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Introduction
The WID for Multi-SIM has been revised in RP#90 [1]. In this contribution, we focus on the following objective about paging collision avoidance:
	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.



Many solutions for supporting multi-SIM devices involve NAS procedures. SA2 already had some studies and their proposed solutions are captured in TR 23.761 [2]. Here we discuss selected solutions from RAN perspective.
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PF/PO calculation
The description in TS 38.304 about how to determine paging frame (PF) and paging occasion (PO) is copied below for reference.
	TS 38.304 (Subclause 7.1)
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4] and firstPDCCH-MonitoringOccasionOfPO if configured as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].
When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.



Potential solutions
Below is a summary of solutions identified by SA2 [3], and corresponding RAN2 response [4].
	Solutions identified by SA2:
-	Sol 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.
-    Sol 2) Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
-    A) 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.
-    B) 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. 
-    C) 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).
-    Sol 3) Repeating paging in the RAN on consecutive POs. for MUSIM devices.
-	Sol 4) UE Implementation-based solution to address overlapping POs (like today) 
-	Sol 5) Access Stratum-based solution with scheduling gap.
RAN2 response:
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.



From RAN2 perspective, four solutions (1, 2a, 2b, and 3) are considered feasible. Now we need to evaluate them and decide our final choice(s). 
Re-assigned 5G-GUTI for 5GS (Sol 1)
To shift PF/PO without modifying paging formula, UE may use another UE_ID. Since UE_ID = 5G-S-TMSI mod 1024, and 5G-S-TMSI is a part of 5G-GUTI assigned by AMF, changing UE_ID may be done by re-assigning 5G-GUTI. The Solution #20 in TR 23.761[2] proposes that the UE triggers a Mobility Registration Update (MRU) when a collision risk is detected by the UE, which prompts the AMF to assign a new 5G-GUTI to the UE. The procedure is shown in the figure below (Figure 6.20.3-1 in TR 23.761).


Figure 1. MRU trigger upon PO collision risk detection
This solution does not introduce new procedures, and is thus our preferred solution for paging collision avoidance. There are some details to be further studied, for example, whether a specific indication need to be provided by the UE in the Registration Request message or an existing indication can be reused. However, these details should be discussed in other WGs, and we expect no RAN impacts.
Proposal 1:	For paging collision avoidance in 5GS, we may consider a NAS solution in which UE requests a new 5G-GUTI from the network.
Proposal 2:	The details for re-assigning 5G-GUTI for paging collision avoidance should be discussed in other WGs, and we expect no RAN impacts.
Calculation of PF/PO by Alternative UE_ID (Sol 2a)
[bookmark: _MailEndCompose]Another solution for paging collision avoidance is to use Alternative UE_ID in paging procedure (Solution#15 in TR 23.761 [2]). Here is the summary of this solution:
· UE indicates an “Alternative UE_ID” via NAS signalling (e.g., Registration Request)
· RAN uses the Alternative UE_ID to determine the next PF/PO and pages the UE. 
· RAN does not derive the UE_ID from the IMSI or 5G-S-TMSI.
Our understanding is that in the Registration Accept message after the Registration Request carrying Alternative UE_ID, 5G-GUTI is also reassigned. Then effectively this is the same as 5G-GUTI re-assignment method, and it is unnecessary for UE to include Alternative UE_ID in the Registration Request message, since the reassigned 5G-GUTI usually resolves paging collision problem. Therefore, we do not prefer the Alternative UE_ID solution.
Proposal 3:	For paging collision avoidance, we do not consider the solution of having an Alternative UE_ID indicated by UE.
Calculation of PF/PO by using a UE_ID derived from IMSI+offset value for EPS (Sol 2b)
The UE_ID for PO calculation is derived from 5G-S-TMSI (a shortened version of 5G-GUTI) and IMSI in NR and LTE, respectively. Unlike 5G-GUTI which is allocated by AMF upon registration, IMSI is a permanent identifier. Therefore, if we want to shift the PO in LTE to avoid collision, an offset can applied to IMSI and UE_ID is derived from the offset IMSI value. 
Proposal 4:	For paging collision avoidance in EPS, we consider solution of applying offset to IMSI for UE_ID derivation.
Notice that since the WID has been modified and it now includes the “LTE+LTE” case, we need to have a PF/PO shifting method applicable to LTE.
Repeated paging in RAN (Sol 3)
Depending on network implementation, paging can be repeated if network does not receive paging response for the first attempt. With paging repetition, UE may alternate the paging reception in two networks and successfully receive both paging messages. UE should be unaware of paging repetition, nor does UE request for paging repetition.
Proposal 5:	Paging repetition is up to network implementation. UE should be unaware of paging repetition, and UE should not request for paging repetition.
UE implementation
Although we are discussing multi-SIM support in Rel-17, multi-SIM devices are already available. Paging collision may actually be resolved with UE implementation. For example, UE with PO collision may monitor POs of the two networks alternately. 
If PO collision can be resolved by UE implantation, and the latency due to reduced potentially reduced paging monitoring is acceptable, the UE may not want to report paging collision. Therefore, we suggest leaving it for UE implementation whether to report paging collision.
Proposal 6:	It is up to UE implementation whether to report paging collision.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For paging collision avoidance, we may consider a NAS solution in which UE requests a new 5G-GUTI from the network.
Proposal 2:	The details for re-assigning 5G-GUTI for paging collision avoidance should be discussed in other WGs, and we expect no RAN impacts.
Proposal 3:	For paging collision avoidance, we do not consider the solution of having an Alternative UE_ID indicated by UE.
Proposal 4:	For paging collision avoidance in EPS, we consider solution of applying offset to IMSI for UE_ID derivation.
Proposal 5:	Paging repetition is up to network implementation. UE should be unaware of paging repetition, and UE should not request for paging repetition.
Proposal 6:	It is up to UE implementation whether to report paging collision.
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