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1. [bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref489281230]Multi-SIM WID [1] identifies the following objective:
	· Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.


For paging collision avoidance, several options were suggested by SA2 [2] which are briefly enumerated: 
	- Option 1: UE -requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update 
-  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 Alt UE_ID I. 
-    Option 2b   Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value.
-    Option 2c   Calculation of PF/PO based on MUSIM Assistance Information
-  Option 3 Repeating paging in the RAN on consecutive POs for MUSIM devices.
-  Option 4 UE Implementation-based solution to address overlapping POs (like today)
- Option 5 Access Stratum-based solution with scheduling gap.



During RAN2#112e, the following agreements regarding above SA2 suggested solutions were made [3]:
· 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). 
· Option 2c can be evaluated later as it doesn't work alone.

During RAN2#113e, the following agreements regarding above objective were reached [4]:
· 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.

Given above agreements, this contribution further evaluates effectiveness of above paging collision avoidance solutions. 
2. [bookmark: OLE_LINK98][bookmark: OLE_LINK99]Discussion

UEs that are not in RRC connected state are required to periodically check, during a paging occasion (PO) of a paging frame (PF), if they are paged. The PF and PO that a UE expects to find a page, if any, are calculated based on these formulas:  
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
Where UE_ID is:
UE_ID: IMSI mod 1024			(in the EPS)
UE_ID: 5G-TMSI mod 1024		(in the 5GS)

For a multi-SIM UE, the PF/PO associated with Network A are independently determined versus that of Network B. Therefore, there is a chance that the POs of the two networks that a multi-SIM UE is required to monitor might fully or partially overlap, making it difficult for the UE to check the POs of both networks. Objective 1 of the WID [1] considers the case where a multi-SIM UE has paging occasions about the same times such that the UE would be able to check the paging only on one network, but not both.

Above situation is defined as a paging collision case. For a multi-SIM UE, paging collision may appear or disappear between the same two networks while a UE goes through cell selection and reselection, due to updated RAN-related parameters from one cell to another.

Paging collision avoidance 

Given above PO/PF formulas, upon detection of paging collision by a multi-SIM UE, the UE may request a new UE_ID, 5G-TMSI, in hope of the new ID resolves the collision. In fact, using the Mobility Registration Update (MRU) a UE obtains a new 5G-GUTI (and 5G-TMSI), which helps such a solution. Note that only 10 bits of the total 32 bits of the 5G-TMSI, i.e. 5G-TMSI mod 1024, are used in the PF/PO formula. Therefore, a solution could be reallocation of a new 5G-TMSI, upon indication from the UE of paging collision (Option 1). This could possibly shift the UE’s PO, if the new 5G-TMSI has a favorable 10 bits, in one of the networks and resolve the collision.
While this solution is feasible and requires a limited RAN2 spec change, it has the following drawbacks: 
· Even if a new UE_ID resolves paging collision among the two networks, it is not guaranteed that it resolves a potential paging collision among all cells within a TA. Hence, after a cell reselection, for either of the networks, paging collision may happen. 
· The new 5G-TMSI may result in no difference in PO (e.g., if the new 5G-TMSI has the same 5G-TMSI mod 1024 as the old 5G-TMSI).
· A request to change UE_ID would likely trigger additional exchanges in core functions, hence a repeated 5G-GUTI reassignment is not favourable. Also depending on how long a 5G-GUTI reassignment takes, the reassignment locks the UE until the ongoing mobility management procedure is resolved and a new ID is assigned.    

Observation 1: Reassignment of 5G-GUTI may not efficiently resolve a paging collision instance, and subsequent 5G-GUTI reassignment may be needed, where during each reassignment the UE is locked until the mobility management procedure is resolved and a new ID is assigned.

[bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114]Despite above-listed drawbacks, RAN2 recently indicated that UE-requested 5G-GUTI reassignment (Option 1) has more support among participating companies and suggested to use it along Solution 3 or 2b [4].
In RAN2 #113e, it was agreed that: 
Option 2b is the preferred solution to address paging collision for “LTE + LTE” [4]. 
To have common solutions for EPS and 5GS, some companies have suggested similar alternative for 5GS. We believe that Option 2b has drawbacks, similar to Option 1, as enumerated above. One way to fix these drawbacks is if the required the offset used in Option 2b is based on some UE assistance info. Such UE assistance info resolves the collision instance more certainly. The UE assistance info may be in form of e.g., suggestion of POs or minimum required offset (so that the UE has enough time to tune its receiver to the other network). Therefore, one possible solution for 5GS is as follows: the UE determines that there is a possible paging collision and evaluates the required offset and informs the CN about the paging collision instance along with the required offset. Given that RAN2 has recently agreed that “NAS signalling is baseline for UE reporting paging collision in 5GS side”, we suggest the following: RAN2 to inform SA2 that for 5GS, a multi-SIM UE is required to use NAS signalling to report a paging collision instance along with the UE assistance info e.g., a required offset. 
Proposal 1: RAN2 to inform SA2 that for 5GS, a multi-SIM UE is required to use NAS signalling to report a paging collision instance along with the UE assistance info e.g., a required offset.

RAN-based paging collision avoidance 

Among the solutions that RAN can perform to resolve paging collision are: providing pages in alternative POs or repeating POs (Option 3) for the UEs that report paging collision. 
· Additional PF/PO may be provided to UEs that have informed the network of paging collision. A gNB that supports this feature could advertise additional PF/PO in a new SIB. A multi-SIM UE that detects paging collision looks for the additional advertised PO in addition to the original PO.
· POs may be repeated so that if a multi-SIM UE misses a PO due to paging collision, the UE has the opportunity to check the additional POs. Note that such paging repetition was proposed and adopted in NR-U WI and may be used for multi-SIM UEs. However, PO repetition across all cells within a TA, and/or multiple repetition of POs is wasteful and should be avoided. 
[bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK129][bookmark: OLE_LINK130]Proposal 2: RAN2 to consider solutions where a gNB resolves paging collision by providing additional POs for the MU-SIM devices that have reported paging collision.

3. [bookmark: OLE_LINK106][bookmark: OLE_LINK107]Conclusion
Observation 1: Reassignment of 5G-GUTI may not efficiently resolve a paging collision instance, and subsequent 5G-GUTI reassignment may be needed, where during each reassignment the UE is locked until the mobility management procedure is resolved and a new ID is assigned.

Proposal 1: RAN2 to inform SA2 that for 5GS, a multi-SIM UE is required to use NAS signalling to report a paging collision instance along with the UE assistance info e.g., a required offset.

Proposal 2: RAN2 to consider solutions where a gNB resolves paging collision by providing additional POs for the MU-SIM devices that have reported paging collision.
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