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Introduction
In Rel-17 WI on Multi SIM, the objectives in [1] are as follows:
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 potential solution to address paging collision issue for Multi-SIM devices.
Discussion
Design principles or requirements  
Single-Rx allows the Multi-SIM(MUSIM) UE to monitor paging on one network at one time. If the paging occasions  on two networks overlap in time, it is unavoidable for the UE to make a choice of one out of two networks to monitor paging. It may lead to unsuccessful paging reception on the other network.
For (potential) paging conflict avoidance, we think that in high level there needs some design principles or requirements to be established on the basis of which potential solutions can be investigated i.e. 
a) Potential solutions should not lead to extra power consumption on the UE side
b) Potential solutions should not lead to wastage of paging resources on the network side
c) Potential solutions should not cause undesired impact and complexity on UE or network side
d) Potential solutions should not lead to any in-deterministic behavior for UE or network side
Observation 1: Following design principles or requirements should be set for potential solutions for paging collision avoidance 
a) Potential solutions should not lead to extra power consumption on the UE side
b) Potential solutions should not lead to wastage of paging resources on the network side
c) Potential solutions should not cause undesired impact and complexity on UE or network side
d) Potential solutions should not cause any in-deterministic behavior for UE or network side
Considering the above design principles or requirements, the potential solutions for paging collision avoidance are evaluated. 
Proposal 1: RAN2 to agree on the design principles as mentioned in the observation 1 and agree upon such principles to further evaluate the potential solutions for paging collision avoidance.
Potential Solutions  
The MUSIM UE will calculate each paging occasion on two networks, respectively. It means that the UE is able to detect whether potential paging collision would happen. Network can also interpret possible paging conflict when it does not receive paging response from UE. However, as it is not aware or informed on the paging configuration used on other network for MUSIM UE, it cannot be sure if loss of paging response is due to paging conflict or some decoding issue at UE or unreachability of UE. Moreover, any network action would be reactive and in-deterministic e.g. what should be page area scope.  So, it would be more logical for the UE to determine potential paging collision and trigger actions on potential paging collision avoidance. 
Proposal 2: MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
The detection of the paging occasion collision is determined by the UE and is indicated to one of the two networks. The two networks involved do not have any coordination between them. 
We think there are two very pertinent questions with regard to paging collision issue. 
· Firstly, how probable is the paging collision issue i.e. whether paging collision happens frequently in practice? 
· Secondly, whether the network’s stand-alone action can resolve the paging collision? e.g. network can alter the UE_ID to change the page timing (PF/PO) and paging collision resolves for sure.
In our view, these two questions are most significant for RAN2 to discuss and determine. Further treatment and potential solution would be dependent on this determination.
If paging collision issue is insignificantly rare and/or network’s standalone action is sufficient to address paging collision, there is really no need for any assistance information from UE. Otherwise, there is a case for UE to provide assistance information to facilitate network’s handling of paging collision. In interest of discussion, we pursue our analysis considering both outcomes as possible and conditionalize treatment with “If assistance information is required”.
Observation 2: If paging collision issue is insignificantly rare and/or network’s standalone action is sufficient to address paging collision, there is really no need for any assistance information from UE. Otherwise, there is a case for UE to provide assistance information to facilitate network’s handling of paging collision.
Proposal 3: RAN2 to discuss and decide whether network’s action (e.g. reassignment of 5G-GUTI) is sufficient or not to resolve paging collision.
Proposal 4: (If assistance information is required) MUSIM UE provides assistance information to network to resolve paging collision since involved networks are not coordinated.
In general, paging configuration parameters can be same or different on two networks for MUSIM UE e.g. USIM A (UE_ID, T, N, PR_offset) and USIM B (UE_ID’, T’, N’, PF_offset’) and UE can choose to provide collision indication and assistance information on one of the networks (when both are NR). Since Access Stratum (AS) is better equipped with paging configuration parameters information on both the networks, it seems logical that AS builds the assistance information for paging collision avoidance. Adhering to the principles, assistance information prepared should be simple, generic and efficient.
Proposal 5: (If assistance information is required) Access Stratum in the MUSIM UE builds assistance information for paging collision avoidance.
Once the UE detects potential paging collision and (if assistance information is required) prepares assistance information, relevant question is how this is signaled to network for any corrective action. There seems to be two possible approaches of (a) NAS based signaling and (b) AS based signaling. Choice is largely dependent on which network entity (e.g. RAN or CN) would address the paging collision resolution. As WID clearly specifies that MUSIM UE is in the idle/inactive modes in both the networks, this implies that the involved network entity must preserve the UE context along with received assistance information in the idle/inactive mode to apply the needed paging modification for every paging message. Since RAN does not hold the UE context in idle mode, there would be a new need for storage at RAN and brings in complexity and undesired impact e.g. addressing mobility of idle mode UE. Though UE context is maintained for inactive mode UE at RAN, for generic solution it seems CN is better suited to address paging modification and NAS signaling mechanism should be preferred. Of course, CN may need to involve RAN to support for the paging delivery at desired timings.
Observation 3: Maintaining UE context for idle mode UE at RAN to support paging collision avoidance is drastic change and may have undesired impact.
Proposal 6: MUSIM UE utilizes NAS signaling to convey potential paging collision indication and (if assistance information is required) UE assistance information to the network.
Further, we look at potential solutions which are listed in [2] and described in [3] as below:
	      Option 1: UE-requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update). However, it should be noted the 5G-GUTI is systematically reassigned by the network during the Mobility Registration Update procedure (as of Rel-15) requires. Proposed for 5GS only.
     Option 2: Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
      Option 2a: Calculation of PF/PO by using an Alternative UE_ID I. The UE ID sent in the paging message is not impacted by this Alternative ID that is only used for PO/PF calculations Proposed for both EPS and 5GS.
      Option 2b: Calculation of PF/PO by using a UE_ID which is derived from IMSI+ offset value. The offset value is negotiated between UE and MME. Proposed for EPS only. 
      Option 2c: Calculation of PF/PO based on MUSIM Assistance Information which can carry either a paging policy selector in RAN or an Alternative ID (like in solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles).
      Option 3: Repeating paging in the RAN on consecutive POs for MUSIM devices.
      Option 4: UE Implementation-based solution to address overlapping POs (like today) 


Solutions under option 1, 2a, 2b and 2c are very much similar with regard to the final objective of altering the CN parameter for UE_ID which, in turn, affects the paging timing PF/PO when overlap situation is encountered. However, they differ in the manner the objective is approached, especially what assistance information is conveyed and how it is applied by the network (AMF, RAN). 
With option 1 for UE-requested 5G-GUTI reassignment, collision probability with new GUTI assigned by network is expected to be very less. However, it is not clear whether and how the CN uses the UE_ID provided in assistance information. It is mentioned as 5G-GUTI is systematically reassigned, whether while reassigning 5G-GUTI, CN considers the paging collision avoidance purpose only or also other CN aspects as well? In general, CN is not aware about paging timings. UE may be required to again request for new GUTI reassignment in the case new 5G-GUTI does not resolve paging collision or a cell reselection happens.
Option 2a is similar to option 1 but utilizes Alternative UE_ID for only for PF/PO timing calculations. It involves complexity for CN, RAN and UE with managing two identities for paging message and paging timing calculation. This seems a drastic change from legacy.
Option 2b with offset approach is like option 1 but essentially separates the paging timing considerations with ‘offset’ field and provides a clear information to the CN as how to devise an updated UE_ID. With further defining a clear rule or guideline on the selection of offset by UE, random selection and uneven distribution of assigned UE_ID can be prevented e.g. UE chooses the lowest possible offset value from a small set of offset values given by network that would resolve the paging collision for the UE. Of course, there should be consideration for symmetric/asymmetric paging configurations on two networks and UE’s implementation specific limitation in adopting an offset value.   However, the approach may require re-negotiation when UE moves to a new cell/area with different paging configuration, however, only when it causes a paging collision. 
Option 2c involves more elaborate assistance information. Effectiveness for this approach depends on how the MUSIM assistance information is defined, conveyed and utilized by network. However, adhering to set principles, unnecessary complexity should be avoided e.g. scheduling information or pattern of availability (specific SFN slot/DRX cycles) may bring in complexity in handling at network entities (AMF, RAN) and their interactions and also on UE. We opine that this would need further analysis and discussion by RAN2.
Proposal 7: Changing UE_ID via NAS signalling is taken as a baseline for paging collision avoidance solution.
Option 3 for network repetition or retransmission, in our opinion, is not paging resource efficient. We think RAN2 should consider to improvise this aspect before considering this as a solution. Some of the possible directions can include
a) Network paging retransmission is limited to only MUSIM UEs which indicate potential paging collision; and/or
b) Unlike TR 23.761 [3], retransmission is not required in two consecutive POs in second attempt, rather paging is retransmitted only in a different PF/PO (termed as secondary PF/PO) to address any possible systematic collision. Secondary PF/PO can be specified.
Proposal 8: RAN2 agrees that network paging retransmission should be limited to improvise on paging resource efficiency before considering network repetition as a potential solution for paging collision avoidance. This includes
a) Network paging retransmission is limited to only MUSIM UEs which indicate potential paging collision
b) Paging is retransmitted only in a different PF/PO (termed as secondary PF/PO) to address any systematic collision. Secondary PF/PO is specified.
With Option 4, we think if it were left to UE implementation, paging avoidance solution may not be effective for all the UE implementations every time e.g. it may increase UE power consumption or possibly, also acquisition delay. There seems also a negative impact on network side as network may need to repeat paging over and over again as UE would arbitrarily (or in non-standardized manner) choose one of two SIMs, if we go for an UE implementation approach. Considering these potential issues, we prefer to have a standardized solution to ensure deterministic and uniform behaviour from all UEs.
Proposal 9: UE implementation based solution is not pursued to ensure deterministic and uniform behaviour from all UEs.
Conclusion
In section 2, we made the following observations:
Observation 1: Following design principles or requirements are set for potential solutions for paging collision avoidance 
a) Potential solutions should not lead to extra power consumption on the UE side
b) Potential solutions should not lead to wastage of paging resources on the network side
c) Potential solutions should not cause undesired impact and complexity on UE or network side
d) Potential solutions should not cause any in-deterministic behavior for UE or network side
Observation 2: If paging collision issue is insignificantly rare and/or network’s standalone action is sufficient to address paging collision, there is really no need for any assistance information from UE. Otherwise, there is a case for UE to provide assistance information to facilitate network’s handling of paging collision.
Observation 3: Maintaining UE context for idle mode UE at RAN to support paging collision avoidance is drastic change and may have undesired impact.
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: RAN2 to agree on the design principles as mentioned in the observation 1 and agree upon such principles to further evaluate the potential solutions for paging collision avoidance.
[bookmark: _GoBack]Proposal 2: MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
Proposal 3: RAN2 to discuss and decide whether network’s action (e.g. reassignment of 5G-GUTI) is sufficient or not to resolve paging collision.
Proposal 4: (If assistance information is required) MUSIM UE provides assistance information to network to resolve paging collision since involved networks are not coordinated.
Proposal 5: (If assistance information is required) Access Stratum in the MUSIM UE builds assistance information for paging collision avoidance.
Proposal 6: MUSIM UE utilizes NAS signaling to convey potential paging collision indication and (if assistance information is required) UE assistance information to the network.
Proposal 7: Changing UE_ID via NAS signalling is taken as a baseline for paging collision avoidance solution.
Proposal 8: RAN2 agrees that network paging retransmission should be limited to improvise on paging resource efficiency before considering network repetition as a potential solution for paging collision avoidance. This includes
a) Network paging retransmission is limited to only MUSIM UEs which indicate potential paging collision
b) Paging is retransmitted only in a different PF/PO (termed as secondary PF/PO) to address any systematic collision. Secondary PF/PO is specified.
Proposal 9: UE implementation based solution is not pursued to ensure deterministic and uniform behaviour from all UEs.
References
[1] RP-201309, New WID: Support for Multi-SIM devices for LTE/NR 
[2] S2-2006037, SA2 LS on System support for Multi-USIM devices
[3] TR 23.761, Study on system enablers for devices having multiple Universal Subscriber Identity Modules
