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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At RAN2#112e meeting, some agreements have been achieved for paging collision avoidance:
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.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.
And then at RAN#90, it is confirmed that for this bullet1, the specification change should mainly focus on NR side and the change on LTE side is allowed but it is only used for IDLE mode, and the WID [1] has also been changed for this issue.
It could be RAN2’s work to continue evaluating the pros and cons of option 1, 2a, 2b, 2c and 3, therefore in this contribution we will further discuss on these options and have a detailed comparison about them, for E-UTRA and NR respectively.
Discussion
Option 1
	-	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 1 is for 5GS only. Option 1 allows the UE to request a new 5G-GUTI based on Mobility Registration Update procedure. Since the NAS message of Registration Request could be carried in the RRC connection establishment signaling [2], no RAN enhancement is needed. The paging collision itself is quite low probability event, so it seems a corner case that the re-assigned 5G-GUTI still result in PO collisions.
And even if the re-collision occurs, the UE could continue to request another 5G-GUTI. The paging collision will not be happened after a few times of such operations.
For cell reselection, the Paging collisions may happen again since the parameters of Calculating PF/PO will be different between cells. This also cannot be avoided for all the other options. So if the paging collision occurred after cell reselection, the UE could request for another 5G-GUTI until the collision disappear. And just because the paging collision may occur again after each cell reselection, there is no need to perform a complex solution to solve this problem, a simple way is enough.
Anyway, option 1 is the simplest solution to solve the paging collision from RAN2 point of view.
[bookmark: _Ref19032198][bookmark: _Ref37338932][bookmark: _Ref40961997][bookmark: _Ref47103023][bookmark: _Ref54354654]Observation 1: ‎ Option 1 is effective and it is the simplest solution to solve the paging collision for NR from RAN2 point of view.
Option 2a/2b/2c
	-    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 2a also has the disadvantage similar as option 1 that:
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.
Option 2a allows UE to maintain 2 UE_IDs, one is for the calculation of PF/PO, and another is for the checking of paging records. But maintain 2 UE_IDs seems has no superiority compared with the 1 UE_ID options.
So even if option 2a is also effective, it is not the simplest option, and it would change the legacy way to calculate PF/PO, thus impacts CN, RAN, UE.
Observation 2: ‎ Option 2a is more complex than option1 and will have RAN impact which changes the legacy way to calculate PF/PO.
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]-    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 2b is for EPS only. Since the IMSI cannot be changed for specific UE, a similar way as option 1 in NR could be the optimal candidate in LTE. In the revised WID after RAN#90 [1], it is already approved that for paging collision avoidance bullet, the change on LTE side is allowed but it is only used for IDLE mode. As Option 2b is effective and no RAN impact, this enables the option 2b to be the best way to solve the paging collision problem for EPS.
Observation 3: ‎ Option 2b is effective and it is the simplest solution to solve the paging collision for EPS.
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]-    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 the solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles).


Option 2c cannot work alone, so the network should use such assistance information to assist the calculation of e.g. new 5G-GUTI/Alternative UE_ID/IMSI offset. 
if the algorithm for calculation the UE index works well, the re-assigned 5G-GUTI/ Alternative UE_ID/IMSI offset could be effective to avoid the second paging collision in current cell. But if the UE perform cell reselection, the Paging collisions may happen again since the parameters of Calculating PF/PO will be different between cells. Therefore we prefer a simplest way to solve the problem.
To support option 2c, UE may need to send additional Assistance Information, so it will increase the power consumption and the processing complexity. Thus, we think from RAN2 point of view, Option 2c (Calculation of PF/PO based on MUSIM Assistance Information) is not preferable for the UE to solve the ‎paging collision issue.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 4: Option 2c will increase the power consumption but still cannot solve the paging collision after cell reselection.
Option 3
	-    Option 3 Repeating paging in the RAN on consecutive POs. for MUSIM devices.


For Option 3, we confirm that the signal overhead on Uu will be significantly increased due to paging repetition. Moreover, option 3 also has much RAN spec impact. Thus, we think the effectiveness ‎of option 3 is much lower compared with other options.
Observation 5: ‎ Effectiveness ‎of option 3 is much lower compared with other options.
Comparison of all the feasible potential solutions
Since the detailed advantage and the disadvantage of each option have already been discussed before, from the analysis of above sections, we listed the key points and the RAN impact of each option in the table below:
Table 1: Key point and RAN impact of options 1, 2a, 2b, 2c, 3
	Option
	Key point
	RAN impact

	Option 1
	Paging collisions may occur after cell reselection;
Simplest way for 5GS.
	No impact.

	Option 2a
	Paging collisions may occur after cell reselection;
More complex than option1.
	Change the legacy way to calculate PF/PO.

	Option 2b
	Paging collisions may occur after cell reselection;
Simplest way for EPS.
	Change the legacy way to calculate PF/PO.

	Option 2c
	Paging collisions may occur after cell reselection;
Increase the power consumption
	Depend on other options

	Option 3
	The signal overhead on Uu may be significantly increased in the RAN.
	Increase numbers of UE Paging monitoring.


First, the effectiveness ‎of option 3 is much lower compared with other options, so option 3 should be eliminate first. Second, since the Paging collisions may occur after cell reselection for all the other options, the result of the enhancement cannot be inherited by other cells, we think the simplest way is enough and should be adopted in a single cell, respectively for 5GS and for EPS.
Hence based on the discussion in section 2.1, for 5GS, option 1 is the effective and simplest way:
Proposal 1: ‎ Consider Option 1 (UE-requested 5G-GUTI reassignment) to be the more effective and simplest way to avoid Paging collision for 5GS from RAN2 point of view.‎
[bookmark: _GoBack]Based on the analysis in section 2.2, for EPS, option 2b is the effective and simplest way:
Proposal 2: ‎ Consider Option 2b (Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value) to be the more effective and simplest way to avoid Paging collision for EPS from RAN2 point of view.‎
Conclusion
According to the above discussion, the observations and proposals for the left issues to address the paging collision for Multi-SIM devices are as follows:
Observation 1: ‎ Option 1 is effective and it is the simplest solution to solve the paging collision for NR from RAN2 point of view.
Observation 2: ‎ Option 2a is more complex than option1 and will have RAN impact which changes the legacy way to calculate PF/PO.
Observation 3: ‎ Option 2b is effective and it is the simplest solution to solve the paging collision for EPS.
Observation 4: Option 2c will increase the power consumption but still cannot solve the paging collision after cell reselection.
Observation 5: ‎ Effectiveness ‎of option 3 is much lower compared with other options.
Proposal 1: ‎ Consider Option 1 (UE-requested 5G-GUTI reassignment) to be the more effective and simplest way to avoid Paging collision for 5GS from RAN2 point of view.‎
Proposal 2: ‎ Consider Option 2b (Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value) to be the more effective and simplest way to avoid Paging collision for EPS from RAN2 point of view.‎
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