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1. [bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref489281230]At RAN#86 meeting, RAN has approved a new work Item on multi-SIM devices [1] with the main objectives as follows:
	
1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE 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) [bookmark: OLE_LINK119][bookmark: OLE_LINK120]Mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose):
· 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) [bookmark: OLE_LINK147][bookmark: OLE_LINK148]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
UE SIMs may belong to same or different operators. USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.



The WI work would also address potential RAN impacts due to Multi-SIM devices resulting from SA2 SI outcome on Multi-SIM devices [2]. This contribution describes the potential solutions for above objectives.
2. [bookmark: OLE_LINK98][bookmark: OLE_LINK99]Paging Collision 
For a multi-SIM UE, the paging occasions (PO) associated with Network A are independently determined versus the PO of Network B. Therefore, there is a chance that the POs of a multi-SIM UE of the two networks might fully or partially collide, making it difficult for the UE to check the POs of both networks. Objective 1 of the WID [1] specifies the case where a UE has paging occasions about the same times such that the UE would be able to check the paging on only one network and not both. Paging occasions of each of the networks decided based on parameters which are controlled by RAN and AMF as the following formulas indicate: 

SFN for the PF is determined by: (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by: i_s = floor (UE_ID/N) mod Ns
Where UE_ID is:
UE_ID: IMSI mod 1024			(in the EPS)
UE_ID: 5G-S-TMSI mod 1024		(in the 5GS)
 
Note that paging collision may appear or disappear between the same two networks while a UE goes through cell selection and reselection, due to updated RAN-related parameters from one cell to another.

Paging collision detection 

[bookmark: OLE_LINK153][bookmark: OLE_LINK154]Due to dependence of the POs to parameters that are determined by RAN and core, the UE is in the best position to assess the possibility of paging collision. Each of the networks have partial knowledge to arrive at a conclusion regarding paging collision, and e.g. a network has to be informed about above parameters of the other network to determine if there is a collision. Such exchange of information, while is not impossible, is unnecessary and inefficient, especially that has to be done for all multi-SIM UEs. Therefore, we suggest that RAN2 considers solutions that are triggered by the UE after it has determined that paging collision likely to happen. 

[bookmark: OLE_LINK167][bookmark: OLE_LINK168]Proposal 1: RAN2 to consider solutions that are triggered by the UE after it has determined that paging collision likely to happen.
 
[bookmark: OLE_LINK115][bookmark: OLE_LINK116]Evaluating above formula, there could be multiple solutions to avoid paging collision. For instance, if a paging collision is detected by a multi-SIM UE, the UE may request a new UE_ID, 5G-S-TMSI, in hope of the new ID resolves the collision. In fact, the core spec already supports periodic 5G-S-TMSI reallocation, which helps such a solution. Therefore, a solution could be reallocation of a new 5G-S-TMSI, upon indication from the UE of paging collision. This would shift the UE’s PO and resolves the collision. 
While this solution seems to be a simple fix, it has the following drawbacks: 
· Even if a new UE_ID resolves paging collision among the two networks, it is not guaranteed that after a cell reselection at the UE side, for either of the network, paging collision does not happen. 
· A request to change UE_ID would likely require additional exchange among core functions so that the new UE_ID gets propagated among all the necessary functions.
[bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114]Therefore, we believe the paging collision is more efficient if is handled within RAN. To that goal, we suggest for efficiency and limited changes, the solutions for paging collision should be contained within RAN.
  
[bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK166]Proposal 2: For efficiency and limited changes, the solutions for paging collision should be contained within RAN.

Paging occasion shift of duplication 

Among the solutions that RAN can perform to resolve paging collision are shifting POs or providing additional POs for the UE that experiences paging collision. We discuss these types of solution in the following.

The POs of a UE that experiences paging collision may be shifted to subsequent POs. Preferably this solution should avoid change of PO formula. Therefore, the UE should be informed of the shifted PO by means other than the PO formula. For instance, the shift of the PO may be informed to UE via on-demand system information block (SIB). 

Alternatively, additional PO may be provided to UEs so if the UE misses a PO due to paging collision, the UE has the opportunity to check the additional POs. As an example, gNBs supporting this feature will advertise additional POs in a new on-demand SIB.

[bookmark: OLE_LINK164][bookmark: OLE_LINK165]Proposal 3: To resolve the paging collision that is identified by a multi-SIM UE, pages of the UE may be shifted to other POs or duplicated across POs.
[bookmark: OLE_LINK129][bookmark: OLE_LINK130]
3. Coordinated Leave
A common issue for a multi-SIM UE when the UE is expected to perform a task in one network while the second network, not aware of the intentional absence of the UE, may experience undesired outcomes. For instance, the second network may go through procedures that wastes the network resources if it is determined that the UE experiences link failure. This subsequently affects network statistics unfavourably. 

The second objective in the WID [1] seeks mechanisms for UE to notify a network of its switch from the network. Such mechanism enables a UE to leave a network in coordination of the network, where the leave may be a short or long leave, periodic or aperiodic. 

[bookmark: OLE_LINK125][bookmark: OLE_LINK126]Short coordinated leave

[bookmark: OLE_LINK135][bookmark: OLE_LINK136]Short duration leaves may be helpful for various tasks that a UE is expected to perform. For instance, monitoring paging or performing measurements on a second network are among the tasks that a UE is expected to perform periodically, for which a short leave from the first network may suffice. On the other hand, tasks such as, Mobility Management (MM) or Session Management (SM) signaling such as Registration Area update, RNA updates etc also occur periodically but may or may not conclude in a short time interval. For such tasks, a leave of slightly longer duration (than short duration) from the first network may be required. What classifies as short- vs long- leave can be discussed further. The authors are of the opinion that the UE is in the best position to determine what classifies as short vs long duration, and which task (e.g. RA update) falls into which category. The network supporting MUSIM feature ought to accommodate specific behaviors for both cases.

To address these cases, a UE may notify the first network of the leave hence seeking a gap from the network. Such gap may be configured via RRC or could be configured via MAC CE. 

[bookmark: OLE_LINK174][bookmark: OLE_LINK175]Proposal 4: RAN2 should investigate a multi-SIM UE’s co-ordinated leave [1] procedure to allow for both a short- and long- term leave from the network. The upper limit of duration for each leave, and decision entity for classification of such leaves (short- vs long-) can be FFS.

[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK144][bookmark: OLE_LINK155][bookmark: OLE_LINK11][bookmark: OLE_LINK162][bookmark: OLE_LINK163]Proposal 5: RAN2 should consider short coordinated leaves where a UE notifies the network of the desired gaps.

[bookmark: OLE_LINK156][bookmark: OLE_LINK157]During a coordinated leave, a multi-SIM UE would be receiving or transmitting in the second network, per above examples. For a UE with multiple RF chains to be able to perform additional transmission or reception in a second network, the UE has to make sure that the first network is not expecting all RF chains to be in service for the first network. For instance, for a UE to use one of its RF chains on a second network during a coordinated short leave, it’d suffice for the UE to let the first network know that some of the RF chains are not available for an upcoming interval, i.e. reduced MIMO capability. Hence, to address the single-RX and -TX cases, some existing mechanisms, such as Overheating Assistance framework or Release Assistance info framework, may be used to allow gNB to temporarily free up RF resources from PHY control. 

Proposal 6: RAN2 should consider existing mechanisms, such as Overheating Assistance framework or Release Assistance info framework, to enable a multi-SIM UE for potential TX/RX during the coordinated leave. 

Long coordinated leave

Beside short duration leaves, a UE may be required to maintain a session for a long-term activity on the second network, e.g. for a voLTE/VoNR call on the second network. Without notifying the first network of the leave, the network would go through various procedures, at RAN and core sides, that eventually waste the resources. 

Therefore, it’s helpful if the UE notifies the first network of a long-term leave before switching to the second network. Due to the long absence, and that various core entities of the first network could be affected, it is more efficient (to prevent future control and/or user plane signalling e.g. paging) if core-based solutions are considered. 

[bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK176]Proposal 7: Due to subsequent actions taken by a first network after a long leave by a multi-SIM UE, we suggest RAN2 should wait for core-based solutions from SA2 where the UE coordinates the leave with the network. 

Core-based Suspend and Resume on a per PDU session basis could be used for long coordinated leave.  The UE may be in RRC Idle or Inactive states in the first network, depending on how long the leave may take. For instance, a timer at the UE and/or the first network is initiated after the long leave where upon expiry the UE RRC state transition to Idle and the first network considers the UE state as Idle as well.   

[bookmark: OLE_LINK151][bookmark: OLE_LINK152]Proposal 8: RAN2 should wait for progress in SA2 for efficient handling of the UE context at the RAN and core side of the first network. 
4. Paging Cause
The third objective in the WID [1] asks RAN2 for mechanisms where an incoming page to carry indication to the UE that the service is voLTE/VoNR, unless SA2 offers alternative solutions. For this objective, first and second networks may be LTE or NR. 

We believe core-based solutions could address this objective more efficiently, e.g. a gNB performing mapping from incoming IP packets to a paging cause, after which the paging cause could be inserted in a page sent to UE, via the gNBs in the RNA of the UE in RRC Inactive state. 

[bookmark: OLE_LINK160][bookmark: OLE_LINK161]Proposal 9: RAN2 should wait for solutions from SA2 for Objective 3. 
5. [bookmark: OLE_LINK106][bookmark: OLE_LINK107]Conclusion

Proposal 1: RAN2 to consider solutions that are triggered by the UE after it has determined that paging collision likely to happen.

Proposal 2: For efficiency and limited changes, the solutions for paging collision should be contained within RAN.

Proposal 3: To resolve the paging collision that is identified by a multi-SIM UE, pages of the UE may be shifted to other POs or duplicated across POs.

[bookmark: _GoBack]Proposal 4: RAN2 should investigate a multi-SIM UE’s co-ordinated leave [1] procedure to allow for both a short- and long- term leave from the network. The upper limit of duration for each leave, and decision entity for classification of such leaves (short- vs long-) can be FFS.

Proposal 5: RAN2 should consider short coordinated leaves where a UE notifies the network of the desired gaps.

Proposal 6: RAN2 should consider existing mechanisms, such as Overheating Assistance framework or Release Assistance info framework, to enable a multi-SIM UE for potential TX/RX during the coordinated leave. 

Proposal 7: Due to subsequent actions taken by a first network after a long leave by a multi-SIM UE, we suggest RAN2 should wait for core-based solutions from SA2 where the UE coordinates the leave with the network. 

Proposal 8: RAN2 should wait for progress in SA2 for efficient handling of the UE context at the RAN and core side of the first network. 

Proposal 9: RAN2 should wait for solutions from SA2 for Objective 3. 
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