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1. Introduction
The objective 1 of the WID for Multi-SIM devices was updated in RAN plenary #90e meeting [1] as below:

	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 or LTE. Network B can either be LTE or NR.

· Applicable UE architecture: Single-Rx/Single-Tx.
For objective 1, specification change should focus on NR side and the change on LTE side is only for IDLE mode (i.e. related to EPC enhancement in SA2)


In the reply LS to SA2 [2], RAN2 informed that it will continue to evaluate Option 1, 2a, 2b and 3 for their effectiveness. In this contribution, we will evaluate the available solution options considering the conclusions from RAN plenary and SA2 and propose our preferred solutions.

2. Discussion
2.1 Effectiveness of Option 1, 2a, 2b and 3
3GPP TR 23.761 specifies the details of the solution options which we describe briefly below:

We summarize the effectiveness of the solution options in Table 1 below as discussed in the last meeting: 

Table 1: Details of different proposals to address paging collision

	Option
	Details
	Issues
	Specs and Functionality Impact

	1
	UE detects paging collision and requests core network (CN) for a new 5G-GUTI.
	Paging collision may happen again due to cell reselection and the UE needs to request for new 5G-GUTI. If there are frequent cell-reselections, the paging collision may happen frequently and the process of requesting new 5G-GUTI needs to be repeated. 

Also it’s not certain that the available 5G-GUTIs at AMF can avoid the paging collision.
	Only impacts NAS and possibly no impact to RAN2 specs. 

	2a
	When UE detects paging collision, it calculates Alternative UE_ID and indicates to CN that it would like to use Alternative UE_ID for PF/PO calculation.
	Similar to Option 1, paging collision may happen again after cell reselection and the process of proposing new Alternative UE_ID needs to be repeated.

Using the Alternative UE_ID will change the legacy way of calculating PF/PO.
	In addition to NAS impact, also impacts 38.304 to derive Alternative UE_ID and NG-AP signalling to include UE Identity. 

	2b
	When paging collision is detected, a UE_ID derived from “IMSI+offset” value is used.
	There might be cases that different configurations with IMSI+offset value could not solve every PO collision case, and there seems no difference compared with Option 1.


	Impacts NAS and 36.304 

	3
	RAN repeats paging on consecutive POs for Multi-SIM UEs and UE monitors the two networks alternately.
	This can completely address the paging collision issue but paging load may increase. 


	No spec impact


In addition to the above analysis, 

·    For Option 1/2a/2b: UE needs to switch to RRC_CONNECTED state whenever it detects the paging collision issue and stay in the connected state until the NW releases the connection. This will increase the UE power consumption and introduce additional signalling overhead. 
·    For Option 3: To alleviate the possible paging load, UE can report its Multi-SIM capability and the NW can decide whether to repeat the paging on consecutive POs.
As can be seen, none of the solution proposals is completely effective. Considering the pros and cons of all options, we opine that Option 3 with the UE reporting its Multi-SIM capability is the best solution proposal. 

Observation 1: Option 3 with the UE reporting its Multi-SIM capability is the best solution proposal to solve paging collision considering the pros and cons of all the available solution proposals.

However if the Multi-SIM WI goal for objective 1 is to specify a solution, we present our preferred solution for different RATs in the following sections.
2.2 Solution Proposal for “LTE + LTE” 
Since SA2 has made the interim conclusion to support Option 2b for the LTE+LTE case and RAN plenary also confirmed to include such case in the RAN WID, then the simplest way is to follow the SA2’s decision. 
Observation 2: Option 2b is preferred solution to address paging collision issue for “LTE + LTE”.

As for the impact of this solution on 3GPP TS 36.304, it can be discussed during the stage 3. Since this solution will just replace the formulation for UE_ID and not modify any high level principle captured in 3GPP TS 36.300, there is no need to update 3GPP TS 36.300.
Observation 3: Option 2b impacts only 3GPP TS 36.304 and there is no need to update 3GPP TS 36.300.

2.3 Solution Proposal for “NR + NR” 

There are two options (Option 1 and Option 2a) to address paging collision in NR.  Option 2a has heavy specification and functionality impact and introduces additional complexity in RAN compared to Option 1, but does not provide any benefits over Option 1. Hence Option 1 is the preferred solution between the two solution proposals. In addition, considering that the probability of paging collision would be very low after the 5G-GUTI reallocation, there is no need to do any further optimization for Option 1, e.g. to include UE assistance information in the Registration Request message. 
Observation 4: Option 1 is the preferred solution to address paging collision for “NR + NR”.

2.4 Solution Proposal for “NR + LTE”  

As Option 2b and Option 1 are the preferred solutions to address “LTE + LTE” and “NR + NR” respectively, any option can be used to address “NR + LTE” RAT concurrency. 

Observation 5: Either Option 2b or Option 1 can be used to address paging collision for “NR + LTE”.

2.4 Summary 

Considering the observations into account, we propose the following:

Proposal 1: Option 2b is the preferred solution to address paging collision for “LTE + LTE”.

Proposal 2: Option 1 is the preferred solution to address paging collision for “NR + NR”.
Proposal 3: It is up to UE implementation to use Option 2b or Option 1 to address paging collision for “NR + LTE”.
3. Conclusion

In this contribution, we have evaluated the available solution options to address paging collision issue for Multi-SIM devices and made the following proposals:
Proposal 1: Option 2b is the preferred solution to address paging collision for “LTE + LTE”.

Proposal 2: Option 1 is the preferred solution to address paging collision for “NR + NR”.
Proposal 3: It is up to UE implementation to use Option 2b or Option 1 to address paging collision for “NR + LTE”.
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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. 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 3 Repeating paging in the RAN on consecutive POs. for MUSIM devices.








