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1. Introduction
About the paging collision, in the SA2’s LS [1] the following potential schemes were provided with 3 questions together:
	Solutions:
-	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.
-  Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
-  Calculation of PF/PO by using an Alternative UE_ID. 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.
-  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. 
-  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).
[bookmark: _GoBack]-  Repeating paging in the RAN on consecutive POs. for MUSIM devices.
-	UE Implementation-based solution to address overlapping POs (like today) 


Based on this LS, in the email discussion [2], companies’ views were collected, meanwhile a summary table was also provided as below:
	Option
	Advantage 
	Disadvantage
	RAN spec impact

	Option 1
	The increased signal overhead on Uu is less.
	1) Without UE assistant information, the new assigned 5G-GUTI/alternative UE_ID/offset may still result in PO collisions;
2) Paging collisions may occur after cell reselection in which case UE needs to request new 5G-GUTI/alternative UE_ID/offset again.
	No impact.

	Option 2a
	
	
	Change the legacy way to calculate PF/PO.

	Option 2b
	
	
	Change the legacy way to calculate PF/PO.

	Option 3
	Paging collision can be totally solved.
	The signal overhead on Uu may be significantly increased in the RAN.
	UE is required to at least monitor one PO in a single DRX among consecutive DRX cycles.


Besides the above table, the following proposal were also included in the summary part of [2]
	Proposal 6: Online discussion is needed if the Option 4 (UE Implementation-based approach) is feasible from RAN2 point of views.  
Observation 5: Standardized solution will ensure deterministic and uniform behavior from all UEs, and avoid impact on the paging latency, paging success performance and so on.
[bookmark: _Hlk54188141]Proposal 7: Continue to evaluate the effectiveness of options 1, 2a, 2b, 3.


In this paper, we give our further analysis on the paging collision issue.
2. Discussion
In this chapter, we first discuss the Paging repetition solution in the option 3, and then analyze the CN-based solutions in the option 1 and option 2, at last we discuss whether it can be left to the UE implementation as option 3 suggested.
2.1 Option 3 Paging Repetition
For the paging repetition solutions, it solved the paging collision by repeating paging on consecutive POs. In other words, for one Paging cycle, a UE maybe paged for multiple times instead of only one time. Furthermore, to solve the problem that the Paging collisions may occur after cell reselection, this solution requires the Network to always repeat the paging transmission in one network for the single Tx/Rx multi-SIM UE, even the UE moves to a cell that without paging collision, this repetition will go on.
Observation 1: The paging repetition solution requires the Network to always repeat the paging transmission, it not only happened for the paging collision case.
About effectiveness of this solution, many companies have concerns on the paging signal overhead and paging resources wasting. We share the same concern, besides, we are also a little worried about the whole system paging capacity. When we look back the discussion history of the paging related issues, e.g. the number of paging records in [3], we can find that there is a basic principle that the same paging capacity as LTE shall be guaranteed. 
Observation 2: Guaranteeing the same paging capacity as LTE is a basic principle during Rel-15 Paging discussion.
Thus, for the Rel-17, the same principle shall also be complied. If we repeat the same paging in one UE paging cycle, it will also reduce the total system paging capacity from some aspect. Obviously, if the LTE don’t adopt the same repetition method, the paging capacity may be smaller than the LTE. However, in the WID, it has required that the solution for the paging collision shall has “No E-UTRA impact”, thus the LTE will not adopt the similar paging repetition method.
Observation 3: The RAN-based solution may reduce the system paging capacity, increase the signaling overhead and waste the paging resources.
Proposal 1: The principle that guaranteeing the same paging capacity as the LTE shall be complied for the paging collision solutions. If there are any other solutions, the solutions that may reduce the system paging capacity shall not be considered.
2.2 Option 1 and 2a/2c 
In this chapter, we want to give some further analysis on the option 1/2a/2c. We first compare the option 1 with option 2a, and then compare option 1 with option 2c. For the option 2b, it’s for the EPS, thus, we don’t list it here.
For the option1 and 2a, as summarized in [2], the mainly disadvantages were as below:
· a) Without UE assistant information, the assigned alternative UE_ID may still result in PO collisions;
· b) Paging collisions may occur after cell reselection in which case UE needs to request a new alternative UE_ID again.
· c) This option would change the legacy way to calculate PF/PO, thus impacts CN, RAN, and UE. 
In which the third bullet is only for the option 2a, thus compared with the option 2a, the option 1 is preferred for the less RAN impact. Considering the time schedule of this WID, this preference can also be indicated to SA2 in the reply LS, then the SA2 can make the further decision based on this preference.
Proposal 2: Indicate the SA2 that compared with option 2a, the option 1 is preferred from the RAN2 side.
Then we go back to the disadvantages a) and b) of the option 1, obviously if necessary the a) can be optimized or solved by the option 2c. In the option 2c, it require the UE to provide some the assistance information to optimize the option 1 and 2. Then just as discussed in [2], the question is whether need to introduce such kind of optimization. As included in the LS, in the assistance information, it 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). All of these information are provided at the UE side based on the POs distributions of the two networks. For the solution that with a paging policy selector in RAN and the solution that with a pattern of availability (e.g. specific SFN Slots/ DRX cycles), it may also need the interaction between the CN and RAN, which will increase the complexity of the network side. For the solution that with the alternative ID, the problem is UE doesn’t know which UE IDs have been used by the network or not. 
Observation 4: For the option 2c, the solution that with a paging policy selector in RAN and the solution that with a pattern of availability (e.g. specific SFN Slots/ DRX cycles), it may also need the interaction between the CN and RAN, which will increase the complexity of the network side.
Considering that the paging collision is a low possibility issue, it’s unnecessary to introduce additional complexity at the RAN side. Anyway, whether introduce CN based assistance information, e.g. Recommended UE ID is left to SA2. 
Proposal 4: From Ran2 side, on the assistance information of the option 2c, the solutions that may introduce additional complexity at the RAN side would be given the lower priority.
For the drawback b), if we want to optimize this issue, we need to adopt the solution in the option 3, which requires paging repetition, but as analyzed above it may reduce the system paging capacity. Furthermore, we think the probability of such kinds issue is much lower, Ran2 need to further discuss whether such kind of optimization is necessary. If not necessary, the option 1 and option 2c with only CN assistance information are preferred.
Proposal 5: Ran2 to confirm whether it’s necessary to solve the paging collision reoccur problem at the cost of the system paging capacity, paging signaling overhead increasing and paging resources wasting. If not necessary, the option 1 and option 2c with only CN assistance information are preferred.
2.3 Option 4 UE implementation
From above analysis, if we want to completely solve paging collision issue, it will increase the network complexity or waste the paging resources significantly. However, as many companies commented that, the paging collision is a very low probability issue, and it only happened for the single Rx MUSIM UE, it seems that it’s not a good idea to solve it at the cost of the network complexity and paging resources wasting. Instead, just as the current MUSIM UE has done, it can be left to the UE implementation, for example, detecting paging by turns once paging collision happened.
Proposal 6: Considering that the paging collision is a very low probability issue, and it only happened for the single Rx MUSIM UE, it can be left to the UE implementation.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: The paging repetition solution requires the Network to always repeat the paging transmission, it not only happened for the paging collision case.
Observation 2: Guaranteeing the same paging capacity as LTE is a basic principle during Rel-15 Paging discussion.
Observation 3: The RAN-based solution may reduce the system paging capacity, increase the signaling overhead and waste the paging resources.
Proposal 1: The principle that guaranteeing the same paging capacity as the LTE shall be complied for the paging collision solutions. If there are any other solutions, the solutions that may reduce the system paging capacity shall not be considered.
Proposal 2: Indicate the SA2 that compared with option 2a, the option 1 is preferred from the RAN2 side.
Observation 4: For the option 2c, the solution that with a paging policy selector in RAN and the solution that with a pattern of availability (e.g. specific SFN Slots/ DRX cycles), it may also need the interaction between the CN and RAN, which will increase the complexity of the network side.
Proposal 4: From Ran2 side, on the assistance information of the option 2c, the solutions that may introduce additional complexity at the RAN side would be given the lower priority.
Proposal 5: Ran2 to confirm whether it’s necessary to solve the paging collision reoccur problem at the cost of the system paging capacity, paging signaling overhead increasing and paging resources wasting. If not necessary, the option 1 and option 2c with only CN assistance information are preferred.
Proposal 6: Considering that the paging collision is a very low probability issue, and it only happened for the single Rx MUSIM UE, it can be left to the UE implementation.
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