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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Up to now, RAN2 has made the following agreements regarding paging collision objective:
	From RAN2 point of view, Option 1, 2a, 2b, and 3 are feasible to solve the paging collision issue in 5GS. Each have different effectiveness (as per analysis during the email discussion). When indicating reply to SA2, indicate both feasibility as well as effectiveness.
Indicate to SA2 that RAN2 continues to further evaluate the pros and cons of options 1, 2a, 2b, 3.
Option 4 is still allowed (but RAN2 will not specify UE implementation). 
Clarifying "No E-UTRA impact" can be done in RANP.
Option 2c can be evaluated later as it doesn't work alone.
Enhancement for 5GS should be prioritized since it can handle paging collision issue in both NR+NR and NR+LTE scenarios.
There is support for solution 1 (for 5GS) with something else, either solution 3 or 2b.
Option 2b is the preferred solution to address paging collision for “LTE + LTE”.
MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance.
FFS if we can make the UE behaviour predictable for paging collision avoidance
NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2).
It is FFS whether assistant information is needed for paging collision in 5GS side.


This contribution continues to discuss the above open issues (highlighted in yellow) for paging collision avoidance in 5GS.
2. Discussion
2.1. Solution for 5GS
Based on the RAN2#113 email discussion [1], the pros./cons./spec. impact of the options 1/2a/2b/3 can be summarized in below Table 1.
Table 1: Summary of analysis of solutions
	Solutions
	Whether paging collision can be totally solved?
	The increased signal overhead on Uu
	Spec impact 

	CN-based solution
	1
	No
Paging collisions may reoccur due to the following reasons, leading to the UE has to request again:
- after cell reselection;
- 5G-GUTI is reassigned by legacy SA2 procedures;
	No extra paging overhead
	Can be achieved via UE implementation

	
	2a
	No
Paging collisions may reoccur after cell reselection, leading to the UE has to request again.
	
	Enhancements on Uu, NG are expected

	
	2b
	No
Same with Option 1.
	
	Enhancements on Uu, NG are expected

	RAN-based solution
	3
	Yes
	The paging overhead is at least doubled.
	Enhancements on Uu are needed at least.


Given the above analysis, for option 3, although the paging collision can be totally solved, it leads to at least doubling the paging overhead, which may be unacceptable to the operator. Thus, we have the following observation:
Observation 1: The paging repetition solution (option3) leads to at least doubling the paging overhead.
When the paging collision occurs, if options 1/2a/2b are applied, paging collision may reoccur due to RAN parameters for paging monitoring change (e.g., after cell reselection). However, the probability of paging collision reoccur seems to be still low enough after the options 1/2a/2b are applied. Assuming that the UE requires around 20ms to perform synchronization, SSB measurement, and monitor PO. For the configuration in which the DRX cycle of UE1 and UE2 are 320ms and 1280ms, respectively, the probability of paging collision under this DRX cycle configuration can be given by (40/1280)*100%. Considering the different DRX cycle configurations, the probability of paging collision is around 4%, so the probability of paging collision reoccur will be around 0.2%. Thus, we have the following observation. 
Observation 2: when the paging collision occurs and if option1/2a/2b are applied, the probability of paging collision reoccur due to cell reselection is low.
In option1, the paging collision issue is handled by shifting the PO for one USIM in time domain via 5G-GUTI reallocation. During the last RAN2 meeting, one concern about option1 raised was that paging collision may reoccur even no cell reselection happens, for example, the AMF may reallocate the 5G-GUTI during periodical TAU procedure. Besides, a similar is also raised for option2b. In our understanding, the probability of paging collision reoccur seems to be still low enough after the options 1/2b are applied.
Observation 3: when the paging collision occurs and if option1/2b are applied, the probability of paging collision reoccurs due to the 5G-GUTI reallocation triggered by legacy SA2 procedures is also low.
Hence, we think all of the options 1/2a/2b can work well in most cases. Compared to option 1, options 2a/2b have an impact on the Uu and NG interface, and require CN to additionally store the assigned alternative UE_ID or UE_ID offset value for avoiding paging collision. Hence, we think the option1 is the simplest solution among options 1/2a/2b, and propose the following:
Observation 4: option1 is the simplest since it has no RAN impact and does not require the CN for non-volatile storage of any related UE_ID offset or alternative UE_ID value.
Proposal 1： 5G-GUTI reallocation (option1) is preferred for 5GS paging collision avoidance from RAN2 point of view.

2.2. UE assistant information:
During the email discussion [1], the necessity of providing assistant information for paging collision resolution was discussed and the reasons for supporters and opponents are as follows: 
Reasons for supporting assistant information:
· the UE is in the best position to determine what is the best offset to be used to resolve the paging collision by considering RAN parameters in this network and the POs in the other attached network(s), and thereby reduce the number of requests to resolve the PO collision. 
· the UE can provide preferred value for better power saving. 
Reasons for objecting assistant information:
· paging collision can be solved without assistance information for that the PO is periodically distributed and the possible paging cycle is specified to be {rf32, rf64, rf128, rf256}. 
· Paging collision is a very low probability issue. If the old 5G-S-TMSI causes collision, then in principle a new 5G-S-TMSI will avoid the collision at least in the current cell. If it happens, the UE can always request a further reassignment.
Briefly, it is beneficial if the UE is allowed to provide some assistant information (e.g., the least significant 10 or fewer bits of UE_ID for PF and PO calculation) to help the network to decide a proper value. And it should be left to UE implementation to decide whether to include the assistant information for solving paging collision. Hence, we propose:
Proposal 2： An optional assistant information can be provided by the UE to the network for solving paging collision. 

2.3. To be predictable for paging collision avoidance
In our understanding, “to be predictable for avoiding paging collision” may be the case that the UE (one of multi-USIM device) in RRC connected can decide in advance whether the PO collision will occur upon RRC connection release. Actually, it may be not reliable to decide paging collision issue in advance, since there are some uncertainty factors may change the collision situation, such as multi-USIM device mobility, other USIM’s RRC state transition from RRC idle/inactive to RRC connected. However, if a CN-based solution is adopted, it seems already supports that the UE in RRC connected can acquire system information and guess whether the PO can cause a potential collision situation upon release, and trigger the NAS procedure to solve the paging collision issue in advance if needed. Thus, we think there is nothing needs to be specified in RAN2. 
Proposal 3： RAN2 will not specify how to avoid paging collision in advance.

2.4. Reply to SA2:
In [2], RAN2 has indicated to SA2 that RAN2 will continue to evaluate the pros and cons of solution 1, 2a, 2b, 3 and also evaluate the necessity of assistant information which is the basic idea of solution 2c. 
	From RAN2 point of view, Solution 1, 2a, 2b, and 3 are feasible to solve paging collision issue in 5GS. On their effectiveness, RAN2 will continue to evaluate their pros and cons.
From RAN2 point of view, Solution 4 is still allowed but won’t be specified. From RAN2’s understanding, Solution 2c relies on other solution so it may be evaluated later.
From RAN2’s understanding, Solution 5 only applies to when the UE is in connected state in one network and idle/inactive in another network, while paging collision issue occurs when the UE is not in connected state in either network.
Clarifying "No E-UTRA impact" can be discussed at RAN plenary.


Also, consider the most companies in SA2 are suggesting to wait for RAN2’s reply for progressing paging collision issue for 5GS, so we propose:
Proposal 4： reply to SA2 about RAN2’s preference on paging collision issue for 5GS.
3. Conclusion
This paper evaluates the effectiveness of the potential solutions for paging collision issue, and concludes with:
Observation 1: The paging repetition solution (option3) leads to at least doubling the paging overhead.
Observation 2: when the paging collision occurs and if option1/2a/2b are applied, the probability of paging collision reoccur due to cell reselection is low.
Observation 3: when the paging collision occurs and if option1/2b are applied, the probability of paging collision reoccurs due to the 5G-GUTI reallocation triggered by legacy SA2 procedures is also low.
Observation 4: option1 is the simplest since it has no RAN impact and does not require the CN for non-volatile storage of any related UE_ID offset or alternative UE_ID value.
Proposal 1： 5G-GUTI reallocation (option1) is preferred for 5GS paging collision avoidance from RAN2 point of view.
Proposal 2： An optional assistant information can be provided by the UE to the network for solving paging collision. 
Proposal 3： RAN2 will not specify how to avoid paging collision in advance.
Proposal 4： [bookmark: _GoBack]reply to SA2 about RAN2’s preference on paging collision issue for 5GS.
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