AMF handles the request of a new 5G-GUTI based on the information provided by the UE
	None
	Generating new unique 5G-GUTI consumes some effort in the AMF

	5GC only

	15
	Sending a request to use an Alternative UE_ID in the registration

Using the Alternative UE_ID to calculate the timing of PF/PO.
	Handle the UE request of Alternative UE-ID
Store and use the Alternative UE-ID.
	None
	No extra effort than to store and use the alternative UE-ID
	EPC and 5GC

	16
	Sending a request to use an offset to IMSI

Using the offset to calculate the timing of PF/PO.
	Handle the UE request of offset to the IMSI

Store and use the offset when calculating the UE-ID
	None


	No extra effort than to store and use the offset value when deriving the UE-ID
	EPC only

	17
	MuSIM Assistance Information includes either: Alt UE-ID (sol 15) or number of USIMs that may impact paging attempts (sol 18)
	Receive and store and use the MuSIM Assistance container
	None
	Depends on the content of the MuSIM Assistance Information
See Sol 15 or Sol 18.
	EPC and 5GC

	18
	UE register as MuSIM device.
UE Alternate page monitoring between the systems 
	AMF shall first page with no repetitions. The if failing page again with two or more repetitions
	None 

	A brute force method which increases the use of paging resources and increased delay in the paging message
	EPC and 5GC

	19
	Implementation
	None
	None
	Same inefficiency as before MuSIM study, which this KI tries to remove.
	N/A

	20
	Request new 5G-GUTI with new registration
	AMF handles the request of a new 5G-GUTI
	None
	Generating new unique 5G-GUTI consumes some effort in the AMF
	5GC only

	21
	Negotiates Scheduling gap on AS level with the UE
	None
	Negotiates Scheduling gap on AS level with the UE
	To be evaluated in RAN WGs
	EPC and 5GC


Observation 1: Solution 19 proposes that the KI#2 does not need any solution. This is not aligned with the objective of the Study.
Proposal 1: Solution 19 should not be further considered.

Observation 2: Only solution 21 has impact on RAN functionality. Furthermore solution 21 only partly solves KI#2 and has no CN impact and will therefore not require any normative work in SA2.
Observation 3: Solution 14,15,16 and 20 are variants how to change the UE-ID which is used to derive the PO/PF.

Observation 4: Solution 18 proposes to increase the number of paging attempts in order to reach the UE when the UE has paging collisions. This is a brute force method which increases the use of paging resources and increased delay of delivering the paging message.
Observation 5: Solution 7 and 12 introduces new functionality in the AMF. If the UE is found non-reachable then the AMF triggers a notification to be sent in another network(s). The trigger delivery method is either using a paging server function or triggering of sending a SMS to the other UE.
Observation 6: Solution 7 and 12 may either delay the paging or result in a waste of paging resources.  

Observation 7: Solution 7, 12 and 18 have negative impact on the use of paging resources and may also delay the time for an application to reach the UE.
Proposal 2: Due to the inefficient use of paging resources and delay to reach the UE, it is proposed not to consider solution 7, 12 and 18 for normative work.

Observation 8: Solution 17 proposes either to use solution 15 or CN paging strategy changes as e.g. solution 18. In addition, solution 17 proposes that MuSIM related information from the UE should be sent together in a MuSIM Assistance Information Element

Observation 9: Solution 14 and 20 only work for 5GC

Observation 10: Solution 16 only works for EPC

Observation 11: Out of the solutions impacting UE-ID (sol 14,15, 16 and 20), only solution 15 works for both EPC and 5GC.
Observation 12: Solution 15 has the added benefit that, when a multi-USIM device with different USIMs is camping with all USIMs on the same serving network RAN node, the feature can be used to ensure that all POs align so that the UE wakes up once for all USIMs.
Proposal 3: It is recommended that solution 15 proceed with normative work.

Proposal 4: The use of a MuSIM Assistance Information Element should be considered during the normative work. The MuSIM Assistance Information Element may be used as a means to carry important information from the UE to the network including information needed for other Key Issues. 
Proposal

* * * Start of change * * * 
7
Evaluation


7.2 Key Issue#2
Key Issue 2 includes the following aspect:

-
How the system can enable operation when the paging associated with the 3GPP RATs and systems in which the Multi-USIM device is in Idle state or RRC_Inactive state (for 5GS) overlap in time?

NOTE 1:
The exact timing of paging on the radio interface is managed by RAN, therefore coordination with the RAN Groups will be necessary.

-
Whether and how the network needs to be aware of specific UE communication constraints (e.g. Single Rx) in order to enable the Multi-USIM device to receive paging for each of the registered USIMs?

The following solution addresses KI#2 according to the KI mapping; Solution 7, 12, 14,15,16,17,18,19,20, and 21. Below follow a brief summary of each of the proposed solutions.
Solution 7: A Paging Server is used when the UE is unable to monitor paging while being active in another network (Not addressing KI#2, but it works also for overlapping PO since the network after failing to reach the UE will send a push notification to the device via another network). This introduces a waste of paging resources and the time between the start of downlink data and the UE’s reception of the push notification (i.e. the “page”) can be relatively long.

Solution 12: Similar to solution 7, but SMS is used to carry the paging notification. This also introduces a waste of paging resources and the time between the start of downlink data and the UE’s reception of the push notification (i.e. the “page”) can be relatively long. 

Solution 14: UE requests a new 5G-GUTI when detecting overlapping PO, either in a new registration or during the registration procedure. 5GC only proposal.

Solution 15: UE request to use alternative UE-ID during registration. The PO will become fixed in time, allowing the UE to optimize the location of the POs in the systems. Works for both EPS and 5GS.

Solution 16: MuSIM device requests to use an offset to the IMSI. EPC only proposal.

Solution 17: UE sends MuSIM assistance information during registration. The IE may include Alternative UE-ID as in sol.15 or only an indication which the network uses to e.g change the number of paging repetitions or the periodic UE reachability. 

Solution 18: AMF/MME first page with single paging attempt. Then, if UE does not respond, the AMF/MME pages again with multiple paging attempt. In this case the UE needs to perform alternative PO monitoring in the two or more networks. MuSIM indication, including the number of USIMs, is needed from the UE. This introduces a risk of wasting paging resources and delay in the paging message reaching the MuSIM device.

Solution 19: UE implementation using e.g. round Robin. No network solution is needed, but this solution does not avoid paging collisions and thus introduces a waste of paging resources.

Solution 20: Same as solution 14, but with the simplification that UE only request a new 5G-GUTI in a new registration. 5GC only solution.

Solution 21: The scenario addressed in solution 21 is related to the second part of the KI#2 and in particular when the UE is active in one network and needs to negotiate gaps on AS level to monitor the PO in another network. The solution proposed has no CN impact and will therefore not require any normative work in SA2.
From the above summary, the following evaluation comments can be made. Solution 19 proposes that the KI#2 does not need any solution. This is not aligned with the MuSIM objective to solve the issue with overlapping paging occasions, therefore will solution 19 not be further considered.

Only solution 21 has impact on RAN functionality. Furthermore solution 21 only partly solves the KI#2 and has no CN impact and will therefore not require any normative work in SA2. Therefore, will solution 21 not be further considered.
Solution 18 proposes to increase the number of paging attempts in order to reach the UE when the UE has paging collisions. This is a brute force method which increases the use of paging resources and increased delay of delivering the paging message.

Solution 7 and 12 introduces new functionality in the AMF. If the UE is found non-reachable then the AMF triggers a notification to be sent in another network(s). The trigger delivery method is either using a paging server function or triggering of sending a SMS to the other UE.

Solution 7, 12 and 18 have negative impact on the use of paging resources and may also delay the time for an application to reach the UE. Due to the inefficient use of paging resources and delay to reach the UE, it is proposed not to consider solution 7, 12 and 18 for normative work.

Solution 17 proposes either to use solution 15 or CN paging strategy changes as e.g. solution 18. In addition, solution 17 proposes that MuSIM related information from the UE should be sent together in a MuSIM Assistance Information Element

Solution 14,15,16 and 20 are variants how to change the UE-ID which is used to derive the PO/PF. All these solutions do not add any additional load on paging resources and do not increase the delay to reach the UE. Out of these solutions impacting UE-ID (sol 14,15, 16 and 20), only solution 15 works for both EPC and 5GC.
Solution 15 has the added benefit that, when a multi-USIM device with different USIMs is camping with all USIMs on the same serving network RAN node, the feature can be used to ensure that all POs align so that the UE wakes up once for all USIMs.
It is recommended that solution 15 proceed with normative work.

The use of a MuSIM Assistance Information Element should be considered during the normative work. The MuSIM Assistance Information Element may be used as a means to carry important information from the UE to the network including information needed for other Key Issues. 
* * * End of changes * * * 
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