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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
As RP-201309 [1] described, the objectives of the work item are:
	1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR. [ RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx


This contribution discusses the potential solutions for paging reception collision issue, and provides the considerations on the use cases on the switch notification issue.
2. Discussion
2.1. Objective 1: Paging Reception Collision
Multi-USIM UE with single Rx cannot simultaneously monitor paging on more than one 3GPP networks (in this paper UE with two USIMs will be considered as a typical example for Multi-USIM UE). If the paging occasions (POs) of the two USIMs overlapping in time, paging reception collision occurs. The UE needs to select one of the networks to monitor when the UE is in RRC_Idle or RRC_Inactive in both networks, this may lead to paging missing on the other network. The paging reception collision may periodically occur at the UE, having an impact on the user experience. As this paging collision issue is straightforward, we can directly discuss on how to trigger the paging collision avoidance and the potential solutions. 
2.1.1. Trigger paging collision avoidance
There are two ways network may trigger paging collision avoidance function. 
· Option 1: Network triggers paging collision avoidance function proactively, e.g., when network does not receive a paging response from UE.
After paging UE, if paging reception collision occurs, network would not receive a paging response from the UE and network can trigger paging collision avoidance resolution. But, beside paging collision, there are several reasons that may cause paging response missing, such as, UE suffering bad link quality, or UE in coverage hole, or too late paging response, etc. Thus, trigging paging collision avoidance function according to paging missing detection by the network may not be accurate and timely, having undesirable impact, e.g., delay the paging reception, waste the network paging resource, etc. Thus, paging response missing at network side may not be a good criterion to trigger paging collision avoidance function. 
· Option 2: Network triggers paging collision avoidance function reactively, e.g., based on UE indication of paging reception collision. 
The UE can detect the paging collision issue accurately and timely by calculating the paging occasions in both USIMs. And UE can indicate the paging collision to network, which would trigger the necessary paging collision avoidance function. It is highly efficient that network triggers paging collision avoidance function according to paging collision indication from the UE as it would also avoid unnecessary paging collision avoidance triggering.
Observation 1: Proactively paging collision avoidance, e.g., based on missing of paging response, is not an optimal way of triggering paging collision resolution. 
In case of RRC idle state, UE can report paging collision to CN, e.g., AMF, and in case of RRC inactive state, UE can report paging collision to RAN, e.g., anchor gNB.
Observation 2: UE can indicate paging reception collision either to CN (e.g., AMF) or RAN (e.g., gNB). 
Therefore,
Proposal 1： RAN2 to discuss whether to adopt network reactive or proactive based paging collision solution.
2.1.2. Paging occasion shifting
If the paging collision avoidance is triggered, the network may adopt paging occasion shifting as a solution. As POs are calculated based on NAS parameter (e.g.,5G-S-TMSI) and RAN configurations (e.g., PF_offset), thus, PO shifting solutions can be further derived into two options, i.e.:
· Option 1: PO shifting by changing UE ID 
To solve the paging collision, the AMF can re-allocate a new UE ID for PO calculation. The UE may provide the information to assist the ID allocation, and the AMF would re-assign a new UE ID by considering the assistant information. Subsequently, the UE may determine whether the new assigned UE ID resolves the paging collision. 
· Option 2: PO shifting by additional RAN configuration
To solve the paging collision, RAN can configure RAN parameters for PO calculation, e.g., configure a PO shift offset for the UE via system information. RAN can send the paging to the UE (actually, the USIM of the UE which reports the paging collision issue to the network) in the following ways:
· Option 2a: Shifting all POs
A PO shift offset is applied to all POs, and RAN sends the paging message on one of the shifted PO upon reception of the Xn/NG PAGING message. And the UE can monitor the shifted POs (of this USIM) to receive the paging.


Figure 1: shifting all POs (Option 1 and option 2a).
- Option 2b: Partially shifting POs
PO shift offset is only applied to some POs, and RAN sends the paging message on legacy PO or shifted PO upon reception of the Xn/NG PAGING message, e.g., RAN may send the paging on the legacy PO in odd DRX cycle, while sending the paging on the shifted PO in even DRX cycle. UE can monitor the legacy POs (of this USIM) in odd DRX cycle, while monitor the shifted POs (of this USIM) in even DRX cycle. 

Figure 2: Partially shifting POs (Option 2b).
2.1.3. Paging message repetition
If the paging collision avoidance is triggered, the network may also adopt paging message repetition as a solution. Since, POs are always periodically present, UE can alternately monitor the POs in two networks in which the POs overlapped in time. Hence, the UE can ensure to monitor at least one of the several consecutive POs in each network, and if RAN repeats paging on these several consecutive POs, the paging message would be received by the UE. The consecutive POs could be: POs in the consecutive DRX cycles, or multiple POs in one DRX cycle (legacy PO and additional POs). Thus, we have two options for paging message repetition:
· Option 1: Paging message repetition on consecutive DRX cycles
RAN repeatedly sends the paging messages to the UE on the PO in several consecutive DRX cycles.  


Figure 3: Repetition on consecutive DRX
· Option 2: Paging message repetition on multiple POs in one DRX cycle
[bookmark: _GoBack]RAN repeatedly sends the paging messages to the UE on the legacy PO and additional POs (i.e., besides the legacy ones) in one DRX cycle. 


Figure 4: Repetition on multiple POs in one DRX
2.1.4. Summary of different solutions
The above described in section 2.1.2/3 solutions are summarized in the below table based on their effectiveness of solving paging collision.
Table 1: Pros. and Cons. summary of solutions
	Solution
	Pros.
	Cons.

	PO shifting by changing UE ID
	· Simple and has no RAN impact.
· paging signaling overhead is not increased.
	· Paging collision may re-occur due to:
· cell selection/reselection, including for both USIMs.
· UE ID re-allocation due to mobility registration update procedure, including for both USIMs.

	Shifting all POs by changing RAN configuration
	· Can alleviate paging collision .
· paging signaling overhead is not increased.
	· Paging collision may re-occur due to:
· cell selection/reselection, including for both USIMs.
· UE ID re-allocation due to mobility registration update procedure, including for both USIMs.
· Potential enhancement to PO calculation.

	Shifting partially POs by changing RAN configuration
	· Can alleviate paging collision 
· paging signaling overhead is not increased.
	· Paging collision may not totally be solved for the legacy POs still exist paging collision issue.
· Some enhancement on PO calculation formula.

	Repetition on consecutive DRX
	· Paging collision can totally be solved.
· Less specification.
	· Increase the paging signaling overhead.
· Paging may be delayed to at least one DRX cycle.

	Repetition on multiple POs in one DRX 
	· Paging collision can totally be solved.
	· Increase the paging signaling overhead.
· Ensure the paging message is included in additional POs in DRX


Given the above analysis, we have:
Proposal 2： The solutions of paging collision and corresponding analysis, in Table 1, are taken into account for further discussion. 
2.2. Objective 2: UE Switching Notification
This section addresses the below objective, i.e., switch notification:
	Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
·  Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx 


The Multi-SIM switch notification typically addresses the following types of use cases:
2.2.1. Periodic short-time switch from Network A
The short-time switch from network A can be a periodic event such as paging reception, measurements performing in network B. If UE performs these activities on network B without any interworking with network A, some negative impacts on performance could occur on both network A and UE, e.g.:
· Messed network statistics. E.g. the UE is being scheduled by network A while actually UE cannot receive the communication, which could be handled as radio link failure or other errors.  
· UE switches back to network A only after a short-time, however, cannot quickly recover the service on network A if the network A does not reserve dedicated resources during UE absence.
· Frequent switch from network A for periodic activities such as paging receptions.
Proposal 3： Periodic short-time switch use cases should be considered, such as paging reception, measurements.  
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]If a user switches from the network A to perform short-time activity on network B, it is expected that the UE notifies the network A. And, considering the execution time of these short-time activities are limited short time, the network A may reserve some dedicated resources for the UE during the absence, as UE is supposed to keep the RRC connection in network A. In this way, the above performance impact can be mitigated, e.g., UE can quickly recover the service on network A, avoid frequent random access or connection reestablishment, and minimize the impact to data throughput.
Observation 3: When UE returns back to network A after short-time switch to network B, to allow UE to recover the service quickly, network A can keep some dedicated resources for UE during this short-time absence.
Potential solutions could be: negotiating gaps with network A before switching, or UE sending switch notification to network A when the UE/user cannot receive data from network A during the short-time activities on network B. Optionally, the switch notification could indicate the switching duration or service type to assist the network to reserve the necessary resources. 
The expected solutions should provide better user experience and network performance while resolving the existing issue, e.g.:
· Aligned switching to avoid messed network statistics.
· Less impact to the service on network A, e.g. minimize the data throughput degradation.
· Minimize the latency to the activities on network B.
Proposal 4： Network keeps some dedicated resources for the UE in the short-time switch cases.
Negotiating short-time gap or sending switching notification to allow rapid UE return to network A, some RRC signaling may be required. Thus,
Proposal 5： RRC signalling can be considered to allow UE short-time switching notification and allow UE quick return to network A.
2.2.2. Aperiodic short-time switch from Network A  
The short-time switch from network A can be an aperiodic event, such as TAU, RNAU, MO SMS, or cell search in the network B. This kind of aperiodic events are less frequent than periodic activities, and even longer execution time than periodic activities. Similar with periodic activities, negative impacts on performance could occur on both network A and UE.
Proposal 6： Aperiodic short-time switch use cases should be considered, such as TAU and RNAU. 
When performing services such as TAU, RNAU, it would be useful that UE still keeps in connected mode in network A, thus when switching from NW A to perform such services on NW B, UE may have to be short-time in connection with both Network A and Network B. Since these activities are performed with pre-defined duration, e.g., hundreds of ms for TAU, and the performing activity duration is predictable, these activities can also be considered as short-time activities. The solutions for the periodic short-time switch use cases may also address these use cases, e.g. Network A may keep some dedicated resources for the UE during this TAU/RNAU switch case, avoid unnecessary random access or connection reestablishment on network A.
Proposal 7： Common solutions should be considered for both periodic short-time switch use cases and aperiodic short-time switch use cases.
2.2.3. Long-time Switch from network A. 
Long-time activity on network B, such as VoLTE/VoNR voice call, could pre-empt the UE resources of the ongoing service on network A for a long time, e.g., suspension. If a user switches from the networks without any switch notification, some negative impacts on performance could occur on both network A and UE, e.g.:
· [bookmark: OLE_LINK6]Wasting the resource on network A while UE absence;
· Distorting network statistics while UE absence;
· Slow data throughput recovery after UE switching back to network A. 
Proposal 8： Long-time switch use cases (e.g. voice call) should be considered.
To mitigate above issues, potential solution could be that UE sending switch notification to network A before the UE switches from network A for long-time activities on network B. Optionally, the UE could be configured with a switch timer, the network and UE keeps some dedicated resources if the timer does not expiry. Upon timer expires, the network and UE release the dedicated resource. Therefore, in case of long-time switching, UE state in network A usually changes from RRC CONNECTED state to RRC IDLE /INACTIVE state. With regard to UE long-time switching, some related solutions have been captured in [2], which can be categorized into RRC signaling based and NAS signaling based solutions. It means that the UE can trigger RRC signaling or NAS signaling to notify the long-time switch.  
Observation 4: UE can use RRC signalling or NAS signalling to notify the long-time switch to ensure efficient network resource utilization during long-time switch case.
The expected solutions should meet some requirements for better user experience and network performance, e.g.:
· Avoid the long-time resource wastage on Network A
· Aligned switching to avoid the messed network statistics.
· Fast switch from network A, to minimize the latency to the activities on network B.
· Fast service recovery on network A, e.g. recover the data throughput quickly. 
As a way of avoiding long-time resource wastage on network A during UE switching to network B, network A may release or suspend UE activities by NAS based signaling or RRC based signaling
By comparing NAS signaling based and RRC signaling based release/suspension solutions, RRC signaling can allow quicker switching than NAS signalling, i.e., the NAS signalling have to be transferred to core network firstly and the release or suspension signalling to be sent back to the UE. As RRC signaling is necessary for short-time switch case, further for unified solution for all UE switching cases, RRC signaling based solution can also be considered for long-time switching notification.
Observation 5: RRC signalling allows a unified efficient solution for both UE short-time and long-time switching solution.
Proposal 9： RRC signalling based release/suspension solution is used for long-time switch cases.
2.3. Objective 3: Paging Cause
This section addresses the below objective, i.e., paging cause:
	Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR. [ RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx


As SA2 is working on this topic, we shall wait for SA2 progress from RAN2 perspective
Proposal 10： Objective 3 (paging cause) will wait for SA2 progress.
3. Conclusion
This paper discussed the potential solutions for paging reception collision issue, and provided the considerations on the use cases on the switch notification. The paper concludes with:
Observation 1: Proactively paging collision avoidance, e.g., based on missing of paging response, is not an optimal way of triggering paging collision resolution. 
Observation 2: UE can indicate paging reception collision either to CN (e.g., AMF) or RAN (e.g., gNB). 
Observation 3: When UE returns back to Network A after short-time switch to Network B, to allow UE to recover the service quickly, Network A can keep some dedicated resources for UE during this short-time absence
Observation 4: UE can use RRC signalling or NAS signalling to notify the long-time switch to ensure high network resource efficiency during long-time switch cases.
Observation 5: RRC signalling allows unified efficient solution for both UE short-time and long-time switching solution.

Proposal 1： RAN2 to discuss whether to adopt network reactive or proactive based paging collision solution.
Proposal 2： The solutions of paging collision and corresponding analysis, in Table 1, are taken into account for further discussion. 
Proposal 3： Periodic Short-time switch use cases should be considered, such as paging reception, measurements.  
Proposal 4： Network keeps some dedicated resources for the UE in the short-time switch cases.
Proposal 5： RRC signalling can be considered to allow UE short-time switching notification and allow UE quick return to Network A.
Proposal 6： Aperiodic Short-time switch use cases should be considered, such as TAU and RNAU.  
Proposal 7： Common solutions should be considered for both Periodic Short-time switch use cases and Aperiodic Short-time switch use cases.
Proposal 8： Long-time switch use cases (e.g. voice call) should be considered.
Proposal 9： RRC signalling based release/suspension solution is used for long-time switch cases.
Proposal 10： Objective 3 (paging cause) will wait for SA2 progress.
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